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Abstract—Solar drying is the oldest preservation technique of
agricultural products using several types of solar crop dryers
based mostly on solar energy, which is abundant, renewable and
sustainable. This study aimed to modeling a new solar
greenhouse drying system (SGDS) for the drying of red peppers.
The proposed mixed-mode (SGDS) consists of two main parts,
namely a flat plate solar air collector and an experimental
greenhouse.A mathematical model is developed using the
TRNSYS simulation program to predict the change in the drying
kinetics during the drying process under our proposed (SGDS).
The experimental part consisted in testing the solar air collector
to investigate its performance. The test showed that this solar air
collector has a good performance; its efficiency varies between
0,5 and 0, 65. The influence of the area of the product to be dried
was studied, and to show its effect on moisture content changes
and air temperature and humidity inside the greenhouse. The
area of product was varied from 10 to 40 m?. For the case study
of this SGDS, the results obtained from simulation showed that
the optimum values of area of the product to be dried were found
to be 40 m2. It’s more suitable to dry all the quantity of peppers
simultaneously.

Keywords— Solar greenhouse drier; solar air collector; TRNSYS;
Simulation

|. INTRODUCTION

The greenhouse dryer is a system that uses the standard
greenhouse structure to work as a solar dryer during the
warmer months of the year, also the product will be
completely protected from rain, dust, insects and animals
during drying.It is a simple structure, large load capacity and
relative good thermal performance. Various investigators have
introduced the greenhouse for drying agricultural products
such as. ELkhadraoui et al [1] studied and compared the thin
layer drying characteristics of Sultana grape and red pepper in
the new solar greenhouse dryer and under open sun.Farhat et
al.[2] have proposed polyethylene greenhouse dryer under
natural convection mode for the drying of pepper. This leads
to more than an 83% reduction of mass of the pepper at the
end of the drying process.Banout et al [3] presented a new
design of a double-pass solar dryer (DPSD) for drying of red
chilli and compare it to typical solar cabinet drier and
traditional open-air sun drying technique. Janjai et al. [4]
whom studied the experimental and simulated performance of
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a PV-ventilated solar greenhouse dryer for drying of peeled
longan and banana. A system, of partial differential equations
describing heat and moisture transfer during drying was
developed and solved numerically using the finite difference
method. A large-scale greenhouse type solar dryer for drying
chilli with an area of 8x20 m? was studied by Kaewkiew et al
[5] in order to investigate its performance compared with
natural sun dried. A mathematical model was developed by
Kooli et al [6] to simulate the greenhouse drying of red
pepper.This model was validate with the experiments results
at constant laboratory conditions and at varying outdoor
conditions. Forson et al [7] introduced a mathematical model
for drying agricultural products in a mixed-mode natural
convection solar crop dryer .The governing equations of the
drying air temperature and humidity ratio, the material
temperature and its moisture content and performance criteria
indicators were derived. Results of simulation runs using the
model were presented and compared with the experimental
data.Tunde et al [8] study the drying characteristics of chilli
pepper by sun and solar drying and to develop a mathematical
model for describing the thin-layer drying process for the sun
and solar drying of chilli pepper. Dilip Jain et al [9] a
mathematical model is devised to study the thermal behavior
of a greenhouse while heating with a ground air collector
(GAC) The model was validated experimentally in the climate
of Delhi for the winter season. A computer program based on
Matlab software has been used to predict the plant and room
temperatures as a function of various design parameters of the
ground air collector. Fadhel et al. [10] performed an
experimental study to compare the thin layer drying
characteristics of red pepper in the open-sun, under a
greenhouse and in a solar drier. Inés[11] was developped a
mathematical model for simulation of solar drying of grapes
The model was validated with experimental field solar drying
data and represents an advance for the accurate prediction of
the drying of grapes. Karina et al [12] present a simulation
model for air drying of red pepper, which takes into account
the quality deterioration during the process, and the results
showed that the rate constants increased with temperature and
product moisture content.

In this study, a new solar drying greenhouse system (SGDS)
consists of two mainly parts namely a flat plat solar air
collector and a greenhouse was presented for drying red
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pepper.A mathematical model was developed using TRNSYS
simulation program to predict the effect of the area of the
product to be dried in drying kinetics and an experimental test
of solar air collector to investigated its performance

I1. MODELING OF THE SGDS ON TRNSYS:

The SGDS was modeled in TRNSYS fig 1 .The solar air
collector has been modeled by a component TYPE1lb. The
greenhouse has been modeled by a multi-zone subroutine
component TYPES56. This component models the thermal
behavior of a building with multi-thermal zones. The solar air
collector has been modeled by a component TYPElb. The
greenhouse occupy a floor area equal to 14.8 m?, 3.7 m wide,
4 m long and 3 m high at the center. The greenhouse walls and
roof are covered by plexiglass with 0.003 m of thickness. To
exhaust the moist air from the greenhouse, it was equipped
with two centrifugal fans. This drying system has a maximum
capacity of drying 80 kg of peppers. It could accommodate
four trays in stacks with a total drying area of 40 m?and the

dimension of one tray is 2.5 mx4 m.
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Fig.1 TRNSYS model of the solar dryer.

The heat transfer in the greenhouse are treated using the
component Type 56.The exchanged flows between the
greenhouse and its environment are presented in fig.2.
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Fig.2 Heat and mass exchanges considered in the greenhouse

Produit

The sensible energy balance for an arbitrary building
geometry is presented by the following equation

dT, - ) +C )y + G
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Here, the Q_, is the total gain from all inside and outside
surfaces , The Qinf which is the total infiltration gains, The
Qvem ,ventilation gains produced by a user-defined ventilation
system, The final two terms in Eq. (1) represent the internal
convective gains due to the appliances and the occupants, Qgc
and the convective gains due to the coupling of zones Qcplg .

