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Abstract

This article deals with the calculation of the performance parameters of a box-type solar cooker in a sub-Saharan country in the rainy
season where the solar activity is considerably attenuated because of the numerous cloudy periods. The various tests were carried out at
the Labora-tory of Fundamental and Applied Physical Sciences of the Ecole Normale Supérieure (ENS) in Abidjan. During these cooking
tests, the illuminance was measured. The temperatures of the ambient air and of various places of the solar cooker were also recorded.
Illumination measurements made with an EPPLEY type pyranometer made it possible to determine the average illuminance which oscil-
lates between 636.98 w / m2 and 517.91w / m? depending on the day. The average energy efficiency of the cooker has been calculated for
the cooking of several foods. It varies between 20.48 7 to 26.59%. The overall loss coefficient is between 5.63 and 5.82. The results
obtained for these tests are satisfactory and very encouraging, especially since they were carried out in the rainy season.
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1. Introduction

During these past few years, most of the sub-Saharan African countries have experienced rapid population growth and considerable urban-
ization. This leads to increased demand for energy. At the culinary level, gas (LPG) is used in big cities, and especially in residential
district. But this gas is more and more expensive and sometimes out of stock. In low-end neighborhoods, charcoal and firewood are largely
used for cooking food. In the countryside, hamlets and isolated villages, food is always cooked with fuelwood or charcoal for both family
and collective needs. In Cdte d'lvoire, this woody energy source is widely used. Its participation in energy needs is estimated at around
76% in 2008 [1]. It is mainly used in the form of firewood and charcoal. The domestic use of plant cover as firewood or charcoal and
especially the extraction of wood fuel increases with the increase of the population.

This is at the root of deforestation, environmental pollution and global warming [2]. Cooking food is very expensive when you use con-
ventional energy sources and has disastrous consequences on the ecosystem when you use the wood from the few remaining shrubs [3].
To overcome these problems, one of the natural and easy alternatives is obviously the use of the energy transported by solar radiation. Cote
d'lvoire has a huge solar deposit. The average daily sunshine varies between 3 and 5 kWh / m2 depending on the region and a duration of
sunshine of 6 hours [1]. This non-polluting and free energy can be converted into energy useful for cooking food thanks to solar cookers
or solar concentrators. It is a promising option capable of being one of the main sources of energy in the domestic sector [4,5]. Several
studies have been carried out on concentrators whose reflector is coated with a mirror [6].

J. Chasseriaux has classified the different types of concentrator from the geometric concentration coefficient according to temperature
ranges [7]. We distinguish:

e  The weak concentrators. Their concentration coefficient C varies from 1 to 10, and the temperature of the absorber can reach 150°

G
e  Medium concentrators. Their concentration coefficient C is between 10 and 100, and the temperature of the absorber is around 300
o C,

e  Strong concentrators: These have a concentration coefficient greater than 100, and the temperature of the absorber is above 300 ° C.
The objective of this work is to determine the performance parameters of a box-type cooker on the basis of the cooking carried out during
the days of experimentation.
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2. Dispositif experimental

The cooker is mainly made from plywood sheets, flat mirrors and an absorber made of blackened 0.8 mm thick galvanized sheet metal.
With this type of system, we seek to raise the temperature of the metal plate that will support the kitchen utensil (Figure 1a) when it is
exposed to solar radiation. For this, we place the metal plate in a thermally insulated box on the back with a layer of glass wool carefully
wrapped in aluminum foil. In the internal volume of the box, four mirrors are placed, each fixed to one side of the box and inclined by 65
° relative to the bottom of the box, so that it can reflect all of the incident solar radiation passing through the opening surface of the box
towards the absorber. To create the greenhouse effect and minimize heat loss from the heating plate to the environment, there is a trans-
parent cover 10 mm thick on the front side. This cover is placed directly on the edges of the internal mirrors which are provided with a
rubber seal. This configuration allows easy opening of the range to gain access to the hot plate. To reach very high temperatures, it is
necessary to increase the radiation absorbed by the heating plate. For this, we use a flat mirror reflector arranged on a plywood plate which
is fixed on the upper edge of the box in Figure 1b. The fixing is ensured by aluminum hinges. These hinges allow the reflector to be oriented
when the system is exposed to the sun. Outside the operating moments, the reflector is folded down and the cooker is closed Figure 1 c.
During the period of use of the solar cooker, it is oriented so that the direct solar radiation is perpendicular to its surface. opening. This
technique allows better capture of solar radiation and a longer duration of daily use because the operation of the cooker can be obtained
from sunrise.
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Fig. 1: A) Photograph of the Kitchen Utensil; B) Photograph of the Solar Cooker in O
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Fig. 2: Schematic Diagram of Box Solar Cooker.

