Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 61, Issue 2 (2019) 233-247

?
Journal of Advanced Research in Fluid -
” Mechanics and Thermal Sciences — e

Journal homepage: www.akademiabaru.com/arfmts.html
ISSN: 2289-7879

Effect of Solar Air Flat Plate Collector Geometric Parameters
on The Thermal Behavior Inside an Indirect Solar Drier £ocess

Daoud Halassa!, Mohamed Announ?, Abdelghani Boubekri®*, Djamel Mennouche?, Hamza
Bouguettaia®

Laboratoire Matériaux et Environnement, Faculté de Technologie, Université Yahia FARES de Médéa, Algérie

Laboratoire de développement des énergies nouvelles et renouvelables en zones arides et sahariennes, Université Kasdi Merbah Ouargla,
Algérie

Département de génie mécanique, Faculté des sciences appliquées, Université Kasdi Merbah Ouargla, Algérie

ARTICLE INFO ABSTRACT

Article history: This work focuses on the possibility of determining the most efficient type of solar air
Received 19 April 2019 flat plate collector (simple pass or double pass collector) as well as examining the effect
Received in revised form 15 July 2019 of its geometric parameters in order to achieve a good homogeneity of the

Accepted 23 September 2019

h temperature distributed inside the indirect solar drier which is naturally ventilated.
Available online 29 September 2019

Several investigations conducted experimentally show a more elevated efficiency by
8% of the simple pass collector in comparison with the double pass collector. A CFD
simulation, which was done based on variations in the length and width of the solar
collector under different climatic conditions, reveals that the 4m x 1.5m solar simple
pass collector produces a more homogenous distribution of temperature which is
better suited for the drying system.
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1. Introduction

Nowadays, the drying process is widely used in the food industry and attracts a lot of researchers'
attention for the purpose of preserving crops for a long time by reducing their water content through
evaporation [1-2] resulting in inhibiting micro-organisms growth and enzymatic actions which cause
themto rot [3, 4]. A large variety of crops, grown in North Africa such as tomatoes, apricots, potatoes,
dates and mint, could be dried off in order to be preserved for consumption. Moreover, there is a
growing interest worldwide in dry foods because it does not require a large storage space and could
also be transported at very low cost [5, 6]. Therefore, over the last few years, the Algerian
Government has launched a promising program to incentivize the business community to make
bigger investments in local agriculture which seems to be a better substitute for the petroleum
industry whose earnings continue to dwindle, and since there is a tremendous amount of solar
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radiation available over a long period in the Sahara, many cheap solar-drying equipment and
techniques could be exploited to make the food industry more efficient and profitable [7].

Several studies have been carried out by many researchers to make improvements on both the
design of the solar-drying equipment, and the operating conditions to obtain the best quality possible
of dry foods and medicinal products [8,9]. These improvements were made based on both
experimental and numerical approaches. Suhaimi Misha et al., [10] designed an industrial scale tray
dryer for chipped kenaf core. By using a CFD method they studied the airflow distribution in the
drying chamber to ensure drying uniformity. Uniform airflow distribution in a drying chamber is very
important because it strongly influences the dryer efficiency and homogeneity of the products being
dried. The air collector is a central part of the solar drying system of food for two essential reasons:
Firstly, because it is used as a source of hot air which circulates inside the drying chamber. Secondly,
it makes it possible to obtain a high quality of dry products without any flaws deterioration [11-13].
It is worth mentioning that the performance of the drying system largely depends on both the
geometric design and the thermal behavior of the collector which has become the main subject of
many research projects attempting to enhance its efficiency [14,15]. Suwasti [16] investigated
experimentally the influence of the collector design on the performance of the solar dryer under
natural convection conditions. Karim and Hawlader [17] conducted an experimental study based on
the ASHRAE standard using three types of solar air collectors: flat plate, finned and v-corrugated in
order to examine the efficiency of the solar drier over a wide range of operating and design conditions
under Singapore climatic conditions. An experimental investigation conducted by Babahani et al,,
[18] on an unventilated indirect solar dryer, designed and manufactured by Energy conversion
research group at "LENREZA laboratory, Ouargla University in Algeria", shows that the dried product
is marked by a tanning phenomenon, and even some burns in areas close to the walls of the drying
chamber. These observations can be attributed to both the non-homogeneity of the temperature
distributed and the air emanating from the solar air collector and flowing out through the chimney.
The root-cause of this phenomenon could be the combination of the following factors or just one of
them: the geometric configuration of the drying chamber, the air collector and the exit of air through
the chimney. They have suggested a solution for these problems based on an assumption related to
the geometric configuration H/L of the drying chamber and have experimentally examined the solar
dryer with and without product to check the distribution of temperature in the drying chamber. The
results of this study confirm the presence of a thermal stratification phenomenon close to the exit of
the chimney due to the lack of temperature homogeneity mainly when the products are high in
moisture content.

