
' 
~ 

f ., 
:1 

t ;'( 

r 
"\' 

r 
~ 
{ 
I 

I 
\ 
i 
1 

I 

I 
' 

i 
~ 

' ,/' 

i 
t 

' \ 
I 

! 
. l 

l 

I 

PROCESS ENGINEERING 

Prospects of Modem Technology In Agricultural Engineering and Management 
of Environmental Problems: 193 - 212 

DEVELOPMENT AND EVALUATE A SOLAR 
COOKER TO BE USED FOR COOKING AND DRYING 

SOME AGRICULTURAL PRODUCTS 
·Mona M.A. Hassan 

ABSTRACT 
Solar drying and cooking are interrelated activities which have been 
studied for several years. However, successful use of solar energy 
should always be accompanied by scientific and technical analysis of 
each application. In this study a solar cooker with one reflector was 
provided, to enhance the incident solar radiation on the glass cover 
during the course of the sun exposure experimented and testing it as a 
solar dryer to make this system multi purposes .. This study was 
constructed in faculty of agriculture, Zagazig University (20 12). The 
obtained data showed that, the standardized cooking power was found 
to be inversely proportional to temperature difference (/'~TanrJJ. The 
values ofthe utilization thermal efficiency are 45.3,67.6 and 74.47% 
for 1,1.5 and 2 kg of water respectively. The cooking time taken for the 
different materials were 70,80 and 95 minutes for rice, potatoes slices 
and cake. The moisture content of onion and apricot reached to 25 and 
10.31 % dry basis in 9 and 14 h of drying in the solar dryer 
respectively. Both of the examined models (Simple and Page's model) 
could satisfactory describe the change in onion and apricot moisture 
content during the drying process. 

Keywords: solar energy, solar cookers, solar dryers. 

INTRODUCTION 

I n developing countries where access to power grids or reliable 
sources of energy is cumbersome and sometimes difficult, solar 
energy has proven time and time again to satisfactorily meet the 

energy needs of communities around the world. Flat-plate collectors are 
in wide use for domestic household hot-water heating and for space 
heating. Solar drying and cooking are interrelated activities which have 
been studied for several years. Solar cooking presents an alternative 
energy source for cooking . 

·Lecturer of Agricultural Engineering, Faculty of Agriculture, Zagazlg University 
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It is a simple, safe and convenient way to cook food without consuming 
fuels, heating up the kitchen and polluting the environment. It is 
appropriate for hundreds of millions of people around the world with 
scarce fuel and financial resource to pay for cooking fuel. Solar cookers 
can also be used for boiling of drinking water, providing access to safe 
drinking water to millions of people thus preventing waterborne illnesses. 

I 

Solar cookers have many advantages, on the health, time and income of 
the users and on the environment. In tropical countries, the solar energy 
is plenty and therefore it becomes a reliable and sustainable source of 
energy. There are still critical issues yet to be resolved in order to make 
that techn:ology acceptable for wider dissemination. The principle of 
solar cooking is that rays of sun are converted to heat and conducted into 
the cooking pot. The ability of a solar cooker to collect sunlight is 
directly related to the projected area of the collector perpendicular to the 
incident radiation. Funk(1999) found that the resulting solar cooker 
power curve is a useful device for interpreting the capacity and heat 
retention ability of a solar cooker, the two parameters most important to 
performance. The cooking power curve found by using the international 
test standard appeared to be independent of location and date provided 
the protocol could be followed (clear skies, low wind). The _proposed 
international standard for testing solar cookers and reporting performance 
was applied to historical solar cooker test data to show that it is a useful 
tool for evaluating the relative performance of different designs. Nahar 
(2003) reported that, the performance of a flat plate collector depends on 
it's design parameters included type of absorber, type of cover, thickness 
and type of insulation. Beside these the performance also depends on the 
metrological and operating conditions. Kassem et aL(2006)concluded 
that the solar drying method is comparable with the natural drying 
regarding the percentage of water loss from the plant material, however 
the solar drying is supposed to be faster than the natural drying. plants 
dried by this method kept their essential oil content as high as possible 
arid better regarding the chlorophylls content in the dried herb. Gbaha et 
al. (2007) found that the drying rate increases with drying air temperature 
and drying air mass flow . 
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Klmambo(2007) found that the reflector cooker with glass reflector 
achieved highest temperatures and accordingly shortest cooking times 
than any other cookers tested under sunny days with no cloud cover. 
The objectives of this work are to: (a)Evaluate the thermal performance 
of a solar cooker with a reflector. (b)Carry out Water boiling tests and 
conduct controlled cooking tests (c) Test the cooker as a solar dryer to 
dry vegetables like onion and fruits like apricot. 