3. Experimental procedure
During our various cooking tests, two-time variables are measured: temperature and solar illumination.

3.1. Measurement of the illumination

Irradiance is a term used to quantify the power of electromagnetic radiation per unit of area. In the international system, it is expressed in
watt per square meter (W / m?). To measure the solar irradiance that reaches the earth's surface, we used a pyranometer. When it's exposed
to the sun on a horizontal plane, it behaves like a generator and delivers an electromotive force (f. e. m..) proportional to the illuminance
received. The measures were carried out with an EPPLEY type pyranometer, with a conversion coefficient k equal to 10.41 mV / W / m?
and with an error in the measured illumination + 10 W / m2, every 10 min. Figure 3 shows this pyranometer connected to the terminals of
a digital multimeter with digital display used in voltmeter mode. The f. e. m. measured allows the illumination to be determined by calcu-
lation using the equation:

g=Y
k

@

Where:
E: illuminance received (W / m?)
U: electromotive force (mV)



604 International Journal of Engineering & Technology

k: Conversion coefficient (V / W / m?). It depends on the type of pyranometer.

e

Fig. 3: Photograph of the Pyranometer Connected to the Multimeter's Terminals.

3.2. Measurement of temperatures

To meet the needs of this study, thermocouples were installed in different places of the cooker. They are embedded in plywood supports
thus allowing to fix them on the given surfaces (Figure 4). For better exposure of the absorbent plate to solar radiation, the cooker is
oriented so that the azimuth angle of the cooker opening surface is equal to the solar azimuth angle. This orientation is obtained manually
over time steps of 5 minutes in order to be able to accept the hypothesis of a continuous orientation of the radiation at the surface. In order
to study the behavior of the solar cooker, experimental tests were carried out and data recorded every 10 minutes. The ambient air (Ta),
absorber (Tp), indoor air (Tr) and cooking temperature (Tw) temperatures were measured.

Fig. 4: Photographs of the Probes Used Connected to the Multimeters.

3.3. Energy balance of the cooker

If we have the solar irradiance that reaches the earth's surface, then the fraction of the solar light absorbed by the absorbent plate (horizontal)
after crossing the glazing is calculated using the expression:

Qabs = tcapGt 2)

With,

Tv: Transmission factor of the reflector,

ap: Absorption factor of the absorber,

Gt: The overall lighting incident on the cooker (W / m?)

A part of the energy absorbed is transferred into the environment in the form of thermal energy mainly by convection, radiation and
conduction. The fraction of the solar irradiance absorbed by the absorbent plate is partially recovered by the kitchen utensil in the form of
heat. We denote it Qu. However, the solar cooker is subject to heat loss. These losses will be noted Qp. So, we have:

Qabs = Qu + Qp )]
In addition, we have:

Qp=UL (Tp-Ta) “)
Ta: ambient air temperature

Tp: Absorber temperature (Tp)
UL is the overall loss coefficient defined as the sum of the front, side and rear loss coefficients.
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UL = Uav + Uar + Ula (5)
By replacing equation (3) in equation (2), we obtain the expression of useful energy

Qu = wvapGt - UL (Tp- Ta) (6)
3.4. Efficiency

The expression of the instantaneous yield of the sensor as a function of the average temperature of the absorbent plate is given by equation
(6) according to Guedira et al, [8].
n=1tvapGt - UL (Tp-Ta) / Gt (7)

