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Design Solar Cell Patch Antenna for SGHz WLAN
Application

Sara A. Rashed ' 'V, Fathi Hareb ®, Said Elkhetali’”

School of Engineering and Applied Sciences, Department of Electrical & Electronic Engineering.
Libyan Academy of Graduate Studies. Tripoli, Libya

sararashedeng @ gmail.com , fathi.hareb@academy.edu.ly

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].

Copyright© 202
ISSN:2961-6611
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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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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 =
Y 3 __ e J.."" W ""'-l. o
// b r’f
: \ 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. A T

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 Ve Sy et (SO,

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

; Hawozes Vaptuk e €
,—-—-"_\-‘—ﬁ\ - o /ﬂ— —_ [ [ Ll 3

e L 2 Freqeney | (85
|

Figure 6. VSWR at frequency 5.1219 GHz

\\J

8

4

C. Gain

' v The antenna has varied gains at frequency range between
N Al W B A ¢ & Wk ow a 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

4th InternationalConferencen Innovationin BusinessEconomics& MarketingResearci{IBEM - 2023’
Proceeding8ook SeriesPBS-Vol 7

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.
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Where f,and g, were the distribution function of particles;
7, and 7, characterizes the relaxation time of the density

istribution function. In this model, the discrete velocities (¢, =
(Cyxr Cor) With i = 0..8) for the D2Q9 model are defined as:
co =(0,0),c; = —c3 =(c,0),c, = —c, =(0,0),c5 = —¢c; =

1
+ Cq. Vﬁx = _[_f(ﬁxeq - fa) +F (1)

. Ax . .
(c,c),ce = —cg = (—c,c) withc = " and in our studies c=1

(Ax is the lattice size and At is the time step.
The equilibrium distribution functions f,*? and g,? are written

as [21]:
eq - Cype Ul N 1 (ca. u)z u? 3
fo = pWa ¢z 2\ c? 2c2 )
2Cq Ui\ pu
pe(em)S @

The weighting factor w; are given by wy =4/9,w,., = 1/9
and wg._g = 1/36.
The discrete forcing terms are given by:

pu At puLy;  2p9y; uj
Fi = —WoAt—+ — cy (— — 7 %+ — 8| (5)
2puu uyd
G = _ 2Pt _ PUov (10)

2
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
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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
w o 9] Q
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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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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
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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]
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q (2429, 10)
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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.
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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© 202
ISSN:2961-6611

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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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.
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(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

4th InternationalConferencen Innovationin BusinessEconomics& MarketingResearcfIBEM - 2023
Proceeding8ook SeriessPBS-Vol 7

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.
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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 3 &r °

Z\ﬁrcxmamn ::be\: R>>1) e (kg/ m ) (S/m)

o ‘l Skin 1109 38.4 1.310

Freginy £ Muscle 1090 53.2 1.519

S 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

White Matter 1041 36.6 1.050

, Eye (Humor) 1005 68.4 2.220

AT Eye (Sclera) 1005 53.1 1.790

VA v 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 744 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
Z 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 used in 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
between head and antenna (5&10 mm).

SAR SAR
Tissue wkg) wkg)
Smm 10mm
Skin 0.5316 0.369
Muscle 0.278716 0.25
Bone 0.05 0.038
Blood 0.3 0.4304
Fat 0.0411 0.028
Cartilage 1.69 1.626
Gray Matter 0.1923 0.1923
White Matter 0.12116 0.127
Eye (Humor) 0.1104 0.070686
Eye (Sclera) 0.08905 0.05699
Eye (Lens) 0.04266 0.02730
Air 0 0
Cerebellum 0.1763 0.0899
Dura 0.00563 0.0056
CSF 0.5646 0.5646
Nerve 0.0504 0.0503
Tongue 0.00286 0.0005
Pituitary G 0.052 0.020238
Lacrimal G 0.1756 0.1245
Parotid Gland 0,72 0.6662

Iv. CONCLUSION

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
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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
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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.

4th InternationalConferencen Innovationin BusinessEconomics& MarketingResearcfIBEM - 2023
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Fig.5 : H-Bridge Circuit used in the robot

+ G + + +
Sinch | /Snuh: swich1 Swikch 2
Focward Reverse
D "
MOTOR MOTUR
snach3 Swach & Switch ) Sweach &

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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Abstract:

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
companies, Control, Financial performance

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
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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
support, trust.

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© 2023
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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.
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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

4th InternationalConferencen Innovationin BusinessEconomics& MarketingResearcIBEM - 2023’
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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
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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'
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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
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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
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its performance. For a CSR approach to be truly beneficial
for both the company and its employees, it must be built

coherently, and be part of a win-win exchange while aiming
for a longer horizon, wider than the short term or that of a
marketing vision.

Finally, we are aware that the variables of the
conceptual model proposed in this article are quite
numerous, and the relations between them are very complex.
This article paves the way for new and very important
research perspectives for researchers and doctoral students
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.
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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,

Page 45


PC2
Texte tapé à la machine
Page 45

PC2
Texte tapé à la machine
4th International Conference on Innovation in Business, Economics & Marketing Research (IBEM - 2023)
Proceedings Book Series -PBS- Vol 7

PC2
Texte tapé à la machine
Copyright © 2023
ISSN: 2961-6611 


Copyright© 2022
ISSN:2961-6611

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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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)

4th InternationalConferencen Innovationin BusinessEconomics& MarketingResearciflIBEM - 2023’
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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.

2100
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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)
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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.

(@) (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 wit