MATERIALS AND METHODS 
This study was conducted in the faculty of agriculture, Zagazig 
University (longitude =35° 30° and latitude =31° 31°) in June 2012, to 
fabricate-and develop a solar cooker with a reflector and test it as a solar 
dryer to dry some agricultural products . 
Description of the solar cooker before development: 
Solar cooker used for the experiment is a commercially available single 
glazed conventional box type. It was made of wood with thickness of 1.5 
em and 70 x 60 x 24, outer dimensions , 55 x 48 x 20 em inner 
dimensions and on the top there is a groove 1.5 x 1 em along the four 
sides prepared to fit the glass cover. The cross-section of the cooker is 
shown schematically in Figure(1 ,2). Commercially available 0.1 em thick 
iron sheet was used as the absorber plate 50 x 45 x 6.5 em. It, was painted 
with matt black paint to improve its absorptivity. Iron· satisfies the 
desirable absorber plate characteristics of good thermal conductivity. 
Glass wool insulation was used on the bottom and sides of the cooker to 
minimize the heat losses. The gap between outer and inner box of the 
cooker was filled with 4 em glass wool. The glazing material was 
commercially available 5 mm thick tempered glass which satisfies the 
desirable cover properties of high optical transmittance, low reflectivity 
and absorption of solar radiation. The cooking vessel was made of black 
painted aluminum pot in cylindrical shape having 21 em diameter and 10 
em depth. It has a flat base for obtaining good thermal contact with t4e 
absorber plate. It was placed in the center of the absorber plate inside the 
cooker. The comers and edges of the box were well covered with silicon 
sealant to prevent any air leakage or infiltration. The box of the .cooker 

·receives the solar radiation both directly and by reflection. The plane 
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mirror reflector was suitably fixed on a wood framework 70x 60 em. The 
plane reflector was made of a commercially available mirror, which has 
the desired property of high optical reflectivity. The plane reflector can 
opened at any angle using a tilt angle with horizontal80°at 9:00am and 

110° for the end of the day . 
pescription of the solar cooker after deyelopment: 

To work as a solar drver; 
Nine holes each 1 em in diameter were added to increase air flow. The 
inlet air holes were positioned at the front wooden sheet and the outlet air 
holes S em from the top edge of the back wooden sheet of the solar dryer. 
The air flows into dryer at the air inlet holes, passes through the product 
and brings the moisture into the air stream, which then flows out into the 
atmosphere through the air outlet holes. The dryer has one perforated 
tray with net surface area of0.12 m2• With dimensions of35x35 em. The 
tray consists of a frame made from wood bars and the bottom from 

plastic mesh. 
The experimental procedures: 
The experiments were carried out to evaluate a simple design of a box solar 
cooker with one reflector and testing it as a solar dryer under Egyptian 

con~tions during the summer of 2012. 

1- The cooker: 
A simple type solar cooker was constructed and its thermal performance 
was evaluated. The ambient temperature, absorber plate temperature, pot 
water temperature, inner air temperature, and the solar radiation intensity 
were measured. The cooker was not loaded for the first day, and loaded 
with different quantities of water 1.0 , 1.5 and 2.0 kg of water, and 
different cooking materials(0.5 kg of rice , 0.5 kg of potatoes slices(S 

mm), and 0.5 kg of cake). 
2- The experimental procedures for the cooker as a dyer: . 
The experiments were carried out to test the cooker as a dryer for drying 
onion slices(1.5 mm) and half apricot fruit. The product was spread out 
over the tray in a single layer in the dryer. The glass cover was opened from 
front side about 1 em height from 11:00 am to 14:00 pm to keep the 

temperature inside 
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the dryer under 70"C. The ambient temperature, absorber plate 
temperature, weight loss of the samples and the solar radiation intensity 

were measured. 
Measurements were taken at intervals of 1.~ hour during the effective 
sunshine period from 9:00 am to 17:00 pm. 
Temperature measurements were taken with K-type thermometer with an 
accuracy of 0.1 ·c range (-50-1300"C ::1:: 0.5%+ 1"C). The solat radiation 
intensity on horizontal surface were measured by "Watchdog" weather 
station model 900 ET. The weather station measures wind speed (0-175 
mph) :I: 5%, wind direction (2" increments) :I: 7°, temperature (-30°: 100° 
c), relative humidity (20-100%) :I: 3%, rainfall (0.01-0.25 em) :I: 2% and 
solar radiation (1- 1250 W /m2

). 