It is worth noting that not many studies have been carried out on the thermal and dynamic
aspects of the solar collector connected with the drying chamber, and most of them are indeed done
in an attempt to improve its efficiency. Therefore, the combination of experimental data with a
numerical simulation makes it possible to analyze accurately the thermal transfer phenomena in the
drying system (solar collector and drying chamber). The main purpose of this paper is not only to
determine the most efficient type of collector (simple pass or double pass), but also to investigate
both the influence and contribution of the geometric parameters of the collector that could produce
more homogeneous distribution of temperature inside the drying chamber under different climatic
conditions in the Saharan city of Quargla, south east of Algeria, where the experiment was exactly
conducted.
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2. Materials and Methods
2.1 Experimental Set-Up and Procedures

The city of Ouargla is actually characterized by a dry and hot climate. The wind speed varies on
average from 2.0 m/s to 4.3 m/s [19]. The abundance of both solar radiation and high temperature
all year long makes the city of Ouargla a good place for the installation of drying system. A typical
example of a daily solar radiation and the variations in ambient temperature (May 2015) in this city
are illustrated in Figure 1.

The prototype of unventilated solar drier used in this study was designed and made by LENREZA.
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Fig. 1. Typical daily solar radiation and ambient temperature variations in Quargla
city (May 2015)

The prototype of unventilated solar drier used in this study was designed and made by LENREZA
laboratory, Ourgla University in Algeria.

The experimental procedures consist of the following steps.

i.  Preparation of the solar collectors (Adaptation of angle, Position...).

ii. Installation of the measuring devices.

iii.  Conducting the experiments with acquisition software.

iv.  Recording measurements every 15 minutes by the data acquisition system (the outlet air
temperature of the collector, the inlet air temperature, the ambient air temperature, incident
solar radiation on the collector and wind speed near the collector)

The experimental protocol is conducted by measuring the daily temperature in the collectors,
solar radiation and wind speed, between 9h and 17h local time.

For the purpose of reducing the heat loss, both collectors are covered at the bottom in an
insulating material. Furthermore, the absorber of both collectors is coated in a black layer of material
that has a high solar radiation absorptance and low infrared ray emittance to maximize the
absorption of solar radiation.

In order to investigate separately the efficiency of both simple pass collector and double pass
collector, two different experimental protocols have been carried out. In the first protocol, the simple
pass and the double pass collectors are not connected with the chamber as shown in Figure 2(a) and
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2(b), whereas in the second one, both collectors are connected with the drying chamber as illustrated
in Figures 3(a) and 3(b). The first part of the experiment was conducted from April 6th to April 15th,
2015, whereas, the second one was done from December 29th, 2015 to January 2nd, 2016. The
efficiency of both collectors is calculated using Letz equation [20].

Length: 2 m  Width: 1 m. Thickness: 0.08 m/0.16 m. Length: 2m . Width: 1 m. Thickness: 0.13 m. Ist
Absorber: plat aluminum painted in black+ the sand passage;0.065 m. 2nd passage:0.065 m. absorber: plate
dunes. Insulation: polystyrene. Angle of orientation: 32° aluminum. Insulation: Glass wool. Orientation angle: 32°

Fig. 2. Geometric configuration of collectors (a) simple pass and (b) double pass

Length of collector: 2 m. Width: 1 m. Thickness: 0.055 m Length of collector: 2.53 m. Width: 1 m. Thickness: 0.13

Depth of chamber: 0.7 m Length of chamber: 0.87 M. mlst passage: 0.065 m. 2nd passage: 0.065 m. Depth of
Width of chamber: 0.68. Absorber: plate aluminum. Celiubetl 1 dnlooutieanichainber: O S04, Wik ©F
Tusalaticn: Dalystysens: Angle of onsitation: 31° chamber: 0.68. Absorber: plate aluminum. Insulation:

Polystyrene. Angle of orientation: 32°
Fig. 3. Laboratory scale solar drier connected to the collector; (a) simple pass and (b) double
pass
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2.2 Simulation Part
2.2.1 Governing equations

The analysis of thermo-aerodynamics phenomena requires a great number of parameters such
as the geometry of the collector, characteristics of the used materials and the physical parameters
(temperature, air velocity) as well as the geometry of the drying chamber [18]. The following
assumptions were made in order to simplify the calculation

e The flow is assumed to be two-dimensional.

e The fluid is assumed to be a Newtonian and incompressible.

e Viscous dissipations are neglected

e All proprieties of the air are constant except for the density in buoyancy force.

