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Abstract—In this paper, Design Microstrip antenna
integrated with solar cell which used for transmitted and
received the RF signal and generate DC voltage at same time,
The antenna was printed using Perpex substrate material with
dielectric constant of er = 2.6 and thickness of h = 1.6 mm as
insulation layer and use solar cell as substrate layer with er =
3.9 and thickness 2.3 mm. The overall dimension of the
antenna is 85 mm x 55 mm x 3.9 mm with 50 Q impedance. This
antenna operates between 4.9106 GHz and 5.1219 GHz for
return loss of less than -10 dB. The simulation results present
that the antenna gain ranges between 3.479 dBi and dBi with
Directivity ranges between 4.833 and 6.574.

Keywords— Microstrip antenna, solar cell antenna, CST
Microwave studio Simulation

I. INTRODUCTION

The electrical energy is very important to use as source to
operation of wireless communication system. The
photovoltaic systems of power generation when combined
with communications systems can provide compact and
reliable autonomous communication systems for many
applications [1]. Both the solar cell generator and antenna
are integrating them into a single system produces more
advantages as reducing the space, cost and acting as
standalone system [2]. This has become a significant
challenge when it comes to powering communication
systems in remote places where the electricity grid is not
available [3]. Simultaneously both solar cell and patch
antenna used as transmitted and received RF signal beside
produce the electrical energy which utilize PV cell as back-
up power source used in many application such as disaster
alert system, moving vehicles, remote sensing, and
meteorological surveillance[4].

II. ANTENNA DESIGN

A. Equivalent Circuit of Microstrip Patch and Solarcell
Antenna:

Compare with Microstrip antenna and solar cell, ground
plate, coaxial port, subtract are similar. In upper part of the
solar cell, silicon wafer is used for light reception and in
microstrip antenna metallic plate is used for receiving EM
waves as shown in “figure 17 [5].
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Figurel:Equavalint circuit of solar cell and Microstrip
antenna

To know whether the dielectric layer (insulator) of
In order to provide high gain and a good efficiency the
materials used in planar antenna designs should be as
lossless as possible. Numerous measurements have shown,
that from a RF point of view the solar cell acts nearly like a
metallic patch [6].

B. Design for Microstrip Patch Antenna:

In this paper was a designed solar cell patch antenna that
utilizes solar cell as substrate with thickness 2.3 mm. Add
insulation layer between patch antenna and solar cell it is
perpex with dielectric constant 2.6 and thickness 1.6
mm.The overall dimensions show in table 1:

e

Figure 2: Rectangular solar cell patch antenna
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Tabel:Antenna parameter's size AN :I ‘ /"’\\ 1=
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LP 24 — , 102 T S
WP 274 “heg/
W1 6 Figure 4. VSWR at frequency 4.9106 GHz
WFE 3 e The designed antenna operates very well at frequency
5.04 GHz, with the value of VSWR is 1.15656. As
LF 9 shown in Figure 4 shows
L1 20 ) I
X 1 =
T 0 "
Y 3 __ e J.."" W ""'-l. o
: \ 7
The fabrication of microstrip antenna was managed based 5, f’r
on the simulation results utilizing the above mentioned i \\\ £
software. Antenna fabrication was very easy to do and 0
inexpensive. T R oW W B

HI. SIMULATION RESULTS Figure 5. VSWR at frequency 5.04 GHz

The software that be used to simulate the antenna has the
ability to display several antenna parameters such as return
loss, VSWR, impedance, gain and radiation pattern. This
section illustrates several simulation results of the designed

e At frequency 5.1219 GHz, a reduce in antenna’s quality
performance was observed. This is due to high VSWR
value of 1.911. However, this would not be an issue, as
the VSWR value was still below the requirement of < 2.

antenna. Figure 5 shows the VSWR value at 5.1219 GHz.
A. Return loss and Bandwidth Wk S e ot (SO,

Figure 2 demonstrates the return loss (S-Parameter) ; —[ , — iR
value, The antenna operates between 4.9106 GHz and 5.1219 ' / SN s / i il
GHz. Bandwidth is obtained from the difference between the S R [t ety ¥ i AP
upper and the lower frequencies. Bandwidth obtained from / I ‘ : , W4
the simulation was quite large, 210.4 MHz as a result of : : e
antenna simulation e T "

Hawozes Vaptuk e € i | i |

Figure 6. VSWR at frequency 5.1219 GHz

C. Gain

' v The antenna has varied gains at frequency range between
e b W B i 5 & ek e w g 4.9106 GHz and 5.1219 GHz. At 4.9106 GHz, the antenna
Py [ gain was 3.429 dBi as shown in Figure 7. The antenna gain
at 5.04 GHz was 4.409 dBi, which is observed in Figure 6.
At 5.1219 GHz, the antenna gain was 5.014 dBi as shown in
Figure 8. From the results, it can be observed that at the
B. VSWR . . )
operating frequency, the highest antenna gain occurs at
e Figure 3 illustrates the VSWR simulation result value. 5.1219 GHz In addition, the antenna at 5.04 GHz is where at
The VSWR value obtained from simulation at 4.9106 this frequency, the VSWR antenna reaches the lowest value.
GHz was1.91372. This VSWR value achieve the
criteria of less than 2.

Figure 3. Return loss (S-Parameter) of simulation result
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Figure 9. 3D Radiation pattern of Gain at 5.1219 GHz

Table 2 shows VSWR value, Directivity and antenna gain
simulation results. The antenna operates very well at 5.1219
GHz frequency and exerts larger gain of 5.110 dB, which is
larger than that of other frequencies. In addition at 5.04 GHz

IV. CONCLUSION

From the design and simulation of microstrip antenna with
the help of software utilizing FIT method, it can be
concluded that the antenna operating frequency ranges from
4.9106 GHz to 5.1219 GHz for less than -10 dB return loss
or almost equivalent to VSWR less than 2. The antenna gain
ranges between 3.479 dBi and 5.110 dBi. The highest gain
occurs at 5.1219 GHz where the VSWR value reaches 1.91.
This antenna has directivity 6.547 dBi which is highest
value occur at 5.1219 GHzqqq. The antenna dimension is 85
mm x 55 mm x 3.9 mm. Due its 211.3 MHz operating
frequency, this antenna can be implemented in WLAN
(Wireless Local Area Network) 200 MHz applications
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ABSTRACT

Taylor- Couette is the most important flow problems in
practice exist for which there is axial symmetry and the unique
outcome of a centrifugal instability. In this study, the problem was
simulated by two methods: a pure Lattice Boltzmann model [21]
for axisymmetric flow (LBM-LBM) and a hybrid scheme with
lattice Boltzmann method for the axial and radial velocities and
finite volume method for the azimuthal velocity (LBM-FVM).
Later, the Taylor Couette with axial flow is added to the validation
of the method. The present work involves the flow of water
between two coaxial cylinders. Taylor-Couette system
characterized by a radius ratio n=0.5 and an aspect ratio I'=3.8.
The inner cylinder rotates while the outer one is fixed. The
Reynolds number is fixed to 100. Numerical results showed that
the efficiency of the model of Zhou [21] in Taylor-Couette flows. In
this article, we demonstrate also that the pure lattice Boltzmann
method is much more efficient than the hybrid scheme for an

axisymmetric flow problem.

I. INTRODUCTION

The lattice Boltzmann method (LBM) and finite
volume method (FVM) are widely used methods in
computational fluid dynamics (CFD) and each has their own
advantages. The LBM is based on microscopic models and
mesoscopic kinetic equations. NcMamara and Zanetti [1] were
the first to propose the Lattice Boltzmann equation. Higuera
and al. [2] introduced a linearized collision operator to simplify
the macroscopic flow equation. The Bhatnagar—Gross—Krook
collision operator is the simplest linearized version [3], which
uses a single relaxation time to accelerate the computation

Page 8

process. The obtained formulation is referred to the Lattice
Boltzmann BGK model which is the most popular version of
the Lattice Boltzmann model [4]. The formulation of the
standard lattice Boltzmann model is based on the Cartesian
coordinate system (x,y) but more important flow problems in
practice exist for which there is axial symmetry e.g., flow
between two cylindrical coaxial [13, 25,26,27]. The
computational demand required for three-dimensional (3D)
Lattice Boltzmann (LB) models is considerably greater than for
the 2D case. The additional terms in the cylindrical coordinate
system (x,r) are considered as external forcing terms in the
axisymmetric Lattice Boltzmann model [11-27]. Halliday et al.,
[11] first proposed an axisymmetric D2Q9 model by sources
terms into the Lattice Boltzmann Equation (LBE) so that it
could recover the axisymmetric Navier Stokes equations at the
macroscopic level. Until 2009, their method has successfully
been applied [12-16] to solve many axisymmetric flow
problems. Sheng Chen et al. [18] simplified the source terms by
involving the vorticity-stream formulation but the source terms
used by Zhou [17] are simpler relatively, but they still contain a
velocity gradient. Later, Q. Li.,[18] proposed an improved
lattice Boltzmann scheme for incompressible axisymmetric
flows with the source term is simple and contains no velocity
gradient terms and the calculations of macroscopic variables
are simplified. Lin Zheng [19-20] proposed a simple lattice
Boltzmann equation model for axisymmetric thermal flow. The
flow field is solved by a two-dimensional nine-speed (D2Q9)
LBE, while the temperature field is solved by another four-
speed (D2Q4) LBE. The terms source were simple and contains
no velocity gradient terms. In 2011, Zhou [21] comes back to
further more than simplify the force terms. Their model is
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efficient without calculation of a derivative of velocity and is
suitable for studying complex axisymmetric flows with or
without swirling effect. In 2013 Like Li et al [22] proposed for
simulating the axisymmetric equation, a multiple-relaxation-
time (MRT) LB model with five discrete velocities in two
dimensions (D2Q5). Sudhir Srivastava et al [23] presented and
validated a lattice Boltzmann method for axisymmetric
multiphase flows. They quantitatively validated the mass
conservation and the dynamics of an axially symmetric
oscillating droplet. In 2015, Wei Wang and Zhou [24] come
back to present a LB model for axisymmetric turbulent flows in
pipe flow, in separated and reattached flow and pulsatile flows
in a stenotic vessel. The FVM is successful because it can be
adopted easily and its discrete schemes always satisfy
conservation laws. The algorithm in FVM is widely used to
solve fluid flow and heat-transfer problems. Combination of the
LBM and FVM will allow us to combine the advantages of
both of them [7-10]. They used the hybrid lattice Boltzmann
with finite volume method for conduction—radiation problems
and natural convection problems where the velocity is coupled
with the temperature field.

For several years, the Taylor-Couette flow has been an
important research topic. Recently, X.D.Niu et al [13]
presented a developed Taylor-series-expansion and least-
square-based lattice Boltzmann method for the transformed
Lattice Boltzmann equation and a second order explicit finite
difference method for the azimuthal moment equation. To show
the performance of the proposed model, they simulated by the
three-dimensional LBM. Their study showed that the
axisymmetric model is much more efficient than the 3D model
for an axisymmetric flow problem. Khalil et al [27] presented
the instability of the Taylor-Couette flow for Newtonian and
non-Newtonian fluids of finite aspect ratios. This study is
conducted numerically using the lattice Boltzmann method
two-dimensional nine-velocity (D2Q9) developed from the
Bhatnagar-Gross-Krook approximation. The azimuthal velocity
is obtained through the following equation by using first-order
forward difference scheme in time and a second-order central
difference scheme in space. Huang et al [26] proposed of a
hybrid scheme (LBM + FD) and compared with explicit finite
volume method (FVM). The time taken by LBM+FD solver
and explicit FVM solver are of same order.

The objective of this paper was to solve a Couette-Taylor
problem for the first time with the model of Zhou (LBM-LBM)
[21] and hybrid LBM-FVM for Re=100. The results are
compared with those obtained for validation.

II. NUMERICAL METHODS

A. Incompressible axisymmetric LBGK model

This study simulates at the Couette-Taylor flow using the
Lattice Boltzmann D2Q9 model with a 2D square lattice
through the Chapman-Enskog expansion (for more details see
[21]). Since the LBGK model [5] is the simplest model among
the LBE models.

Copyright -2019
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The macroscopic fluid density and velocity are determined as

follows:
1 1
u; = ;Z €qifa, uy = /—)za: Ja (6)

p=zfa,
o o

B. Hybrid scheme

In this following part, the momentum equation of azimuthal
velocity is solved to test the volumes finis method. The
momentum equation of azimuthal velocity can be solved
implicitly by using upwind scheme.
aP(ugH)P = aE(ug+1)E + aw(ugﬂ)w + as(ugﬂ)s
+ay g™y +app)p +S (7)

ap =ap +ag+ay +as+ay (8)

With @@ =pc(5) . ap =5 = Lt g Kels
P At/ E 536'13]5‘ > Sxwp Sysp

TLATL

ay = -——.

© N T syew

AV = AxAy, A, = A,, =Ayand A, = A; = Ax

C. Description and geometries

The geometry is a concentric cylinder which the outer cylinder
is stationary while the inner cylinder is rotating with the
velocity W. The fluid between the cylinders is water. The
diameters of these internal and external cylinders are
respectively R; and R,. The boundary conditions used in our
simulation are also illustrated in fig.1.
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Fig.1: schematic of Taylor Couette system
The flow is assumed to be two-dimensional, isothermal and
Newtonian fluid with constant properties. In our simulation, the
space is divided in the x direction (Nx) and in the r direction
(Nr). The Reynolds number is defined Re=Wd/v. The aspect
ratio is set as I'=3.8. The radius ratio of inner and out cylinder
is set as n=0.5.
d = R, — R, is the gap of the annulus

n= 2—1 is the radius of inner and out cylinder
2

ho. .
r= R the aspect ration

Boundary condition is an important issue when using hybrid
scheme (LBM-FVM) or (LBM-LBM) to simulate Couette-
Taylor flows. The bounce-back boundary conditions are applied
on both moving and stationary walls in present study. The
Reynolds number is fixed to 100 for the Taylor-Couette flow is
tested to validate the present work. When using the finite
volume method to solve the equation for azimuthal velocity, we
may boundary condition when velocity zero in stationary walls
and know velocity in moving wall. The results are compared
with either available analytical solutions or other numerical
results.

III. RESULTS
Figure 2 show the flow patterns in the x-r plane obtained by the
present axisymmetric LBM for the Taylor-Couette flow at Re=
100, respectively.
20

10
40 60
Streamlines
20
10
20 40 60

Azimuthal velocity contours

Copyright -2019
ISSN 1737-9334

40
Vorticity contours
Fig.2: Flow patterns of Re=100

These observation agree well with the resuts in litterature. The
streamline, azimuthal velocity contours and Vorticity contours
were presented the same characteristic. As Reynolds number is
equal to 100, the cell is gradually evolved in size and the
coutours of the azimuthal velocity becomes tighter. This can
alse be found in the vorticty contours.

In view of importance of the azimuthal velocity of the inner
cylinder, the comparison of this velocity has been noted in
fig.3. For infinite Couette-Taylor systems, analytical solution
for the azimuthal Ug velocity component with the
corresponding boundary conditions. It is briefly recalled below
(see [] for more details):

a
ug(r) =;+ br

2p2 2
. r2R -WR
Witha = — —S2-~w?and b = ——%=
(rR3-R?) (R3-R?)
— - - LBMEFEVM
o @ LBM LBM
A —— analytical solution

Ug/QR1

8 o8 1

0.5 o8 o

(r-R,yd
Fig.3. Comparison of the azimuthal velocity with analytical solution for ) =0.5
and I' =3.8

It is shown that the velocity profile decreases gradually along
the radial position. However, it can be seen that the model
LBM-LBM is more accurate that the model LBM-FVM. The
obtained results are compared with the other model and
validated with the literature. The convergence for the both
models is displayed in Fig.4 in terms of relative error. The
convergence trend of the model LBM-LBM is faster to the
model LBM-FVM.
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Fig.4. Convergent history of axisymmetric LBM-LBM simulation for Taylor
Couette flow for the model B and model C

In the following parts, the mesh size 33%x57, 33x65and 33x73
were chosen. The reference data of Niu [13] was included in
table 2 for comparison. It can be observed that the iteration
number required by hybrid scheme (LBM-FVM) solver is less
than that required by the LBM-LBM solver. Clearly, for the
same proprieties of fluids, in addition, as compared with
reference data of Niu [13], it was found that LBM-LBM results
are better than LBM-FVM.

TABLE 2: COMPARISON OF THE MAXIMUM STREAM FUNCTION AD
NUMBER OF ITERATION BETWEEN LBM-LBM AND LBM-FVM FOR
THE TAYLOR-COUETTE FLOW AT RE=100

mesh 3357 3365 3373
Niu [13] 0.05619 0.05580 0.05580
LBM-LBM | 0.05740 0.05570 0.05563
error 2.15% 0.17% 0.3%
Iteration 34543 28751 39188
CPU 11274 10669 14274
LBM-FVM | 0.05018 0.04997 0.04975
error 10.69% 10.4% 10.84%
Iteration 17397 22464 20320
CPU 4056 10031 5898

IV.CONCLUSION

The developed hybrid scheme was successfully applied to
simulate the laminar Taylor Couette flow in an annulus with
two end plates and a rotating inner cylinder when the outer is
stationary. It was found in this article that the pure LBM gives a
better result than the hybrid scheme but it is much efficient that
the pure LBM in terms of computational time.
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Abstract— In this paper a CFD numerical simulation of 1 kW
double acting Stirling engine is proposed. A very particular
configuration of the Stirling engine, characterized by a single-
cylinder arrangement, is simulated numerically based on the
turbulence model k- SST, to study heat transfer and flow to
optimize the output power of the Stirling engine. Firstly, a
specific mesh motion strategy was developed using the software
STARCCMH, to describe the motion of the power piston and the
displacer. Heat-transfer models were implemented for
considering the presence of two heat sources and the regenerator
porous structure. Results are compared with experimental data.
The cyclical evolution of pressure, temperature and velocity has
been discussed and interpreted. The effect of the regenerator
porosity as well as the effect of the engine load pressure on the
mechanical power produced were studied. Results show that
there is optimal porosity about 0.775 to maximize power.
Keywords—CFD modelling, Stirling engine, Regenerator,
Cooler, Heater

L INTRODUCTION

This document is a template. An electronic copy can be
downloaded from the conference website. For questions on
paper guidelines, please contact the conference publications
committee as indicated on the conference website.
Information about final paper submission is available from
the conference website.

Nowadays, digital simulation has become a key tool for
pre-analysis of industrial facilities and systems. CFD deals
with numerical solutions of differential equations governing
mass transport, momentum and energy. In this work, CFD is
used to study the flow and heat transfer inside a double-acting
Stirling engine.

Recently, many studies (CFDs) have treated the
performance of the Stirling engine [1-7]. Zhigang Li et al. [4]
simulated the flow and heat transfer in a compact porous-leaf
heat exchanger. Its results showed that the viscous friction
loss in such a regenerator is low and it is equal to 800 Pa
under operating conditions of latm and 2600 rpm. The porous
sheet regenerator has excellent heat transfer characteristics

and its compact design significantly reduces dead volume.
Compared to the conventional wire mesh regenerator, they
found that the porous leaf regenerator has a total entropy
generation rate of 38 to 51%, resulting in less loss and thus
results in greater power and thermal efficiency.

In this study, the double-effect Stirling engine geometry
of the Whispergen boiler was considered to simulate the flow
and heat transfer inside the Stirling engine. Results show
pressure, temperature and velocity variations, the PV diagram
and the effect of the regenerator porosity and the initial
charge pressure on the mechanical power produced.

1I. CFD MODELLING
A. Double-acting Stirling engine description

The double-acting Stirling engine is made up of 4 cylinders
interconnected between them in which oscillate four
ascending and descending pistons according to the cycle of
expansion and compression of the working fluid (Fig.1).
Between 2 consecutive pistons is inserted a regenerator. The
pistons are double-acting, ie they work on their 2 faces: there
are thus 8 different volumes of coolant. This engine is of the
kinematic type (Wobble-yoke type drive system). It is a
compact and powerful engine, reliable and robust. And it is
installed in the Whispergen micro-CHP unit. This engine uses
nitrogen as a compressed working fluid at a pressure of 20
bar. Its rotation speed is about 1500 rpm. It is connected to a
generator (4-pole single-phase induction motor) to produce
electricity such that its nominal electrical output power
reaches up to 1kW.

B. Geometry description

The studied geometry consists of five workspaces as shown
in Fig.1: the relaxation space in contact with the hot heat
exchanger, the connection tubes between hot and regenerative
space, the porous annular regenerator, the connection tubes
between regenerator and cold space and the compression
space in contact with the cold heat exchanger.
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Fig. 1: Geometry of the double acting Stirling engine
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C. Boundary conditions and numerical calculation
assumptions

The assumptions considered are as follows:

-A constant temperature of 1100K is fixed on the walls of the
expansion space in contact with the hot heat exchanger.

-A constant temperature of 313K is fixed on the walls of the
compression space in contact with the cold heat exchanger.
-The working fluid (nitrogen) is considered perfect gas.

-The flow through the singularities of the engine is turbulent
and the equations are solved using the turbulence model k-®
SST.

-Piston displacement follow a periodic sinusoidal evolution
and described as follows:

v, (t) = ¥ sin[2mft) )
v, (t) = Fsin(2nft + @) 2

Where f is the frequency and #is the Expansion space phase
angle advance

(a)3D (b) 2D

Figure 2: Meshing of geometry

III. RESULTS AND DISCUSSIONS
A. Cyclical evolution of temperature, pressure and speed
The temperature distribution is represented in figure 3.
This distribution is non-uniform. The highest temperature of
the working fluid is observed on the expansion space about
1200K. The temperature increases from 785K to almost 900
K between the regenerator and the expansion chamber. The
fluid leaves the regenerator with a temperature of 670K to
cool in the compression space in contact with the cold heat
exchanger up to 320K (Fig. 3 (b)). The regenerator thus plays
the role of a thermal barrier between the two chambers not
only to avoid thermal shocks but also to keep the expansion
space warmer and the compression space colder. This will
eventually increase the efficiency of the engine. The
temperature inside the regenerator increase linearly as we are
closer to the hot space. Temperature distribution inside the
Stirling engine has not a symmetric distribution due to
turbulence.

1350
1300
1250

1200

1150

Hot chamber Temperature (k)

1100

0,695 0,715 0,735 0,755
Time (k)

(a)

0,775

Regenerator Temperature (k)

0,7 0,72 0,74

Time (k)

(b)

0,76

Cold chamber
Temperature (k)

0,7 0,75
Time (s)
(c)
Fig. 3 Evolution of temperature versus time (a) at the expansion space
(b) at the regenerator (c) at the compression space

Pressure

Fig. 4 represents the pressure at a time t of the expansion compression
process. The maximum pressure appears in the cold chamber. it varies from
25 to 42 bar (Fig. 4 (a)). The minimum pressure appears in the hot chamber.
it varies from 22 to 38 bar (Fig. 4 (b)). However, the pressure in the
regenerator is an intermittent pressure between the two hot and cold spaces.
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Fig. 4. Evolution of pressure versus time (a) at the expansion space (b)
at the compression space

Velocity

According to the evolution of the velocity as a function
of the crank shaft angle at the expansion space (Fig.5 (a)), we
record the highest velocity value corresponds to the angle
250° and the lowest value corresponds to 150°. The
maximum velocity is observed during the expansion phase
between 170 and 350 °

The flow velocity in the compression space is high (Fig.
5 (¢)). As it passed through the regenerator, the flow velocity
slowed due to its porous structure (Fig. 5 (b)). The velocity
varies from 12 m/s to 1m/s between the compression space
and the regenerator. Four swirls are formed in the hot
expansion space due to the change in surface area between
the channels and the expansion space. At the compression
space, there are two vortices only. Turbidity improves the
heat transfer between the walls of the heat exchangers and the
working fluid (Fig.5 (d)).

25

Velocity m/s
2R N
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=
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0
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(c)
Valocity (m/s)
0.00000 0.65246 1.3049 L5748 2.6098 32623

(d)
Fig. 5: Evolution of velocity versus crank angle during a cycle ( a) at
the expansion space (b) at the regenerator (c) at the compression space

B. Evolution of the operating parameters in the regenerator
region

Fig.6 (a) shows the evolution of the regenerator
temperature as a function of crank angle. This evolution is
sinusoidal and varies between 560 K and 340 K. The
maximum temperature of the regenerator is reached when the
pressure drop in the regenerator is minimal (Fig. 6 (a)). In
fact, the pressure drop is strongly related to the dissipation of
energy. During the expansion phase (between 0 ° and 180 °)
the pressure increases, and the volume decreases in the hot
chamber. Thus, the regenerator stores heat from the fluid
flowing from the hot chamber to the cold room. During the
expansion phase (between 180 ° and 360 °), the regenerator
transfers this stored heat to the working fluid flowing from
the cold room to the hot chamber. This phenomenon is
similar to the behavior of an electric capacitor that charges
and discharges due to the presence of an electrical resistance
in the circuit.
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Fig. 6: Evolution of the operating parameters according to the angle of
the crank during a cycle in the regenerator [8]

C. Effect of regenerator porosity on Stirling engine power
For the regenerator part equations related to porous media
based on ERGUN Equation were used.

AP 150p1p(1—&)”  1.75p, 171 — &

L D3 g3 D, g3
AP is the pressure drop
L is the height of the bed
D, is the particle diameter
¢ is the porosity of the bed
u is the gas viscosity
Vo is the superficial velocity (the volumetric gas
flow rate divided by the cross-sectional area of the
bed)

e pgisthe gas density
The two principal’s parameter for the Porous Media
simulation are introduced which are the viscous Resistance
R, and inertial Resistance R; as follow and calculated for
different porosity values as shown in table 2 :

Page 15

dP R; .2
o R ul, + (?) (11
TABLEI
VISCOUS RESISTANCE RyAND INERTIAL RESISTANCE R;
Porosity Ry Ri
0.65 1.8586¢+10 7.4344¢+04
0.725 8.2688e+09 4.2095¢+04
0.85 1.5266¢+09 1.4248e+04
0.95 1.2149¢+08 3.4019¢+03

The porosity of the regenerator is a critical parameter.
The curve of the mechanical power as a function of the
porosity of the regenerator admits an optimum when the
porosity is equal to 0.775 (Table 2). High porosity values lead
to high regenerator efficiency but low Stirling engine
performance.
IV. CONCLUSIONS
A CFD simulation of a double-acting Stirling engine has been
successfully developed. The following results are deduced:
* The temperature distribution is non-uniform in different
motor spaces during a cycle.
* The evolution of the temperature is in advance of phase with
respect to the pressure. This time shift is called response time.
* Optimum porosity of the regenerator (equal to 0.775)
ensures maximum mechanical power.
» The mechanical power of the Stirling engine increases with
its initial charging pressure.
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Performance Enhancement Of Microstrip Patch Antenna
Using Metamaterial Structure For WLAN Applications
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Abstract — The degradation of microstrip patch antenna
performance is due to the excitation of surface wave modes,
since it difficult to control and are not radiated in the main
beam direction of the radiation pattern. This distorts the main
beam radiation pattern and increases the level of the side and
back lobes. This paper presents effect of metamaterail on the
performance of microstrip patch antenna at 2.4GHz band. The
antenna structures combine the advantages of microstrip patch
antenna with the advantages of metamaterail technology and it
simplifies the structure of the antenna to make the patch
antenna easier to integrate with MMICs. The results show that
the bandwidth and the gain of the antenna radiation pattern
with metamaterial is increased compared with conventional
patch antenna without the metamaterial without distorting the
antenna resonance frequency. CST Microwave Studio Software
was used to simulate and analysis the antenna configurations

Keywords - Rectangular microstrip patch antenna RMPA , Left
handed metamaterial LHM , Bandwidth , Return loss , Gain , Half
power beam width HPBW .

1. INTRODUCTION

Microstrip antenna has many advantages over the
conventional antennas such as thin surface area , easy to
fabricate , small size , light weight , and easy to integrate to
existing communication devices . Due to these advantages
they are getting much importance in various fields , On the
other hand microstrip antennas also features some
disadvantages compared to conventional antennas like narrow
bandwidth , low gain , high loss . There are various techniques
that can be used to overcome these weaknesses , One of the
proposed techniques is by using metamaterial [1 - 4] .

Recently, there has been growing interest in the study of
Metamaterials  both  theoretically and experimentally.
Metamaterials MTM are artificial materials engineered to have
properties that may not be found in nature. Although
Metamaterial does not present in nature, interesting properties
were theoretically predicted for these substances, such as the
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reversal of the Snell Law, Doppler Effects, and Cherenkov
radiation etc.

The basic properties of conventional materials available in
nature are Positive dielectric permittivity & and magnetic
permeability p called as Double Positive materials (&> 0 and p.
> 0) positive and they follow the right hand thumb rule for the
direction of propagation of wave k (except the cases of noble
metals like gold silver etc. where permitivitty is negative for
certain range of frequency) . Metamaterial is material structure
that has negative dielectric permittivity € and magnetic
permeability p which is not found in nature . Metamaterial can
be classified on the basis of (¢) and (n) in three types , as
double negative material (e <0 and p,<0) called as left-handed
metamaterial LHM also termed as negative index material NIM ,
mu-negative material (e > 0 and pr < 0), and epsilon negative
material (& < 0 and p, > 0) [1] . The first theoritical study of
NIM was performed by V.G VESELAGO [5] and it took nearly
30 years for experimental verification . Different structures used
for designing NIM , The famous SRR (split ring resonator
suggested by Sir Pendry) and first Realized by D.R Smith
group in 2000 [6] .

Metamaterial structure that are applied in microstrip antennas
such as a split ring resonator SRR [2] , a complementary split
ring resonator CSRR [3] and the left-handed metamaterial LHM

(4].

A composite medium of conducting , non-magnetic elements
can form a Left-Handed Metamaterial , as the electric field E,
magnetic intensity H and propagation vector k are related by a
left-hand rule [7] because propagation of wave takes place in
backward direction in this medium . Several shapes can be
considered to make the metamaterial structure in order to
operate in different frequencies . Framed Square rings, different
Cpatterns, square and circular patterns, etc. are considered to
make metamaterial antenna structure . All these shapes are
designed with the intention to ameliorate the bandwidth ,
return loss and gain along with size reduction . Metamaterial
has several applications such as engineered textured surfaces,
artificial impedance surfaces, artificial magnetic conductors,
double negative materials, frequency selective surfaces,
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Photonic Band-Gap (PBG) surfaces, Electromagnetic Band-Gap
(EBG) surfaces/structures , and even fractals or chirals . Broad
band antenna design is one of the major applications of
metamaterials .

This paper observes the use of the left-handed metamaterial
usage for rectangular microstrip patch antenna working on the
wireless local area network WLAN at operating frequency of
2.4 GHz to improve antenna performance such as bandwidth ,
return loss and gain . The results obtained from CST MWS
design software are very good for wirelessly access network
resources at home and elsewhere with up to 2.4 GHz
performance like IEEE 802.11b/g/n .

II. ANTENNA DESIGN AND SIMULATION WITHOUT
METAMATERIAL

To design a microstrip patch antenna , the operating frequency
and the insulating material must be selected for the designed
antenna.The parameters to be determined are as the following.

The following equation determines the width of the patch([8].
wo G [2
2f. \e& +1
Where ,f-is an operating frequency, W is the patch Width , Cy
is a light speed, and & is a dielectric constant of a substrate.
The effective value of an insulating constant for the antenna
substrate in the design process of a microstrip patch antenna
is an important parameter . The radiation crosses from the
ground plane to the patch through the air and some through
the substrate is called fringing . Both the substrate and the air
have not the same values of dielectric constant, so we need to
calculate the value of effective insulating constant . The
following equation is used to determine the value of the
effective dielectric constant [8]:

(1

. _gr+1+gr—1
reff 2 2

byt
1+12(—)] 72 2
[+1267] @
Where /s the height of the substrate.

Because of fringing , electrically the antenna size increases by
avalue of 4L . So the actual increase in length AL of the patch
is determined by the following equation [8] :

(&, + 03" +0264)
AL =0.412h— h

7 3)
(6, +0258)C - +0.8)

The effective length L.; is determined using the following
equation :

CO

el = S e [ @
21\ &g

L

The actual length L of the patch can be determined now by
the following equation [9,10,11]:

L=1L,, —2AL )

The patch dimensions now are determined. The width and
length of the ground plane is the same for the substrate. The
width W, and the length L, of the substrate are determined by
the following equations [12] :

W =6h+W 6)
L =6h+L @)
The geometry of the conventional rectangular microstrip patch

antenna with inset fed and operating at 2.4 GHz is illustrated in
Figure 1. The dimensions of RMPA are listed in Table 1.

W

W

—

5

(@) (b)
Fig.1. Conventional RMPA (a) 3D view (b) top view
TABLE 1 DIMENSIONS OF RMPA
Parameter (mm)
Wg 1.5*W
Le 1.5*L
Wp 38.393
Lp 29.786
Wk 3
Wi 2
L; 5
h 1.2

Now the antenna is ready to simulate using CST Microwave
Studio Suite software . The varying of the return loss with
frequency for RMPA is shown in figure 2 . From the figure, it
can be observed that the return loss of -12.836 dB at 2.4 GHz .
Depending on -10 dB return loss , the designed Antenna has a
band width of 59.8 MHz , with 2.49% impedance bandwidth is
found, in the range of 2.37 to 2.4298 GHz .
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S-Parameter [Magnitude in dB]

B — o oo g
237,40 '
12 Gi (237,40) |
q (2429, 10)
14 ; ; ‘

22 w5 23 % 245 25 255 26
Frequency / GHz
Fig .2. Return loss versus the frequency of (RMPA).

Figure 3 shows the three dimensionls radiation pattern of the
designed antenna in the farfield . The direction of the highest
gain value of the antenna is in the direction of theta , and the
back lobe is on the bottomside . The highest gain value of the
antenna is 1.83 dB.

Farfield Gain Abs (Phi=90)

0 — farfield (f=2.4) [1]
Phi= 90 30 phi=270

Frequency = 2.4

Main lobe magnitude =  1.83 dB
180 Main lobe direction = 1.0 deg.
Angular width (3 dB) = 95.9 deg.

Theta / Degree vs. dB Side lobe level = -10.1 dB
Fig. 4. Tow dimensionals Radiation pattern of RMPA .

III. ANTENNA DESIGN AND SIMULATION WITH
METAMATERIAL

The Left-handed Metamaterial LHM effect is possible to
generate by modifying the ground plane dimension . The
RMPA by using LHM structure [13] is shown in Figure 5. The
dimension is taken in millimeters mm and simulated by the CST
Microwave Studio Suite Software .

@) | (b)

Fig. 5. The RMPA design with LHM structure (a) Front view (b) Back

view

The optimization is performed by applying LHM structure to

dB
. 1.83
Prop.Dir. 9
0915
0.457
0
954
-19.1
-286
-382
Type Farfield z
Approximation  enabled (kR == 1)
Monitor farfield (=2.4) [1] y
Component Ahs
Output Gain X
Frequency 24
Rad. effic. 467508
Tot. effic. -4.751 dB
Gain 1.829d8
Fig. 3. Three dimensionals radiation pattern of the antenna in the

farfield .

Figure 4 shows tow dimensionals radiation pattern which
achieves a highest gain value of 1.83 dB and half power
beamwidth of 95.9°.

Copyright -2019
ISSN 1737-9334

increase the bandwidth and improve the other parameters of
the antenna . Figure 6 shows the changing of the return loss
with frequency after employed LHM . It can be noted that the
return loss of -37.16 dB at 2.4 GHz.
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51,1:-37.161076

_____________________________________________________________

LR UFET '
S v o W o
; ; ; ;

]
]
;

S-Parameter [Magnitude in dB]

30 oo T | 1 S I .
2.2844, -10) | ;
-35 ..Gi ( ! ) RRRR | R S SRR FE s
GE (2.516, -10)
-40 f f i f f

M

21 22 23 25 26 27 28

Frequency / GHz
Fig. 6. Return loss versus the frequency of the antenna with LHM .

Based on -10 dB return loss , the antenna with LHM has a

bandwidth 0f231.6 MHz , with 9.65% impedance bandwidth is
found, in the range 0f2.2844 to 2.516 GHz for 2.4 GHz band.

The three dimensionals representation of the radiation pattern
of the antenna with LHM is presented in Figure 7.

dB
Prop.Dir. 402
3Mm
20
1
0
-9
-18
2
-36
Type Farfield z
Approximation  enabled (kR == 1)
Monitor farfield (f=2.4) [1]
Component Abs y
Output Gain
Frequency 24 X
Rad. effic. -0.4808 dB
Tat. effic. -0.7439 B
Gain 4018dB

Fig. 7. Three dimensionals radiation pattern of the antenna with LHM
in the farfield .

Figure 8 shows tow dimensionals radiation pattern of the
antenna with LHM which achieves a highest gain value of 4.02
dB and half power beamwidth of 81.3°.
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Farfield Gain Abs (Phi=90)

0 farfield (f=2.4) [1]
Phi= 90 30 Phi=270

120 Sy 120

Frequency = 2.4

150 150 : _
180 Main lobe magnitude =

Main lobe direction =

4.02 dB
1.0 degq.

Theta / Degree vs. dB Angular width (3 dB) = 81.3 deg.

Fig. 8. Tow dimensionals Radiation pattern of the antenna with LHM .

IV. SIMULATION RESULTS COMPARTION

Depending on the found results , the radiation parameters
comparison between rectangular microstrip patch antenna that
operating at 2.4 GHz without and with LHM structure is
displayed in Table 2 .

TABLE 2 COMPARISON BETWEEN RMPA WITHOUT AND WITH LHM
STRUCTURE WORKING ON 2.4 GHzZ.

Parameters RMPA without RMPA with
LHM LHM
Return Loss (dB) -12.83 -37.16
VSWR 1.59 1.02
Impedance BW (%) 2.49% 9.65%
Peak gain (dB) 1.83 4.02
HPBW (degree) 95.9° 81.3°

V. CONCLUSION

A rectangular microstrip patch antenna with Left-handed
Metamaterial structure has been designed for better results to
increase the bandwidth and gain and decrease the return loss
by using CST Microwave Studio Suite Software at operating
frequency of 2.4 GHz for WLAN applications . Depending on
the simulation results , it can be concluded that , the
conventional RMPA without LHM has a resonant frequency
of 2.4 GHz,, which covers the frequency range of (2.37 to 2.4298
GHz) with bandwidth of 59.8 MHz, and good level of
impedance matching where its return loss is better than -10 dB .
The radiation parameters of RMPA with LHM have
improvements over conventional RMPA , where the peak gain ,
impedance bandwidth are increased and return loss is
decreased . Therefore , RMPA with LHM structure can be
operated with high performance at the desired band of 231.6
MHz which covers the frequency range of (2.2844 to 2.516
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GHz) , and it can be used properly for WLAN applications at

2.4 GHz.
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Abstract- The rapid evolution of the wireless communication

technology and the widespread use of mobile phone lead to the
increase of public concerns of the influence of the electromagnetic
(EM) radiation on the human body. The amount of this energy
absorbed by the human head is measured by the specific
absorption rate (SAR). There are standard limits, according to
which phones sold should be below certain SAR. The amount of
SAR depends on type of the antenna, the distance between the
antenna and the user, and the extent and type of use.
In this paper the interaction between human head model and
electromagnetic field sources is studied. The Realistic Human
Head model is composed of 20 different tissue types. A Planar
Inverted F Antenna PIFA antenna as a source of exposure is
designed and simulated within UMTS /LTE (1920-2170MHz). The
analysis is performedusing a mobile phone model in speech mode
tilt modes. CST Microwave Studio simulation software is used to
analysis SARat1 gram and 10 grams at 5-10 mm distance between
head and antenna with 0.5w radiated power.

Keywords — PIFA antenna, Specific Absorption Rate (SAR), Human
head Modelling, CST.

L INTRODUCTION

In recent years, human beings live completely surrounded
by many wireless devices. Modern society lives and works with
wireless applications such as mobile phones, GPS devices or
other wireless devices that make our life easier. It means that
humankind are constantly interacting with electromagnetic
fields and non-ionizing radiation. This radiation has various
effects on human health. Due to their heating effects, they can
cause biological damage to cells. The fundamental absorption
mechanism of electromagnetic radiation is essentially based on
the induction of eddy currents on the skin and in the tissue due
to the electromagnetic fields caused by the RF currents on the
antennaand device. The basic parameter in the electromagnetic
absorption is defined in terms of the Specific Absorption Rate
(SAR), orthe absorbed power in unit mass of tissue [1-7].
SAR is a measure of the rate at which energy is absorbed by the
body when exposed to a RF electromagnetic field. SAR is
usually averaged either over the whole body, or over a small
sample volume (typically 1 g or 10 g oftissue). The value cited
is then the maximum level measured in the body part studied
over the stated volume or mass. It can be calculated from the

electric field within thetissue as:
2

g
SAR = — W/KG er e veeoes e (1
2 w/kg ®

The SAR value will also depend on the mathematical shape of
the part of the body which is exposed to the RF energy [3, 4].

1 f o E(r)?

SAR = e LR ¢

Where E refers to the electric field strength (V/m), o the
conductivity (S/m) and p the density (kg/m?®) of human Head
tissues. SAR is the standard for determining safe levels of
operation for cell phones.

To avoid effects of mobile phone radiation on human
health, various governments have defined maximum SAR
levels for RF energy emitted by mobile phones [6, 7]. To ensure
public safety with respect to exposure to electromagnetic
radiation, the International Commission on Protection from
Non-lonizing Radiation (ICNIRP) and the Institute of Electrical
and FElectronics Engineers (IEEE) have developed guidelines
and standards for the reduction of electromagnetic exposure
zones. These guidelines and standards set out the basic
limitations thatdefine SAR limits that should notbe exceeded.
(IEEE) has set a standard the limit for exposure to
electromagnetic fields thatdoes notexceed value of Maximum
SAR distribution about /.6w/kg in a 30 minute period by 1
gram of tissue mass,(ICNIRP) has set a standard that does not
exceed the value of Maximum SAR distribution 2w/kg for 6
minutes in 10 grams ofthe tissue mass. The electrical property
of the human head is changed like conductivity and
permeability when humans are affected by the electromagnetic
field [8-11].

1. SIMULATION MODEL

In this paper, the SAR distribution is calculated on a human
head exposed to an electromagnetic field emitted from a cellular
telephone using the Planar Inverted F Antenna (PIFA) designed
to operate within UMTS / LTE (1920-2170MHz) as shown in
Fig. 1 (a) & (b). In the model, a realistic human head model.
Measurement of power absorbed gives the description of the
measurement of SAR and heat-induced when mobile is nearer
to the human head model is used to investigate SAR at 1 g and
10 g tissue exposed to EM waves radiated from an antenna by
using software CST microwave Studio.

Page 21


PC2
Texte tapé à la machine
Page 21

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Copyright -2019
ISSN 1737-9334

Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

(a) Front face (b) Side face
Fig.1 PIFA with realistic human head model

A.  Antenna model

In this paper, the Planar Inverted F Antenna (PIFA) is
designed, which is used in mobile phones as shown in Fig. 2 (a)
& (b) The antenna is designed and optimized to operate at
2.1GHz (UMTS/LTE-Band 1). This antenna is used in mobile
phones due to its small size and high gain. The proposed
antennais emulated using CST Microwave Studio.

(b)3-D View

Fig.2 Planar Inverted F Antenna

(a) Front view

The dimension of proposed PIFA structure with dimension
of ground plane (LgxWg) 80mm x 35mm as Shown in Fig. 3 (a)
& (b). The rectangular radiating patch is placed above the
substrate with a separate vacuum gap with a height (H) 0mm.
The top radiating patch is printed on a copper plate with
thickness 0.035mm. The antenna substrate is FR4 with er= 4.3
with thickness of #=1.6 mm and dielectric loss tangent, tan 6 =
0.025. The antenna is packed with a vacuum substrate (er= 1.0).
The vertical sub-strip made from copperis used as the shorting
plate and connect between the top radiating patch and the
ground plane.

The 50Q coaxial connector is used to feed antenna with
0.5w power at the (LTE 2100) band. The position of feeding
points and shorting plates is varied to get the optimum
results.

The return loss of the PIFA antenna was simulated at two
different positions (Smm and 10mm) as shown in Fig. 4 a and
b. The resonant frequency of the antenna is about 2.1GHz with
120MHz bandwidth from 2.04GHz to 2.16GHz which the
same for two positions. The return loss is about -23 dB at Smm

position and -28.9dB at 10mm position, since the matching of
the antenna increase by increasing the distance from the head

Ds
x E‘;—": tand i H
|—= Lg =]
(a) Side view
< We >
— .
Le Wag
L = .
(b) Top view

Fiq.3 The dimension of proposed PIFA structure.

SParameters [Magniude n df]

18 19 1 1] 1 23 1
Freguency [ GHz
a

SParameters [Magniude n dB]

—511

18 19 2 [21] 2 23 1
Fremuencr / GHz
b
Fig. 4 the retum loss of PIFA antennaat Smm (a) and 1 Omm (b) from human
head.

The PIFA antenna demonstrates also a nearly broadside
radiation pattern over its resonant frequencies as shown in Fig.
5 (a) and (b). The maximum antenna directivity is 5.8dBi when
the head at Smm distance and 5.77dBi at 10mm distance. The
change of directivity due to the head work as reflector for the
antenna and directivity increase by reduces the distance of the
antenna from the head.

Page 22


PC2
Texte tapé à la machine
Page 22

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

obtained from IT'IS's tissues [4, 5], according to the user
frequency of 2.1GHz. as showing in Table 1.

Table 1 property of the head tissues at 2.1GHz

Mass density permittivity ~ Conductivity

z

farfield (f=2.1) [1] Tissue p , & ]

Wi i) y (kg/m) (S/m)

Compren ‘l Skin 1109 384 1.310

’ Muscle 1090 53.2 1.519

e s | Bone 1908 11.6 0.328

a Blood 1050 58.9 2.260

- Fat 0911 5.32 0.089

| Cartilage 1100 39.5 1.490

== Gray Matter 1045 49.5 1.570

o White Matter 1041 36.6 1.050

, =7 Eye (Humor) 1005 68.4 2.220

farfield (=2.1) [1] Eye (Sclera) 1005 53.1 1.790

o erabed (85> 1) ¥ Eye (Lens) 1076 343 0.918

. J Air 0001 01.0 0.000

Cerebellum 1045 45.5 1.880

b Dura 1174 42.5 1.470

Fig. 5 Simulated 3-D radiation pattern forthe antenna directivity at Smm (a) CSF 1007 66.8 3.150

and /0mm (b) from human head. Nerve 1850 30.5 0.951

Tongue 1090 53.1 1.560

B. Human head model Pituitary 1050 57.7 1.700
Human body tissues have different values of dielectric Gland

properties, that is, permittivity and conductivity. These Lacrimal 1028 58.3 1.000
properties are functions of several variables, such as frequency, Gland

geometry and size of tissue, and water contents. The realistic Pé'lr:rtli(;l 1048 74.4 1.020

human head model (Zubal Model's) [3] was used in this paper.

It component of 20 different tissues such as skin, skull, bone,
gray matter, white matter, fat, humor, CSF. Etc. The sectional L. RESULTS & DISCUSSIONS
view of realistic human head model is shown in Fig.6.

A. Influences of Distance Between Human Head and Handset
Antenna

In this part, it is aimed to analyze the impacts of the
distances between the user’s head and the mobile phone model
at2100 MHz the distanceis changed from 5 mm to 10 mm. The
maximum SAR is clearly identifiable from the results, since the
change in the distance between the mobile phone and the user
header may increase or decrease the SAR value. As shown in
Fig.7,8, 9.and 10.

B. Influences of Angle Between Head and Antenna
v While people talking on cell phones, the human head can
be exposed to radiation at various angles. Therefore, it is crucial
to analyze the effect of various angles between the antenna and
= the human head on the SAR values. The simulations are starting
. . . from 25degrees to 30 degrees for the main angles (0 variation,
Fig.6 different tissue layers of human head ¢ variation) at 2100 MHz SAR distributions on the head are
. shown in Fig.7 & Fig.8 when the angle between the user head
The propo'sed Yoxel . model contains 256XZ56XI2'.9.V0XE:IS and the antenna at 25 degrees(0 , @) and SAR distributions on
elements with dimensions of /./x/.1x1.4 mm. In addition, the the head are shown in Fig.8 & Fig.9 When the angle between

insulating properties of head tissue, as well as density and the human head and the PIFA antenna is 30 ° (0, ¢) according
conductivity, the properties of all tissues usedin this paper were fo simulations. We can note the value of SAR decrease by

increasing the angel.
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C. SAR results of PIFA near to the Human head model

SAR is calculated at 1 g and 10 g tissue of the human head
when placing the mobile phone near the human head. The level
of energy absorption of each layer varies due to its thickness,
water content, conductivity and permittivity. 3D thermal
distribution in head from the results of SAR values obtained
using CST Microwave Studio. SAR is concentrated at limited
area around the human head as shown in Fig.5(a) &(b). The
SAR rate is about2.96 W/kg at 2.1 GHz for 1 gwith a distance
of 5 mm and a 25 ° (0, ¢) angle between the human head and
the antenna. Fig.7 (a) & (b) shows PIFA antenna and its SAR
distribution around the human head the SAR about 1.538 W/kg
at 2.1 GHz for 10g with a distance of 10 mm and a 30 ° (0, ¢)
angle between the human head and the antenna.

SAR(f=21) 1] (1g) &
Frequency  21GHz

Y
Maximum 295918 W/kg r
Minimum 0 Wrkg 3 —

(a) Front view

(b) Side view

Fig.7 The maximum SAR 0f2.96 W /kgin 1 gisobtained for 5 mm distance,
the angles (6 25 °, ¢ 25°) between head and antenna at 2.1GHz.

SAR (f=2.1) [1] (10g) &
Frequency 21 GHz
Maximum 1538 W/kg

Minimum 0 W/kg o gEmy

(a) Front view (b) Side view

Fig.8 The maximum SAR of 1.538 W /kgin 10 gis obtained for5 mm
distance, theangles (8 25 °, ¢ 25°) between head and antenna at 2. 1GHz.
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SAR(f=2.1)[1](19) &

Frequency  21GHz
Maximum 224573 W/kg
Minimum 0 W/kg

(a) Front view (b) Side view

Fig.9 The maximum SAR 0f2.25 W /kgin 10 gis obtained for |0 mm
distance, theangles (6 30 °, ¢ 30°) between head and antenna at 2. 1GHz.

SAR (f=2.1) [1] (10g) &
Frequency  21GHz
Maximum 124269 W/kg
Minimum 0 Wikg

(b) Side View

(a) Front View

Fig.10 The maximum SAR of 1.24 W /kgin 10 gis obtained for 10 mm
distance, theangles (6 30 °, ¢ 30°) between head and antenna at 2. 1GHz.

Fig. 11 shows the comparison between SAR values at Smm and
10mm distance for2.1GHz and 500mW peak power. Except for
cartilage tissue, all other tissues SAR value is lower than the
FCC regulated SAR safety limit (1.6W/Kg). Maximum SAR
value at cartilage tissueis 1.69W/Kg.

(Wikg)
z

175
15
125
1
0.75

<% MSmm g 10mm

Fig 11: Comparison between Smmand 1 0mm distance of SAR value at
2.1GHz
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Table.2: calculated SAR Value for each tissue and distance REFERENCES
between head and antenna (S&10 mm). [1]1J. B. Van de Kamer andJ. J. W. Lagendijk, “Computation of highresolution

. SAR SAR SAR distributions in a head due to a radiating dipole antenna representing a
Tissue wkg) wkg) hand-held mobile phone,” Phys. Med. Biol., vol. 47 pp. 1827-1835,2002.
Smm 10mm [2] P. J. Dimbylowand S. M. Mann, “SAR calculations in an anatomically
_ realistic model of the head for mobile communications transceivers at 900 MHz
Skin 0.5316 0.369 and 1.8 GHz,” Phys. Med. Biol., vol. 39, pp. 1537-1553, 1994.
Muscle 0.278716 0.25 [31 A.Arayeshnia, A Keshtkar and S. Amiri,"Realistic human head voxel model
B 0.05 0.038 for brain microwave imaging,"2017 Iranian Conference on Electrical
CHE c d Engineering (ICEE) pp.1660-1663, 2017.
Blood 03 0.4304 [4] C. Gabriel. Compilation of the Dielectric properties of body tissues at RF
and microwave frequencies.Report N.AL/OE-TE-1996-0004,Brooks Air Force
Fat 0.0411 0.028 Base,1996.
Cartilage 1.69 1.626 [5]C. Gabriel,A. Peyman, and E.H. Grant. Electrical conductivity of tissue at
Gray Matter 0.1923 0.1923 ‘f‘rgglge;&i)f;s below 1 MHz. Physics in Medicine and Biology, 54(16),pp. 4863-
White Matter 0.12116 0.127 [6]1IEEE Standard for Safety Levels with Respect to Human Exposureto Radio
Eye (Humor) 0.1104 0.070686 Frequency Electromagnetic Fields, 3 kHz to 300 GHz, IEEE C95.1-1991,
Eye (Sclera) 0.08905 0.05699 Institute of Electrical and Electronics Engineers, Inc., New York, 1992.
y ’ ’ [7]1 T akashi Nakamura, Kazuyoshi Uchida, and Shinobu Tokumaru, ”SAR of
Eye (Lens) 0.04266 0.02730 Multiple Cylindrical Human Models”, Electronics and Communications in
Air 0 0 Japan, Part 1, Vol. 81, No.10,pp.899.905,1998.
[8] O. P. Gandhi, Gianluca Lazzi and Cynthia M. Furse, “Electromagnetic
Cerebellum 0.1763 0.0899 Absorption in the Human Head and Neck for Mobile T elephones at 835 and
Dura 0.00563 0.0056 1900 MHz,” IEEE Trans. Microwave Theory Tech., vol. MTT — 44. No.10,
CSF 0.5646 0.5646 pp.1884-1897, October-1996.
[9]1 M.Okoniewski, E.Okoniewski and M.A.Stuchly, “A Study of the Handset
Nerve 0.0504 0.0503 Antenna and Human Body Interaction,” IEEE Trans. Microwave Theory Tech.,
Tongue 0.00286 0.0005 vol. MTT —44. No.10,pp.1855-1864, October-1996.
Pituitary G 0.052 0.020238 [10] L. Asmae and O. Homayoon, “Simulation and evaluation of specific
3 absorption rate in human body in high frequency electromagnetic fields” in
Lacrimal G 0.1756 0.1245 Advanced Materials Research, vol. 433-440, pp. 5489-5493, Trans Tech
Parotid Gland 0,72 0.6662 Publications, Zurich, Switzerland, 2012.
[11]M.R. 1. Faruque, M. T. Islam, and N. Misran, “ Analysis of SAR levels in
human head tissues for four types of antennas with portable telephones”
V. CONCLUSION Australian Journal of Basic and Applied Sciences, vol. 5, no. 3, pp. 96-107,
2011.
Applying a model that determines the distribution of absorbed
energy into human head structures would improve our
understanding ofthe harmful effects of mobile phones.
In this paper, the SAR distribution is calculated on a human
head exposed to an electromagnetic field emitted from a cellular
telephoneusing the Planar Inverted F Antenna (PIFA) designed
to operate within UMTS / LTE (1920-2170M Hz)
This model enabled us to investigate the SAR for different head
tissues. This results from the fact that the dielectric properties
are frequency dependent.
Results obtained from the simulation showthat maximum local
SAR increases significantly for smaller mass average. The
maximum SAR rate is about 2.96 W / kg at 2.1 GHz for 1g.
SAR is distributed around 1.538 W / kg at the same frequency
for 10 g for 5 mm between head and antenna and at 25 ° (0, ¢)
angle with 0.5(watt) radius power .The distance between the
human head and the antenna was increased to 10 mm and the
angular change was increased by 30 °(0, ¢) , with betterresults
obtained for human health. The maximum specific absorption
rate of 2.25 W/kg was obtained in 1 g and 1.25 w/kg in 10 g.
These values can be changed by increasing the distance and
angle between the phone and the human head.
Lastly, we can conclude, the SAR deposition depends on tissue
material  properties  (conductivity, permittivity,  and
permeability) and by increasing the conductivity, SAR
increases too.
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Abstract The United Nations estimates that the number of
mines in Libya is estimated at three million, most of which
were planted between 1940 and 1943 by Italians, Germans
and English during World War 1I in Libya. In the wake of
the war, the presence of buried landmines poses particular
threats to local populations and minefields. Since human life
is always precious, these robots are an alternative to mine
detection in war zones. Recently the hub of many research
projects for military and civilian applications such as
military, surveillance, security service, riot, police, hostage
situation, riots, law enforcement, border patrols, border
control. We take into account the challenges involved in the
demining of humanitarian landmines and the techniques
currently used in this area. This paper presents some basic
ideas about the formation of a mobile robot system to detect
and locate antipersonnel landmines at the lowest cost,
effective, effective, fast and quality.

Keywords- Humanitarian Demining, Landmines Detection,
Metal detector, GPS, Arduino microcontroller, ultrasonic,
Remote Experimentation.

I IINTRODUCTION

A landmine is an explosive device hidden underground or
designed to destroy or disable enemy targets, from combatants
to vehicles and tanks as they pass or near them. This device is
usually automatically detonated by pressing when the target
moves on it or moves over it, despite the use of other
detonation mechanisms. A landmine may cause damage as a
result of the direct explosion, fragments caused by the
explosion or both. The name derives from the old practice of
military mining, where the tunnels were dug under enemy

fortifications or formations of forces. The war in North Africa
began on June 10, 1940, when Italy declared war on Britain
and France in the wake of the Second World War. After a
slight advance of the Italian forces in the Egyptian territories,
the British launched a counterattack that resulted in the defeat
of the Italians in the Battle of Bedim, prompting the Italians to
seek help from their allies The Germans sent a small force
called the African Legion, which held the military situation of
the British, who could defeat the Germans and the Italians
only a final defeat in the Battle of Alamein, which enabled
them to end the battle of North Africa for them (with the help
of the Americans) on 13 May 1943. But the suffering of the
people of North Africa did not end with the end of the
fighting. In order to prevent the warring States from advancing
their enemies, the warring countries were laying mines of all
kinds, but they did not mine mines after the end of the war,
which makes it worse that mines do not diminish over time,
On the peoples of that region. No one knows exactly how
many mines left by this conflict in North Africa, but we can
take an idea from the memoirs of the commander of German-
Italian forces in North Africa, Eron Rommel, who said that
80,000 mines, mostly antipersonnel, were planted in the
Boerat line (In Libya). It should be said here that the battle of
the Boerat (or the Zamzam Valley) was not one of the major
battles in the war, such as the battles of Alamein, Tobruk and
the Libyan-Egyptian border battles. Although North African
countries have the same problem, they have never united their
diplomatic efforts to demand from the warring countries of
Germany, Italy and Britain demining, and compensation for
war damage. While Egypt and Libya are separate, Tunisia
signed in December 1997 the Ottawa Convention on the
Prohibition of the Use of Landmines, but this signature will
not only save the Tunisian people from the threat of mines.[1]

In post-conflict operations, demining is necessary to secure the
resettlement of civilians and the recovery of war-ravaged
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communities. However, ensuring that all land areas are mine-
free is a major challenge. The detection and removal of anti-
personnel landmines at present is a serious political issue,
economic, environmental and humanitarian. There is a
common interest in solving this problem, and solutions are
being sought in many engineering fields.[2]But look for
landmines and Detection of explosives can be classified into
Follow the instructions:

. Landmines, information, species, facts, findings;

. Vehicle detection and loading system.

. Detectors (sensors for detection of mines);

. Identification of detected mine sites;

. Data (signal / image) processing techniquesAlgorithms.

. Data transfer techniques.

. Mine clearance techniques;

. Landmine detection performance.

This paper focuses on the proposed solutionrobot car and
transfer data toVisualization and data monitoring for Improved
detection.Manual on Landmine Detection and Removal Hand
held human hand detector, Mechanical methods And / or
biological (using trained dogs and rodents) Ways are still out
for reasonsReliability, but it is a very slow way Including risk
consumption and time. So need Synthetic systems using
automated systems In this area is necessary and paves the way
for Researchers work to improve Performance of automated
landmines reveal. The research area includes many challenges
and gaps. To work on such as:

1 - Automatic control of the gap and position The heads of the
sensor and the surface of the earth.

2 - The location of the detected mine operation.

3 - Speed detection during detection.

Operation to avoid mine loss. Few robots detect mines that
have the capability To recognize the earth's surface and can
control the gap The position of the sensor heads is reported in
(Armada, MA et al, 2005) (Chesney, R. et al., 2002)
(Nonami, K. et al., 2003). Through the review Literature is
obviously the use of one of mine Detection techniques (a
growing area of Search) along with unmanned vehicles or
robots It is the most appropriate technique to minimize Human
interaction near the hazardous area Increase detection speed.

0NN W

IL. OTTAWA TREATY

The Convention on the Prohibition of the Use, Stockpiling,
Production and Transfer of Anti-Personnel Mines and on their
Destruction, known informally as the Ottawa Treaty, the Anti-
Personnel Mine Ban Convention, or often simply the Mine
Ban Treaty, aims at eliminating anti-personnel landmines (AP-
mines) around the world. To date, there are 164 state parties to
the treaty. One state (the Marshall Islands) has signed but not
ratified the treaty, while 32 UN states, including the United
States, Russia, China, and India are non-signatories, making a
total of 33 United Nations states not a party. The Ottawa
Treaty is a success in progress with a huge amount of land
cleared of landmines, a significant decrease in the number of
casualties, millions of stockpiled mines destroyed and 80% of
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the world belonging to the treaty. However, there is still work
to do — 64 states and other areas are contaminated by
landmines and other explosive remnants of war and there were
over 6,400 casualties in 2015. [3].

III. UNITED NATIONS GENERAL ASSEMBLY
ANNUAL RESOLUTIONS

A recurrent opportunity for States to indicate their support for
the ban on antipersonnel mines is their vote on the annual UN
General Assembly (UNGA) resolution calling for
universalization and full implementation of the Mine Ban
Treaty. UNGA Resolution 66/29, for example, was adopted on
2 December 2011 by a vote of 162 in favor, none opposed,
and 18 abstentions. Since the first UNGA resolution
supporting the Mine Ban Treaty in 1997, the number of states
voting in favour has ranged from a low of 139 in 1999 to a
high of 165 in 2010. The number of states abstaining has
ranged from a high of 23 in 2002 and 2003 to a low of 17 in
2005 and 2006. Of the 19 states not party that voted in support
of Resolution 66/29 on 2 December 2011, nine have voted in
favour of every Mine Ban Treaty resolution since 1997
(Armenia, Bahrain, Finland, Georgia, Oman, Poland,
Singapore, Sri Lanka, and the United Arab Emirates); 10 that
consistently abstained or were absent previously now vote in
favour (Azerbaijan, China, Kazakhstan, Kyrgyzstan, Lao
PDR, Marshall Islands, Micronesia FS, Mongolia, Morocco,
and Tonga). Somalia, now a State Party, was absent from the
2011 resolution, but has voted in favour in previous years. The
number of states abstaining from supporting the resolution has
ranged from a high of 23 in 2002 and 2003 to a low of 17 in
2010, 2005 and 2006. The group of states that could be
described as most concerned about the security implications of
the Mine Ban Treaty are the 15 states not party that have voted
against consecutive resolutions since 1997: Cuba, Egypt,
India, Iran, Israel, Libya (since 1998), Myanmar, North Korea
(since 2007), Pakistan, Russia, South Korea, Syria, Uzbekistan
(since 1999), the United States, and Vietnam (since 1998) .[7]

IV. HUMANITARIAN MINE ACTION

Non-governmental organizations and the United Nations have
been involved in mine clearance since the late 1980s,
emerging over the last decade as key actors in efforts to reduce
the threat landmines pose to innocent civilians throughout the
word. This has led to a new concept: humanitarian mine
action, which is an integrated approach to removing landmines
from the ground and reducing their disastrous impact on mine-
affected communities. Nobody knows how many mines there
are in the ground, and that number is not very relevant, despite
the attention given to the issue.What is relevant is how many
people are affected by the presence of mines, which are
obstacles to post-conflict reconstruction and socio-economic
re-development.
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V. PROPOSED METHOD

A robot is needed to detect landmines to be used to support
peace, operations and clearing contaminated areas. The robot
has an ultrasonic sensor installed in order to identify and avoid
the obstacle. The mine can be found with the help of longitude
and latitude of the GPS sensor. [8] We strive to develop the
material structure of the robot from materials that can resist
eruptions up to a certain point. The robot issues a warning to
the next person with the help of a robot-based bell. The engine
is powered by a high-power DC motor powered by the h-
bridge circuit that allows the robot to move in any direction.
The objective of the proposed system is to develop a mobile
robot on the ground to apply detection and assistance to
humanitarian demining, as well as solutions to the detection of
detected mines and monitoring of the area passed, the remote
monitoring was introduced for online operation. The system
consists of an atmega controller with an Arduino platform to
control the movement of the vehicle and steering the motors.
A bomb was discovered using metal detection technology.
GPS is connected to the vehicle for tracking. GPS signals are
obtained using NImyRIO (National Data Acquisition Unit)
and Labview. Figures 1 below shows the block diagram
proposed method.

Mine
Detector

Wi-Fi
\ Module

Module

. Fig 1: Block Diagram Proposed Method.

Iv. HARDWARE

Arduino Uno microcontrollerH-Bridge, GPS,

adapter, GSM module, PIR Sensor .

relay, ADC

Ardunio Microcontroller Arduino Uno is a microcontroller
board based on the ATmega328P .It has 14 digital
input/output pins of which 6 can be used as PWM outputs, 6
analogue inputs, a 16 MHz quartz crystal, a USB connection, a
power jack, an ICSP header and a reset button. Atmega328p is
the microcontroller we are using because, it is more efficient,
less cost and easily programmable.Figures 2 below shows the
Arduino Uno Microcontroller Board.

Fig 2 :Arduino Uno Microcontroller Board

GPS is used for positioning, localization anddetermining time.
The civil signal SPS (StandardPositioning Service) can be
used freely by the generalpublic, while the Military signal PPS
(PrecisePositioning  Service) can be used only by
authorizedgovernment agencies. The GPS data can be
retrievedfrom the GPS receiver in various formats. GPRMC
data format is used in the proposed system. The RMCdata Set
(Recommended Minimum  Specific =~ GNSS) contains
information on time, latitude, longitude andheight, system
status, speed, course and date [3].Wiring of the GPS used with
the NImyRio is shown in Fig.5.; GPS receiver requires five
connections toNI myRIO, as follows; MXP Connector A:

1. +3.3-volt supply (VCC3V3)/+3.3V.

2. Ground (GND)/GND.

3. UART transmit data (TXD)/UART.RX.

4. UART receive data (RXD)/UART.TX.

5. One-pulse-per-second (1PPS)/DIOO0.Figures 3 below shows
the NEO-6M GPS module And Figures 4 below shows the
Setup for GPS connected to NImyRIO.
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Fig 3 :NEO-6M GPS module

VIO AeB IV

yorwg
ALAKT.TX [M]

AUAXT RE J18|
—O

ADXO 11|

Fig.4 :Setup for GPS connected to NImyRIO

H-BridgeDC Motors rotate in two directions depending on
howapplied voltages are connected to the motor terminals.In
order to run the motor in the forward direction, thepositive
terminal of the motor is connected to thepositive terminal of
the battery and negative to negative. However, to run the
motor in reverse direction, simply switch the connections;
connect thepositive terminal of the battery to the
negativeterminal of the motor and the negative terminal of the
battery to the positive terminal of the motor. An H Bridge
circuit allows a large DC motor to be run inboth directions
with a low level input logic signal.The H-Bridge electronic
structure is explicit in thename of the circuit - H-Bridge. Input
signals to the H Bridge are being provided from the Arduino
boardaccording to the control program, Figures 4 below shows
the H-Bridge Circuit used in the robot And Figures 6 below
shows Forward direction& Reverse direction.

Fig.5 : H-Bridge Circuit used in the robot

+ Canw + + +
Snich | /Snuh: swich1 Switch 2
Focward Reverse
R ay
MOTOR MOTUR
Stch 3 ( Swichd  Switch] Swaach &

Fig6 : Forward direction& Reverse direction

Ultrasonic Sensor are transducers that convert ultra-sound
waves to electrical signals or vice versa. These devices work
on a principle similar to that of transducers usedInternational
Journal of Engineering Science and Computing, in radar and
sonar systems, which evaluate attributes of a target by
interpreting the echoes from radio or sound waves,
respectively. The HC-SR04 Ultrasonic Sensor is the perfect
solution for any distance detection application in robotics.
Figure 7 shows HC-SR04 Ultrasonic Sensor.
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VL TESTS AND RESULTS

The performance of the mine sensor is evaluated on a pilot
basis by measuring the output voltage of the detection circuit
in different target states. The experimental results of the
standard mine detector and the robot show that the designer
robot is capable of detecting and extracting personal mines.
The whole system can follow the designer path and terrain
violations. Tests are performed using the prototype to ensure
the success of the robot design. However, in order to make the
roller wheel capable of extracting mines of different sizes, it is
necessary to introduce an adaptive capacity to change the size
Fig7 : HC-SR04 Ultrasonic Sensor of the rotary wheel according to the size of the buried mines.
The study of the case of some materials, including iron copper
and aluminum, gold and silver and the following form shows
the efficiency of the system in the detection of metal detection

V. METAL DETECTION DEVICE USING and come with acceptable results in practice and helps in the
HARMONIC LEVEL DETECTION process of mine detection and location with acceptable
accuracy. Figures 9 below shows the demonstrates the

A metal detection device includes a metal detection coil  detection efficiency of different metals.
arranged in a metal detection area, wherein the metal detection
coil is excited, and an electromagnetic wave radiated from the
metal detection coil detects whether metal exists in the metal
detection area. An oscillation circuit generates a sinusoidal

oscillating current having a single fundamental frequency and

supplies the oscillating current to the metal detection coil to #0.00 ‘ -

excite the coil. A harmonic level detection circuit detects a ® Status 1
harmonic component of the fundamental frequency 60.00% i ‘ ! 3 " Stetue 2
component of the oscillating current and generates a detection D
signal. A comparison circuit compares a signal level of the 40.00% | | , o

100.00%

detection signal and a pre-set reference value. A processing
circuit determines whether metal exists in the metal detection
area based on a comparison result. When determining that
metal exists in the metal detection area, the processing circuit
drives a notification unit to issue a notification indicating

20 0oy

0.00%

X X R roes 1 Copper2 Aluminum 3 Siver 4 Gold %
detection of metal.Figures 8 below shows the metal detection
cireuit. Fig 9 : Detection Efficiency OfDifferent Metals
VIL PROJECT SNAPSHOTS
. The snapshots of the final robot with all the components
’—’—‘- | attached are shown below in the following figures in all the
ket | L. 23, & views. Figures 10 below shows the robot prototype
- 0 . ; Rrm
SN . TDA016 )
L T i o
(= Y
£— T .;iﬁ.‘ | ;
" B
Y o :

Fig 8 :Metal Detection Circuit
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solved by separating the detection coil from the circuit with
the use of plastic plates. The second problem occurs in the DC
motors. These motors don’t generate precise displacements.
They are made to provide speed and torque closest to their
specifications, but not the exact amount. However, these
minor problems won’t occur in the actual robot since they are
caused by the poor quality of the equipment not due to the
proposed concept. Hardware Atmega-328P with the Arduino
Board controller; Robot chassis and four 9v Dc , (the structure
mainly of a commercial off-the-shelf parts, which are
available at low costs :

- H-Bridge is implemented by L293d driver IC, to

drive the motors :

- NImy RIO and GPS are attached to the NImyRIO

data acquisition :

- Metal detector; Ultrasonic Sensor, IR sensor,

batteries and connectors.