Measurements: 
Solar cookers: 
Thermal Fi!plres of Merit: 
Figures of merit are reference numbers that are assumed to be determined 
for all cookers in a consistent manner. 
There are four thermal figures of merit defined by this framework. 
1. Standard Stagnation Temperature 
2. Standard Cooking Power 
3; Standard Sensible Heating Time 
4. Unattended Cooking Time 
-Standard Stagnation Temperature(SSD: 
It is a measure of the maximum air temperature reached inside the 
cooking vessel under normalized conditions. To conduct this test, the 
cooker is oriented towards the sun with an air filled cooking vessel. 
Temperature measurements are taken as the air inside the cooking vessel 
is heated by the incident solar energy. Testing is concluded when 
temperature stabilizes at a constant value (within 2-3%) or when 2 hours 
have passed. This value is normalized to a total irradiance of 850 W /m

2 
• 

T -T 
.SST= 111 

•, 
I_.-

Where, T ps = Plate stagnation temperaturc('C), Ta = Ambient air 
temperature{"C), llllCIISURd = Horizontal insolation(W /m2

), when stagnation 

temperature reached . 
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-Standard CookinK Power(P): 
is a measure of how much power is delivered, under normalized 
insolation, to the contents of the cooking vessel. The cooking pot is filled 
with a mass of distilled water equal to 1.0 , 1.5 and 2.0 kg and oriented to 
face the sun. Testing is concluded when the water temperature reaches 
95°C or when 4 hours have passed, whichever occurs first. The obtained 
temperature over time curve is reduced to a single measure of 
performance by dividing the testing period into 1 hour intervals. ASAE 
Standards 8580(2003) 

P=MC(T1 -T1 ) W 
3600 , 

Where, M = Mass of water in cooking vessel(kg), C = Specific heat of 
water(J/kg°C), T2 =Water temperature at end of intervalrc) and T1 = 
Water temperature at beginning of intervalrc). 

This cooking power is then normalized to 850 W/m2• 

( 
850W lm'] P. =p ,w • I_,_, 

Where, I llleiSURd = Measured insolation averaged over the interval(W /m2). 
Finally, these equations must be reduced to a single measure of 
performance. This is done by plotting Pn against h. T and performing a 
linear regression, where h. T refers to T water"' T ambient (recorded for each 
interval). The Standard Cooking Power is taken from this regression for a 
h. T value of 50°C. The R2 value for this regression fit should be reported 
and the data must be taken until a fit can be made with a R2 of at least 
0.75. The length of time taken for this test should be 4 hours, beginning 
in the morning or the length of time taken for the pot contents to reach 
95°C, whichever occurs first. 

- Standard Sensible HeatinK Time{to);_ 

Perhaps more important than power and temperature, is the time U\ken to 
perform a cooking function. Therefore, this figure of merit indicates how 
long it will take the cooker under investigation to heat a known quantity 
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of water to S0°C above ambient temperature under a horizontal insolation 

of8SOW/m2
• 

-,, = ( ~~) ,hours. 

Where, !:1 To = SO("C), Io = 850 (W /m2
) ,I = Horizontal itrradiance 

averaged over entire interval (W/m2
), t = Length of measured 

interval(hours) !:1 T =Temperature difference over measured intervale'C). 

-Unattended Cookin& Time(b)~ 
Describes how long a cooker can retain cooking temperatures 
unattended while the user performs other activities. To perform this test, 
the cooker is oriented towards the sun and left there, while water 
temperature is monitored. This test should be conducted directly after the 
test for Standard Sensible Heating Time and Standard Cooking Power so 
that the water is initially at a high temperature. The test is conducted until 
the temperature of the water decreases by l0°C from its starting 

temperature. 

tc:,r = tc:( ~) ,hours. 

Where, tc,a = Cooling time standardized(hours) tc = Cooling time 
measured(hours) and I = Horizontal insolation, averaged over test 

period(W /m2
). 

-The utilization thermal Efficiency(q.)~ 

El-Sebaii and lbrahlm(2005) defined the utilization thermal efficiency 

m.,C.,AT 
71• = I A. At as: ., c: , decimal 

Where:·mw, Cw are the mass (kg) and specific heat (J/kg°C) of water, 
respectively. !:1 T is the temperature difference between the maximum 
temperature of water and the mean ambient air temperature during the 
interval !:1 t, ("C), lave is the solar intensity during the time interval 
(W/m2) and Ae is the aperture area (m2

) of the cooker. 
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Solar drver; 

- The moisture ratio (MR ) and dzying rate : 

The moisture ratio (MR ) and drying rate were calculated by using the 
following equations: · 

MR= M 1 -M., decimal 
M 1-M. 