4. Results and discussion

4.1. Measurement of global illumination and temperatures

During our various cooking tests, two time variables are measured: temperature and solar illumination. These various measurements made
every 10 minutes made it possible to draw histograms for the lighting and curves for the temperatures. The histograms show the variation
of the illumination and the curves the evolution of the temperatures during the various experiments. The cooking tests for yams and eggs
started in the morning. The eggs were cooked on 10/25/2019 and the yams were cooked on 10/30/2019. As for the tests for cooking
spaghetti and rice, they take place in the evening from 1:00 respectively on October 29 and 30, 2019. Based on the histograms obtained,
we note remarkable drops in lighting by moment due to the intermittent passing of the clouds reminding the period of the rainy season.
The shape of the measured temperature graphs is not uniform. These curves except for that of the ambient air undergo disturbances due to
cloudy passages (Figure 5 and Figure 6). These tests made it possible to highlight several phenomena. Among other things, we have
radiation conduction. The sun emits radiation which is absorbed by the absorber painted black which converts it into heat. The absorber
thus heated, in contact with the kitchen utensil which is cold, will transfer part of its heat. It is a heating by heat transfer which is carried
out by the contact of two materials of different temperatures. This is heat transfer by conduction. This fraction of heat is absorbed by the
food inside the cookware. In addition, when the absorbent plate is irradiated on its upper face, by natural convection, it transmits a large
part of the absorbed radiation which it converts into heat towards the indoor air. But during this transfer, there are losses. The temperatures
of the absorber are constantly higher than those of kitchen utensil. The temperature curves of the absorber (Tp) are therefore permanently
above those of the cooking (Tw). The greenhouse effect is not negligible. Despite the insufficiencies in terms of solar radiation (partly
cloudy sky) ) the indoor air temperature has exceeded the threshold of 106 ° C, close to that of the absorber which is 115 ° C. All cooking
tests respect the maximum cooking time for food given by "Solaire international cockers" [9].
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Fig. 5: Histogram of the Illumination and Evolution Curves of the Temperatures of the Ambient Air, the Absorber, the Indoor Air and the Utensil as A
Function of the Time for Cooking the Eggs and the Yam.
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Fig. 6: Histogram of the Illumination and Evolution Curves of the Temperatures of the Ambient Air, the Absorber, the Indoor Air and the Utensil as A
Function of the Time for Cooking the Spaghetti and the Rice.

4.2. Overall loss coefficient and energy efficiency

To determine the performance of the box type cooker, we calculated the overall loss coefficient and the efficiency during cooking tests.
These thermal performance parameters obtained are given in the table. The best efficiency is obtained when cooking yams. It is 25.59%.
However, all the tests have a efficiency greater than 20%. Regarding the overall loss coefficient is relatively low. It is between 5.63 and
5.82. These low values indicate good insulation of the solar cooker.

Table: Performance Parameters of the Box -Type Cooker When Cooking Foodstuffs

Foodstuffs Illumination (w/m2) Overall loss coefficient (w/m2 °C) Cooker efficiency (%)
Egg 609.77 5.70 23.73
Spaghetti 517.91 5.95 20.48
Yam 636.98 5.63 25.59
Rice 533.76 5.82 22.56

5. Conclusion

This article presents the results of an experimental study evaluating the thermal performance of a box-type solar cooker with an inclined
opening surface carried out in a sub-Saharan country during the rainy season. Tests have shown that using this system we can prepare
foodstuffs with reasonable cooking times. The configuration adopted for its opening surface allows to have a hot plate that ensures good
exposure to the solar radiation of the kitchen utensil used. The average power absorbed by the solar cooker oscillates between 446.76w/m2
and 533.15w/m2, the efficiency exceeds 20% in all cases while the overall loss coefficient is greater than 5.5. This box-type solar cooker
is therefore a cooking instrument that can be perfectly integrated into the daily lives of populations. It introduces another way of preparing
foodstuffs, using a form of energy that respects the environment and ensures sustainable development. It makes it possible to make real
savings both in terms of money and in terms of energy consumed. The natural environment is also a winner, since greenhouse gas emissions
are reduced. From this observation, the results obtained and the parameters calculated we can conclude that this box-type solar cooker is
well suited for cooking various foods in the rainy season.
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