Software :

- Arduino IDE 1.6.3,LabVIEW software.

- NImyRIO software and drivers.

XI. CONCLUSION AND FUTURE WORK

This paper describes the general design of the wheeled
robot for landmine detection and implementation in
Libya. The wheeled robot is less expensive, more
powerful and simpler than programming, design,
maintenance, modification and development. It is a
useful tool for the Army for surveying and monitoring as
well as organizations that support mine surveying.
Future work is focused on improving body designs by
placing a suspension system for more than a shock from
uneven surfaces using gear wheels instead. The robot is
equipped with a camera to monitor the Android case.
The energy system was developed by replacing the
battery with solar panels to produce continuous energy.
The robot is equipped with a robotic arm for the purpose
of using it to catch, pick up and cut wires. The extraction
process begins once satisfaction with mine
discrimination is assured. The robot combines the
flexibility of manual and automatic operation with speed
and safety Automated survey and extraction. The
introduced robot offers features such as reduced cost and
size, reduced system complexity and ease of use. The
experimental results show a high resolution of mine
XI. RESULTS AND DISCUSSION detection, as experimental results show that detection
and discrimination provide acceptable sensitivity at a
The test is carried out with the prototype assures us of the ~ range of less than one meter.
success of the robot, except for some minor problems.
Detectors are made of cheap components and thus the REFERENCES

rehabl!lty is uncertain with low range of detgctlon. [1] Habib M.K., "Mine detection and sensing technologies-new development
Sometimes, false alarms are generated due to the detection (?f potentials in the context of humanitarian demining," in Industrial Electronics
robot’s own metal component. However, this problem is Society, Vol. 30, No. 9, 10 May 2009, 2399-2410.

Fig 10 : Robot Prototype
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The moderate state is no longer able on its own, to insure the
enormous tasks which assign to in the satisfaction of the common
interest of the national community.

That is why it is multiplying to a variety of organizations with
moral personality and financial autonomy, this shows that the
power of public finances is more widespread today, and the thing
that explains the broad meaning of the expression: public finances.

Financial control by the state over public institutions and
companies is a crucial step, which allows the state to ensure that
the allocated budgets are used effectively and efficiently, so that
public institutions can achieve performance.

This is not limited to the control practiced by the minister of
economy and finance especially state controller and paying
treasurer, but, on the respect of good governance practices,
transparency and the application of the new reform of public
expenditure.

Key words: Corporate governance, Public institutions and
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l. INTRODUCTION

The modern State alone is no longer able to ensure the
enormous stains which assign to it the satisfaction of the
common interest of the national collectivity of which it is the
representative, for this reason it is multiplying to a variety of
bodies having the moral personality and the financial
autonomy, to which it entrusts certain tasks of general interest
this shows that the power of public finances is today more
widespread, the thing that explains the broad meaning of the
expression: public finance.

The responsibility of the public authorities for the tasks of
general interest does not only meet economic and social
objectives, but also to a political concern of the State, that of
ensuring its authority and justifying its longevity and
legitimacy.

kaoutar.moudden@gmail.com

The budget is par excellence the instrument that can be put at
the service of its multiple purposes.

The current government cannot function without finances,
since they must make revenues and expenditures in order to
achieve the objectives they have set for themselves.

This taking over of large sectors of economic and social activity
by public bodies, and in particular by the State, requires the
mobilization of significant financial resources. These means,
which are partly constituted by taxes levied on taxpayers, must
be used to finance the programs to be carried out, without being
wasted, thus justifying the existence of careful regulation of
revenue and expenditure transactions (general tax code, code of
recovery of public debts). That is why legislators have adopted
public accounting regulations and texts to guide budgetary and
financial action.

Similarly, the concern to preserve so-called public funds
prompted legislators to put in the hands of the public
institutions that use them (public funds) the means to control
their jobs. This explains why control will take place not only
within the public body, but also within private bodies receiving
public financial assistance.

There is a variety of public finance supervisory bodies: the
first encompasses bodies external to the administration having
some independence, the second category consists of
supervisory bodies integrated into the administration in
particular public institutions. At this point questions should be
asked:

1. WHAT ARE THE BODIES OF THE STATE’S
FINANCIAL CONTROL?
1. HOW DOES THIS CONTROL WORK?

The organs of internal control in the administration depend
on the Ministry of Economy and Finance, which is responsible
for major budgetary and financial matters, it is through this
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ministry that the finance bills are prepared, it ensures their
execution and control and it must give its approval for all
measures that have a direct or indirect financial impact.

The Moroccan Ministry of Economy and Finance, as it
stands today, controls in addition to the revenue and
expenditure of the State, the operations carried out by the
decentralized authorities or by anybody benefiting from the
financial assistance of the State or another public authority.

The financial power of the Ministry of Finance is also
measured by the development of the means of control between
which the general inspection of the finances and the financial
control. It also holds under its authority the body of public
accountants who play a significant role in the implementation
and control of the budget through its various means, the
Ministry of Finance can intervene at any stage of the
implementation of the budget and thus plays a major role in the
control of public finances.

Traditional budgetary controls are classified either
according to their nature (political, jurisdictional or
administrative) or according to their position in relation to the
audited bodies: internal, external.

In general, however, budgetary controls are one or other of
the instruments available to the State and public bodies to help
them clarify their financial management by submitting them to
some regularity.

V. EXTERNAL CONTROL

The organs of state control in the administration enjoy a
relative independence, the latter must not be apprehended in the
absolute because they are part of a political-administrative
system where a limitation is imposed on the exercise of power.

Despite these institutional limitations, external controls can
still play a role in budgetary and financial matters if their
actions exploit all the opportunities available to them. Two
main reasons for the existence of state control are:

= They capture all public operations performed not
transaction functions such as internal control.

= They have the opportunity to put into play the
responsibilities of the budget enforcement officers.

External controls are exercised either in political or
jurisdictional form, the former are the work of the parliament
or the deliberative bodies and the latter are the responsibility
of the financial judge.

V. INTERNAL CONTROL

Inter-administrative checks on the implementation of the
budget must meet a number of objectives, including remedying
the imbalance in favor of external controls in the administration
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and, above all, preventing irregularities and mistakes before
they happen.

Thus different bodies of control exist within the
administration some have general tasks encompassing the
financial aspect this is the case of the general inspection of the
administration, others are specialized in the control of the
budget, it is the general inspection of the finances, the control
of commitment and the expenditure and the body of the public
accountants (accounting control by the general treasury of the
kingdom).

The inter-administrative budget control process links
authorities which are an integral part of the Ministry of
Economy and Finances and which keep under its authority the
internal administrative controls which are three in number:
CCS the Control of commitment and spending(expense) which
is the financial control, FGK The Finance general of the
kingdom which is the accounting control and control of the
general financial inspection and all these controls constituted
by the administrative means to control the budget
implementation process, each means of control put at the
disposal of the administration intervenes at a certain stage of
the budget implementation procedure which reflects the
concern to ensure that the fate of public finances and public
funds is monitored within the administrations, public services
by means of laws and doctrines for the performance of an
effective and efficient management of the state finances.

Similarly, the functioning of public bodies is characterized
by a division of tasks between authorizing officers who have
the power to carry out all the transactions of entry or exit of
public funds. The two functions mentioned above are carried
out by means of the legislation in force. This segregation of the
two functions is one of the rules of public accounting which
aims at delimiting each action of each party within the
framework of a division of work.

Inter-administrative control was established in Morocco
before the colonial era, during the time when the country had
instituted a body of “Oumanas”, public control was governed
by Muslim rules governing the organization of public funds.
These rested on the body of the Oumanas (amine plural). The
latter are recruited from among the noble merchants who
applied to the state finances the accounting rules in use in their
profession (commerce) and answer by their own fortune for the
sincerity of their management. The Oumanas were placed
under the direct authority of the Amine El Oumanas, which acts
as finance minister.

=  The Amine Eddakhl: (Amine of revenues) responsible
for the recovery of state revenues.

= The Amine Elkharaj: (Expenditure Amine)
responsible for the payment of state expenditure
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=  Amine Elhassab: Who was in charge of the accounts
and controlled the accounting transmitted by the
oumanas.

In the absence of precise budgetary rules the oumanas
applied rules of revenue and expenditure often disparate.

Moreover, the traditional Moroccan public ethic derives its
origins from the Muslim administrative organization when the
Sultan of the Amir surrendered several Wali assisting him to
exercise his duties as protector of believers against abuse. In
this respect we find the Wali of Alkadae (Minister of Justice)
the Wali of the Hisba (Financial Control Authority) and the
Wali of Al Madhalim (Ombudsman).

This previous organization modernized under the influence
of the colonial passage through Morocco, the latter instituted
control bodies that operate according to procedures, subject to
legal texts.

Internal administrative control takes two forms:

=  The hierarchical control is the work of any head of the
Executive Administration in particular the Secretary
General and the Directors.

= The General Inspectorate is directly attached to the
Minister and informs him regularly about the
operation of the services.

It is also responsible for examining any request entrusted to
it, for carrying out any inspection, investigation or study.

The control by means of inspection may relate to the operating
conditions of the services. It may also be a check of regularity.

The control of Public Finance takes several forms. It is
prioritized and posteriori, and covers the various categories of
public services. The concern for good management of public’s
funds led especially the ministry of finance to extend control
along the circuits of expenditure and revenue of public services

The GIF is now active to get out of control, mainly tax
collectors. It organizes its work in a wider and more balanced
field, which includes more and more administrations and public
institutions.

Priority control is exercised by accounting officers and
financial controllers placed with public administrations and
institutions.

The control of Finance is also exercised quite strongly by the
Budget Directorate and by the Control of Expenditure
Commitments.

The reform of the Directorate of Public companies and
privatization in 1978 and the 2003 project were aimed at

reducing the burden of financial control on commercial and
industrial public companies.

These laws organizing the operation and implementation of
the budget and those relating to its controls have undergone
several reforms that have affected the substance and the form
of each State function and the control of public finances and
that in particular is involved and is also the subject of several
reforms aimed at modernizing it.

Internal control in the administration of consists of three
authorities which are internal administrations in the Ministry of
Economy and Finance in particular the CCE and financial
control, the FGK which ensures the control of the body of
public accountants and which practices accounting control and
general financial inspections. Being organized from the
following achievement:

Commitment and expenditure control should control the
initiation of the authorizing officers' expenses and should give
its approval so that the scheduling can take place, once the order
of expenditure or revenue is received by the public accountant,
the latter should in turn check the legality and regularity of this
order before committing or making any money or generating
revenue, on behalf of the public treasury, these public
accountants are in turn controlled by the FGK with which they
must make an accounting report.

The general financial inspection carries out a control that
succeeded the two controls that were initially applied to public
funds.

In a context of international administrative modernization,
public authorities have been forced to follow a pace of
development of administrative management, in a constantly
evolving international context, the thing that has pushed
administrative and political powers to make changes in the
system of management of public affairs as a whole by
introducing decrees and legislation as part of an administrative
reform aimed in particular at the modernization and adoption
of public management at an international rate of modernization,
this is due to the gradual implementation of results-based
management within the various departmental departments and
also within the public institutions in order to make available to
them a new management tool aimed in particular at achieving
effectiveness and efficiency in the management of public funds.

As aresult of the reforms that have made Morocco and its
administrations a vast project of modernization of its services
and its operating tools (scheduling, accounting and control).

Inter-administrative control has undergone some changes
which have affected the position of the control against the
supervised bodies. This is due to the very remarkable merging
of commitment control and expenditure and the general
treasury of the kingdom in the old structure, this form applies
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the will of the public authorities to give more flexibility but also
a huge accountability, to the authorizing officers and who must
carry out their functions as part of a results-based management
with the help of new management systems, which will allow
through a program contract the central services and those
deconcentrated and has action plans, to achieve more
effectiveness and efficiency in public management.

VL CONCLUSION

The control of public finances as it currently exists is a
powerful tool to help the public authorities and to ensure the
proper functioning of public funds.

To answer this concern that various controls are involved in
the development and implementation of budget decisions
through legislation and new management approaches to
promote public management and modernize administration,
while ensuring the audit and regularity of budget decisions.
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Abstract: This article explores the different mechanisms by
which the implementation of a socially responsible system of
human resources management is likely to positively influence the
organizational commitment of employees. Our goal is to fill the
theoretical gap by proposing a research model synthesizing the
different relationships between the main concepts through two
mechanisms of social exchange namely: perceived organizational
support and organizational trust

Keywords—Ssocially responsible human resource management,
Organizational Commitment, Social Exchange, Organizational
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1. INTRODUCTION

In order to meet the new requirements of competitiveness
and flexibility, companies and organizations are increasingly
in the process of orienting their policy and management style
towards responsible management through the implementation
of socially responsible practices and policies[3]. Corporate
Social Responsibility ( CSR) which appears to be a voluntary
commitment of the company in the social and environmental
fields, beyond the economic and legal aspects of its activity
[4], takes the social company’s relation with its stakeholders,
mainly employees, towards new concerns in order to be a
Socially Responsible Company. In the case of internal
management, authors and researchers introduce the concept
of “Socially Responsible Human Resource Management (SR-
HRM)” [5]; [6]; [7);[8];[9]; [10]. Reflecting the internal
aspect of CSR [2]; [11] SR-HRM refers to all CSR practices
that are directly aimed to employees and that influence their
behaviours and attitudes like motivation, commitment and
implication etc.

Interested in studying the Organizational Commitment (OC)
of employees[2];[12];and [13] research’s classify employee-
related CSR practices into seven categories and highlight
their direct influence on employee involvement.

Copyright -2019
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Considering employees as social capital and based on the
social exchange theory [14],we propose a theoretical model to
explain the relationship between the SR-HRM and the three
OC dimensions[15] through two exchange mechanisms
namely “perceived organizational support “and” trust in
the organization. The significant contribution of this article
also lies in the fact that no study has, to our knowledge,
proposed a theoretical model integrating mediating and
moderating variables of the influence of socially responsible
HRM on the organizational commitment of employees. To do
this we will first we will review the main concepts related to
human resources' management (HRM) and its links with CSR
and OC. And finally, we will determine all the links
characterizing our research model.

II. LITERATURE REVIEW : CSR, SR-HRM, OC

Through this work, we hope to better identify the CSR-
HRM relationship before proposing a definition of the
“socially  responsible = HRM” and  “organizational
commitment” concept. The linking of two major conceptual
frameworks such as “SR-HRM” and “OC” will undoubtedly
enrich the existing academic literature on the subject.

A. CSR definitions

Corporate Social Responsibility (CSR) is a concept that
differs across societies, cultures and ideologies. Generally
speaking, Corporate Social Responsibility (CSR) reflects all
of society's social, environmental and economic concerns and
their interactions with stakeholders on a voluntary basis.

The term of CSR has been used in different contexts over
the last 40 years[3]. The original concept of CSR came into
being in the 1950s and generally regarded the social aspect of
CSR as referring directly to its responsibilities beyond
economic and legal obligations [16]; [17]; [18]. Since the
definition of the social responsibility of the company known
as CSR is not unanimous neither at the level of its theoretical
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bases nor of its societal and organizational implications [8].
According to [19], there are 37 academic definitions of CSR
that highlight its main categories and objectives, as well as its
results and influence on the company's performance. In all of
its definitions there are authors who do not want CSR in
business [20], others who are only interested in the economic
and legal dimensions of CSR, a third group that adds the
responsibility towards society and finally those who
supplement it with a discretionary responsibility [17]; [21].

Starting from the fact that CSR is built with the
stakeholders of the company; we have adopted the only
definition of ISO 26 000 that considers CSR as “the
responsibility of an organization for the impacts of its
decisions and activities on society and the environment
resulting in ethical behaviour and transparent which: 1)
contributes to sustainable development, including the health
and well-being of society; 2) takes into account the
expectations of stakeholders; 3) respect the laws in force
while being consistent with international standards of
behaviour; 4) is integrated throughout the organization and
implemented in its relationships “.

Reading this definition, we limited ourselves to showing
the influence of CSR on one of these stakeholders, namely
employees. In fact, human resources seem to be a key player
in developing and deploying the approach within companies
as they are the first player to be influenced by CSR practices.
Health and safety, the well-being, development of the
collaborators, the evolution of behaviours and attitudes
constitute the DNA of the function in the company
[8]. Thus, we wish in the following point to better identify
and think about the CSR / HRM relationship.

B. SR-HRM: Definitions and practices

To define the socially responsible HRM, we refer to the
concept of Personnel-Mix developed by [22] which seems
appropriate to our research. In this context, SR-HRM is
perceived as a social steering instrument that makes it
possible to assess the degree of alignment of HRM practices
and policies with the principles of CSR [6].

Considered as a coherent set of human resource practices
that promote employee involvement and commitment, SR-
HRM is a set of important dimensions during a sustainable
employment relationship with the organization [6];[23].
Moreover, sustainable HRM aims to reconcile efficiency and
economic efficiency with the environmental and social
principles of CSR. To do this, human resources managers
must integrate and preserve the interests of each stakeholder
in the long term. It is therefore a question of integrating the
principles of social responsibility into the multiple HRM
practices with the help of several actions that act on the
different dimensions of the well-being of individuals, all of
which are experienced by the organization.

A human resources management aligned to the principles
of CSR (SR-HRM) leads to taking into account various
stakeholders interests, the establishment of a space of mutual
dialogue and exchanges and involving, in particular,
employees in decisions, beyond the traditional processes of
employee representation [24]. This gives them the
opportunity to express their expectations and their points of
view on the company's project, therefore to have the feeling
of control over the decisions of the company [24].

HRM in a CSR perspective realizes the traditional mission
of the company through training, recruitment, skills
development and other policies, yet these approaches are
more humane by offering more autonomy to employees in
work, and social support illustrated by reasonable charges and
recognition practices [6]. Social Responsible-HRM practices
identified in the literature [25]; [26]; [27]; [6]; [28]; [23];
[29];[30] mainly concern prevention in health and safety at
work; work / family balance; training and development;
diversity management etc. From these clarifications we
present in the following table the internal CSR practices of
the literature on Socially Responsible Human Resources
Management.

TABLEI
INTERNAL CSR PRACTICES

SR-HRM
practices

Characteristics Authors

- The employee is seen as a

potential and an opportunity in

terms of skills and abilities [31]

Anticipatory risk taking in the [32]

management of career paths

- Development of internal
promotion

- Employability development of
employees

Forward
planning of
jobs and skills | -
development

- Diversity Recruitment Policy

- The inclusion of disabled [27]
workers [31]

and social - Workplace Diversity [28]

integration - Fight against discrimination

- Equal opportunities

- Men and women equality

Recruitment

- Health and safety at work,
- Well-being and satisfaction of [26]
Work the workers, [6]
conditions - Quality of work. [11]
- Implementation of a plan to
improve working conditions

- Development of work-life
balance programs

- Proposals for childcare [31]
solutions within the company

- Taking into account long
commutes

- Optimization of maternity and
parental leave

Working time

Human rights. | -  Justice and equity
- respect for the economic, [33]
social, cultural, and political [30]
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rights of employees

Training and | -
Education

Development of Validation of [6]

Acquired Experience (VAE) [30]

- Introduction of the individual [30]
right to training

- Training of employees in New

Technologies

Internal -
communication
and social -
relations

Conducting staff satisfaction
surveys

Realization of social climate [22]
surveys [31]
- Setup of ideas box.

- Development of social and
intranet networks dedicated to
CSR communication within
the company.

Workers -
compensation | -

Equal pay attribution [27]
Set up a company savings [34]
maney plan linked to solidarity [34]
sites

- Promote internal
remuneration

equity of
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Personal elaboration
B. Organizational Commitment: Definitions and

dimensions

Organizational Commitment is a concept that, because of
its positive consequences for both individuals and the
organization, has attracted significant interest from
researchers. Indeed, it is one of the most studied concepts in
management sciences and especially in human resources. A
first definition of Organizational Commitment illustrates
the “degree of attachment of an individual to his or her
organization”[35] . Commitment as a term only translates and
explains the relationship between the person and the company,
but it has many definitions.[36] has identified thirty notions
related to Commitment its objective is to build a taxonomy of
the different Commitment forms based on collecting and the
analysing of these thirty concepts. Grouped into five broad
categories, Organizational Commitment occupies an
important place in this ranking.

Based on Social Exchange theory [37] make the distinction
between the motivation of individuals to participate in the
organization (to join the organization and stay there) and the
motivation to produce, which concerns their propensity to be
effective in the tasks they perform. This distinction can be
spotted in the conceptualization of the organizational
Commitment of [37] which includes three characteristics: 1) a
high degree of belief and adherence to the values and goals of
the organization; 2) willingness to exert considerable effort
on behalf of the organization and 3) a determined desire to
remain a member of the organization.

Since the mid-eighties, a reconceptualization of
commitment has gradually emerged. Based on the remarks of
[38] whose work currently serves as the basis for the majority
of research, we retain the affective, calculated and normative
Commitment dimensions.

e Affective Commitment

Affective Commitment is defined on the basis of three
dimensions: 1) identification with the organization values, 2)
engagement to the achievement of its objectives and 3)
emotional attachment to it. So we talk about affective
commitment when the employee wants to stay in the
organization [15] . From this perspective,[39] proposes the
following definition of OC "... (a) a strong belief in, and
acceptance of, the organization's goals and values, (b) a
willingness to exert considerable effort on behalf of the
organization, and (c) definite desire to maintain
organizational membership ". It follows that the employee's
connection to his organization is at a level of abstraction that
has the effect of evading any form of personal interest other
than those relating to the field of public interest [38].

e Continuance Commitment

Continuance Commitment refers to an individual's
knowledge of the costs associated with leaving the
organization: from a reasoned choice, individuals judging it
more appropriate to remain loyal to the network than to leave
it, a disadvantageous tangible and intangible investments.
This type of commitment is only realized when the person
feels the sense of developing costs that may be lost by leaving
the organization [38].

e  Normative Commitment

Normative Commitment refers to the feeling of obligation
to remain working in the organization by moral duty, loyalty
or to complete a project in which the person is engaged (duty
to stay in the network given what the network has brought
them). For [40] Normative Commitment is defined as "the
set of internalized normative pressures that push an
individual to act in the direction of the objectives and
interests of the latter, to do, not to profit from it, but because
it is good and moral to do so ".

C. SR-HRM influence on Organizational Commitment:
Social Exchange Theory : analytical framework

The association between CSR and Human Resources can
contribute to three uses: 1) Social responsible Human
Resource Management in the sense of sustainability; 2) better
integration of financial and environmental concerns in HR
management and 3) optimization of the contribution of HRM
to better overall performance of the organization [23]. In [41]
model, all determinants of the internal environment are
directly related to job satisfaction and organizational
commitment [8]. In questioning the effects of perceived
socially responsible practices on the attitudes and behaviours
of employees at work. [42] confirm that the perception of
these practices is positively related to organizational
commitment and job satisfaction .

The influence of SR-HRM on employees, their
perceptions and commitment can be explained by social
exchange theory [3]. This theory explicitly recognizes the
different interests of the exchange parties and their influence
on the relationships, and recommend the importance of
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considering that the contributions of one party are based on
the previous contributions of the other party following
compliance with the standard of reciprocity [43].

The social exchange theory is a century-old theory
whose premises go back mainly to the work of ethnographers
and anthropologists. Interest in this theory has been increased
with the rise of the social sciences in the second half of the
twentieth century. According to the theory, the more or less
tangible and expressive exchanges of resources between two
parties, such as sense of belonging, pride or prestige, are at
the very foundation of the processes of social interaction and
reveal predictive structural regularities of individual and
collective behaviour. The theory of social exchange, by its
ability to consider a wide variety of human behaviours
beyond the classical framework of economic theories, such as
altruism or spontaneous cooperation, has been developed
theoretical and an unprecedented empirical examination in
the social sciences as it has been widely adopted by
researchers in management sciences [44]. The theory has
notably established itself as the dominant theoretical
framework in the study of relationships at work [45]; [46];
[47].

From a CSR perspective, social exchange theory
suggests that any attitude and / or behaviour of employees is
linked to their perception of the values and benefits they
receive from belonging to the organization [3]. In this respect,
[1] argue that a strong involvement of the company towards
its employees, embodied in the practices of social
responsibility, as well as the trust that these place in the top
management have an important impact on the construction of
organizational commitment. According to this theory, social
exchange relationships are characterized by a long-term
orientation, the exchange of tangible and intangible resources
such as perception of justice and organizational support, as
well as trust, commitment, involvement and attachment [46].
On the basis of the above, we retain the mediating effect of
trust and organizational support as key elements reflecting the
employee-organization exchange relationship.

I11. INTEGRATIVE MODEL OF SR-HRM INFLUENCE ON
ORGANIZATIONAL COMMITMENT

The influence of socially responsible HRM on
organizational commitment is a topic of research that has
been little discussed by researchers. This attention is focused
on global CSR practices in its external and internal
dimensions simultaneously. The lack of studies in this subject
can be attributed to many different causes, such as the lack of
a clear and precise definition of socially responsible HR
practices , for a clear measure of these as well as a mediator
explaining the intensity of the relationship.

A. Organizational Support and Trust as Intermediate
variables

We will try essentially in this paragraph to explain the
theoretical framework in which these variables of social
exchange fit.

1) Perceived Organizational Support

In the literature there is a general consensus on the
importance that the perception of organizational support can
play in business-employee relationships. Developed by [48]
this concept makes it possible to study the employee's
perception of the extent to which the organization values its
contribution and is concerned about its well-being. In this
perspective, perceived organizational support is defined as
"the belief of an employee about the degree of care and
attention that the company gives to it and how it values its
contributions" [48].

Organizational support theory [49];[48] suggests that
employees develop a perception of how important the
organization is to their contributions and well-being. This
theory also states that the development of the SOP is
encouraged by the tendency of employees to attribute human
characteristics to the organization [48]. In fact, employees
respond to their perceived treatment by the organization by
modifying their efforts to achieve organizational objectives
and by remaining committed to achieving the company's
objectives [50]. This is perfectly in line with[43] principle of
reciprocity, which is the basis of the majority of social
exchange constructs within the firm, and which states that
"the employee who receives organizational support develops
a sense of self-esteem. The obligation to be concerned about
the well-being of one's organization, and tends to want to
help it in achieving its objectives "[46].

Numerous studies and meta-analyses have shown that
perceived organizational support was positively and
significantly associated with performance, emotional
involvement, job satisfaction, good mood and well-being at
work, the desire to stay in the workplace organization and
citizenship behaviours [50][55]. Conversely, perceived
organizational support is negatively related to absenteeism,
anxiety and burnout [50].

2) Organisational Trust
Trust is a concept strongly debated by researchers for
thirty years, as it is discussed in several fields of research: in
social psychology [14], in sociology [51] , in human
Resource management [52] , economics [53] , and marketing
[54]. Thus trust is defined as "the willingness of one party to
make itself vulnerable to the actions of the other party, based
on the expectation that the other party will perform actions
that are important to oneself, without any form of control or
monitoring is necessary " [55]. Moreover, trust could be
approached from many theoretical frameworks such as the
theory of social exchanges [14], the theory of attributions [56],
the theory of transaction costs [57], the theory of the system

[51], [64]or resource theory [58].
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As part of a social exchange perspective, trust is presented
as a major component that is built in a process of lasting and
reciprocal exchange [14]. Thus trust has been recognized as
an essential component in maintaining a successful long-term
relationship [54]. Indeed, without some degree of trust it is
almost impossible to establish concerted action within an
organization [59].

Research on the role of organizational trust in the
development of organizational commitment has established
that it is related to antecedents and attitudes that are centred
on social exchange with the organization[60]. It also appears
that trust as a psychological state consists of two major
components [3]. At this level [61] distinguishes affective trust
from cognitive trust. Confidence based on cognition describes
a rational assessment of an individual's ability to fulfil his
obligations and, therefore, reflects beliefs about the reliability,
consistency and competence of that individual. In contrast,
trust based on the affects reflects an emotional attachment
that stems from the mutual care and concerns that exist
between individuals. It reflects the beliefs of availability,
caring and openness. Our conceptualization reflect that trust
positively influence employee organizational commitment.

B. Overview of the Integrative Model

The understanding and conception of employees
'perception of socially responsible practices has led us to
question the impact of socially responsible HRM on
employees' organizational commitment. Based on the precept
that employees act in exchange for benefits received and their
perception of the organizational environment [46]. We
support the hypothesis that an adoption of CSR practices in
HRM and a strong involvement in the field reinforces their
commitment through social exchange mechanisms: the
perception of organizational support and organizational trust.
Our research model thus reflects two major types of
relationships. A part validated and tested empirically by the
literature and another part that we propose for the first time as
part of this research.

As a mechanism for social exchange [14] the mediating
role of organizational trust exists when an employee feels that
his company is concerned about his interests. Therefore he
assesses the reliability of the various events and actions held
at work. It will stimulate organizational involvement in return
[46]. While expressing organizational trust as employees'

Page 41

beliefs about the likelihood that their company's future
actions will be beneficial to them [44], we suggest that the
expectations and beliefs of employees that their organization
will carefully, equitably and precisely invoke an attachment
and an organizational commitment among them.

The main idea that emerges from our conceptual model,
retracing the provisional answers to the research problem, is
that the voluntary adoption of socially responsible HR
practices by companies attests to the ability of these
companies to earn the trust of its employees and subsequently
generate a sense of mutual obligation. This sense of
obligation is materialized in our case in the form of
organizational implication. To the same extent [62] refers to
the theory of attachment to highlight the fact that trust as a
direct result of corporate citizenship and CSR initiatives
inculcates employees' commitment to their organization.

The link between the SOP and the affective organizational
commitment dimension has been widely demonstrated in
previous research [50]; [66]. [67] Even established that
affective organizational commitment plays a mediating role
between the SOP and the intention to leave the organization.
Since the direct effect of the SOP on affective commitment
has been widely documented, organizational trust plays a
mediating role between these variables in a number of works.
[49] and [68] specifically invoke organizational trust to
explain the effects of the SOP. They note that the SOP creates
the trust that the organization is able to fulfil its obligations
and reward individuals’ efforts. The motivational foundations
of trust lie in the fact that the employment relationship cannot
be sustainable without the prior existence of trust [68].

According to the social exchange theory, it is the trust
created by the favourable social exchange that encourages the
employee to develop favourable reactions to the organization
[3]. In the absence of trust, social exchange cannot exist and
only a more economic and transactional exchange can exist
between the employee and his or her organization. The
mediating role of trust between human resource management
practices and retention variables has been found in previous
work. [69] established a partial mediation of organizational
trust between organizational justice and, on the one hand,
affective organizational commitment, on the other hand, the
intention to leave. However, we can think that this type of
result will be transposable to the case of the SOP.
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Figure 1: Internal CSR influence on employee's Commitment Research its performance. For a CSR approach to be truly beneficial
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All in all, our arguments are supported by abundant research
that reveals that perceived organizational support and
organizational trust are strong antecedents of organizational

commitment.

1Vv. CONCLUSION

This research confirms the importance of concepts such as
perceived organizational support and trust for a better
understanding of the process by which internal CSR is able to
influence the organizational commitment of employees.
Applying the theoretical foundations of relational psychology,
the social exchange theory allowed us to propose a
conceptual model reflecting all the mechanisms of this
influence. The analysis of the literature in this area highlights
the existence of direct and positive links between the two
variables (dependent and independent) and explain the
proposed model.

In addition, through the model thus designed, the current
study also has important implications for managers. More
specifically, managers should be concerned with integrating
CSR practices into their HRM strategies so that they bring
real added value to the company. In fact the company that
wants to adopt a socially responsible behaviour attributes an
important role to the human dimension and to the
management of the human resources. This amounts to involve
all employees in the overall strategic decisions of the
company. CSR then becomes, in its operational dimension,
inseparable from HRM.

It remains to be mentioned that this CSR-HRM
relationship will incur additional costs for the company, but
in return, it would prevent significant risks both internally and
externally and have serious direct or indirect repercussions on

who wish to study and understand the behaviours and
attitudes of employees of socially responsible enterprises.
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Abstract— Phosphoric acid fouling in concentration process of
preheat exchangers is a chronic operational problem that
compromises energy recovery in these systems. Progress is
hindered by the lack of quantitative knowledge of the dynamic
effects of fouling on heat exchanger transfer.

In subject of this work is an experimental determination of the
thermal fouling resistance in the tubular heat exchanger of the
phosphoric acid preheats installed in a concentration process. By
measuring the inlet and outlet temperatures and mass flows of
the two fluids, the overall heat transfer coefficient has been
determined. Determining the overall heat transfer coefficient for
the heat exchanger with clean and fouled surfaces, the fouling
resistance was calculated. The results obtained from the heat
exchanger studies, showed that the fouling resistance increased
with time presented an exponential evolution in agreement with
the model suggested by Kern and Seaton, with the existence of
fluctuation caused by the instability of the flow rate and the
temperature. Bad cleaning of the heat exchangers involved the
absence of the induction period and consequently, caused high
values of the fouling resistance and the deposit fouling during a
relatively short period of time.

Keywords—Fouling, Tubular Heat Exchanger, Heat Transfer
Coefficient, Fouling Resistance, Phosphoric Acid Concentration
Unit.

I. INTRODUCTION

The most severe and complex problem faced by various
industries is the accumulation, on the heat transfer surfaces,
of organic compounds or various particles dissolved or
present as a suspension in the fluid [1],[2]. This phenomenon
which called fouling affects the device functioning by
reducing their thermal efficiency and by engendering a
considerable pressure loss. This causes a significant economic
loss due to the pumping and the frequent cleaning of facilities
[3], [4]. Fouling in heat transfer systems is often inevitable
and reduces energy efficiency and the functionality of the
facility. ~ Mitigation of fouling, and effective cleaning
strategies, require both understanding of the mechanisms
involved in deposition and cleaning [5].

Numerous heat transfer systems are subject to fouling,
reduces the efficiency of heat transfer and limiting

productivity [6]. Phosphoric acid fouling in heat exchangers
in the concentration process is a persistent operational
problem that compromises energy recovery in these systems.
Progress is impeded by the lack of quantitative knowledge of
the dynamic effects of fouling on heat transfer exchanger [7].
Typically the phosphoric acid flows through the tube side
while the steam flows through the shell side of the heat
exchangers [8].

There are a wide variety of deposit problems and facility
types susceptible to fouling. In this study, we present a
description of the deposit phenomenon for its modeling [9].
Tools to understand fouling should be developed so as to
provide quantified information for the validation of the
fouling models. Several studies have been devoted to the
parameters influencing the fouling deposit by scaling. For
instance, number of studies have shown that the fouling rate
rise by the reduction in the fluid temperature [10].

They are explained by the fact that the velocity and
temperature constant, the increase of the thermal transfer
involves rise of fouling rates. Others have gone to the
increase of fouling rates with the fluid temperature [11], [12].
Radhakrishman et al. [8] developed a predictive model using
statistical methods allows the prediction of the fouling rate
and the efficiency decrease of the heat exchanger. Mohanty
and Singru [6] used the C-factor for fouling monitoring in
shell and tube heat exchanger. Ishiyama et al. [13] address in
their work the problem of the inlet temperature monitoring in
the event of a disaster using hot flow, within a PHT fouling
mitigation strategy based on heat exchanger cleaning. Wang
et al. [14], in their results of heat transfer experiments, show
that the shell-side heat transfer coefficient of the improved
heat exchanger raised by 18.2— 25.5 %, the overall heat
transfer coefficient increased by 15.6—-19.7 %, and the energy
efficiency increased by 12.9-14.1 %. Sanaye and
Hajabdollahi [15] used a first thermal model which is the e-
NTU method which is applicable to optimal conception of
tubular heat exchanger.

Most engineering calculations in heat transfer use the
experimental heat transfer coefficients [16]. Heat exchanger
fouling used in concentration process is a barrier to their
development.
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In this study, we will examine the fouling phenomenon of
the heat exchanger tubes for the preheat circuit of phosphoric
acid in the concentration process. The heat exchangers which
are used for the heating of the phosphoric acid are exposed to
the fouling problem at the tube side of heat exchangers.
Within this framework, an experimental determination of the
thermal fouling resistance, by measuring the inlet and outlet
temperatures and mass flows of the two fluids, allowed to
determine the overall heat transfer coefficient. Determining
the overall heat transfer coefficient for the heat exchanger
with clean and fouled surfaces, the fouling resistance was
calculated for the heat exchanger studied.

II. PROCESS DESCRIPTION

The study was done on the level of heat exchanger of the
concentration phosphoric acid process. The mixture of
phosphoric acid (the dilute and the circulating phosphoric acid)
leaves the basket filter; the centrifugal pump drives it back
towards the heat exchanger, which is the tube-and shell type
[17].

The phosphoric acid crosses the heat exchanger where it is
heated from 70 °C to about 80 °C using the steam flow which
undergoes a condensation at the heat exchanger at a temperature
of 120 ° C. The superheated mixture of phosphoric acid passes
them by the boiler where a quantity of water evaporates and the
concentrated acid is produced by overflowing in a piping
system inside the boiler. The remaining quantity of phosphoric
acid is recycled. The condenser also ensures incurring un-
condensable gases outgoing of the boiler by the effect of water
cheated created as water falls (Fig. 1).

Supplement of diluted
acid of title 24-28%

Fictional - -
entity (mixer) 4_‘ Basket filter ‘ ‘ Circulation

pump

(e ] [ |
‘ Condenser ‘,E' Boiler ‘.—‘ Exchanger
(e

(oot |

‘ Concentrated acid ‘

production 46-54%

Fig. 1 Simplified Diagram of the Phosphoric Acid Concentration Process

Our experimental study is based on the following
assumptions.

1. The flow of two fluids (Phosphoric acid and steam) is at
counter-current.

2. Values of the thermo-physical properties of the fluids
were considered constant.

3. The thermal losses were neglected.

4. The inlet and outlet temperatures of the two fluids are
determined at the ends of the heat exchanger.

Copyright -2019
ISSN 1737-9334

5. Pump suction and discharge pressure measurements are
perform at the ends of the circulation pump.

III. CALCULATION METHOD

The experimental data was collected out during one year.
The method that we used to monitor the fouling evolution
consists of carrying out a heat balance at the boundaries of
the heat exchanger through the measurements of inlet and
outlet temperatures (Fig. 2), pump suction and discharge
pressure and acid density. The latter were taken every 2 h
throughout all the day.

This method, although indirect, allow to detect the
necessary moment to shut down the installation for cleaning.
In the present study, the temporal evolution of the fouling
resistance of the phosphoric acid was studied.

The calculation of the fouling resistance was carried out using
the following relation:

Rf@)=g}o—9}a

The overall heat transfer coefficient at the dirty state was
given in the time course, via the expression:

; * % —
mac,cir Cpac (tout,ac tin,ac)
A*F*AT
This relation is drawn from the evaluation of energy on the

heat exchanger assuming the isolated system and the physical
properties of the two fluids remain constant along the exchanger.

U =U(t)=

Phosphoric

acid
l Ta /"\x T

B S

out
Tubular Heat (———

exchanger

TSI Tst

Steam

Fig. 2 The Measurement Method at the Boundaries of the Heat Exchanger

In the phosphoric acid concentration process, the operating
conditions at the boundary of the heat exchanger are unstable,
it is necessary to disclosure the heat exchanger coefficients in
proper conditions Up corresponding to the new operating
conditions. Assuming that the cleaning between operational
runs is perfect and that the heat exchangers are totally free of
fouling at the outset of a new cycle. The initial value of the
overall heat transfer coefficient at the beginning of every
cycle is considered as the value of the overall heat transfer
coefficient in the clean state.

Mo i ¥ CP o * o ae — 1
U = U(t — 0) — __acar paC ( out,ac m,ac)
: A*F*AT,
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IV.RESULTS AND DISCUSSION

TEMPORAL EVOLUTION OF FOULING RESISTANCE

The evolution of the fouling resistance in the phosphoric
acid concentration process of the heat exchanger was
followed for a study period quoted previously. All the results
of the fouling resistance are presented in the curve form on
Fig. 3.
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0,00008 -

0,00006 -

0,00004 —
¥
0,00002 I

0+
0 20 40

Fouling resistance (m2.K

60 80 100 120
Time (hours)

Fig. 3 Variation of the fouling resistance as a function of time.

From the values of these resistances, which are the higher
than zero, the heat exchanger contains in his surface fouling.
The curves presented show that the temporal evolution of the
fouling resistance, appears to follow an asymptotic evolution,
which conforms to the model of Kern and Seaton [18], with the
lack of the induction period. This is explained by the fact that
there are a time offset between the last cleaning, which
corresponds to t = 0, and the beginning of this experiments. As
it appears clearly as the fouling resistance increases with time
until reaching a maximum value, ranging from 6.99 * 107 to
1.65 * 10* m>K.W-'. As can be seen from Fig. 3, the time
required to reach a fouling deposit is 70 h for the tubular heat
exchanger. As of that moment, the asymptotic zone begins and
the fouling thickness does not vary any more overtime.

At that time, it is necessary to stop the heat exchanger for an
emergency cleaning.

The fluctuations observed on these curves are caused by the
variation of flow rate, which, acting on the shear stress on the
wall, causes re-entrainment of deposit particles or their
deposition depending on the flow rate sent.

So, it is necessary to know the operational parameters which
promote the formation of fouling in the concentration process,
such as:

» The decrease of the phosphoric acid flow rates, whence the
decrease the fluid speed (phosphoric acid);

* The good quality of the phosphoric acid: a very low content of
impurity;

» The washing water of the heat exchanger is well treated and
does not pose the tartar and corrosion problem.

TEMPORAL EVOLUTION OF VOLUME FLOW RATES
Fig. 4 and 5 shows a temporal evolution of the volume flow
rates at the tube side (phosphoric acid) and the shell side (steam)

in heat exchanger. The values for the flow rates are picked up
directly from the concentration process. We therefore note,
according to these Figures, that the volume flow rates of
phosphoric acid is higher than the volume flow rates of steam,
elsewhere, the flow rates of the two fluids decreases in the time.
As shown previously according to Fig. 3, which represent the
increase of the fouling resistance as a function of time in the
heat exchanger, we have noticed that this increase caused the
decrease of the volume flow rates of fluids (tube side and shell
side), as of Fig. 4 and 5.
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Fig. 4 Variation of volume flow rates of phosphoric acid as a function of time.
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Fig. 5 Variation of volume flow rates of steam as a function of time.

TEMPORAL EVOLUTION OF THE DIFFERENCE
PHOSPHORIC ACID TEMPERATURE

Nonetheless, the curve giving the variation of the
temperature difference of the phosphoric acid according to
time illustrated on Fig. 6. Fig. 1 and 6, show that when the
fouling resistance grow, the phsphoric acid difference
temperature decreases.
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Fig. 6 Variation of temperature difference of phosphoric acid as a function of
time.

TEMPORAL EVOLUTION OF THE STEAM
TEMPERATURE

Fig. 7 shows a temporal evolution of the steam temperature.
We therefore note, according to this Figure, that the steam
temperature increases in the time. As shown previously
according to Fig. 3, which represents the increase of the fouling
resistance as a function of time in the heat exchanger, we have
noticed that this increase caused the increase of the steam
temperature as of Fig. 7.
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Fig. 7 Variation of steam temperature as a function of time.
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TEMPORAL EVOLUTION OF THE PHOSPHORIC
ACID DENSITY

The results obtained of phosphoric acid density are grouped
in the Fig. 8, where notice that the density vary with the time.
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Fig. 8 Variation of phosphoric acid density as a function of time.

V. CONCLUSIONS

The monitoring of heat exchangers allows to fully knowing
the fouling evolution under specific conditions of the process.
The deposit formation is a thermal resistance that causes
significant economic and ecological penalties [19].

The objective of this work was the study of the heat
exchanger fouling phenomenon in the concentration process.
The study focused on the temporal evolution of the fouling
resistance, the volume flow rates, the temperature difference
of phosphoric acid, the steam temperature and the effect of
the phosphoric acid density.

Results indicated that the fouling resistance follows an
exponential evolution in conformity with the model of Kern
and Seaton with the absence of the induction period, which is
explained by a poor cleaning, or a deviation between the
present study and the beginning of the functioning of the heat
exchanger after the last stop.

In the concentration process, the phosphoric acid flow rates
is not maintained constant, they decrease as a function of
time, this is explained by the important production demand as
well as the problems which appear when the unit function.
Concerning the influence of parameters on the fouling
resistance, we found an analogy between our experimental
results and the theoretical prediction. Indeed, the increase of
the fouling resistance causes the decreases of volume flow
rates of both the phosphoric acid and the steam, the decrease
of temperature difference of phosphoric acid and the increase
of steam temperature and phosphoric acid density.

The instability of the operating conditions (flow rates, input
and output fluids temperatures, density...) is favorable factors
for the deposits formation in the heat exchanger.
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NOMENCLATURE
A Area, m’
Cp Specific heat capacity, J.Kg'.K'!
F Correction Factor (=1 for a steam condenser)
m Mass flow rate, kg.s™!
Q Thermal power, W
Rf Fouling resistance, m> K. W-'!
T Temperature, K
t Time, h
U Global heat transfer coefficient,
W.m2K!
v Volume flow rate, m*.h™!
Greek letters
A Difference of greatness between two points
Subscripts
ac Acid
cir Circulation
in Input
ml Logarithmic average
0 Clean
out Output
s dirty state
st Steam
p proper state
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Abstract—This analysis aims to investigate the effect of gas
radiation on laminar free convection flow within a square cavity
having an internal heat source, with special attention being paid
to entropy generation. The cavity walls are isothermally cooled
whereas the inner body is kept constant at a higher temperature.
An association between the discrete-ordinate method through
FT4 directions and the statistical narrow-band correlated-k
method (SNBcK) is applied in the objective of solving equation
of radiative transport. Influence of the heater size has been
determined and discussed. An important finding from this
analysis is that radiative contribution plays a major role in the
acceleration of the vortexes and providing either a
homogenizing effect on temperature fields. It is also shown that
the heater size has a significant effect on flow structure, heat
transfer and entropy generation.

Keywords— Thermal radiation; free convection; heat source;
square cavity; entropy generation

I. INTRODUCTION

Combined convective-radiative in closed cavities has become
the main concern in many fields. In particular, enclosures
with a heater inner body have been subjects of interest due to
its importance in most industrial thermal processes in which
free convection and thermal radiation play significant roles in
controlling fluid flow and heat transfer. To deepen
understanding of such subjects, several numerical
computations have been done for modelling gas contribution
in flow structure and heat transfer. Liu and Phan-Thien [1]
simulated radiation heat transfer-interaction with convection
and conduction in a square enclosure with a heat generating
body. They concluded that the heated block provides
resistance to wall-to-wall heat transfer. Mazgar and Ben
Nejma [2] studied partial heating effect on combined free
convection and thermal radiation in a participating media
confined between vertical plates. They indicated that there is
no major influence of two-dimensional radiation to reduce the

difference between the reported top and bottom heating for
the chosen gas. Hajji et al. [3] presented a numerical analysis
for the modelling of combined natural convection and thermal
radiation in a rectangular enclosure. They showed that
thermal radiation improved heat transfer at walls and
contributed to the acceleration of eddies.

The analyses of thermodynamic irreversibility and exergy
efficiency were considered as interesting technics in
designing thermal systems and became the primary concern
in the majority of industrial applications such as heat
exchangers, solar collectors, nuclear reactors cooling and
microelectronics. Bejan [4] was among the first to formulate
the concept of entropy production number and irreversibility
distribution ratio. Since then, entropy generation
minimization is often used as an effective approach of
thermodynamic optimization of real systems. It is against
this background that many investigations dealing with
irreversibility due to heat transfer were set. Mahmud and
Fraser [5] conducted a comprehensive analytical study of
entropy generation due to interaction between thermal
radiation and mixed convection in a vertical duct. Mun et al.
[6] and Doo et al. [7] analyzed irreversibility induced by free
convection in a square enclosure with cold isothermal
surfaces, heated from the interior by cylindrical heat source.
They find that entropy generation rates due to viscous
dissipation and heat transfer increase significantly with
Rayleigh number. Jarray et al. [8] investigated the second law
analysis through gas radiation heat transfer in a cylindrical
annulus. They indicated that entropy generation is greatly
affected by gas and wall temperatures.

An overview of the above studies clearly shows that there are
many other physical setups of industrial interest for which the
information of radiation effect on convection and entropy
generation is still lacking. The main purpose of the present
work is to evaluate entropy generation due to laminar natural
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convection and radiation heat transfer in a square cavity with
isothermal walls and an internal heat source.

II. GENERAL FORMULATION

The flow domain is the interior of a 2D square cavity in the
presence of internal heat source with grey diffusive walls.
The working fluid is overheated steam which can be
considered as non-grey, emitting-absorbing and non-
scattering medium. The flow is assumed to be stationary,
laminar and compressible. The enclosure walls are
maintained isothermal at low temperature T. whereas the
internal heating element is at high temperature Th, as shown
in Fig.1

Fig.1 Geometry and boundary conditions of the physical problem

A computational fluid dynamics (CFD) code using COMSOL
Multiphysics software is adopted to examine characteristics
of heat transfer and fluid flow whereas the iterative coupling
computation is achieved by Matlab software.

Based on stated assumptions mentioned in the previous
paragraph, the governing equations corresponding to the
present study are given as:

V.(pii)=0 (1)

p(iiV )i = V.{—Pl+ u(vi+ (Vﬁ)T)—g y(Vﬁ)I} +E, @

Under the assumption that FB symbolizes the buoyant forces

F, =—pgsin® 3
F,, =—pgcosd “
pCiNT =V.(AVT)~ div(&r ) )

The radiative source term in Eq. (5) characterizes the

radiative participation of the medium. Resolving the radiative

transfer equation given in Eq. (6) leads to compute this term.

dl (1,2) _
dl

The relevant boundary conditions corresponding to the

convection governing equations are:

on cavity walls: T =T,

on heat source walls: T = Th

on all walls: ux=uy,=0

The radiation boundary conditions are expressed as follows:

—k (DI LL,Q)+ ik (DI(T) ©6)

1-¢

(Q)=e,10(T,)+—= [ I1,(@)Q,d0 (7)
T qudico
The expression of average temperature is given in Eq. (8)
] L L,
T =—[[T(xy)dyd ®)
T T

III. NUMERICAL PROCEDURE AND VALIDATION

The simulations of heat transfer and fluid flow are performed
with the software Comsol Multiphysics® and Matlab.
Generally speaking, COMSOL solves the governing
equations using the finite element method while Matlab is
used to initialize and to store the different variables. The
finite element mesh is made up of an automatic adaptive
mesh refinement in order to accelerate the resolution and to
improve the physical solution, as seen in Fig. 2.

The radiative transfer equation given in equation (5) is
resolved using the discrete-ordinate method through FT40
directions, whereas the radiative properties of the gas are
computed by means of the SNBcK model.

To ensure that the results are grid size independent,
repeated numerical runs were made by varying the number of
elements in our grid. This is achieved if the mean radiative
Nusselt numbers computed along the walls attain a grid
independent solution. As can be seen in Table 1, the use of
40*40 spaced grid reflects a reasonable compromise to ensure
accuracy numerical computing.

(a)

Fig.2: COMSOL grid resolution; (a) within the cavity; (b) close to walls
T=400K; Ty=800K; ®=0; L,=L,=0.1m; L= Ly, =0.025m; g.=ey=1; P=1atm,
Pu=Py=0.0375m

Table 1. Grid sensitivity test (case of pure thermal radiation)
T=400K; T;=800K; P=1atm; L,=L,=0.1m; L,=L,,=0.025m;
P,x =P,,=0.0375m; ®=0; e.= g,=1

Grid Average radiative Nusselt Average radiative Nusselt
(x*y) numbers at cavity walls numbers at heat source walls
Nur 4 Nur, Nur; Nur 4 Nur, Nurs
(24%24)  36.254  33.042 38.915 66.080  66.639 63.734
(32%¥32)  36.159  33.076 38.995 65.999  66.591 63.712
(40%40)  36.102  33.080 39.014 66.006  66.724 63.773
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IV.RESULTS AND DISCUSSION

The main characteristics of radiation effect on natural
convection flow, energy transport and entropy generation in a
square enclosure including a located isothermal heat source
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are shown in Figures 3-7. Notice that local evolutions of
velocity and thermal fields, displayed in Fig.3 and Fig4,
show that the flow pattern generates two symmetrical

counter-rotating cells which are spread over the entire domain.

Kindly note that the buoyancy driven thermal plume is
extended towards the upper horizontal surface of the cavity,
alternating between the left and the right corner of the local
heat source. The maximum flow velocity through the cavity is
reached in the vicinities of the upper surface of the enclosure
and close to the top corners of the heat source. In fact, the
fluid particles are heated on contact with the vertical walls of
the heat source, causing important motion of the gas close to
these areas. Moreover, the gas layer induced below the
internal heating element is destabilized by vortexes which are
generated above this heat source, inducing thermal
stratification in the area between the bottom wall of the cavity
and the local heat source. This specific zone is characterized
by low fluid velocities.

e ——

(@) (b)
Fig.3: Local velocity fields (m/s); (a) without radiation; (b) with radiation
T.=400K; Ty=800K; ®=0; L,=L,=0.1m; L= Ly, =0.025m; e.=¢;=1; P=1atm;
Py=Py=0.0375m
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(@) ()
Fig.4: Local temperature fields (K); (a) without radiation; (b) with radiation
T.=400K; T4=800K; ®=0; L,=L,=0.1m; L= Ly, =0.025m; e=¢;=1; P=1atm;
Py=Py=0.0375m
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It is worth noting that thermal radiation is having an
important contribution on flow structure and heat transfer. In
fact, when the radiation is taken into consideration, the
temperature trends are much more important and the cells are
deformed and become more developed, taking up more cavity
space. Against this background, the fluid particles are clearly
accelerated at the centre of the cells and in the vicinities of
the upper wall of the enclosure. We point out also the
presence of the heat source causes local entropy generation
due to heat conduction in the vicinities of walls. This
generates high temperature gradients, particularly at the
movement of plumes due to the formation of a hot gas field
with plumes corresponding to the climbing up of the hot gas
due to the buoyant force. Quite the contrary, entropy
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generation is practically absent at the central region of the
enclosure, reporting very low temperature gradients. It
should also be noted that thermal radiation has a significant
impact on local entropy generation due to heat conduction,
particularly close to walls. Moreover, the volumetric entropy
generation due to thermal radiation, even though it is less
developed compared to that generated due to thermal
conduction, it still remains non-negligible. Furthermore, it is
omnipresent and practically uniform due to the fact that
medium is optically thin. In addition, the radiative
contribution promotes entropy generation, not only because
it enhanced heat transfer through walls, but also it generates
direct heat exchanges between the control volumes. On the
other hand, note that entropy generation due thermal radiation
at walls are due mainly to surface to surface radiation heat
transfer, giving a status of a not too thick medium.

= _ —— _- —-:?ﬁ'_

(b)
Fig.5: Effect of the heater size on local velocity (m/s)
(a) AR=1.2; (b) AR=0.4
T=400K; Ty=800K; ®=0; L,=L,=0.1m; Ly, =0.025m; e.=¢;=1; P=1atm;

Fig. 5(a) and (b) show local velocity computed without
radiation (left column) and with radiation (right column) for
AR=1.2 and 0.4, respectively. Note that the heater size which
is represented by the aspect ratio value is varied
in combination with different heat source length (Lxx), while
keeping the same corresponding width (Lyy). As can be seen,
a decrease in the heating element size leads to increasing the
flow rate inside the plume, all while maintaining its aspect.
As regards to temperature fields given in Fig. 6(a) and (b) in
the absence of radiation (left column) and when radiation is
considered (right column), it is important to point out that the
plume becomes thinner and more confined above the heat
source, with a marked rise in cold areas below the heating
element. Also notable is the decrease in the gas average
temperature above the heat source which is due to the
reduction in heat-exchange surface by decreasing the size of
the heating element. In addition, we should note that
plume increases in width under the impact of thermal
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radiation where cold areas below the heating element are
concerned by heat exchange. Thisis a logical
outcome if we consider downwards extension of cells. In
these circumstances, more fluid particles are trapped by the
cells below the heat source.

The influences of the heater size on average values of gas
temperature and entropy generation are presented in Fig. 7(a)
and (b), respectively. It must be noted that the average
temperature and entropy generation display increasing and
quasi-linear profiles. Further, it is important to report that
entropy generation is practically not affected by the heater
size when radiation is not considered. On the contrary,
radiation  contribution leads to  significantly higher

temperature and entropy generation according to the heater
size. Another important thing to note is the constancy of the
difference between the average temperature when taking into
consideration the radiative effect and that computed in
absence of thermal radiation.

A 500
) BOO
| 750
{700
650
600
550
500
450

400
V¥ 400

)

(b)
Fig.6: Effect of the heater size on local temperature (K)
(a) AR=1.2; (b) AR=0.4
T.=400K; Ty=800K; ®=0; L,=L,=0.1m; Ly, =0.025m; e.=g;=1; P=1atm;

V. CONCLUSIONS

Effects of internal heat source on combined laminar free
convection and non-gray gas radiation in a square cavity is
examined. The discrete-ordinates method through FT40
directions is used to evaluate thermal radiation heat transfer
whereas the SNBcK4 model is applied to compute the
radiative properties of the non-gray medium. What follow
represents the main results obtained from the present study:

e The maximum flow velocity is reached close to the upper
surface of the enclosure and in the vicinities of the top
corners of the heat source.

e Radiative contribution may play a significant effect in
controlling the flow structure and heat transfer by
accelerating the vortexes and homogenizing the fluid
temperature.

¢ Entropy generation due to gas radiation, even though it is
less developed compared to that generated due to thermal
conduction, it still remains non-negligible.

e Increasing aspect ratio of the heating element improves the
average temperature of the gas and enhances entropy

generation.
530
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Fig.7: Heater size effect; (a) average temperature (K); (b) entropy generation
T=400K; Ty=800K; ®=0; Ly=L,=0.1m; Ly, =0.025m; e.=¢;=1; P=1atm;
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Abstract— In this study we present a comprehensive two
dimensional Lattice Boltzmann method to numerically explore
heat and mass transfer inside a planar SOFC. The results show
that porosity and operating current density have a significant
effect on the SOFC performances.

Keywords— SOFC, Lattice Boltzmann Method, porous media,
heat and mass transfer, Brinkman-Forchheimer equation

I. INTRODUCTION

Solid oxide fuel cells (SOFCs), which are the subject of
this study, offer a number of advantages for sustainable and
efficient electricity generation, such as high conversion
efficiency, high-quality exhaust heat and flexible fuel input. If
the performance is improved and the cost is decreased, SOFC
can stand as a viable sustainable power-generating device for
a broad range of applications from mobile phones to power
stations. SOFCs are interesting for two main reasons as a
power-generating device. Firstly, they can convert fuel to
electricity directly without any mechanically moving parts

and are therefore highly efficient as power generating devices.

Secondly, they can function with a variety of different fuels
due to their high operating temperature (600—1100 °C).

Actually, it exists two main technology for the SOFC,
tubular and planar geometry. The first one is in form of tubes
pilled together, developed by the manufacturer Westinghouse,
the ionic current (O2-) passes from inside the tube where the
air flows to outside where fuel, Hydrogen or methane is
circulating. The planar technology, developed by
manufacturer such as Siemens and Sulzer, is relatively recent
is consisting of sandwich of ceramic layers (anode,
electrolyte and cathode) with interconnector separating fuel
and oxidant and offer better performance compared to tubular
technology.

A typical planar SOFC is composed by a Nickel/Zirconia
(Ni-YSZ) anode, Strontium-doped Lanthanum Ferrite (LSF)
or doped Lanthanum Strontium Manganite (LSM) cathode
and Yttria Stabilized Zirconia (YSZ) electrolyte. The
performance of SOFC depends on the heat, mass and charge
transport occurring inside it simultaneously, in addition to
electrochemical and fluids process, which affect strongly its
efficiency and power.

These phenomenon needs to be explored and clarified by
means of experiments or physically and mathematically

Copyright -2019
ISSN 1737-9334

modelling. The heat transfer occurs in form of conduction in
solid parts, convection in the channel flow and porous
electrodes and radiation in both solid and porous media.
Moreover, since SOFC operates at high temperature the
radiation heat cannot be neglected and needs to be
investigated when modelling thermal process.

In the last few years, significant numerical models were
developed to simulate the mass and heat transport, and
electrochemical reactions inside planar SOFC [1-3]. The
lattice Boltzmann method (LBM) is a powerful numerical
technique based on kinetic theory for simulating fluid flows
and modeling the physics in fluids. The LBM is second-order
accurate in time and space, which is sufficient for most
engineering applications and, provided that boundaries are
appropriately treated, makes LBM competitive for complex
domain geometries. The lattice Boltzmann method is an
efficient and effective numerical scheme to analyze the flow
in a complicated geometry such as the porous medium. In
comparison with the conventional CFD methods, the
advantages of LBM include simple calculation procedure,
simple and efficient implementation for parallel computation,
easy and robust handling of complex geometries, and others.
In the last decade lattice kinetic theory, and most notably the
lattice Boltzmann method has evolved as a significant success
alternative numerical approach for the solution of a large
class of problems.

In this work, a two-dimensional LB model of non-
isothermal planar SOFC was developed to study the
multicomponent gases transport in the channels and porous
electrodes. The results are compared with those from the
literature and a good agreement is found. After model
validation, a parametric analysis is conducted to examine the
effect of operating parameters on the SOFC performance. It is
found that the SOFC performance is improved with the
increase of operating temperature.

II. MODEL DESCRIPTION

As it is shown in Fig 1, the physical problem considered is
a two dimensional planar SOFC fed with humidified
hydrogen and air divided in the following components:
anodic flow (fuel) and cathodic flow (air) channels, anodic
and cathodic electrodes and ion-conducting electrolyte. The
phenomena involved are: gas transport in the gas channels
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and porous electrodes; electrochemical reactions taking place
at electrode/electrolyte interface; oxygen ion through the
electrolyte and electrons through the electrodes and current
collectors and energy transport. Under operating conditions,
these phenomena occur instantaneously and simultaneously
and are strongly coupled.

H, H,O —p
Anode
Cathode
Air >
Y-V

—»x, U
Fig. 1 2-D Model Of planar SOFC

A. Governing Equations

Y The gas flow in the SOFC is modelled by the Brinkman-
Forchheimer equation:
Vau 1)
A wv®=—Lvep o vurF )
ot £ P
p is the fluid density, u and p the volume-averaged
velocity and pressure of the gas mixture, respectively, and
v,is the effective viscosity. F represents the total body force
due to the presence of a porous medium and other external
force fields, expressed by:

F=-2Lu- eFy |u|u 3

K~ Jk

Where K is permeability of the porous media and F, is the

geometric function related to the porosity ¢ by:
1.75

4)
J15063

We can see that in the absence of porous media ¢ —0
(channels flow) the generalized momentum equation reduces
to Navier-Stockes equation. The flow is characterized by the
porosity and two nondimensional parameters: the Reynolds
number Re, the Darcy number Da expressed by:

LU K

Re=— ;Da=— 5)
v L

F, =

The conservation laws stated below govern mass and heat
transfer:

olepX
0'%—7; +uVT =V.(aVT)+ 5, @)
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T and Xy are the temperature and mass fraction of the
e(pcp)p+U-8)pcy,
(pc P ) f
ratio between the heat capacities of the solid and fluid phases,

s the

spices 4. The coefficient o =

a’l :—Zeﬁ
(pc []) f
thermal diffusivity and the effective diffusivity of spices i in
the gas mixture respectively, where : the effective thermal
conductivity is and r being the tortuosity of the porous
medium.
The Right Hand Side (RHS) of Equations (6) and (7)
includes the source/sink terms S,, » and Sy in the species and

and DY

f.mix

:(ijﬂ’mm are the effective
T

energy conservation equations respectively. S,, 5 accounts

for the generation or consumption of species s due to the
electrochemical reactions at the active surface (electrode—
electrolyte interface) given as follows:

My Mp,o Mg
— 2 . — 2 . — 2
S = 1 Smo =S So s )

With I being the current density. The heat term S, is based

on heat generation by the electrochemical reactions, radiative
transfer within the electrodes and the electrolyte and on the
losses through the activation, the concentration and the ohmic
polarizations.

e Joule effect heating due to electronic resistance in the
electrodes and ionic resistance in the solid electrolyte and is
calculated as follows:

Sjoule = ’70%1 with TTohm = e_kl (9)
Ok

Where #onm represents the Ohmic polarisation, e; is the

thickness, oy is the electrical conductivity given by [4]:

9,5.10 [ 1150j
exp| — T ; anode

T

7
oy = 4’27'110 exp(—la;)oj ; cathode (10)

3,34. 10* exp [—@j ; electrolyte

0 represents the thickness of the region where heat is
produced.

e Heat produced by the activation overpotentials at the the
active surface (electrode-electrolyte interface) calculated by:

RT . 4 I
Sm,k:"“;’kl,with: nact,k:?snlh (21 J (1D

0,1

Where 7.+ is the activation overpotential, ipx is the
exchange current density defined by:

i =y PH2 PH20 exp| — Eacr,an

0,an a PO PO RT
0.25

i =y POZ exp| — Euct,ca

0,ca c PO RT

(12)
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yr is a factor depending on the reaction, E..i is the
activation energy. F stands for the Faraday number and R is
the perfect gas constant.

e Heat produced by the concentration overpotentials in the
electrodes, can be expressed by:

Teon,k
S, = =] 13
5 (13)

conk —
With [14]

I pf
RT , | Pr0-Py,

Neon,an = 5 —% 7
2F PH2 o-Fr,

RT | P5
and Meon,ca = ln[ 12] (14)
4F PO2

Representing the concentration overpotential in the
cathode or anode assuming that the electrochemical reactions
occur only at the electrode/electrolyte interface. P! is the gas
partial pressure at the interface and is calculated for each
species as follows:

P]g - Pf _ RTeanode
: H ZFD(qﬁ',anude
RT
Pio = B o + 5oede— (15)

A
H,0
2 2F Deﬁ‘ ,anode
RTecathode
4FPDeﬁ',cathude
e Heat generated by chemical reaction at the interface of
anode/electrolyte and can be expressed in term of enthalpy

Py, =P—(P-F} )exp[

[15]:
Ochem =—AH ¢ .0 —2FV , (16)
Where:
AH ¢ 1 o =—(240506 +7.3835T) (17)

Is the enthalpy formation of water, and
V = Eigear - ( Nohm + Hact + Hcon ) (18)
is the cell tension. Ejq. is the ideal potential calculated by:

X
Buc =B =30 —"% (19)
XHz X022
And
E’=12723-2.764510*.T (20)
Therefore the expression of the chemical heat source is:
Qe
Shem = 22 | 21
chem FS ( )

e Heat resulting from radiative transfer within the
electrodes and the electrolyte which have different radiative
properties. The electrodes are supposed optically Thick
(tz=pr >>1), the radiative heat flux is estimated through
Rosseland approximation as:

Qraa = k. VT (22)
where k; is the radiative conductivity defined as:
2 13
k. = 16n"0T” (23)
35,

fr refers to the Rosseland-mean extinction coefficient, o
the Stefan-Boltzmann constant, and # is the refractive index.

The electrolyte supposed gray non-scattering medium and
optically thin (t;-,<<1). Thus we can use the two-flux model
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proposed by Schuster—Schwarzschild to evaluate the radiative
heat as [5]:
Grad = Ae*ML 4 Be2k (24)
A, B are given by:

A = -0(Ty, ~THe ™™ )
B = o(T, -T"
Where Ty, and Ty, are the two isothermal of the two sides
of the medium separated by a distance L. The radiative source
term is obtained from the radiative heat flux by:

Srad = _V-Qrad (26)

B. Boundary conditions
At the inlet for both gas flow channels (y=0), constant gas
compositions, temperature and flow velocity are specified,
while the solid walls are assumed to be no slip (U =0, V =0)
. . oX p oT
and adiabatic ( F = 5 =0 ). At the outlet of the gas

channels, fully developed flow is  considered

Ky _or _U

d dy 9y

stress is prevailing at the interface between gas flow channels
_ .1 ou ou

porous ulﬂuid ’ P )

Sluid

oy
continuous

=0). The continuity of velocity and normal

and porous electrode (ul

¢ ay porous

Similarly, heat and species flux are

2T
oy

oX
_p,%s
o

porous

T| =7, . and prsis
porous Sluid ay

porous fluid

porous

ox
Xp and D;,ﬂ 8

B |ﬂuid

fluid

C. The Lattice Boltzmann method

The Lattice Boltzmann (LB) method is an efficient and
powerful simulation method for a wide range of phenomena
and processes , such as single-phase flows, multiphase flows,
turbulence, heat transfer, and phase change. The LB method
is a mesoscopic approach based on the kinetic theory
expressed by the original Boltzmann equation. In the present
work a D2Q9 model is used, and its lattice velocities {e,, }

are given by [6]:
0,0) a=0

e, =1 c(cos[(a -z /2],sin[(a¢ -7 /2]) a=1-4 (27
\ﬁc(cos[(2a -9z /4],sin[Qat —9) 7 / 4]) a=5-9

Where ¢ =6x/6¢ is the lattice velocity and 5x and &t are
the lattice spacing and time step respectively. The dynamics
of the flow is described by a distribution function f, (Guo et
al., 2009):

1

fa(X+e 0t +60) = f,(x,1) ——(f,,(x,0) = f20(x,0)) + 5t F,, (28)
Tf

The non-dimensional relaxation time s is related to the

effective viscosity by v, =(z ~0.5)c, 25t , where ¢, =c/+3 is
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the sound speed. f:9(x,r) is the equilibrium distribution

function at location x and time t along the o direction used to
recover the macroscopic Brinkman-Forchheimer equation
expressed by:

2
—ab (29)

fRlx0n= Wap[1+e u Ui eal,

4
5 2¢c

Where w,, is the weight coefficient, the term force F,
chosen for porous media flow is given by:

2
F, —wap(l——)[ e, 2F uF: (e e, —c;I) 1 (30)

20 scé‘

The macroscopic fluid density is defined by p :Z fp and
o
the fuid velocity u is given explicity by:
v

= 31
¢+ +alv]
Where v is a temporal velocity and the two parameters co
and c; are defined as:

1 ot v ot F,
V= € sy cg=—(0+e——) ;¢ =¢
P Zafa 0 2( ZK) 1 2\/_

o
To have accurate simulation of flow, Reynolds number
must be equal in both real and LB method/

() 2]
U Jyeal L )i

N is the number of grid used for meshing and H is the
height of the channel flow in LBM simulation.