M.-(Mr+-MJ-(Mm)'l (Mi+MJ-2(Mm) (O,Callaghan and Nellist,1971) 
M -M 

Drying rate = 1 
• 

1 
, kg water/min 

dt 
Where: Mt. Mf are Initial and final moisture contents (db%), Mm is 
moisture content at half time( db%), Me is Material moisture content in 
equilibrium with the drying air(db%), Mkll and M, are the moisture 
contents at t-dt and t , respectively( db%), and dt is the drying time 
period( min.). 

- Thin layer Dzying Equations: 
1- The simple exponential egyation fHukill. 1947): 

MR. M -M, =exp(-kt) 
M 0 -M, 

Where :MR: Moisture ratio( db%), dimensionless, M : Matenal moisture 
content,( db%), t: Time, (h) and k: the drying rate constant, (min-1). 

The simple exponential model has been applied to fit the drying data of 
the date . After converting its form to the logarithmic form relating the 
moisture ratio(MR) of the tested sample with the elapsed drying time "t" 
as follows: 

LnMR=(-kt) 
2- Page's model (page, 1949): 

MR= M-M, exp(-kt•) 
M 0 -M, 

The page's model has been applied also to fit the drying data after 
converting its form to: 

Ln(-Ln(MR)) - Ln(K)+u.Ln(t) 
· u: the drying rate constant,( min-1). 
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BESULIS AND DISCUSSION 
The obtained results of this study will be discussed under the 
following headings: 
Solar cooker; 
-Effect of loadini Density on the Cooker Temperatures: 
Figure (3) showed the effect of load on the cooker temperatures. it 
was seen that the temperatures of the cooker increase during the day 
until they achieve their maximum values at 13:00 PM. Therefore; the 
best time for cooking is around solar noon at high solar radiation. It 
was noticed also that the maximum water temperatures of 95.2 and 
93.6 °C were obtained at 13:00 pm with 1 and 1.5 kg load respectively 
and reached to 92.9°C at 14:00 pm with 2 kg load. That means when 
the load increas~ it needs more time to reach the maximum value of 
the temperature. 
-Thermal Figures of Merit: 
1- Standard Stagnation Temperature: 
The results showed that the value of SST was 0.087 °C m2/W at 
stagnation plate temperature of 113 °C ,ambient air temperature of 33 
°C and insolation on a horizontal surface of915 W/m2 that means the 
cooker can be used twice a day for consecutive cooking. 
2- Standard Cookini Power: ·' 
The results presented in Figures (4), (5) and (6) showed A linear 
regression relationship between (Pn) and (fw - Iamb). The linear 
regression equations and the values of the coefficient of determination 
(R2) of the equations were Pn = -2.205(fw- Tamb)+428.41, (0.9331) 
for 1 kg of water, Pn = -3.4561{Tw- Iamb) +647.73 ,(0.9368) for 1.5 
kg of water and Pn = -S.2583{Tw- Iamb) +866.47 ,(0.7131) for 2 kg of 
water .The standardized cooking power was found to be inversely 
proportional to temperature difference {Tw-Tamb).From the previous 
data, it can be referred that, there were a highly positive relation with 
high (R2). 

3- Standard Sensible Heatini Time: 
The cooker took about 1.42,1.51 and 3.09 hours for 1,1.5 and 2 kg of 
water respectively to heat water 50°C above ambient temperature. 
When the load increased, it needs more time to reach water 
temperature 50°C above ambient temperature . 
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4- Unattended Cooking Time: 
The cooker took about 4.37, 4.66 and 5.37 hours for 1,1.5 and 2 kg of 
water respectively to decreases by 20°C from its maximum temperature. 
When the load increased, it needs more time for water to lose about 20°C 
from its maximum temperature. 
-Effect of loading density on the utilization thennal efficiency: 
From figure (7) the results indicated that the value of 11. increased 

when the load increased. The values of 11. were 45.3,67.6 and 74.47% 

for 1,1.5 and 2 kg of water respectively. 
- The Cooking Time: 
Three cooking tests with different cooking raw materials were conducted 
for determining cooking time. The materials were rice, potato and cake. 
The cooking time taken for the different materials were 70,80 and 95 
minutes for rice, potatoes slices with water and cake respectively. 
Solar Dyer: 
-Dzying Kinetics of onion and apricot: 
From the experimental data, the moisture contents of onion and apricot 
for the solar dryer at any time are represented in Figure (8). It was clearly 
evident from these curves that the moisture content of onion and apricot 
reached to 25 and 10.31 % dry basis in 9 and 14 h of drying in the solar 
dryer respectively, This can explained that the main factor-influencing 
drying rate was the drying air temperature. solar dryer can generate 
higher air temperature and significantly affected the increasing of 
evaporation rate of water and then led to lower lmal moisture content of 
drying samples. 