The moisture balance used in this model is presented by the
following equation:

Mett,i % = minfl (0a— ®i) + my(@y - mi) + Wgi (2

Where Wy; is the internal moisture gain due to the moisture
generated by the product (peppers)

A general equation for solar thermal collector efficiency can
be evaluated by Klein et al. [13]:
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which is the general solar collector thermal efficiency
equation used in TRNSYSY program (Typelb).

I1l. ANALYSIS OF COLLECTOR PERFORMANCE

An experimental test was performed in order to determine the
characteristic parameters of the solar air collector fig3. The
solar collector consists of insulator, absorber and cover glass.
The length, the width and the total volume of the collector are
2 m 1 m and 0.28 m? respectively. The 0.004 m thick
transparent glass cover was placed 0.05 m apart from the
absorber. The 0.001 m thick corrugated absorber was placed
0.04 m apart the insulator. The 0.05 m thick polyurethane
insulation, with heat conductivity 0.028 W/m K, is placed in
the bottom of the collector to decrease thermal losses through
the bottom. There are two air gaps between cover glass and
the absorber and between absorber and insulator through
which ambient air is sucked by a centrifugal fan from lower
side of the collector to the greenhouse. The solar collector was
oriented full south and inclined 37° to horizontal plane. The
test begins at 8:00 a.m (Local solar time) and finishes at the
end of the solar journey at 17:00 p.m. These experiments were
carried out for three ‘typical’ days on August characterized by
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clear sky with flow rates 0,026 kg/s , 0,052 kg/s and 252 kgh'*
respectively .

Fig.3 variation of efficiency with time for three flow rate

The main result of the experimental test is, the variation of the
instantaneous efficiency of solar air collector for different
flow rate fig.4, which present an average instantaneous
efficiency 49% for m= 0,026kg/s, 54% for m = 0,052 kg/s and
64% for m= 0, 07 kg/s. As we can see the instantaneous
efficiency starts to decrease after reaching its maximum at
10:00 a.m despite the increased of solar radiation and the
outlet temperature of fluid. This can be attributed to the
increase of the heat losses and also to the thermal inertia of
the solar air collector. As well, the evaluation of the
instantaneous efficiency n changes Fig. 5, which is the ratio of
the useful energy gain to the absorbed solar energy by the
collector .These results, next, will be used in the simulation of
the SDGS on TRNSYS.
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Fig4 : variation of efficiency with time for three flow rate
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Fig. 5: The instantaneous efficiency changes of the solar air collector vs mass
flow rate

IV. RESULTS AND DISCUSSION

The changes of moisture content with time during drying of
pepper for four different areas of peppers are given in Fig 6.
The increase of the area of peppers leads to a slowing down of
water evaporation that is a decrease in drying speed and
consequently the drying time increased. The SGDS takes 60 h
to dry one tray of peppers, 96 h to dry two trays of peppers in
stacks and 144 h to dry four trays of peppers in stacks. To dry
40 m? (maximum capacity) many possibility come up: one can
dry four trays of peppers simultaneously or separately. The
drying of 40 m2 of peppers takes 144 h while drying it
separately by tray takes 240 h and drying it separately by two
trays in stacks takes 192 h. So, it’s more suitable to dry all the
quantity of peppers simultaneously.

The changes of temperature inside the greenhouse with time
during drying of pepper for different areas of peppers are
given in Fig7. As can be seen an increase in the areas of
peppers has no effect on the inside air temperature.

The changes of relative air humidity with time during drying
of pepper for different areas of peppers are given in Fig8.As
can be seen an increase in the area of peppers resulted in a
significant increase in relative air humidity and consequently
the evaporating capacity of the air decreased. For the first day
of drying, an increase in the areas of peppers from 10 m?to 40
m?resulted in an increase at midday in relative humidity from
70 % to 100 %. The increase of the areas of peppers has
outcome to give off more moisture air inside the greenhouse.
The area of peppers is an influential parameter on the drying
operation.
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Fig. 6 Changes of moisture content with time during drying of pepper for four
different areas of peppers
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Fig. 7: Changes of temperature inside the greenhouse with time during
drying of pepper for different areas of peppers

100
90

80:

7041

Humidity ratio (%)
D
?

Drying time (h)

Fig. 8: Changes of air relative humidity with time during drying of pepper for
different areas of peppers

V. CONCLUSION
The developed solar crop dryer is an alternative process to
overcome the disadvantages of traditional open sun drying and

utilization of maximum available solar radiations .In the
present work, a new SGDS was modeled on TRNSYS
program simulation which consists to study the effect of the
variation of the product area to be dried on drying kinetics. An
experimental test of the solar air collector was performed in
order to study its effectiveness. The simulation results showed
that the optimum values of area of the product to be dried
were found to be 40 m2 and the experimental test of the solar
air collector showed that this collector has a good
performance where its efficiency varies between 0, 5 and 0, 65.

Nomenclature

A area, m?
C thermal capacitance of the zone air, j/k
a
C specific heat of air at constant pressure,
p J I(kgK)
F. overall collector heat removal efficiency
factor
I, total solar radiation on tilted surface,
W/ m?
M mass flow rate kg /s
0 heat rate, W
T Temperature, °C
t time, S
U, loss coefficient, w (m?k)
W, Ambient air humidity

n thermal collector efficiency

Q] humidity ratio

product of the cover transmittance and
the absorber absorptance at normal

incidence
a greenhouse air
coll collector
9 ground
i inlet
inf infiltration
0 outlet
p product
vent forced ventilation
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