To recover the heat transfer equation, the corresponding
evolution equation of distribution function in lattice
Boltzmann model is defined as:

(32)

8u(X+e,01,1+8t) = g, (X,1)— ( 2o (X0 — gl (x,0)+ 5t G, (34)

Where g, is the distributlon function for the temperature,
7y is the non dimensional relaxation time related to the
effective thermal diffusivity: o =o(z; —0.5)c26t , g% is
the equilibrium distribution function written as:

} 2
“(x, 1) = w,T [ 1+22 '2’+—““'(e So D (35)
oc; 20°c
The source term G, can be expressed by [7] :
1 .S
G, =w,(1-—)—L 36
“wll=5 =T (36)
Then the macroscopic temperature T is calculated by:
o Sy
T = 37
;ga v (37)

To consider the species transport within the SOFC, we
consider the distribution function for the Ith species mass
fraction as below:

hy o (X+ e, 01,1 +6) = Iy, (x,1) — l(h,ﬂ(x,t) h“’ (x,0) +6t w,S; (38)
yi
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S, is the source term appeared in the spices transport

equation. the equilibrium distribution function for the Ith
species defined by:

2
ab (39)

810 (%) = we X, [ 1+°4 u+uu;(e“e“_

A
c? s 2¢cy

The relaxation time o; is related to effective mass

diffusivity: D = (z; ~0.5)c?6t . Then the macroscopic mass
fraction is calculated by:

X, :Zh,!a (40)

It is important to note that for each species modeling, the
relevant Schmidt number must be calculated and hold fixed in
real and LBM simulations:

BB
‘ (D real D LB

D. Model validation

The LB model described above was validated with
experimental study [8] performed, by simulating under the
same operating conditions, the current-voltage curve was
generated by the model for different values of operating
temperature as shown in Fig.3. It can be seen that simulated
results coincide quite well with the experimental results. The
minor discrepancies between the LB model and experimental
measurements can be attributed to the measurements
uncertainties and simulation accuracy.

1.2 T T T T T T

Zhao (2005)
A T=1073°K
e T=973°K
= T=873°K

Voltage (V)

T T - T T T T
0,0 0,5 1,0 15 2,0 25 3.0 35
Current Density (A/cm?)

Fig. 1 Comparison between simulated and experimental cell voltages

III. RESULTS AND DISCUSSION

The input parameters used in the present study were
obtained from literature and summarized in Table 1.

Fig 3.shows the molar fractions of H, and H>O (anode) and
O, (cathode) at a current density of 1.2 A/cm? and a porosity
of electrode of 0.4. Due to the electrochemical reactions
occurring in the SOFC, both H, and O, mass fraction
decrease with increasing x. However for H20 the mass
fraction increase slightly in the anode. Fig 4 shows the
temperature distribution in the SOFC at the same conditions.
The temperature of both the gas species and the solid
structure increases with increasing x.

By increasing electrode porosity, the consumption of the
reactive (H, and O;) become more rapid, due to the high
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effective diffusion coefficients as shown in Fig 5. While the
temperature inside the SOFC (Fig 6.) decreases due to small
ohmic loses at higher porosity ( & =0.6).

TABLEI

SOFC PROPERTIES AND OPERATING CONDITIONS [1-10]

parameters anode electrolyte cathode
€ 0.4 / 0.4
T 0.3 0.3
D(m? .
() Dy =<.p; i=(H20,02Hy)
T
K (m2?) 1012 102
A (wm K1) 6.2 2.7 9.6
ps (kgm™) 3030 5160 3310
Cps(Jkg 'K 595 606 573
¥ (Am2) 6.54 10" / 2.35 10"
E Q) 140 10° / 130 10°
e(um) 300 100 200
kgm™ P
plkgm™) =t > mx,
J
Cp: = Cp :X:
Cragcty | T2
J
with Cp ; =a+bT + eT? +dr3 +er?
.= X .
b (Pas) Hi= D%
J
with p; =a+bT +cT? +dT> +eT*
Xo, 0 / 0.21
Xy, 0.97 / 0
g0 0.03 / 0
P 1 / 1

At higher current density of 1.8 A/cm?, the electrochemical
reaction rates increases (Fig 7.) and the temperature increases

also due to the high heat losses (Fig.8).

H2
1.0 0,9700
0,9 0,8488

0,8

0,7
0,6

05 T T T T T
1.5 2,0 25 3,0 3,5 4,0

H20
0,03000
0,02625

0,02250
0,01875
0,01500
0,01125
0,007500
0,003750

T T T 0,000
25 3,0 35 40
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02
\ 0,2100
0,1838
b 0,1575
0,1313
\ 0,1050
0,07875
s 0,05250
0,02625
) 0,000
0,0 0,5 1,0 1.5 2,0 25 3,0 35 40

Fig. 3 Mass fractions of H,, H,O and O in anodic and cathode side
respectively at I=1.2A/cm? and ¢ =0.4

T
) 1301
1285
: 1269
1253
1237
i 1221
1205
' 1189
i 1173
0,0 0,5 1,0 1,5 2,0 25 3,0 3,5 4,0

Fig. 4 Temperature distribution at I=1.2A/cm? and ¢ =0.4

H2
1,0 09700
09 08488
0,7275
E 08 0,6062
£ 0,4850
=07 0,3638
06 02425
01213
05 T T T T T T T 0,000
0,0 0,5 1,0 1,5 2,0 25 3,0 35 4,0
H20
10 0,03000
0,9 0,02625
0,02250
’é‘ 0,8 0,01875
£ 0,01500
=07 001125
0,6 0,007500
0,003750
05 T T T T T T T 0,000
0,0 0,5 1,0 1,5 2,0 25 3,0 35 4,0
02
04 02100
0,1838
03 0,1575
= 01313
E 0,2 0,1050
£ 007875
0.1 0,05250
0,02625
0,0 T T T T T T 0,000

0,0 0,5 1,0 1.5 2,0 25 3,0 3,5 4,0

Fig. 5 Mass fractions of H,, H,O and O, in anodic and cathode side
respectively at I=1.2A/cm? and & =0.6

T
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, 1204
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0,0 0,5 1,0 1,5 2,0 25 3,0 35 4,0

Fig. 6 Temperature distribution at I=1.2A/cm? and ¢ =0.6
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IV.CONCLUSION

An accurate Lattice Boltzmann method has been presented
to calculate two-dimensional heat and flow in a planar SOFC.
The effect of electrode porosity and current density has been
investigated. It is found that increasing porosity enhance heat
and mass diffusion inside the cell while increasing operating

0,03000

002625 current density increases cell overpotentials and thus heat
0,02250
o losses.
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Abstract— The device analyzed in this paper is distribution static
compensator (D-STATCOM) due to its capability to improve the
power quality issues in distribution systems, in this paper the
control of D-STATCOM is realized by proportional integral PI
controllers to ensure perfect decoupling between the two active
and reactive axes and to keep the DC-link voltage of D-
STATCOM constant under linear-load variation. D-STATCOM
is developed for the compensating reactive power demanded by
unbalanced load. Moreover power factor of the source is
improved, validation of models and control algorithms is carried
out through simulations in MATLAB/Simulink

Keywords— D-STATCOM,; PI controller; DC-link voltage; Reactive
power; unbalanced linear load .

I. INTRODUCTION

The Electrical Distribution System (EDS) is facing a
number of power quality (PQ) issues such as low power factor,
voltage fluctuation, voltage sag and voltage instability and
many other problems due to non-linear loads, In fact in
practical applications most of the loads are non-linear, Various
custom power devices (CPD) are addressed in to enhance the
quality of power, There are several types of CPDs such as
DVR, D-STATCOM, UPQC etc, are used in the distribution
system for specific purpose . The D-STATCOM is very
attractive and it has a good cost-effective solution to minimize
the PQ impact in EDS [1]-[3], The main advantage of D-
STATCOM is that it can generates or absorb the reactive
power required to distribution system[4],[S]. In this paper a
detailed linear modeling of D-STATCOM, a conventional PI
controller used to regulate the both voltage and current, direct
current for active axe control, quadratic current for reactive axe
control and voltage controller is designed for DC-link to
reduce variations in case of sudden load changes which leads
to high overshoot and undershoot[6] . The purpose is to ensure
the decoupling between the direct and quadratic axes current
that make it possible to control the reactive current flow
between the D-STATCOM and the transmission power system
used PI controller to regulate PCC voltage by dynamically

Page 59

absorbing or generating reactive power to the AC grid is fully
studied in both capacitive and inductive modes across the
reactance of coupling transformer, and improve the power
factor in the side of the source, So conventional PI controller
also feasible solution to show the better performance in driving
D-STATCOM by maintaining the constant DC-link voltage
under the change of linear inductive and capacitive loads have
been demonstrated by some simulations results.

IL BASIC OPERATION OF D-STATCOM

The D-STATCOM is the SVC version consisting of a high-
tech semiconductor-based voltage converter associated with a
capacitor as a DC voltage source and the set connected in
parallel to the distribution system network as shown in the
“Fig.1”, The D-STATCOM is connected through a filter circuit
to the grid at the point of common coupling (PCC)[7]-[9] . In
low power applications, low voltage power electronics
technology can be used. Thus, higher switching frequencies and
2-level voltage converters based on conventional IGBTs can be
used.

The instantaneous active power is defined by the scalar
product between currents and voltages. On the other hand, the
reactive power is defined by their vector product. The complex
apparent power Sy at the output of D-STATCOM can be
expressed by the following expression:

load

PCC

source

c —L Dc

j o

Fig. 1 basic diagram of D-STATCOM
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S¢=Pr+jQs (1)
The expressions of the powers in the reference of Park are
given by:
P = Venalgg )
Q¢ = —Venditg 3)

We then notice that the component i¢, allows to control the
reactive power and the component if4 to control the active
power [10]. If the current is late, as shown in the “Fig. 2” the
sign of the quadratic component of the current is negative so
the result is positive reactive power means the D-STATCOM
absorbs reactive power (inductive mode).

q

Fig. 2 Operation in inductive mode

When the sign of the quadratic component of the current is
positive, the current is in advance, as shown in “Fig. 37, The
result is a negative reactive power, which means the D-
STATCOM provides reactive power to the network (capacitive
mode).

q

Fig. 3 Operation in capacitive mode
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If the magnitude voltage (Vigq) of VSC is greater than
(Veng) of AC voltage (Vepng < Viq ), therefore D-
STATCOM operated in capacitive mode and provides the
reactive power to system. And If output voltage (Viq) of VSC
is smaller than (V¢p,q) of AC voltage (Vg > Viq) stherefore
D-STATCOM operated in inductive mode and absorbs the
reactive power from the system, If the grid voltage V., q and
the DSTATCOM voltage Vgq are of the same magnitude
(Vend = Viq), there is no exchange of reactive power between

the grid and the D-STATCOM and is operating in the floating
state.[11]

111, MODELLING OF D-STATCOM

The three-phase structure of D-STATCOM is given in “Fig.
4” the D-STATCOM is based on the topology of the voltage
inverter. In low voltage distribution (BT) networks, two-level
DSTATCOMs are usually coupled to the network by an RL
filter. The electrical network is represented by three simple
voltages (Vsa, Vsp and Vo) and its internal impedances. The
load is a three-phase inductive load coupled in a star.

SOURCE PC / linearload
it
\SC
m;
o €
f U -
A |
fom =
_M_l‘"'\_[ =T voltage
f

Measures References

D-STATCOM
control block

Fig. 4 Three-phase structure of the D-STATCOM coupled to the network
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From the “Fig.4”, the expressions of the load voltages are
defined by:

(Venas = Ly 2 = Ryiga + Vs

Veno = —Lg d,% — Reipp + Vi @
Vene = Ly %2 = Ryige + Vs
Which give:

Ura _ i(vfa — Vena = Rrifa)

dfff - i(‘/}b — Veny — Rrigp) ®

difc _ 1 B
k? = ;(Vfc - Vchc - Rflfc)

On the other hand, we have:

2 .
oo  Zpcke ©)

The equation of the continuous side (6) can be related to the
alternative side by the conservation of the active powers:

vy’ _ 2(Venaifa*Venbifp+Vencise) %)
dt c

After transformation, the D-STATCOM model in the d-q
frame is given by:

difg 1 . .

d—ft = ;(Vfd ~ Vena = Rylpa + wifg)

dlfq _ 1 . .

“ar = 1; (Vra = Veng = Rrlrq = @ira) ®)

2 .
dVDC _ 2Vchd lrd
dt c

Equation (8) shows that the DSTATCOM model in the d-q
frame shows coupling terms between the d and q axes.

IV. DESIGN OF PI CONTROLLER

In all practical applications, D-STATCOM is mainly used to
compensate the reactive power at the PCC where is connected,
The control structure of a DSTATCOM consists of a double
nested control loop: An external current command generation
loop and an internal current control loop “Fig.5”. The active
and reactive powers exchanged between the D-STATCOM
and the network are controlled by the regulation of the direct
and quadratic components of the current ( ifq , ifq ), the
Components ( Vg4, Vrq ) are the command variables and
(Vena>Veng)-are the disturbance variables so we have:

difd_l _Rf 3

at 1,4 7, bd

. f f (9)
dlfq=l —R—fl

ac 14 Ly fa

Page 61

Fig. 5 Control PI structure of a DSTATCOM

A. synthesis of current regulators

The simplified diagram of the current regulation loop is
illustrated by the “Fig.6”.

¥

i ,
fldg) v L
KPCP'I'f GINV(P) N 1 A J‘i)

LP+R

-

b(ag)

Fig. 6 Current regulation by PI regulators.

The open loop transfer function corresponding to this
scheme is:

Kic 1
F(P) = Kpc P+ 2 LP+R;

Gy (P) (10)

the transfer function of the inverter is generally chosen equal
to G,y (P) = 1 in order to ensure that the value of the output
voltage is equal to its reference. The closed loop transfer
function will therefore be:

_ Kpc P+Kjc
H(P) = LpP2+(Rp+Kpc) P+Kic ()

Finally we deduce the values of the regulator constants as
follows:
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Kpc = 2(C(’Jnch - Rf (12)
Kic = Lf(’-)nc2 (13)

B. synthesis of the DC voltage regulator
The role of the DC bus voltage regulation loop is to maintain
this voltage at a constant reference value, controlling the active

power transfer between the PCC and the DC bus, from the
system (5),we have the following first order transfer function:

V.DCZ(P) — 2Vcha (14)
ifa(P) Cp
The following diagram shows the regulation of the DC
voltage with a PI corrector:

24
VDG
+ 2Vena Vpe

L 4
5
"

Fig. 7 Voltage regulating DC by a PI regulator
The closed loop transfer function will therefore be:

2Vcha (Kppe P+Kipc)
C P2+2Vepg KppcP+2 Vena Kipce

H(P) = (15)

Finally we deduce the values of the regulator constants as

follows:
KPDc‘:—C Q:,Cc:;nm (16)
_C wnpc?
Kipe=—, "~ (17)

The reference of the reactive current ir,” can be determined
according to the operating mode of the DSTATCOM, either by
the regulation of the voltage of the PCC, or by the regulation

of the reactive power exchanged between the D-STATCOM
and the network.

V. SYSTEM CONFIGURATIONS

The single-line diagram of the distribution network used to
validate the operation of D-STATCOM is shown in “Fig.8”

@ PCC N

¢ ——| Dc
=T | voltage

Fig 8. Single-line diagram of the studied network

Copyright -2019
ISSN 1737-9334

Such as:
chl = Inductive load (Lchl + Rchl)
ch2 = Inductive load (Lch2 + Rch2)
ch3 = Capacitive load (Lch3 + Rch3 + Cch)
The parameters of the system to be simulated are given by
THE TABLE I ANDII :
TABLE

SYSTEM PARAMETERS TO SIMULATE

Parameters | Values Parameters Values
Vserr 220 v Vo 800V
Ly 0.001 H Repq 50Q
R, 0.001Q Ry 50Q
fn 5k Hz R.ps 15Q
CCh 018 mH LCh.l 65 mH
Le 001 H Lena 110 mH
Re 0.001Q Lens 13 mH
fs 50 Hz C 5 mF
TABLE II
PARAMETERS OF THE PI REGULATORS
Regulators wy &
continuous 100 0.707
voltage
currents 50 000 1
VI RESULT AND DISCUSSION

The proposed D-STATCOM model is implemented in
MATLAB/SIMULINK software using control algorithm for
D-STATCOM with PI controller. The proposed model is
verified under linear load condition and is used for power

factor correction ,reactive power regulation and DC voltage
regulation.

4000

N
o
o
o

Reactive Power (VAR)
o

-2000
-4000 : : : ‘
0 0.2 0.4 0.6 0.8 1
Time(s)
Fig. 9 Reactive Power of the D-STATCOM (injected and absorbed)
10
<
&
- O
3
=
S
S-10 : : :
0 0.2 0.4 0.6 0.8 1

Time (s)

Fig. 10 Reactive current injected by the D-STATCOM into the network and
its reference
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. Initially the capacitor of the DC bus is charged by a voltage
7ifd—l’€f 7ifd equal to 800V. At the beginning of the simulation, the grid
supplies the load (Ch1). A second load (Ch2) is connected to
the network at the instant (t = 0.25 s), and at the instant (t = 0.5
s) we charge the line by the load(Ch3), and finally (t = 0.75 s)
the two loads (Chl) and (Ch2) are disconnected. The D-
STATCOM injects reactive power to the network from (0.1s
to 0.5s) that means the operation of D-STATCOM which is in
capacitive mode determines the sign of the reactive current
0 0.2 0.4 0.6 0.8 1 irq injected by the D-STATCOM to the network. This current

Time(s) is positive "Fig.10", and as the reactive power is the inverse
sign "Fig.9" of this current. After the instant (t = 0.5 s) D-
STATCOM absorbs reactive power from the network when the

~

current ifd (A)

Fig. 11 Active current injected by the D-STATCOM into the network and its

reference inductive loads (Chl and Ch2) are disconnected, so the
30 ' operation of D-STATCOM is in inductive mode and the
20 reactive current is negative "Fig.9" . The form of this reactive
= current is shown in "Fig.10"

% 10 "Fig.11" shows the shape of the active current exchanged
i ol 1 between the D-STATCOM and the  network.
§ This current is generally low since it represents only the active
I-10 power required to maintain the voltage across the capacitor
S8 20l '“”” ‘” plus the switching losses of the semiconductor components. It
is noted that the currents of the D-STATCOM, ifq and if,
-30 : follow their reference quantities calculated from the reactive
0 0'2 0'4Time(s ) 0.8 ! and active powers necessary to compensate the reactive power
Fig. 12 Current of the first phase injected by the D-STATCOM and charging in the line and to keep the DC voltage constant. These results

voltage prove the effectiveness of the regulators used.
30 : ; : , In “Fig.12”, it is noted that the current is in advance with
_ respect to the voltage of the point of common coupling PCC
20 JL \W G |$ ﬂ I when the line is charged by the inductive load Ch2. It should
10 l be noted that at the instant (t = 0.5) the current of the first phase

n n N is backward relative to the voltage of the PCC because the D-
u v STATCOM operates in inductive mode. Indeed, the capacitive
load delivers a reactive power in the network, a part of this
power compensates for the reactive need of the inductive loads
<-20 1 (Ch1 and Ch2) and the remaining part is absorbed by the D-
STATCOM. After the instant (t = 0.75) the two charges (Chl
' ' ' ‘ and Ch2) are disconnected and all of the reactive power

0 0.2 04 06 0.8 I delivered by the charge Ch3 is absorbed by the D-STATCOM.
Time (s) “Fig.13”, shows the source-side current and voltage and a unit

Fig. 13 Current and voltage of the first phase of the network power factor, such as the current to a sinusoidal form and in
phase with the voltage of the source. From the curve of

800 5 : ———VDC-ref — VDC— “Fig:14”, it seems very 'c!ear that thf: V'ol.tage regulator
continues to prove its efficiency in maintaining a constant

voltage across the global DC bus. The voltage goes through a

[N\ transient period of less than 0.1s during the variation of the
800 - | load before it returns to its reference with a zero static error.

VIL CONCLUSION

HNN

S

-10

(A) and Vsa (V)

i

voltage of DC (V)

79 9 5 | ! ! ! In this paper, the performance of the D-STATCOM has been

' analyzed effectively to improve the power quality (PQ) in the

0 02 04 ) )0 08 ] distribution network under the change of linear load, the

Tlme(s simulation results shows the effectiveness and feasibility of

proposed D-STATCOM with conventional PI controller for

Fig. 14 DC bus voltage of the D-STATCOM and its reference power factor correction and reactive power regulation,
with the PT regulator especially for DC voltage regulation.
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Abstract—Cedar Cones (CC), an abundant forest waste in
Algeria, was use as adsorbent for removal of basic Crystal Violet
(CV) dye from aqueous solutions in a batch system. The
adsorption process was examined as the functions of multiple
variables affecting adsorption such as: stirring speed [100-600]
rpm, solution pH [2-12], temperature [20-50]°C and initial dye
concentration [10-200Jmg/L. The adsorption uptake was found to
increase with increase in initial dye concentration, but decreases
with the amount of adsorbent and at very acidic pH. Maximum
removal of dye was observed at stirring speed of 300rpm, pH 5.5
and temperature of 25°C. The equilibrium data were analyzed
using the Langmuir, Freundlich and Temkin isotherm models.
The equilibrium data were best described by the Freundlich
isotherm model. The intra-particle diffusion was identified to be
the rate-limiting step in addition to the film diffusion.
Thermodynamic parameters such as Gibbs free energy, enthalpy
and entropy were determined. It was found that the dye
adsorption was spontaneous and endothermic.The results showed
that CC sorbent was a promising for the removal of CV from
aqueous solutions.

Keywords— Adsorption; Cedar Cones; Crystal Violet; Kinetic.

I. INTRODUCTION

In everyday life dyes are ubiquitous. These organic
chemical compounds can be natural or synthetic. The
manufacture and use of synthetic dyes for fabric dyeing has
become a solid industry. It is estimated that around 700,000
tons of dyes are produced worldwide each year, about 20% of
which is discharged as industrial waste into the environment
without treatment [1].

Among the industries that use significant amounts of dye to
color their products can include: textiles, ceramics, books and
printing. Some dyes are absorbed in the product, and some of
them are found in wastewater [2].

The increasing existence of dyes in aqueous bodies is one of
the most important environmental issues. The dyes do not
undergo natural degradation; hence the persistent color hinders

the passage of light into the water and spoils the ecosystem [3].

Crystal Violet (CV) or Gentian Violet is a well-known
cationic dye that penetrates the aquatic effluent systems of the
textile industry, paint industry and also medicine and the
biotechnology industry. CV is toxic and can be absorbed
through skin causing irritation and is harmful by inhalation
and ingestion and in extreme cases can lead to severe renal
failure. So eliminating this dye from water and wastewater is
of great importance.

Various methods of treatment have been used over the years
by industries to remove dyes from their waste, whether
physicochemical, chemical or biological treatment such as:
flocculation-coagulation, precipitation, adsorption, membrane
filtration, electrochemical techniques, ozonation. These dyes
are generally of complex structures, is very difficult to treat
using conventional methods. Adsorption is one of the most
efficient advanced wastewater treatment process, which is
used by industries to reduce hazardous pollutants present in
effluents. This technique has been widely used for the removal
of aqueous dyes worldwide because of the initial cost,
operating conditions and simplicity of design [1].

In this work, we study the elimination of Crystal Violet
(CV), a cationic dye from aqueous solutions by cedar cones
(CC), a forest waste, chosen as a low-cost adsorbent material.

II. MATERIAL AND METHOD

A. Adsorbat

Crystal Violet (CV), also known as Gentian Violet, is a
methyl violet, which is a group of basic dyes. It is a mixture of
5 and 6-methyl hydrochloride hydrides. (Penta methyl para
rosaniline and hexa methyl violet). Its Rosanilines group,
which is part of the Triphenylmethanes. It is soluble in water,
and in alcohol [4, 5]. CV is extensively used as a purple dye in
textile industry for dyeing of cotton, acrylic, nylon, wool,
leather, paper, plastics and silk. [6] It also finds application in
the manufacture of paints and printing inks. In the medical
community, it is used as a biological stain and is the active
ingredient in Gram’s stain. In animal and veterinary medicine,
it is employed as a bacteriostatic agent [7].

Further, it’s a carcinogenic that has been classified among
the recalcitrant molecules since it is poorly metabolized by
microbial flora; it is not only biodegradable but it might persist
in environmental medium as well. [6]. The dye is responsible
for causing moderate eye irritation, causing painful
sensitization to light. It can also cause permanent injury to the
cornea and conjunctiva since the product contains a cationic
dye. It is highly toxic to mammalian cells and if absorbed in
harmful amounts through the skin, it can cause skin irritation
and digestive tract irritation. [7]. The chemical structure of CV
is shown in Fig.1 and the physicochemical characteristics of
the dye are grouped in TABLE.1. All the chemicals used in
this study were of analytical grade.
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500mg/LL CV stock solution was prepared and further
diluted to achieve the desired mg/L levels for conducting
experiments.

TABLE.1.

PHYSICOCHEMICAL PROPERTIES OF PURPLE CRYSTAL [5,6].

Brute formula CasH30CIN3

Molar mass 407.99 g/mol

Melting point 205°C- 215°C decompose

Colours Yellow at acid pH / Blue-Violet at basic
pH (>8)

pKa [8] 3.29-3.78 -4.26

Wavelength A 590.5nm (measured value)

Copyright -2019
ISSN 1737-9334

+
ch\N/CHg
O @
HSC\N O O N,CH3

CHs CHs
Fig. 1 Chemical structure of CV [5].

B. Adsorbent

The cedar cones were collected from the Chelia forest in
Khenchla, Algeria. They were crushed and sieved to obtain a
grain size between 1 and 1.25 mm. They are washed several
times with distilled water until complete elimination of color
and impurities. Then they are dried in an oven at a temperature
of 105°C until constant weight.

C. Batch experimental study

The adsorption kinetics study of CV by CC was performed
in batch reactor (250 mL) perfectly agitated and thermostated,
the kinetic experiments were carried out by contacted
100mL of CV solution at concentration of 50 mg/L with a
specified dose of CC to get an ratio of 20/0,1 (V/m). The
mixture was stirring at 300 rpm at constant temperature of
25°C until equilibrium is reached. The amount of dye adsorbed
is calculated from the residual concentration in solution
according to the following equation:

Cy—C
e e S Y

m

q (1)
Where
q: amount of pollutant per unit mass in mg/L
Co and C; are the initial and residual concentration of dye in
solution (mg/L);
V: volume of the adsorbent in L; m: mass of the adsorbent in
g.

The percentage of dye removal can be calculated as follows:

E% = “"2100 (3

With

E: The percent elimination of the dye considered.

Various operating parameters such as initial concentration
of dye, contact time, pH, stirring were optimized to obtain
maximum removal efficiency of CV by CC.

III. RESULTS AND DISCUSSION

A. Measure of pHpzc and surface functional groups of CC

The pH of zero charge (pHpzc) of the CC was determined
by the so-called pH drift method as given by Nandi et al [9].
The technique consist to prepare solutions of NaCl at 0.01
mol.L'! at different initial pHs ranging from 2 to 12, the pH
was adjusted by addition of HCl and/or NaOH at 0.1 mol/L. A
volume of 50 mL of each solution was been contacts with (0.1
g) masses of CC with stirring for 48h and the final pHs were
measured and plotted versus the initial pHs. The pHpzc was
determined by the value for which the pHsina is equal to the
PHiniia (The pHpzc is the point where the pHfina=pHinitial). AS
shown in Fig.1, the pHpzc determinate by the intersection of
the two curves of the CC was equal to 5.8.

The acidic and basic surface functional groups were
determinate by the Bohem titration method [10]. The results
obtained (TABLE.2) show that the acidic functional groups
consist only of weak lactones and carboxylic acid (G II), the
other two groups (GI) and (GIII) are zero. The quantity in
basic functions is very low; the quantity of acid functions is
greater than that of the basic ones. The total surface function
of Cedar Cones is 0.19 meq/g.

TABLE.2.

CEDAR CONE SURFACE FUNCTION.

Concentration as a function of surface groups | meqs
Concentration as a function of surface 0
Strong carboxylic acid (G I) 0.17
Lactone and weak carboxylic acid (G II) 0
Hydroxyl and phenol (G III) 0
Total of acidic surface functions 0.17
Total of basic surface functions 0.02

B. Effect of operating parameters

1) Effect of solution temperature

Temperature is a highly significant parameter in the
adsorption process, to test its influence on the adsorption of
CV by CC, the temperature were varied from 20, 25, 30, 40
and 50°C. Fig.2 presents the percent removal of CV as
function as solution temperature. As depicted in Fig.2 the
solution temperature have not a remarkable effect on the
quantity of dye eliminated by Cedar Cone, the percent removal
of CV is approximately equal to 99% for all the temperatures
studied. A small exception has been observed at 30°C or the
percentage is decreased to 96.52%.

A maximum of elimination was obtained at the temperature
of 50°C, this is probably due to the destruction of the molecule
Crystal Violet for high temperatures. This further contributes
to increasing the percentage of dye removal by adsorption and
destruction at elevated temperatures.
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The value that was considered as optimum temperature for
the rest of the adsorption tests of this work and which gave a
maximum of dye removal is the ambient temperature of 25°C
(99.62%).

100
99
98
97
96 |
95
94

% Removal of CV

20 40 50

25 30
T(°C)

Fig.2 Percent removal of CV by CC as function as the solution temperature
(Co=50 mg/L, W =300 tr/min, m=2.5 g and pHuwrel = 5.5).

2) Effect of stirring speed

The search for optimal stirring speed is an essential step in
any adoption study of a given pollutant. This is why we tested
this effect on dye adsorption by CCs. Thus the stirring speed
was varied as follows: 100, 250, 300, 400, 500 and 600 rpm.

Fig.3 show that the percent removal of dye increases with
the increase in stirring speed from 100 to 250 rpm. With
increasing the stirring speed, the rate of diffusion of dye
molecules from bulk liquid to the liquid boundary layer
surrounding the particle become higher because of an
enhancement of turbulence and a decrease of thickness of the
liquid boundary layer [11].

Above 250 rpm (between 300 and 600 rpm) the amount of
dye removed remains almost constant. At the stirring speed of
100 rpm, there is a poor distribution of the adsorbate-adsorbent
particles in the solution; the solution is not homogeneous,
which does not ensure a preferable contact between them. The
results obtained indicate that the optimal stirring speed chosen
is 300 rpm; this speed ensures good stirring to promote the
adsorption of the dye.

100 99:62

98,87
98,30 99.14 98,46

98 -
96 -
93,76
94

92

% Removal of CV

—

100 250 300 400 500 600
W(rpm)

90

Fig. 3 The effect of the stirring speed on the removal of CV by CC (Co= 50
mg/L, m=2.5 g, T =25°C and pHpyure =5.5).

3) Effect of pH solution

Page 67

pH is one of the most important parameters which controls
the adsorption process particularly the adsorption capacity. pH
of the solution may change: the surface charge of the
adsorbent, the degree of ionization of the adsorbate molecule
and extent of dissociation of functional groups on the active
sites of the adsorbent [12]. The effect of pH solution have been
studied at the optimal speed of 300 rpm, the optimum
temperature of 25°C and the optimum adsorbent dose of 2.5 g.
While the concentration and volume of solution were kept
constant (50 mg/L, 100 mL respectively). The pH was varied
as follows: 2, 4, 6, 8, 10 and 12, the pH of the solution is
adjusted by the addition of hydrochloric acid (0.1N) or sodium
hydroxide (0.1N). The effect of pH is shown in Fig.4.

As can be seen in Fig.4 at pH 2, removal of CV was low
(87.53%). At this pH, the surface of CC is positively charged
(pH<pHpzc=5.8), whereas the Crystal Violet is cationic which
induces a repulsion between the surface of Adsorbent and the
CV. Beyond pH equal to 2, at the pH range [4-10], it was
observed an increase in the percent removal of CV by CC with
the increase in pH solution. In this pH range [4-10], the
surface of the CCs is positively charged when (pH< pHpzc=
5.8) and became negative when (pH>pHpzc= 5.8). At the first
state [pH>2 to pHpzc=5,8]), the percent removal increase
gradually with the increase of the solution pH until reach a
maximum value of 98.24% at pH equal to 5.5 (naturel pH
without modification). At this pH, the surface of CC is
positively charged (pH <pHpzc) and the dye ion is positively
charged, which normally gives rise to electrostatic repulsion,
but unlike, a maximum of elimination has been obtained,
which can be due to another phenomenon other than
electrostatic forces like chemo-sorption.

At the second region [pH>pHpzc=5.8 to 10], CV dye is
positively charged (for CV dye, the pKa values of the N
groups are 3.29, 3.78 and 4.26) and in parallel, the CC surface
is negatively charged. Therefore, the positive CV dye
molecule interacts with the negative surface of the CC, Similar
trend was found by Brido and al [8]. In other hand in this
second region [pHpzc= 5.8 to 10] the concentration of H*
decreases when pH increase which promotes the attraction
between the dye ions and the adsorbent sites because the H*
does not enter into competition with the CV to occupy active
adsorption sites [13].

100 20,62
1 0§l 9683 97:04

95 -
= 92,19
-

g
& 1 k53
s

85 -

80 — T =

2 4 55 6 8 10 12

pH
Fig. 4 The effect of pH on the removal of CV by CC (Cy=50 mg/L, m=2.5 g,
W =300 rpm and T= 25°C).
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4) Effect of sorbate concentration

The effect of initial CV concentration in the range of 10-200
mg/L on its percent removal of dye was studied at different
temperature. The results are shown in Fig.5.(a, b and c).

25°C —+— 10mg/L

—— 25mg/L

+— 50mg/L

—+— 75mg/L

—— 100mg/L

—#— 150mg/L

—— 175mg/L

—a— 200mg/L
120

0 100

60, 8
T(min)
FIG. 5.a. The effect of initial concentration of dye on the removal of CV by CC
(m=2.5g, W=300 rpm, T = 25°C and PHyarre =5.5).

12 —+— 10mg/L —a— 25mg/L —— 50mg/L
10 4 ——75me/L  ——100mg/l —e— 150mg/|
—a— 175mg/L —— 200mg/L
8 ————— - - +
56 o 35°C
i
E4 s, S ¥
=) ) AR ) ) )
0 T : T : T T T -
0 20 40 60 80 100 120
T(min)

FIG. 5.b.The effect of initial concentration of dye on the removal of CV by CC
(m=2.5g, W=300rpm, T = 35°C and PHyamre =5.5).

10

—— 10mg/L

45°C

—=—25mg/L

—+— 50mg/L

75mg/L

—#— 100mg/L
——150mg/L
—+—175mg/L
200mg/L
200mg/L

q.(mg/g)

———r— 0———1 E

40 60 80 100 120

T(min)

FIG. 5.c.The effect of initial concentration of dye on the removal of CV by CC
(m=2.5g, W=300rpm, T =45°C and PHyamre =5.5).

The result obtained shows that the increase in concentration
of dye leads to an increase in the amount of dye adsorbed. It
was clear that the elimination of CV was dependent on the
initial concentration of dye. When the concentration of CV rise
from 10 to 200 mg/L the amount of dye adsorbed increase
from 0.39 to 7.7 mg/g, 0.39 to 7.79 mg/g and 0.37 to at 7.95
mg/g for the temperatures of 25, 35 and 45°C respectively.

Concentration of adsorbate provides driving force to overcome
mass transfer resistance between solid and solution phases [14].

C. Equilibrium isotherms

The isothermal adsorption models that have been used to fit
and estimate the equilibrium data for CV adsorption on CC are
Langmuir (four linear forms), Freundlich and Temkin. The
Langmuir model assumes monolayer sorption on a surface
with a finite number of identical sites [15]. The Freundlich
model assumes heterogeneous adsorption surface and an
exponential distribution of active sites [16]. The Temkin
isotherm equation assumes that the fall in the heat of
adsorption of all the molecules in the layer decreases linearly
with coverage due to adsorbent—adsorbate interactions, and
that the adsorption is characterized by a uniform distribution of
the binding energies up to some maximum binding energy [17].
The linear form of the Langmuir, Freundlich and Temkin
isotherm models are given in Table.3.

TABLE 3
[SOTHERM MODEL EQUATIONS
Isotherms Non- linear linear forms Plot
forms
Langmuir I 1 1 1 1 1/qe vs
[15] —=—4+—— | del/C.
de Om Kgm G,
Langmuir C. 1 1 Ce/qe vs
1 [15] —=—+—0C de C.
q KC de Kam Gm °
Langmuir == 1qg. Qe vs de
I [15] Om 1+EKC | go=———+0m | q/C.
KC,
Langmuir e = —-K + qe/Ce vs
IV [15] Cg Qe + Ko, de q.
Langmuir l _ l _ 1/C vs
V[15] c.” KOm K e
Freundlich 1s 1 Inge vs
in = =

[16] g =KgC," | 10de =InKe +2InC 1\ 0

. . = ByInK+ + B, InC, | LnA vs
[Tl‘;“]’k‘“ Ing, = . In(K;C,) With InC.

B, =RT/b

Where gm(mg/g) and K(L/mg) are the Langmuir isotherm
constants. Kr(mg/g)(L/mg)'" and n are the Freundlich
adsorption constant and n is the heterogeneity factor. T is the
absolute temperature (K), R is the universal gas constant
(8.314 J/mol.K), and b is the Temkin constant related to heat
of adsorption (J/mol), B; is Temkin constant related to
maximum binding energy (J/mol) and Kr is the equilibrium
binding constant (L/mg).

The fitting curves of the adsorption isotherms based on a
linear model of Langmuir (four linear forms), Freundlich and
Temkin model are presented in Fig.6. The values of the
constants of applied models are listed in Table.4.

TABLE 4

ISOTHERM PARAMETERS FOR ADSORPTION OF CV FROM AQUEOUS SOLUTION
ON CC AT 25, 30, 45°C.

Type Parameters 25°C 35°C 45°C
Langmuir qm(mg/g) -14.75 -17.03 | -1.05
I K(L/mg) 0.077 | -0.12 | -0.622
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r? 0.845 0.603 0.920
Langmuir gm(mg/g) 19.08 32.15 | -2.365
II K(L/mg) 0.081 81.84 -2.354
r? 0.424 0.024 0.447
Langmuir gm(mg/g) 8.23 5.355 | -1.029
III K(L/mg) 0.298 0.323 -0.591
r? 0.2 0.079 0.687
Langmuir gm(mg/g) 24.38 91 -3.222
v K(L/mg) 0.064 0.045 -0.407
r’ 0.216 0.001 0.687
Freundlich Kr (mg/g) 1.38 1.19 2.45
(L/mg)lln
n 1.12 2.66 0.51
r? 0.93 0.69 0.91
Temkin Ky (L/g) 2.39 5.11 2.24
B1(J/mol) 2.34 2.38 4.77
b(J/mol) 1055.63 | 1072.90 | 553.9
r? 0.94 0.75 0.94

The isothermal data for CV adsorption by CC was
incorrectly fitted with the Langmuir model, although the
satisfactory coefficient of correlation obtained at T = 45°C
(?=0.92) (Langmuir linear form I), since the maximum
monolayer adsorption capacity (Qmax) and the Langmuir
constants (K) are negative for practically all linear forms of
Langmuir tested. In addition, the maximum adsorption
capacities and the positive equilibrium constants do not reflect
the applicability of the model given the poor correlation
coefficients obtained. Thus, the Langmuir model cannot
adequately describe the experimental results of adsorption
equilibria of CV by CC for all temperatures studied.

As reported in Table.4 and by comparing the coefficients
correlation obtained for Freundlich and Langmuir, it can be
seen that the Freundlich isotherm model could be the best
model for the description of the adsorption behavior of CV on
CC with higher coefficient of correlation (r’= 0.91), with an
exception at the temperature of 35°C (1> = 0.69). Similar result
was reported in the literature for adsorption of CV on magnetic
chitosan nanocomposite [18] and the adsorption of CV on
waste materials [19].

The slope (1/n) value range of 0—1 is used to determine the
surface heterogeneity and heterogeneity, it becomes more
heterogeneous as its value gets closer to zero. The values n for
temperature 25 and 35°C are higher than that of 45°C and
higher than one indicates that the adsorption of CV by CC was
favored by positive cooperativity binding and heterogeneous in
nature [15, 20].

The value of 1/n in the range of 0.1-1 strongly supports the
favorability of adsorption reaction [18,21]. From these
findings, it is concluded that the Freundlich model gives a
better fit of the experimental data with respect to the Langmuir
equation.

The results obtained by the Temkin model show that the
coefficients of determination obtained are very satisfactory (r?
> 0.94) for the two temperatures of 25 and 45°C with an
exception for the temperature of 35°C, signifying that
adsorbate—adsorbate and adsorbate—adsorbent interactions both
control the dye removal process isotherm [22]. The positive

and higher value of (b,) for all the temperatures studied which
is an indication of the heat of adsorption signifying a chemical
adsorption for CV uptake [22] and which shows also that the
elementary adsorption process of CV by CC is exothermic [23].

D. Mechanism of sorption

1) Weber and Morris Model

The intra-particle diffusion model based on the theory
proposed by Weber and Morris (1963) [24] was used to
identify the diffusion mechanism. According to this theory, if
the rate limiting step is intraparticle diffusion, a plot of solute
sorbed against square root of contact time should yield a
straight line passing through the origin [25]. However, if the
data exhibit multi-linear plots, then two or more steps
influence the sorption process [26]. The equation describing
Weber and Morris model is given by:

q, =c;+ K;#+'t 3)

Where c¢; is the intercept and K; (mg/gmin) is the
intraparticle diffusion rate constant.

The slope of the linear plot of q, versus t'is represented in
the Fig.6. The obtained K and c; values for different initial
concentrations and shown in Table.5.

Given the multi-linear nature (Fig.6) of the plot for CV
sorption on CC and very good correlation of coefficients
obtained, it is proposed that sorption happened in three
segments. The first region for all studied concentrations does
not pass through the origin, suggesting that the diffusion in the
pores does not control the overall rate of adsorption. Therefore,
it is confirmed that the first linear segments represent external
surface adsorption, the second linear segments represent the
intraparticle diffusion, and the third segment is the equilibrium
phase where low adsorbate concentration in solution results in
the slowing down of the intraparticle diffusion [27]. Since the
plot did not pass through the origin, intra-particle diffusion
was not the only limiting step in the transfer of materials.

2 ®10mg/L @ 25mg/L

8 T 4somgll «75mglL A——h—A—a
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FIG.6. Evolution of the quantity adsorbed as function of square root of
time for several initial concentrations at T = 25°C.

TABLE.S.
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‘WEBER AND MORRIS MODEL PARAMETERS AND CORRELATION
COEFFICIENTS FOR DIFFERENT INITIAL CONCENTRATION

10 25 50 75

Ki(mg/gmin?) | 0.006 | 0.004 | 0.185 | 0.652
Ci(mg/g) 0352 | 0.990 | 1.041 | 0.194
r? 0.994 | 0.899 | 0.995 | 0.998
Ka(mg/gmin'?) | -0.002 / 0.010 | 0.006
Cx(mg/g) 0.405 / 1.895 | 2.785
s’ 0.999 / 0.970 | 0.974
Ki(mg/gmin?) | 0.004 | 0.005 | 0.004 | 0.018
Ci(mg/g) 0342 | 1.027 | 1.953 | 2.705
r3? 0.999 | 0.996 | 0.951 | 0.909

TABLE.S.

WEBER AND MORRIS MODEL PARAMETERS AND CORRELATION
COEFFICIENTS FOR DIFFERENT INITIAL CONCENTRATION

100 150 175 200
Ki(mg/gmin'?) | 0.504 | 0.938 | 0.990 | 1.586
Ci(mg/g) 1.200 | 0.267 | 1.163 | 0.24
i’ 0.962 | 0.997 | 0.999 | 0.999
Kx(mg/gmin'?) | 0.071 | 0.504 | 0.224 | -12.48
Cz(mg/g) 3.240 | 1.943 | 0.499 | 3.816
r2? 0.895 | 0.999 | 0.959 | 0.967
Ki(mg/gmin'?) | 0.007 | 0.083 | 0.036 | 0.073
C3(mg/g) 3.804 | 4.99 6.483 | 6.898
ry? 0.956 | 0.980 | 0.959 | 0.983

2) Boyd Model

The Boyd et al. [28] model was applied in order to
investigate the diffusion mechanism. The equation of the
model is as follows:

B, =-04977-In(1-F) (4

B: is a mathematical function of F, which F is equivalent to
q/q. that represents the fraction of adsorbate adsorbed at
different times. Boyd's model suggests that if the linear
representation of B, versus t passes through the origin, particle
diffusion is in control of the sorption process; otherwise film
diffusion is considered as the rate limiting step of the process
[28].

The plots obtained (Fig.7) do not pass through the origin,
and it’s linear up to 20 min, which suggests that external
transport is the rate limiting only in the first stages.

7
¢10C° 4 25C°
6 A ¥50C°  =75C°
5 100C° = 150C°
% 175C° ©200C°
4 1e
£ 3
2 -
1 -
0 o000 oo oo
0 50 100 150

T(min)
FIG.7. Evolution of Bt as a function of time for different initial CV
concentration by CC at T = 25°C.

E. Thermodynamics studies

The adsorption studies was carried out at different
temperatures from 298 to 318K with constant initial
concentration, 50 mg/L, in order to calculate the
thermodynamic parameters for the adsorption of CV onto CC.

The thermodynamic parameters that are determined are
changes in standard enthalpy (AH), standard entropy (AS) and
standard free energy (AG). The standard free energy AG is
given by the Gibbs Helmholtz relation [29]:

AG =-RT InKq4 (5)
Knowing that:

AG = AH-TAS (6) it comes

A5 AH
InK4 = R RT @)

With Ky = ‘g— 8)

In which T is absolute temperature (K) and R is the gas
constant. Ky is the distribution coefficient for adsorption,
Where q. and C. are the equilibrium concentrations of dye ions
on adsorbent (mg/L) and in the solution (mg/L), respectively.

The thermodynamic parameters were obtained from the linear
plot of In K4 vs 1/T and are shown in TABLE.6.

The positive value of AH® confirms the endothermic nature of
CV adsorption by CC [30], [31].The low value of AS° may
imply that no remarkable change in entropy has occurred
during dye adsorption by cedar cone. In addition, the positive
value of AS ° reflects the increased randomness at the solid-
solution interface during adsorption [32] and also reflects the
affinity of the adsorbent material for Crystal Violet [31]. The
negative value of AG reveals that the CV adsorption process
on CCs is spontaneous. As the temperature increases, the
degree of spontaneity becomes more and more important [32].
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Fig.8. Plot of InK, against temperature for CV sorption onto CC.

TABLE.6.

THERMODYNAMIC PARAMETERS OF THE ADSORPTION OF CV ONTO CC.

T (K) | AG (KJ/mol) | AH (KJ/mol) | AS (KJ/mol.K)
298 -0.64
308 -22.43 34.64 0.119
318 -26.31

IV.CONCLUSIONS

Cedar Cone an available abundant forest waste, was
effectively employed to remove of CV from aqueous solution.
Batch adsorption studies informed that a maximum dye
removal of 99,62% (almost a total elimination) at optimal level
of pH 5,5, stirring speed of 300rpm, temperature of solution
25°C and initial dye concentration 50mg/L. Equilibrium
adsorption data for CV is in good arrangement with Freundlich
isotherm. The dye uptake process was found to be controlled
by external transfer at the beginning of adsorption (the first 20
minutes) and by intraparticle diffusion at later times.
Thermodynamic studies showed that adsorption system is
spontaneous and endothermic. Cedar Cone as a forest waste is
easily, abundantly available in north Algeria does not
necessitate an additional pre-treatment step such as activation
before its application, it’s estimated to be economically viable
for removal of basic dye from aqueous solution.
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Abstract—

Purpose: Inaccurate CT-to-density conversion curve (CDCC)
information may introduce errors in dose calculation. The aim
of this study is to investigate the sensitivity of volumetric
modulated arc radiotherapy (VMAT) plans for head and neck
cancer (HNC) with Monaco treatment planning system (TPS) to
the CDCC. To obtain this goal, a comparison between
dosimetric parameters obtained by VMAT plans using 3
different CDCCs was established.

Method: A CIRS phantom was scanned on 3 different CT-Scan.
data from 10 previously treated patients were selected randomly
from the list of patients with head and neck cancer that have
received VMAT with Monaco planning system at our institution.
Plans were evaluated using DVH for PTVs and OARs, the
planning DVH objectives used to access plan quality for all plans
included: minimum dose, D5%, D95%, V<95%, V>107% target,
homogeneity index HI95% and conformity index CI95%.
Paired t-test analysis was used to analyse the results. The
number of UM of each arc, the total number of UM, the
conformity and the heterogeneity indexes, were compared.
Results: A serious variation in the DVHs of the PTVs and the
OARs were observed, a variation up to 6% for the OARs, and
up to 6% for the PTVs were found. The number of UM of each
arc and the total number of UM were found invariable. The
conformity index (CI) and homogeneity index (HI) were
acceptable.

Conclusion: It is important to consider the use of a specific
(CDCC) for planning each VMAT treatment, A wrong (CDCC)
will lead to a serious difference in delivering the wanted dose.
The need to use the appropriate CT-to-density conversion curve
through the treatment planning system is very clear.

Keywords— VMAT, MONACO MONTE CARLO, head and
neck cancer, Ct-to-density conversion curve.

I. INTRODUCTION

In radiotherapy, precise calculation of the dose is only
possible when precise data are obtained from the patient.
These data include body contour, shape and density of
internal organs, location and spread of tumour volume, etc.
The best way to obtain this data is to use three-dimensional
imaging systems, including computed tomography (CT),
magnetic resonance imaging (MRI), positron emission
tomography (PET)

In radiotherapy treatment planning systems (TPS), dose
calculations are performed on the CT image data. These
images are imported into the treatment planning systems as
input data in the planning process. CT images are used to
contour different target treatment volumes and surrounding
normal tissues or organs at risk (OAR). In addition, CT
images contain quantitative data (CT values) that can be used
to correct tissue heterogeneity in radiotherapy treatment plans.
For accurate dose calculations, it is necessary to provide a
correct relationship between CT numbers expressed in
Hounsfield units (HU) and electron density in treatment
planning systems. CT number values represent tissue electron
densities and are directly related to the linear attenuation
coefficients of tissues in the path length of the photon beam

[1].

II. MATERIALS AND METHODS

In this study, we evaluate The Impact of CT-density
conversion curve for VMAT plans using Monaco TPS
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version 5.10 (Elekta CMS, Maryland Heights, MO, USA) on
an Elekta Synergy linac (Elekta, Crawley, England).

A CIRS phantom (CIRS model 062 Tissue Simulation . / e (T |
Technologie, Norfolk, VA) was scanned on 3 different CT- / (T2
Scan using: NEUSOFT CT (Neusoft Medical System Co, - (T3

Copyright -2019
ISSN 1737-9334

China), OPTIMA CT 16 slice (GE Healthcare, Japan
Corporation), OPTIMA CT 64 slice. After the scan, CT
images of the CIRS phantom were downloaded into to the
TPS, the HU values were used to establish the relationship
between the different Physical Densities, electron densities
and their corresponding CT number in Hounsfield units.

Curves obtained from these 3 CT scanners are plotted in Fig 1.

Data from 10 previously treated patients were selected
randomly from the list of patients with head and neck cancer
that have received VMAT with Monaco TPS at our institution.

Two PTVs (PTV1 and PTV2) were defined from
respective clinical target volumes (CTVs) by adding 3mm
margin with 3D expansion. They were treated with two dose
levels giving high dose to primary tumour (PTV1) and low
dose to nodal disease (PTV2). Prescription to PTV1 were
66.6 in 30 fractions (#) and PTV2 WERE 54Gy in 30#. The
PTVs were reduced to 3mm under skin surface to avoid
optimization problem in the build-up region.

The VMAT plans consist of two full arcs (clockwise and
counter clockwise) from 178° to 182°. Gantry spacing
between two control points was 30° and optimization was
made on cost functions parameters.

To identify the impact of changing a CDCC on the
distribution of the dose, a recalculation of the treatment plan
of the 10 patients was performed using each CDCC.

For each plan, a set of DVH parameters was analysed. For
PTV, mean dose, D95%, D98% (near-minimum dose), and
D2% (near-maximum dose) were taken into account, whereas,
for OAR’s, the maximum point and PTV2 were 54Gy in
dose and the mean dose to the spinal cord (SC) and the mean
dose to the left and right parotid (LP and RP) glands were
considered.

To assess the homogeneity of dose distribution in the PTV,
an homogeneity index was defined as HI = (D2% -
D98%)/mean dose. The lower (closer to 0) the HI, the better
is the dose homogeneity. Also, to facilitate the comparison of
various treatment plans, the RTOG conformity index (CI)
was calculated: CI = VRI/TV, where VRI = 95% — isodose
volume and TV = target volume. A CI = 1 corresponds to
ideal conformation. A CI > 1 indicates that the irradiated
volume is greater than the target volume and includes healthy
tissues. A CI < 1 indicates that the target volume is only
partially irradiated.[2]

-600 -400 -200 0 200 400 600 800

HU

Figure 1 CT to ED conversion curves for the tree CTs

ITI. RESULTS AND DISCUSSION

The overall results in terms of target dose homogeneity,
Conformity Index and OARs statistics from DVH and plan
analysis are displayed in Table 1. Figure 2 and 3 shows
cumulative DVHs using the 3 CDCCs for one representative
case. Paired t-test analysis was reported to determine the
significance of the results (p<=0.05) for CDCC1 vs CDCC2
(P+) and CDCC1 VS CDCC3 (P-).

In terms of PTV1 homogeneity CDCC2 plans achieved
best homogeneity followed by CDCCI1.CDCC1 plans
achieved very conformal plans with a mean of 0,312.
However, difference was not statistically significant. D95%
for CDCCI1 plans that use a correct calibrated CDCC for TPS
is significantly highest.

As shown in Table2. The number of UM of each arc and
the total number of UM were found invariable.

As for the OAR’s, CDCC2 plans allowed the largest
sparing of spinal cord (SC), SC5mm in terms of maximum
dose with statistical significance observed. Overall CDCC2
plans also allowed reduced parotid involvement compared to
other CDCCs. CDCC1 plans spares SC5S5mm better then
CDCC3 plans but difference is rather small. Mean dose to
right parotid when using CDCC?2 instead of CDCCI resulted
of a dose difference up to 5%, and 2% when using CDCC3.
For left parotid the dose difference is 6% when using CDCC2
and 0.8% when using CDCC3.

Finally, difference dose for maximum doses to the spinal
cord and SC5mm are 5% when using CDCC2 ,0.5% and 3 %
respectively when using CDCC3.

CDCC1 | CDC P+ CDCC3 P+
C2
PTV1 1,093 1,081 0,2216 1,098 6,79E-
H (0,0035) (0,012) 08
PTV1 0,312 0,431 0,20 0,396 (0,05) | 0,153
CI (0,084)
PTV95 | 65,48 61,92 0,0004 67,31(1,29) | 0,0002
% 2,51)
SC 44,86 42,55 1.66E- 44,62 (0,16) 5.98E-
max (1,63)
10 10

dose
SC5m 50,77 47,88 1,15E- 52,50 (1,22) | 5,21E-
mmax | (2,04) 05 06
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dose CDCC3 | 362,82 393,44 756,26
Right 25,58 2424 26,09 (0,36) 4 CDCC1 | 488,58 545,71 1034,29
parotid | (0,94) 2,53 E- 1,05E- CDCC2 | 488,58 545,71 1034,29
mean 08 09 CDCC3 | 488,58 545,71 1034,29
dose 5 CDCC1 | 547,63 387,3 934,93
Left 26,23 24,78 1,38E- 26,45 (0,15) CDCC2 | 547,63 387,3 934,93
parotid | (1,02) 08 1,28E- CDCC3 | 547,63 387.3 934,93
mean 09 6 CDCC1 | 4072 389,92 797,12
dose CDCC2 | 4072 389,92 797,12
Table 1 CDCCS TARGET Homogeneity, Conformity Index, Coverage and CDCC3 | 4072 389,92 797,12
OAR statistics 7 CDCCI1 6239 566,77 1190,67
CDCC2 | 6239 566,77 1190,67
CDCC3 623,9 566,77 1190,67
— 8 CDCCI1 497,65 439,29 936,94
CDCC2 | 497,65 439,29 936,94
il :gi CDCC3 | 497,65 439,29 936,94
$ 9 CDCCIl1 697,84 627,38 627,38
o CDCC2 | 697,84 627,38 627,38
£ W CDCC3 | 697,84 627,38 627,38
% 10 CDCCI1 656,33 554,50 1210,83
> 2 CDCC2 | 656,33 554,50 1210,83
CDCC3 656,33 554,50 1210,83
O —
0 20 4 0 %0 10 Table 2 Monitor units for different CDCCs

IV. CONCLUSIONS

Dose 6] This study compared the dosimetric parameters obtained

by VMAT plans for head and neck cancer using 3 different
CDCCs and calculated by Monaco TPS, which to the best of
our knowledge, has not been previously investigated.

Figure 2 Right parotid DVH calculated with the 3 CDCC

100 = the Monte Carlo method allows human tissues to be
— 3 characterized by elemental composition and mass density,
80 and hence allows the accurate consideration of all relevant

electromagnetic and nuclear interactions [3].

The accuracy of Monte Carlo dose calculations is affected
by the ability to precisely define materials based on the
Hounsfield number information. Thus, in addition to electron
or mass density, composing elements and their relative
weights need to be known as well.

If there is a mismatch between the TPS calibration curve
and Hounsfield unit values in the CT image for particular

60;

Volume %

40,

0 tissue types, it will lead to discrepancies in the dosimetric
0 10 20 30 40 50 60 70 calculations performed by the TPS [4, 5].
Dose Gy In this study we present the impact of mismatching the CT
images with the appropriate CDDCS for head and neck
Figure 3 PTV1 DVH calculated with the 3 CDCC cancer. A serious variation in the DVHs of the PTVs and the
OARs were observed, a variation up to 6% for the OARs, and
Cases | CDCC | ARCI(U | ARC2(U | TOTAL(UM) the PTV were found.
M) M)
1 CDCC1 | 433,61 431,55 865,16
CDCC2 | 4649 378,83 843,73
CDCC3 | 4649 378,83 843,73
2 CDCC1 | 430,9 346,77 777,67
CDCC2 | 430,9 346,77 777,67
CDCC3 | 430,9 346,77 777,67
3 CDCC1 | 362,82 393,44 756,26
CDCC2_ | 362,82 393,44 756,26
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Abstract

The cassava processing in Republic of Benin which
is used to produce different food products generates
a large amount of polluting organic matter into the
environment in the form of peels and wastewater.
Besides, the presence of water hyacinth on Beninese
rivers poses a problem of water eutrophication and
the aquatic ecosystem asphyxia. The waste come
from cassava processing industry and the water
hyacinth are both rich in biodegradable compounds
which can be treated in anaerobic digester in order to
produce methane. According to the literature, the
main challenge in cassava waste anaerobic digestion
is early inhibition caused by a rapid acidification due
to low nitrogen and high biodegradable sugars
content. In this paper, the complete physico-
chemical characterization of cassava waste and
water hyacinth was performed in order to evaluate
their methanogenic potential. According to the

1.Introduction

Population growth and food security result in
discharging of different types of waste all over the
world. Organic waste decomposes rapidly in the
nature and cause large quantities of greenhouse gas
emissions, just like the intensive consumption of
fossil fuels. Cassava is a staple food for about 500
million people in the tropical countries. It widely
grows in Africa, Latin America and Asia over a wide
range of climates , altitudes and variety of soils [1].

In 2016, Benin produced about 4.32 million tons of
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theoretical estimates results, cassava peels and water
hyacinth showed a high methanogenic potential.
Experimentally, cassava waste has shown a high
potential of methane production. However, it is
important to emphasize that addition of akanwu
potash and phosphate buffer pH 7.2 to cassava peels
biochemical potential methane tests allowed biogas
yield of 73575 ml with 56 * 2% of methane
content (v/v of biogas) either the methane yield of
333 £ 58 ml CH4 g"'VSadded. Therefore, co-digestion
of cassava peels and water hyacinth has removed the
chemicals products and improved cassava peels
treatment. Furthermore, the methane yield of water
hyacinth increased by 40 % when co-digested with

cassava peels.

Keywords: Anaerobic digestion; methanogenic

potential; Biogas; Cassava peels; Cassava

wastewater; Water hyacinth.

cassava [2]. Out of this, 70% of the production was
used in artisanal and semi-industrial methods to
produce different food products [3] . The main
problems of cassava processing are linked to high
energy consumption and environmental pollution.
For instance, processing of 1 kg of gari flour
consumes about 1.30 to 2.40 kg of filao wood [4] .
This fuelwood energy corresponds to 0.320-0.939
MJ of electrical energy and 1.141-2.749 MJ of
thermal energy [S5]. Cuzin et al.[6] demonstrated that
1200 kWh or 121 m* CHy is required to dry 1 ton of
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cassava food derivatives . This intensive
consumption of firewood affects considerably the
forest resources and contributes to the global
warming. Moreover one ton of starch processed
requires about 20m* of washing water [7]. This also
results in a discharge of a mass of cassava peels
which accounts about 20-35% of the total wet weight
of the cassava root [8] and 12 m? of effluent [7], [9],
[10]. Due to the high content of cyanogenic
glycoside compounds [11], cassava waste are

uncomfortable for animal feed. Though efforts are

generally made to add value to cassava peels by
reducing the sugar content and enriching them with
microbial protein, unfortunately the success of the
study is limited [12]. Thus an accumulation of
cassava peels and cassava wastewater is observed in
industrial processing sites leading in nauseous
odours and contaminated air, a source of diseases for
humans and toxic for the surrounding ecosystems. At
present, the disposal of cassava waste is a serious
environmental problem and will become more in the
future as a result of the growth of cassava processing
industries. In fact, the efficient treatment of cassava
waste through the anaerobic digestion technology
could efficiency manage the cassava waste and
generate back renewable energy at the same time.
Okudoh et al.[13] showed that biogas production
from an energy crop such as cassava can really add
value to the whole bioenergy chain in Africa
especially in South Africa. Moreover, the mean
calorific value of cassava peels generated in Nigeria
has been estimated to 10.61 MJ/kg [14]. However,
these studies did not point out the acidification
problem that occurs during the biogas production of
cassava peels. Earlier Okafor et al.[11], conducted
preliminaries studies on biogas production of
cassava peels by the anaerobic digestion technology
then showed their low biogas potential probably as
a result of their content of toxic cyanogenic

glycosides. These compounds degrade during
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fermentation of cassava waste and lead to hydrogen
cyanide and acetone which are toxic to
methanogenic bacteria.Some solutions have been
identified to overcome the observed inhibition. For
instance alkali pre-treatment such as addition of
lime, sodium hydroxide (NaOH) and potassium
hydroxide (KOH) removes the acetate groups from
hemicellulose and makes them more accessible to
hydrolytic enzymes which in turn enhances the
digestibility[15]. Although the use of chemicals
improved biogas production, attention should be
paid to the investment cost related to the chemical
products and environmental problem caused by the
industrial scale of the process. Cassava waste, being
rich in carbohydrates with a negligible amount of
proteins, which lead the formation of fatty volatile
acid and inhibit the methanogenic bacteria, as result
of the low level of methane production in the
digesters could be adjust by addition of nitrogen rich
substrates. Manilal et al. [16] has showed the mixing
of higher proportions of 20% (w/w) cow dung (C:N
ratio 20:1) increased the nitrogen content of the
materials in digesters and therefore increased the
methane content of biogas. Water hyacinth
(Eichhornia crassipes) which is an invasive plant
widely spread on West African rivers, especially in
Benin contents nitrogen in range of 12-35% [17].
Given to its high nitrogen content water hyacinth
could adjust the high C:N ration of cassava peels to
the optimum C:N of [20-30] for anaerobic digestion.
Studies on the energy recovery from cassava waste
and water hyacinth in the Republic of Benin are
scarce or have not documented. The current study
focused on cassava waste and water hyacinth
methanogenic potential evaluation as an essential
step in anaerobic treatment on a large scale. A small
scale of anaerobic co-digestion of cassava peels with
water hyacinth was experimented which is one step
ahead of solving the environmental pollution caused

by the proliferation of both cassava industries and
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the water hyacinth. The biogas generated by the
anaerobic digestion technology on large scale could

provide to rural communities and cassava industries

2.Materials and Methods

2.1. Biomass evaluation

2.1.1. Laboratory scale cassava processing

A mass of 3.6 kg of cassava root taken from exotic
products markets in Nantes (France) were manually
peeled wi and grated using a mixer in the GEPEA
Laboratory of IMT-Atlantique of Nantes. The grated
pulp was transferred into a basket, then fermented at
room temperature for three days. The fermented pulp
was manually pressed to extract the starch juice. The
peels were dried-ground at 105 °C and stored at
room temperature in sealed containers. Starchy
water was stored at -20 °C for later use.

2.1.2. Evaluation of the biomass and sample
collection in Benin

Cassava waste and water hyacinth evaluation was
respectively carried out in several cassava
processing units and rivers in Benin during the
period of March 2018 to April 2018. The cassava
processing industries visited, consist of small groups
of women who process cassava manually throughout
the year. The production averages 16 tons of cassava
per week during the rainy season and 8 tons in the
dry season. The collected cassava peels and water
hyacinth were dried at 75°C and packaged at the
Laboratory of Biology and Molecular Typing in
Microbiology of the University of Abomey-Calavi in
Benin Republic before being transported to the
laboratory GEPEA in France for further analysis.
2.2. Characterization of samples

2.2.1. Gravimetric analysis

The elemental analysis (CHNS/O) were performed
using a CHNS-O Analyzer ThermoFinnigan Flash
EA 1112 Series. The total solids (TS), the volatile
solids (VS) and the ash content were determined

according to AFNOR standard [18], [19]. The dry
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cost-effective energy and electricity in the Republic

of Benin.

matter was milled using an IKA MF 10 model knife
mill to obtain a fine powder for carbohydrates assay.
The thermogravimetric analysis (TGA) was carried
out using the Setsys Evolution device in order to
determine the fraction of complex sugars and the
lignin content of the samples. According to the
literature, the hemicellulose compounds degrade
from 250 °C followed by the cellulosic compounds
from 300 °C. Finally, the degradation of
lignocellulosic compounds is achieved from 500°C.
2.2.2. Determination of protein content.

Protein content was calculated by multiplying the
total nitrogen obtained from CHNS-O analysis by
6.25 (extracted from Zhong et al. [20]).

2.2.3. Determination of total carbohydrates.

The total sugars were determined according to the
phenol-sulfuric acid method [21]. Briefly, 50 mg of
the powder (dry matter) of the sample was
hydrolyzed with 5 ml of a hydrochloric acid solution
(2.5N HCI). The mixture was heated with a double
boiler for 3 hours. After hydrolysis, the tubes were
cooled to room temperature and then neutralized
with sodium carbonate (solid). Aliquots (0.1 ml) of
the neutralized solution containing the sample were
diluted to 1: 10 and 1: 100 respectively in 0.9 ml of
distilled water. After dilution, 1 ml of a phenol
solution (5%) and 5 mL of a sulfuric acid solution
(96%) were added and the contents were well mixed
and cooled to 25-30 °C in a water bath. The intensity
colour of the samples was measured at 490 nm using
an Orion Aquamate 7000 ultraviolet-visible
spectrophotometer. The total sugar content was
calculated using equation 1 of the standard
calibration curve. The standard D-Glucose curve

was:
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¥=0.0104 x + 0.0108 with R?= 0.9979

where R? represents the linear regression and x, y are

respectively the glucose concentration and
absorbance.

2.2.4. Determination of total lipids

Total lipid extraction was performed using C.
Gerhardt's SOXTHERM® rapid method based on

the use of solvents (polar and non-polar) to extract

(Equation 1)

crude oils from the samples. Since the solvents react
differently with the sample, polar and non-polar
solvents were used to evaluate the effect of solvent
polarity on lipid extraction. The solvents used in this
study are: n-heptane as non-polar solvent and diethyl
ether as the polar solvent. The physical properties of

each solvent are shown in Table 1.

Table 1: Physical properties of solvents used for lipid extraction [22]

Solvent Formula Physical state Fusion point (°C) Boiling Point (°C) Density (g/ml)
Non-polar solvent

n-Heptan C7Hie liquid -90.6 °C 98.4 °C 0.68

Polar solvent

Diethyl ether C4sHi0O  liquid -116.3 °C 34.6 °C 0.714

About 6 g of dried-ground sample were weighed into
a cellulose sewing thimble and placed in a
cylindrical glass container containing pumice stone.
A volume of 125 ml of solvent were poured into the
cylindrical glass container until the sample in the
thimble was completely immersed in the solvent.
The set was placed in the Soxhlet extractor. The
extraction process was carried out through a high
temperature extraction phase followed by an
evaporation phase during which the level of the
solvent was reduced until a clear separation between
the solvent and the extraction dice occurs. The lipids

were then extracted from by the boiling solvent

w2-w1i)

% Lipid content = * 100

where WI = Weight of the cylindrical container with
pumice stone before the extraction process;

W2 = Weight of the cylindrical container containing
the lipid extract and pumice stone; W3 = Weight of

the sample.
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through reflux and condensation movements. Most
of the solvent was distilled in the storage tank for
later recovery. At the end of the process, the
extraction beakers were lifted automatically from the
hotplate. The evaporation process continued slightly
without any adverse effects on the sample. Coolant
and heating was automatically disabled when
extraction was complete. The total lipid content was
determined by using equation 2 from the initial
weight of the sample and the weight of the
cylindrical glass container before and after the

extraction.

(Equation 2 )

2.3. Estimation of the stoichiometric methane
(Bo) yield of the samples.

The empirical formula (CHyOcNgSx) was
established based on the elemental composition (C,
H, N, S, O) of the samples. According to Angelidaki

et al.[23] , when the composition of organic matter
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is known, it is possible to evaluate the theoretical
yields of methane and ammonia that can be expected
from anaerobic digestion. Therefore the maximum
methane stoichiometric (B,) yield of the samples was
determined

following the equations 3&4

established by Buswell et al. [24] and adopted by

., (4a—b—2c+34d)

Sialve et al. [25]. The results, however, give only a
maximum potential for methane, and will often be
far too optimistic because neither the non-degradable
materials nor the energy demand of the microbes as

well as the inhibitory effects are not considered.