For constant flow, equations of continuity, energy and momentum are written as follows [21,22]

Continuity equation

u v
= 5_0 (1)

Momentum conservation equation

ou du _ 10p (62u 62u) _ _

U tve, =tz tae gp(T —T¢)cosO (2)
Wy v _ 1% (6_v M) - —T)si

untve ==, e t5: gp(T —T¢)sinb

Energy conservation equation

oT oT 9%T | 9T
ua+v5—a(ﬁ+a—yz) (3)

2.2.2 Initial and boundary conditions

Initial condition
u(0,y,0) = uUjp;. cosO
att =0 {v(0,y,0) = Ujp. Sind (4)
T=Ta

Inlet boundary conditions

v(0,¥,t) = Ujp. SN (5)

{u(O, Y, t) = Ujps. COSO
T=Ta

Outlet boundary conditions

4 =0
{dx (0,y,6) (6)
P=Pyum
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Wall boundary conditions
_/117 Z_; = ha(T(x; H; t) - Ta) + EO'(T4(X, H; t) - Ts4) +1 (7)

2.2.3 Numerical procedures

These equations are solved by using a fluid dynamic code which is based on the finite volume
method (FVM). In this part of the study, a simulation of the prototype of the indirect solar dryer
(Figure 3(a)), using fluent software in 2D configuration, is done with the measured data based on the
climatic conditions at the collector inlet (temperature and velocity). The computation starts first by
validating the model of simulation through a comparison between the measured temperature in
three different positions inside the chamber with the data obtained from the simulation as shown in
Figure 6, and then, the effects of various parameters including, the length and width of the simple
pass collector are investigated in order to enhance the homogeneity of the temperature distributed
inside the drying chamber.

3. Results and Discussion

In this section, the obtained results related to the efficiency of both the simple pass and double
pass solar collectors are first discussed. In the second part, the focus is on the computed results in
order to determine the optimal geometric parameters that could result in a homogeneous
distribution of temperature which helps in preventing the degradation of product inside the drying
chamber.

Figure 4 delineates the variations in the efficiency and AT (the gradient of temperature between
the inlet and outlet of the collector) of both the simple pass and double pass collectors with respect
to the daily operating time.
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Fig. 4. The efficiency of collectors without being connected with the drying chamber

It can be noticed that the efficiency of the air collectors (the simple pass and double pass) strongly
depends on the gradient of temperature AT which increases regularly until 14h and then starts to go
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down. Moreover, from 14h to 17h the efficiency of the simple pass collector is higher in value in
comparison with that of the double pass collector

Thus, it can be concluded that the simple pass collector is more efficient on average by 8% than
the double pass collector because it can absorb and store a greater quantity of solar radiation during
the operating time.

Figure 5 represents the efficiency values of the simple pass collectors when connected with the
drying chamber, and shows a higher efficiency than that noticed in the first set of experiments
because of the high gradient of temperature AT (AT from 35°C to 40°C). Additionally, the curve has a

sinusoidal form resulting fundamentally from a decrease in the air velocity which becomes almost nil
at the inlet of the collector.
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Fig. 5. The efficiency of the simple pass collector when connected with the drying chamber

3.1 Validation of Model

Before examining the influence of length, width of the selected collector (simple pass collector)
on the thermal behavior in drying system, the developed numerical CFD model is validated with
experimental data culled from literature under the same operating conditions [18,23,24]. Figure 6
shows the numerical results of temperature distributed inside the drying chamber. Despite, the small

margin of error (2-3°C) which is often acceptable in practical situations, an agreement between the
simulated and experimental values is reached.
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Fig. 6. Comparison between the simulated and experimental
temperatures inside the drying chamber

3.2 Simulation of Unmodified Air Collector

The experimental data collected during several months (April, May, June, and November) in
Ouargla city, which are summarized in Table 1, are considered as input data in the numerical model.
This data is characterized by moderate and low inlet air velocity corresponding respectively to 0.8
m/s and 0.16-0.17 m/s. The first was recorded on April-May 2015, and the second one on November
2010 and June 2011 as shown in this table.

Table 1

Boundary conditions taken as input data in the numerical model

Day Ve(m/s) T, (K) Taps(K) T, (K) T5(K)
April, 28™, 2015 0.8 3134 376.3 346.8 345.8
May, 04, 2015 0.8 311.8 375.8 347.5 354.9
June 25, 2011 0.16 318 342 337.3 335
November 2", 2010 0.17 304.3 354.1 328.8 322.5

Figure 7 illustrates the numerical data and temperature distributed inside the drying chamber
where two annotations are worth mentioning. Firstly, for the days with moderate inlet air velocity, a
significant stratification phenomenon of temperature is clearly apparent in Figure 7(a). Secondly, in
Figure 7(b), corresponding to climatic conditions characterized with low inlet air velocity, a low
temperature stratification compared to previous results can be noticed.