CaHbOcN dT 4 HZO
(Equation 3)
In this equation, the organic matter is

stoichiometrically converted to methane, carbon

dioxide and ammonia. The specific stoichiometric

(4a+b—-2c-3d) CH,+ (4a—b-;2c+3d) CO, + dNH;

methane yield expressed in milliliters of CH4 per
gram of volatile solids (VS) can therefore be

calculated as follows:

Bo =

where Vm is the molar volume of methane under

normal pressure and temperature conditions.

2.4. Estimation of the theoretical methane yield of
the samples.

Organic materials are mainly composed of
carbohydrates, proteins and lipids that can be broken
down into simpler compounds by microorganisms in
an oxygen-free environment with the following
process steps: hydrolysis, acidogenesis, acetogenesis
and methanogenesis [26], [27]. The process of

producing biogas from an organic material depends

1

Br=
T 100

where A, B and C are respectively the specific
methane yields of lipids, proteins and carbohydrates
and Cl, Cp, Cc are the respective concentrations

(based on % TS) of the lipids, proteins and
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1/ ( 4a+b—-2c-3d
8 \12a+b+16c+14d

) Vm (Equation 4)

mainly on the content of the substrates that can be
converted into biogas, while their chemical
compositions and their biodegradability are the key
factors in the production of biogas and methane [28].
Determining the degree of biodegradability and
substrate composition optimizes biogas/methane
production [29]. Knowledge of the concentration (on
a % TS basis) of carbohydrates, proteins and lipids
in the substrate made it possible to calculate the
maximum theoretical yield (Bt) of the samples using
the formula (equation 5) established by Prajapati et
al[30] :

(AXCl+BXCp+CxCc) (Equation)5)

carbohydrates of the organic substrate.Table 2
extracted from Angelidaki et al.[23] compiles the
specific methane yields of carbohydrates, lipids and

proteins.
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Table 2: Theoretical characteristics of typical substrate components

Substrate Components Specific yield of methane (1/gVS)
A Lipids C57H1040(, 1014
B : Proteins* CsH/NO: 0.496
C : Carbohydrates (CsH100s5)n 0.415

* Nitrogen is converted to NH3

2.5. Experimental evaluation of biochemical
potential of methane (BMP).

2.5.1. Method for determination of the rate of the
biodegradation

The biochemical methane potential of the samples
collected in Benin was carried out following the
protocol developed by Angelidaki et al. [31] with
minor modifications. Actually, biochemical methane
potential gives the best information on the behaviour
of a biogas feedstock in a biogas plant [32] which is
an important test for the anaerobic degradability and
acceptability of a feedstock. The experiment was
conducted in 500mL serum flasks handle
hermetically sealed caps with orifices for gas outlet
and sampling. The useful volume was maintained at
400 ml and the remaining 100 ml were left for gas
storage. The cassava peels used was previously
mixed with akanwu at 1:1 ratio. Water hyacinth and
cassava wastewater have not undergone any pre-
treatment. The inoculum was taken directly from the
anaerobic reactor in the GEPEA laboratory treating
green waste, food waste and primary sludge. The
initial concentration of the inoculum was 3.1gVS/L
and the ratio of substrate/inoculum was 1 (based on
VS content). The volume of the inoculum added was
300mL. Phosphate buffer pH = 7.2 was added to the
flasks containing cassava peels then only tap water
in those containing water hyacinth and cassava
wastewater up to a volume of 400 ml. The carbon to
nitrogen ratio was 70 for the cassava peels and 11 for

cassava wastewater and water hyacinth.
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2.5.2. Lab-scale anaerobic co-digestion of cassava
peel with water hyacinth

The C/N ratio is a limiting parameter of biogas
production by anaerobic digestion which expresses
the relationship between the amount of carbon and
nitrogen present in organic materials. The C/N ratio
makes it possible to judge the ability of organic
matter to decompose more or less quickly. Materials
with different C/N ratios differ widely in their biogas
yield. The ideal C/N ratio for anaerobic biodigestion
is ranged from 20 to 30 [33]. Cassava peels are rich
carbohydrates substrate with the low nitrogen
content making its C/N ratio high and unconfortable
for unique substrate of anaerobic digestion. In order
to balance the nutrient required for microbial
production and biogas production, the anaerobic co-
digestion was led by mixing raw cassava peels as
carbon-rich substrate with water hyacinth as
nitrogen-rich substrate. The experiment was done in
500 ml batch digesters with an adjusted C/N ratio to
30. The substrate to inoculum ratio was
approximately 1.3. The inoculum concentration was
4.7 gVS/L. A volume of 300ml were added in each
flask. After feeding the substrate and the inoculum
in the vial, only water was added to reach the volume
of 400mL.

All tests were done in duplicate and vials containing
only inoculum and water were used for control. The
pH of each vial was measured at the beginning and
at the end of the reaction. After inoculation, the
prepared flasks were purged with N, and then

maintained under stationary conditions at 37+ 1°C
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for incubation. The volume of biogas produced was
measured every 24 hours by a liquid replacement
system until the cessation of production. The biogas
flow rate produced daily was measured by the
displacement of the water in the test tube. Biogas
from the headspace of the flask was collected daily
3.Results and discussions

3.1. Evaluation of feedstock of cassava waste and
water hyacinth

Cassava processing is an activity that generates solid
and liquid wastes. The cassava root (3.6 kg)
processed in the laboratory generated approximately
0.83 kg (23%) of peels and 0.65 1 (18%) of starch
water consisting solely of pressing juice. The
cassava waste feedstock evaluation in Benin showed
that cassava peels account for about 33% of the
cassava fresh root weight. As industries do not have
a cassava wastewater collection system, it was
difficult to quantify the amount of wastewater
discharged. The peels quantity obtained are in the
range of 20-35% reported by Ekundayo et al [8]. The

using a gas syringe and analyzed using G2801A
Model 3000A Micro GC 4-Channel gas
chromatography (Agilent Technologies, China).
Biogas production from the control bottle was also
analyzed simultaneously then subtracted from the
total volume of biogas produced in the samples.
amount of cassava wastewater obtained in the
GEPEA laboratory was close to those found by Nago
etal [4] . The water hyacinth is a perennial plant with
indeterminate growth that invades the Beninese
rivers including rivers So, Ouémé and Lake Nokoué.
The multiplication of hyacinth is mainly by
vegetative release of clones [34] which allows the
plant to produce a large number of individuals in a
relatively short time interval. The maximum growth
of hyacinth is observed at 20-30° C and its maximum
density in infestation areas can reach 60kg/m? [35].
3.2. Samples characterization.

The results of physico-chemical and biochemical

analysis are shown in Table 3.

Table 3: Biochemical and elemental composition of samples (represented as mean = SD, for n > 1).

Parameters® Values found in this study Literature review values
Cassava Cassava Water Cassava Cassava Water
peels wastewaters  hyacinth | peels wastewaters  hyacinth
(CP) (CWW) (WH) (CP) (CWW) (WH)
pH ND 3.8 ND 5.68 [44] 4.04-5.4 [45] -
Total solids ND 3.5+0.65 ND 25-35 [7] 0.4-4.6 [45] 6.12 [22]
Volatile solids 91.7£0.4 76.8+7.2 84207 |9097 [7] 31.6-86 [45] 75.8% [21]
Carbon 41.8+0.2 36.4+02 40.5+03 | 33-46 [7] - -
Hydrogen 6.0+0.2 5.7+0.02 5.4+0.1 - - -
Nitrogen 0.6x0.3 32+0.2 3702 0.6 [7] 0.001-0.05[45] 1.5% [21]
Oxygen calculated 43.3+0.4 30.849.6 36.2+43 - - -
Ash content 8.3+0.4 232472 15.8 0.7 - - 24.2%][21]
Sulfur <LD <LD <LD - - -
Carbohydrates?® 63.0+4 .4 3.63£0.14 26.5£4.3 65-85[7] 0.04 [11] -
(starch)
Page 83
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Protein calculated 3.6 2.6 20.3%1.6
Lipid® 9.6£0.2 3.0+0.3
Cellulose 14.1 5.2
Hemicellulose 40.2 453
Lignin 13.6 15.6

C/N ratio 46.7-138.7 11.4+0.9

23.1+1.8 - -

12-35 [20]

26.1£5.3 - - -

14
29
18.8

11.020.7

76 (71 - :

* All data are given as a percentage of dry matter (DM), total solids (TS) as percentage of fresh matter, C/N and

pH are unit less

ND: Not Determined

LD: Limit of Detection

! Determined using equation 1

Determined using equation 2

Globally, the results obtained in this study are
similar close to those found in the literature even if
they are less complete. The analyzed samples
contain high biodegradable organic matter proven by
the high volatile solids and relatively low lignin
content. The acid pH of cassava wastewater
observed is mainly due to the presence of cyanogenic
glycoside compounds such as linamarin and
lotaustralin [36]. In fact, the linamarin presents in
each part of the plant gives by hydrolysis, glucose,
acetone and hydrocyanic acid consisting of organic
matter observed. Cassava peels has showed the
highest sugars content compared to cassava
wastewater and water hyacinth whereas water
hyacinth and cassava wastewater have a relatively
high protein content. The complex carbohydrates
(hemicellulose and cellulose) content observed by
thermogravimetric analysis (TGA) was higher in
comparison to the total sugars obtained by chemical
analysis. This disparity may be due to the
simultaneous degradation of proteins and lipids
bonded to carbohydrates either in the form of
glycoproteins or glycolipids at high temperature.
The difference was even higher in the case of cassava
wastewater indicating the presence of fermentation

product such as lactic acid, acetic acid mixed to the
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degradation product of cyanogenic glycoside that are
not detectable during the chemical analysis of
carbohydrate but which could be degraded during
thermogravimetric analysis. Further, the relatively
high carbohydrate content of the cassava peels and
water hyacinth observed in this study shown that
these substrates could also be used as a good source
of bioethanol production. This observation is related
to Prajapati et al.[30] who reported algae
carbohydrates content of 25.30% as good for a
bioethanol production. The chemical composition of
cassava wastewater varies significantly from one
sample to another depending on the extraction
process used [10], [36]. The high nitrogen content of
the cassava wastewater observed in this study may
be linked to the variety of the cassava root and the
starch extraction process used. In fact , the
composition of the cassava root varies according to
the variety, the locality, the age of the harvested plant
and the environmental conditions [37]. According to
the process , the amount of residual starch in the
cassava wastewater varies significantly. This
parameter also affects the cassava wastewater
composition such as the total solids and the volatils

solids.
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Overall, the C/N ratios calculated in the different
samples make it possible to conclude that this
feedstock cannot be used as sole substrate of
anaerobic digestion. Calculated C/N values are not
included in the optimal range of anaerobic digestion
,1.e.20-30 [33]. The high C/N ratio and the presence
of cyanogenic glycosides in cassava peels can induce
excess acid production, nitrogen deficiency and the
release of cyanide, which is highly toxic to
methanogenic bacteria [38]. A high C/N ratio ranged
from 48.7 to 76 was also quoted in the literature [6],
[44] indicating the nitrogen deficiency of cassava
peels which could lead to a decrease in methane
production efficiency due to the deactivation of

methanogens and the possible failure of the whole

3.3. Estimation of the maximum stoichiometric
and theoretical methane yield.

The elemental composition of the different
samples made it possible to establish their empirical

Table 4: Atomic constituents of the samples.

process [40]. Kpata-Konan et al [41] stated that
cassava wastewater are biorecalcitrant to anaerobic
mono-digestion due to their acid pH (pH <3)and a
nitrogen deficiency (0.6 - 0.8 g/L). An inhibitory
effect due to high acid production and nitrogen
deficiency in cassava waste methanogenesis in
fermenters was also reported in the literature [42],
[43]. However, the nitrogen deficiency of cassava
peels (0.6 = 0.3% TS) could be offset by the high
nitrogen content of both water hyacinth (3.7 = 0.2%
DM) and cassava wastewater (3.2 = 0.2 % TS) by
anaerobic co-digestion. Attention must be paid to the
high acidity of the mixture while co-digesting

cassava wastewater and cassava peels.

formula according to the method defined by Murphy
et al. [44]. The Table 4 shows the atomic

constituents of the different samples.

Sample Chemical Elemental Mass Atomic Ratio of mass Number of
element composition contribution = mass contribution by atoms per mole
(% DM) of each the atomic mass
element(g/L)
Carbon 41.8 418 12 34.83 81
Hydrogen 6 60 1 60 140
CP Nitrogen 0.6 6 14 0.43 1
Oxygen 43.3 433 16 27 63
Carbon 36.4 364 12 30.33 13
Hydrogen 5.7 57 1 57 25
CwWw Nitrogen 32 32 14 2.29 1
Oxygen 30.8 308 16 18.25 8
Carbon 40.5 405 12 33.75 13
Hydrogen 54 54 1 54 20
WH Nitrogen 3.7 37 14 2.64 1
Oxygen 36.2 362 16 22.62 9
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The following empirical formulas emerge:
CsiHi40063N;  Ci3HsOsN - and  Ci3Ha0O9N
respectively for cassava peels (CP), cassava

wastewater (CWW) and water hyacinth (WH). By

integrating respectively, the number of atoms and the
concentration of organic compounds of each sample
in the formulas established in equations 4 & 5, the

values Bp and B obtained are shown in the Table 5.

Table 5: Results of maximum stoichiometric B, and theoretical B yields of samples.

Samples Empirical formula Bo(ml CH4 g'1VS) Br(ml CHs g'1VS)
Ccp Cs1H140063N 440 377
WH Ci3H2009N 428 489 -
CWW Ci3Ha5012N 362 146
As expected, the samples showed different In general, the stoichiometric potential B, values

stoichiometric and theoretical yields of methane.
These yields are a function of their respective
chemical compositions. Cassava peels showed the
highest stoichiometric value. This high value can be
attributed its high carbon content (41.8 % TS). In
addition, the volatile solids content of cassava peels
was higher than cassava wastewater and water
hyacinth (91.7% DM vs 76.8% TS and 84.2 % DM
respectively). Water hyacinth has the highest
theoretical potential (Bt) due to its high lipid content
(26.12 £ 5.3% DM). In fact, in terms of the
theoretical methane potential, the higher the lipid
content of the organic compound, the higher the
yield of the methane potential. The high energy
content of lipids makes lipid-rich substrates most
attractive for anaerobic digestion due to their higher
gas production potential than carbohydrates and
proteins [45], [46].Indeed the low lipid content of

cassava and its residues was also reported [13]
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observed in the present study are relatively higher
than the theoretical potential Bt calculated. The Br
values obtained could be explained by the fact that
the specific methane yields extracted from
Angelidaki et al. [23] to calculate the theoretical
potential Bt are specific to lipids, proteins and
carbohydrates determined by empirical formulas of
the substrates used . It is also important to mention
that the organic matter content of a sample may vary
according to age, climate or region and this
parameter may significantly affect the theoretical
potential methane of a substrate. Therefore, methane
potential estimation based on empirical formulas
developed from the elemental composition is more
The stoichiometric

appropriate. methanogenic

potential values are more or less close to

methanogenic potential values expected in practice.
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3.4. Biochemical potential of methane.

The evaluation of the biochemical methanogenic

potential lasted between 7 and 15 days. The biogas

yield measured in ml biogas/gVS.aed and the

methane yield measured in mICH4/gVSaddea are

shown in the table 6.

Table 6: Result of biochemical potential in methane and biogas potential of samples (represented as mean + SD,

forn>2).
Parameters CP CwWw WH Control 1 CP+WH Control 2
Volatile solid Substrate (g) 0.92 0.92 0.92 0 1.8 0
(CP =1.38; WH=0.42)
Volatile solid Inoculum (g) 0.92 0.92 0.92 0.92 1.41 1.41
Potash (g) 1 0 0 0 0 0
Phosphate buffer (ml) 98 0 0 0 0 0
Water (ml) 0 71 99 100 98 100
C/N ratio 70 11 11 - 30 -
pH initial 7.5+£0.1 6.1+0.5 6.8+0.1 7.0 7.1 7.3
pH final 7.2+¢0.1 7.31%0.2 6.920.1 7.0 7.1£0.1 7.5
Vol Biogas.cum Substrate (ml) 545+75 535%15 285+15 0 685+5 0
Vol Biogas.cum Inoculum(ml) 190 190 190 190 0 0
Vol Biogas.cum Total (ml) 73575 725%15 475+15 190 685+5 0
%CH4 average 56%2 55+2 55+1 37 55+1 0
Vol CHs.cum Substrate (mL) 307453 296+1 15711 70 380+6 0
Biogas yield (mLbiogaz /gVS
substrate) 592482 58117 309+17 207 0
Methane yield (mLCH4 /gVS 380+3
substrate) 333458 322+1 171£12 76 0
21143
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The average methane content was 56 + 2% (v/v of
biogas) in all flasks. The biogas yield values
observed of cassava peels and water hyacinth were
close to those reported by Cuzin et al.[6] and
Almoustapha et al. [47] respectively. Average
methane content of 51% was also observed during
anaerobic digestion of cassava peels in batch mode
reactor under mesophilic conditions [13]. The
biogas yield observed of cassava wastewater was
slightly higher than that reported by Colin et al.[10]
.However, it is important to highlight that the

samples used during that study have low total solids

500
450
400
350
300
250
200

150 /

100

Vol.cum CH4 (mL)

0 2 4 6 8

Time (day)

- CP CWW WH

CP+WH

and volatils solids content compared to the one
experimented in this study.

Basically the methane yield obtained through the
biochemical methanogenic potential test are in line
with Speece et al. [48] who stated that a BMP
measurement should never exceed 350Nm’/t
CODudded.

The cumulative production of methane curve as a
function of time of all tests is shown in the figure

below.

10 12 14 16

Control 1

Control 2

Fig. Evolution of cumulative methane production of cassava peels (CP) , water hyacinth (WH) and cassava

wastewater (CWW) and the co-digestion ( CP+WH) as a function of time.

The cumulative methane production curves of
cassava peels (CP), water hyacinth (WH) and the co-
digestion (CP+WH) observed were similar and
significantly different from cassava wastewater
cumulative  methane  production. = Methane
production grew quickly in the first four days due to
the initial pH values ranged from 6.8 to 7.5 which is
favourable to the good activity of the methanogenic
bacteria contained in the inoculum. In addition, the
quick methane production is a proof of the high

biodegradability of both substrates. The potash has
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improved the cassava peels anaerobic digestibility
and allowed a high methane yield observed. This
observation is in line with Ofoefule et al.[49] who
obtained the highest cumulative methane yield with
cassava peels premixed with akanwu potash. In fact,
the low biodegradability of lignocellulosic materials
under anaerobic conditions preventing their use as
sole substrate for anaerobic digestion can be
improved by using an alkaline solution such as
NaOH, KOH [15]. During the first four days,
hydrolytic and fermentative bacteria degrade

polymers and monomers and produce mainly acetate
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and hydrogen and varying amounts of volatile fatty
acids (VFAs) such as propionate and butyrate.
Hydrolytic microorganisms excrete hydrolytic
enzymes such as cellulase, cellobiase, xylanase,
amylase, lipase and protease. Most of the bacteria
involved in the degradation process are strict
anaerobic bacteria such as Bactericides, Clostridia
and Bifidobacteria . After that step, volatile fatty
acids are converted to acetate and hydrogen by

hydrogen producing acetogenic bacteria. At the end

of the degradation chain, two groups of
methanogenic bacteria consisting of
hydrogenotrophic methanogenic bacteria and

methanogenic acetoclastic bacteria produce methane
from acetate or hydrogen and carbon dioxide.
Hydrogenotrophic bacteria use the H, produced by
the acetogenic bacteria. H, absorption by
methanogens is very efficient, having an affinity of
parts per million, which ensures a very low hydrogen
partial The

pressure. relationship  between

acetogenic bacteria and methanogenic
hydrogenotrophic bacteria is an excellent example of
syntropic mutualism. Bacteria from different trophic
groups convert propionate, butyrate and long-chain
fatty acids into methane and water. Starting from the
day 4, a slight decrease of methane production was
observed and peaked on day 7 for cassava peels and
water hyacinth and then plateaued until day 10 for
the co-digestion (CP+WH). This period corresponds
to the conversion of the residual volatile fatty acids
into the methane and the gradual depletion of the
substrate in the flasks. Despite the fact that the
cumulative methane production curves of cassava
peels and water hyacinth showed a good production
of methane of both substrates, the presence of intact
particles in the digestate indicates that pre-treatment
of the biomass would improve the anaerobic

biodegradation and therefore increase the methane

yield.
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The methane production of cassava wastewater
(CWW) flasks showed a delay until day 4 then
increased considerably from the day 4 until the day
15. This delay was linked to initial acidic pH
conditions (6.1+0.5) which are not favourable to
methanogenic bacteria activities. In fact, little
methanogenesis reaction can take place between pH
6-6.5[50]. However, in high acidic condition, two
situations can occur, either the anaerobic digestion
starts again after the pH has risen, or the micro-
organisms could adapt to the pH [51]. In this study,
the anaerobic digestion has started again due to the
rise of pH (6.1 to 7.3).

The methane yield in co-digestion of cassava peels
with water hyacinth was relatively higher compared
to the mono digestion of water hyacinth alone. In
addition, the co-digestion removed the chemicals
such as akanwu potash and phosphate buffer used in
the treatment of cassava peels alone. Finally, co-
digestion improved the nutrient balance of total
organic carbon and nitrogen content of the mixture
resulting in a stable and maintainable digestion
process. These observations are in line with Braun et
al.[52] that stated that co-digestion helps to maintain
stable and reliable digestion performance and a good
quality of digestate fertilizer.

In summary, experimental methanogenic potential
values observed were lower than estimated
stoichiometric (B,) values. This difference is related
to a certain number of factors such as non-
degradable material and energy demand of the
microbes. Angelidaki et al.[23] also stated that the
practical efficiency obtained in a biogas reactor will
always be lower compared to theoretical biogas
potential. Indeed, estimating the theoretical potential
of specific methane makes it possible to quickly and

easily understand the bioenergy production potential

of any organic substrate.
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4. Large-scale feasibility of the biogas process
from cassava waste and water hyacinth in
Republic of Benin.

In practice, to initiate a biogas plant, one must
ensure the availability and the biodegradability of
the substrate to be used but also the socio-economic
feasibility aspect of the project. From the point of
biomass availability in Republic of Benin, the
cassava plant adapts to all climatic conditions and
even the most hostile. Its cultivation does not require
fertilizer. These characteristics make cassava easily
cultivable for all farmers and its availability
throughout the year. Cassava production has grown
rapidly over the last decade. The average yield per
hectare of cassava estimated at 12 tons in 2010
increased to 13 tons in 2014, then to 15 tons and 16
tons in 2015 and 2016 [2]. In parallel, the water
hyacinth grows in a very dense way on the rivers S
and Ouémé, and the lake Nokoué forming a green
carpet [53]. Besides, the biochemical methanogenic
potential value observed has demonstrated that the
co-digestion of cassava peels and water hyacinth
could be an interesting way of valorization of these
substrates to generate biogas. However, the limits of
the process cannot be ignored and must be overcome
so that the production of methane as a renewable fuel
from cassava waste and water hyacinth becomes
sustainable. The major difficulties in the anaerobic
treatment of cassava waste are mainly related to their
high starch content, a high C/N ratio and the
presence of cyanogenic glycosides [6], [41].The co-
digestion has allowed to treat effectively two
different substrates in the same reactor. The use of
water hyacinth has removed the chemicals such as
potash akanwu and phosphate buffer used in the
treatment of cassava peels alone. The co-digestion
will therefore reduce the investment cost due to the
treatment of these different organic matter at a larger
scale. From the point of socio-economic, given that,

the limits and possibilities of anaerobic digestion are
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better known, co-digestion has become a standard
technology. Biogas technology by anaerobic
digestion is now one of the most viable renewable
energy technologies. The level of profit is based on
its direct use for cooking or conversion into
electricity. However, since 1993, SONGHAI project
has been developing the production of biogas in the
country with a digester designed in China of 20m?
capacity. The main substrates used are water
hyacinth and pork droppings. The biogas produced
is mainly used for domestic cooking [54]. After a
study of the profitability of the system which turned
out to be positive, SONGHAI was asked to set up
similar projects with other substrates such as
droppings chicken and/or quail and salad. Since
then, many non-governmental organizations and
start-ups are actively involved in the recovery of
household and municipal organic waste for the
production of biogas and/or compost. This is among
others, the ReBin Foundation, ACEED-Benin, EREP
SA-Benin, the UAC Startup Valley.... etc . This
shows the feasibility of implementing a biogas
project in Republic of Benin through the anaerobic
digestion technology and therefore its social

acceptability.

5. Conclusions

The full characterization of cassava waste and
water hyacinth showed the existent of high content
of biodegradable organic matter consisting of lipids,
proteins, carbohydrates and a low fraction of non-
biodegradable material such as lignin . These
observations were confirmed by the theoretical and
experimental evaluation of methanogenic potential.
Estimating the theoretical methanogenic potential
allowed to quickly and easily understand the
bioenergy production potential of any organic
substrate. However, the experimental values of
methanogenic potential obtained were relatively

lower in comparison to the theoretical calculated
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values. Using of chemical products increased the
cassava peels biochemical methanogenic potential.
However, the co-digestion of cassava peels with
water hyacinth removed the chemical products such
as potash akanwu and phosphate buffer used in the
treatment of cassava peels alone. Moreover, the
methane yield of water hyacinth has increased
during the co-digestion. Finally, the anaerobic co-
digestion could be an alternative of energy
recovering at a larger scale. The cost of anaerobic
treatment process of cassava peels on an industrial
scale could be reduced through the use of water
hyacinth as a source of nitrogen. Given to the
carbohydrate content of cassava peels and water
hyacinth, production of bioethanol could also be a
suitable way to recover energy from these organic
compound. On the other hand, the high acidity of
cassava wastewater does not allow the rapid
degradation of organic matter and requires longer
retention times. This observation is not economically
sustainable to the biogas plant. Hence, other paths of
valorization of cassava wastewater must be
explored. Aerobic treatment could be the sustainable

way of valorization of the cassava wastewater.
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Abstract— This article presents the experimental investigation of heat discharges provided by the condenser to heating water
domestic refrigerator by using waste heat recovery for water (as shown in figure 1).
heating. The results obtained, with the recovery of the thermal

discharges of this refrigerating machine, demonstrated that the Evivgtetos hailo

water temperature in the tank reached 50°C, and with a D4

continuous use of the domestic refrigerator to maintain proper ||| I ” | Il I | ” I“

food storage condition, the temperature will be better. This Frein output
system will reduce the electricity consumption and rejected less Freon input

heat to the environment so it is safer in environmental aspects.

Hot water
Compressor Condenser
Keywords— Waste heat recovery, Domestic Refrigerator,
Energetic and Environmental Interest, Experimental analysis. I
| L] coldwater input T
I. INTRODUCTION Water cumulus

In the world, a large amount of hot water is required for many Fig.1: Domestic Refrigerator with Water Heater Tank [3]
purposes like cleaning, bathing, washing etc [1]. With this
demand of hot water in residential and commercial buildings,
the most used method to heat water is the fossil fuels, the

II1. EXPERIMENTATION AND MEASUREMENT

.y . EXPERIMENTAL SETUP
natural gas or electricity. These conventional methods for o )
water heating are leading to global warming and ozone layer As .shown m Flg-.2’ an expepmental test has been purposely
depletion [2]. With the demand of emission reduction and designed to investigate the different temperature and pressure
energy conservation, the domestic refrigerator technology for ~ ©f household refrigerator with water heating system.

water heating should be a feasible system to save energy
consumption and reduce the greenhouse gases [3]. Therefore,
in comparison with traditional water heater, the condenser of
domestic refrigerator immersed in water makes a better use of
energy. Then, why not to recover waste heat from condenser
unit of a domestic refrigerator to heating water and to
improve the performance of the system. [4]

II. SYSTEM DESCRIPTION Fig.2: Domestic Refrigerator with Water Heater Tank photograph.

The household refrigerator with a water heater tank is based
on the same principle of vapor compression cycle but with
few modifications. The condenser cooled by the ambient air
is change by another one immersed in water to recover the
quantity of heat rejected in atmosphere (waste heat). The
main objective of this experiment is to utilize these different
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TABLE.1: SPECIFICATIONS OF THE REFRIGERATOR (NEWSTAR, MODEL
MP0500).

Compressor
model :AES30DS

Refrigerator model :
(NewStar MP0500)

climate class: ST Power supply(V/Hz):220-

240 /50

Rated current: 1.2A Displacement: 3.88 cm’

Refrigerant gas : R134a Motor type: RSIR

Volume: 46 L Cooling capacity: 88w
Energy consumption:0.52 COP:0.98
KWh/24h
Type of water tank: FRIGOBAMBO cooler with a capacity of

30 liters

Copyright -2019
ISSN 1737-9334

IV.RESULT AND DISCUSSION

Figure 3 shows the variation of temperature with time.
According to this Fig., The water temperature in the tank is
increased significantly (26 to 33°C) with a volume of water

isD’D24m3. This increase is due to the waste heat recovery
from the condenser of a domestic refrigerator. With
increasing of water temperature, the temperature of
evaporator is change (not stable) but not influenced by the
rise of water temperature.

40 -

—+—T.inlet condenser  —&—T.outlet Evaporator —— T.water

30 :
20 A

Temperature (°C)

Time (Hours)

Figure.3.Variation of temperature with time

Figure 4 illustrates the experimental results of temperature
with time. In the experimental study, the total amount of hot
water in the tank is conserved as no water consumption
during heating process. The results obtained after one day of
operation shows that the value of water temperature reached

3
is of 50°C with a volume of heated water is [0,024m ],
with a continuously use the domestic refrigerator this value
may be will be better.

——T.water —8—T.c.out & T.amb
80
;“3\ S50
T o g
IE- A0, o W
3p | = - ——gy——
e
B 20 1 A—d——r——f——i——i——— il
=]
10
=
o
ES S . S S I S -
Pl T~ AP MEPN L Ne S S

Time(hours)

Fig.4.Experimental results of the temperature with time

Figure 5 shows the variation of water temperature and heat
gained by the water with time. According to this Fig., the
water temperature in the tank increases with time. The heat
gained by the water curve is change (variable) with time (with
the increase of water temperature in the tank). It can be seen
that the temperature inside the water tank increases, the
heating capacity of the domestic refrigerator is reduced. This
result is in accordance with the literature (Xinhui Zhao et
al.)[5]

--o--TLwater ——Qw

r 60
- 50
a0
- 30
20
10

Watertemperature(°C)

Heat gained by water (W)

Time(hours)

Fig.5. Variation of water temperature and heat gained by the water with time
Figure 6 shows the variation of pressure and mass flow rate

of Refrigerant R134a with water temperature.
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Fig.6: Variation of Pressure and Mass flow rate of Freon R134a vs. Water
temperature

7

< Energetic Interest
Refrigerating machines have an energy interest during the
valorization of thermal discharges for water heating. For an
electrical energy consumption of 1 KWh, refrigerating
machines for example a domestic refrigerator provides 3 to 4
KWh of heating energy at their condenser.
With the use of refrigeration machines to heating water, a low
power consumption is achieved. So, this valorization
technique allows us to reduce the heating bill.

4+ Energy Savings (in KWh)
To calculate the Energy Savings, we are not interested in the
price of electric energy but we will evaluate the amount of
electrical energy that will be saved from the free energy
produced by the condensers of the refrigerating machines that
will have been supplied in the atmosphere without used.
To determine it, we have to calculate the coefficient of
performance (COP) of our refrigerating machine.
Then, the COP of the domestic refrigerator is defined by the
following relation:

Energy produced by the condenser in the form of heat

CapP =

Electric energy consumed by the compressor
When a refrigerating machine had a coefficient of
performance (COP) is 4 (Ben Slama.R [3]), this means that
for 1 KWh of electricity consumed, our domestic machine
will produce 4 KWh of heating energy.
In terms of electrical energy savings, if the refrigerating
machine produces 4 kWh of heating energy during a 1 KWh
of electricity consumed by the compressor, the output is 3
KWh of electric energy saved over a total of 4 KWh. Then
the energy savings is about 75%.
+ Environmental Interest
Nowadays, hot water production in residential sectors
contributes to the environmental pollution and global
warming. The use of the classical method; natural gas, wood
and other combustible sources; for heating sanitary water, the
planet will be degraded and the sea level will increase due to

a decrease in the volume of ice in the sea, and the ozone layer
may also be damaged.

All around the world, large emitters of greenhouse gases
are the machines that consume electrical energy. Once
greenhouse gas emissions begin to increase, the problem of
environmental degradation begins to increase. Therefore, with
the valorization of the thermal emissions from the
refrigerating machines used in heating water, we have
guaranteed a zero percentage of fumes released into the
atmosphere during the period of heating sanitary water. That
means a protection of the layer ozone and a low GWP
(Global Warming Potential).

V. CONCLUSION

The residential and commercial water heating technique
requires a high energy consumption; therefore they have a
great influence on the environment. The advantage of the
valorization of the heat rejection rate from the condenser
which have an influence on the economic factors (reduce the
cost of energy) and the environmental ones (reduction of the
emissions of greenhouse gases). Currently, the application of
this type of valorization of thermal discharges is common in
industry but given the gradual increase in energy costs and
environmental problems this number can only grow.
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Abstract— This document gives formatting instructions for
authors preparing papers for publication in the Proceedings of
an IEEE conference. With the complex examination of raw
material from a Sig deposit in Algeria in the region of Mascara
area, physical, chemical and mineralogical properties of
diatomite have been defined. It has been found that it is a
dominantly amorphous material, sedimentary rock of the type
silica-diatomite. The raw material consists of approximately
60% SiO,. Among the physical properties, we find a porosity of
60%, which constitutes a wide range of practical application, in
various fields, absorbing, insulating, natural insecticide, and
filter water etc. For determination of the chemical contents,
properties and origin of the raw material, the following methods
have been used, such as, chemical analysis, XRD analysis, optical
microscopy (SEM) and thermal analysis.

Keywords— Diatomite, DSC, X-Ray, Kieselguhr, Sig

I. INTRODUCTION

Natural diatomite was obtained from the Sig area of
Mascara in Algeria. Diatomite is a well-known natural
product, it carries several name, namely: kieselguhr,
diatomaceous earth, diatomite, diatomaceous earth, tripoli,
and diatomaceous flour. This is a clear colored rock
consisting primarily of silica and impurities (organic
compounds, sand, clay, calcium carbonate and magnesium,
salts, ...) ( Downs et al. 2002). Diatomite used for the
manufacture of cements, clay diet, bricks (Peter et al. 2005),
adsorbents, filter powders, fillers, and catalysts
(Martirosyan et al. 2003; Martinovic et al. 2006). As a
siliceous rock made up largely from diatoms, diatomite has
a unique combination of physical and chemical properties,
making it applicable for the removal of heavy metals and
organic pollutants, and as a filtration medium in a number
of industrial uses (Lin et al. 2007; Al-Degs et al. 2001). For
its high permeability, high porosity and chemical inertness,
many studies (Al-Ghouti et al.2003;ERDEM ET AL. 2005;
SHAWABKEH ET AL 2003). have been tested as an absorbent
product, used to remove dyes. These applications include
also filter aid, functional filler, insulation, catalysis support,
and carrier application, (Dantas et al. 2001; Martinovic et al.
2006). Most research is focused on the adsorption
properties of diatomite. The application of diatomite in the
field of wastewater treatment is highly dependent on its
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origin and further efforts are needed to improve its
adsorption capacity (Khelifaoui et al 2014). Porous
ceramics supports are, generally needed for membranes.
For the development of hight quality supports, it’s very
important to have pore size distribution, total porosity ratio,
surface quality, good mechanical properties and chemical
stability (Van Gestel et al. 2002). The use of ceramic
membranes has many advantages such as higher thermal
and chemical stability, pressure resistance, long lifetime
and catalytic properties from their intrinsic nature (Talidi et
al. 2011).

The Sig diatomite deposit as presented on Figure 1, is

located 5 km south-east of the town of Sig, 50 km from

the city of Oran and 40 km from the town of Mascara.
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Fig. 1 Geographical localization of the layer of diatomite (Van Gestel,2002)

II. EXPERIMENTAL PROCEDURE

Chemical and phase analyses of the diatomite sample
were conducted using X-ray fluorescence (XRF) and X-
ray diffraction (XRD) using ULTIMA IV Rugaku powder
diffractometer, and employing Cu Ka filtered radiation.
The morphology and microstructure of the materials were
studied by using PHILIPS XL 30 scanning electron
microscopy (SEM) technique. Simultaneous thermal
analyser, differential scanning calorimetry and
thermogravimetry analysis (DSC-TGA) were carried out
using a fully computerized TA Instruments Universal
Analysis 4.5A. This analysis is used to investigate
physical and chemical processes related to thermal effects
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such as phase transitions and mass changes due to
evaporation and decomposition of the sample. The tests
were carried out under the same experimental conditions,
about 10 mg of product were placed in an alumina
crucible for simultaneous thermal analysis (TGA-DSC)
and heated at a rate of 10°C/min, from room temperature
to 1200 °C in a static air environment.

III. MAIN RESULTS

Chemical composition of diatomite sample were
conducted using X-ray fluorescence (XRF) and presented
in Table 1, shows the predominance of silica and lime
with alumina and iron oxide in lower proportion.

Elements Concentration (%)
Al O3 2,65
SiO, 60,28
P,05 0,07
SO; 0,12
K,O 0,67
CaO 5,50
Fe,0; 0,91

TABLEI: Chemical analysis of original diatomite sample.

The X-ray spectrum of the raw diatomite sample presented
in Figure 2, shown the existence of calcite, Quartz and
Ankerite.

—

LRG0 A L OO N ) A |

Diatomite Brute

4000

Caiaite (CaC03)

2000

Calate

Position [*2Theta] (Copper (Cu))

Fig. 2 XRD Patterns of Diatomite original Sample

The morphology of diatomite sample was observed in
Figure 3 by PHILIPS XL30 scanning electron microscope.
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From these results, it is clearly observed that the diatomite
has a porous structure in the form of a honeycomb.

wks

% AccV  Spot Magn  Det WD Exp
#200kv 30 1000x SE 10.0 17294 Pr.C
; T —

Fig. 3 SEM micrography of the diatomite powder

The results of experiments thermal analysis were
performed in a TA Instruments Universal Analysis 4.5A, are
shown in Figure 4 with 1000X magnification

—TGA

wweIgnt (o)

200 400 600 800 1000 1200
Temperature (*C)

Fig. 4 Simultaneous thermal analysis TGA-DSC for diatomite
sample

We see a total weight loss of 17% at 1200 ° C occurring in
several steps. The first weight loss is associated with
endothermic peak due to evaporation of absorbed moisture.
The second weight loss is about 06 % observed at 260 °C and
the last mass loss between 633.37°C and 707.65 °C is
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divided in two steps. The first mass loss (8 %) is due to
burning of residual part and dehydroxylation and the last
weight loss (09 %). Thermal reactions associated with weight
loss shows two endothermic.

The first endothermic peak is at 84.7 °C and the second peak
at 707.65 °C corresponds to a <> 3 quartz transformation.

IV.CONCLUSIONS

The results of characterization of diatomite from a Sig
deposit in Algeria show the predominance of silica in
chemical analysis obtained by X-ray fluorescence and
amorphous material. However, the main quartz and calcite
lines are distinguished. During the observation on SEM, it
appears clearly a porous microstructure in the shape of
honeycomb. Coupled thermogravimetric and differential
calorimetry (DSC / TGA) thermal analysis, gave us a
good approach to the thermal and mass evolution of the
sample according to the temperature. The results show a
significant loss of mass for diatomite of the order of 17 %,
and the four peak transformation at different temperature.
From the results of the investigation carried out, it can be
concluded that the natural diatomite from the Sig deposit
may find application for obtaining of ceramic membranes
for water filtration.
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Abstract—this study aims to evaluate the effect of opening ratio
of the facade on the total energy consumption of a school
building. The goal is to provide architects with simple
operational recommendations for the choices they make in
designing of the facade. The investigation concerns a middle
school located in Biskra, Algeria, which is characterized by a hot
and arid climate. In this respect, various opening ratios and
different orientations have been tested to achieve optimal
lighting with a low level of energy consumption. The parametric
study used the Grasshopper program for Rhinoceros which is
one of the most popular parametric platforms today.
Experimental results are evaluated in terms of monthly and
annual energy consumption and optimal values are determined.
Simulations indicated that the change in opening ratio and
orientation has a significant effect on energy consumption for
heating, cooling, and electric lighting and an appropriate choice
made at the glass surface of the facade can significantly reduce
the total energy requirement of the building.

Keywords— Energy consumption, school building, window-wall
ratio, parametric design tool, hot and dry climate.

I. INTRODUCTION

With the growing global concern for sustainability, the
development of high environmental performance of buildings
is becoming a topic of interest for research. Maintaining a
comfortable and healthy indoor environment with minimal
energy consumption is a challenge for architects especially in
areas with a hot and arid climate. In these regions, designing
naturally lit buildings that are thermally comfortable while
consuming as little energy as possible is almost a paradox.
However, the design of the facade and especially the
appropriate choice of the transparent surface seems to be
decisive to meet such a challenge and ensure buildings with
"zero energy" [1]. The problem is even more complex in
school buildings where it is imperative to ensure both light
and thermal comfort in the classroom. Solving this problem
requires the development of a multi-criteria approach that
integrates climate, formal and functional data.

The main objective of this study is to initiate such an
approach that will highlight the impact of the opening ratio
and orientation of windows on the energy consumption
required for heating, cooling and lighting in classroom.

In Algeria, the realization of schools had to cope with the
urgent demand for the lack of infrastructure resulting from

escalating demographic and the institutionalization of the
right of education. The construction was governed by
standard plans largely reproduced to meet the criteria of
economy and speed of execution. However, the consequences
resulting from this strategy proved to be catastrophic from the
point of view of the quality of the spaces produced. Often, the
buildings constructed did not provide the minimum required
in terms of thermal comfort and level of illumination, which
made them highly dependent on the energy for their operation.

Indeed, school buildings by their function and tenure are
distinguished by a particular architectural design. Thomas-
Releau (1999) [2] states that schools and office buildings
require levels of illumination and natural ventilation. These
requirements have repercussions on the morphology of such
buildings since they often appear with articulated shapes
allowing large surfaces of external walls and a maximum of
glazed surfaces.

However, window design has a direct impact on energy
consumption for heating and cooling because it is responsible
for much of the heat loss (or gain) that occurs at the same
time on the building envelope. As a general rule, natural
lighting performance is better when the window-to-wall ratio
increases, at the same time solar heat gains will be increased
as this ratio increases [3]. In other words, the higher the
opening ratio of the facade, the more heat will be exchanged
between the environment and the building, and the building
will consume more energy to regulate the indoor environment
[4].

According to a study conducted by Inanici and Demirbilek
[5] in five cities in Turkey with different climates, it has been
shown that optimizing window sizing and reducing energy
consumption while ensuring visual comfort , goes through an
optimization of the ratio of the length of a building to its
width, with an optimal dimensioning of the south window.
Mubhaisen and Dabboor [6] investigated the impact of the
orientation, size and type of window glass on the energy
demand for heating and cooling buildings. Wang et al. [7]
explored the optimal size of windows and ways to reduce
energy consumption of buildings using computer simulation.

In the same context, Alwetaishi [8] carried out a study on
the impact of the window ratio of the facade of school
buildings in various climatic regions in Saudi Arabia. The
results obtained showed that it is more advantageous to have
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a larger glazing surface in a humid climate than in a hot and
dry climate. Similarly, the East and South orientations are the
most unfavorable in terms of undesirable calorific gains,
since they cause overheating in all the cases studied.
Regarding the ratio between glazed area and facade wall
(opening ratio), it seems that the ratio of 10% is
recommended both in a hot and dry climate and in a hot and
humid climate. This ratio ensured a dry indoor temperature of
37 © C and 38 ° C respectively in Jeddah and Riyadh. On the
other hand, a ratio of 20% is recommended in a temperate
climate.

In Amman, a study was conducted by Hassouneh et al.
(2010) [9] in a school building to investigate the impact of
glazing types. The results suggest that choosing a large area
of south, east and west facing windows saves more energy
and reduces winter heating costs. On the other hand, a north-
facing classroom is better for saving energy in the summer.

II. METHODOLOGY

In school buildings classrooms consume most of the
energy [10] which is estimated according to Muhaisen (2007)
to 70% of the total amount of energy consumption [6]. Our
study takes into account the climatic conditions of the city of
Biskra; it is interested to study the impact of windows surface
on the energy consumption in school buildings according to a
parametric approach. Parametric design tools have become a
strong trend in contemporary architectural design practice and
education [11]. Design parametrically means to design a
parametric system based on combination of parameters
variations that can provides a design space. [12].

Among several software used to simulate the energy
performance of buildings, this study is mainly based on
Honeybee and Ladybug which constitute an environmental
and climate analysis toolkit for Grasshopper3D. The latter is a
"graphical algorithm editor" for Rhino. Honeybee uses a set
of integrated software for simulation, DAYISM and
RADIANCE for lighting, THERM, EnergyPlus and
OPENSTUDIO for building energy, Ladybug imports
EnergyPlus climate files (* epw) and provides a variety of
interactive 3D graphics / metrics, including: , wind roses,
radiation roses, radiation analysis, shadow studies and view
analysis. This tool is becoming more and more used by
designers, architects and students [13].

The research is structured in two parts: the first part
consists in evaluating the thermal and luminous environment

in a building taken as a case study (an existing middle school).

The second part presents the process of parametric
optimization, first, by acting on the orientation of the glass
facade along the main directions East, West and North and
comparing with the reference orientation which is the South.
Then, the third part aims to evaluate different window ratios
from 0.1 to 0.9 with a 10% increase in glass area. The
Meteonorme software is used to select Biskra climate data
[14].

III. STUDY CASE

A. Location and Characteristics of Existing Building
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Biskra an Algerian city is located 470 km southeast of
Algiers, with latitude of 34.80 N, a longitude of 5.73 N, and
an altitude of 86 m above sea level. The city of Biskra is
characterized by a hot and arid climate with sunny clear skies
most of the year [15]. The analysed case study is a middle
school, built in 1995 in the southern part of the city opposite
to London Garden. The pedagogical block of the school
building is a ground floor plus one floor; bar of rectangular
shape oriented along East-West axis in a planar plan (Fig.1).
The classrooms are with rectangular shape, 8.75m long,
6.60m wide and 3.40m high. The block consists of 18 rooms
9 rooms in each level. The walls are ordinary with a thickness
of 35 cm, single glazed windows are arranged on one side and
open to the south with an opening ratio of 23%.
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Fig. 1 Presentation of the reference building: (A) plan view, (B) North and
South facades) , (C) pedagogical block situation, Source: authors (2019).

B. Material characteristics of the envelope

The construction system uses ordinary materials marketed
in the Algerian market (tab.1).
TABLEI

ENVELOPE MATERIALS AND THEIR THERMAL CHARACTERISTICS. SOURCE:
KADRI AND MOKHTARI (2011)

Walls / Materials A Conductivity Thickness (m)
Floors
Interior Plaster 0,35 0,015
wall Hollow brick 0,5 0,1

Plaster 0,35 0,015

Plaster 0,35 0,015
Floor Hollow brick 1,45 0,2

+

compression

slab

Mortar 1,4 0,04

Flooring 2,1 0,06

Plaster 0,35 0,015
Roof Hollow brick 1,45 0,2

+

compression

Insulation 0,1 0,04

Slope shape 1,15 0,04

sealing 0,04 0,03
Glazing Simple Clear 5.8 0,04

IV.RESULT

The Rhino / Grasshopper program and Honeybee and
Ladybug plug-ins were used to perform simulations tests on
the pedagogical block of a middle located in Biskra. The
characteristics of this control building are those defined
previously. The objective of the simulation is to study the
effect of varying the opening ratios of the facade in
combination with different orientations on annual and
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monthly energy consumption for heating, cooling, and
electric lighting in classroom.

A. Evaluation the energy consumption of the classrooms

Comparing the energy needs of the educational block, it
appears that the energy consumption required for cooling is
the most important. Indeed, the overheating period in Biskra
is spread over 7 months, from April to October. During the
three months of the Summer-June, July and August, the air
conditioning system requires maximum exploitation; the
values calculated for energy consumption are between 600
and 1000 KWh for each classroom (Fig. 2). On the other hand,
the heating consumes less energy, the use is limited to the
three months of the winter season (December, January,
February), the maximum values reached are in January is 137
KWh (Fig. 2). For its part, the monthly consumption in
electric lighting is remarkable. During all the months of the
year, the calculated values are of the order of 100 to 190
KWh. The maximum values are recorded during the winter
period when the intensity of the solar rays is the lowest.
These values are minimal during the summer period because
of the considerable intensity of solar radiation. Figure 3
illustrates the distribution of total annual energy consumption
for classrooms: 61% in cooling, 34% in electric lighting and
just 5% in heating.
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Fig. 2 Total monthly heating, cooling and electrical lighting for a classroom.
Source: authors.
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Fig. 3 Figure 3: Percentage of annual heating, cooling and electrical lighting
consumption for a classroom. Source: authors.

The distribution of the annual energy consumed in the
classrooms was analysed according to their location in the
educational block (Fig. 4). Thus, classrooms located on the
first floor are more energy-intensive than those located on the
ground floor. The values of the annual energy consumption
are between 130 and 154 KWh / m2 on the ground floor and

between 186 and 210 KWh / m2 on the first floor. This
difference is the result of an increase in the area exposed to
the outside and therefore an increase in the heat gains (or
losses) that occur, especially at the level of the horizontal roof
exposed to the sun and hosting a large amount of heat. The
same phenomenon can be seen in the classrooms at the east
and west ends of the block. These rooms consume more
energy than those inside because of the difference in the
surface of the walls exposed to the outside.

KWh/m?

Fig.4 Visualization of annual energy consumption in classrooms according to
their location in the building. Source: authors.

B. Impact of changing the orientation

After analysing the energy performance of the control
building, the second series of tests are designed to evaluate
the impact of the orientation of the glass facade along the
main directions on energy consumption in heating, cooling
and electrical lighting. The opening ratio is kept constant at
23%. The results obtained are illustrated in the graphs below
(Fig. 5).

6064 6059
5533 5505
3709 3726
3374
3088

1865 1903 1888 1866
294 I e 466.1 466.6.

- || | |

Case study (South) North East West

Total wm Cooling  mHeating  mElectric lighting

Fig. 5 Annual energy consumption in KWh according to the four orientations
in a classroom. Source: authors

The Southern orientation, which represents the orientation
of the case study (control building), is the one that records the
lowest values in terms of energy consumption for heating and
electric lighting. The Northern orientation is optimal in
comparison with all other orientations since the total annual
energy consumption for this direction is the lowest for
cooling (3088KWh). On the other hand, it represents the most
energy-consuming case for heating and electric lighting
because it is least exposed to sunlight. Finally, the East and
West orientations are the most unfavorable, as they record the
highest values in energy expenditure for both cooling (more
than 3700 KWh) and heating (466 KWh).

C. Impact of changing the window to wall ratio
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For this series of tests, it is the opening ratio of the south-
facing facade that will be varied to see the impact of the
percentage change in glazed area on energy consumption.
Thus, by maintaining classroom exposure to the South, the
window opening ratio will be gradually increased from 0.1 to
0.9 with an increase in glass area of 10% each time.

The results obtained indicate a proportional relation between
the opening ratio and the energy consumption in air
conditioning (Fig. 6).
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Fig. 6 Impact of changing window to wall ratio on energy consumption of the
south facade. Source: authors

Thus, the energy consumption for cooling increases as the

opening ratio increases, the difference between the ratios of
0.9 and 0.1 is 1497KWh; it means a percentage of 32%
increase in annual energy consumption for cooling needs. An
inverse relationship is noted between the opening ratio and
the energy consumption in heating. Indeed, as the opening
ratio increases, the reduction in energy consumption in
heating was reduced; the difference between the ratios of 0.9
and 0.1 is 190 KWh; it means 67% of reduction in annual
energy consumption in heating. With regard to, electric
lighting a remarkable reduction in consumption of electric
lighting occurs when the opening ratio goes from 0.1 to 0.2;
but beyond the ratio of 0.5, the increase in the glass area has
no effect, since the values are almost identical.
From the results of the parametric study, it seems that for all
the ratios proposed, the ratio of 0.2 is the most efficient from
the point of view of the total energy consumption. Finally, the
analysis showed that a 20% glass surface ratio of the South-
facing facade is optimal for the total annual energy
consumption for a classroom.

CONCLUSION

This study evaluated the impact of the glass surface of the
facade on the energy performance of a school building
located in the city of Biskra where a hot and dry climate
prevails. Annual and monthly energy consumption has been
calculated based on the heating, cooling and electrical
lighting requirements of the classrooms. The calculation was

done with the Rhino / Grasshopper simulation tool and using
the Honeybee and Ladybug plug-ins. The results of a first
series of simulations carried out to evaluate the energy
performance of a control building have shown that
classrooms use 61% of the total annual energy consumption
for air conditioning, 34% for electric lighting and just 5% %
for heating. In addition, the appropriate choice of aperture
area reduces this annual consumption by 16.7%, while the
appropriate choice of orientation reduces the annual energy
consumption by 9.2% per classroom. The results obtained
also confirm the unsuitability of large glass surfaces for the
hot and arid climate. The best open ratio is 0.2; this value
represents a minimum consumption for the South orientation.
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Abstract — Onme of the main solutions to the higher power
demands in the industry is to introduce higher temperature
inflows, namely to combustions chambers and turbine engines.
As a consequence to such inlet conditions, we may obtain heated
exhausts that may contain reactive effluents that are likely to
damage the atmosphere seriously by the formation of acid rain
and fog.

To cope with such intricate situations, the discharge of multiple
fume jets in a surrounding atmosphere has to be seriously
detailed in terms of heat and mass transfer in order to
understand properly all the mechanisms induced, their origin,
their extent and how to control each of them.

For the matter, a variable number of variably elevated inline jet
models are considered experimentally in the present work, in
interaction with an oncoming cross flow generated within a
laboratory wind tunnel.

A good comprehension of these experimental models will be
followed later by numerical simulations, first small scale and
then big real scale to find out solutions to real large scale
industrial problems.

Keywords— multiple jets, cross flow, injection height, injection
ratio, vortices.

I. INTRODUCTION

Jets in cross flow (JICF) constitute a common model
frequently found in several applications, in various domains.
An efficient control of the different mechanisms it engenders
is consequently highly recommended to avoid hazardous
behaviors and useless risks on operators and the sheltering
environments.

JICF are found in industrial applications such as film
cooling of turbine blades and effusion cooling of combustors.
In both applications the problem consists of introducing
higher pressure ratios and higher temperature rises, to reach
better performances of modern gas turbine engines.

JICF are also of particular interest in the medical field in
applications like blood injection during hemodialysis through
one or more holes at the tip of a catheter, typically positioned
at the superior vena cava [1].

Finally and not the least, liquid and gas JICF are observed
in environmental applications. In fact, waste waters generally

need some chemical treatment and a serious control while
being discharged through multiport diffusers into coast waters
either because of their contents or of their thermal
characteristics. Fume stacks, as well, need similar accurate
handling when discharged in the atmosphere at high
temperatures and or/containing reactive particles.

The consideration of these configurations among the open
literature was carried out either globally by considering
multiple, differently arranged, jets in cross flow, or gradually
by detailing the single jet model physics and trying afterward
to upgrade it to reach more realistic models. The earliest
single jet in cross flow-studies available in the literature were
carried out by Jordinson et al. in 1958 [2] and Gordier in
1959 [3] while the earliest multiple jets in cross-flow study
dates back to 1971 where Ziegler and Wooler [4] generalized
an analytical model initially dedicated for a single short and
descending normal jet in crossflow. To reach that goal, they
first solved the continuity and momentum equations to obtain
the jet path. Then, they evaluated the jet velocity field by
replacing the jet with a sink-doublet singularity distribution,
accounting for the entrainment of mainstream fluid and the
blockage effect of the jet. They finally represented the
influence of an upstream jet on a downstream jet in a multiple
configuration by including a reduced mainstream velocity in
the equations of motion. A satisfactory agreement was
obtained between theoretical and experimental data relative to
the jet centerlines and surface pressure distributions.

Briggs [5] tried to make an overview of the models
available in the literature that predicted the rise of the bent-
over plumes. The recent models were based upon the
conservation equations for buoyancy and momentum or
energy, and assumed that the mean horizontal speed of the
plume in the bent-over stage essentially equals the ambient
wind speed. Earlier models, on the other hand, made diverse
assumptions about how the plume grows which gave rise to
diverse expressions of the corresponding plume paths and
final rise. The third and more recent collection of models that
was reported by Briggs [5], made similar assumptions about
how the plume grows in the initial stage of bent-over rise due
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to self generated turbulence, with the difference of the
proportionality statement between the rise and the jet radius.

More realistic multi-source models were considered by
Briggs [6] in order to provide a simple enhancement factor
for their plume rise. A factor was proposed for bent-over
buoyant plumes to correct the single source rise equation.
For calm conditions, a crude but simple method was
suggested for predicting the height of plume merge and
subsequent behavior. Finally, it was suggested that large
clusters of buoyant sources might occasionally give rise to
concentrated vortices either within the source configuration
or just downwind of it.

The above discussed semi empirical of Briggs [6] together
with a further one developed by Briggs too [7] were
reconsidered by Anfossi et al. [8] in an attempt to develop a
new model based on “virtual” stack concept, able to provide
estimates of maximum plums height for stacks of different
emission conditions. A simplified expression was first
compared to Briggs’ models for equal heights and emissions.
A new model was then confronted with experimental data
relative to stacks of different heights with a general
satisfactory agreement. Finally, a comparison was carried out
with reference to the empirical expression of Montgomery et
al.[9] which gave a correction factor for ground level
concentrations for multiple sources and analogue ones

derived from the models of Briggs [6, 7] and Anfossi et al.[8].

Overcamp [10] tried to investigate the plume rise
enhancement and merge process in the case of two to four
stacks models. The plumes frequently merge as they rise, and
the rise is enhanced when the resultant plume rises higher
than the individual plumes would have separately. The study
included three major parts, namely a laboratory study on the
interaction of line thermal pairs released in various
configurations to determine the dynamics of plume merging,
a wind tunnel study of plume rise from one to four stacks to
measure plume rise enhancement and an analysis of field data
to determine if plume rise enhancement is observed for actual
power plant plumes.

To complete the above cited work, Overcamp [11] added
three further studies that investigated the effect of the number
of stacks and of the azimuthal angle between the direction of
the wind and the line of stacks on plume rise enhancement. In
the first study, observations were made of the merger and
motion of thermal pairs: thermal pairs released in one-above-
the other configurations merged more rapidly and moved
faster than thermal pairs released in a side-by-side
configuration. In the second study, plume rise measurements
were made in a wind tunnel for plumes from two to four
stacks. For a given number of plumes, the rise was higher for
smaller azimuthal angles. The third study was an analysis of
experimental data that was so large but lacked of observations
which made the results inconclusive for cases with two to
four plumes. Nevertheless, the ten plume cases showed higher
rise and the rise was larger for smaller azimuthal angles.

Finally, Zanetti [12] considered hot pollutants injected into
ambient air, which is the case of most industrial pollutants.
The pollutants, emitted from smokestacks or chimneys,

possess an initial vertical momentum. Both factors (thermal
buoyancy and vertical momentum) contributed to increasing
the average height of the plume above that of the smokestack.
This process terminates when the plume’s initial buoyancy is
lost by mixing with ambient air.

With regards to the abovementioned references, we see
how important the issue of the elevated jets in environmental
cross flows is. Since most jets were considered side by side in
the open literature, we propose in the present to enrich the
documentation on multiple inline jets in environmental cross
flows. For the matter, we propose to consider the effect of jets’
number and height on their rise and merge, in addition to the
subsequent accompanying phenomena and processes like the
wake vortices and the final jets’ fading

II. EXPERIMENTAL SET Up

The experiments were carried out in a wind tunnel at the
university institute of the industrial thermal systems (IUSTI),
a joint research unit between the University of Provence
(Aix-Marseille) and the Mediterranean University in
Marseille, France.

The jets handled in the present paper are emitted from
elliptical cross-sections with d and D = d/sin « as small and
great diameters respectively. In fact, the jets are emitted from
60° inclined discharging nozzles that were razed at different
levels from the ground.

The jets are placed three great diameters apart and tandem
toward the oncoming cross flow; and are sent according to jet
to cross-flow velocity ratio inferior to one (R<l). As
illustrated in Fig.1 the leading injection nozzle was placed 20
great diameters apart from the wind tunnel inlet section in
order to avoid the transition zone of the mainstream entrance
and therefore stay away from the boundary layer influence as
illustrated in previous papers in the case of twin inline jet in

cross flow [13]. 3m
Upper inlet
selca:lt)ion N /4 1 Lateral wooden
% Al wall
—

\‘___'\‘\ 0.7m

01lm _ Lateral glass
: wall
/ 0.2m 7
v 1" 0.2m

‘. _ Ground of the
Lower inlet __,’ wind tunnel
section -a = 60°

Fig. 1 Experimental setup associated with the Cartesian coordinate system

Measurements were depicted by means of Coupled Charge
Device (CCD) images together with a two-component
Particle Image Velocimetry (PIV) technique, in the symmetry
plan z = 0; which allowed a non intrusive, instantaneous and
mean bi-dimensional dynamic diagnosis of the resulting flow
field for a given injection ratio inferior to one.
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III. RESULTS AND DISCUSSION

We propose to start our discussion with the description of
the established dynamic field due to its close and direct
dependence on the thermal field and the induced mass
transfer. Whether single or in group, when the jets interact
with the surrounding cross flow, they generally result in four
main vortical structures: the horseshoe vortices and counter-
rotating vortex pair, known as CVP, that are present in the
transverse plane, and the leading edge/shear layer vortices

and wake/upright vortices that develop in the symmetry plane.

Figure 2 provides streamlines of double and triple inline
jets discharged from different levels from the tunnel ground
(h=1,2and 5 cm) under an injection ratio inferior to 1
(R < 1). Our objective consists of evaluating the impact of
these parameters over the jets’ progression among the
surrounding domain, in terms of rise, bending, merging and
fading; all of which are closely implied by the established
vortices, and highly affecting on their turn on the induced
heat transfers. Generally, as they rise, the jets expand in
accordance with the adopted injection ratio, and block more
or less consistently the oncoming mainstream, inducing a
bow shock ahead of the first injection orifice as already
observed by Chen et al. [14] in the case of a triple jet in cross
flow configuration. According to the same authors [14], the
bow shock produces an adverse pressure gradient and forces
the approaching boundary layer to separate with an oblique
separation shock. In Fig.2, the bow shock appears as a
separation continuous line between the evolving jets and
crossflow regions that reaches progressively higher levels as
the jets are sent from higher injection nozzles. It also rises
higher when more jets are discharged, as indicated by the
double sided arrows in Fig.2-II, evaluated three great

1cm

6

L
26

a—h

-——-——:_' =

ey Z W i

b—h=2cm

5cm

c—h=

I) double jet configuration

diameters downstream of the rear jet nozzle). The separation
line appears more smoothly curved in the case of twin inline
jets even if both twin and triple jet configurations are
observed under almost the same injection ratio, inferior to one.
Actually in a double jet configuration the leading edge jet is
consistently flattened by the oncoming cross flow. Once
flattened it merges with the downstream evolving jet, and
they keep on rising together before fading.

When a third jet is discharged, it rises and merges farther
downstream with the upstream already merged first two jets.
The moment the three of them merge, the resulting plume is
“straightened”, which changes the smooth curved profile of
the separation line (Fig. 2-II). The separation line contains
consequently quasi-stages relative to the corresponding
discharged jets that are more emphasized and apparent when
the jets are sent from higher levels from the ground (indicated
by arrows in Fig. 2). The second important features to
comment on the present streamlines are the wakes of the
discharging nozzles, where the streamlines seem to be sent
from either a reattachment point or line, particularly when the
jets are sent close to the ground (Fig. 2-a). These points or
lines take place in the wake regions where wake vortices
originate from the downstream cross flow shear layer [15, 16].
The induced vorticity results from the injection of the wall
boundary layer where the boundary layer fluid has been
“lifted-off” and wrapped around the jets [15].

Fric and Roshko [16] attribute the boundary layer fluid
“lifting-off” or “sucking up” to the pressure gradient
discussed by Chen et al. [14] which is actually the origin of
the vertical momentum and a tornado-like structure, also said
wake or upright vortices that will entrain a proportional
amount of fluid with reference to the injection ratio [17].

10) triple jet configuration

Fig. 2 Streamtraces under variable heights in the twin (I) and triple (II) jets configurations under R<I.
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I) double jet configuration

wirz =y-q wo T = y-e

wo G =y-o

1) triple jet configuration

Fig. 3 CCD images of twin (I) and triple (II) jets configurations under a variable height under R<1

Figure 3 presents the different stages of the jets’ emission
both in double and triple jets’ models. It further emphasizes on
the vortices developed on the periphery of the rising jets and
their wakes. Since the injection ratio is inferior to one, it’s

obvious to note the clockwise sense of rotations of the vortices.

What is more interesting is the merge process that takes place
farther from the injection cross-section as the jets are sent
farther from the ground. In fact the jets are freed from the
attachment to the ground which enables them to cross deeper
the domain before bending and merging. When more jets are
discharged, the stages already observed on the streamlines of
Fig. 2 are found back here as soon as the upstream expanded
jets join the downstream just emitted jets.

IV. CONCLUSIONS

[3]

[4]
[5]
[6]

[71
[8]

[9]

Experimental consideration was given in the present study [10]
to multiple inline inclined and variably elevated jets in cross

flow. We mainly observed:

* A change in the separation line (bow shock) shape [ij]
between the emitted jets and the cross flow: from
smoothly curved to staged line, the stages corresponding [12]
to the emission of more and higher emitted jets. (13]

* The presence of attachment points or lines that take place
in the wake of the jet nozzles when the jets are discharged
close to the ground (decreasing h). (14]

e When more jets are emitted the merge process is
postponed deeper vertically and streamwise in the domain.

[15]
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Abstract— Jordan Subcritical Assembly (JSA) is uranium fueled
light water moderated and reflected subcritical reactor. The
purpose of our study is to evaluate the effective multiplication
factor Kesr with the Monte Carlo MCNP code indicating the fuel
mapping in the reactor core and to calculate the spatial neutron
flux distribution. Many cases have been studied on the subcritical
assembly to show how small perturbation affect Kerr. Using the
six-factor formula, we have estimated the value of Kes, this
method is the decomposition of the neutron balance in six factors.
These formulas are no longer used in reactor calculation since the
introduction of computer science into neutrons but remain useful
for understanding physics and evaluation the perturbations
effects. The Kerr value found by this method is close to that
calculated by the MCNP code.

Keywords. Subcritical Assembly, Effective multiplication factor,

Monte Carlo, Six-factor formula.

I. INTRODUCTION

In nuclear reactor, nuclear fission is initiated by bombarding
fissile nuclei with neutrons. Then, the fission of a nucleus is
always accompanied by the release of neutrons, these can in
turn cause the fission of other nuclei and the release of other
neutrons, and so on. These cascading fissions is called a chain
reaction [1].

In a subcritical reactor, the fuels are chosen so that less than
one neutron per fission induces a new fission. Such a reactor
cannot maintain the chain reaction by itself. It must be supplied
with neutrons by an external source, which minimizes the
potential risk of accidents [2].

The rate of this chain reaction is measured by the effective
multiplication factor kes. This factor is the average number of
neutrons emitted by fission that generate a new nuclear fission.
So, it is essential to determine this factor when modeling or
designing the core of this type of reactor.

The fuel system under consideration consists of a mixture of a
fissile material by thermal neutrons as uranium 235 and a non-
fissile material by thermal neutrons but capturing as uranium
238. For the first, as well as for capturing other materials
(moderator, clad), it can be assumed that all absorptions occur

in the thermal domain. Calculation must take into account
fissions induced by the fast neutron, captures in epithermal
resonances and neutron leakage out of the reactor core. The
effective multiplication factor is the balance that is established
starting from a fission and analyzing the neutron history until
the next fission estimated by so-called six factor formula [3] :

Kepr =Mp X f X p X €X Ppyy X Pryp (1)

II. JORDAN SUBCRITICAL ASSEMBLY (JSA) DESCRIPTION

Jordan sub-critical assembly at the University of Science
and Technology (JUST) is fueled by uranium oxide fuel, light
water as a moderator and reflector, and a plutonium-beryllium
neutron source located under the core at the centerline.

The core of the reactor is composed of 313 uranium oxide
(U0O2) rods enriched with 3.4 wt% U235 forming a square
lattice of 1.91 cm pitch and supported by upper and lower grid
plates. Its diameter is 40 cm and its height equal to 55 cm and
it is positioned in the center of a water vessel whose diameter
and height are 120 cm and 132 cm respectively (Fig.1).

Platform for students

Water storage

Neutron source
storage flask

Neutron source
driving channel

Fig. 1 Layout design of JSA main systems [4]
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(a) (b
Fig. 2 (a) MCNP modeling x-y view of the JSA reactor at mid-plane (b)
MCNP modeling y-z view of the JSA reactor at mid-plane showing fuel rods
(purple color) surrounded by water (yellow color) and fixed source (light-
blue color).

The rod is composed of 43 cylindrical pellets of uranium oxide
of lem in height and 0.4215 cm in radius, a gap of helium gas
between fuel and a zirconium cladding tube, and five insulating
granulate made of aluminum trioxide Al,O3 : four below the
fuel pellets and one above the fuel pellets that is held down by
a spring and it is plugged at both ends with upper and lower
caps forming a rod of 0.5 cm in radius and 55 ¢cm in height [4]

III. MCNP SIMULATION OF JSA

The assembly simulation was performed by the MCNP 5
code [5] using the ENDF / B-VIIL.O0 cross section data library.
This code is based on transport theory and Monte Carlo
calculation.

The lattice containing 313 fuel rods cladded with zirconium,
the helium gap, the caps, grid plates, the moderator, the
reflector and the reactor vessel were explicitly modeled in
this work. (Fig.2).

The criticality problem was scheduled to skip 50 cycles and
run a total of 550 cycles with nominally 5000 neutrons per
cycle totaling 2751391 neutron histories. A combined
estimate (collision / absorption / path length) of multiplication
factor K.zf then was given in output file (Table I).

After few generations the characteristics of the initial source
(strength and energy distribution) are lost and the absolute
neutron flux depend on the reactor geometry and materiel
distribution. The F5 tally was used to calculate neutron flux at
the core midplane and it was normalized by neutrons fissions
sources and scaled to reactor power [7, 8].

Fig.3 shows the normalized results of Kcode estimation of
the radial thermal, epithermal and fast neutron flux.

In Fixed source simulation (NPS), the source was modeled by
the SDEF card as a volumetric source and placed under the
core at the centerline with a weight equal to 1.1E6 neutrons
per seconds. The spectrum of the 239 Pu-Be neutron source
was taken from reference [6].

MCNP calculation of neutron flux was also performed with
run of 10 neutrons source (Fig.4). The F5 detector must be
scaled to neutron source strength to depict radial absolute flux
for thermal, epithermal, and fast neutron flux.

As expected, the flux has a maximum at the core center and it
collapses at approximately 40 cm far away from it and is

symmetrical on both sides.
TABLE I
CRITICALITY CALCULATION RESULTS

Effective multiplication factor
Kefr

0.96295 £ 0.0045

Estimated 68% k-effective

confidence interval 0.96250 to 0.96340
Estimated 95% k-effective
confidence interval 0.96205 to 0.96385
Estimated 99% k-effective
confidence interval 0.96176 to 0.96415

Prompt removal lifetime

(seconds) 9.4610E-5 + 5.3735E-8
Average number of neutrons
produced by fission 2.449

Thermal neutron flux is the highest at reactor middle plane in
kcode calculation and appear at the same amplitude with fast
neutron flux in fixed source mode. It manifests two peaks at
the core- reflector interfaces ( -20 cm and 20cm) due to the
reflecting of thermal neutrons back to the core by the light
water.

—o-Thermal(<0,625 eV)
-o— Epithermal (0,625 eV - 0,1 MeV)

1,1x10° -4 Fast(,>0,1 MeV)

1,0x10°
9,0x10” -
8,0x10°
7,0x107
6,0x10° -
5,0x10°
4,0x10% -
3,0x10”
2,0x10”
1,0x10° - i ;
0,0 Al !
! i

T

Reflector [ Reflector

Neutron Flux(n.cm?.s™)

-60 -40 -20 0 20 40 60

Radial axis(cm)

Fig. 3 Kcode estimation of the radial absolute thermal, epithermal and fast
neutron flux (n/cm? s)

The Kcode estimation of the total flux is slightly higher than
that estimated by fixed source mode. In the first mode,
criticality calculations are carried out using the core
characteristics (geometry and materials) without considering
the source, the solution is close to cosine shape and the flux is
expected to be highest at the core center. Besides, in the
second mode, calculation depend on the source location and
the flux is expected to be highest at the bottom of the core.

IV. EFFECTIVE MULTIPLICATION FACTOR CALCULATION
WITH THE SIX-FACTOR FORMULA
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A. Thermal fission factor (Reproduction factor) Ny

The value of 1 is the number of fast neutrons produced by
thermal fissions per thermal absorption in the fuel, it is
defined as the ratio of the number of fission neutrons to the
number of thermal neutrons absorbed in the oxide uranium
rod.

The JSA reactor is fueled with partially enriched uranium in
oxide form and the numerical value of 7 is given by
following equation:

Uzs * Zfaps
2:aZS + z:aZS

_ Ups * Ofps * gf25(20°C) @)
N o N o
Oazs * Jaz5(20°C) + N_ii * Og28 * Ja28(20°C)

Nr =

-o—-Thermal(<0,625 eV)

—o— Epithermal (0,625 eV - 0,1 MeV)
1,1x10° e Fast( >0,1 MeV)
1,0x10°
9,0x10°
8,0x10% -
7,0x10”
6,0x10° -
5,0x10°
4,0x10% 4
3,0x10”
2,0x10°
1,0x10° - .
0,0 trtypyi s i :

Reflector ' Reflector

Neutron Fluxm.cm?s™)

r ] =% ¥ = il LT & 528 L od = h= & %ok
-60 -50 -40 -30 -20 10 0 10 20 30 40 50 60
Radial axis(cm)

Fig.4 Fixed source estimation of the radial absolute thermal, epithermal and
fast neutron flux (n/cm? s)

Where v,s is the average neutrons production of 22U, Nyg
and N, are the atomic number densities of isotopes 2*°U and
28U, 0,495 and 0,,g are the thermal absorption microscopic
cross sections of 2°U and U, dy,5 is the fission microscopic
cross section of 2°U and gg;5, ga28 and gy,s are the non- I/v
factors.

B. Thermal utilization factor f

The thermal utilization factor is the probability of
a thermal neutron being absorbed by fissile material whether
causing fission or not in reactor core. It is equal to the ratio of
the number of neutrons that are absorbed in fuel to the
number absorbed in both fuel and moderator, so that f can be
put in the form:

f Xar Vi

B ZaF VF + 2:aM VME

(3)

Where X, and X,;, are the macroscopic absorption cross
sections of the fuel and the moderator, V and V}, are the fuel
a’TM

and Moderator volumes and & = 3

—— is called the thermal
TF

disadvantage factor.

The f factors cannot be calculated analytically, but it is
possible to derive an approximate formula by Wigner-Seitz
method [9] :

1 ZuuVy

f o Zar Ve
E and F are called lattice functions, calculated by using the
equivalent cylindrical cell parameters a, b = \/%, Lg and

Ly (Fig.5).
Where, a is the fuel rod radius, b is the radius of equivalent cell,
Ly and Ly, are the diffusion lengths in the fuel and the

moderator.
‘ *— Fuel rods

F+E (4

________________ 1
Equivalent cell !

pitch =1.91cm

Fig.5 The equivalent cylindrical cell

C. Resonance escape probability p

The probability of escaping absorption in the resonances
while neutron slowing down is called the resonance escape
probability. Measurement of this factor shows that p can be
expressed by the equation [10]:
- (- M) (5)

P O sV
Where ,Ny is the atom density of the fuel lump, in units of
1024, Vi and V,, are the volumes of fuels and moderator,
respectively, &y is the average increase in lethargy per
collision in the moderator, Xg,, is the macroscopic scattering
cross-section of the moderator at resonance energies, and I is
a parameter known as the resonance integral. Values of I for
cylindrical fuel rods are well represented by the following
empirical expression:

C
I=A+— (6)
\ap
Where A and C are measured constants and p is the density
of the fuel.

D. Fast fission factor €

The fast fission factor is defined as the number of neutrons
generated from both thermal and fast fission to the number
generated in thermal fission. it has been calculated and
measured for large number of heterogeneous reactors.
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€ increases as the ratio of the metal rod volume to water
increases and it is independent of the radius of the fuel rods
and at low enrichment the 233U of the fuel it is not sensitive to
235U enrichment. For metal-water volume ratio in equivalent
cylindrical cell of 0.1526 it was taken from [9] that € is equal
to 1.028.

E. Thermal and fast non-leakage probability
The JSA lattice containing square cells is estimated by a
cylindrical lattice containing 313 cylindrical equivalent cells
with a geometric radius Ry, and a geometric height Hg,,
and compacted with just fuel and moderator.
It is known that the neutron economy is improved when the
core of reactor is surrounded by a reflector. At JSA bare
reactor, the effective multiplication factor does not exceed
0.89966 but when it is surrounded by a reflector : unfueled
region of moderator, it reaches the value of 0.96295.
Under the design of JSA, the reflector is used to surround the
core whose the extrapolated radius R,,; and extrapolated
height H,,; [11] are written as:

Roxt = Rgeo +6 = (V313 xb)+6  (7)

Hegyr = ngo + 26 (8)
Where § is the reflector saving factor determined by the
following empirical formula:

85 =72+ 0.1(M% — 40) ©))
and M2 is the thermal migration area in the core
The thermal and fast non-leakage probability is the
probability that thermal and fast neutrons will not leak out of
the reactor [12,13]. It is simplified in the following form:
P, = Pryp X Ppy, ~ exp(—BZ x M) (10)

The geometric buckling Bg2 is depending on the shape and the
size of the core and it has the following expression:

B2 = (2.405)2 +( T )2 an
g Rext HEXt

F. The effective multiplication factor calculation

The effective multiplication is expressed by the equation (1).

The comparison between the two calculation methods shows
that the six-factor calculation slightly overestimates the MCNP
calculation with a relative deviation equal to 1.23%.(Table II)

TABLE I1
COMPARISON BETWEEN MCNP AND SIX FACTORS FORMULA CALCULATIONS
OF Kgpp
N7 1.8513
f 0.7850
D 0.9482
€ 1.028
Py 0.6881
K,y calculated with the six 0.97475
factors formula
Kesr calculated with the 0.96295
MCNP5 code
Relative deviation 1.23%

V. CONCLUSION

Copyright -2019
ISSN 1737-9334

MCNP calculation makes it possible to calculate the effective
multiplication factor and the flux and to study the
perturbation effects on K, ¢¢

The Six-Factor method helps to understand the conduct of
the chain reaction, the fuel, clad, moderator and reflector
roles in the reactor and to have an idea about the order of the
neutron non-leakage probability.

Perturbation calculated by MCNP code and its theoretical
analysis by the method of six factor formula constitute a very
preferment tool for understanding the physical process taking
place in the subcritical reactor and to enhance its
constructions by changing its geometry and materials.
Therefore, MCNP code will be used to study the effect of the
following perturbations on the core of JSA and its impacts on the
six factor :

e  Changing oxide-uranium rod density

e Changing Moderator and reflector
e Adding material different than fuel in the center of the

core

e Changing the number and the distribution of the fuel rods
in the core

e Changing the position of the external source and its
nature

e Adding Control rods

REFERENCES

[1] Stacey, W. M. (2018). Nuclear reactor physics. John Wiley &
Sons.

[2] Shahbunder, H., Pyeon, C. H., Misawa, T., Lim, J. Y., & Shiroya,
S. (2010). Subcritical multiplication factor and source efficiency
in accelerator-driven system. Annals of Nuclear Energy, 37(9),
1214-1222.

[3] Reuss, P. (2012). Précis de neutronique. EDP sciences.

[4] Xoubi, N. (2013). Design, development and installation of Jordan
subcritical assembly. Science and Technology of Nuclear
Installations, 2013.

[5] MCNP, X., Monte Carlo Team, MCNP—-A General Purpose
Monte Carlo N-Particle Transport Code, Version 5. LA-UR-03
1987, Los Alamos National Laboratory, April 2003, The MCNP5
code

[6] Harvey, Z. R. (2010). Neutron flux and energy characterization of
a plutonium-beryllium isotopic neutron source by Monte Carlo
simulation with verification by neutron activation analysis.

[7] Vega-Carrillo, H. R., Esparza-Garcia, I. R., & Sanchez, A. (2015).
Features of a subcritical nuclear reactor. Annals of Nuclear
Energy, 75, 101-106.

[8] Xoubi, N. (2016). Calculation of the power and absolute flux of a
source driven subcritical assembly using Monte Carlo MCNP
code. Annals of Nuclear Energy, 97, 96-101.

[9] Lamarsh, J.R. and A.J. Baratta, Introduction to nuclear
engineering. Vol. 3. 2001: Prentice Hall Upper Saddle River, NJ.

[10] Duderstadt, J.J. and L.J. Hamilton, Nuclear reactor analysis. Vol.
84.1976: Wiley New York.

[11] Deutsch, R. W. (1961). Method for analysing low-enrichment,
light-water cores. Journal of Nuclear Energy. Parts A/B. Reactor
Science and Technology, 14(1-4), 168-179.

[12] Papastefanou, C. (2004). Measurement of neutron flux and albedo
of water for thermal neutrons with foils of indium in a subcritical
nuclear reactor. Journal of radioanalytical and nuclear
chemistry, 261(3), 671-678.

[13] Glasstone, S., Principles of Nuclear Reactor Engineering: With
the Assistance of {Oak Ridge National Laboratory} Staff. 1956:
Macmillan

Page 112


PC2
Texte tapé à la machine
Page 112

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Copyright -2019
ISSN 1737-9334

Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

Exergetic analysis of propylene refrigeration unit
using Aspen Plus software

Haifa FITOURI ', Mohamed-Razek JEDAY 2, Noureddine HAJJAJI3

Unité de Recherche Energétique et Environnement Ecole Nationale d'Ingénieurs de Gabes, Universite de Gabes
cité erriyadh Zrig, 6029 Gabes, Tunisie

thaifahaifa02@gmail.com

hajjaji.nour @gmail.com

’raz.jday @yahoo.fr

Abstract— This work is a contribution on exergetic life cycle
analysis of liquefied Petroleum Gas (LPG) production. The
refrigeration unit of the plant will be studied in order to analyse
inefficiencies in production chain. The data for the exergetic
calculation is provided by a simulation of the unit in Aspen Plus
™

The refrigeration unit contain 4 sections: compression,
condensation, expansion and evaporation. The refrigerant used
is propylene. As a result, two thirds of exergy destruction is in
the compression and condensation section. This is due mainly to
pressure and temperature differences.

Keywords— Exergetic Life Cycle Analysis, Exergy, LPG, Aspen
Plus, Propylene.

I. INTRODUCTION

The increase in energy prices has generalised an undisputed
awareness of all the industries of the world including the oil
industry. Faced with these problems, industries have naturally
taken an interest in this position, which plays a very
important role in the cost of the finished product. Thus, it
gradually emerged that, in industrial units, the function of the
objective to be maximized was not only the short-term profile
or the increase in the amount of work, but also to make the
equipment fully functional with maximum efficiency. The
objective of this work is to thermodynamically evaluate a
propylene refrigeration unit belonging to the LPG production
plant .For these several methods are proposed to study the
sources of energy degradation. The exergy analysis, a
thermodynamic approach that has been developed over the
last decade, is one of the methods that can detect and evaluate
the energy degradations in the various equipment of an
installation. It is based on the simultaneous establishment of
the first and second principles. The exergy analysis makes it
possible to pose a real " diagnosis " concerning the "
thermodynamic health " of the considered system by
detecting all the imperfections corresponding to the following
sequence: irreversibility — energy degradation — loss of
exergy. A simulation of the refrigeration unit is done in
advance using ASPEN PLUS software. The main objective of
this simulation is to provide the data necessary for the

exergetic study in question which are not accessible on the
site.

II. Process Description

The refrigeration unit is essentially equipped with two twin-
stage screw compressors GB-1301-A / B, which aspirate the
propylene vapors at 0.06 barg and compress them to 17barg.
The vapors discharged by the compressors are condensed in
the aerocondenser EC-1306 at the temperature of 46°.In
addition, it is composed of a propylene cooler EA-1309, two
expansion valves LV-3989 and LV-3986, an economizer FA-
1310 and an evaporator EA-1304. For illustration, see Fig. 1.

sEoe

i

Fig. I Aspen plus simulation flowsheet of the refrigeration unit.
I11. Process Simulation

Before applying the exergetic analysis, the propylene
refrigeration unit was modelled in Aspen Plus™ process
simulation software developed by Aspen Tech. The
simulation provided the properties of the stream (T, P,
enthalpy, entropy, etc.) at different locations.

A. Simulation data

To calculate the exergy balance we have to estimate the
enthalpy and the entropy of each stream of the refrigeration
unit at its current temperature and pressure, as well as those
of reference (To=298K and Py =latm) .The thermodynamic
properties were calculated using the Peng-Robinson equation
of state. The Peng-Robinson model is selected for natural gas
systems in the petroleum industry [1]. Operational data
required for simulation are clustered in table I.
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B. Results and discussion

The results obtained from the simulation are grouped in
Tables III and.IV.

TABLE III
EXERGY RELATED TO

THE FLOW OF THE REFRIGERATION UNIT.

TABLEI
CHARACTERISTICS OF VARIOUS DEVICES
OF THE REFRIGERATION UNIT flow ll\gzzsoFlow(Kg/h) ?g §r2g6);(9K W)
2 7244227 33,82944
Devices Characteristics 3 7244227 142,5636
GB1301A1 discharge pressure=3,5 barg, Isentropic 4 5245,773 24,49696
GB1301B1 efficiency=0,57 5 5245,773 103,2348
GB1301A2, | discharge pressure=17barg, Isentropic 6 7928.,459 156,0333
GB1301B2 efficiency=0,95 7 7928,459 363,8678
EC 1306 propylene outlet temperature=46°C 3 7723,17 152,4982
EA1309 propylene outlet temperature=11°C 9 7723,17 3482778
1L.v3993 propylene outlet pressure=5bar 10 15651,63 711,9965
Lv3986 propylene outlet pressure=1,003bar 11 15651,63 596,1573
FA 1310 adiabatic 12 15651,63 586,8431
EA1304 propylene outlet temperature =-46,8°C 13 15651,63 556,3921
14 12490 81,70051
15 12490 473,2725
The mass flow rate of propylene circulating in the 16 3161,629 432,4453
refrigeration circuit is 12490 kg / h 17 684,2312 17,6814
18 2477,398 64,01911
33 32967 3986,225
TABLEII 34 32967 3986,572
CHARACTERISTICS OF INLET GAS 35 37850 4496,856
36 37850 4816,962
Gas Characteristics
Fuel gas Inlet pressure= 31bar TABLE IV
inlet Mole fraction
N2 =0,021 EQUIPMENTS POWER
CO2 =0,007
CH4= 0,822
C2He =0,122 Equipments Power (KW)
CsHg=0,028
Gas from Inlet pressure= 31bar GB-1301A 413,834
deethanizer Mole fraction GB-1301B 347,047
N2 =0,019 EC1306 10,21
CO2 =0,007
CH4=0,779
C2He =0,146
CsHs=0,049 [V.EXERGY ANALYSIS
Exergy analysis is performed to evaluate the energetic
performance of the system based on both the first and the
second laws of thermodynamics. The exergy is defined as the
maximum amount of work which can be produced by a
system or a flow of matter or energy as it comes to
equilibrium with a reference environment. It measures the
potential of the system or flow to cause change as a
consequence of not being in stable equilibrium relative to the
reference environment. [2] Rather exergy is consumed or
destroyed, due to irreversibilities in any real process.
The exergy consumption is proportional to the entropy
created due to irreversibilities associated with the process.
Copyright -2019 Page 114
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For exergy analysis, the reference state must be specified, in
terms of its temperature, pressure and chemical composition.
Exergy is calculated using the following general equation
which relates enthalpy H, entropy S and temperature T [3]:
EX=(H-Hp ) — Ty (S—So) ¢y
Where the subscript 0 indicates the temperature, pressure,
composition, etc. of the environment.
Three forms of the exergy transfer are distinguished in this
paper: with work, with the heat interaction and with the
matter.
The exergy associated with the work exchange is:
EXw =W (2)
The exergy associated with the heat interaction is given by Eq

(3):[4]

EXq = (1 Lo ) 3
o =Q(1-7 3
Where T is the reference temperature, T is the temperature at
which the heat transfer takes place and Q is the heat
transferred.

The exergy associated with the matter is

EX;, =M (H—T, S) (4)

In this expression M is the mass flow rate of material flow M.
While H and S respectively represent the specific enthalpy
and entropy corresponding to material flows (i) at
temperature T.

The balance sheet corresponding to the system is then written
in the following form:

Ex; = Z Ex; — Z Ex; + Z Exq, + Z Exy, (5)
i j K 1

Ex;, : Exergy lost by the system.

Ex; : Exergetic content of the material flow (i) entering the
system.

Ex; : Exergetic content of the flow of material (j) leaving the
system.

Exqk: Thermal exergy associated with the amount of heat Qx
at temperature Tk

Exw Pure energy corresponding to noble energies (potential,
kinetic...)

The exergetic analysis of the propylene refrigeration unit is
presented in Table below which shows the exergy loss values
of each equipment in the unit.

TABLE IV

EQUIPMENT EXERGY LOSSES
Equipments | Ex; (KW) Exi(%)
GB-1301A 97,26534 23,08632449
GB-1301B 72,52956 17,21518639
EC-1306 115,8392 27,49490579
EA-1309 8,9672 2,128401432
Lv-3993 30,451 7,227668839
FA- 1310 1,41909 0,33682679
Lv-3986 40,8272 9,690502158
EA-1304 54,01291 12,82018412
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Fig. 2 Total exergy losses in different equipments of refrigeration unit
The distribution of exergetic loss by section is given by the
following figure

Evaporati Other
on equipmen
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Expansion
17%

Condensa
tion
28%

Fig. 3 Exergy losses by section

The results thus obtained show that more than two thirds of
the exergy losses of the refrigeration cycle come from the
compression and condensation stages. In addition, about 17%
and 13% of energy degradation come from the expansion and
evaporation section, the remaining 2% is spread over the rest
of the equipment.

Note that the difference in the losses of the two
compressors is due to the difference between the processed
loads. On the other hand, the degradation of energy in these
two equipments is mainly due to pressure and temperature
differences.

Indeed, we have a compression ratio of about 4.87 in the
first two stages and 3.73 in the other two.

Note that these compressions are accompanied by a
temperature increase that can reach 170°C in each compressor.
It should be noted that the loss identified at the level of the
aerocondenser represents more than that associated with the
evaporator. This is explained by the fact that the quantity of
heat extracted from propylene at the aerocondenser is
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released into the atmosphere, while that exchanged at the
evaporator is recovered by propylene.

V. CONCLUSIONS

The present research addresses an exergetic analysis of
propylene refrigeration unit. The exergetic analysis involves a
simulation of the unit using the aspen Plus software.

The main findings of this research can be summarized in
these points:

- More than two thirds of the exergy losses of the
refrigeration cycle come from the compression and
condensation stages.

- The aerocondenser is the main source of
thermodynamic imperfections of the propylene
refrigeration unit

As a result of this work, we propose to conduct studies further
to reduce energy consumption in the unit, by applying the
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thermal pinch method that will detect inefficiencies in energy
use and identify cost-effective energy saving projects in unit.

(1]
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Abstract— The aim of this work is to make an optimization by
simulation of Thin film solar cell based on Cu,ZnSn(S,Se),. It is
found that, the increase of thickness of the window layer reduces
the conversion efficiency of the cell. However, the doping
concentration of the buffer layer must have a value at least equal
to 10'® em?. On the other hand, the doping concentration of the
absorber layer must be less than or equal to 10 cm™. In
addition, the cell's performance is little variable as long as the
defects density of the absorber layer does not exceed 10'° cm™.
But as soon as it exceeds this value, a significant decrease is
observed. The maximum efficiency that can be achieved with
these optimal values is of the order of 13%.

Keywords— Thin film solar cell; Cu,ZnSn(S,Se),;
Optimization; Simulation; CZTSSe

I. INTRODUCTION

An intense research effort has been undertaken to develop
thin film solar cells absorbers with abundant, inexpensive and
non-toxic elements capable to produce high efficiency devices,
economically competitive with conventional energy sources,
and support the next-generation in terawatt scale of these solar
cells [1]. Copper zinc tin sulfo-selenide Cu,ZnSn(S,Se),
(CZTSSe) is an excellent absorber and a serious candidate for
thin-film solar cells owing to its tunable direct bandgap of
1.0-1.5 eV with a large optical absorption coefficient (>10"
cm') and p-type conductivity [2]. According to Shockley-
Queisser limit, the theoretical conversion efficiency of single-
junction CZTSSe solar cells is 32.2 % [3]. These cells are
based on a p/n junction which is formed between the p-type
absorber and the n-type window. The n-type window consists
of a TCO layer and a buffer layer. So far, the highest reported
efficiency of SLG/ Mo/CZTSSe/CdS/Zn0O:Al thin-film solar
cell is 12.6% [4]. In parallel with experimental work, and with
the remarkable development of computer tools, the modeling
of solar cells [S5] has become an indispensable tool for
optimizing the design of all types of efficient solar cells.
Numerical simulation helps to limit the risk and to avoid the
cost of a series of real tests. It will predict the quantitative
impact of variations in material properties on device
performance and suggest ways to change the deposition
process and to improve the performance. The goal of this work
is to optimize by simulation the thickness of the ZnO window
layer and the doping of the CdS buffer layer as well as the
doping and the defects density of the CZTSSe absorber layer.

Following a mathematical model, the simulation is done using
the MATLAB programming language.

II. SIMULATION MODEL

A. Structure and optical properties of the cell

The cell structure considered in this study consists of the
following materials: ZnO(n) Window / CdS(n) Buffer /
CZTSSe(p) Absorber. The solar flux F(4) at x = 0 is given by:

F(A) = Fy(A).e “mohmo (1)

Where: F(/) is the incident solar flux. az,0(1) and wy, are
the absorption coefficient and the thickness of ZnO(n) layer
respectively. The analytical expressions of the absorption
coefficient a(2) for the two materials CdS and CZTSSe can be
found in [6] and [7] respectively.

B. Calculation of the photocurrent density, J,

In all regions, the resolution of the continuity equation
combined with Poisson’s equation and the current density
equation allow us to calculate the current density in each
region. Taking into account the phenomenon of generation
presented by the rate G(4,x) given by [8] :

G(A,x) = a(A)F(A)(1-R(A))e “P* 2)

Where, R(4) is the fraction of the photons reflected from
the front surface. Taking also into account the recombination
rates for the electrons in the p-neutral region of CZTSSe
presented by U,=n — ny /7, and for the holes in the n-neutral
region of CdS presented by U,=p — py /1, [8]. Where, n is the
electron concentration in the p-CZTSSe layer and p is that of
the holes in the n-CdS layer. ny and p, are the equilibrium
electron and hole concentrations, respectively. 7, and 7, are
the lifetimes for electron and hole respectively given by [8].
The total photocurrent density J,, is obtained by integrating
the current density J,,(4) on the whole range of the solar
spectrum [8]:

T = [ 1,00d2 = [(7,()+7,()+ T (DKA 3)

Where J,(4), J,(2) and J,(4) are the photocurrent density
in the neutral zone N (CdS), in the neutral zone P (CZTSSe)
and in the space charge region respectively.

C. Solar cell characteristics

The current-voltage (J-V) characteristic of the cell is given
by the following equation [8]:
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Where: the saturation current density J, is extrapolated
according to (5) [9] :

_Eg

Jo=J 0% (5)

Where: Jy is a constant which depend to temperature.

The diode ideality factor Q and Jy are extracted from the
reference [10].

The numerical solution of (4) for V = 0 and J = 0 gives
respectively the solution as short-circuit current density
J = J,. and open circuit voltage V=V,,.

From the plot of the JV characteristic, the maximum power,
P, can be calculated by:

P =JV),_, 6)

And therefore, we can easily deduce the fill factor and the
conversion efficiency which are respectively given by [8]:

P
FF =—2= @)
JSCVCO
b ®)
P

Where: P; = 100 mW-cm™ is the incident power in standard
conditions AM1.5G [11].

III. SIMULATION PARAMETERS

The result of our bibliographic research has inspired us the
variation ranges of parameters, where:

For the ZnO layer: The thickness, Wy, varies from 100 to
600 nm [12]. For the CdS(n) layer: The doping, N, varies
from 10" to 10 cm™ [13]. Whereas, for the CZTSSe(p)
layer, The doping, N, varies from 10" to 10*° cm™ [14] and
the Defect density, N, varies from 10" to 10" em™ [15].

The Material and device parameters used in the simulation
are shown in Table. I.

Electron recombination velocity at - 107 [14]
CZTSSe back surface, S, (cm/s)

Defects density, N, (cm™) 1x10" 1.35x10" [17]
Elecztron capture cross section, o, 107 1074 [17]
(cm’)

Holze capture cross section, oy, 10 107 [17]
(cm’)

General device properties

Reflectivity, R 0.1[16]
Series resistance, Ry (Q-cmZ) 0.72 [10]
Shunt conductance, Gy, (Q'I—cm'2 ) 1610 [10]
Diode ideality factor Q 1.45[10]
Cell temperature, T (K) 300

“ CB and VB represent the conduction and valence bands, respectively

Copyright -2019
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TABLE I

DATA VALUES USED IN SIMULATION
Material CdS CZTSSe [Ref]
Layer thickness w(nm) 50 2500 [16]
Electron Affinity, y (eV) 4.2 4.1[16]
Relative permittivity, €, 10 13.6 [16]
Electron mobility, i, (cnm’/V.s) 100 100 [16]
Hole mobility, w, (cm’/V.s) 25 25[16]
Donor concentration (cm"g) Ny 1x10" [17]
Acceptor concentration (cm'j) N, - 1x10" [16]
Band gap Energy E, (eV) 242 1.5 [10]
(Cc'irjljﬁecnve density of states, Nc 22x10' | 2.2x10" [16]
(‘fn_gﬁecnve density of states, Ny 1.8x10" | 1.8x10" [16]
Hole recombination velocity at CdS 107 [14]
front surface, S, (cm/s)

IV.RESULTS AND DISCUSSION

A. Thickness effect of ZnO Window layer

Fig. 1 shows the effect of the thickness Wz,o of the ZnO
window layer on the cell performance for: N; = 10" cm?,

N,=10" cm® and N, = 1.35x10" cm™.
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Fig. 1. Cell performance as a function of the
window layer thickness

In accordance with (1) and (2), if W, increases, the solar
flux F(A) at x = 0 and the generation rate G(4,x) decrease.
Which decreases the number of electron-hole pairs generated
and therefore the decrease in the short-circuit current density
Ji. . Hence, the decrease in the conversion efficiency # shown
in Fig. 1. But, V,. and FF are almost not affected by Wz,,.
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B. Doping effect of CdS buffer layer

Fig. 2 shows the effect of the doping N, of the CdS buffer
layer on the cell performance for: Wz, = 200 nm,
N,=10" cm™ and N, = 1.35x10" cm”.

We know using the electrical neutrality equation
(Ngw; = N,w,) that it is the concentration of doping which
controls the distribution of the PN junction into zones (Space
charge zone E # 0 where the current is of drift type and the
neutral zone E = 0 where the current is of diffusion type) on
both sides of a PN junction. That is to say, the width of the
space charge region on one side of a PN junction increases
with increasing of doping concentration on the other side of
this junction and vice versa.

So, if N, increases the space charge zone spreads on the
side of CZTSSe absorber layer. Which increases the electric
field in this layer and hence, the increase in the collection of
charge carriers. Subsequently, a rise in the short circuit
current density J. and the conversion efficiency #.
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Fig. 2. Cell performance as a function of the buffer
layer doping

Therefore, from Fig. 2, the optimal values of the doping
concentration of CdS buffer layer are all values where
N;> 10" em™.
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C. Doping effect of CZTSSe absorber layer

Fig. 3 shows the effect of the doping N, of the CZTSSe
absorber layer on the cell performance for: W,, = 200 nm,
N;=10" cm™ and N, = 1.35x10" cm™.

As in the previous case, if N, increases, the space charge
zone is reduced on the side of the CZTSSe absorber layer.

This decreases the electric field in this layer and therefore
the decrease of the collection of charge carriers. Hence, the
decrease in the short circuit current density Jsc and the
conversion efficiency 1.

Therefore, from Fig. 3, the optimal values of the doping
concentration of CZTSSe absorber layer are all values where
N, < 10" cm™.
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Fig. 3. Cell performance as a function of the
absorber layer doping

D. Defects density effect of CZTSSe absorber layer

Fig. 4 shows the effect of the defects density N, of the
CZTSSe absorber layer on the cell performance for:
Wz.0 =200 nm, N, = 10" ¢cm™ and N,= 10" em™.

We know from equation (rn:(an,.v,h,.N,)']) where
vu=107cm/s is the thermal velocity that the lifetime z, of
electrons in the P layer is inversely proportional to the defects
density N, So, if N, increases 7, decreases. This leads,
according to equation (L,,=(D2,,Ar,,)m ), to decrease the
diffusion length of electrons L,, and therefore the increase of
electron recombination rate. Hence the decrease in the
performance of the cell as it is shown in Fig. 4.
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It is also clear in Fig. 4 that the performances of solar cell
based on CZTSSe absorber are not very variable as long as
their defects density does not exceed 10" cm™. But as soon as
it exceeds this value, a significant decrease is observed.
Therefore, the optimal values of the defects density of
CZTSSe absorber layer are all values where N, < 10" cm™.

Results similar to these are found by the references [20, 22].
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Fig. 4. Cell performance as a function of the
absorber layer defect density N,

V. CONCLUSION

In this work, we made a simulation of a solar cell based on
Cu,ZnSn(SSe)y. The calculation program that we have
developed allows us to optimize by simulation the thickness
of the ZnO window layer and the doping concentration of
CdS buffer layer as well as the doping concentration and the
defects density of CZTSSe absorber layer.

The obtained results showed that:

The increase of the thickness of ZnO window layer reduces
the conversion efficiency # of the cell. However, the doping
concentration of CdS buffer layer must have a value at least
equal to 10" cm®. On the other hand, the doping
concentration of CZTSSe absorber layer must be less than or
equal to 10" cm™. In addition, the cell's performance is little
variable as long as the defects density of CZTSSe absorber
layer does not exceed 10> cm™. But as soon as it exceeds this

value, a significant decrease is observed. The maximum
efficiency that can be achieved with these optimal values is of
the order of 13%. All these optimization results give helpful
indication for feasible fabrication process.
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Abstract— The sewage sludge potentiality to decrease the

energy demand in cement manufacture was the subject of this
study. The initial idea is to replace the ordinary Portland
cement clinker by mud of various origins which the technical
landfill centers represent the end of its life cycle. This study
enabled us to examine the effect of mud of different natures:
urban and industrial like source of silica and waste lime like
source of lime; in the temperature reduction to obtain a profit
of energy.

From a mixture of sewage sludge urban or industrial, we can
synthesize belitic cement at 1200°C.

This study also explored the possibility of produce belitic
cement atlow temperature (1100°C). In this work, the raw
mixture (limestone and clay) of belitic cement was substituted
by another mixture made up of waste lime of the industrial
gases industry ENGI, of urban sewage sludge and industrial
muds resulting from the Company Paper mill and Boarding
from Saida GIPEC. The results showed that: a mixture (GIPEC
sludge, ENGI residue.) with CaO /SiO, =1.73 gives belitic
cement without free lime. The X-ray Diffraction analysis shows
the presence of the most active phase BC,S. The 50%
substitution of the Ordinary Portland cement by urban mud
produces a belitic clinker at 1200°C where the majority of lime
was combined. The X-rays diffraction analysis showed that the
strongly reactive phase of the belite (BC,S) was stabilized as well

as the crystallization of C;S.

Keywords— belite, mud, energy, cement, lime, sludge.

I. INTRODUCTION

The daily life and several activities (industry,
transportation, resource exploitation, agriculture, etc.) lead to
massive waste and sludge production, generally derived from
liquid effluent treatment processes commonly called sewage
sludge. Sewage sludge are solid matrices, often

heterogeneous  and  variable, which  makes the
characterizations and treatments quite complex. Also, further
sludge use or its disposal would be associated with high costs
of transportation, combustion or drying, and the sludge to be
destroyed would take up too much space in landfills. This is
a problem.

In Algeria, the industry has a major responsibility for the
global pollution of the country, especially the cement
industry [1].

However, it is also recognized that the production industry
remains a key driver of economic growth, but reducing
pollution and the rational use of resources and energy are
imperatives for sustainable development and make frequently
unit costs of products lower.

The cement industry is a big heat and electricity consumer.
Global energy requirements for cement manufacturing are
estimated at about 6 109 GJ / yr for fuels and 200 TWh / yr
for electricity [2].

This industry is also a strong emitter of greenhouse gases
(carbon dioxide - CO,), coming from the heat energy needs,
but also from the cement manufacturing process. The issue of
climate change encourages us to look for all means of
reducing CO, emissions: the improvement of specific energy
consumption must be coupled with a new approach to replace
traditionally manufactured products (clinker) with products
with similar characteristics [3-4].

In fact during the decarbonation, a quantity of 520 kg of
CO, per ton of clinker is emitted. The only way to reduce
CO, emissions is to use already decarbonated products [5-7].

They are generally used as a partial substitute for clinker
because they have the ability to develop mechanical
resistance similar to clinker.

They are beginning to be used as a partial substitute for
mixed raw materials when their ability to replace clinker is
low [8-9].

This paper presents the possibility to energetically
promote sludge from urban wastewater treatment plants and
industrial effluents in the cement industry. It includes tests
carried out to obtain belitic clinker at low temperature and it
presents the results obtained during the evaluation of
Portland clinkers produced by substitution of the Portland
raw material by the collected sludge.

II. MATERIALS AND METHODS

A. Materials
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The urban sewage sludge was collected from the water
treatment plant of Saida city, Algeria. The industrial sewage
sludge was collected from the effluent treatment plant of
GIPEC paper mill group in Saida city, Algeria. The samples
initially were dried in oven at 105°C for 24 h, finely crushed
and properly stored for further studies. These samples were
noted as U-SS and GIPEC-SS, respectively. The chemical
composition was determined.

The lime milk rejected by the plant of manufacturing of
acetylene of the National Industrial Gases Company (The
Linde Group), located in Sidi Bel Abbes was collected from
the cesspool.

After fast settling of the lime milk, the residue was dried
in oven at 105°C for 24 h and finely crushed noted ENGI-R .

The natural raw materials: clay and limestone are from the
cement plant of Saida. The raw meal is removed from the
storage tank feeding the oven of the Saida cement
manufactory.

B. Characterization

The chemical analysis of raw materials was performed
with X-fluorescence XRF 9900. The loss on ignition (LOI)
was determined by chemical analysis according standard
norm [10]. The trace elements of the urban sewage sludge
and the GIPEC sewage sludge were detected by Perkin Elmer
A Analyst 700 atomic absorption spectrophotometer (air-
acetylene oxidizing flame, slit width 0.5 nm). X-ray analyses
were performed using Bruker D8 Advance diffractometer
employing copper Ka radiation (A= 0.154 nm) operating at
40 kV and 40 mA with a fixed slit. The chemical
composition of synthesized clinkers was determined by
volumetric dosages in accordance with Algerian Standard
Specifications [11]. The residual free lime content is
determined by the (glycerine—alcohol) method, according to
the European standard [12]

C. Synthesis experiment

6 g of mixture was prepared with different low CaO / SiO,
ratios = 1.73, 1.87 and 2. The reference mix (MO) was
prepared from natural raw materials: limestone as CaO

A. Characterization of raw materials

Table 1 illustrates the percentage oxide composition of the
raw materials used. The chemical compositions of alternative
raw materials are shown in Table 2. The results indicated that
the high value of Loss on ignition (LOI) reported to the
sewage sludge is due to important amount of water and
carbonates which contained the materials. The silica, alumina
and lime are the major oxides of the samples. The iron and
magnesium oxides exist as minority elements. The ENGI
residue is composed mainly lime
Table 3 illustrates the trace elements determined in the urban
sewage sludge and GIPEC sewage sludge samples. The
results indicate significant amounts of Zinc (568 and 224.6
mg/Kg), Lead (137 and 45.79 mg/Kg) and Copper (131 and
53.54 mg/Kg) in both sludge respectively. The trace elements
content of the alternative raw materials shows highest Zinc
and Lead concentrations in urban sewage sludge. Nickel is
highest in GIPEC residue

The XRD patterns of alternative raw materials: urban
sewage, GIPEC sewage and ENGI residue were shown in
figure 1. The X-ray diffraction pattern of urban sewage
sludge indicates that it contains some mineral phases
concerning montmorillonite (M), illite (I), quartz (Q), calcite
(C) and dolomite (D) (Figure 1). In the same figure, the
GIPEC sewage sludge is seen to be composed of calcite,
Quartz and Kaolinite (K). Also, it is clear from the figure that
hydrated lime (HL) is the main phase composing ENGI
residue powder.

TABLE1
OXIDE COMPOSITION OF THE RAW MATERIALS (%)
Raw Chemical composition (wt %)
material CaO SiO, ALO; | Fe,O; | MgO | LOI
limestone | 48.99 | 5.22 2.55 0.90 1.02 40.50
Clay 6.92 51.82 16.14 | 7.31 1.95 11.07
TABLE 2

OXIDE COMPOSITIONS OF THE ALTERNATIVE RAW MATERIALS (%)

source and clay as SiO, source, quarried from the quarries of | Alternative Chemical composition (wt %)
Saida cement plant, Algeria. The two other mixtures were | raw material | CaO | SiO, ALO; | Fe,0; | MgO | LOI
prepared from alternative raw materials. The second mix | U-SS 14.05 | 21.69 | 3.43 1.41 3.67 60.76
(M1), the clay was totally replaced by urban sewage sludge | GIPEC-SS 2217 | 1325 |74 1.06 1.14 55.34
and the limestone was replaced by ENGI residue. The third [ ENGI-R 71.08 | 1.82 144 1056 |085 | 2449
mix (M2) was composed of the industrial sewage sludge
from GIPEC and ENGI residue.

TABLE 3

The raw materials are finely crushed separately at 90 pm

. . . TRACE ELEMENTS OF THE ALTERNATIVE RAW MATERIALS (MG/KG)
mesh sieve. After homogenization, the mixture was

introduced into an alumina crucible and placed in a muffle Alternative Element (mg/Kg)
furnace with a heating rate of 20°C/min. The sample was raw material | Cu Zn Cd | Cr Ni Pb
maintained at the desired burning temperature during 30 min, U-SS 131 568 1 37 24 137
then quickly cooled by applying air flow and crushed. GIPEC-SS 5354 2246 | <6 <40 | 2827 | 45.79
III. RESULTS AND DISCUSSIONS
Page 122

Copyright -2019
ISSN 1737-9334


PC2
Texte tapé à la machine
Page 122

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

¢) ENGI Residue

HL
HL
HL HL
H HL g
(Y]
£
10 20 30 40 E &0 70 20 an 100 @
2Tetha o
o
b) GIPEC sewage sludge
C
1 2 3 1 2 3
mixture:Ca0/si0,=1.73 mixture: Ca0/Si0,=1.87
L —3—1100°C
10 20 3o 40 S0 5‘0 7‘0 B‘D 3‘0 10‘0 35 - +1200°C
2Tetha
S
2000 .°§’
o
6000 | g
B
E 4000 |
2000 -
1 2 3
o 30 20 P 30 mixture: CaO/Si0,=2
2 Tctha
Fig. 1 The X-ray diffraction patterns of the sewage sludge Fig. 2 Variation in free lime content. versus mixture composition (1=MO,
(M=Montmorillonite, Q=Quartz, Ha=Halloysite F=Feldspar He=Hematite, 2=Ml, 3=M2)
I=Ilite, K=Kaolinite, C=Calcite, HL=Hydrated lime).
B. Clinkers
. o1 . M1 M2 i MO
The results obtained from the burnability tests of the mixes 100 1
are illustrated in Figure 2. The results show that burning at 90
1200 °C leads to lower free lime contents in the clinkers. 80 -
For CaO/SiO,=1.73, the liquid solid reaction is more 70 -
complete. 60 -
The mixtures prepared from alternative raw materials 50 -
exclusively favors lime combination with the different oxides X 0 -
As the quantity of lime in the mix increases, the combination 30 4
of this one with other oxides present is not complete.
The free lime quantity in the clinkers prepared from GIPEC 20 1
sewage sludge and ENGI lime residue is lower than in the 10 1
clinkers prepared from natural raw materials and the other 0 -
alternative raw materials (Fig. 2). This result indicates that C3S (C2S C3A CAAF C5A3 FL
the calcium element present in GIPEC residue can precipitate Phase composition
the clinker minerals. mixture Ca0/Si0,=1.73
Figure 3 illustrates the concentration of the clinker
phases resulted at 1200°C as estimated from Bogue °
equations.
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Belite phase is the predominant in all clinkers. The belite
value of clinker synthetized form M2 mixture with ratio

Copyright -2019
ISSN 1737-9334

C2AS

Ca0/Si0, = 1.73 is 96.72 %. The X-ray diffractogram of this
clinker is illustrated in Figure 4. Active belite BC,S
characteristic peak is seen at an angle of 31

IV. CONCLUSIONS

The ENGI residue can be a source of lime. GIPEC mud lime
is about twice higher than silica. But also this mud is rich in
heavy metals especially zinc. The silica content in urban
sewage sludge is highest. Urban sewage sludge is rich in
lead. The loss on the ignition is considerable in sewage
sludge. From a mixture of waste sludge urban or industrial,
cement belitic can synthesized at 1200°c.

These alternative raw materials contain a very high organic
matter count which by combustion generates an energy
which can contribute to the combination of various oxides
present in the mixture believed at low temperatures. the
formation of c,s was clearly supported by the use of the
sewage sludge. the rate of c¢,s in the clinkers obtained starting
from the mixtures of sludge varies between 85% and
96%.caolsio, ratio of 1.73 in the raw mixture composed of
waste mud makes it possible to obtain a clinker rich in belite
of 96.72%.sludge gives different results according to their
origin. This can be with the metal elements present or also
with the grains shape of mud
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Abstract— in this work, we aim to statistically analyse wind speed
data using Weibull distribution function in order to determine the
characteristics of the wind potential in Ouargla region. For this
purpose, Weibull parameters were calculated using five methods:
moment’s method, the empirical method of Lysen, power density,
the variability of wind and energy pattern factor method. These
methods are used to calculate the wind power density, in addition,
the estimated wind power density using mentioned methods have
been validated with actual measurements. The results show that,
the Moments method is the most efficient method in assessing
wind power density compared to other methods. A set of
simulation results obtained during this study is presented. These
results show that the atmosphere is not stable throughout the year,
this confirms the existence of seasonal winds Power increases
considerably after extrapolation to 50 m, giving estimated energy
of 953.77 KWh per year. m

Keywords— Weibull parameters; Statistical analysis; Ouargla;
wind potential; power density

I. INTRODUCTION

These last years, the world has experienced a rapid increase
in energy demand, in addition to economic and demographic
growth and improved living standards, this growing demand for
energy has led to the inability to meet energy needs. In the other
hand, utilization of fossil fuels as a main source of energy
deteriorate environment. Number of researchers considering
renewable energy sources (solar, wind, biomass .... etc.) are the
optimal alternative to fossil energy, renewable energy has
remarkably developed and become more economically
competitive [1]. Wind energy is considered a more sustainable
and more environmentally friendly source of energy [2], [3].
Moreover, wind energy does not consume water, which makes
it more attractive than thermal plants that require intensive use
of fresh water for cooling, especially in hot or arid areas . At the
level of our country, Algeria has a diversity of renewable
energy sources (solar, wind) and this in an area of 2 381 741
km?. Algerian has completed several projects related to wind
energy, for example in the wilaya of Adrar, it has created a large
station of a wind farm [4].In this work we want to look for ways
to invest in this energy in our country Algeria, and use it in the
best way, we wanted by virtue of our presence in Ouargla
region to take advantage of these energy circumstances. But
before starting any project, we must study whether the site you
want to establish the project is suitable or not?

II. WEIBULL DISTRIBUTION FUNCTION

The Weibull distribution used for the statistical analysis of
the data, it is better known and preferable to represent the
distribution of the wind speed [6]. The Weibull distribution
function is based on two parameters of modelling (k) shape
parameter and scale parameter (c) [5]. The Weibull probability
density is given by.

k

f@) == ()  texp(=D)* e)

[II. DETERMINATION OF WEIBULL PARAMETERS

c

In fact, every location has different parameters (k) and (c)
to describing the distribution of wind speed for a candidate site,
thus, (k) and (c) need to be determined. Several methods were
used in literature to determine (k) and (c). In this section, five
methods have been compared to determine the parameters of
Weibull distribution function (k) and (c) for our region of study
(Ouargla).

A. MOMENT METHOD

In 1977, Justus and Mikhail [8] introduced this method.
This method is based on the standard deviation and the means
of wind speeds for determining the two parameters k and c the
shape parameter (c) can be calculated iteratively using

Eq(2) [9L10L[11].
U = T(1 + ) @)

— 2 2 1\q1/2
o=c[r(1+2) =12 (142 3)
The scale parameter is calculated using Eq. (4).
1
c= (XL, viOVk “)

B. Empirical method of Lysen

Based on the empirical method introduced by Lysen, shape
parameter (k) is calculated by Eq. (5) and the scale parameter(c)
is computed as Eq. (6) [8].
k = (v7m)—1.086 (5)

¢ = vy (0.568 + 239 7V/k (6)

C. VARIABILITY OF WIND METHOD

Previous studies have revealed the existence of a general
trend between parameter k values and mean wind speed [7].
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Mathematical results can be expressed for average, high (90%)
and low (10%) variability sites by the following relation.

5up, (low)
k =10.94v,,°° (average) (7)
31, (high)

Then, the mean wind speed Vm is related to k and c as follow:
Vip = cI'(1+k™1) ®)

D. ENERGY PATTERN FACTOR METHOD

Mathematically, EPFM is given by Eq. (9). This is a
dynamic method based on the fact that energy can be efficiently
extracted from the wind [7], [12], [13].

__ the average power of the wind
EPFM = the power of the average wind (9)
The primary step in this method is to compute energy patterns
factor Epf, which is given by the following relationship.

Epr = (3 vi )/ (22 v) (10)

Can be determined the shape parameter by Eq. (11) and the scale
parameter by Eq. (4)

3.69
(Epf)2

k=1+ (11)

E. POWER DENSITY METHOD
This new and more accurate method to determine the scale
and shape parameters, the parameter (k) can be calculated by
iterating of numerical method Eq.(12) [7],[16].
Vi ra+
Epe = = r3(1+k%) (12)
The scale parameter(c) is calculated by the following Eq. (13)
Um
c= (13)

T ra+y)

IV.EVALUATION OF THE AVERAGE WIND POWER DENSITY

The power density of the wind gives the strength of the wind
available at a particular site. Wind Power Density (WPD) is a
principal factor in determining wind potential and makes it
possible to quantify the energy produced during a time T by the
wind turbines. WPD is calculated by two approaches

The first approach, the power density for the real time series
wind speed data for a site can be calculated using the following
Eq. [14], [15].

P = 0.5pv3(W/m?) (14)

With, V: is wind speed (m/s),p is density of surrounding air

(kg/m?).

The second approach, the WPD is calculated by using Weibull

probability density function and can be estimated by the

following Eq.

2= 1/2pc®r (1 +2)(Whne) (15)
It is possible to calculate the available wind energy at a given

location using the Weibull distribution, the annual wind energy,

expressed in kWh/m?. This calculation can yield by the

following relation [17].

E = 3.56 ¢*I'(1 + 3/, ) (Kwh/m?/an) (16)

V. RESULTS AND DISCUSSION

For this study, we chose the Ouargla region. Ouargla is a
city in the south-east of Algeria. It is characterized by a Saharan
climate. The site is geographically located at 31.93° is latitude
and 5.4° longitude. We obtained the data used in this study from
the meteorological service in Ouargla region. The
measurements of wind speed were taken every day for ten years
(2006-2015) at 10m height. In this study the wind power
density was estimated using five methods, theses lasts have
been compared with measured data values, to determine the
most accurate method. In order to achieve this goal we have
used statistical analyses (RMSE, Chi-Square and MAPE).The
results obtained in this study can be summarized as follows.

A. ESTIMATION THE WEIBULL PARAMETERS IN OUARGLA REGION

In this study, Weibull parameters are estimated by five
methods, Moments method(MOM), the Empirical method of
Lysen(EML), power density method(PDM), the variability of
wind method (VWM)and Energy Pattern Factor method(EPFM)
as presented in Tablel.

The moment’s method and empirical method of Lysen
estimated monthly shape parameter varies from 1.2766 to
2.5749. The monthly scale parameter varies from 2.5810 to
5.1501 by the moment’s method and but by the empirical
method of Lysen, it varies from 2.5825 to 5.1528. Power
density method and Energy Pattern Factor Method estimated
monthly shape parameter varies from 1.3388 to 2.5339.
Monthly scale parameter varies from 2.6054 to 5.1512 by the
Power density method and it varies from 2.6469 to 5.1583 in
the year. Variability of wind method estimated monthly shape
parameter varies from 1.6242to 2.0145 and monthly scale
parameter varies from 2.6723 to 5.1480 in the year.

It was observed in all methods used for Weibull parameter
estimations that the lowest value for two parameters (k and c)
in December and the highest in March.

B. ESTIMATION THE WIND POWER DENSITY FROM WEIBULL
DISTRIBUTION PARAMETERS

1) Monthly power density: The monthly wind power density is
estimated by using air density and Weibull parameters in
(14.15). Measured monthly WPD and estimated monthly WPD
using Weibull parameters from MOM, EML, PDM, VWM and
EPFM at different heights are shown in the figure (1-2).The
results obtained show the monthly power density values varied
between (29.82-245.64) (w/ m?) at 10m height, and for the 50m
height the monthly power density values varied between 48.25-
398.27), this is according to moments method and empirical
method. For the Power density method and Energy Pattern
Factor method, the monthly power density values varied
between (27.35-259.54) and (44.34-420.64) at 10m-50m height
respectively. And for Variability of wind method the monthly
power density values varied between (20.39-107.01) (33.05-
152.66) at the 10m-50m height respectively.
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TABLE I
Estimate Weibull parameters by five methods at Ouargla region

Moments Method Empirical method of Power density Variability of wind Energy Pattern
Month | V(m/s) lysen method method Factor method
K@) C (m/s) K () C(m/s) | K(-) C(m/s) | K(-) C (m/s) K@) C (m/s)
Jan 2.88 1.3470 3.1446 1.3470 3.1468 1.3740 3.1554 1.7834 3.2423 1.3740 3.1841
Feb 3.67 1.9629 4.1494 1.9629 4.1519 1.9947 4.1508 1.8029 4.1371 1.9947 4.2330
March 4.56 2.5749 5.1501 2.0686 5.1528 2.5339 5.1512 2.0077 5.1480 2.1399 5.1883
Apr 4.50 2.2563 5.0823 2.2563 5.0842 2.2631 5.0822 1.9944 5.0793 2.2631 5.1041
May 427 1.1553 4.4998 1.1553 45004 | 1.0428 | 4.3492 19439 | 4.8227 1.0428 43180
June 4.59 1.0025 4.5974 1.0025 4.5930 1.0183 4.6272 2.0145 5.1829 1.0183 4.6166
Jul 3.80 2.3106 4.2924 2.3106 4.2937 2.3810 4.2905 1.8331 4.2799 2.3810 4.3064
August 3.83 2.1922 4.3274 2.1922 4.3292 2.2744 4.3265 1.8402 4.3138 2.2744 4.3522
Sept 412 2.0686 | 4.6479 | 2.5749 46485 | 2.1399 | 4.6499 | 1.9096 | 4.6517 | 2.5339 | 4.6424
Oct 3.12 1.8223 3.5183 1.8223 3.5208 1.8709 3.5220 1.6622 3.4989 1.8709 3.5525
Nov 2.82 1.4880 3.1277 1.4880 3.1303 1.4891 3.1280 1.7652 3.1750 1.4891 3.2371
Dec 2.39 12766 | 2.5810 | 1.2766 2.5825 | 1.3388 | 2.6054 | 1.6242 | 2.6723 | 1.3388 | 2.6469
m Empirical method of Iysen The results obtalned. show the power density shows a lz.lr'ge
® Moments method month-to-month variation. The minimum power densities
B Variability of wind method occur in December (29.82, 48.33) W/m? at 10m-50m heights
200 m Power density method and we recorded the highest value in March (250.63, 500) W/m?
m Energy Pattern Factor method at 10m-50m heights respectively (figure 1-2). It is interesting
T 250 Measured data that highest power density values occur in the spring months of
2 200 March, April and May.The results indicate that Ouargla site has
2 a seasonal wind potential, as the wind blows at a relatively high
g 150 speed in spring and summer.
?5 100 2) Seasonal Power Density: The maximum seasonal average
g 0 L power density of (80.25, 130.069) W/ m? is recorded in the
= spring for heights (10, 50) successively, while the minimum
0 values of (58.36, 94.59) W/m? are recorded in the winter for

\®° Q@o g\%?&& @‘ﬁ \&\ W

O D > &R e
MRS IR
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Fig.1 Estimate the Monthly Power Density (W/m?) by the five methods at 10m.
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Fig.2 Estimate the Monthly Power Density (W/m?) by the five methods at S0m.
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heights (10, 50) successively (Table II). Thus, the higher power
density at the Ouargla site in two seasons (spring - summer) and
low in winter and autumn.

TABLE III
Estimate Seasonal power density at (10 m, 50 m) altitude
Vm Power Density(w/m?)
Season (m/s)
10m 50m
Winter | 3.6017 58.364 94.591
Spring | 4.3005 80.255 130.069
Summer | 4.2843 81.581 132.218
Autumn | 3.2335 60.976 98.824

The analysis of the results also shows that:

4 the change from the 10 m height to the 50 m height makes
it possible to increase the WPD available on site by a factor of
approximately 1.6 to 2.

¢ the atmosphere is not stable throughout the year on the
Ouargla site and the existence of seasonal winds, this confirms
that there is a potential for significant winds in this site.

¢ it is noted that the power increases considerably after the
extrapolation to 50 m, which gives an estimated energy of
953.77 KWh for each m?.

¢ We find that the months in the centre of the year, which
are part of spring and summer, are the windiest months, and this
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assures us the greatest power and energy is in coastal months of
the year.
C. STATISTICAL ANALYSIS

There are several statistical test tools, such as the RMSE, the
Chi square test (X?) and the Mean Absolute Percent Error
(MAPE) test. In this work, we have used the previous tools to
test the accuracy of the used methods to find the most efficient
method for determining the density of wind energy, (Table III)
shows more about obtained results. It is observed that the wind
variability method has the highest percentage of error. In
contrary, the Moments method shows a more efficient and lower
error percentage. it is the better method to estimate the WPD.

TABLE IIIIIT
Statistical analysis for five methods at 10m, 50 m altitude

z Statistical Analysis

% 10m 50m

i RSME | MAPE X2 | RSME | MAPE X2
MOM 1.94 0.46 0.12 3.14 0.27 0.33
EML 2.41 0.96 0.19 3.91 1.56 0.52
PDM 3.77 0.17 0.48 6.14 0.28 1.27
VWM | 46.44 9.28 732 | 92.27 15.05 75.2
EPFM | 2.06 1.72 0.14 3.35 2.80 0.38

D. THE ANNUAL ENERGY DENSITY

Figure 3 shows the wind energy density in the Ouargla
region for 10 years at different heights. It is remarkable that
(figure 3) an aecrogenerator on this site can produce 588.62 KWh
annually at 10 m for each m?. Given the nature of the Saharan
soil in this region, and the effect of the roughness of the surface,
we note that the power increases considerably after the
extrapolation to 50 m, so that the average energy estimated
(417.59, 660.08) kWh for each m? this at the heights 10m 50 m
successively. After gathering knowledge about the densities of
the average powers in this site, we propose the setting of small
wind turbines can be chosen to produce electricity in a hybrid
way with a photovoltaic system, for example.
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Fig.3 Annual energy density at 10 m and 50 m altitude.
VI.CONCLUSION
This study allowed us to evaluate the potential energy of the
wind in the region of Ouargla. The average monthly wind speed
at the Ouargla site was relatively varied between (3- 4.5 m / s),

estimated at different heights according to the Weibull
distribution. We find that the months in the centre of the year,
which are part of spring and summer, are the months more
windy, and this assures us the greatest power and energy that the
coastal months of the year. This confirms the existence of
seasonal winds. Therefore we consider that small wind power
plants can be a hybrid power generation choice eg (PV-E) as a
solution to avoid energy shortage throughout the year or this
level of power density may be adequate for nonconnected
electrical and mechanical applications, such as battery charging
and water pumping.
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2

Abstract— Power production and refrigeration are two
problems of human communities which contribute in
environmental degradation. Clean power can be produced by
means of solar energy using organic Rankin cycle where
refrigeration systems are power consumption and must be
associated to clean energy source to conserve environment. In
this paper a combined cycle for power production and
refrigeration is presented. The system produces 30 Kw of power
by a mixed flow turbine and 50 Kw of cold using solar energy
and butane us working fluid. A CFD model is used to test the
performance of the mixed flow turbine for a wide range of
working conditions.

Keywords — Power; solar energy; mixed flow turbine; ejector;
butane; CFD.

. INTRODUCTION

Ozone depletion and global warming are major
environmental concerns with serious implications for the
future development of refrigeration-based industries and
power production. The challenge is to use the renewable
energy sources in power plant to eliminate pollutant
emissions and non-toxic working fluid in refrigeration plant
to conserve the ozone layer.

Organic Rankin cycles (ORC) are one of the available
solutions for converting low grade heat source into electrical
power. The benefit of ORC systems is the recovery of useful
energy, often as electrical output, from low-energy sources
such as the low-pressure steam associated with steam-driven
turbines used for electricity generation [1-5].

Ejector refrigeration systems, which were very popular in
the early 1930s, are also receiving renewed interest since they
can be activated by low temperature thermal energy from
renewable sources or thermal wastes thus reducing the use of
fossil fuels or improving the efficiency of their usage. An
ejector is a simple apparatus using the low pressure created
by the accelerated stream of a primary (or motive) fluid to
aspirate and compress a secondary (or suction) fluid [6].
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Some researcher proposed ejector-refrigeration cycle and
Rankine cycle (ORC) based combine power and ejector-
refrigeration cycles to utilize the low temperature heat. In this
type of combined cycles, the ejector refrigeration cycle and
the power cycle share the same heat source.

The cycles could be divided into two kinds according to
the configuration. In the first type, the ejector and power
turbine are arranged in parallel. It was first proposed by
Oliveira et al. [7 and 8].

The other type is that the ejector and the power turbine are
arranged in series. The vapor form the power system acts as
the primary flow and there is no generator in the refrigeration
cycle. Dai et al. [9] proposed this kind of cycle, in which the
high temperature and pressure organic gas expands in the
turbine. Then the exhaust gas enters the ejector as primary
flow (Fig. 1). This cycle is considered in this study, where a
mixed flow turbine is designed and tested numerically.

II. CYCLE DESCRIPTION

In the combined cycle (Fig. 1), the liquid flow from the exit
of the pump (state 1) is heated to super heat gas (state 2).
Then the vapor enters the turbine and expands. The turbine
exhaust gas (state 3) enters the ejector. In the ejector, the
exhaust gas induces a low pressure region at the exit of the
ejector nozzle and accelerates to the supersonic condition as it
passes through the converging— diverging nozzle of the
ejector. Then the secondary flow is entrained into the ejector
fromthe evaporator (state 7) as secondary flow. Subsequently,
these two streams are mixed in the mixing section. The mixed
flow then undergoes a transverse shock and a pressure rise.
And then it is compressed to state 4. In condenser, the
compressed gas is cooled to saturated liquid (state 5). A part
of the saturated liquid is pumped to high pressure in the pump.
The other part of the saturated liquid expands in the valve
(state 8) and then evaporates to saturated vapor (state 7). The
solar energy with cylindro-parabolic concentrator can be used
as high temperature heat source.
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Fig. 1 Schematic diagram of the combined power and ejector-refrigeration
cycle

III. WORKING FLUID

The only fluids of substitution without additional
inconvenience both regarding the ozone layer and the
greenhouse effect are non-halogenated fluids like ammonia
(R717), propane (R290), butane (R600), isobutane (R600a),
carbon dioxide (R744) and water (R818).

The main concern regarding the adoption of hydrocarbons
as a refrigerant is their flammability. It should be reme mbered
that millions of tonnes of hydrocarbons are used safely every
year worldwide for cooking, heating, vehicle fuelling and
aerosol propellants. In these industries, procedures and
standards have been developed and adopted to ensure the safe
use of the product.

Figure 2 shows the changes in saturated vapor pressure and
temperature for R134a, R22, R12, and mixtures of propane
(R290)- butane R600, As shown in this figure, the saturated
vapor pressure curves for various proportions of mixtures are
close to the refrigerant vapor pressure curve R134a and R12,
and the R290 curve is very close to the R22 curve. This
indicates that these mixtures may have similar properties and
could be used as a substitute for R134a and R22 refrigeration
system. The butane curve indicate that w it can be used when
a law-grade energy sources is considered with the generation
temperature ranging from 70 C to 95 C and low compression
ratios.
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IV. RADIAL TURBINE

Radial inflow turbines have established their place in
industrial applications, especially in the field of small
turbomachinery because of their simplicity, reliability, low
manufacturing cost, relatively high performance, easy
installation and maintenance and fastresponse.

When a law power output is required, where the radial gas
turbine has many advantages, both economically and
aerodynamically, over the axial turbine. Where small sizes
are concerned the relatively large clearances at the rotor tips
have a smaller effect on turbine performance than in the axial
flow machine. From the economic point of view the simpler
fabrication of the radial rotor and nozzle assembly compared
with the blade assembly for the axial turbine renders the
turbine at a particular advantage when the machine is used as
an accessory, for example, in turbochargers or starters.
Furthermore, since it is essentially a low specific speed
machine, it can cope with large overall pressure ratios in a
single stage and this has advantages as an expander in liquid
gas plant. Among the works that give a detailed approach to
optimal sizing of a radial turbine one can quote that of
Benson [10], and that of Ebaid et al. [11]

To be continued....
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Abstract— Concentrating solar tower power plant with thermal
storage system has received particular attention among
researchers, power-producing companies and policymakers
according to its bulk electricity generation ability by overcoming
the intermittency of solar energy. The parabolic trough collector
and solar tower are the two dominant CSP systems which are
either operational or in the construction stage.

The aim of this paper is to study the production of electricity by
a solar tower power plant with thermal storage system (type
PS10). The power plant capacity is 150MWe and it is located in
Hassi R'mel (south region of Algeria). The purpose is
to highlight the importance of developing concentrating solar
thermal technologies in Algeria.

Concentrating solar thermal technologies belong to an
engineering field, which can significantly contribute to the
delivery of clean, stainable energy worldwide.

Keywords—Solar Tower Power Plant, Thermal Storage System,
Simulation, System Advisor Model.

Abbreviations

CCGT Combined Cycle Gas Turbine

CDSEP Crescent Dunes Solar Energy Project
CF Capacity Factor

CRS Central Receiver Systems

CSp Concentrating Solar Power

DNI Direct Normal Irradiation

DSG Direct Steam Generation

HTF Heat Transfer Fluid

ISEGS Ivanpah Solar Electric Generating System
LFR Linear Fresnel reflector

PD Parabolic Dish

PTC Parabolic Trough Collector

SAM System Advisor Model

SM Solar Multiple

SPT Solar Power Tower
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I. INTRODUCTION
In order to take up the global challenges of clean energy,

climate change and sustainable development, it is necessary
to boost the development of environmentally friendly

energy technologies. In this context, concentrating solar

power plants (CSP) are increasingly relevant because of the
need to reduce carbon dioxide emissions in electricity

production and heat generation required to reach the goal of

limiting climate change to 2°C above the pre-industrial
levels.

CSP power plants are gaining in popularity with advances
in technology. There is a type of concentrating solar thermal
technologies available nowadays, being solar thermal
collectors the major component of solar power systems. As
previously stated, these collectors receive the incoming
radiation and concentrate solar rays to heat a fluid, which
then directly or indirectly drives a turbine and converted
mechanical energy into electricity through a generator. The
concentration of sunlight allows the fluid to reach working
temperatures high enough to ensure affordable efficiency in

turning the heat into electricity, while limiting heat losses in

the receiver. The four main commercial CSP technologies are
distinguished by the way they focus the sun’s rays and the

technology used to receive the solar energy (Fig. 1): parabolic
trough collector (PTC), solar power tower (SPT), linear
Fresnel reflector (LFR) and parabolic dish (PD). The basic
principles of concentrated CSP systems are covered in
previous reference works such as [1], [2], [3], [4] and [5].

Parabolic Dish Parabolic Trough

= Absorber tube
Solar -

Receiver/engine ficld pip Reflector

\\‘.n‘ gy ‘h"

Reflecior A =

<1 | =82

Solar Power Tower Linear Fresnel

~13 | ~4

Curved Mirrors

Absorber tabe

Heliostats . .
|||Jl| reconcentrator

Heliostats

Fig. 1 Categories of CSP technologies.
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In the SPT plants (see Fig. 2), also called central receiver
systems (CRS) or power tower, a large number of computer-
assisted mirrors (heliostats) track the sun individually over
two axes. Heliostats are less expensive than trough mirrors
because they used standard flare glass, instead of glass that is
manufactured at specific curves. They concentrate the solar
radiation onto a single receiver at the top of a central tower
where the solar heat drives a thermodynamic cycle and
generates electricity. SPT plants can achieve higher
temperatures than PTC and LFR systems because they have
higher concentration factors. The SPT can use water-steam
(DSG), synthetic oil or molten salt as the primary heat
transfer fluid [6].

7 software with period data (1991-2010) for numerical
simulation. Some important design parameters used in the

simulation are given by tables, I, II and III.

TABLE I
HELIOSTAT FIELD

Total heliostat
reflective area

Heliostats number

Mirror washing

0.70L/m*and 63

Electricity

Steam condenser
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Steam drum P ) .

Heliostats

Fig. 2 Schematic of a Solar Tower Power Plant.

The number of existing CSP SPT plants of significant size
is very limited, and the time they have been operational is
also minimal. Additionally, not all the data needed are
publicly available. Hence, the full potential of the SPT
technology is not shown by the surveys of plants. In the list of
the SPT plants of [7], there are only 34 CSP SPT plants
worldwide. Only 3 above 20 MW of capacity are operational,
ISEGS of 377 MW capacity since 2014, Crescent Dunes
Solar Energy Project (Tonopah) of 110 MW capacity since
2015, and Khi Solar One of 50MW capacity since 2016. The
377 MW ISEGS plant only producing 703,039
MWh/year (2016), the output of a medium to small scale
CCGT plant, has the best data set covering 3 years.

Recently, there has been a particular interest to solar tower
power technology, as is evident from the fact that there are
several companies involved in planning, designing and
building utility size power plants. This is an important step
towards the ultimate goal of developing commercially viable
plants. There are numerous examples of case studies of
applying innovative solutions to solar power [8].

II. RESULTS AND DISCUSSIONS
The solar power tower simulation is performed using the

System Advisor Model (SAM) simulator. The meteorological
data of the selected site are taken by METEONORM

1269055 m” 8790
washes per year
TABLE II
POWER CYCLE
. . Condenser
Solar multiple Capacity Cycle type
2 150 MWe Rankine Air-cooled
HTF type HTF temperature HTF mass flow rate
Salt (60% NaNO;, Hot: 574°C
40% KNO; ) Cold: 290°C 850.9 ke/s
TABLE III
THERMAL STORAGE
Full load Hot tank
Type hours Tank volume heater capacity
Two tank 6 11087 m’ 30MWe

Figures 3, 4 and 5 illustrate the meteorological data of
Hassi R'Mel site.

5’0 — Wmd velocity [m/s] L 60
1+ —X— Relative humidity [%]
—¥— Ambient temperature[°C 3 >
451 - 50 5
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2 404 / L .
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Z / %% 30 £
& + X r &
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Fig. 3 Wind velocity, temperature and humidity.
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Fig. 4 Direct normal irradiation.
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Fig. 5 Hours of sunshine.

13

The hours of sunshine are the hours whose DNI is greater

than 300W/m? the threshold of deliverability of the plant.

Figure 6 illustrates the changes in the monthly averages of

the production capacity of the power plant. Notice that the
production varies the DNI. Thus,
the decrease in the production capacity from the incident

proportionally to

radiation to the net power produced is caused by the optical,

thermal and parasitic losses generated in the installation.

350 T T T T T T 450
{—— DNI [W/m?] —O0— Q incident [MW] —O— Q reflected [MW] [ 400
Q useful [MW] —O— E gross [MW] —V— E net [MW] L
3007 C 350
= ] - 300%
§250_ 2502
= L 200 2
3 15)
£200] 1 1502
I~ O— B r
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Months

Fig. 6 Average monthly production capacity of the solar power plant.