The curve representing the longitudinal rise in temperature inside the solar collector in three
different positions respectively: under glass, above the absorber and at the center are all depicted in
Figure 8. When the inlet air velocity is moderate, three different phases are shown according to the
central position; the rise in temperature at the center with respect to length is flat in the first phase
from the inlet to 0.8 m. Beyond this distance a slight increase in temperature which is about 1.35°C
when 1.6 m in length is reached. However, the temperature increases significantly at the outlet,
which explains the build-up of heat inside the collector. Whereas, in Figure 8(b), a fast increase in
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temperature at the center can be observed as expected in such physical condition due to the low
inlet air velocity leading to a homogeneous temperature distributed inside the drying chamber.
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3532402
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3462402
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3432402
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3382402
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334e+02
331e402
3202402
3262+02
3Mes02
322+
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3.17e+02
3142102
312e402

3.500+02
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3.450102
3.430402
3.41e+02
3.39%+02
3.366+02
I.Me02
3.32e402
3.290402
3 27e402
3.250+02
3.230402
3.200+02
3.180+02
3.16e+02
3.136102
3.11e+02
3.090+02
3.07e+02
3.040+02

Fig. 7. Simulated temperature distributed inside the drying system
(air collector-drying chamber): (a) moderate inlet air velocity (0.8
m/s) and (b) low inlet air velocity (0.16 m/s)
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Fig. 8. Longitudinal rise in temperature in three different positions inside the air collector (a)
moderate inlet air velocity (0.8 m/s) and (b) low inlet air velocity (0.16 m/s)

3.3 Simulation of Modified Solar Air Collector

In this part, we examine the effect of the modified width and length of the collector at both
moderate and low inlet air velocity. Figure 9 gives a schematic view of the changes.

Figure 10 illustrates the distribution of temperature inside the drying chamber when the modified
collector length is either 4m or 6m and the width is 1 m at moderate inlet air velocity. In Figure 10(a),
the modified length is 4m resulting in a homogeneous distribution of temperature except in the
vicinity of the southern side where a small increase in temperature of 2°C is noted. Whereas Figure
10(b) shows that the temperature of air at the collector outlet is more elevated by 329K when the
length is six meters. However, the distribution of the temperature in the drying chamber is not
uniform. It is worth mentioning that the lack of homogeneity, which is AT=9K, results from the build-
up of heat throughout the collector.
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Figure 11(a) delineates the obtained results of air temperature in 3D inside the dry chamber after
modifying the width of collector (the length is 2 m) at moderate inlet air velocity. When the width is
1.5m, the temperature of outlet air goes up by 9K (Figure 11(a)) due to an increase in the rate of air
flow. However, the distribution of temperature in the drying chamber remains less homogeneous.
The same results were obtained with the tow meter collector in width as shown in Figure 11(b).

Similar calculations were made at low inlet air velocity with the same geometric modifications
that are mentioned above. The obtained results indicate that for all geometric modifications there is
a good homogeneity of temperature distributed inside the chamber ranging from 330K to 335K as
shown in Figure 12, except when the length of collector is 6 m because the temperature reaches
346K, which could affect negatively the quality of the dried product.

Fig. 9. Modification of width and length of collector
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3.14e4(2
31142
30%e+02
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304e+02
Fig. 10. (a) Simulation results when the length is modified L=4m
(the width |= 1m) at moderate inlet air velocity
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Fig. 10. (b) Simulation results when the length is modified L=6m (the

width I=1m) at moderate inlet air velocity
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Fig. 11. (a) 3D Simulation results at moderate velocity when the

width is 1.5m (the length L= 2m)
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Fig. 11. (b) 3D Simulation results at moderate velocity when the
width is 2m (the length L= 2m)
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Fig. 12. 3D Simulation results at low velocity when the width |=
1.5m and the length L= 2m

4. Conclusion

In this paper, the influence of the geometric parameters including the length and width of the
solar flat plate collectors on the distribution of temperature inside the drying chamber was
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numerically investigated under the climatic conditions of Ouargla city (Algeria). In terms of collector
efficiency, experimental measurements on both the simple pass and double pass collectors were
carried out. The findings show that the simple pass collector is on average 8% more efficient than the
double pass collector. Several numerical tests using a CFD software were performed at moderate and
low inlet air velocity on the prototype of solar indirect unventilated drying system, which is composed
of the simple pass collector connected with the drying chamber. The obtained results indicate that
the distribution of temperature in the drying chamber is less homogeneous in both cases. In addition,
the gradient of temperature between the inlet and outlet of collector is much lower when the inlet
air velocity is moderate whereas it is higher when the inlet air velocity is low.

After investigating carefully, the effect of the length and width of collector on the homogeneity
of temperature at different inlet air velocity, the following geometric configuration, which is 04
meters in length and 1.5 meters in width, seems to be the best option to achieve the appropriate
degree of temperature with a good homogeneity regardless of the inlet air velocity.
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