The net hourly production capacity of the different months
is given by figure 7.
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150 4

Fig. 7 Hourly production capacity of the solar power plant.
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According to this figure, the best production is reached in
the summer period, which records values that exceed 150
MW, where the plant works in an overcapacity.

Figures 8 and 9 show the monthly average daily production

of the plant with a storage system that actually starts from a
DNI greater than 300W/m? for the two typical days in May
and January.

For the typical day of May, the energy incident, absorbed
and reflected by the solar field follow the same shape as the
DNI. The other energies (useful, gross and net) follow

the variation of the DNI until 18h where they continue to be
generated despite the disappearance of the DNI (null DNI).
This generation of energy is provided by the storage tanks.

May month
800 .,..l.,.h.,_Y_d,.h.,.,.*.,.w_moo
]—— DNI [W/m2 —0O—Q'incident [MW]—O—Q reflected [MW] [ 1100
700 Q useful [MW] —O— E gross [MW]—/— E net [MWe]

10 12 14 16 18 20 22 24
Hours

8

Fig. 8 Monthly average daily production of the power plant (21May).

January month

600 T T T T T T T T T T T T 700
|—L onl wime) b= dlincident [Mw]-0—Q “rehiected i |
500 Q useful [MW] —O— E gross [MW] —/— E net [MWe] L 600
- 500—
& 400 S
£ L 400=,
=300 - TS
g ] — 300 acs
200 1 [ ool
100 — 100
O o i B e e e o e i e ms e LU
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Hours
Fig. 9Monthly average daily production of the power plant (21January).

For the typical day of January, all energies follow the same

shape as the DNI. The production of electricity starts when
the DNI exceeds 300W/m2. The power plant operates
approximately one-third of its capacity.
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A. Validation

To validate the results of our simulations, the Crescent
Dunes Solar Energy Project is chosen. The project has a
capacity of 125MWe [9] and 1.1 GW-hours of energy storage
[10]. The site is located closely to Tonopah at approximately
310km from northwest of Las Vegas [11, 12]. It is the first
utility-scale CSP plant with a solar tower and advanced
molten salt energy storage technology from Solar
Reserve. Results comparison between theoretical and
experimental data are illustrated on table I'V.

TABLE IV
RESULTS COMPARISON
CDSEP [13] Our simulation
Capacity 125MWe 150MWe
Storage system 10h 6h
Total collector area 1200000 m” 1269055 m”
Site resource 2685 kWh/m*/yr | 2828 kWh/m?/yr
CF more than 50% 57.9%
Annual net output 196 GWh (2018) 223,11GWh

Copyright -2019
ISSN 1737-9334

III. CONCLUSIONS

The CSP STP plant technology is still far from the
standards of conventional power plants in the power industry,
where the actual costs and performances are usually close to
the planned values. More experience must be gathered to
proper develop a technology that appears to be still in its
infancy. The different alternatives that are presently
under study at different stages of development may only
progress slowly, benefiting from real world experiences
requiring time rather than simulations or laboratory
experiments. This paper illustrates a simulation of a solar
power tower with a capacity of 150MWe with heat
storage system and the importance of installing such
power plant in Algeria.

The main conclusions are presented as follows:

1) The parameters that have a great influence on the energy
produced are the DNI and the duration of sunshine.

2) Thermal energy storage system plays a positive
role in annual electricity generation and system capacity
factor.

3) The results of this study were compared with those of

the CDSEP power plant. Good agreement is observed
between theoretical results and experimental data.

To make these technologies competitive with conventional
fossil-based technologies, a reduction in the cost of
production must be sought in the years to come.

This objective will be achieved on one hand, thanks to the
technological innovations brought by the research and
development work on solar sectors and their components
(mirrors, panels, receivers, fluids and storage) and on the
other hand by the massive construction of these power plants
around the world.
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Abstract— This paper presents a transient simulation based on
the coupling of electric conduction and heat transfer in order to
quantify the conversion efficiency enhancement of
thermoelectric generators (TEGs) under periodic heating. TEG
allows the conversion of thermal energy into electrical energy
when a temperature difference is applied to it. The effect of leg
geometry on the device performance has been discussed. For this
purpose, TEGs with various leg geometries (rectangular (I]-
TEG) and trapezoidal (T-TEG)) were modeled and 3D finite-
element analyses were carried out. It is found that geometric
shape and dimensions of the TEG legs enhance significantly the
thermoelectric (TE) performance of the device. However, it is
observed that for a given value of leg length (L), the output
power in the case of T-TEG is higher than that of [I-TEG.
Hence, this result can facilitate the prediction of TEG
performance.

Keywords— Thermoelectric generator; TEG ; Output Power;
Leg gometry; Leg dimension.

I. INTRODUCTION

Thermoelectric (TE) devices have recently emerged as a
promising alternative among other renewable energy
technologies due to their particular advantages.
Thermoelectric power generators (TEGs) can recycle a
portion of the waste heat into useful electricity, this has led
to a growing interest in TEGs [1]. The improvement of the
performance of TEGs can be realized through two pathways
[2]. One is interested in improving the efficiency of
thermoelectric materials while the other concerned the
geometric configuration of legs of the TE element. However,
the design of TEGs made from commercially available TE
materials seems to be more rational since the cost of
manufacturing new advanced materials is very high.
Therefore, geometric optimization of TEGs is an easy and
practical solution to improve TEG performance and lower the
cost as well. In this regard, much research works derived that
the maximum output power of a TEG only depends on a

certain optimal ratio of leg length to area regardless of their
respective values [3]-[6]. Fabidn et al. [7] developed a novel
design of a thermoelectric module having asymmetrical legs
with truncated square pyramid shape, as compared to
conventional one with a constant square cross section, their
results prove that geometrical configuration of the device legs
can improve significantly the thermoelectric performance of
the device. Ravita et al. [8] analyzed the variation of
thermoelectric leg configuration to improve the power output
and efficiency of the thermoelectric generator system. Their
results show that when the shape parameter (ratio of hot area
to cold area) is increased from 1 (rectangular TEG) to 2
(trapezoidal TEG), then the power output was decreased by
1.3% under a given operating condition. Erturun et al. [9]
investigated the effect of various TE leg geometries
(rectangular, trapezoidal, octagonal and cylindrical prism) on
the performance of the output power. They reported that the
power outputs are slightly affected by geometrical
configurations due to the same Seebeck coefficients,
temperature gradients and heights of the TE leg. Brito et al.
[10] explored the impacts of TEM leg length on its power
output and found that an optimal TE leg length lies in a
compromise of resulted varying internal resistance and the
Seebeck voltage. In recent years, few works have focused on
the behavior of TEGs under transient operating conditions
[11-13]. Thus, there is still a great deal of opportunity for
fundamental exploration of module design under a periodic
heat source. In the present study, 3D simulation of the
performance of the TEGs under periodic heat source has been
carried out. The effect of leg geometry on the device
performance has been discussed by defining two types of
TEG elements: rectangular (I[-TEG) and trapezoidal (T-
TEG).

II. MODULES GEOMETRIES

Two types of thermoelement leg geometries were
considered. First, a 16-leg module with p- and n-type
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rectangular TEG ([T -TEG) with dimensions of 3.2 mm x 3.2
mm x 1.7 mm was modeled. The legs were spaced with 2.8
mm distance between each other. Another module is modeled
with trapezoidal leg geometries (T-TEG). Leg geometries
were modeled with equal cross-sectional areas. For the
trapezoidal model, cross sectional area at the mid-height was
considered. The thicknesses of ceramic substrates and copper
blocks (1 mm) and the dimensions of the copper blocks (9.2
mm X 3.2 mm) remained the same for the both models. The
geometric configuration of [[-TEG and T-TEG composed of
a pair of TE materials is shown in Fig. 1. A bismuth telluride
(Bi,Tes) based alloys are the most commonly preferred leg
materials for relatively small temperature gradient
applications. The material properties of TE elements are
listed in Table I. The contact resistances are neglected
because they are small compared to the target resistances.

TABLE I
MATERIALS PROPERTIES
Components S (V/K) o (S/m) K (W/mK)
p-type 2.5e-4 0.5e5° 1.736°
n-type -2.5e-4* 0.5e5° 1.359°
Copper 1.0e-6 6.0 e7 400
Alumina - - 24
Solder 6.9 eb 28

Copyright -2019
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aRef.[14] ;PRef.[15]

(a) L 12

O N w

(b)

Fig.1 Finite element model mesh; (a) [[-TEG and (b) T-TEG

III. ANALYTICAL EXPRESSIONS

The magnitude of the open-circuit voltage, V., is
determined by the Seebeck coefficient, S, and the temperature
difference and it is expressed as:

Voo = S (Ty — T.) = SAT (1)

the load resistance Ry and the thermal power absorbed on the
hot side Q, that is:

n=1 @

The output power supplied to the load is defined as
follows:

P=SIAT—Ril? =R]? 3)
where, Ry and Ri, represent the load resistance and the
internal resistance, respectively. In Eq.(3) the output power
can be optimized by acting on the load resistance, which is
connected to the output current I given by:

SAT
I= Ri+R[, “)
then we can rewrite Eq.(3) as follows:
p=R, S2D° & (AT)? 5)
L (Ri+Rp)?

The absorbed thermal power Q, is the sum of the heat flow,
the Seebeck effect and the Joule effect:

2
Q= (S, —Su) I Ty + kAT — == (6)
The input heat power (q) per unit area (A) is given by:
_Q
g=2 0

The total Seebeck coefficient, S, the total internal electrical
resistance, R; ,and the total thermal conductance, K, of the
TEG can be expressed respectively as:

S = N(S, — Su) (8)

Ri=N<l +l)§ ©9)
op ©On

K=N(k, + kn)% (10)

here, ¢ and k are the electric and thermal conductivity of each
p and n semiconductor material respectively. While L is the
length and N is the number of pairs of TE elements.

IV.NUMERICAL SIMULATIONS

Thermoelectric behavior of the unsteady-state governing
equations which couple heat transfer and current density
continuity is described by the following equations [16]:

Conservation of heat energy:
8T

QCP§+V.q=Qj 1r)
Conservation of electrical current:

Spc
V) =e (12)

where p, density; Cp, heat capacity; T, temperature; t, time; q,
heat flux; Qj, Joule heat source; J, flux of the electric current
and p., charge density. These equations are coupled by the set
of thermoelectric constitutive equations:

q=—KVT + P’] (13)

] = —o(VV 4+ SVT) 14)
here S and P' are the Seebeck and Peltier coefficients,
respectively. Where P' takes into account the Peltier effect as
a result of the heat absorbed or realized when an electric
current crosses the junction and it is expressed as:

P'=ST (15)

Some other quantities of relevance are the electric field, E,
and the Joule heat source, Q;:

In the absence of heat loss, the efficiency of TEG is E=-VV (16)
defined as the ratio between the output power P delivered by Q;=]JE amn
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From Egs. (13-17), we can rewrite Egs. (11) and (12) as:

pC, ‘Z—I + V(=K VT + ST (—6VV — gSVT)) = —a(VV +
SVT)(=VV) (18)
—~a(V2V + SV2T) = ¢ (19

Finite element simulations on 3D geometries of the
rectangular (IT-TEG) and trapezoidal (T-TEG) TEGs using
COMSOL Multiphysics has been carried out. The input heat
flux is applied to the hot side, the temperature of which is Tk.
The temperature of the cold side is held at the desired
constant uniform temperature (Tc). One side of the thermo-
element leg pair is electrically grounded to provide a voltage
reference, while the other leg is supplied with a variable
voltage. Once, the circuit is closed by an external load
resistance a direct current flowing through the device. This is
the process that the TE generator converts thermal energy
into electrical energy directly through the temperature
difference at the ends of the TE elements.

V. RESULTS AND DISCUSSION

In this study, we are interested to evaluate the effect of leg
geometric shape and dimensions on the performance of TEG
under periodic heat flux. The cold side temperature is fixed at
303 K (AT = 80 K). The time average of the rectangular
pulsed heat flux which is equivalent to the heat flux under a
constant heat source is maintained at 0.05 W/mm? for a time
period of 1000 s and 10 % duty cycle (Fig. 2). Indeed, the
duty cycle is the proportion of time during which the device
is operated, it represents the ratio between operating time and
period time.

)-(105 U T T
_ I """" Pulsed heat flux | ]
afs -
35K i 4
q -
I I 1
= 2.5 1 : E
x N
3 :
= 2= _
m - -
b5} R
T 1spE .
1= -
osH i 4
i PO 1
0 500 1000
Time (s)

Fig. 2. Heat flux pulses for <q> = 0.05 W/mm?

Therefore, the output power of a TEG can be optimized by
balancing the internal and external resistances. As shown in
Fig.3, the output power for [[-TEG and T-TEG with TE legs
of 1.7 mm in height, first increases when the load resistance
is increased to attain its parabolic peak value and then
decreases with further increase in Rr. The load resistance

indeed the maximum power increase is 0.44 W. The
maximum output power of 4.12 W for the T-TEG
corresponds to its parabolic peak where it is 3.68 W for the
[I-TEG.

4.5

4,0 —— Trapezoidal leg
—— Rectangular leg

35+
3.0
g 254
2,0
1,5+

1,04

05 T T
0,0 03 06 09

RL(©)
Fig. 3. Output power versus load resistance for <q> = 0.05 W/mm?

Fig.4 shows the variation of the output voltage with the
electric current for the case of [[-TEG and T-TEG. It can be
observed that, for the T-TEG, the induced voltage decreases
with the increase of the output current and it is higher than
that in the case of [[-TEG. The output voltage is maximal
when the circuit is open; no current is drawn by the load.
Indeed, for the T-TEG, the open circuit voltage Voc achieves
0.33 V which is better than 0.31 V attained in the case of []-
TEG. Once the load is applied, the Voc decreases linearly.
When the TEG terminals are shorted together, short-circuit
current Isc = 6.2 A is obtained from the T-TEG, and it is
greater than Isc = 5.9 A for [[-TEG. The absolute value of
U-I slope corresponds to the internal resistance of the device.

04

0,3 4

Trapezoidal leg ‘
—— Rectangular leg

0,2 4

Voltage (V)

0,1

0-0 Y T ¥ T v T v T v T L T

Current (A)
Fig. 4. Current-voltage characteristics for <g> = 0.05 W/mm?

Fig. 5 shows the output power vs. time for a pulsed heat
flux of 0.05W/mm?. The instant output power achieved in the
case of T-TEG is higher than the output power of [[-TEG. In

corresponding to the peak output power is the internal Fig.5 the difference between the two geometric
resistance of the device. It can be observed that the output configurations is the improvement over the case of
power for the T-TEG is higher than that for the [[-TEG, rectangular TEG.
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Fig. 5. Output power for <q> = 0.05 W/mm?

Looking at Fig. 6 (a), it can be seen that with increasing
leg length in the range of 1.7 to 4 mm, the output power for
[I-TEG and T-TEG increases from 3.68 W to 7.6 W and from
4.12 W to 7.88 W for [[-TEG and T-TEG, respectively. It can
be observed, for a given value of L, that the output power for
T-TEG is higher than that for [[-TEG. This enhancement can
be explained in context of Fig. 6 (b) where the hot side
temperature which increases linearly with leg length, is
higher in the case of T-TEG than that of [[-TEG. This
increases the temperature difference between the hot side and
the cold side and therefore enhances the output power
according to Eq. (5).

(a)
74
6 _— e  ———
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s —=— Rectangular leg |
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4
< T T T
1 2 3 4 5
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500
—— Trapezoidal leg (b)
—— Rectangular leg
. 450+
=
o
=
i
@
£
400
2
350 . T - T . r .
1 2 3 4 5

L (mm)
Fig. 6. (a) Output power and (b) Temperature for <g> = 0.05 W/mm?

VI. CONCLUSIONS

The output power versus load resistance, the current and
the voltage under periodic heating were studied for two
geometric configurations of TEGs (rectangular (I[-TEG) and
trapezoidal (T-TEG)). Therefore, the maximum output power
was achieved at a load resistance corresponding to the
internal resistance of the device and for T-TEG. The effect of
leg dimensions on the output power of [[-TEG and T-TEG
was evaluated for three leg heights of 1.7, 3 and 4 mm. The
results showed an improvement of thermoelectric
performance of T-TEG for the three heights considered which
is due to the increase of the temperature difference between
the hot side and the cold side. Hence, this result can facilitate
the design and conception of TEGs.
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Abstract :In this work, thermal and dielectric properties of polypropylene (PP) and PP based nanocomposites, filled with
2% and 6% by weight of Cloisite 20A natural montmorillonite clay platelets was studied. Thermal properties were
examined using differential scanning calorimetry (DSC). The dielectric permittivity ¢’ and loss factor &' of PP and PP
nanocomposites (PNCs), was investigated using broadband dielectric spectroscopy from 107 to 10° Hz and at high
temperatures between 90 and 120 °C. The nanocomposites show increased of the dielectric permittivity and loss factor
compared with unfilled PP, attributed to the appearance of two thermally activated relaxation processes in this frequency
range : a low-frequency relaxation that can be attributed to an interfacial process MWS and a high frequency relaxation
that is related to and ac-relaxation related to crystalline or para crystalline domain . In order to probe matrix/oraganoclay
interface properties, dielectric strength of the interfacial polarization A¢ is calculated by fitting the dielectric permittivity

through the known Havriliak—Negami model. Calculation of the activation energy for the different processes revealed
that both relaxation were suitably fitted with the Arrhenius law

Keywords— polypropylene , nanocomposites , oraganooclay, thermal and dielectric

environmentally friendly [6,7] . In recent studies it
has reported that loading PP with small quantities
of nanoclays can enhance the dielectric properties

I. INTRODUCTION of the composites , such as space -charge
accumulation , electrical conductivity , dielectric
Polymer nanocomposites with better dielectric strength and partial discharge [8,9].considerably
and electrical insulation properties are steadily little work has been carried out examining the
appear as excellent functional materials for dielectric behaviour of polymer nanocomposites
dielectric and electrical insulation application and involving nanoclays. Therefore, many aspects in
the term “nanodielectrics” for such material is terms of insulation are not well known and should
progressively becoming popular. Although , for be extensively investigated.
several decades , the technology of addition of In fact in our previous work , the space charge
additives, agents and fillers are often used for and conductivity evolution in the PP filled with
improving dielectric properties has been in different concentrations natural clay were reported.
existence [1-3]. However , nanosized fillers with We  exhibit that the interfaces between
large specific surface area may form large nanoparticles and surrounding medium play major
interfacial zones in the nanocomposite, it is role in controlling the carrier transport through
supposed that the interface may be the key and PNC:s [10].
dominate the electrical properties of the In this paper, thermal and dielectric properties
nanocomposite. of Polypropylene (PP) and PP containing different
polymeric insulating materials such as amounts of nanoparticles of organoclay (2% and
polypropylene (PP), with considerable high 6% by weight) were studied . Differential scanning
breakdown strength and relatively low dielectric calorimeter (DSC) was used to detect the melting
losses [4, 5], has manifested itself as the dominant and crystallization behavior of the samples. Next,
dielectric  materials for power capacitors. the dielectric permittivity € and loss factor €" of
Meanwhile, PP has drawn more and more attention PP and Polymer nancomposites (PNCs) was
to the application of power cable and cable investigated using a Novocontrol] dieleé:tric
accessories since it is easy-processing and more spectrometer in the frequency range 10™ to 10" Hz
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at high temperatures 90, 95, 100,105, 110,115 and
120 °C.

II. MATERIALS AND METHODS
A. Materials

All the samples were supplied from the project
VAMAS (The Versailles Project on Advanced
Materials and Standards) [11]. They are unfilled
base PP and its PNCs containing 2 and 6wt% of
clay nanofillers (Southern Clay Products Cloisite
20A), which are called PP0%, PP 2%, and PP6 %.
Cloisite 20A (montmorillonite: MMT) is a natural
clay phyllosilicate belonging to the smectite family.
Its chemical composition is [Siy Oy AP %
Mg2+x(OH)2] and is intercalated with di-methyl
dihydrogenated tallow. The polymer matrix (PP0%)
is a thermoplastic semi-crystalline belonging to the
family of polyolefin polymer. Its chemical formula
is of the form - [CH2-CHB]n-, where in B is a
methyl group.

B. Experimental Methods

Perklin-Elmer 4000 DSC was wused to
determine the effect of the nanoclay reinforcement
on the thermal properties of the samples; the

measurements were performed on 10-12 mg
samples under nitrogen atmosphere.
Dielectric relaxation spectroscopy

experiments were carried out using a Novocontrol
alpha-N in the 10 to 10° Hz frequency domain at
temperatures of 90, 95, 100, 105, 110°,115° and
120 °C. The temperature was controlled using a
Novotherm system with a stability of 0.5° C.

The complex dielectric permittivity is given
by Eq 1:

g (w=¢(0)—ie () Eq(1)

where ¢'(w) represents the real part, £"(®)
represents the imaginary part, and ® = 2xnf
represents the angular frequency.

The experimental dielectric data can be fitted
into the Havrilialk-Negami equation as shown
below [12,13]:

Aé, Eq(2)

N
« o, =
& (w)= —j(ij +> | &+ ——t—
Eo@ ; [1 +(jor, )"

where 1 is the number of the relaxation

Ae=¢ —¢

process, ® the dielectric relaxation

strength, €s is the real permittivity at @ —> Oand
goo is the real permittivity at @ %, 1 is the
relaxation time, a and p are HN shape parameters

N

1)
(0 <0, B <1). The term 0 is the dc
conductivity term where €0 is the permittivity of

free space, odc is the dc conductivity and N is a
fractional exponent.

III. RESULTS AND DISCUSSION
A. Thermal Properties

DSC is a technique used to study thermal
properties of material , Fig. 1.(a and b) shows DSC
curves of PP/clay nanocomposites and pure PP, and
Table 1 lists the data of thermal properties of
PP/clay nanocomposites. It can been seen in Fig.
1.(a and b) and Table 1 that the melting temperature
(Tm) of neat PP is 162.75 °C and increases slightly
to 163.33 °C by adding 6% of nanoclay to PP
matrix. However, the Tc increases also lightly with
content of nanoclays (Fig. 1b.). Therefore, the glass
temperature Tg, for neat PP is located at -8 °C and
increases significantly with nanoclays rate.
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Fig. 1 DSC cooling (a) and melting (b) thermograms of PP0%,
PP2% and PP6%. The inset in (a) is an enlarged view around Tg.

Sample | T, (°C) | To(°C) | Tc(°C) | AH, | .
PP0% | -8.48 | 16272 | 116.16 | 87.48 | 41.85
PP2% | -6.68 | 16325 | 11692 | 86.96 | 42.45
PP6% | -1.78 | 16333 | 117.25 | 90.74 | 46.18

Page 144

TABLE 1 DSC RESULTS OF PP0%, PP2% AND PP6%.

From Table 1, it can be noticed that the
crystallinity degree xc of PP0% increases when the
nanoclay particles are added. The rise in PP
crystallinity suggests that the added clay in the
polymer matrix has a nucleation effect [14]. On the
other hand; the increase in glass transition
temperature of PNCs over base polymer might
suggest that a reduction in polymer chain mobility
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occurs in the interaction zone contributing to the
reduction in polymer chain relaxation.
B. Dielectric Spectroscopy

1) Different relaxation processes: Polyepropylene
(PP) is classified as a nonpolar polymer with low
dielectric permittivity. In general, this type of
material exhibits no notable or significant ionic,
interfacial, or dipolar polarization, being
characterized by low flat dielectric losses. Fig. 2(a)
and 2 (b) show respectively real (¢') and imaginary
(¢") parts of the permittivity for the unfilled PP vs.
frequency at different temperatures. As expected ,
no relaxation process is seen neither in the
imaginary or the real part. The slight decrease in the
(¢') values upon temperature increasing can be
attributed to changes in the local density due to
onset of melting as well as due to water evaporation
at elevated temperatures [15].
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Fig. 2 Relative permittivity €' (a) and dielectric loss €" (b) versus
frequency at various temperatures observed for the neat PP
blend.

Fig. 3a and 3b , Fig. 4a and 4b shows the
temperature and frequency dependence of the real
(¢") and imaginary (g") parts of the dielectric
permittivity for PNC PP2% and PP6%
respectively.
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Fig. 3 Relative permittivity ¢ (a) and dielectric loss €"(b) for
PP2% nanocomposites versus frequency at different
temperatures.
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Fig. 4 Relative permittivity €' (a) and dielectric loss €"(b) for
PP2% nanocomposites  versus frequency at different
temperatures.

It is clearly seen that the nanoparticles load
has a significant influence on the nanocomposite’s
properties. In fact, € values increase with the
concentration of nanoclay. This can be explained by
the multiplication of permanent dipoles' number,
which will be aligned with the applied field
direction, within the material.

Comparing with the host polymer PP , It is
clear that the inclusion of nanoparticles of clay
exhibited the apparition of two peak of dielectric
relaxation. Additionally, we note that the intensity
of this peak increase with increasing of
nanoparticles. For both nanocomposites PP2% and
PP6% , It can be seen that the relative permittivity
¢ shows two sharp decreases (Fig. 3a and 4a),
corresponding to the two peaks in the dielectric
losses €" (Fig. 3b. and 4b).

The first relaxation was detected at low
frequency, and it is attributable to the Maxwell-
Wagner-Sillars (MWS) relaxation, which is due to
charge trapping at the interface between the
nanofiller particles and the polymer[16].The
relaxation of MWS type is generally located at a
lower frequency than observed here (less than 10
Hz) but it has been proposed that the nanoscale
dimension of the interfaces present in these
materials causes the shift of the loss factor peaks to
higher frequencies [17,18]. Regarding the second
peak, it is known that PP exhibits several relaxation
processes, such as the o-relaxation linked to the
glass transition, and a-relaxation related to
crystalline or paracrystalline domains (indeed, PP is
a semicrystalline polymer). These processes can be
observed only through dynamic mechanical
experiments [19] .

2) Havriliak and Negami analysis: In order to
exploit the experimental results, the data have been
adjusted analytically using empirical laws, with the

objective of examining the mechanism of the
different observable relaxations on the dielectric
measurements. The dielectric permittivity data for
each sample were collected and evaluated by the
WinFit impedance analysis, which is a standard
software package for the analytic evaluation of the
dielectric spectra, using the well-known Havriliak—
Negami (HN) function [13] given by equation (2)

So as, to carry out the deconvolution due to
the overlapping processes, we fit the imaginary part
of the dielectric permittivity basing on the HN
function (Eq. 2). As an example of such fits, Fig. 5.
reveals a separation of overlapping relaxation
regions via the deconvolution of the imaginary part
of the dielectric permittivity at 100 °C for the PNCs
PP6%

/ & gxpenmental pont
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/ HN &
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Fig.5 Imaginary part of dielectric permittivity versus frequency
for the PP6% nanocomposite at 100°C.

The experimental data related to the dielectric
loss €" for both polymer nanocomposites were
fitted into the Havrilialk- Negami function , and the
optimum dielectric parameters as the parameters
Ae, T, a and B, for the ac and MWS relaxation, for
PP2% and PP6% are shown in Table 2 and Table 3
respectively .

MWS

Temperature(°C) 7 (107)(s) Ae(1072) a B
90 1,33 445 0.78 0.29
95 1,6 5,46 0.58 0.38
100 0.854 4,36 0.71 0.42
105 0314 441 0.56 0.7
110 0.143 4,19 0.52 0.86
115 0.0784 4,10 0.52 0,94
120 0.0945 4,65 0.51 0.7

Oc

Temperature(°C) 1(107) (s) Ae (107%) a B
90 3.09 3.43 0.78 0.29
95 2.04 3.48 0.58 0.38
100 1.24 423 0.71 0.42
105 0.755 4.34 0.56 0.7
110 0.495 4,46 0.52 0.86
115 0.329 4,5 0.52 0,98
120 0.208 39 0.51 0.7

TABLE 2: OPTIMUM FIT PARAMETERS FOR MWS AND 0, RELAXATIONS OF PP2%
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MWS

Temperature(°C) 7 (10%)(s) Ae o B
90 1,471 0.252 0.47 0.63
95 0.7.33 0.257 0.45 0.62
100 0.4 0.253 043 0.74
105 0.27 0.257 0.47 0.29
110 0.17 0.240 0,95 0.171
115 0.0857 0.226 0.43 0,98
120 0.0569 0.217 0.43 0,93

Oc

Temperature(°C) 7 (10%)(s) Ae o B
90 8.84 0.101 0.65 0,99
95 6.88 0.009 0.71 0.84
100 4.2 0.102 0.68 0.86
105 2.8 0.104 0.44 0,98
110 1.91 0.109 0.68 0,98
115 1.18 0.120 0.64 0,95
120 1.08 0.122 0.67 0.84

Copyright -2019
ISSN 1737-9334

TABLE 3: OPTIMUM FIT PARAMETERS FOR MWS AND 0. RELAXATIONS OF PP6%

As we can see in both table ; The symmetrical
shape parameter alpha and the parameter beta
describing the asymmetry of the relaxation are both
strictly lower than 1. Thus, both relaxation are not
attributed to a simple process of Debye type; it is
rather a Havriliak and Negami behavior.

As observed from Fig. 3b and 4b ,the peaks of
the relaxation processes presented in both
nanocomposites PP2% and PP6% were shifted to
higher frequencies as the temperature was
increased. The increase in the characteristic
frequency means shorter relaxation time (t = 1/f;4¢)
(see tables 2 and 3 ). This is compatible with an
increase in the mobility of charge carriers [16].
Additionally, this change shows that the relaxation
processes exhibited thermal activation behavior.

On the other hand , In order to have an idea
about nanoparticles/matrix interfacial adhesion
[20]. The dielectric relaxation strength of MWS
polarization PP2% and PP6% Aeyws is calculated
by fitting the dielectric permittivity through the HN
model (Eq. 2). The obtained values are summarizes
in Table 2 and 3. As it can be seen, MWS
relaxation strength Agyws increase with  the
reinforcement content. This can result from the
increase of the number of polarized dipoles trapped
in the nanoparticles /matrix interfaces.
3)Arrhenius analysis: It is informative to examine
the temperature dependence of the two relaxation
times for both nanocomposites PP2% and PP6%.
The characteristic relaxation time T, of oac
relaxation and MWS relaxation, obtained from the
maximum of &' (Fig.3b , Fig.4b) for both
nanocomposites PP2% and PP6%, was determined
and plotted versus the inverse of the temperature in
Fig.6.(a,b) and Fig.7.(a,b) respectively. The
temperature dependence of the loss peak position of
oc and MWS relaxation, effect follows an
Arrhenius type behavior, which can be expressed
via the equation :
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Eq(3)

-E
(T)=1, exp(K ;]

B

where t represents the relaxation time , Ea
represents the activation energy, and Kp represents
the Boltzmann constant.
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Fig. 6 Arrhenius diagram for the position of MWS(a) and ac
relaxation (b) of PP2%
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Fig. 7 Arrhenius diagram for the position of MWS (a) and ac
relaxation (b) of PP6%

The activation energy values
samples are summarized in Table 4.

for different

Sample Ea MWS (eV) Ea ac (eV)
PP2% 1.55 1.11
PP6% 1.3 0.93

TABLE 4. ACTIVATION ENERGIES E, (EA) FOR PP2% AND
PP6%

We note that for both relaxation , PP2% has the
greatest value of activation energy ; this due of the
fact that the activation energy decreases as the
number of free charge increases and the ability of
the material to be polarized is favored [21].

V. CONCLUSION

Thermal and  dielectric  properties  of
polypropylene and PP /organo clay nanocomposites
have been investigated . DSC results showed that
the crystallinity of PNCs increases with the
nanoclay concentration. No relaxation processes
were observed in the neat PP, while The presence
of nanoparticules of clay increases the dielectric
permittivity at low frequencies. Two thermally
activated dielectric relaxation processes are
observed and attributed to interfacial polarization
(MWS polarization) and oc-relaxation related to
crystalline or para crystalline domain. The interface
properties were investigated by the calculation of
the strength parameter Agyws. It was found that

Ageyws  increases with nanoparticles of clay
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amounts as a result of the increase of the number of
polarized dipoles trapped in the interfaces.

The further studies would be carried out in the
area of some other dielectric properties such as the
measurement of resistivity and the evaluation of
insulation aging, together with the research in
mechanical properties
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Abstract— One-dimensional titanium dioxide (TiO2) nanotubes
(TiO2NTs) have attracted great interest over the past few years
to be used in optoelectronic applications . The present paper
gives an overview of the formation process via electrochemical
anodizing method in fluorinated electrolyte of a titanium self
ordered nanotubes . This article gives the essentials factors
affecting the growth of TiO: nanotubes and its morphological
parameters such as applied voltage, electrolyte type, anodizing
time and fluoride concentration.

Keywords— TiO2 nanotubes, electrochemical anodizing, solar
cells application, thin films.

1. INTRODUCTION

In recent years, nanostructured materials have acquired
great intent because of their many properties that make it an
active component in several applications such as:
photocatalysis [1], photovoltaics [2, 3], biological coatings
[4], sensors and micro-battery [5, 6]. Studies have indicated
that for photovoltaic applications, highly ordered Titanium
dioxide (TiO) nanotubes (NTs) are required. Their great
importance is due to their one-dimensional (1D) nature, ease
of handling, and simple preparation.

The concept of a vector electron transfer through an
electrode based on TiO; NTs allows faster charge transfert.
The nanotubular structure of TiO, is a direct path for the
electron passing from the active layer to the electrode unlike
the porous network in which the path taken by the electron is
random and longer. The advantage that nanotubes have over
the porous layer was demonstrated by Jennings et al. The
electron diffusion length in solar cell based on nanotubular
structure is close to 100 um, which is much higher than
conventional solar cells. All photogenerated charges are
collected which induces a very low rate of recombination
rate [7]

The geometrical parameters of the TiO, NTs such as the
length and the diameter of the tubes making it possible to
improve the optical properties. In addition, the increase in
number of reaction sites provides a larger specific surface
area for photon absorption in solar cells. The anodizing
approach can build highly ordered titanium dioxyde
nanotubes (TiO, NTs) with controllable geometrical
parameters by varying the anodization parameters.
Assefpour-Dezfuly. in 1984 [8] and Zwilling et al. in 1999 [9],
were the first reported the formation of TiO» porous films by
anodization of Ti foil in chromic acid (CA) (0.5 mol 1! Cr,03)
solution with and without hydrofluoric acid (HF) (9.5%1072
mol 17). A decade later, Grimes et al. [10] first reported
formation of uniform titania nanotubes arrays via anodic
oxidation of Ti foil in an hydrofluoric (HF) electrolyte.
Recently, Schmuki group [11, 12] also reported the formation
of long nanotubes during anodization of Ti in neutral fluoride
solutions.

II. PARAMETERS INFLUENCING THE FORMATION OF TITANIUM
DIOXIDE NANOTUBES

To form a defined TiO, nanotubes, electrochemical
anodization was carried at room temperature . A two-
electrode cell was used with a platinum plate as the counter
electrode, separated from the working electrode (titanium foil)
by 1.5 cm. Immediately after anodization, the samples were
rinsed in ultrapure water to remove residual electrolyte for 10
minutes and then dried in an oven at 50 °C for 10 minutes.
We have studied three factors affecting the morphology of
TiO; NTs resulting from the anodization process, which are :
the applied voltage, the anodizing time and the electrolyte

type.

A. The effect of applied voltage
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To investigate the influence of the applied voltage on the
morphological parameters of TiO, nanotubes produced by
anodizing of titanium foil, electrochemical anodization was
carried at room temperature in ethylene glycol
(HOCH,CH,0H, Sigma-Aldrich) solution containing 0.3 wt%
Ammonium fluorides (NH4F, Sigma-Aldrich) and 2wt %
ultrapure water for three (03) hours at different anodization
voltage (20,30, 40 and 60V). Figurel shows top surface
morphology of the TiO NTs prépared with various
anodization voltage Through the SEM images of these films,
we can clearly observe that the increase in anodization
voltage leads to an increase in the diameter and in the wall
thickness of the produced tubes. An average inner diameter of
about 52 nm and 106 nm are obtained at 20V and 60V
respectively. The applied potential determines the electric
field strength across the oxide, which in turn affects the
migration of the ions and ultimately determines the size of the
NTs. Geometric characteristics of TiO> NTs produced at
different anodization voltages are summarized in Table
1.Cummings et al [7] demonstrated the existence of a linear
relationship between the applied potential and the diameter Fig. | SEM images of the TiO NTs prepared with 0.3% of NH4F for
of the NTs is generally observed up to 60 V . This relation is 3hours and atvarious anodization voltage, A: 60V, B: 40V, C:30V and
described by the following equation D:20V

d[nm] =k xV )]

where k equals 2xfg; fg being the growth factor for anodic
oxides and typically between 2 and 2.5 nmV ™! for TiO, films .

B. The effect of aodization time

The anodization time is certainly a key parameter for the

growth of TiO2 NTs. The tube lengths increase with time
until a balance between the formation and dissolution of TiO2
occurs. After this point, the NTs length becomes independent
of anodizing time [13]. In this part of our work we
synthesized TiO2 NTs from anodization of Ti foil by varying
the anodization time. Anodization experiments were carried
out in ethylene glycol (HOCH2CH2OH, Sigma-Aldrich)
solution containing 0.3 wt% Ammonium fluorides (NH4F,
Sigma-Aldrich) and 2wt % ultrapure water solution at 60 V
for different anodization time (1h, 2h, 3h and 4h) . By varying
the anodization time respectively 1h, 2h, 3h and 4h the SEM Fig. 2 SEM images of anodized samples at 60V in EG during: A) 1 h, B) 2
. . h h,C)3hand D)4 h
images presented in Figure 2 show that only nonoporous
TiO, films are obtained for the anodization time of 1 hour,
The top morphology chanched abviously with increasing the
reaction time and separated nanotubes are formed in the films
anodized for 2 h and 3 h the thickness of walls is mainly
changed with increasing anodisation time from 2h to 4h. This
results confirmed that we can controll the morphologies
parameters and the sizes of TiO NTs with adjusting the
anodization time.
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GEOMETRICAL CHARACTERISTICS OF NT TIO];/?JI;](;EJCED AT DIFFERENT ANODIZATION VOLTAGES
X‘I))ltage Dint (Mm) Dexx(nm) w(nm) x(nm) L (um) ¢ (%) P n* 10 2 (pores/cm?) R Ai*10°% (cm¥cm?)
20 52 68 8 16 118 0,24 84 12,48 1735,30 0,88
40 79 117 19 8 119 0,43 125 421 1 017,09 01,46
60 106 196 45 19 122 0,53 215 01,50 622,45 02,31

with: (Dint) is the inner diameter and (Dext) is the externe diameter, (w) the thickness of the walls, (x) the space between the nanotubes , (L)
the length of nanotubes , (p) the periodicity, (¢) The fraction of the solid semiconductor covering the surface of TiO2, (n) the pore density, (Ai)
the total surface area of a tube and (R) the aspect ratio

TABLE III
CHARACTERISTICS OF TIO2 NTS DEPENDING ON ANODIZATION TIME

Time (h) Dint (Mm) Dex (nm) w (nm) x(nm) ¢ (%) P n* 10 % (pores/cm?)

01 80 - - 48 - 128 -

02 92 164 35 24 0,46 186 02,14
03 106 196 45 19 0,53 215 01,50
04 125 161 10 0,5 0,23 145 02,23

from the best organic solutions used to synthesize TiO»
C. The effect of electrolyte type nanotubes.
Electrolytes containing F~ such as organic (or neutral) and
aqueous electrolytes have been used for the synthesis of TiO»
NTs. Four types of electrolytes were adopted to investigate
the morphological properties of TiO> NTs based on organic
and aqueous solutions: The prepared organic glycerol
solution containing 1.3 wt% NH4F and 2 wt% H>O, and the
second organic electrolyte is the Ethylene Glycol + 0,3wt%
NH4F +2wt% H,O. For the aqueous solution we have used;
the first solution based on Ammonium Sulfate (1M
(NH4)2SO4) and the second based on the Sodium Sulfate (1M
Na,SOs) with two different fluoride concentration of 0.5 wt%
and 1 wt%. For all experiences, the anodization time was
varyed from 1 to 2 hour. Through SEM images presented in
Figure 3 and Figure 4, the synthesis of TiO> nanotubes took
place in the two organic solutions where the nanotubes are
characterized by various morphological parameters
summarized in Table 3 . The nanotubes formed in the
ethylene glycol (EG) are characterized by a regular, orderly
and uniform morphology with smooth and very thick walls
(45nm) comparing with the tubes obtained in glycerol having .
small grains along the tube. This difference is due to the Fig. 3 SEM images of surfacic and transversal of samples anodized at 60V
properties of ethylene glycol in terms of viscosity and the for 3hin A/ Ethylene glycol et B/ Glycerol
kinetics of the species present in the solution, EG is selected
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TiO2 NTs if we want to produce a high quality and ordered
TiO NTs.
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Fig. 4 SEM images of TiO, NTs synthesized at 20V in Glycérol+1.3wt%
NH,F + 2wt% H,O during: 1h (A) and 2h (B).

Figure 5 and figure 6 show that when working in aqueous
media the fluorine concentration is far aggressive and a high
chemical dissolution of TiO; is caused. The nanotubular
structure obtained is completely destroyed with very low
ordering degree of TiO, in contrast the growth process in
organic electrolyte which is much slower and low
aggressive. . By reducing the acidity of the electrolyte and

the use of aqueous solutions containing fluorinated salts Fig. 5 SEM images of TiO» NTs synthesized at 20V in 1M (NH:)SO,

ra.ther than HF aqueous solutions, the chemlca}l §olub111ty of containing: 0.5wt%NH,F (A and B) and 1wt%NH.F (C and D) during 1h (A
TiO; can be reduced. These results show that it is extremely and C) and 2h (B and D).

important to select the appropriate solution for growth of the

TABLE IIIIT
CHARACTERISTIC OF TIO2NTS DEPENDING ON THE ORGANIC ELECTROLYTE TYPE

Electrolyte Type Dint (nm) Dext(nm) w (nm) x (nm) L (um) ¢ (%) P n*10% (pores/ecm?) R  Ai*10°% (cm¥cm?)

Glycerol 76 144 34 18 01.76 051 162 02.78 12.22 0.025

Ethylene Glycol 106 196 45 19 122 0,53 215 01,50 622,45 2,31

II1I. CONCLUSION

In this paper, the synthesis of TiO, NTs by electrochemical
anodization is analyzed in detail from the experimental
results. The formation of TiO, NTs arrays is a direct
consequence of the competition between the electrochemical
oxidation of Ti and the chemical etching (chemical
dissolution) of TiO; by the electric field assisted fluorinated
ions.With controlling anodization parameters of Ti foil, we
can obtain different TiO, structures such as a compact oxide,
a disordered porous layer and highly self-organized
nanotubular layer.. The resulting TiO> NTs layers and the
different morphological parameters of the TiO> NTs lead to
different properties with the possibility of integrating them
into solar cells applications.

Fig. 6 SEM images of TiO, NTs synthesized at 20V in 1M Na,SO,
containing: 0.5wt% NH4F (A and B) and 1wt% NH,F (C and D) during 1h
(A and C) and 2h (B and D).
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Abstract— In this paper, a computer simulation model of steam
ejector is used to enhance the performances of absorption
chiller. The 1D model is developed based on thermodynamic
equations governing perfect gas flow correlations is used in the
current study to improve the ejector: design and performance.
Actual study specifies the constant-pressure ejector flow model
at critical operating mode for steam as working fluid. The effect
of design parameters, particularly the primary nozzle area ratio
and the ejector area ratio, and operating conditions of primary,
secondary and back pressure are used to evaluate the ejector
operating zone according to entrainment ratio calculations.
Besides that, the effect of pressure exiting nozzle and the area
ratio on ejector performance: pressures and Mach number
behavior inside the ejector are discussed and optimized.
Keywords—Ejector; Performance, Design, Steam, Operating
conditions and optimization.

I. INTRODUCTION

Steam ejectors are used in vapour compression
refrigeration and absorption chillers technology to enhance
machines performances [1-4]. Ejectors are classified based on
the state of the working fluid (gas-liquid ejector, gas-gas
ejector) or based on geometry (constant area ejector [5] or
constant pressure ejector as described below). Experimental
works and a computational Fluid Dynamics (CFD) model are
conducted to predict the ejector performances by studying the
effect of the primary nozzle and the mixing chamber
diameters [6] on the entrainment ratio. Different ejector
geometries are tested under different working conditions. A
1D analysis is presented [7] to evaluate ejector performance.
The entrainment ratio at working conditions is investigated in
order to validate analytically the experimental results of a
steam ejector. Results show that the model predicts fairly the
entrainment ratio of the ejector and the performances of many
studied refrigerator machines. Experimental and theoretical
studies [8] are investigated to study ejector working with
various flow to establish its design and then optimize the
chiller prototype. Experimental works are performed to study
the effect of ejector geometries on the performances of a
cooling system [9], Results showed the difficulty to reach the

optimum of using one ejector under various operating
conditions. A 3D ejector model [10] is developed using
AutoCAD, meshed and simulated using Ansys CFX. for
predefined inputs and boundary conditions, pressure,
temperature, Mach number and velocity contours are
analysed Parametric analysis was carried out to identify the
convergence. A steam ejector [11] is investigated. Two
theoretical approaches are discussed: ejector design for a
fixed duty and performance ejector prediction for known
geometry. Semi-empirical correlations are proposed for the
design and performance prediction of steam ejectors.
Investigations are carried out to design and optimize an
ejector using ammonia [12] in order to find out the optimum
operation conditions. A maximum entrainment ratio is found
under various boundary conditions and for each value. An
optimum area ratio is then concluded for each case. The
purpose of the present work is to analyse theoretically the
design under various operating conditions of steam ejector.
Optimum operating conditions as function of thermodynamic
and geometric parameters governing the ejector are discussed
in order to optimize its performances and to evaluate its off
design conditions.

II. EJECTOR DESCRIPTION

A typical ejector configuration is shown in Fig.1. A steam
ejector is composed from four elements, a primary nozzle, a
suction chamber, a mixing chamber (convergent-duct-
constant section) and a subsonic diffuser. Where Secondary
mass flow rate m2 is entrained by primary flow rate ml,
defining o the entrainment ratio.

In the primary nozzle (convergent—divergent)the high
pressure of the primary fluid Plexpands and accelerates,
creating a vacuum at the nozzle exit position (i) with very low
pressure Pi in order to entrain the secondary flow inside the
mixing chamber. At the exit of the mixing chamber j, the
combined two streams are assumed to be completely mixed at
a uniform pressure (Pj=Pi). Due to the existence of a high
pressure area, the mixed stream undergoes normal shock
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wave within the constant section area Ak, so the pressure
rises to Pk, and a compression effect is created. At the exit of
the diffuser the pressure is compressed to the back pressure
P3.

NoziE CONSTANT AREA DIFFUSER
ARcnoN SECTION SECTION

Primary _
fuid (1)]

(
Back-pressure

Pressure

Fig. 1. Schematic Presentation of an Ejector.

III. EJECTOR SOLUTION PROCEDURE

Mathematical 1-D model of the ejector is developed based
on mass, momentum and energy balances, in order to carry
out the ejector entrainment ratio ®=m2/ml and ejector area
ratio AkAt=Ak/At. In this work a new algorithm chart is
developed based on iterations to calculate to optimize and
design the ejector.

First knowing the nozzle area ratio AiAt=Ai/At, the Mach
number M1i in the outlet of the primary nozzle can be found,
and then the pressure exiting the nozzle Pi is calculated. Also
knowing the secondary pressure P2, Mach number M2i is
calculated. Hence the critical mach numbers M1i* and M2i*
are calculated. As it is an ejector with constant pressure, the
mixing pressure before the shock wave is known (Pi=Pj).
Also for a given back pressure P3 the pressure Pk and the
Mach number Mk after the shockwave ,Mj are evaluated by
solving a system of three equations (6—7-8)and three
unknown value. Then Mj* (9)is deduced and o is concluded
from the expression of Mj (10). Once o is deduced, it is
injected in the equation expressing the area ratio AkAt and a
new Pk and AkAt are calculated. If Pk from equation (6) is
different of Pk from (11) so iteration should be redone until
reaching unidentical Pk between equation (6) and (11). Ones
this condition is reached so o is calculated from (10) and
AKAt from (11).

IV.RESULTS AND DISCUSSION

A. Effect of Nozzle design on Ejector
Performances

Fig. 2 depicts the evolution of the entrainment ration with
pressure at exit primary nozzle Pi for constant primary and
secondary flow properties (T1=120, PI1=1.98bar) and
(T2=10°C, P2=12.3mbar) where each pressure is a saturation
pressure. For four fixed values of back pressure P3 (30, 32,
34, 36mbar), curves of entrainment ratio have the same shape,
it increases until reaching a maximum and later decreases
with increasing Pi. For each of the four curves, calculations of
o is stopped with Pi=12mbar~P2 which presents the limit of
the nozzle exit pressure. Otherwise the ejector will be

Copyright -2019
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shocked by the value of Pi and the secondary flow could not
be entrained into the mixing chamber.

Whereas Pi it is directly related to the primary pressure and
nozzle area ratio as shows Fig. 3. So higher is the Primary
flow, higher is nozzle area ratio but higher is Pi lower is AiAt.
Thus the nozzle area ratio gives Pi which gives ®. As results
o reach a visible maximum for an optimum Pi related to
primary pressure and primary nozzle area ratio (the throat exit
and diameter of the nozzle). Therefore optimizing the
entrainment ratio leads to know exactly the adequate nozzle
geometry.
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Fig. 2. Effect of pressure at exit nozzle (Pi) on entrainment ratio.
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Fig. 3. Effect of Pressure at Exit Nozzle (Pi) on Nozzle Area Ratio.
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Fig. 4. Effect of Pressure at Exit Nozzle (Pi) on Primary and Secondary
Mach Number.
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Fig. 4 shows the influence of nozzle exit pressure on the
Mach numbers of both primary and secondary flow. First the
primary Mach number is more important for important
primary pressures also it decreases with increasing Pi. But
evaluation the secondary Mach number show that it is first
independent to the primary flow: all curves are identical for
all the studied primary pressure, second the secondary Mach
number decreases until reaching a value almost equal to zero
when Pi=P2 which mean that the velocity of the secondary
flow is zero leading to stagnant and non moving flow. So as
referring to Fig. 2, the ejector is in off design condition and
the flow is no more entrainment at Pi=P2mainly because the
state of the secondary flow at this specific pressure become a
non moving flow with velocity equal to zero (M2i=0).

optimum value corresponding to its maximum. The optimum

values decrease with increase of back pressure.
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Fig. 5. Effect of Pressure at Exit Nozzle (Pi) on Pressure After Shock and on
Diffuser Compression Ratio.

Referring to Fig. 2, curves of the entrainment ratio have a
starting point and an ending point, above an explanation of
the ending point is achieved. Although, basic on figure 5 the
starting point of entrainment ratio curves could be explained:
Thus four value of back pressure P3 are studied. For each
curve, the pressure after shock Pk increases with increasing
P3. Also in the starting point Pk is very near to P3, i.e. for P3
= 30mbar, Pk = 26mbar, for P3 = 32mbar, Pk = 28mbar, for
P3=34mbar, Pk = 30 mbar and for P3 = 36 mbar, Pk =
33mbar. While Pk is the last evaluated pressure in the ejector
process (just before the back pressure), that is why a diffuser
compression ratio reported by P3/Pk is evaluated. Curves
show that at the starting point this ratio is almost equal to one
(unit) which mean that if this point is reached, no
compression exist which is a contradiction with the concept
of ejector specially the diffuser, because a diffuser is placed
to increase the pressure of the flow after the mixing chamber.
So calculation at the starting point is limited by Pk = P3.
Otherwise the flow exiting the ejector will be shocked by the
flow at the back pressure.

B. Effect of Ejector Design (Area Ratio) on
Ejector Performances

Fig. 6 presents the relationship between the pressure at exit
the nozzle and the ejector area ratio. For fixed primary and
secondary conditions, curves of ejector area ratio have an

T T T T T T
90 100 110 120 130 140 150 160
Area ratio (AkAt)

Fig. 7. Effect of Ejector Area Ratio on Entrainment Ratio.

Fig. 7 shows that for every back pressure there are n
optimum value of entrainment ratio. For constant primary and
secondary operating condition, the optimum values of the
entrainment ratio decrease with increasing of the back
pressure. While it is possible to have the same entrainment
ratio for different value of area ratio and back pressure , i.e to
get ® = 0.4, the area ratio of the ejector should be
107,110,120, 125 for back pressure 36, 34, 32, 30 mbar
respectively.

Fig. 8 shows the evolution of ejector area ratio with the
back pressure, secondary pressure 8, 12, 17, 23 mbar and for
primary pressure is constant and equal to 1.98bar. It can be
seen that area ratio AkAt increases with increasing the
secondary pressure and decrease with increasing the back
pressure.

Fig. 9 presents the evolution of ejector area ratio with the
primary pressure, secondary pressure 8, 12, 17, 23 mbar and
for constant back pressure equal to 36mbar. It can be seen
that area ratio AkAt increases with increasing the secondary
pressure and the primary pressure.
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V. CONCLUSION

In this paper, a theoretical investigation is carried to
evaluate the performance and limits of design of steam
ejector. A simplified ejector 1D—model, taking account of the
irreversibility in nozzle, diffuser and mixing chamber is used
and a specific chart algorithm is applied to solve it. The
model is first validated based on data from literature and then
performance of the ejector for varying operating conditions
and ejector geometry was studied via the behavior of
parameters inside the ejector. It was found that

For constant primary and secondary flow properties (P1,T1,
T2, P2), the entrainment ratio increases with increasing
pressure at nozzle exit Pi reaches a maximum, and then
decreases, when the back pressure P3 is constant. Two
borders (starting and ending points) was found limiting the
design of the ejector: the ending point is limited when Pi ~ P2
which chock the secondary flow and disable it to entrained
into the mixing chamber. Also Pi related to primary pressure
and primary nozzle area ratio. Thus the limit on it is
characterized by the nozzle geometry design.

Also secondary Mach number is independent of the
primary flow and decreases until reaching a value almost

equal to zero when Pi = P2, the velocity of the secondary
flow is zero for stagnant and non moving flow at Pi = P2.The
starting point (on curbe @ = f(Pi)) is related to the pressure
after shock Pk. Based on a diffuser compression ratio
reported by P3/Pk. A starting point about 1 is reached and no
compression process undergoes the diffuser of the ejector.
The nozzle design at the starting point is limited by Pk = P3.

Ejector area ratio has maximum corresponding to an
optimum Pi value. While The optimum values decrease with
increase of back pressure. For every back pressure there are
an optimum value of entrainment ratio that decrease with
increasing of the back pressure, for constant primary and
secondary operating condition, Area ratio AkAt increases
with increasing the secondary pressure and decrease with
increasing the back pressure, for constant primary and
secondary operating condition.
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Abstract— Bubble pumps are used for the circulation of the
liquid in the diffusion absorption machine and have
considerable effect on its performances. In this paper, numerical
simulation of the heating repartition effect on the boiling flow in
this component was conducted with the commercial CFD
(Computational Fluid Dynamics) package Ansys-Fluent 12.0.
The Eulerian multiphase flow framework model was used to
model the phases' interactions. User-Defined Functions (UDFs)
are provided to compute the wall heat transfer and to calculate
the inter-phase heat and mass transfer. The heat flux from the
wall is divided into three parts according to a wall heat
partitioning model based on three mechanisms including
convective heat for heating the bulk liquid, evaporative heat for
generating vapor and quench heat for heating the liquid in the
nucleation sites. The rate of vapor formation is obtained by
adding the mass exchange at the bubble surface and the bubble
formation due to heat supplied at the wall. Total and partial
heating of the tube are treated to approach to two different
configurations of the bubble pump encountered in praxis. The
simulations in this paper are conducted with pure water as
working fluid. The vertical void fraction distribution is
determined in order to localize the onset of vapor generation and
to predict the flow patterns throughout the tube length.

Keywords— Bubble pump, Heating, Boiling flow, Void fraction,
Flow pattern, CFD, Simulation, DAR

I. INTRODUCTION

Several advantageous characteristics such as the absence of
mechanical moving part, causing vibration and noise, and
specially the possibility to operate with waste heat or solar
energy, attracted the attention of researchers to experimental
and numerical investigations of diffusion absorption
refrigerators (DARs) invented by Platen and Munters [1] in
the 1920s. In these absorption systems, the bubble pump is an
essential component. Therefore, significant attention has been

devoted to this device to improve its performance, which
would contribute to the performance of the whole system.
The thermally driven bubble pump is a simple vertical tube
which can be powered by heat from any source (electricity,
burner, waste heat, solar energy). When the liquid solution is
heated up, vapor bubbles are generated causing pressure
difference between the bottom and the top of the tube. As
result, natural circulation of the liquid solution is occurring
through the tube and so boiling flow takes place inside the
bubble pump. Zohar et al.[2] developed and analyzed by
computer simulation a detailed thermodynamicmodel for
three generator and bubble pump configurations of a DAR to
study their effect on the system performance. A mathematical
model for the forced convective boiling of refrigerant-
absorbent mixtures in vertical tubular generator is proposed
by Pasupathy et al. [3]. A parametric analysis has been
performed to study the effect of various factors on the
performance of the generator. Two-fluid model is employed
by Ma et al. [4] to describe the two-phase flow and heat
transfer processes in a two-phase closed thermosyphon.
Numerically predicted flow patterns and distribution of
parameters under different conditions show a good agreement
with experimental results. Taieb et al. [5,6] tested the
pumping capacity of bubble pumps by using Behringer
correlation (cited in Ref. [7]). Uniformly heated bubble pump
configuration was numerically investigated by Garma et al.
[8,9] using the commercial CFD package Ansys-Fluent. It
was found that the onset boiling point is reduced and the void
fraction at tube’s outlet is increased when the wall heat input
is increased. An experimental investigation of an air-cooled
diffusion-absorption machine operating with a binary light
hydrocarbon mixture is presented by Ben Ezzine et al. [10]. A
new concept of generator consisting in a separated boiler and
bubble pump instead of the usual combined generator is
tested. The experimental results show that the bubble pump
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exiting temperature as well as those of the major components
of the machine is very sensitive to the heat input to the bubble
pump. Experimental study and theoretical thermodynamic
simulations of the same absorption refrigerator prototype with

methylamine-water-helium were carried out by Mazzouz et al.

[11]. The test showed that all machine's components are very
sensitive to the behaviour of the bubble pump. The
performance of three different indirectly heated solar
powered bubble pumps/generators were investigated and
discussed by Jacob et al. [12,13,14,15].

Research effort has been also focused on predicting the flow
regime transition using the void fraction profile. Radovich
and Moissis [16] considered that the bubbly to slug flow
transition is due to the collisions between small bubbles and
supposed the transition to occur when the maximum packing
of these small bubbles is reached. They suggested that this is
the case when the void fraction is around 0.3. This same
value was proposed by Taitel et al. [17] and Mishima et al.
[18]. On the other side, Brauner et al. [19] and Barnea [20]
claimed that the slug to churn transition takes place when the
gas void fraction in the liquid slug reaches 0.52
corresponding to the maximum cubic lattice packing fraction.
Transition from intermittent (slug or churn) flow to annular
flow pattern can be observed when the vapor flow rate
becomes sufficiently high. Wallis [21] suggested a transition
void fraction of 0.8 after comparing void fraction data with
theoretical prediction for intermitting and annular flow.

In the present paper, a CFD analysis of a bubble pump using
the commercial package ANSYS-FLUENT is worked out. Full
and partial length heating tube are considered in order to
compare both configurations of thermally driven pump. Void
fraction profiles for different heat fluxes are predicted and the
evolution of flow patterns throughout the tube length is
discussed.

II. CFD MODELLING

Mathematical model utilized in this paper was developed
and then applied in CFD codes to be finally implemented in
ANSYS-FLUENT via user-defined functions (UDFs) in
conjunction with the Eulerian multiphase model in which the
conservation equations are written for each phase, liquid and
vapor [8,9].

The commercial CFD code ANSYS-FLUENT 12.0 [22] is
used to perform the simulations. The interfacial forces models
and the wall boiling model described previously were
implemented in the code through User-Defined Functions
(UDFs). The stainless-steel made vertical tube is 1m in length
and 10 mm in diameter. Wall thickness is fixed to 2 mm. The
sub-cooled water enters the system at the bottom, and then
boils due to the constant heat flux supplied from the pipe
walls.

A. Mesh geometry

The geometry used for problem formulation was two-
dimensional axi-symmetric. Quadrilateral computational
mesh is recommend for Eulerian multiphase model [23]. We
started first to find the best computational meshes, Figure 1
shows the adopted grid consisting uniform rectangular cells.

Fig. 1 Mesh geometry.

B. Initial and Boundary conditions

Bubble pump saturation temperature is fixed to 425.15 K
corresponding to the operating pressure of the machine. Fixed
sub-cooling temperature (T, = 5SK) and fully-developed
profile of velocity are applied at the inlet (no vapor at the
inlet ai,= 0). No-slip conditions on the tube wall. Liquid-
vapor mixture leaves the tube at the saturation temperature.
Heat Flux are specified at the external wall. The effect of the
heat distribution is investigated for various heating rates
ranging between 628 and 1728 W. At the interface wall-liquid,
the UDFs was used to specify heat flux and heat transfer
coefficient. Symmetry is used at the centreline axis.

C. Solution techniques

Unsteady state calculations with a time step of 0.1s were
performed for all cases. SIMPLE algorithm was applied for
the calculations of the pressure velocity-coupling with first
order upwind calculation scheme for the discretization of
momentum, energy and volume fraction equations.

III. NUMERICAL MODEL VALIDATION

To examine the validity of the mathematical model, using
ANSYS-FLUENT, the numerical predictions are compared [24,
25, 26] with the experimental data of Bartolomei and
Chanturiya [27]. The predictions of axial distribution of
average void fraction along the tube length [25] show an
excellent agreement with experiments, figure 2.

0.5
® Experiments
0.4 4 t
~—— ANSYS CFD (Fluent)
0.3

_— RPi_paper
0.2

0.1

0.0 !
0.0 0.5 1.0 1.5 2.0
Fig. 2 : Model validation: Void fraction along tube length [27]

Braz Filho [24] proved that ANSYS-FLUENT code results
are in reasonable agreement with the experimental data for
void fraction and in excellent agreement for inner wall
temperature evolution versus the fluid enthalpy, figure 3.
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IV.BUBBLE PUMP HEATING MODELS

For the purposes of the present study, two bubble pump
models are treated - uniformly and partially heated tube as it
is previously mentioned - to show the heat distribution effect
on the boiling flow characterization. Heat flux is supplied to
the bubble pump wall according to the following
configurations:

e Test 1: Uniformly heated pump, full-length heating
pipe, as depicted in Figure 4.

e  Test 2: The heat flux is supplied in the lower 1/3 of
the tube length (30 cm), partial-length heating pipe,
as indicated in figure 5.

The boiling flow characteristics of bubble pump including
void fraction evolution and flow pattern arrangement
throughout the tube are investigated for various heat inputs
from 628 (minimum heat flow rate for starting boiling) to
1728 W (beyond this limit: transition to annular flow not
interesting for the bubble pump applications).

A. Effect of heating configuration on void fraction profiles

Figures 6 and 7 depict the effect of the heat inputs on the
void fraction profiles along the bubble pump for various heat
inputs from 628 to 1728 W respectively for test 1 (Uniformly
heated tube) and test 2 (partially heated tube).

One can see in the two cases that the higher the heat is, the
lower is the start up of boiling and the higher is the void
fraction. In fact, when the heat input is increased from 628 W
to 1728 W, the onset boiling length is reduced from 96 to 15
cm for uniformly heated pipe and from 5 to 1.5 cm for the
partially heated one. Here, one can obviously remark how
greatly this parameter is sensitive to the heating repartition.
Actually, for the same heat input, 628 W, boiling starts at 96
cm in the first heating model (testl) and at 15 cm in the

Copyright -2019
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second one (test2) which can be explained by the higher heat
density in the bottom of the tube; which have a great impact
on the performances of the bubble pump, flow
regimerepartition, liquidvapour velocities arrangement and
temperature profiles [28].

Saturated water + Vapor
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Fig. 4Test1: Uniformly heated bubble pump.
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Fig. 5Test2: Partially heated bubble pump

V. RESULTS AND DISCUSSION

035 [ b= B2BW ==ty TBSW
—r= IIW  ——,  =1100W
—f= 125TW —— g, =1414W

0.25 [ ==y (= I5TIW g =1728W

Void fraction
(=1
-
o

0.00

00 01 02 03 04 05 06 07 08 09 1.0

Tube Length (m)

Fig. 6Void fraction evolution of the uniformly heated pump (testl) for
different heat fluxes

On the other hand, the void fraction at the tube outlet is
increased from 0.001 to 0.39 and from 0.22 to 0.58
respectively for the totally heated tube and the partially
heated tube. One also can observe, as illustrated in figure 8,
that for the first heating model the void fraction increases
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slightly over the whole tube length [8, 9], attains a value of
0.016 at z = 30 cm and a maximum of 0.39 at the tube outlet
for @y = 1728 W.

0.7 = : = .
b0 628W —— ¢, =T85W
06 —¢|wl= 943W —-asw[=lll)0\a‘
b= 125TW —— ¢, =1414W
0.5 b= 15TIW =4, =1728W
=
.2
S 04
=}
=]
S 03}
>
n.ﬂ -
0.1+
0'0 : 1 1 1 1 1 1 1 1

00 01 02 03 04 05 06 07 08 09 L0
Tube length (m)

Fig. 7Void fraction evolution of the partially heated pump (test2) for
different heat fluxes

This behavior is completely different from that of the
second heating model. In fact, for this case (test 2) the void
fraction rises sharply, reaches a value in the order of 0.42 at
the outlet of the heated zone (z =30 cm) and then increases
slightly over the remaining length of the tube to attain a
maximum of 0.58 at the outlet. The same remark can be
observed for the other heat inputs as shown in figure 9.

0.6
Churn /
0.5
0.4} Slug
. g
8
5 0.3
£
S 02f
- Bubbly
0.1 F Total heating
Partial heating
L 1 1 1 1 1 1

0.0
00 01 02 03 04 05 06 07 08 09 10

Tube length (m)
Fig. 8Void fraction distribution for ®=1728W

B. Identification of different flow regimes in the bubble pump

In this section the void fraction is used to predict the flow
regime repartition in the thermally driven bubble pumps. As it
was previously reported, the critical void fraction for bubbly-
to-slug, slug-to-churn and churn-to-annular transition are
respectively 0.3, 0.52, and 0.8. Figures 9 and 10 show the
flow patterns limit for different heating distribution and heat
fluxes. Specially, the heating repartition effect can be
remarked.
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D=943W, (c): ®=1100W, (d): ®=1257W, (e): ©=1414W, (f): D=1571W

TablesIrecapitulate the length of the zone occupied by
different flow regimes along the bubble pump for each
heating configuration and various tested heating power.

One can remark that as we reduce the heating power, the slug
zone length is reduced to disappear completely at low heat
input for partially heated tube (test2). In fact, it is reduced
from 69 cm to 20 cm when the heat input reduced from 1257
to 785W before totally disappearing for 628W. Nevertheless,
the bubbly flow regime occupies the hall tube length for all
previous heat input ranging from 785 to 1257W when the
pump is uniformly heated (testl).

the same table show that increasing heat input from 1414W to
1728W decreases the slug zone length from 63cm to 43cm in
favour of the churn flow zone which increases from 10 to
35cm in case of the partial heating configuration. As regards
the uniformly heated configuration, the slug flow zone length
varies from O to 14 cm to occupy part the bubbly flow zone
for the same variation of heat input to the bubble pump,
namely from 1414 to 1728W.

VI. CONCLUSION

Numerical simulation of the heating distribution effect on the
boiling flow of water in vertical tube was carried out with the
commercial CFD package ANSYS-FLUENT. User defined
Functions (UDFs) are employed to model the boiling
phenomena. Void fraction distributions are calculated,
discussed and then flow patterns throughout the tube length
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are predicted. It was found that the void fraction is higher
when heating partially the wall. Flow regimes repartitions are
identified referring to the void fraction variation along the

tube.

It was found that the void fraction at the tube outlet is

higher for the partially heated tube then the totally heated

tube.

Moreover, when the heating power, is increased for the

partially heated tube, the slug flow zone length first increases
and then decreases in favor of the churn flow regime.

TABLEII

ZONE REGIME LENGTH FOR FULL AND PARTIAL LENGTH HEATED TUBEAT

(1]
[2]

[3]

[4]

(5]

(6]

Copyright -2019
ISSN 1737-9334

VARIOUS HEAT INPUT

[7]
[8]

[9]

[10]

[11]

Zone regime length (m)
Heating at 628 W
Bubbly Slug Churn [12]
Test 1 1 0 0
Test 2 1 0 0 [13]
Heating at 785W Zone regime length (m)
Bubbly Slug Churn
Test 1 1 0 0
Test 2 0.80 0.20 0 [14]
. Zone regime length (m)
Heating at 943W Bubbly Slug Churn
Test 1 1 0 0
Test 2 0.59 0.41 0 [15]
. Zone regime length (m)
Heating at 1100W Bubbly Slug Churn
Test 1 1 0 0
Test 2 0.42 0.58 0 [16]
. Zone regime length (m)
Heating at1257W Bubbly Slug Churn [17]
Test 1 1 0 0
Test 2 0.31 0.69 0 18
Heating at 1414W Zone regime length (m) (18]
Bubbly Slug Churn
Test 1 1 0 0 [19]
Test 2 0.27 0.63 0.1
. Zone regime length (m)
Heating at 1571W Bubbly Sug Chomn [20]
Test 1 0.94 0.06 0
Test 2 0.244 0.536 0.22 21]
. Zone regime length (m)
Heating at 1728W Bubbly Slug Churn (22]
Test 1 0.86 0.14 0
Test 2 0.22 0.43 0.35 [23]
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Abstract— In this work a hybrid ejector single-effect lithium-
bromide water cycle is theoretically investigated. The system is a
conventional single-effect cycle activated by an external steam-
ejector loop. A mathematical model of the whole system is
developed. Simulations are carried out to study the effect of the
major parameters of the hybrid cycle on its performances, and in
comparison with the conventional cycle. The ejector performance
is also investigated. Results show that the entrainment ratio rises
with steam pressure and condenser temperature, while it
decreases with increasing generator temperature. The effect of
the evaporator temperature on ejector performance is negligible.
It is shown also that the hybrid cycle exhibits better performances
than the corresponding basic cycle. However, the performance
improvement is limited to a specific range of the operating
parameters. Outside this range, the hybrid system behaves
similar to a conventional cycle. Inside this range, the COP
increases, reaches a maximum then decreases and rejoin the
behaviour of the basic cycle. The maximum COP, which can be as
large as that of a conventional double-effect cycle, about 1, is
obtained at lower temperatures than in the case of single-effect
cycles.

Keywords—absorption refrigeration, ejector, lithium bromide,

simulation.

I. INTRODUCTION

Cooling and air conditioning are essential for small scale
and industrial process applications. While compressor
refrigerator cycles worked with fluids presenting carbon
dioxide emission. Absorption cycles using water-lithium
bromide are alternative. But, they have a low coefficient of
performance. That’s why new hybrid and combined
configurations where the integration of new component, such
as ejector, in the basic absorption cycles, to enhance to
performances, were studied.

Various configuration integrating ejector were studied;
Combined cycle was investigated, in which the ejector is at the
absorber inlet [1-4], COP of this cycle was higher by about 2—
4% than conventional cycle. Principally, investigations
indicate that COP of the combined configuration are greater or
equal to that of single effect cycles at low generator
temperatures.

Also, another configuration was studied, where the ejector
is located in the condenser inlet of the single effect absorption
cycle, theoretical study [5,6], confirm that the coefficient of
performances was higher than single effect cycle.
Experimental study [7] show that the combined cycle is 30-
60% higher as compared to the COP of the basic absorption
and almost reaches the COP of double-effect absorption
systems .Besides modified configuration by adding a flash
tank between ejector and evaporator was designed [8-9].

Also ejector double effect absorption systems was
investigated [10-11], so COP of the proposed a new ejector
refrigeration cycle, increases with the temperature of the heat
source until the temperature of the heat source was higher than
150 °C the new cycle worked as a double effect cycle.

Novel configuration was studied where the ejector was
coupled to vapour generator, [12,13] to enhance the
concentration process by compressing the vapour produced
from the lithium bromide solution in order to re-heat the
solution from which it came. Results showed that COP of the
new cycle can increase specially with the heat source
temperature.

In this paper, an hybrid ejector single effect cycle is
investigated and specially the whole cycle and the ejector were
modeled. The entrainment ratio as ejector performances is
carried out for different generator, condenser and ejector
temperature. Also a comparison with the basic single effect
absorption cycle and the evolution of the coefficient of
performances are studied.

II. SYSTEM DESCRIPTION

Fig. 1 (a) and (b) present a schematic diagram of a
conventional single effect system and an hybrid ejector-single
effect system.

A conventional single effect absorption cycle is composed
of evaporator, absorber, condenser and generator, expansion
solution valve pump, solution heat exchanger and refrigerant
expansion valve, presented in fig. 1 (a). While a steam-ejector-
generator loop is coupled to the conventional single effect via
the solution generator, as presented in fig. 1 (b). The steam-
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ejector loop is composed of a steam ejector, a steam generator
vapor, a water pump and an expansion valve.
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Fig. 1 Single effect absorption system: (a) Conventional, (b) hybrid
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Fig. 2 Ejector schematics

The steam-ejector-generator loop is used to enhance the
cycle performance by enhancing the concentration process.
The steam ejector is the main key of the enhancement process.
A high pressure flow (18) coming from the steam generator
enters the primary nozzle of the ejector, its pressure drops at
the exit of the nozzle point (i), as shown in fig. 2, and its
velocity becomes very high so it entrain a secondary flow, the
vapor (19) as part of the total vapor (7) produced from the

solution generator, the two streams are mixed in the mixing
chamber and then, compressed in the ejector, to exit at
backpressure (12). This flow condenses in the solution
generator and exceeds condensation heat until become liquid
saturated (13). The condensation heat is used to concentrate
the saline solution by producing vapor from the diluted
solution entering the solution generator (3). Part of the flow (3)
undergoes to the condenser and another part (19) is pumped to
the steam generator.

III. RESULTS AND DISCUSSION

A computer program has been developed using the software
Engineering Equation Solver (EES) [14] to thermodynamically
analysis the proposed hybrid single effect absorption
refrigeration system. In the program, the thermo-physical
properties of LiBr-H20 are used as internal functions from the
EES database where the temperature reaches 500°K for all
composition range.

e The evaporator temperature equal to 4°C,

e Condenser temperature equal to 30°C,

e Absorber temperature equal to Tc-2°C because it is
cooled via water cooling tower,

e Effectiveness heat exchanger equal to 0.8,

¢ Flow rate leaving the absorber equal to 2Kg/s.

A. Ejector performances

0.5
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Fig. 3 o vs. T for various primary pressure Psg

Fig.3 indicates that the entrainment ratio depend on the
steam generator pressure, while deceases with increasing the
generator temperature. The steam pressure is the primary
pressure; fig.3 shows that the primary pressure affects the
entrainment ratio. The entrainment ratio reaches zero
respectively at generator temperature of 80, 83, 85, 87, 90°C
for steam pressure of 10, 12, 13, 14, 15bar. Ones the
entrainment ratio is zero, the flow is no more entrained inside
the ejector, so the ejector is off design and its geometry should
be changed.

Fig. 4 shows that the entrainment ratio increases with the
condenser temperature and decreases with increasing the
generator temperature, when the pressure at generator is set at
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15bar. When the generator temperature becomes equal to 90°C,
the entrainment ratio becomes equal to zero. The entrainment
ratio vary from 0.2 to 0.4, from0.12 to 0.2, from 0.7to 0.1 and
from 0.03 to 0.05 when the temperature in the generator is 70,
75, 80 and 85°C respectively.
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Fig. 4 o vs. T for various condenser temperature Tcp

Fig. 5 shows that the entrainment ratio is practically
identical for every generator temperature. The entrainment
ratio is about 0.3, 0.18, 0.1 and 0.05 for generator temperature
70, 75, 0, 85°C respectively.

In the hybrid cycle the evaporator temperature practically
don’t has effect on the ejector inlet and outlet parameters so
that’s why the entrainment ratio is almost same for all the
evaporator temperature.
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Fig. 5 o vs. T for various evaporator temperature Tg,

B. Hybrid and basic cycle performances

In the studied cycle, first a basic comparison was done
between the basic single effect cycle and the hybrid ejector
single effect absorption. Thus the effect of generator
temperature, condensation and evaporation temperature is
studied.

The coefficient of performances is more important for the
hybrid cycle until the temperature in the generator become

equal to a 90, as shown in fig. 6. After 90°C, the COP of the
hybrid cycle reaches the same COP of the basic cycle because
the entrainment ratio with these parameters is zero as shown in
fig.5 (a). The COP of the hybrid cycle reaches a maximum of
performances is 0.88 for 78°C while the basic cycle reaches
0.8 at 90°C. Thus the ejector in the hybrid cycle improves the
cycle performances at low generator temperature.

1.0
—emnes basic cycle
= hybrid cycle

0.9

0.8

0.7 1

COP

0.6

0.5

04 — T T T
70 75 80 85 90 95

Generator Temperature (°C)

Fig. 6 COP of hybrid and conventional cycle vs. machine generator
temperature, T (Pis=15bar)

o
Q
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28 30 32 34 36 38 40 42
Condenser Temperature (°C)

Fig. 7 COP of hybrid and conventional cycle vs. condenser temperature Tcp

Fig.7 shows that the coefficient of performance of both
hybrid and basic cycle decrease with the condenser
temperature. Also, it is shown that the COP of the hybrid cycle
is higher than the basic cycle. The hybrid cycle coefficient of
performance reaches 0.9 when the evaporator and generator
temperatures are at 4 and 80°C.

The coefficient of hybrid and basic cycles increases with
increasing the evaporator temperature, as shown in Fig.8. Also,
when the condenser temperature is at 37°C and the generator
temperature is 80°C, the COP of hybrid cycle is 13% higher
than that of basic single effect cycle.
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Fig. 9 shows: The higher the steam-generator pressure (and
consequently temperature), the larger the machine-generator
temperature range where the cycle performance is improved,
and the higher the maximum COP that could be reached inside
this interval. On the opposite, when the steam generator
pressure Psg is decreased to 10 bar, practically no
improvement more of the cycle performance is observed under

that the COP of the hybrid one is higher than the basic one
when the temperature of the generator is less than 90°C.

It was concluded that the COP of the new cycle is higher for
lower generator temperature, until 90°C when the entrainment
ratio become equal to zero, the hybrid COP reaches COP’s of
the basic cycle.

The COP of the hybrid cycle increases with the steam
pressure and increases with the generator temperature until
90°C, which refers to entrainment ratio equal to zero.
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ABSTRACT — Environmental impact assessment tools suffer
from an applicability issue which could impede their use and
development. The main purpose of this article is to present a
methodology to evaluate building environmental assessment tool
applicability and to propose solutions for their best
implementation or to pave the way for. First, the criteria of
evaluation had been chosen based on review of flows and
obstacles encountered by various building environmental
assessment tools. Then, the evaluation methodology was applied
to the Tunisian case. It came out that, given the lack of building
environmental regulations and adequate subsidy mechanisms,
the success and development of an official building

environmental assessment method in Tunisia could be
questioned.
Keywords — building — environmental assessment —

applicability — Tunisia

1. INTRODUCTION

Buildings environmental assessment has gained increasing
importance around the world. Many countries have developed
or are developing methods and laws related to buildings
environmental assessment [1, 2, 3, 4]. The best known
methods are, for example, BREEAM [1, 5], LEED [6, 7] and
HQE [1, 8].

Several studies have shown that building environmental
assessment had a beneficial effect on the energetic,

environmental, economic and social sectors [9, 10, 11, 12, 13].

However, building environmental assessment methods
available in numerous countries suffer from an applicability
issue which may be related to matters addressed by the
method or other factors, such as the institutional, legislative
or economic framework [14, 15, 16, 17, 18, 19, 20, 21].
Therefore, before implementing a building environmental
assessment method, it is essential to identify any problems
that might impede or constrain the application of this method.
For this purpose, a methodology for evaluating building
environmental assessment tool applicability will be presented

Copyright -2019
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and solutions for their best implementation or to pave the way
for will be proposed.

First, the evaluation criteria will be identified and
weighting method will be exposed. Then, the developed
methodology will be applied to the Tunisian case and
compared to results obtained by a deep analysis.

II. FEEDBACK FROM VARIOUS EXISTING BUILDING
ENVIRONMENTAL ASSESSMENT METHODS AND
IDENTIFICATION OF APPLICABILITY EVALUATION CRITERIA

From available methods feedback, some weak points,
mentioned below, have been reported. The major
disadvantages encountered during the application of existing
building environmental assessment methods are both their
subjective nature making the obtained results user dependent
and the long building evaluation process [14, 20]. In order to
eradicate these problems, designers are constantly improving
their building environmental assessment tools. The new
version of BREEAM In-Use International, for example, is
available via an online interface and therefore saves time over
the building evaluation period. In order to standardize the
buildings environmental assessment practices between the
different users of the repository, a technical guide is provided
with this latter. This expands the benchmark between
certified buildings [15].

Another defect mentioned in several studies on the
building environmental assessment methods is their results
presentation. Sometimes, presented results do not allow the
user to situate the building according to its performance level
or to know which target is below the required level of
performance. Therefore, the assessment method would not be
able to orient the user towards the optimal solution and could
even lose credibility as to the displayed results [14, 20]. In
this context, Cole indicates that the separation between
qualitative and quantitative targets when presenting the
results would allow a better user interpretation [14]. Haapio
and Viitaniemi add that a poor results presentation combined
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with measurement uncertainties and the dependence of
certain methods on the evaluated building types could lead
the user to an evaluation error [20]. Sometimes, some
evaluation criteria are not applicable and therefore become
penalizing for some buildings. This observation has obliged
some methods to adapt and/or modify their rating system
such as GBTool or BREEAM [14, 15].

Cole argues that one premise of voluntary assessments is
that if the market is provided with improved information and
mechanisms, an informed client group can and will provide
leadership in environmental responsibility and others will
follow suit to remain competitive [14]. It is therefore clear
that a good communication system is essential to ensure an
increased use of building environmental assessment methods.

Recent studies have shown that the availability of building
environmental regulation would promote and consolidate the
use of building environmental assessment methods [16, 17,
18]. Gabe confirms that voluntary tools such as LEED are
used more for advertising purposes than for optimizing
environmental performance [17]. Arts reports that the 2011
regulations introduced in Scotland and later in England and
Wales contributed to the consolidation and updating of the
building environmental assessment methods [18].

A study conducted by Ballu and Toulouse showed that the
main factor that hindered the use of energy-efficient products
was the initial investment cost [19]. Therefore, in order to
encourage consumers to use these products and therefore to
comply with possible environmental regulations, it is
necessary to set up financing mechanisms through subsidies.
These subsidies will have a beneficial effect on the use of
building environmental assessment methods if they cover
both the equipment and study costs. However, even if it does
not cover study costs, they would still have a positive effect
on the use of building environmental assessment methods if a
building environmental regulation was implemented.

Haapio and Viitaniemi support the idea that building
environmental assessment methods should line up with a
standardized rating system and database [20]. Indeed, when
analyzing several building environmental assessment
methods, they found it difficult, if not impossible, to compare
the results given by different methods.

Ciaran reports that public participation in building
environmental assessment is of great importance. It enables
citizens to contribute to government decision-making through
the reporting to decision-makers and provides an educational
function that enables citizens to better understand their
governmental system. [21] As a result, it could facilitate
successful implementation of projects or programs and
enhance the application and use of building environmental
assessment methods.

The development of environmental assessment methods is
in some way due to the existence of a specialized institutional
framework. Indeed, the availability of an organization
promoting and monitoring the implementation of a building
environmental regulations or supporting high environmental
value project would promote the wuse of building
environmental assessment methods through communication,

grants or training. In addition, specialized staff would support
the various stakeholders through training and speed up the
processing time. The agency ‘ADEME’, for example, has
contributed to the success of several programs and is an
important pillar in the development and promotion of
buildings environmental assessment methods such as ‘HQE’
[8].

Moreover, implemented environmental programs play an
important role in the development of environmental
assessment methods. Some methods such as ‘HQE’ have
been created under an environmental program.

Finally, six applicability evaluation criteria have been
identified from the above analysis. Table 1 present this
criteria and provide a description for each one.

TABLE 1
APPLICABILITY EVALUATION CRITERIA

Criteria Description (sub-criteria)

Tools - Results presentation (separation
between qualitative and quantitative
targets).

- Line up with standardized rating
system and database.

- Minimize measurement uncertainties.
- Avoid subjective nature.

- Applicability of evaluation criteria and
independence on the evaluated building.

Institutional framework - Development of the institutional
framework.
- Experts in building environmental

assessment availability.

Legislative framework - Availability of legislative framework.

Subsidies - Availability of funding mechanisms.

- Information about notation system and
advantage.

- Availability of communication
mechanisms: advertisement, conference,
sponsoring. ..

- Public participation in building
environmental assessment.

Communication systems

- Implementation of environmental
programs.

Environmental programs

Weighting of each criteria is made based on its degree of
importance. This weighting is presented in tables 2 and 3.

TABLE 2
APPLICABILITY EVALUATION CRITERIA WEIGHTING

. Nature el

Criteria Mandatory Optional Weighting
Tools X 30
Institutional X 25
framework
Legislative X 20
framework
Subsidies X 15
Communication X 5
systems
Environmental X 5
programs
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The criteria weighting was made according to different Experts in building
scenario results. From this different scenario, we were able to enVﬁrOI}mental assessment
identify mandatory and optional criteria and to classify the iVallablht}ﬂ
evaluation criteria from the most important to the less *No expert =0; ‘ 10
important insufficient number of
) cp . . . expert = 5; sufficient
' For example, if in a given .cou.ntry, an env1rogmeqtal number of expert = 10
impact assessment tqol and an 1nst?tut10nal and leglsl:?ltlYe Legislative Availability of legislative
frameworks are avallabl.e a'md. verify all the sub-crlte.rla framework framework.
described in table 1, but institutional framework don’t verify *Not available = 0 ; 0 20
the sub-criteria, it’s obvious that the implementation of this Available but not well
environmental tool would be difficult. From this point of developed = 10 ; Good
view, we can confirm that institutional framework criteria is _ legislative framework = 20
more important than institutional or legislative frameworks | Subsidies Avaﬁab}hty of funding
criteria. mechanisms.
*Not available = 0 ; <20% 15 15
TABLE 3 =10;>20% =15
APPLICABILITY EVALUATION CRITERIA AND SUB-CRITERIA WEIGHTING Communication | Information about notation
Weighting systems system and advantage.
Criteria Sub-criteria Sub- oo *No information =0 ; 2
criteria Criteria medium information = 1 ;
Tools Results presentation :lfﬁilinlt 1nt0frmat10n =2
(separation between valability o
qualitative and quantitative commul_ncatlon
targets). mechanisms:
*(Maximum score) — 8 advertlsf:ment, conference, 1 5
(Maximum score) X irl)\?nsom?ig']'ji _0:
(Percentage of criteria ) Olt i‘;al_‘ql e=v;
containing qualitative and avallable =1
quantitative targets) Public participation in
Line up with standardized building environmental
rating system and database. %ssessme_nt_. . 2
*(Maximum score) X 5 ﬁ‘NO.pal‘[lClp’fltl.OH - 0;
(Percentage of criteria }Teilum pa_rthpatt)g =1;
similar to criteria of : g partlclpgtlon =
standardized rating system) Environmental Imp‘lementatlon of
Minimize measurement 30 programs environmental programs.
uncertainties. 5 *No program =0 ; few
0% =2:<5% =1:>5% program related to 5 5
-0 environmental program
Avoid subjective nature. (ren_ewable energy) =2 ;
*(Maximum score) X environmental program
e 5 availability = 5
(Percentage of non- *Weiehtl hod
subjective criteria) eighting metho
Applicability of evaluation ) .
criteria and independence The same analysis has been made for a scenario where tool,
on the evaluated building. institutional framework and subsidies criteria verify the sub-
*All criteria are applicable 10 criteria but legislative framework don’t. From this analysis,
=10 ; one non applicable we find that legislative framework criteria are more important
g p
criteria =5 ; more than one than subsidies criteria. This is due to the fact that legislative
__ non applicable criteria = 0 framework would make the application of a given
Institutional Development of the environmental impact assessment tool mandatory while
framework institutional framework. .1 . L.
N X o subsidies will only support the application of such tool.
* nonexistent institutional L )
framework = 0 : existent Furthermore, communication systems and environmental
institutional framework but 15 25 programs criteria would only support the application of a
not well organized = 12 ; given environmental tool. Also, they are somehow linked to
excellent institutional criteria such as legislative or institutional framework. For
framework = 15 example, if a building environmental assessment law is
published, it will be a kind of communication systems for
building environmental assessment tool. Then, we could
Copyright -2019 Page 170
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classify communication systems and environmental programs
criteria as optional criteria.

Eventually, building environmental
applicability evaluation is made as follow:

- Low applicability level: each mandatory criteria
should have a minimum score of 80%.

- Medium applicability level: each mandatory criteria
should have a minimum score of 80% and each
optional criteria should have a minimum score of
50%.

- High applicability level: each mandatory criteria
should have a minimum score of 90% and each
optional criteria should have a minimum score of
90%.

assessment tool

III. TUNISIAN CASE: SITUATIONAL ANALYSIS AND WAYS TO
IMPROVE THE APPLICABILITY OF AN OFFICIAL BUILDING
ENVIRONMENTAL ASSESSMENT METHOD

In order to appreciate the applicability of an official
buildings environmental assessment method in Tunisia, an
overview of the current Tunisian situation in terms of laws,
programs, tools and institutional frameworks that can
motivate and/or facilitate the application of an official
building environmental assessment method, is essential.

Environmental protection has a prominent place in
Tunisian politics. The active participation of Tunisia in
international conferences and programs for the environment
and the adoption of conventions and protocols relating thereto
(Kyoto Protocol) confirm this fact [23].

Since 1989, in order to implement environmental
upgrading programs, Tunisia has developed an important
institutional framework. The themes covered are wastewater
management (ONAS), waste management (ANGED), coastal
protection (APAL), environmental prevention and pollution
control (ANPE), environmental management (OTEDD) and
environmental technologies (CITET) [24, 25]. Similarly, in
order to reduce the energy consumption at the national level,
the National Agency for Energy Management (ANME) was
created in 1985.

Therefore, it appears that Tunisian institutional framework
is well developed. However, improvements should be done at
the organizational level and in the training of experts in
building environmental assessment. A lead agency could be
created by the merger of the ANPE and the ANME. Given the
close link between energy and environmental analysis, the
merger would allow the simultaneous treatment of both
themes (energetic and environmental). Thus, administrative
tasks will be facilitated, the processing time minimized and
the future application of a building environmental regulation
that encompasses both energy and environmental aspects of
the building will be supervised by one organization instead of
two (ANPE and ANME). Such mergers have already taken
place in several countries such as France where the French
Environment and Energy Management Agency (ADEME) is
formed from the merger of several organizations, such as the
Agency for Air Quality (AQA), the French Agency for
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Energy Management (AFME) and the National Agency for
the Recovery and Disposal of Waste (ANRED) [26].

In addition to this institutional framework, and as specified
in section 2, it is necessary to establish funding mechanisms
through subsidies. Two funds have been set up in Tunisia: the
Depollution Fund (FODEP) for financial support to
environmental programs implementation [25] and the
National Energy Management Fund (FNME) to support
energy management action through the granting of subsidies
[27]. Regarding the mechanisms for granting these subsidies,
mechanisms similar to those used for granting subsidies for
thermal insulation as PROMO-ISOL or for the use of
renewable energy as PROSOL TUNISIA could be
implemented [28, 29]. Given the success of the latters in
terms of simplifying administrative formalities and
encouraging investment, the application of such mechanisms
for a building environmental program could be a good choice.

Moreover, the availability of specialized legislation is
essential for the promotion and development of these methods.
These laws should be developed in collaboration with civil
society to ensure the smooth implementation of future
projects or programs and to boost the use and application of
building environmental assessment methods (as specified in
Section 2) [21]. In this context, it appears that Tunisia has
promoted energy efficiency and renewable energies at the
expense of the building environmental aspect. No law relating
to building environmental aspect was promulgated. In
contrast, several laws relating to building energy aspect exist:
the law of 2 August 2004 amended by the law of 9 February
2009 to pave the way for the self-generation of electricity
from renewable energies [29] and the decrees of 23 July 2008
and 1 June 2009 fixing the minimum energy-saving technical
specifications, respectively, for construction and extension
projects of office buildings and similar and for construction
and extension projects of residential buildings [30, 31].
Therefore, it is essential that Tunisia develops adequate
environmental regulations and this should be done in
collaboration with civil society for the reasons mentioned
above.

Concerning implemented programs, once again, it appears
that Tunisia has promoted energy efficiency and renewable
energies in disregard of the building environmental aspect.
Several programs related to energy efficiency and renewable
energy have been set up such as the triennial (2005-2007) and
quadrennial (2008-2011) energy management programs, the
presidential program (2009- 2014) and the Tunisian solar plan
(2010-2016) [29]. These programs give concrete expression
to the national policy of energy management and of
renewable energy promotion followed by the Tunisian State.
In contrast, few environmental programs have been
established. The Environment-Energy Program (PEE),
launched in January 2009 and aiming to align Tunisian
companies with national and international environmental
requirements and to improve their competitiveness, would be
the only program implemented to date that supports
companies in the implementation of ISO 14001, ISO 50001
and the Tunisian ‘Ecolabel’ (for tourist accommodation
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service) [32, 33]. Nevertheless, other projects in collaboration
with other countries or international organizations have been
undertaken. A twinning project between France, Germany,
Portugal and Tunisia has served as a support for the Tunisian
administration for the development and promotion of eco-
construction [34]. Since 2003, Tunisia has launched an
environmental program in collaboration with GIZ [24]. The
main themes of this program are communication and
environmental education, competence decentralization,
technology transfer and environmental prevention. One of the
consequences of this program is the development of regional
plans for environment and sustainable development. These
plans, through their participatory character, would boost the
communication on the environmental theme [35].

In addition, as specified in Section 2, a good
communication system boosts the wuse of building
environmental assessment methods. Therefore, it is essential
to have a good communication system not only to promote
the use of these methods but also to gain feedback from the
various stakeholders, which will be useful to develop and
update these methods. The twinning project between France,
Germany, Portugal and Tunisia, mentioned above, contains a
rather interesting communication component, defining the
communication strategy for eco-construction development
[34]. This strategy could be a good communication strategy
for an official building environmental assessment method.

Furthermore, in order to avoid making the same mistakes,
the tool or method that will be wused for building
environmental assessment should take into account feedback
from other internationally available tools, such as BREEAM,
LEED and HQE. Also, this tool should be in line with a
standardized database and scoring system (or as close as
possible to those methods where appropriate). Then, the tool
that will be made available to design offices should present
clear results to direct the user towards the optimal solution
and to avoid leading him towards an evaluation error. The
evaluation criteria must be carefully chosen according to
building type and regional conditions. Among other things, it
is necessary to rely on a tool with no subjective character, in
order to make the obtained results user-independent. In order
to standardize the buildings environmental assessment
practices between different users of the tool, a technical guide
could be provided.

institutional and legislative framework and communication
with professionals and general public need to be improved.
After consulting the ANME, this latter confirms the difficulty
of checking the conformity of buildings with thermal
regulations, which takes sometimes quite a long time, due to
the lack of human resources. Other professionals and
individuals assert the difficult access to information [39],
hence the need to improve the means of communication. Also,
a recent study demonstrated the need to update the Tunisian
thermal regulations [22].

In contrast, although Tunisia has an important
environmental institutional framework, environmental
programs remain focused on sanitation, waste management,
coastal protection and discharges monitoring due to economic
activities. Unfortunately, the building sector is not given
proper consideration yet. Nevertheless, some projects such as
the twinning program between France, Germany, Portugal
and Tunisia, cited above, are encouraging and demonstrate
the beginning of interest for the building sector. Moreover,
the unavailability of building environmental regulation and
adequate subsidy mechanisms is a sufficient reason to
question the success and the development of an official
building environmental assessment method in Tunisia. The
‘ECO-BAT’ label, even though it is an important step in the
transition from building energy evaluation to building
environmental assessment, could unfortunately not evolve
without supporting laws and financial mechanisms.

Using the applicability evaluation methodology presented
in section 2, results exposed in table 4 have been obtained.

TABLE 4

RESULTS OF THE EVALUATION OF BUILDING ENVIRONMENTAL ASSESSMENT
TOOL APPLICABILITY IN TUNISIA

Weighting
Criteria Sub-criteria Sub- -
L Criteria
criteria
Tools: ECO- Results presentation
BAT (separation between 3/3

qualitative and
quantitative targets).
Line up with
standardized rating 1/5
system and database.
Minimize measurement

In Tunisia, several building design and/or simulation tools uncertainties 12 23130
are available such as CLIP and CHEOPS for simple design Avoid subjective nature.
buildings and EQUEST for more complex buildings [36, 37]. 3/5
Concerning environmental assessment tools, in 2013, a new
label called ‘ECO-BAT’ has been developed by the ANME in Applicability of
partnership with ADEME and with the assistance of the evaluation criteria and 10/10
design offices ALCOR and ECOTECH [38]. This label is still independence on the
not implemented but seems to include targets corresponding — evaluated building.
to the Tunisian priority stakes while retaining its ease of use. Institutional De\{elop ment of the 12

. . . ) framework institutional framework. /15

Finally, it appears that Tunisia nowadays has a fairly
mature thermal regulation. This finding comes from the Experts in building 17725
success of the building energy management programs environmental 5/10
initiated by the Tunisian government and the availability of assessment availability.
adequate tools, laws and institutional frameworks. However,
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Legislative
framework

Availability of legislative
framework.

0/20

0/20

Subsidies

Availability of funding
mechanisms.

0/15

0/15

Communication
systems

Information about
notation system and
advantage.

172

Availability of
communication
mechanisms:
advertisement,
conference,
sponsoring...

1/1

Public participation in

3/5

collaboration with others countries and international
organizations would provide a good basis for the
implementation of an efficient communication system.
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As each mandatory criteria didn’t reach a minimum of
80%, we could say that the environmental assessment tool
(ECO-BAT) is not applicable at the moment.

At this step of the study, it’s clear that there is a good
agreement between results obtained by the applicability
evaluation method and results obtained by the above deep
analysis of the Tunisian case.

IV. CONCLUSION

The main objective of this study was to present an
environmental assessment method applicability evaluation
methodology.

For this purpose, the defaults faced by the various building
environmental assessment method available internationally
and barriers that have hindered their use or development were
analyzed. Based on this analysis, the evaluation criteria have
been identified and weighting method has been exposed.
Then, the developed methodology has been applied to the
Tunisian case and compared to results obtained by a deep
analysis. A good agreement between results obtained by the
applicability evaluation method and results obtained by the
above deep analysis of the Tunisian case has been found.

It came out that the environmental assessment tool (ECO-
BAT) is not applicable at the moment. Indeed, given the
unavailability of building environmental regulation and
adequate subsidy mechanisms, the success and development
of an official building environmental assessment method in
Tunisia could be questioned. Even if the ‘ECO-BAT’ label
constitutes an important step in the transition from building
energy evaluation to building environmental assessment, it
could unfortunately not evolve without supporting laws and
financial mechanisms. Among other things, the institutional
framework and communication systems would not constitute
major obstacles to the applicability of an environmental
assessment method. It has been shown that the Tunisian
institutional framework is only suffering from a lack of
organization and of specialized staff. Solutions have been
proposed, such as the merger of ANME and ANPE.
Concerning the communication systems, programs in

linguistic contribution.
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Abstract— We present in this work a new technique of
stabilization for a family of nonlinear systems. Our choice
relates to three-tank hydraulic systems. The basic idea is to
build a LQG control low based on the results of the
quadratic linear control LQ as well as the famous observer
Kalman filter. In our case the complexity comes from the
fact that the system is highly nonlinear as well as the
presence of defects. In order to reduce this complexity, we
have represented the nonlinear system as a set of several
linear sub-models through a new technique based on two
algorithms C-Means and N4Sid. By using the Takgi Sugeno
Model, the control is obtained by combining the stabilizing
control laws of linear subsystems.

Keywords— 1L.QG, Multi-model, Takagi-Suegno, Fuzzy.

I. INTRODUCTION

. Optimal control problems [2] are encountered in everyday
life: how to get to a destination as quickly as possible, how
to minimize consumption. For a given dynamic system
whose equations are known, the optimal control problem [7]
is then to find the control that minimizes a given criterion.
The LQG control [7] has the advantage of applying to
systems whose condition is not fully measured. Developed
at the beginning of the second half of the 20th century, it
emerged as the first general method for the control of
multivariable systems [1], [3]. Since the 20th century, many
publications have been published testifying to the success of
the LQG order.

The main contribution of our work is to propose a Gaussian
quadratic linear control for an hydraulic system which is a
highly nonlinear system. The development of these new
results is based on the Multi-model approach [4].

This controller is developed from a multi-model
representation of the Takagi-Sugeno [9] form of the system.
For each linear model on the system reference path, an
optimal multivariable LQG control law [11], [8] is
established minimizing a quadratic criterion depending on
the different control objectives such as uncertain additive
noise. The control applied to the system is then obtained by
interpolating the control laws of the different linear
subsystems.

Takagi-Sugeno approximation [10] that relies on a bank of
piecewise linear models to capture the possible input-output
response behavior has been developed. Using a divide and
conquer strategy, local linear models set is described and the
global output is obtained by the integration of locale ones.
Our approach is based on the fuzzy C-Means (FCM) [5], [6]
. This algorithm is used to find operators regimes which are
associated to dynamical linear local models. The clusters are
formed according to the distance between data points and
the cluster centers are formed for each cluster through N4sid
identification approach. The N4SID algorithm [12] allows
modeling a system from the measured input and output data.
it leads to determining the order of the system by applying
the dominant singular value technique.

One of the main advantages of the N4SID is that it is non-
iterative and does not require the involvement of non-linear
optimization methods. This allows it to overcome the
problems exposed when applying iterative techniques that
suffer from the absence of a guarantee of convergence and
minimization of the criteria mentioned and from the
sensitivity to the estimation of the initial state.

These features make the implementation of such method
provide a system state representation that facilitates the
implementation of the LQG control.

This paper is organized as follows. Section 2 is devoted to
the Fuzzy approach and Takagi-sugeno representation. In
Section 3 we present our main result in Section 4 which
introduces the TS fuzzy system subject to define multi-
model LQG controller. An application of the results is made
on a hydraulic system Section 5. In the end, a conclusion
will be quoted in Section 6.

2 FUZZY IDENTIFICATION APPROACH :

2.1 Fuzzy C-Means algorithm:

The first step consists to dividing data elements into classes
or clusters using FCM algorithm. This algorithm is used for
analysis based on distance between various input data
points. The clusters are formed according to the distance
between data points and the cluster centers are formed for
each cluster. In fact, FCM is a data clustering technique in
which a data set is grouped into n clusters with every data
point in the dataset related to every cluster and it will have a
high degree of belonging (connection) to that cluster and
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another data point that lies far away from the center of a
cluster which will have allow degree of belonging to that
cluster.

Algorithmic steps for Fuzzy C-Means.

We are to fixe ¢ where ¢ is (2 < ¢ <n) and then select a

value for parameter “m” and there after initialize the

partition
1-  We calculate the center for each cluster

K
Z (uik )mxk/'
K=1

v, =& (1)

D WOR %

n=1

2-  The distance matrix D[C ] is given by:

b
m 2
D, = ( P C D ) 2)
3- Update the partition matrix for the
N 1
P stepU;; = 3)

2
> ldi/di ]

If

||Uit+l _ U < - (4)

then we are to stop otherwise. We have to return to step 2 by
updating the cluster centers iteratively and also the
membership grades for the data point.

The second step consists to define for each cluster a local
model using Subspace identification approach N4SID .This
algorithm is based on the estimation of the state sequence
matrix to estimate the matrices of the system and Kalman
gain. One of the major advantages of N4SID is that it is
non-iterative and does not involve non-linear optimization
methods. This allows it to overcome the problems presented
by the application of iterative techniques that suffer from the
unsecured convergence and the minimization of the target
criterion as well as the sensitivity to the estimation of the
initial state . These features make the implementation of
such a method attractive and provide a system state
representation facilitating the implementation of the LQG
command.

2.2- Fuzzy Takagi-Sugeno presentation:

A nonlinear dynamic system can be described in a simple
way by a Takagi-Sugeno fuzzy model, which uses series of
locally linearized models from the nonlinear system. So any

Copyright -2019
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TS fuzzy model of a nonlinear system is structured as an
interpolation of linear systems. The i-th rule is expressed as

If Z, is F;landzp(l‘) is F” Then:

X(t) = Ax(t) + Bu(t)
(1) =Cx(?)

©)

F’ are fuzzy sets. x(f)€R" s the reference state,

u(t)e R" is the control, y(f)€ R? is the reference
output, 4 €R"™ B eR"™ , C, e R and
z,(#)...z,(t) is a known vector of premise variables.

Given a pair of ((f), u(f)) the fuzzy system inference is
given by:

D w(ZONAXOBu()
> w(z(b)

> w(z())Cx(t)
D wi)

©(t) =

()=

with: z() =] z,(1)  z,(1) z,0]. @®)
wEO)=F (z,(8) =121

where W, (z(#)) are normalized rule firing strengths, and

Yt >0 we have:

D wm() >0
w(z(t) 20

)

Consider :

w, (z(1))
D (@)

T-S fuzzy model can be inferred as:

h(2() =

()= h(zO)A4x()+Bu(t)) (11)
y)=2 h(z@)Cx(2)

The rule firing strengths Z;l h.(z(¢)) =0, verify :

> hG0)=1 (12)
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An approach to obtain T-S fuzzy model that has been used in
this work is local approximation in fuzzy partition spaces. In
fact, in this method, nonlinear terms have been approximated
by chosen linear terms. This procedure leads to reduction of the
number of model rules. The number of model rules is directly
related to complexity of analysis and design LMI conditions or
Riccati equation solution. This is because the number of rules
for the overall control system is basically the combination of
the model rules and control rules

3. MULTIMODEL LQG CONTROL DESIGN

Consider the system (13) such that the output and the state are
disturbed by noise

X(t)=Ax(t)+ B u(t)+w/(?)
z(t) = C x(2) +wy(?) (13)

with: dim x(t) = n x 1, dim u(t): [ x 1, where [ is the number
of actuators, dim z(t) = m x 1

w;(#) and w, (¢) are two vectors of Gaussian white noise
where dim W, (¢) :n x [ and dim W, (¢) :m x L.

w; (1)
w, ()
W2(t) are independent and stationary, we obtain:

T v 0
E{w(t)w (T)}:(O j5(1—1’) (14)

V,

with w(t) = |:

} , where the noises wi(?) and

0

. Vi
The matrix v=
0 v

j is a constant variance

covariance matrix, where the matrices v, and v, are

positive definite symmetric.

The LQG regulator consists of two parts: an optimal state-
feedback gain and a Kalman state estimator.

Plant

Kalman
filter

1

'\\I
v’

Figure 1: LQG controller

The feedback gain matrix is sought to minimize a quadratic
performance criterion J expressed as:

Jige = E{[ X" (00 x(t) +u" (OR w(t))de}  (15)

The weighting matrices Q and R are positive definite matrices.

The gain of the feedback u (t) =—Kx (t) that minimizes the

cost function J is:

K=R'B'P (16)

is usually called the LQ-optimal gain, where the matrix P is
obtained by solving an algebraic Riccati equation:

PA+A'P+O-PBR'B'P=0 (17)

The next step is to derive a state estimator X(¢) generated by
Kalman filter. The gain L of the observer is given by

L=0C"v;! (18)
Where Q is the solution of the following Riccati equation
AQ+0A" +V1-0C'V,' € 0=0. (19)

Through TS representation, the fuzzy LQG controller is
given by:

u(®)=  h(z()u,(t) (20)

Where u,(?) is the LQG controller for each subsystem.

4. Application and simulation?

The nonlinear controlled system consists of three cylinders
T1, T2 and T3 with the cross-sectional area A which are
interconnected in series by two connecting pipes. The liquid
(distilled water) leaving T2 is collected in a reservoir from
which pumps 1 and 2 supplies the tanks T1 and T2. All
three tanks are equipped with piezo-resistive pressure
transducer for measuring the level of the liquid. A digital
controller controls the flow rate Q1 and Q2 such that the
levels in the tanks T1 and T2 can be preassigned
independently. The level in tank T3 is always a response
which is uncontrollable. The connecting pipes and the tanks
are additionally equipped with manually adjustable valves
and outlets for the purpose of simulating clogs as well as
leaks.

il Ye
T A
- ]
[\_ o Q e Ko

T2

4
Vi ., Vau o,

1 /
Vi Q,

Figure 2 : Three thank hydraulic system
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The flow rates g, and g, are defined through the rotational
flow. The interconnection rates (,; et (J;, depend of levels

on the tanks. The flow rate on is the output of the system.
The input vector is given by:

U= [Ql Qz]T (21)

Then, the output vector is given by:

Y=1[h h k] (22)

The selected nonlinear system composed of three tank
system, have a measurement data of inputs and outputs. Due
to its high nonlinearity, and inaccessibility of some its
outputs and states for measurements, the system is often
perceived as a challenging engineering problem. In order to
control the levels in the tanks, the following steps are also
made: The first step consists to find the local linear models
for TS fuzzy model through Fuzzy C-means and N4sid
approach.

Figure 3: fuzzy C-means decomposition.

According to Fig. 3, Fuzzy C-means is a suitable method for
approximation of this system, with this approximation the
nonlinear and linear parts of the system. Due to the
decomposition to two regions, we can utilize a LQG controller
for each local linear model.

Then, the second step consists in the design of a LQG
controller, which stabilizes the nonlinear fuzzy system.

— |

, Supervisor o
a Supervision
level

ﬂ; | F Execution
¢ f l level

r L
QG u y
+ Plant
——
T e ——y

—>{ Controller
Fuzzy |Ugc | Su.rilchlng
Control

Figure 4: Fuzzy LQG controller
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Figure 5 : Time response of the system with the fuzzy LQG
Controller

According to Fig 5 the LQG control provides very good
performance in terms of good reference tracking, estimated
response time less than 10 s and there is also no static error.
LQG controller keeps this stability with different variance of
the flow rates.

5. Conclusion:

In this work, we proposed Gaussian linear quadratic control
for a three tank hydraulic system. To handle the problem
caused by nonlinear data, we choose Fuzzy c-means
algorithm and N4SID identification approach to define local
linear models. The Fuzzy LQG control is based on TS
presentation of the system. The simulations show the
effectiveness of our approach, the fuzzy LQG control
ensures the stabilization of the system. One topic for future
research may be in the use of the subspace identification
approach to define local linear models. We can use an
extended Kalman filter to define LQG control and compare
it with a multi-model adaptive control.
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Abstract— The objective of our work is to propose a solution to
optimize the performance of a flat solar collector as this type of
collector presents the problem of low performance. In a first
part our numerical model realized with the software gambit and
exported towards Fluent was well validated by referring to an
experimental study. The effects of the most active geometrical
parameters of fins on the efficiency of the solar air collectors as
well as on the processes of heat transfer and fluid flow within the
collector were discussed in detail. Numerical analyses on
different models of flat plate solar collectors with various heat
transfer enhancement strategies were shown.

Keywords— Solar energy; Solar air collector; Rectangular fins;
Thermal efficiency; Pressure drop; Effective efficiency;
Serpentine flow; Numerical analysis.

1. INTRODUCTION

Global renewable energy reserve can be
considered  inexhaustible. Solar energy is
considered to be the energy of the future. The
thermal conversion of solar energy heater is
undoubtedly the most mature. Flat plate solar
collectors (FPSCs) remain commonly used de vices
for converting solar radiation into useful heat to
cover the human need for a variety of thermal
applications. Solar heat has long been used in many
activities, such as drying clothes, fish, and other
agricultural products (cocoa, coffee, rubber, pepper,
tobacco, pepper, tea, bananas, anchovies and
seaweed). [1] Ahmad Fudholi. View their
numberless environmental and economic benefits;
flat plate solar collectors (FPSCs) represent an
interesting topic to study. Two types of flat plate
collector exist; solar water heaters and solar air
heaters which have lower thermal efficiency than
solar water collectors, which is due to the low
thermodynamic air properties and the presence of a

com

viscous sub-layer in the vicinity of the hot wall,
S.B.Bopche et al [2].

Many studies on solar collector have been
reported on flat plate solar collector particularly
focusing on improving thermal efficiency; it was
found that the heat transfer coefficient can be
enhanced by generating the turbulence in the
flowing fluid which is possible with the help of
artificial roughness.

C.Foued et al.[3] have experimentally developed
a solar collector with five semi-cylindrical shapes
attached to the absorber. They found that the most
important thermal efficiency found was in the order
of 51.5% corresponding to a finned collector with a
solar heat flux of 480 W / m? a flow rate of 0.016
Kg/s angle of inclination of the collector of 45°.

A.Aben et al. [4] tested delta-winglets in solar
collector: useful heat quantities were increased by a
factor of about 1.65 compared to the case of the
classic solar collector.

A. Kumar [5] studied experimentally effect of
multi v-shaped rib with gap roughness on one
broad wall. For (Nu), the maximum enhancement
of the order of 6.74 times of the corresponding
value of the smooth duct has been obtained,
however the friction factor (f) has also been seen to
increase by 6.37 times of that of the smooth.

S.Youcef et al [6] have experimentally the
influence of increasing the number of baftle rows
on thermal efficiency. An increase in efficiency of
the order of 2% on average at each addition of a
row.
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have

N.Moummi et al[7] developed an
experimental study of the collector with
rectangular fins which occupied 80% of the height
of the air channel. In the presence of the fins in the
air channel the improvement of the coefficient of
forced convection transfer is 50%.

Several experimental studies have been
conducted to investigate rectangular fins, thermal
performance of an air duct, in general, improves as
a result of providing the fins, but this improvement
is also accompanied by an improvement of pressure
drop. Hence a thermo hydraulic analysis should be
done for various cases studied

The main idea of the present study is the creation
of an air collector with higher thermo hydraulic
efficiency.

II. ANALYSIS AND MODELLING

A. SOLUTIONDOMAIN:

The three-dimensional computation model of the
solar air collector has 1,6 m length an 0.8 m width.
The transparent cover is in alveolar polycarbonate
sheets 10 mm thick and the gap between the cover
and the absorber-plate was 25 mm. The collector is
formed by a black-painted aluminium sheet 0.4 mm
thick used as an absorber plate and by a wooden
plate as the back side of the collector duct.
N.Moummi.[7]. Second model was the same
collector with rectangle fins having SOmm of width
and 20mm of height and attached to the lower wall
of the duct, the total number of fins added was
1056 fins.

The developed numerical model is solved using
the commercial software of Fluent6.3.26. The

results were obtained for a heat flux of 900 W/m2.
B. VALIDATION OF NUMERICAL MODEL:

The first part of our numerical simulation aims to
validate our numerical model, so first configuration
is chosen. Present numerical results of the collector
efficiency in a smooth duct were compared with
those experimental of N. Moummi [7], in figures
blown.
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Fig.1 Validation for smooth duct of collector efficiency factor vs. the air

volume flow rate at constant flux of 900 w/m?2.
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Numerical results of solar collector’s thermal
efficiency are found to be in excellent agreement
with experimental values of N.Moummi [7]. The
model is then modelled correctly.

III. RESULTS AND DISCUSSION

Once we have proved the good agreement
between our numerical results and experimental
results, we opt to ameliorate the performance of
solar collector.

The previous curve shows the influence of the
inlet volume flow rate on the thermal performance
of the collector; more than volume flow rate
increases more than thermal efficiency increases.
Hence, the solar collector efficiency’s relies

heavily on volume flow rate.
600

500 /
400

g ,/

= 300

<1
200 ‘/.'

100

0 1-r-'==':=—/~o—'—o—v—o—v—o—'—o—v+
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=4—smooth duct == 142 lines of fins

Fig.2 Variation of pressure drop with air volume flowrate for smooth and
finned duct.

Variations of pressure drop according to the air
volume flow rate of smooth and roughened duct are
illustrated in Figure 2. The curves show that
increasing the volume flow rate of air causes a
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increase in friction losses. Also,

significant
addition of fins on the lower wall increases the

pressure drop.

Hence it is clear that the well thermal efficiency
enhancement was accompanied with an important
increase of pressure drop. The presence of 142
lines of fins of Scm of width and 20 mm height, is
associated with a very important pressure drop and
increased weight and cost of the collector.

The objective of our numerical study is to predict
a lightweight solar air collector with low pressure
drop, which has driven us to minimize the number
of fins.

Hence, a thermo hydraulic analysis will take
place in our present study by evaluating the
effective efficiency reported by Cortes [8] as
follow;

Tleff:[Qu - (ﬂp * G:}KC){(AC * I]

The following part mainly discusses
mfluence of the fins number in the airr duct;

Four fins:

The collector is equipped with four fins, attached
on the lower wall of the air channel, of 0.6m
(I'/E0.75) of width and 0.02m (e’/e=0.8) of height,
which divide the cavity into five several chambers
and form a serpentine flow channel

Eight Fins:

Eight fins are attached to the lower wall of the air
duct and divide the channel into nine chambers.

the

(3]
:
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Fig.3 Vectors of velocity in the air channel with four fins
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Fig.5 Vectors of velocity in the air channel with eight fins
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Fig.6 Contour of temperature on absorber plate with eight fins

AP(Pa)

140

120

100

80

60

40

20

o

=

SMOOTH 142 LIGNES B AILETTES AAILETTES

Fig.7 Variations of pressure drop at different fins
Numbers for G=40[m”3/hm?].

e

10

—&#—Smoothhduct

® o ° & &
. g . g . g " d L d

20 30 40 50 60 70 80
G[m~3/hm?]
——142 lines of fins

——4Fins —<—8Fins

Fig.8 Variation of pressure drop with air volume flow rate for smooth duct

and various number of fins.

(LTI ERinii

(il

=

Copyright -2019
ISSN 1737-9334

Fig.4Contour of temperature on absorber plate
With four fins

Page 182


PC2
Texte tapé à la machine
Page 182

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Copyright -2019
ISSN 1737-9334

80%

o ‘:./.".\.\. —=4=smooth

0% — duct
——142 lines of

- 50% - M’*_* fins

£ 40% = 8Fins

£9

w

0w
20%’%
10%

o A

0 10 20 30 40 50 60 70 80 855
G[m"3/hm?}

i 4 Fing

Fig.9 Variation of effective efficiency of smooth duct and various
numbers of fins according to air volume flow rate

The performance evaluation index of the SAC
mainly includes the treatment capacity, the
temperature rise between the inlet and outlet, the
pressure drop and the heat collecting efficiency.

Figures 3 and 5, show the vectors of velocity in
the air duct for four fins and eight fins. It is
observed that the air gets into the cavity from the
entrance and goes along the serpentine passage
before coming out from the exit. The air’s
residence time in the channel was prolonged thanks
to the arrangement of fins in the duct, the residence
time of the serpentine flow increase more than the
fins number increase. A significant flow separation
and reattachment which results in flow loss to some
extent is shown in the air channel. The dead zones
reduce as the number of fins increases.

The flow pattern in the collector influences the
temperature  distribution  significantly.  The
temperature distribution on the absorber plate is
shown in Fig4 and Fig.6 for both cases at solar
mtensity of 900w/m2. It indicates that the high
temperature zone exactly corresponds to the vortex
zone while the low temperature zone corresponds
to the direct flow zone.

Fig. 7 reflects the influence of the number of fins
on the pressure drop with fixed volume flow rate of
40[m"3/hn?]. Pressure drop is the higher for the
142 lines of fins for all volume flow rates studied,
then for the eight fins and the lower pressure drop
was found corresponding to the four fins.

Evolution of pressure drop versus flow rate for
smooth and various fins arrangement is illustrated
i figure 8.

Figure 9 shows the variation of effective

efficiency with the volume flow rate without fins
and with various numbers of fins.

For volume flow rate of 85.5m"3/hn? the
effective efficiency of solar collector without fins
is 47% while for collector having 4 fins is 57.7%
and for eight fins is 62.5%.

IV.  CONCLUSIONS

In this paper, an air flat plate solar collector is
numerically analysed. To summarize we can
conclude that;

-Solar collector efficiency’s relies heavily on
volume flow rate.

-Pressure drop in the air duct relies also heavily
on volume flow rate.

-The addition of fins causes a significant flow
separation and reattachment which results in flow
loss to some extent.

-Number of fins has a remarkable effect on
pressure drop.

-The addition of four fins in the air channel has
the advantages of simple structure, convenient
installation and easy maintenance, and low pressure
drop.
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Comparison of the use of Solar building’s
system Between the north and the south of
Algeria
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LPMR, university of Souk Ahras, Algeria

Emaill:

Abstract— Seen the evolution of the energy situation in
the world, the lower oil prices, Algeria has become
aware that the use of renewable energy is becoming
very important and urgent, as the solar potential it
possesses, making them very favorable conditions for
the execution of the new directive taken by the
authorities of the country concerning the design of the
houses which must imperatively be in accordance with a
thermal regulation, which is ever realized in Algeria
also in the field of space heating and domestic hot
water. For these reasons we wanted in this study show
the interest of the use of systems powered by solar
energy in individual homes, The results we obtained
after comparison of the use of the solar systems between
two cities, shows that we can overcome the problem of
total reliance on fossil energy, the use of RES
(renewable energy sources) can cover more than 50% of
the space heating and hot water in the north and more
90% in the south

Keywords—Solar energy, Solar system, space heating,
domestic hot water, Algerian sites

I INTRODUCTION

It has been seen a remarkable advances in the field
of solar heating and cooling systems over the world,
and refreshing interest in environmental issues, a
major impetus was provided by the Report of the
world Commission on the Environment and
Development ( the Brundtland Report); the Rio
Summit in 1992 sought to accelerate the impetus.
The potential of global solar heating and cooling
continues to grow. The solar thermal capacity in
operation worldwide equaled 171 gigawatts thermal
corresponding to 244 million square meters at the
end of 2008 [1] The largest country using solar
systems are the USA, Germany, Turkey; and China,

which alone has more than half of global capacity

nahrnor@yahoo. fr
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with 101 GWy, solar system for domestic hot water
is common all over the world with significant
market, with the space heating who show a rapidly
development. In Algeria the building sector is
responsible for more than 50% of the final energy
consumption, with 82% from the total household
consumption represents space heating followed by
6% [2].

The aim of this study is to promote the use of

water heating at

renewable sources, the agreement made with
Germany and England [3] implied that Algerian
officials must increase the use of renewable energy
sources and not rely on fossil fuels is the primary
objective of the new policy and prepare the ground

for people to accept change is the first concerns met.
IL. DESIGN OF THE BUILDING

There is no secret that the current problem of
declining prices of a barrel of oil in the world this
year, 2015, had serious consequences for the
Algerian economy, which has pushed even Algerian
responsible to consider, the use of renewable energy
as a substitute to fossil fuels, especially in the area
of housing, whether for space heating and domestic
hot water or the conversion of renewable energies in
electricity, with the incorporation of the national
program of solar energy in building the Algerian
government proceeded with the adoption of a legal
framework, creating a multitude of organizations
working in this sector and the launch of major

projects in which the objective is represented in


PC2
Texte tapé à la machine
Page 185

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

Copyright -2019
ISSN 1737-9334

8.5m

reducing the use of fossil energy to more than 70%

by 2020 [4].

orientations, the heat transfer coefficient of Each

element, as well as the average heat transfer

coefficient of the building [5]

For our simulation we took a standard model of

house that represents most of the housing in Algeria;

Figure 1 shows a local area of 85 m? with two

bedrooms, a living room and bathroom.

10
Balcon
Py nd ] 1 1 1
Livin
& Ro Roo
(1N
S=85m? et
| ]
Kitchen
T ‘ Bath wcC
! 1 -

Main

Entranca

Figure 1 the schema of the standard house

We chose two cities the first in the north of the
country and the second in the south of it; it is the
capital Algiers which has a mediterranean climate.
Algirs is known for its sweet summers. Winters are

mild and humid; snow is rare but not impossible.

{

- O Algiers

The rains are abundant and can be torrential. It is

generally warm especially July to September, and

the other Tamanrasset which is the most populous

city in the Algerian Sahara it has a hot desert climate

(Koppen climate classification BWh) typical of the

Hoggar mountains located in the Sahara with long,

hot summers and short and moderately warm

winters. The high altitude (1400 m) moderates much

the average maximum temperatures encountered

throughout the year and is responsible for slightly

more precipitation that around at low altitude.

Table 1 presents the total area of the Structural

Elements of the building

in the oven hand

S
S
N ¥
O;:-—“
Tamanrasset
Figure 2: location of cities
Element/Orientation | South | Nord | West | East
Uew (W/m2K) 045 | 045 | 045 | 045
Ucw (W/m2K) 041 | 041 | 041 | 041
Uw (W/m2K) 2.8 2.8 - 2.8
Ufd (W/m2K) 4.5
Urt (W/m2K) 0.37
Uf (W/m2K) 0.74
Table 1: coefficient heat transfer element of the
structure of the house
Typical houses in the tow selected sites are equipped
with typical solar system for space heating and
domestic hot water, technical characteristic are
shown in the table 2
Page 186
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Collector type Tube on Copper with foils on
Copper

Paint A =0.96 + 0.04 E=0.04 +0.03

Glazing Double sheet clear

tempered glass

Collector 45°
inclination
Area 10m?

Storage capacity 0.70 m3

CL 6w/m2K

CE 0.85

Table 2: The technical characteristics of the solar
heating svstem

III. Building loads

Climate data from selected cities is simulated using
the Matlab logitiel in the laboratory MRPL Souk
Abhras, The thermal loads which we need were made
every month of heating season from November to
April we calculated the annual energy saving from
space heating and hot water production six months
heating period was used for the thermal load with an
internal temperature of 21° the monthly space
heating needs of each site were presented in the

figure 3

160
140
120
100
80
60
40
20

B Tamanrasse

H Algiers

Jan Feb Mar Apr Nov Dec
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Figure 3: Monthly space heating necessity for each site

For the needs of domestic hot water were calculated
for a volume of 40 1/ day throughout the year by

person, are showing in the figure 4
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Figure 4 : The hot water demand

For the air temperature of each city, the calculation

is demonstrated in the following figure
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Figure 5:Air temperature °c

V. Results

The proper sizing of the components of a solar
energy system is a complex problem, which
includes both predictable (collector and other
components’ performance characteristics) and

unpredictable (weather data) components.

Several methods exist, among it the f- chart method,
described in Klein and Beckman (1979) is integrated
to our program simulation to estimate the long term
performance of solar heating systems, for designing
process heat and power systems, for which the

thermodynamic cycle efficiency is independent of
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the heat supply temperature. This method is also
useful for calculation of load covered by systems of
each installation site [ 6].

The influence of the total area of the solar collectors
was studied in order to identify the system with the
optimal energy performance. According to the
simulation results, the examined system was able to
cover more than 55% and as much as 98% of the
total thermal needs in the chosen sites. In general,
the surface of the collector positively affects the

performance and the efficiency of the solar system.

V. Conclusion

It is known that energy consumption has been
soaring, especially in emerging countries despite the
fact that oil prices are high and the amount
emissions of CO2, which is the main source of
global warming, has significantly grown, with the
ever increasing energy consumption, in modern
society. With the intention of saving fossil fuels and
reducing CO2 emissions, many countries have been
searching for renewable and clean energy sources
such as solar energy, like Algeria. So; the use of
renewable energies in Algeria has become a very
important step in emergency especially with oil
prices falling and exhaustion, which impacted
negatively on the economy of the country, which
shook our leaders and encourage them to review the
country's energy policy based on renewable energies
especially in the dwelling areas, the objectives

needed were:

1- All new buildings must be nearly zero energy

buildings

2- All buildings (or the most of them) introduce
minimum energy use requirements for all HVAC

technical building systems.

3- Make the use of solar heating systems and

accessible and within reach of people

Page 188

The use of a solar thermal system for space and
water heating enables the minimization of energy
costs as well as that of the subsequent air emissions.
In all cases, the system analyzed is proved to be able
to cover more than 55% of the total load and as
much as 98% while exhibition a discounted payback

period of less than 12.

Those results comply well with other studies that
have been carried out in Greece [26], Germany [27],
Spain [28], and other non-European countries with
climates ranging from subtropical [29] humid
continental [30], as the use of RES in order to cover
at least a part of a dwellings thermal needs which
have been studied long before the new directives in
Algeria According to the economic aspect, our study
shows that the use of the solar system for space
heating and hot water can save more than 60% of
amount on the bill for electricity and natural gas of

consumers.
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Abstract— The flows frequently encountered in sewerage
networks are characterized by the presence of pressurized air
above the treated water. The interaction between air and water
generates transitions in the flow regime that can be accompanied
by phases of air entrapment. These trapped air pockets have
destructive effects on the sanitation infrastructure and can lead
to serious accidents, including manhole overflows initiating
flooding, leaks, geyser phenomena, violent expulsion of the
manhole cover, etc. Hence the importance of understanding two-
phase flows in sanitation networks. The objective of our work is
to develop a numerical model capable of simulating two-phase
flows in confined channels and then studying the effect of air
velocity on flow dynamics. The geometric modeling of the study
area was carried out using the "Gambit" software. The
numerical simulation of the air/water flow in the considered
channel is developed on the Fluent software. To predict the
air/water interface, the VOF (Volume Of Fluid) model has been
adapted. The turbulence model chosen is the K-epsilon RNG. A
comparison between the velocity profiles and the experimental
results obtained was carried out in order to validate the model.
Several meshes were tested. The results showed that to gain in
computation time and accuracy, the mesh chosen is the one
consisting of 1,314,000 cells, from which the results no longer
vary. This study was carried out for different water levels and
air velocities. Thus, the model developed perfectly fits our case
study and allows us to accurately predict the behavior of a two-
phase flow in a confined channel.

Keywords— two phase flow, air-water internal flow, air velocity
effect, interfacial behaviour, VOF

I. INTRODUCTION

Two-phase flows in pipes, also called internal flows, are
generally characterized by an interface that constitutes the
place where energy is transmitted between the two phases.
This type of flow is found in sewerage networks where it is
essential to understand the mechanisms of these exchanges,
quantify them precisely and monitor their evolution in order
to avoid the hydraulic failures they can generate such as
manhole overflows initiating flooding, the phenomenon of
water hammer, pipe breakage, leaks, geyser phenomena,
violent expulsion of the manhole cover, etc [1, 2].

This is a topical research subject since accidents that occur
due to misunderstanding of the internal flow are serious. The
studies carried out on urban sewerage networks exploit
practically 3 sections that start from pipe’s initial size

dimensioning, passing through the internal behaviour of the
flow up to the evacuation of pollutants in the ejection points
(sea, river...). This paper focuses on understanding the
air/water interaction that is the driving force behind the
transition from gravity flow to forced flow.

In this context, Hamam and McCorquodale [3] conducted
experimental tests on a two-phase gravity and confined flow
that suddenly turns into a forced flow. The size of the pipe, its
shape, speed, flow rate, Froude number, relative depth of
flow, slope of the pipe, aeration arrangement... are among the
factors that cause this transition. Their tests highlighted the
high pressures that generally occurs with transient flows and
described the transition to a forced flow in three steps, which
are the formation of a surge, the formation of instabilities, and
the transition to a forced flow. This transition to forced flow
is accompanied by phases of air entrapment that have been
the subject of several studies [4] [S] due to their significant
effect on the pipes. Initial and boundary conditions are among
the factors that stimulate the creation of air pockets in
wastewater systems. The results of Hamam and
McCorquodale [3] showed that when the ratio between water
velocity phase and air velocity reaches a certain limit V =
6.46 m/s given by Kelvin Hemholtz, a large air pocket is
formed. The air pockets will be expelled at the evacuation
points generating pressure peaks similar to "waterhammer",
thus disrupting the water flow. In this perspective, the results
given by Li and McCorquodale [6] showed that these
pressure peaks are caused either by the change in flow
conditions (sudden closure of a valve) or by the evacuation of
air bubbles during rapid pipe filling. Air enters the pipes and
can be trapped during rapid filling [7]. This filling causes the
compression or evacuation of air pockets, resulting in
significant pressure variations. Insufficient ventilation is also
one of the factors that stimulate air pockets creation. Zhou et
al. [8] reported that flow conditions are becoming more
complex when it comes to lack of aeration. Indeed, an
unsuitable ventilation system leads to the creation of large air
bubbles in the flow [9]. When the capacity of the air flow
fails to move the air bubbles in the channel, they will
accumulate forming a large bubble that will generate pressure
on the water leading to the blockage of the pipe in some cases
[10]. This usually happens for large slope variations [11].
Thus, in order to avoid the accumulation of air pockets, it is
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essential to know the regime of these flows and particularly
the boundary conditions that make the transition from one
regime to another [12].

However, after a literature review, it was found that there
is a considerable lack of literature regarding the effect of air
velocity on water in a horizontal confined channel. However,
it is an essential parameter for understanding and controlling
the behaviour of internal flow. In addition, compared to the
extensive studies available on two-phase flows in small
diameters (D < 50 cm), little researches has been conducted
on two-phase horizontal flows in large diameters although the
actual size of pipes in engineering systems may be relatively
large, compared to that used in an experimental environment
[13].

II. RESULTS AND DISCUSSIONS

A. Numerical method

Gambit and Fluent, two commercially licensed
software packages, were used to perform 3D simulations
in fluid mechanics ranging from mesh construction with
Gambit to solving Navier Stokes equations and post
processing with Fluent. The specification of the mesh size
depends on the complexity of the geometry. Since the
geometry considered is rectangular, a hexahedral mesh
grid was chosen. The domain is subdivided with a
uniform mesh size. The number of meshes at the four
walls at the inlet, as well as at the interface, is increased to
ensure high resolution and accuracy during flow
transitions. All numerical simulations were performed
using the second order upwind scheme. The "PISO"

method was used to calculate the Pressure/Speed coupling.

For all cases studied in this paper, a transient simulation
with a time step of 0.0001was identified. The dimensions
considered in this work correspond to those of the
hydraulic canal of the laboratory located at the IUSTI of
the University of Aix Marseille; rectangular and confined
canal 5m length, 0.075m wide and 0.15m deep (Fig.1)
where the experimental part was carried out.

'\3.075 m
Heaud I 0.15m

Fig. 1 Domain geometry

In this work, we plan to carry out 10 numerical simulations
studying the behavior of a two-phase air/water flow within a
horizontal channel confined under variations in air velocity as
listed in Table 1.

B. Validation of the air-water flow model

Page 191

1) Mesh sensitivity analysis

In order to study the sensitivity of the results to the mesh
size, three different mesh sizes were checked for a water level
Hi= 0.032m: M1=930 000 cells; M2=1 314 000 cells; M3=1
800 000 cells.

The respective water and air velocities of mesh sensitivity
test were: Vyawer = 0.47 m/s and Vi = 3.2 m/s. The simulation
of the different meshes is performed using the standard k-E
turbulence model. As seen in Fig. 2, there is no significant
difference between the results of the simulations performed
using the 1,314,000 cells and the 1,800,000 cells. Thus, to
save calculation time, the mesh size chosen is that consisting
of 1,314,000 cells.

* exp

—080

channel depth (m)

—_—1314

~—1800

0,00E+00 1,00E+00 2,00E+00 3,00E+00 4,00E+00 5,00E+00

Velocity {m/s)

Fig. 2 Mesh sensitivity analysis
2) Turbulence model validation :

In order to choose the best turbulence model, simulations
were performed with the first order models K-e Standard, K-
e RNG and K- & Realisable. The K-¢ RNG model is
considered sufficient to predict flow quantities as shown in
Fig. 3.

* exp

=——RNG

channel depth (m)

——Standard K-epsilon

= realisable

0,00E+00.  1,00E+00  2,00E+00  3,00E+00 4,00E+00  5,00E+00

velocity (m/s)

Fig. 3 Turbulence model validation

3) The effect of air velocity on the water level:

Ten cases of air-water volumes fractions have been
investigated as shown in Table. 1 .In all cases, the liquid
superficial velocity was constant at Vyaer = 0.16 m/s and
introduced from the bottom region with Hy, = 0.055m.

Table 1 The superficial velocities for the simulation cases
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Air-Water Water superficial Air superficial C. A saturation regime starts from V S =
cases velocity (m/s) velocity 9m/s. As the gas passes over the. wave, an upward
(m/s) wave force is raising the wave until it reaches the top

Case | 05 wall of the channel. In fact, the shear stress along the
Case 2 1 flow direction tends to increase with the increasing
g:zz i 125 of Vg leading to a sudden increase of the liquid level
Case 5 x that touches the top wall and block the gas phase.

0.16 This interfacial behaviour forms into the slug shape.
Case 6 . . . .
Case 7 The speed of this slug creation and its location from

3
5
6 . . .
Case 8 7 the inlet is dependant to the gas velocity. Indeed, as
8
9

Case 9 Vg increases the slug is closer to the inlet and faster
Case 10 as shown in Fig. 6 and Fig. 7. This result proves the
one found by Xiaoyan Liu [16].

0,16
014 Vg =9m/s
0,12
0,1
0,08 Vg=11m/s D P
0,06 Fig. 7 Slug created at 0.22 s at 0.8m from the inlet
0,04 H
Stagnation regime Growth regime i Saturation regime
0,02 A i
0 . — : : ‘
0 2 4 6 8 10 III. CONCLUSIONS
Air Superficial Velocity (m/s)

Fig. 4 The effect of the superficial air velocity on the water level Consideration was given in the present stu dy to the effect

of air velocity on a two phased flow into a confined

Three regimes could be distinguished from Fig. 4: horizontal channel with big diameter. Behavior of the flow
A. A stagnation region under V S; = 3m/s, in which a was effectively predicted by the 3D VOF model with K-E
stratified smooth flow is observed. The air is at the RNG turbulence model.
top of the channel and the water is at the bottom. The conclusions reached from this study are recapitulated
Liquid level Hy is independent from the superficial in the following key notes:
air velocity. o Under constant water velocity, the flow goes through
B. Above V5, = 3m/s, a growth regime is observed. three regimes according to gas velocity raise;
Periodic 2D waves with small amplitude appears at e Liquid level decreases as the gas level increases;
the interface, and the water level is getting slightly e The higher the gas velocity, the faster the wave
lower as proved by Ramin Dabirian [14], and formation is and the closer to the inlet.
Akhmad Zidni Hudaya [15]. In this regime, the
interfacial behaviour is dependent to gas flow rate. REFERENCES
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ambient temperatures of hospital rooms.
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Abstract— As part of a hot climate impact study on ambient
temperature variations in hospitalization rooms, we selected a
recently completed hospital facility for in situ quantitative
evaluation and TRNsys simulation. The measurements taken
during the overheating period were validated by the simulation,
so that both results are very high compared to the values
indicated in the standards.

Keywords— Hot climate, ambient temperature, in situ
measurements, simulation, standards.

1. INTRODUCTION

The hot and arid climate is most dominated in the southern
foot of Algeria. Where, rainfall is less than 1500mm per year
and temperatures are very high during the day.

In a warm climate, it is difficult to adapt and live in
comfortable conditions. In the construction industry, this
climate causes many problems for buildings, especially in
summer. The commonplace solutions of that time, such as air
conditioners and refrigeration techniques inserted enormously
and randomly, helped to exacerbate the problem more and
more.

Firstly, hot and hard climatic conditions, and on the other
hand artificial and exaggerated freshness, are two situations
that are not preferable, especially for people who are sensitive
to excessive variations in ambient temperature, such as:
patients. According to a previous study [1], this sensitive
category prefers to have a natural environment for
physiological and pathological reasons. Passive solutions,
hybrid systems, and old buildings are the best and most
favourable choices for this particular case according to recent
research comparing a new hospital with an old one [2].

In this perspective, the present study was carried out in
summer in the most occupied places by the patients: the rooms
of hospitalization, within the new maternity of the city of
Biskra. This study aims to study the impact of the hot
environment on the ambient temperatures of this hospital.

IL METHODOLOGY

The methodology of approach that we adopted in this study
is a coupling of an in situ quantitative evaluation method with
validation of results by TRNsys logieciel.

The quantitative approach was based on in situ
measurements in the inpatient rooms using the Testo 480,
placing it in the center of the chamber and the probe should be

moved slightly to about 60 cm. above the ground (speed: about
1.5 m/ s) until the displayed values stabilize.

Fig. 1 Measuring device Testo 480

The simulation was done in order to validate the results of
the in situ measurements, after choosing the same climatic
conditions by working on the same period in both methods.

A. Case study

Our in situ experiment took place in the service of the new
materiality of Biskra city. A new building characterized by a
typical simple plan with rooms distributed on the north / south
axis; it has a very low height concrete structure (only ground
floor), walls built of hollow brick with air blades for thermal
insulation. Rooms of 21,35m? with a single window for each
room characterized by a single glazing and external solar
protection (shaded area =75%) [3].

\
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Fig. 2 Graphic presentation of the matemity ward
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Fig. 3 Plan and section of the room of hospitalization of the materiality 20h-22h| 26,4 | 27,65 27,65| 26,9 | 24,75| 24,15| 25,35 25,55 27,65 26,95| 24,65 27,2

--------- Tex 35 [33,5|385| 37 | 32 | 29,5/ 325|325 37 | 325 31 [355

B. Period and climatology
Fig. 5 Variations of ambient temperatures in the East rooms as a function of

Using the design-month concept inspired by the design-day the average outside temperature

[4] concept, we determined the resulting overheating period
through a series of average temperature calculations for the
period between 2000 and 2015. As a result, In situ
measurements were taken for 12 days in July, where daily 40
average temperatures increase above 35 C°.

III. RESULTS

Température C°

A. In situ measurements 0

The experiment was carried out in July 2016 in the hospital
sector of the new maternity hospital in Biskra. The measures
were distributed over four different periods during the day, o7 L oo | 12. | 13- | 15.] 17- ] 19- ] 22.] 23] 25. ] 27-] 29-
Wthh StI‘etCh from nlom]_ng tO CVeIling and are Separated by an juil | juile | juile | juile | juil | juile | juils | juile | juils | juil | juils | juil.
interVal Of tWO hOurSZ Sh-11h (32,85( 30,8 |33,85(33,85/30,55(27,15/30,35/29,35|35,25/|29,25| 30 |33,35

From 9:00 to 11:00 from 13:00 to 15:00 from 16:00 to
18:(X), 20:00 tO 22:00 16h-18h|27,15(29,05| 31,1 |28,85{30,25| 26 |30,3| 30,2 (29,05(29,25/26,85| 28

ThlS iS repeated four days a Week (three weeks 11] total) 20h-22h| 26 |(28,95(28,65(27,55/25,55(22,65(26,45|25,55|28,95| 26,7 |25,25| 27,9
Each time we take the measurements of four different rooms
between East and West (48 rooms in total).

13h-15h |28,15(26,45| 33 [28,55/29,45| 26,3 | 29,7 | 30,6 | 26,4 |30,75| 26,3 |29,15

--------- Tex 35 |33,5/385| 37 | 32 [29,5(32,5/32,5| 37 [32,5] 31 [35,5

Fig. 6 Variations of ambient temperatures in western chambers as a function
of average outdoor temperature.

B. Simulation

Using a dynamic thermal simulation software such as
TRNsys, we can model the thermal behavior of the building
over a defined period of time by a calculation made according
to a time and according to the weather, occupation, location
and orientation [5].

Several parameters are taken into consideration in the
simulation of TRNsys. In parallel, it gives us a variety of
output choices by allowing a deep and precise study of the
thermal behavior of buildings.

In fact, we performed the simulations by choosing the same
approved period for in situ measurements. The climate file that
The graphs below show a comparison between the ambient We used in the software contains the same outdoor temperature

temperature measurements of the East and West chambers and ~ Values that are often very high throughout the day with
the values of the average outside temperature. humidity remaining frequently constant within the basal limits;

and a constant air speed.
The following figures show the modeling of the maternity
building with 8 zones (8 rooms, 4 East and 4 West):

Fig. 4 takingof measurements
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Fig. 7 General (outdoor) view of the matemity model on SketchUp

012 3 4 56 78 9 101112 1314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Fig. 11 Variations of the ambient temperature compared to the outside
temperature of the month of July in room 03 (orientation East).

- Tex

. TAChO4

Fig. 8 Modeling rooms (zones) of the maternity ward

The graphs below show the the simulation results of
ambient temperatures in maternity hospital rooms as a function
of changes in outdoor temperature.

B vt
012 3 456 78 9 101112 1314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31
- Tex

Fig. 12 Variations of the ambient temperature compared to the outside
temperature of the month of July in room 04 (West orientation).

I'V. DISCUSSION

Depending on the physical measurements taken, the
' temperature values are often high and reached 36 and 37 C°.
10 | The most extreme temperatures (the highest) were recorded in
' the moming from 9:00 to 11:00, this is certainly due to the
012 3 4 56 78 9 101112 1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 total absence of air COIlditiOIliIlg. The afternoon pCI'iOd, when
the air conditioners are put into operation, the situation
gradually changes until the difference between the extreme
values is 5 C°. In this period the maximum value is between
29.85 and 29.55 C°; values still high compared to the values
indicated in the standards. Noting that the ISO 7730 standard
[6] indicates that for standard hospitalization areas (internal
medicine, pediatrics, etc.) the recommended operational
temperatures in summer are between 23 and 26 C°.For the
same sector, the European standard NBN EN 13779 [7],
recommends a temperature range of 20-26 C°.

From 4:00 pm to 6:00 pm, the temperature will rise to
[ considerably higher values, which will fluctuate around 31 and
000 | 29.75 C°. During the night, the ambient temperatures stabilize

Fig. 9 Variations of the ambient temperature compared to the outside
temperature of the month of July in room 01 (east orientation).

012 3 456 78 9 101112 13141515‘17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 SOI'IEWhatat27tO 24'65 Coas ShOWI’liIlFig. 5'
Fig. 10 Variations of the ambient temperature compared to the outside This analysis may be valid for both orientations, only that
temperature of the month of July in room 02 (West orientation). the temperature values within the western chambers move

between 29 and 33 C° during the morning period from 9:00 to
11:00 as shown in Fig. 6.

Fig.9 and 11 shows the variations of the ambient
temperature in the rooms 01 and 03 having two facades (east
and south facade), their results are almost similar, or the curve
extends in the two graphs from the 1st day to the 31st day with
irregular changes taking highs and lows within 28.1 C° and
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39.5 C°. The variation of the temperature is very variable and
generally nonlinear, but it remains all the same monotonous.
Almost the same result was found at the time of the
measurements which proved to us that the ambient
temperature of the rooms never drops below 25 C° throughout
the period of overheating.

At a certain moment, precisely the 13th and 14th days, we

(5]

(6]

(71

Delmas, m. D. (2014) Technique et logiciel- la simulation thermique
dynamique.. [Online]. Available: http://dauchezpayet.fr/wp-
content/uploads/la-std-par-dauchezpayet pdf .

OLESEN, B., & PARSONS, K. “Introduction to thermal comfort
standards and to the proposed new version of en ISO 7730.” Energy and
buildings, Vol. 34 (6), p 537-548, 2002.

NBN EN 13779 . Ventilation dans les batiments non résidentiels —
spécification des performances pour les systémes de ventilation et de
climatisation. AFNOR Std. 2004.

noted that the graph of the outside temperature takes values [8]
lower than those of the ambient temperature. This is quite
similar to the human body, when the heat input is greater than

the heat loss, the indoor temperature rises and this will be
difficult to resume low values; while the outside temperature
decreases at this time [8].

Although the chamber 02 is oriented West, the simulation
results shown in Fig. 10 have shown that there is not a big
difference between the results of the two orientations and that's
exactly what we got by the measures.

As shown in Fig. 12, the curve frequencies of the ambient
temperatures in the chamber 04 are almost regular, with a
trajectory similar to that of the chamber 03, but sometimes the
values are close to the values of the chamber 02, especially in
peaks where the temperature reaches 39 C° for the maximum
value and 28 C° for the minimum.

M. RABOUILLE, “Recherche de la performance en simulation
thermique dynamique: application a la réhabilitation des batiments”
Doctoral. thesis, Grenoble Alpes University, Grenoble, France, 2014.

V. CONCLUSIONS

The simulation method relies on taking the values of the
temperature every hour, while taking in situ measurements
back and forth between the East and West chambers is a very
complicated task; which made us distribute the moments of
measurements over different periods of time.

Indeed, the results of the temperature measurements in the
maternity rooms are very close to the results of the simulation.
These results showed us that the values of the ambient
temperature observed and simulated in the East and West
chambers of the material are very high compared to the values
indicated in the norms and therefore, we can confirm that the
outside hot temperatures influence on the interior environment
of the new construction despite the use of air conditioning.
This can definitely affect the comfort of patients.
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Overhead Transmission Line Design
Learning software Using MATLAB
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Abstract—this paper presents a learning computer program for
three phase’s overhead transmission line design using
MATALB. This program can be used as a self-learning tool to
understand the course material offered in class in order to
enhance students understanding to the subject of the first
introductory course in the field of electrical power engineering.
This program is also equipped with an additional feature to
compute the line sequence impedances and the line sequence
capacitances. Using this program the students will then be able
to compute the line sequence parameters for both the single
circuit as well as the double circuit tower configuration, with
and without ground wire.

The program has been also provided with a built in data base
library to most of the available power line conductors. Therefore
the power engineering students will then be able to grasp the
transmission line course contents in more depth and to use the
program as a self-learning tool for line design and line modeling
performance.

Keywords: Line inductance, capacitance, transposition, sequence
impedances and sequence capacitances,

INTRODUCTION

Visualization of the solution of complex problems reinforces
the basic principles learned via the traditional methods. The
reinforcement is greater if the students from the beginning are
exposed to such facilities. Such as graphical representation of
solving equations that describe the physical system. This in
turn will reinforce and accelerate the students learning and
understanding to the field concept [1]. The effect of changing
system parameters, topology, boundary and initial conditions
provides a dramatic reinforcement to the mathematical
description and to the analytical system knowledge a power
student acquires in the classroom.

This paper will present a transmission line program using
MATLAB which will help students to understand the material
given in class for the core course taken during their
undergraduate program.

The developed program is a user friendly, highly interactive
during both the data entry phase and during the execution
phase where the user can visualize the input data and see it on
the screen. He or she can check, change, modify or
completely erase the data so easily. The program solution can
also be visualized.

A number of applications will be presented in a sequential
order to present the usefulness of the program. Following this

methodology the program can be very useful in class and as
well as at home for better, faster and user friendly tool.

The subject of transmission line design is extensive as is the
detailed modeling, since the overhead transmission line is a
major component in power system. Therefore, the availability
of a well developed and easy computer program for students,
instructors and line designers is very essential.

SUBJECT BACKGROUND AND THE NEED FOR TRANSMISSION
LINE PROGRAM

The new undergraduate students registering for the first time
in the first electrical power engineering course is very much
interested primarily to understand the transmission line
principles such as; the line inductances per unit length , the
line capacitance per unit length and the line resistance per
unit length. Once all these line parameters are taken in class
and understood then the line impedance, line admittance can
be calculated based on a given and know system frequency.
To model such a line in a particular study the line length must
be also know. Since the line model varies with the line length.
Different line models are available. Therefore students should
be aware of such line models. The appropriate line model
selection will depend on many factors such as; line length;
steady state or transient condition, normal or faulted situation.
The three phase transmission line theory is given to
undergraduate students as a core course. In this course the
students will be exposed to the basic theoretical background
with some line modeling details.

The line basic components such as; line inductance and line
capacitance can be easily computed for a given line
conductors and given tower configuration. Most of the time
the homework assignments given to students during the
course are devoted to a single circuit tower configuration
without ground wire and assuming the line is completely
transposed [3]

In some cases the undergraduate students will be given the
appropriate techniques and the short cut approach without
going in deep details in the analysis on how to deal with
double circuit tower configuration and how to take into
consideration the influence of ground wire. During the course
work the undergraduate students are given in class enough
background to be used to compute the positive sequence
inductance and positive sequence capacitance assuming the
line is completely transposed. Under such condition the effect
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of ground wires are usually neglected [2,3,4] Very often
during the lecture a brief discussion concerning the
transposition concept is covered. The majority of students in
class may or may not be familiar with the deep understanding
of the need for line transposition and what are the real
impacts on line performance in case the line is not transposed.
What will be the effect on line impedance and line
capacitance? When the line should be transposed? The
students may raise many other questions such as what are the
meanings of line sequence impedance, line sequence
capacitances. Why do we need to get such sequence
impedances? What do we mean by transmission line
unbalance ........ etc?.

The answers to all these questions and others can be shown
and explained with typical applications as will be described
below.

APPLICATION#1

The first application will be devoted to develop user
confidentiality session between the students and the program.
The students will be asked to do the following assignments:
Turn the computer on and do call the transmission line
program. The student is expecting to see a display on the
screen with four options: these four options are:

Electrical Design

Mechanical design

Thermal limit and line loading capability
Environmental effects

YVVVYVY

A decision has to be made by the student to choose either a
single circuit tower or double circuit tower

Let us now assume that the student selects the single circuit
option; a new display will be shown on the screen as
indicated in fig.1

This screen shows a large number of information that will
guide the students step by step to insert the input data. The
information required to be inserted on the screen are in itself
very useful and are designed in a way to help the student to
be well guided to accomplish his goal very successfully such
as:

e Choice of the type of the line parameters to be calculated
first for example; line inductance, line capacitance or line
impedance:

e Choice of the type of units to be used in the calculation ;
metric or English

e For a single conductor, the student must click on single
conductor option and for the bundle conductor the
student must click on the bundle conductor and then he
should insert the number of the bundle
conductors;2,3.4....etc The spacing between sub-
conductors must be also specified.

e Tower configuration; the student should also insert the
positions of the three phase conductor on tower.
Therefore the three phase conductors should be inserted
and specified as an (x,y) coordinates .

a—
Single Chrcee T Line P
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e o e o & i

Fig.1 A single circuit tower line input data parameters.

The student should also have been selected the conductor
name from the beginning; and from the stored and the
available data base library in the program an automatic
display for all the data needed for the inductance, capacitance
and impedance calculation will be shown on the screen such
as: Conductor geometric mean radius, conductor radius,
conductor resistance....etc

If the circuit has a ground wire, then the name of the ground
wire should have been also selected with the same procedure
similar to the phase conductor. The location of the ground
conductor should have been decided and an automatic fill in
information will be displayed at the appropriate space
provided for the ground wire, such as; ground wire resistance,
ground wire geometric mean radius and ground wire radius.

Let us now be very specific and let us assume that the
following home work assignment is given to the student as:

APPLICATION# 2

A 400kv three phase single circuit completely transposed line
, is composed of a single conductor per phase ACSR
1,272,000cmil, 45/7 Bittern conductor per phase with the
tower configuration as shown in fig.2 Use the developed
program and compute the following : The line inductance L ,
The line Capacitance C, The line Impedance Z

ra

s =

Fig.2 A 400 kv single circuit tower configuration.
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The required input data to the program are:

Conductor name: Bittern, CSA 1,272,000 ACSR

Single conductor /phase, line completely transposed

Let us go back to the screen display of fig.1 and select the
conductor name as given above

Let us also insert the tower configuration shown in fig.2 and
let us select also the completely transposed line option as
normally mentioned in the course. No ground wire
information is provided therefore; no ground wire exists. Let
the English units; inches and feet are selected for this
calculation

Let us calculate first the Line inductance by clicking on the
inductance option

Single Chreu 7) Lne Pa v
lens Swwmeni
L ety - — ———y
I ——
te e patnd g
——
- - - - fe—y
e = -—— —
L ame
fm v D@ Correm s
Civesws tigw 31 1oty LI
Chiwn 1160 11 g vatd woe ] - Cloww

Fig.3 A single circuit inductance input data.

The solution to this application will be shown on the screen
as indicated in fig.4

The students can now compare the computed values with the
value obtained using the formula that he took in class: where

L =0.2 x In (GMD/GMR) mH/km
OR L =0.3219 x In (GMD/GMR) mH/mi

AL of program

wna

-

Fig.4 A single circuit inductance results.

GMD = ( D, x Dy x D)™ where Dy, is the distance
between phase a and phase b and Dy, is the distance between
phase b and phase ¢ and D, is the distance between phase c
and phase a and the GMR can be taken from the input data
display shown in fig.3. The student can now go back and run

the program again by choosing the capacitance option
calculation. The solution output is displayed on the screen as
shown in fig.5

The student can now check and compare this computer
solution output with what he learned in class where:
C=0.0556/ In (GMD/r) p F/km

OR C=.0895 /In (GMD/r) u F/mi

GMD is the same value used in the inductance calculation.

UL of peograT

toy

e .- "

Fig.5 A single circuit capacitance results.
Let us continue with the same example and let us compute the
line impedance Z
The student can now go back to the same input data screen
and click the impedance option .using the mouse. The
computer output results are displayed on the screen as shown
in fig.6

The student can now check this value with what he also
learned in class Z= R+j(wL) where ® =2JIfL

DR O prograne

Tt B -

————

Fig.6 A single circuit impedance results.

APPLICATION#3

Let us replace the single conductor used in the previous
application by 2 sub-conductors per phased (ACSR 636,000
CMIL ROOK) conductors which have the total cross
sectional area of aluminum as one Bittern conductors.
Assume the line spacing is the same as in the previous.
Therefore the bundle conductor option will be activated.
These home work objectives are:
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e To teach students the benefits of using bundle conductors
in overhead transmission line. The program can be used
in this case to compute both line inductance as well as
line capacitance.

e The second objective of the program is to check the
influence of line length on the line equivalent circuit. We
teach students in class that if the transmission line length
is up to 50mi Then the effect of capacitance is neglected
and only the series impedance will be considered [2,3]

e If the line length is greater than 50mi and up to 150mi
then the medium model representation is used and in
case of long line which is greater than 150mi then the
long line representation is used.

This exercise will be used to accomplish the above objectives.
The student should go to the same input data screen as
described earlier and select from the conductor type the one
with the conductor name ROCK. He should then click the
mouse and insert 2 as the number of sub-conductors per phase
and insert the space between the bundle conductors and
repeat the same calculation for L, C and Z. The relevant
circuit model will then be displayed on the screen

AL G gy

e Wt D -

Fig.7 impedance results with bundle conductors.
The student can now run the program by changing the line
length to 80 mi. Figure. 8 show the impact of choosing the
medium line length on the impedance calculation module
where the medium line representation T and IT models will be
displayed accordingly. Figures.9, and 10 shows the medium
line representation T and IT models
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Fig.8 impedance calculation with medium line.
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Fig.10 medium line IT model.

LINE SEQUENCE IMPEDANCES AND SEQUENCE CAPACITANCES
CALCULATION

This section will introduce the students to application of the
developed program to the course material which is normally
given to graduate students .The developed program computes
the transmission line impedance matrix and capacitance
matrix for three phase transmission line single circuit and
double circuit tower configuration with and without ground
wire and taking into account the following option:

Line not transposed

Partially transposed line

Completely transposed line

Twisted line

The sequence impedance and the sequence
capacitances can be obtained for every option of the
above mentioned cases.

The electrostatic and the electromagnetic balance
factors are also computed for each transposition cycle
option

With this program the student will be able to understand the
covered material given in class. At the same time the students
will be able to understand and to practice different
transposition cycles easily. They will understand and grasp
the material given in class much faster. The impact of
transposition on the impedance and capacitance matrix
elements will be computed and assessed. The impact of
transposition on the sequence matrix elements will be seen
and evaluated. We do feel very strongly that explaining such

VVYVYVYYV

Y
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transposition cycle options for the transmission line cannot be
handled and understood easily by solving examples on the
blackboard. Therefore having a computer program which has
such features will help explaining this subject and reinforce
the classroom lectures. The following applications will
demonstrate this idea.

APPLICATION#4

After the student became familiar with the use of the program
he will be able to compute the line impedance matrix and the
line capacitance matrix for two types of tower configuration;
a single circuit tower and double circuit tower configurations,
with and without ground wires. The following cases are easy
to solve using the program :
1. A single tower configuration calculation

» Computing the line impedance matrix without

ground wire

» The line impedance matrix With ground wire

»  Assuming the line partially transposed

» The line completely transposed

» The line sequence impedance with line not
transposed

» The line sequence impedance with the line partially
transposed

» The line sequence impedance with the line

completely transposed
2. Repeating all of the above for double circuit tower
configuration

CONCLUSION

The developed program in this paper presents many valuable
features which can support the instructors in class in order to
explain and teach the course material related to the three
phase transmission line theory and design very effectively. A
number of selected topics from the course material which are
normally given in class are programmed and presented to
enhance and modify the existing classical lecturing approach
in class to more active one and using this program the
classroom then becomes similar to a laboratory. This
developed program will help the instructors to present the
class material easily and it well help the students also to
easily understand the class lectures effectively.

Both undergraduate students and graduate students will be
able to learn and to compute the following: Transmission line
parameters; line inductance and line capacitance, line
impedance, the effect of line transposition, line twisting on
the computed line parameters. and other line features can now
be computed and assessed . The student’s interaction with the
instructors during the class lectures and simulation will make
the classroom more live.

Using this program the instructor will be able to present many
examples in class provided a computer is available which will
be difficult or impossible to be presented in class without

having such facilities due to lecture time constrain. The
instructor will then be able to assign and defer the longer
homework problems for students to be done at home or
through mini projects during the course
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Abstract: This study focuses on energy, exergy and
the evaluation of atmospheric emissions from a
rotary kiln (dry) in a cement plant in operation in
Tunis. Using the first and second laws of
thermodynamics, the energy and exergy destruction
and emissions allocations are analyzed for the
rotary kiln of a Tunisian cemetery factory. The
atmospheric  emissions method was used to
calculate the annual emissions from the cement
kiln. It is found that the Carbon dioxide CO2
accounts for approximately 99% of total air
pollutant emissions.

Key words: Rotary kiln, Mass balance, emission factor,
exergetic efficiency, energetic efficiency.

I. Introduction
For many years the cement industry is a big
consumer of energy. Countries' energy consumption
has been investigated using exergetic analysis [1] in
order to understand the efficiency and the capacity
of amelioration of the degraded energy, which is
manifested as form of heat and atmospheric
emissions (gas and dust). The main objective of this
work is to evaluate the energy, exergy efficiencies
and the atmospheric emissions related to a rotary
kiln in the clinker production process.
In the United States of America and for 27 years
(1970-1997) Worrell et al. [1] attributed the energy
survey in industry. For the preheating process, the
CO2 emission intensity per 1000 kg of cement is
5.4 kg of CO2.
Engin and Ari [2] presented an investigation
concerning a rotary kiln in a cement plant in
Turkey. The authors noted the existence of a large
loss of energy in the manufacturing process and that
it is possible to recover 4 MW of energy with some
modifications. In their study, Kabir and El-Nafaty
[3] used a blanket surrounding the surface of the
oven. They found that this method can provide
energy savings of about 42.9 MWh/year. Atmaca et
al. [4] studied a cyclone insulation that affects a
total heat loss of 22.7 MW to 17.3 MW.

Page 203

In this study, using the actual operating data of a
Tunisian cement plant, a rotating kiln in operation
was analyzed with the evaluation of balance
equations of energy, exergy and mass.

I1. Methodology
A. Process description
The raw materials used in the manufacture of
cement are extracted from quarries (open pit) from
limestone and clay. They are then transported by
dumper to the crushing hall. The previously crushed
raw materials are pre-homogenized, dried and then
ground mechanically. Other minerals are usually
added to correct the chemical composition of the
mixture. This first grinding produces a fine powder;
it is the "raw cement" or farine. The raw material is
poured into a heat exchanger in which the hot gases
escaping from the oven circulate in the opposite
direction. The material progresses to the entrance of
the latter where the temperature is around 800 ° C.
This preheating thus makes it possible to start the
decarbonation process. The raw material then enters
a rotary calcination furnace which is generally fed
with petroleum coke or ground coal. This method
of cooking allows the material to be progressively
conveyed against the current of the hot gases thanks
to a slow rotation of 1 at 3 rpm . The interior of the
furnaces is generally covered with refractory bricks,
which makes it possible to reach a temperature of
1450°C and to trigger a physicochemical
phenomenon called "clinkerization" As soon as you
leave the oven, the incandescent granules must be
cooled rapidly. Thus, several types of cement can
be created according to the added products, called
"adjuvants". In general, a small amount of plaster (3
to 5%) and gypsum are added to the clinker to
regulate the setting characteristics of the cement.

B. Energy and Exergy analysis

The following assumptions have been made: (i) the
process occurs in a steady state, (ii) the stack gases
are ideal gases, (iii) the kinetic and potential energy
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variations are negligible, (iV) the temperature of the
system is kept constant.

The thermodynamic properties of each stream with
well-defined compositions and temperatures were
extracted by aspen simulation plus, but the result
can be confirmed with the calculation as well, so
both methods are used.

The mass balance equation is expressed as follows
with a general steady-state:

iMin = XiMoy (1)

Where m is the mass flow rate, the subscript out for
outlet and in stands for inlet.

It is generally more practical to define the mass /
energy data per kg of clinker produced per unit of
time.

The mass balance of the rotary kiln is summarized
in Fig. 1.

Inputs:
kg/kg- Outputs:
clinker kg/kg-clinker
1.6  farine clinker 1
1.5 Secondary air Rotary kiln | Hot gases 23
2.3 _ Primary air dust 0.6
0.15 coke
Fig.1. Mass balance of the rotary kiln
Energy balance can be expressed as:
Qnet,in - Wnet,out = Z mt'mt hout - Z mmhm (2)

Where W is the rate of work, Q is the heat transfer

rate and /4 is the enthalpy.

Energy efficiency is defined as the ratio of the

output energy amount and the input energy:
X Eout

m=5E 3)

The total exergy of a material stream can be

expressed as the summation of its chemical exergy

(Exch) and the physical exergy (Exph) [5]:

Ex = ExP" 4+ Ex¢h 4)

ExP" = m [(h — hy) = To(S — So)] (©)

Where 7)) is the reference temperature (K), m is the

mass flow rate (kg/h), (S — Sp) is the entropy change

from reference point (kJ/kgK) and (h — hy) is the

enthalpy change from reference point (kJ/kg).

From the first law of thermodynamics, the enthalpy

change is given as:

(h—ho) = Cp (T —T,) (6)

The entropy change is obtained by combining the

first and second laws of thermodynamics. It’s given

tg) For ideal gases

(S—S,) = [C,, log (Tlo) — Rlog (%)] 7
(i1) For solid and liquid (8)

(S =50 = [y log (1) = V(P = Py)] (8)

In the Eq. (8), V is the specific volume (m3/kg) and
(P —Py) is the pressure change from reference point.
The dead state properties are denoted by the

Page 204

subscript 0. The chemical exergy is determined
using the equation (9) [6]:
Ex* =D | ) %, + BT, ) X (log X._-]]
‘ €)]
In the Eq. (9), D, Xi and §;, are respectively the
molar flow of material flow (kmol/s), the molar
fraction of component (i) and standard chemical
exergy of component (i) (KJ/Kmol);
The exergy efficiency 7 is calculated using:
_ Y Exout
- YExin

C. Inventory of atmospheric emissions
According to the literature review, there are several
methods to make an inventory of emissions. In our
case we chose the product-oriented method.

e Process Emission Factors
The estimation of the emissions of the process is
carried out with reference to European emission
factors according to the following formula [7]:
E, =E; =P, * FE; 11
(Pr) is the annual production in tons per year
(T/year).
(Fes) is the substance emission factor s (g/ton).

e  Fuels Emission Factors
The emissions estimation related to the fuel is
carried out by referring to French emission factors
according to the following formula:
E, =E; =Y Qf PCI,FE (12)
(Es) is the emission of the substances (ton/year).
(Qf) is the amount of fuel consumed (ton/year).
(PCIf) is the lower calorific value of the fuel (f)
(MJ/Kg).
(FEs,¢ ): emission factor of the substance (s) of the
fuel (f) (g/G)).

e Estimation des émissions atmosphériques
The estimated atmospheric emission (E) for a given
industry sector is equal to the sum of process
emissions (E1) and fuel emissions (E2)
E=E +E

II1. Results and discussions

A. Energy and Exergy analysis
Total energy output (X Eout) involves the energy of
constituents and hot gas leaving the component and
heat loss of outer surface of the rotary kiln. The
energy input by the input materials, the electrical
energy and the energy obtained from the
combustion process are the total energy input (in).
It is found that 25% of the input energy is lost
during the formation of the clinker and in the form
of heat on the surface of the rotary kiln. The total
amounts of energy entering and leaving the system
were calculated and found equal respectively to
86.935 MW and 65.319 MW. The energy efficiency
of the furnace is equal to 65.8%. The sum of
physical and chemical exergy is equal to
107.65SMW. The total exergy for the output is a
summation of physical exergy, chemical output
exergy and heat transfer exergy and clinker training
through the furnace. This is equal to 64.15MW.

(10)

(13)


PC2
Zone de texte 

PC2
Texte tapé à la machine
Page 204

PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334


Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

The main input energy is provided by the combustion process. The combustion process has the greatest influence
on the combustion process.
Tablel. Energy and Exergy values of rotary kiln

ity | Content | i (kg/h) KIkeK (TKO) (TIS (kJA/llig) As (kI/kgk) ?knvlvl)1 fk“\%’ ](51?\%1 ](513(\5})1
Ca0 42673’(5) 06| 298| 1050 4512 0,756 | 5348356 | 2670479 8409558 | 2677,876
8io2 12792, ; 069 298] 1050| 518,88 0,8694 | 1843,775| 920.6127| 1176,879 | 923,1626
Al203 3124,8 2,01 298| 1050 1511,52 2,5326 | 1311,999 | 6550924 | 172,4888 | 656,9069
Farine | Fe203 | 2050,65 416 298| 1050 312832 52416 | 1781,969 | 889,7524| 70,74747| 892,2169
MgO 585,9 037 298| 1105| 298,59 04662 | 48,59552 | 22,61047| 80,85258 | 25,98506
K20 390,6 431 298] 1105| 3478,17 54306 | 3773814| 1755876 | 46,87166| 201,7939
co2 3 5056’2 1259 298| 1105 1016’0; 1,58634 | 9893,808 [ 4603379 10741,58 | 5290,429
Na20 195,3 436 298| 1105 3518,52 54936 | 190,8797| 88.81228 | 35,93485| 102,0674
03 390,6 06| 298| 1105| 4842 0,756 | 52,5357 | 24,44375| 53,9068 28,09195
Total |- 97650 20849,3 [ 10050,77| 12387,67| 10798,53
2 4655 0,03 298| 330 0,96 0,00306 | 1241333 | 1,178996 | 2082,651| 0,062337
Ash 1428 13| 298| 330 416 0132587 1650133 | 15,67267 o| 0,828666
Ei‘l’rlfe 02 266 092 298| 330 2944 0,093831| 2175289 2,06605| 44.62885| 0,109239
H2 252 1432] 298| 330| 45824 1460497 | 32,0768 | 3046596 | 671,0725| 1,610837
H20 196 418 298] 330 133,76 0426318 7282489 | 6,916776| 584107| 0365713
N2 112 1,04 298| 330| 3328 0,10607 | 1,035378 | 0,983383| 21,46403 | 0,051995
s2 91 se4| 298| 330 18048 0575224 | 4562133 4333032 152674 0229102
Total |- 7000.00 64,87476 | 61,61687| 2893,494| 3,257889
E)‘I’lmb“t - 7000 345| 208| 1270 3359.98 1,6675 | 58333,33| 966,2236 57367,11
N2 144308 |  1,041| 298| 298 0 0 0 0| 2840431 0
Primary | 02 3866,03 093] 298] 298 0 0 0 0| 666,1559 0
Airkiln | Ar 222,612 497 298] 298 0 0 0 o| 3072574 0
co2 7,32765 085 298| 298 0 0 0 0| 0916393 0
H20 5,6395 418 298] 298 0 0 0 o| 1,716371 0
Other 16,733 1,007| 298| 298 0 0 0 0| 3,185572 0
Total |- 18551 0 0| 3543,131 0
N2 65829’; L1s| 208 413| 13225 0,3749 | 241833 2042,921| 1295733 | 375409
02 17635’2 1,07 208 413| 123,05 0,34882 | 602,8032 | 509,2271| 3038,836| 93,57602
rS;(;(i)rnda Ar 1015,5 497 298| 413| 571,55 1,62022| 1612247 136,197 140,1631| 25,02769
co2 33’4262 121 208 413| 139,15 0,39446 | 1292042 | 1,091472| 4,180354 |  0,20057
H20 25,726 24| 298| 413 276 0,7824 | 1,972327| 1,666153| 7.829652| 0,306174
Other 76331? 18| 208 413 1357 0,38468 | 2,877283 | 2430629 | 14,53178| 0,446654
Total |- 84625 3188,5 | 2693,534| 16162,87| 4949661
Copyright -2019 Page 205
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Table2. Continued Energy and Exergy values of rotary kiln

. . cp TO Tin Ah As Xmh EXchi Ty EXph
Material | Content | (ke/h) v e [y (k) | ake) | kiker) | aew) (kW) (kW) (KW)
4Ca0 1875|062 298| 1550| 77624 | POMOI| 4042017| s0s3689| 1621365 2421551
3.65623
A2O3 gs| 207|208 1550 | 271684 S| 1037682 1038077 | 4161504 | 6215315
Fe203 | 28125| 43| 208| 1ss0| ssaese| THOMO| 4333004 | 1327085 | 1737.737| 2595356
104463
2Ca0 72313 06| 2980 1550 77624 S| 1559218 | 1940034 | 6253065 | 9339117
Si02 7500 07| 208| 1550 8764 117943 1825833 943704 | 7322205 1093604
Hot 13c40 325 oe2| 20| 15s0| 77624 | MM 63 g10a| 8422798 | 2702275 | 4035919
clinker
A203 3250 [ 207| 208| 1550 | 271684 [ 2021 2452703 | 2453637 | os3.e282| 1469075
104463
3Ca0 2500 062 208| 1550 77624 S| assis| eoeadia| 1945638 | 2905862
Si02 10625 07| 208| 1550 8764 117943 2586597| 1336915| 1037325 1549272
K20 2575 |  478| 298| 1550 sosase| BOBZ| 4770336 | arisaco| 1916698 | 2862638
149956
S03 116875 | 089| 208 1ss0| 111428 O 3617541| 1166281 | 1450773 | 2166768
0.65711
MgO 70625 | 039| 208| 1s550| 48828 U] 9s7or04] 133208| 3sa1so| 5737515
7.03587
Na20 2375 a7m| 208 1550 589692 7| 7166396 | 11,0099 [ 2874001 | 4292395
wotal 62500 | - - - 20731.88 | 1348137 4956156 | 7402,149
N2 1263876 | 1,08| 298| 1300] 1082,16| 15876 379921| 2258.69| 166096 17966,54
co2 1052222 109| 208| 1300] 1092,18| 1,6023| 31922,67| 11969,45| 13956,13| 23663881
mo  |7370418]  205| 208 1300 20541] 30135| 4205438 2048103 1838557 6256732
gI:s()ets o2 3954538 | 101|208 1300| 101202 14847| 1111687 6186913 486,0134| 941,0309
co 1208,696 | 497 298| 1300] 497904 73050| 1672,000| 152,1649| 7309784 109,5021
02 08535 o71| 208 1300| 71142 1.0437| 1947216 77,07627| 85,12048 | 2414797
Total 131380 4290574 | 1712426 | 18757.77| 46157.68
4Ca0 | 502.056| 071| 298| 710| 292.52| 0.61628 | 40.79484| 25.61203 | 15.18281| 1232631
ALO3 | 195244 26| 298] 710| 10712] 22568| 58,09594| 36.4741| 21.62184| 10,73789
Fe203 | 334,704 53| 298| 710| 21836 46004| 2030166| 1274589 | 7555764| 11,5047
Dust |2Ca0 | 1854818 | 071] 298| 710| 292.52| 0,61628 | 1507143 | 94.62222| 56,09205| 910,7795
kilh  [Sio2  |1004,112|  092| 298] 710| 379.04| 079856 | 105,7218| 6637484 |  39.347| 92,03637
3Ca0 | 794922| 071 298| 710| 292.52] 061628 | 6459183 | 4055238 | 24,03945| 2602225
AL2O3 | 474,164 26| 298] 710| 10712] 22568| 141,0901| 88,57995| 52,51019| 26,07677
3Ca0 | 4685856 |  0,71| 298| 710| 292.52] 061628 | 3807518 | 239,0456| 141,7062| 1533938
Si02 167352 092] 298| 710| 379.04] 0,79856 | 1762031| 1106247 | 6557833 | 1533935
Ash | 2426,604 13| 298] 710| 535.6| 1,1284| 361,0248| 2266605 | 1343643 0
Total |- 13946 | - ; - - - 1682,005 | 1056,005| 6250998 | 1396271

Summarizing these tables, we can extract the following table concerning the energetic and exergetic efficiency
of the kiln.
Table3. Energy efficiency and exergy efficiency of the kiln.

ISSN 1737-9334

Input energy Output Energetic Input exergy Output Exergetic
(MW) energy(MW) efficiency (MW) exergy (MW) | efficiency
kiln 86.436 56.875 0.658 107.652 64.151 0.59
Copyright -2019 Page 206
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B. Emissions from the cement industry

The flue gases and most of the particles are emitted
by the large chimney; the other filters only remove
dust. Energy emissions are the atmospheric
emissions associated with the combustion of the
fuel used by the rotary kiln. For an annual
consumption of 61320 tons/year of petroleum coke
and 191135 tons/year of natural gas, the calculation
of energy emissions resulting from combustion is
carried out according to the expressions of Egs.
(11) and (12). For an annual clinker production in
the order of 814164.8 tons/year, with a known
process emission factor, the calculation of process
emissions is calculated according to equation (11).
The fuel and process emissions are summarized in
the following table.

Table4. Cement Industry Contribution to Air
Pollution

E SO2| E NOXIECO E CO2 |ECOV | ETSP
Natural
gas 180. 54037.6
0 635.18] 12 8 37.92 0
Pet coke 26.9] 172480.
2569.2| 3234 4 89 5.38 0
Process 427436.
0 0 0 52 0 73.27
Total 207.| 653955.
emissions| 2569.2| 985.32| 06 09 433 | 73.27
|

It was noted that the CO2 gas is the main pollutant
compared to other pollutants. The calcination
process and the fuel combustion process are
responsible for emissions of particulates and gases
of nitrogen oxides (NOx), carbon monoxide (CO),
sulfur, carbon dioxide (CO2)) and other pollutants.
The carbon dioxide CO2 represents the major air
pollutants with a percentage of 99%. Dry cement
[8] revealed that about 0.59 tons of CO2 is emitted
per ton of cement. However, the estimated value
obtained for this study is about 0.90 ton of CO2 per
ton of clinker produced. This value represents
approximately 1.53 times the one obtained by the
previous study [8]. In recent years, several studies
have been conducted to reduce CO2 emissions,
considered as the main greenhouse gas. The
settlement approaches proposed in recent decades
include the use of alternative fuels and energy
sources, the substitution of raw materials, the use of
energy-efficient equipment and the replacement of
old facilities. Better furnace insulation and
optimization of clinker cooling are part of the
process upgrade [9]. Using the best available
technology can help increase energy efficiency and

reduce pollutant emissions. Increasing energy
consumption increases pollutant emissions.

IV. Conclusion
This work, which concerns the simulation of a
rotary kiln in a Tunisian cement factory, leads to
evaluate the exergy, the energy efficiency and the
pollutant emissions from this equipment. Results
show that, the exergetic and energetic efficiency of
the rotary kiln are respectively equal to 0.59 and
0.65. The degraded exergy in the furnace is found
to be equal 43.5 MW. The CO, emissions
accounted for more than 99%. Results reveal that,
approximately 0.9 tons of CO, were emitted per ton
of produced clinker.
The thermodynamic parameters must be optimized
to improve its exergetic efficiency. The Carbon
mitigation and capture strategies need to be used to
reduce CO, emissions in the cement industry.
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Abstract—

Anaerobic digestion is an environmentally sustainable
technology for converting a variety of feedstock’s (waste
sources), including manure, organic fraction of municipal solid
waste (OFMSW) and agricultural residue, to energy in the form
of methane. In this study, dry mesophilic co-digestion of
vegetable wastes (VW) and caw manure (CM) was investigated.
The effect of substrate to inoculum ratio (S/I ratio: 0.5 and 1) on
the biochemical methane potential (BMP) of these substrates
during mono-digestion and co-digestion were investigated.
Methane yields about 31 and 168.3 mL/g VS were obtained
during mono-digestion of VW and CW at S/I of 0.5, respectively.
The low methane yield of VW can be explained by the low C/N
ratio. A methane yield of 284 mL. CH4/g VS was obtained from
VW and CM mixture at S/I of 0.5 and TS of 20%. These results
indicated the highest efficiency of co-digestion compared to
mono-digestion. The Kinetics of biogas production was modeled
with the modified Gompertz model. A higher correlation
between this model and the experimental data was observed (R?
of 0.99 for S/I equal to 0.5).

The optimal conditions obtained from preliminary experiments
of VW and CM co-digestion were studied at laboratory-scale
digester of 10 L (Leach Bed Reactor). Results showed a low
cumulative biogas yield of 445 mL/g VS, which is due to high
level of ammonia and alkalinity

Keywords: Vegetable wastes, cow manure, co-digestion, S/I ratio,
biochemical methane potential

I. INTRODUCTION

As global energy demand is dramatically increasing, the
renewable energy produced from biomass is an alternative
method to energy production based on fossil fuels, which has
negative environmental effects such as air pollution [1,2] .
Anaerobic digestion (AD) is an attractive method for
treatment of organic biomass to recovery renewable energy
and to stabilization of organic matters. Therefore, agricultural
and organic fractions of municipal solid wastes (MSWs) as
well as animal manure are suitable raw materials for energy
production because of their high content of biodegradable
organic matter [3,4]. Because biomass materials generally
contains high amounts of water (50-98% by weight), energy
extraction using thermal treatment methods, such as
incineration or thermal gasification is less optimal since

Phone/Fax: +216 74 874 452

evaporation consumes a large fraction of the energy released.
Thus, anaerobic digestion is often the most suitable method
for the energy extraction from wet and easily degradable
biomass materials [5-7]. Anaerobic digestion of organic waste
can be proceeded on single materials (mono-digestion) or on
mixes of multiple materials (co-digestion). Nevertheless, low
methane yield and high incidence of process instability have
been commonly reported in mono-AD [8]. Co-digestion, a
strategy mainly implemented to enhance biogas production,
balance nutrients, and control acidogenesis in the anaerobic
digestion process, has better performance compared to mono-
AD.

Several studies reported that co-digestion could be beneficial
since it lead to the dilution of toxic chemical compounds,
improvement of nutrients balance and synergistic effect of
microorganisms [9].

Thus, the objective of this study was to evaluate the co-DA of
vegetable waste (VW) and cow manure (CM) mixture. The
effect of S/I ratio on methane yield of VW and CM mixture
was also investigated.

II. MATERIALS AND METHODS

A. Substrates and Inoculum

Vegetable wastes (VW) and dry Cow Manure (CM) were
used as a substrates in this study. The VW was obtained from
the vegetable markets of Sfax city, whereas CM was collected
from local farms. The waste samples were first shredded in a
blender to reduce its particle size then mixed and stored at
4°C until use.

Inoculum was collected from a laboratory anaerobic digester
treating the organic fraction of municipal solid waste
(OFMSW).

B. Biochemical Methane Potential

Two runs of dry AD batch tests were conducted at different
substrate to inoculum (S/I) ratios: S/I=0.5 and S/I=1 (VS
based). In the first run, mono-fermentation of VW and CM
were investigated at TS equal to 20%. Co-digestion tests of
VW and CM were conducted in the second run of tests, where
the total mass of mixture was fixed to 100 g with a TS of 20%.
250 mL glass bottles were used as an anaerobic batch reactors
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and then placed in an incubator at 37 °C. Batch containing
only inoculum without any addition of feedstock was used as
a control. All tests were conducted in duplicates. The air in
the headspace of each reactor was flushed with nitrogen and
then the bottles were incubated at 37 °C to keep reactors at a
fixed mesophilic condition. Methane production was
monitored by measuring the volume of alkaline solution
(NaOH 10%) displaced from the measure bottle and collected
in graduated cylinder.

C. Lab-Scale Dry Anaerobic Digestion

A discontinuous co-digestion of VW+CM mixture was
conducted on double-walled glass Leach bed reactor with a
total volume of 10 L under optimized S/I ratio. The total
amount of VW was 0.7 kg along with 0.1 kg CM were added
in the reactor. 3.5 kg of anaerobic sludge was loaded. The
temperature of the reactor was kept constant at 37 °C by
water jacket and the leachate was recycled using a pump.

D. Data Analysis

The modified Gompertz equation has been commonly used
and identified as a good empirical non-linear regression
model in the simulation of biogas accumulation [10,11]. The
maximum methane production rate (Rmax) and lag phase (A)

were determined by fitting the modified Gompertz model (Eq.

(1)) [12] to the experimental cumulative methane production
curves.

M=P exp {-Exp [R’;xe ':?.-TJ—I]} Eq (1)

where M is the cumulative methane expressed in mL CH4/ g
VS; P is the maximum methane potential (mL/g VS); t is the
time (day); Rmax i1s the maximum methane production rate
(mL CH4/ g VS. d) and A the lag phase (day). P, Rmax and A
were determined using Mathematica.

The correlation index (R?) was quantified to indicate the
accuracy of the models.

E. Analytical Methods

Standards methods were used for measurement of Total
solids (TSs) and volatile solids (VSs) [13]. pH was measured
by a pH-meter. Soluble COD was estimated as described by
Knechtel [14]. Total nitrogen Kjeldahl (TNK) was
determined using Kjeldahl-N method. The identification and
quantification of volatile fatty acids (VFAs) as acetate,
propionate, butyrate and isobutyrate, were carried out by
HPLC. Samples were acidified with 1 M H>SOs, centrifuged
for 15min at 12 000 rpm, filtered through 0.45 pm filter
(MILLIPORE) and finally injected (20 pul). The assays were
performed on a Shimadzu CTO-10 AS apparatus composed
of a Hiplex H column (300 mm x 7.7mm) connected to UV
detector (210 nm). The mobile phase was H.SO4(0.017 M) at
a flow rate of 0.6 mL/min, and the column temperature was
maintained at 50 °C. Total Organic Carbon (TOC) based on a
high-temperature combustion method and Inorganic Carbon
(IC) were measured in dissolved matter using Shimadzu

Copyright -2019
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TOC-VCSN Total Organic Carbon Analyzer with Shimadzu
ASI-V auto sampler.

III. RESULTS AND DISCUSSION
A. Physico-Chemical Characterization of Agriculture Wastes

The characteristics of the vegetable wastes and cow
manure are shown in Table 1. VW has an acid pH (5.2),
which could be explained by the high VFA concentration (2
g/L), while CM is characterized by an alkaline pH. VW has a
low TOC and TNK compared to CM. In addition to its low
C/N ratio, VW was characterized by high moisture content.
Therefore, their mixture could complement each other to
achieve a suitable nutrient content for anaerobic co-digestion.

TABLEI
CHARACTERISTICS OF THE SUBSTRATES USED IN THE BATCH TEST

Vegetable Waste | Cow Manure
pH 5.29£0.03 8.7 +0.02
TS (g/kg) 166.82 + 1.4 736.83 £2.62
VS (g/kg) 147.57 £ 0.86 470.37 £4.33
SCOD (mg/g) 286.45 + 15.67 321.7+£23.07
TOC (g/Kg)* 401 £4.24 3711 £11.17
TNK (g/Kg) 5.6+0.12 15+0.78
VFA (g/L) 2.22+£0.25 0.96 +£0.34

*Dry matter

B. Biomethane Potential of Batch Digestion Experiments

As shown in Figure 1, the methane yields of the two mono-
substrate (VW,CM) increased quickly and then decreased. At
the end of AD, VW as single substrate achieved a methane
yield of 31 and 46 mL/g VS for S/I equal to 0.5 and 1,
respectively (Fig. la). The low methane yield could be
explained by the insufficient buffering capacity of VW due to
the imbalanced of acidogenesis and methanogenesis, thereby
disrupting the performance of the AD [15]. This result
confirm that vegetable waste alone was not suitable for AD.
However, methane yields of 168.3 and 132.8 mL/g VS were
obtained during mono-fermentation of CM at S/I ratios of 0.5
and 1, respectively (Fig. 1b).
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Fig. 1 Cumulative methane yield as function of digestion
time for mono-substrate (a) vegetable wastes and (b) cow
manure at different S/I ratios

The daily methane production and the methane yield of
VW+CM mixture at different S/I ratio are summarized in
Figure 2. The first methane peak was reached at the 4™ day
for the both S/I ratios (0.5 and 1). After that, the biogas
production for the two S/I ratio was different, while the
biogas production for S/I of 0.5 tended to rise, however, the
biogas production for S/I of 1 started plummeting (Fig. 2 a).
During the co-digestion of VW+CM mixture at S/I equal to 1,
the low methane production might be caused by the high
concentration of the VW, as VW could promote fast
acidification of medium, which is unfavourable for
methanogenesis [16,17]. For S/I of 0.5, the daily methane
production showed several methane peaks and the most
important one of 342 mL/d was obtained at day 11. This
result was possibly due to the suitable ratio providing
appropriate conditions to promote cow manure degradation.
VW+CM mixture gives the best methane yield of 284 mL/g
VS at S/ of 0.5 (Fig. 2b). Methane during co-digestion of
VW and CM was significantly higher in comparaison to
mono-digestion of VW (10.9 folder) and CM (0.5 folder), at
S/ ratio of 0.5

Statistical analysis demonstrate that methane yield of S/I of
0.5 was significantly higher than that at S/I equal to 1 (e.g. P-
value =0.027 for CM+VW mixture). It can be concluded that
S/T of 1 lead to inhibition of micro-organisms explained by
overloading phenomena. Similarly, Li et al., [18] found that
methane yield was decreased as S/I ratio was increased

during co-digestion of kitchen waste and cow manure mixture.
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Fig 2. Daily biogas production (a) and methane yield and
their models (b) of the anaerobic co-digestion of vegetable

waste and cow manure at different S/I ratios

In order to compare the effect of S/I on methane yield,
empirical non-linear regression models (Eq. (1)) were fitted
to the data and the constants estimated are summarized in
Table 2. The R? results and Fig 2b demonstrate that all
experimental data showed a good fit with Gompertz model.
As shown in table 2, Ry rise from 5.6 to 12.1 mL/g VS.d for
S/T of 1 and 0.5, respectively, which corresponded with the
delay in the establishment of the exponential methanogenesis
phase. Besides, the rate of methane yield at S/I of 0.5 was
7.5-fold faster than that at S/I of 1.

TABLEII
Model parameters estimated from the co-digestion of VW and CM at
different S/I ratio

SA A(d) Rumax P R?
ratio (mL/gVS.d) | (mL/gVS)

0.5 2.66 12.13 273.49 0.99
1 0.43 5.65 36.19 0.96

A: Lag phase time (d), Rmax: Maximum methane production
rate (mL/g VS.d), P: Estimated ultimate cumulative methane
yield (mL/g VS)

C. Reactor Performance

Figure 3 illustrates the variation of daily biogas production
from VW and CM mixture and methane content during co-
digestion. Digestion process can be divided into three
separate time periods. During early time (period I: From 0- 4
days) biogas production increases consistently from initial

Page 210


PC2
Texte tapé à la machine
Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

PC2
Texte tapé à la machine
Copyright -2019
ISSN 1737-9334

PC2
Texte tapé à la machine
Page 210


Proceedings of Engineering & Technology (PET)
27-29 April 2019- Tabarka, Tunisia

day to a peak value of about 8.9 L/d. At intermediate period
(period II, From 5-19 days), biogas production decrease with
a presence of a small peak of about 2.4 L. at later times, the
biogas production decreased again with a much lower rate
and becomes constant at a value of about 380 mL after 28
days of digestion.

During the first period the CH4 content was below 50% which
indicate the imbalance of AD. Thus in this period, hydrolysis
of easily biodegradable compounds (i.e. sugars and
carbohydrates) and acetogenesis stage are faster than
methanogenesis step. In the second stage, methanogens
activity was improved and resulted an increase of methane
content. At the third stage, the decrease of biogas production
could be explained by the inhibition of methanogens activity.
Therefore, the pH and total alkalinity of leachate were of 8.5
and 5.7 g/L at the end of DA, contributing to instability of the
anaerobic digestion process. On the other hand, an
accumulation of ammonia was also noticed with a
concentration of 2.7 g/kg for a digestate at the end of AD.
The ammonia increment of 29 % could resulted in a failure of
AD and a decrease of biogas production [19].
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Fig. 3. Daily biogas production (a) and methane yield (b) of
the anaerobic co-digestion of vegetable wastes and cow
manure on leach bed reactor.

IV.CONCLUSIONS

In this study, the impact of co-digestion versus mono-
digestion of vegetable wastes and cow manure was
investigated at different S/I ratio. Result showed that co-
digestion of VW+CM improved methane yield of about 10.6
fold compared to mono-digestion of VW at S/I ratio equal to
0.5. Adding to this, the later ratio leads to methane yield

Copyright -2019
ISSN 1737-9334

higher than that of S/I equal tol. Estimated parameters from
regression models confirms that S/I ratio of 0.5 improve the
methane production of VW+CM mixture. However, co-
digestion of VW+CM mixture under optimized S/I ratio
conducted in bed leach reactor showed a low biogas yield of
445 mL/g VS This could be explained by the high levels of
total alkalinity and ammonia at the end of AD process.
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Abstract— In this work, we develop and simulate an accurate
model of a gird connected photovoltaic system composed by a
photovoltaic generator, a buck converter and a motor-driven
pump. The modeling method reposes on the multi-model
approach and elaborate a flexible and reliable model. This can
be used to develop easily an intelligent controller to effectively
attain Maximum Power Point Tracking (MPPT) in Photovoltaic
(PV) system. The simulation result of the obtained model proves
the success of this model to represent closely the system behavior
under different climatic conditions of temperature and
illumination.

Keywords— Multi-model approach, Photovoltaic pumping
system, Convex polytopic transformation, vertex matrices,
extreme values of temperature and illumination.

I. INTRODUCTION

Traditional energy sources are not able to meet the
growing demand for energy worldwide. Therefore, alternative
energy sources like biomass, sunlight and wind, come into
mentality. In this context, photovoltaic energy presents a
source of attractive energy; it is non-polluting, sustainable
and renewable. Today, photovoltaic energy is increasingly
used in various terrestrial applications such as lightning,
water pumping and telecommunication [1], [2]. Though, its
exploitation is less than conventional energy sources due to
the high cost and the low efficiency of photovoltaic systems.
Consequentially, it is necessary to have flexible and reliable
models, in order to perform an intelligent command to getting
its performance as maximum as possible.

The Photovoltaic System performance is greatly depending
on temperature and solar radiation (intermittent production).
The rational employment of solar energy imposes the
determination of the maximum operating Photovoltaic
Generators (PVG) and estimation of the produced energy.
Knowledge that goes through the modeling of photovoltaic
systems. In literature, many techniques have been proposed
for modeling and simulating (PVG) based on a diode model.
Although, a great number of this techniques are based on the
adjustment of the curve I(V) at the points of the experimental
curve, which requires the graphic extraction of curve slope at
determined points or require an experimental analysis of
photovoltaic device. These techniques have drawbacks, for

the experimental curves I(V) are not permanently accessible
in manufacturers’ data sheets, and devices for measurement
of experimental data are not usually available as well. Others
modeling techniques based on the modification of the
electronic characteristic of a diode model of photovoltaic cell
[3]. Some others have proposed techniques of modeling tools
based on the adjustment of the curve P(V). Although, this
latter is based only on the characteristic I(V) and the peak
power of the resulting model is not always peak power of the
real device. Furthermore, there are few modeling studies
based on artificial intelligence such as multi-model approach
[4]. The main advantage of the multi-model approach lies in
the ability to provide an accurate model for the nonlinear and
complex systems. This advantage is exploited in this work to
establish a perfect model of a gird connected photovoltaic
system. The latter system is presented by several simple
models easy to manipulate, without use of an order reduction
technique which causes an information loss, and without
require of the functioning point identification.

This paper is organized as follow: in section 2, we present the
photovoltaic pumping system to be study. In section 3 we
give its model state. The elaboration of the multi-model
representation of the system is detailed in section 4. In section
5, we give the simulation results and interpretations.

II. PRESENTATION OF THE STUDY PHOTOVOLTAIC
PUMPING SYSTEM

A photovoltaic pumping system is generally composed by a
photovoltaic generator, a motor-driven pump and a water tank
to ensure the continuity of the supply when solar energy is
not sufficient. Two types of systems can be used. In the first
type, the Photovoltaic Generator (PVG) is directly coupled to
the motor-driving pump. In the second type the PVG can be
coupled either to an AC motor-driven pump through a DC-
DC converter connected to a DC-AC converter [5], or to a
DC motor-driven pump through a DC-DC converter. The
latter type is the subject of our interest, indeed we will
modeling the photovoltaic system consists of a PV generator
coupled to a DC permanent magnet motor through a buck
convertor which equivalent circuit diagram is the following:
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Fig. 1 Electrical diagram of water pumping photovoltaic system.

It’s consisted by the following components:

e  Photovoltaic Generator (PVG)
The PVG consist of N, arrays connected in parallel. Each
array is composed of n, panels associated in series, and each
panel is formed of n. cells related in series. Therefore, the
array is composed by N, = n,, x n. cells. So, if the cell current
is I and its voltage is V.. then the PVG current and voltage
are successively: I, = Nul,.c and V, = N,V

e  Buck converter
The chopper is controlled by the switched control variable u
and its input is connected to the capacitor C, which allows
transforming the current source I, to a voltage source V.

e Diode
The diode ensures continuity of the current in the motor at
the moment of disconnecting power to avoid peak
overvoltage.

e Motor-driven pump
We consider a DC permanent magnet motor with Constant
flux, where the armature reaction and the switching
phenomenon are assumed to be negligible.

III. STATE MODEL OF THE PHOTOVOLTAIC PUMPING

The electrical behavior of a PV cell can be described with
good accuracy by the single diode equivalent circuit [6]. The
ideal equivalent circuit is a current source in parallel with a
single-diode which governed by the following equation:

qVpuc
Ipvc = Iphc — Igq (6 KnTe — 1) 9]
where :
Iyye: PV cell current;
Iyt light current;
I;4: diode reverse saturation current;
Vove: PV cell voltage;
g=1.6. 10" C : electron charge,
K =1.38. 10?*J/K : Boltzmann’s constant,
n : ideal factor,
T. : the actual cell temperature.

From the last equation, we can deduce the expression of the
PVG output current I, according to its voltage Vp:

qVp
Q=MMFWM4WWW—0 @)

If we consider: I,, = Nyl and I = Nplg, then we can
write the following:

avp
Iy = Ipn — I (e”s”c" - 1) 3)

The motor-pump functioning is described by the following
equations:

Ve 0+ LZ8 4RI, @)
J 2 = Kyl - O )

where:

k.: counter-electromotive force constant

Q: angular velocity

L: electric inductance

R: electric resistance

f: motor viscous friction constant

ky: torque equation constant

J: total inertia moment

The current I, and the voltage V},, are expressed according the
switched control variable u as following:

I.=1p —u.lp, (6)

Vo =u.V, @)
Combining the above equations gives:

(e _1, _1

| & TP imt

dm _ L _Rp _ke

I;—LVP.U le LQ (8)

aw _ky ;1
k at ~ J I ]Q

X1
If we considered the state vector x = Ile
X3

where:
x; =V, ;x, =L, and x3 = Q. Then the model state of the
water pumping photovoltaic system presented in figure (1)
can be written as following:

( %=1, —ixu

| 17 ¢ ¢72

A R ke
{xz—Lxl.u TX2 — X3 9)
. kp f
X3 =—Xx, —=X

k 3 J 27 7%
we suppose that a(x;) = ?p, then system of equations (9) can

be written as follow:
. 1
( X% = alxy) — XU

. 1 k
sz ST7XUT T Xy T X (10)

where a(x,) varies depending on the temperature and
illumination.

The system non-linearity comes from the exponential
function which describes the internal diode behavior in the
expression of I,. This function prevents to isolate V, by a
reliable linearization. Consequently, the dependency between
I, and V, constitutes a major obstacle for the command
synthesis. To solve this problem, we will use in this paper, a
transformation procedure of system in order to writing the
model state in multi-model form .That makes it possible to
calculate easily a robust control for the system, under
different climatic conditions of temperature and illumination.
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IV.MULTI-MODEL REPRESENTATION OF THE
PHOTOVOLTAIC PUMPING SYSTEM

A. Multi-model principle

A multi-model is a system representation composed by a
set of simple models easy to manipulate, each of which is
valid in a well-defined feature space corresponding to a part
of global system’s behavior [7]. One degree of validity is
associated to each of these models forming a base of model.
An activation function which tends to 1 in the feature space
and tends to zero outside, specifies the validity degree which
estimates the model contribution in the global functioning of
the system. The global system’s behavior can then be
described by the combination of all models of the base. In
literature, we can mention three approaches which are largely
used for obtaining a multi-model representation: by
identification, by linearization and by non-linear sectors
transformation [8]. In this paper, we will be interested in the
last approach. It is a convex polytopic transformation of

scalar functions origin of nonlinearity.

B. multi-model elaboration

In order to represent a pumping system in a multi-model
form, we will first transform the non-linear model state (10)
into a quasi-Linear model with Variable Parameters (quasi-
LPV) having the following form:

x =A(p(x,u))x+B(p(x,u))u (11)
It deserves mentioning that the parameters vector p(x,u) will
be different in the matrices A and B. However, for simplicity,
a single notation will be used in those two matrices.
Since the state variable x; can vary depending the
temperature and illumination between a non-zero minimum
and a maximum values, therefore we can reformulate the
system of equation (10) as follow:

{551 = a(%)-(i_i) —%xz.u

. 1 R ke
4x2=2x1.u—2x2—7x3 (12)

k X3 = %xz - §X3
This makes it possible to establish the following quasi-LPV

form of the photovoltaic pumping system:

X1 alxy)/x; 0 —x,/C
BLl=| 0  -R/L —k o/L [sz x,/L lu (13)
X3 0 ke/]  =f1]

Thereafter, we define the set of non-constant variables in
matrices A and B as the set of premises V, [9]:
V, ={z1(%), 2,(%), z3(x) },

where: z; () = a(x,)/%; ;Z,(X) = —%,/C ; z3(X) = x,/L.

Each of these premises can be bounded by two extreme
values depending on temperature and illumination:
z; <z;(x) <7; 7, <7,(x) <7y; 73 < z3(x) <73
Then, we apply to these bounded premises a polytopic
transformation based on the following lemma [10].

Lemma: Any nonlinear function: g(x):R — R satisfying
g < g(x) <g;Vx canbe written as:

gx) = G1(X)g +G,(x)g ; where:
(%), (x) 90)-g
G, (x) = o ggx 5 G,(x) = p

and the functions G;(x) satisfy the convex sum property i.e.
G;(x) + G,(x) =1,and 0<G;(x) <1,Vx.
After premises transformation, we obtain:

z;(x) = Fu(2:())z + Fi(z;(x))z;; 1 €{1,2,3}  (14)

where:
Fu(200) =% 2 Fo(z(e) =2, 22229 (15)
Fi1(z;(x)) + Fp(zi(x)) = 1 (16)

We will denote by F;; instead of F;;(z;(x)), j € {1,2}.

Our aim consists in evaluating the matrixes A and B from the
polytope vertex matrixes which defined from the partitions of
the premises that configure in these matrixes.

Considering:
z(x) 0 0 0 0 0
A(z,(x)) =[ 0 0 0[,4= IO —R/L —ke/Ll.
0 00 0 ky/I —f/]
Then the matrix A(p(x,u)) can be expressed as follow:
A(p(x,w) = Az, (x)) + Ao (17

when z;(x) is replaced by its expression of equations (14)
and (15), we can obtain the next equation:

Z 0 0 zz 00
A(z;(x)) =Fi;.|0 0 O|+Fiz.l0 0 0 (18)
0 0 O 0 0 O

The next step is to multiply the members of equation (18) by
the unit term: (F,; + F,,)(F3; + F3,), which gives the
equation (19).

A(Z1(x)) = WAy + U Ay F Uz A A+ isAy + pgA,

+u74; + ugl, (19)

where:
U1 = Fo1F31Fiy5 ly = Fo  F3o 5 pg = Fop B0 Fig;

Ua = FoaF3Fiq5 ths = Fo1F31Fyp;
Ue = Fo1F33F 55 7 = FouF31Fip; g = FopFapF o

Z 0 0 zz 00
Ay =10 0 OfandA,=]0 o0 of
0 0 O 0 0 O

Consequently, matrix A(z; (x)) is written as a function of
two vertex matrixes A; and 4,.
We proceed in the same way for B in order to express it
according to the premises z, and z5.
We have :

z,(x)
B(p(x,u)) = Bz, (x), z3(x) )=Iz3 (x)l (20)
0

first, B(p(x,u)) is decomposed with respect to z,(x), then
with respect to zz(x) :

Z3 Z
B(z,(x), z3(x)) =F21-F31E + Fy. F3y |z5| +
0 0
z; 22
Fy1.F55 |Z3| + Fpp. Fay Z_3] (2D
0
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After that we multiply the members of the equation (21) by

the unit quantity (F;; + F;,). So we find the subsequent
expression of B(p(x,u)) :

B(P(x'u)) =W By + u;Bs + 3By + iy By + s By +

MeBs + 17 B, + ugB, (22)

with: By = |z5|, B, = |z5|,Bs = |Z3|, B, = ﬁl
0 0 0 0

therefore, matrix B(p(x, u)) is then written as a function of

four vertex matrixes B;,B,, B; and B,.

Finally the state model of the photovoltaic pumping system

can be reformulating according the vertex matrices as

following:

X = (Ags 9141 + 9,4,)x + (O3B, +9,B, + 9sB; + 9¢B,)u
(23)

where:

Uy =ty + Uo + Uz + phy; Uy = Us + Ug + 17 + Ug;

U3 = Wy + Us, U4 = U3 + U795 = Uy + phe; D6 = [y + g

It is deserve mentioning that each vertex of the polytope

defines a linear subsystem, and that the nonlinearity of the

global system is rejected in the weighting functions 9;.

V. SIMULATION RESULT

In order to show the reliability of the developed model,
we will consider a photovoltaic pumping system which has
the following characteristics:

- PVG: PV module : SPM (P) 240-260W;
Isc = 8.34;V,, = 31.58V; Ly, = 7.64; V,, = 36.6V;
Bo = = ag = “%; Ny = 60; NOCT = 45 F 2°C.

- Motor-pump DC : It is characterized by a nominal
2000¢tr

functioning point: u, = 24V; I, = 124; w,
Its parameters are: R = 1.072; L = 0.05H; f =
8814.1077N.m.—;

k, =0.5; k, = 0.1; ] = 476.10"°Kg.m?; C = 4.7mF.
Concerning the experimental conditions, we choose the

maximum and minimum values of temperature and irradiance

as follow:
_ 1200 400w

Grax = m2 Gonin = mZ ' Tnax = 60°C; Ty = 0°C.
The extreme values of the PVG voltage V, and the current [,
are calculated according to the temperature and irradiance by
the following formulas [11], [12]:

V, = Vop |1+ 0.0539Ln (Gio)] +Bo(Te —Tro) (24

qVp
I, =Ly — I <eNsKTcn _ 1) (25)
where : T, =T, + [NOZZO_ZO] .G

with:

T,: Temperature of the PV module;

T,: is the ambient temperature;

T¢o: Temperature of the PV module at STC;

NOCT: Nominal Operating cell Temperature;

Vinp: The maximum PVG voltage under standard conditions;
a, : Coefficient of current according the temperature;

B, : Coefficient of voltage according the temperature;

T, = 298°k; G, = 1000Watt/m?.

The ideality factor n depends on PV cell technology and can
be chosen in [13]

Ipp, is expressed according temperature and irradiance by the
following equation [14]:

G
Lpn = a(lsc + ao(Te — Teo)) (26)
and I is given by the equation (27).
T, 3o
IS — Iso( C/T(;g) eNsnKTco Tc 27)

where Eg is the bang-gap energy of the semiconductor used
in the cell, and I, is given by:

+ (28)
eN SnKTCO -1

After calculating the weighting functions 9; and the vertex
matrices relating to the model developed according to the
preceding parameters, this latter is simulated in Matlab
environment. The result is given in the following figure,
which illustrate the evolution of system’s PVG voltage and
that of model PVG voltage for different temperature and
irradiance pairs chosen arbitrarily, and for two values of
command randomly selected.

Igo =

5 X 1073 5 x1 0—3
[— (G,T)=(600,20)] [—(G.T)=(1100,40) |
X: 3.897e+06
0 J- 0 h Y:-1.782e-09
o 2 4 0 2 4
3 X 106 X 106
4Xx10 0.5
{ —(G,T)=(800,30) { { — signal of command
2 0.4
ol 0.3
2 0.2
- A
% 2 2 %% 2 a4
x 10° x 10°

Fig. 2 Evolution of the system’s PVG voltage and that of the model’s PVG
voltage, for two different values of command and different couples of
temperature and irradiance

We note that the error between voltage generate by the
system’s PVG and that generate by the model’s PVG under
diverse climatic conditions of temperature and illumination,
and for different command decreases up to 10®. This result
leads to a model able to imitate with a great precision the
PVG voltage of the system.

To test the model aptitude to replicate the behavior of all
system state variables, we have simulated the angular velocity
Q of the system and that of the model. As well as the motor
current [, of the system and that of the model. The
simulation result is given respectively in figures 3 and 4:
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41X 10° 41X 10°
[—(G,T)=(600,20) | [—(G,T)=(1100,40)
0.5
05
0 rlv’ ﬂ
v 0 Iy wn
0.5
P 0.5
13 2 s o 2 4
6 6
3 x10 x 10
1 x 10 0.5
| —(G,T)=(800,30)| — signal of command
0.5 0.4
o|fjr 0.3
s e
0.5 0.2
o 2 2 %% 2 a4
6 6
x10 x10

Fig 3 Evolution of the angular velocity () of the system and that of the
model. for two different values of command and different couples of
temperature and irradiance.

o X 10" o X 10"
[— (G,T)=(600,20)] | [ — (G,T)=(1100,40)|
A iy N
0 X: 3.834e+06 0 vv u
Y:-2.986e-12
-2 -2r
] -4
4 2 a 0 2 4
6 6
. x 10 x 10
2 x 10 0.5
{— (G, T)=(800,30) { { — signal of command
i 0.4}
o/in I
0.3
-2
0.2
“ 2 s % 2 4
x 10° x10°

Fig 4 Evolution of motor current I, of the system and that of the model, for
two different values of command and different couples of temperature and
irradiance
We notice according to the simulation results given in figures
3 and 4, that the modeling error reaches 10'? .These results
demonstrates the model success to reproduce with high
precision the conduct of the system state variables. That

attests again the high quality of the elaborate model.

VI.CONCLUSION

The performance of a Photovoltaic pumping system
highly depends on the weather conditions, such as
temperature and illumination, so does the performance of the
PV generator degrade with increasing temperature and
decreasing illumination. To provide water continuously
throughout the year, a PV pumping system must be led by

Copyright -2019
ISSN 1737-9334

intelligent control which depends heavily on the quality of the
system model. = The model must guarantee a correct
description of the expected variation in the system. This
objective is reached by the model structure proposed in this
paper. Indeed, we have developed an accurate model that
represents the behavior of the system under different climatic
conditions of temperature and illumination. The multi-model
approach is used to represent the system by a set of simple
models, which calculates according the extreme values of
temperature and illumination. The modeling begins with the
establishment of the quasi-LPV form, then the identification
of the premise variables, next the premise decomposition and
finally the development of matrices and weighting functions.
The simulation results of the method proved the good quality
of the established model. In perspective, this work will be
continued with a practical implementation of the model by an
Arduino board for increasing the efficiency of the system to
extract the maximum energy.
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