l-+-1 kg -1.s1tg -.-2kg I 
110 

't100 e 90 
/ ~ ~ ~ 80 
.~ ~~ B. 70 

E oo• It' ~ s 
50 

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 

Dally Time 
" 

Figure(3): Effect ofloading density on the Cooker Temperatures 
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Figure(4,5,6): The standArdized cooking power as a function of (l'w-Tamb) 

for 1,1.5,2 kg of water respectively. 
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Figure(7): Effect ofloading density on the utilization thermal efficiency. 

Figure (9) shows the variation of the drying rate with drying time of 
onion and apricot , obtained by calculating from experimental data. The 
initial adjustment period of rise in temperature is ignored in the analysis 
of drying time. The drying rate for solar dryer comprises 2 distinct drying 
periods, that is, the constant-rate period and falling-rate period. In the 
constant-rate period, the onion and apricot surfaces is wet and a 
continuous film of water exists on the surface having temperature 
approximately that of wet bulb temperature in the solar dryer-; The energy 
received by the product is ent.irely used for vaporization of the surface 
water. For the falling-rate period, the surface is no longer wetted. The 
evaporation zone is then inside the product. 
- Modeling of the Drying Curve: 
In order to determine the appropriate drying equation, the drying 
constants of the drying models were estimated from the experimental 
results using a nonlinear regression method. 
-Simple exponential equation: 
The obtained experimental data were analyzed using the simple 

. exponential equation. The best fitted result of the model was shown in 
Figures (9,10,11). The linear regression equation are y=-0.0089x+0.479 
and y=-0.0046x+0.1905 and the values of the coefficient of 
determination (R2

) of the equation are (0.8262,0.9689) for onion and 
·apricot respectively. 
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- Page's model 
The obtained experimental data were analyzed using the Page's model. 
The best fitted result of the model was shown in Figures (12,13,14). The 
linear regression equations are y= 1.31 53x-6.905 and y= 1.2592x-7 .1 OS 
and the values of the coefficient of determination (R2

) of the equation are 
(0.9558,0.9937) for onion and apricot respectively. 

f 
Both of the examined models (Simple and Page's model) could 
satisfactory describe the change in onion and apricot moisture content 
during the drying process. While the, Page's model could predict the 
change in moisture content of onion and apricot more adequately than the 
simple model. 
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Figure(8): The moisture contents of onion and apricot for the solar dryer 
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Figure(9): The drying rate with drying time of onion and apricot 
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Figure(lO): Determination of the drying constant; (K) of the simple equation for 
onion and apricot 
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Figure( II): Comparison of the moisture ratio between experimental data and 
calculated values according to Simple exponential equation for onion. 
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Figure(12): Comparison of the moisture ratio between experimental data and 
calculated values according to Simple exponential equation for apricot. 
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Figure(13): Determination of the drying constants; (K and u) of Page equation for 
onion and apricot 
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Figure( 14): Comparison of the moisture ratio between experimental data and 

calculated values according to Page's model for onion 
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Figure( IS): Comparison of the moisture ratio between experimental data and. 

calculated values according to Page's model for apricot 
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CONCLUSION 

The concluded results from this study were as follows: 

1- When the load increased on the cooker, it needs more time to reach 

the maximum value of the temperature. 

2- The results showed that the value of SST was 0.087 °C m2/W at 

stagnation plate temperature of 113 °C ,ambient air temperature of 

33 °C and insolation on a horizontal surface of915 W/m2• 

3- The standardized cooking power was found to be inversely 

proportional to temperature difference (T w-T amb).From the 

previous data, it can be referred that, there were a highly positive 
relation with high (R2

). 

4- When the load increased, it needs more time to reach water 

temperature 50°C above ambient temperature . 

5- When the load increased, it needs more time for water to lose about 

20°C from its maximum temperature. 

6- The values of the utilization thermal efficiency increas~ when the 

load increased. 

7-The cooking time taken for the different materials were 70,80 and 95 

minutes for rice, potatoes slices with water and cake. 

8- The moisture content of onion and apricot reached to 25 and 10.31 % 

dry basis in 9 and 14 h of drying in the solar dryer respectively. 

9- Both of the examined models (Simple and Page's model) could 

satisfactory describe the change in onion and apricot moisture content 

during the drying process .. While the, Page's model could.predict the 

change in moisture content of onion and apricot more adequately than 

the simple model. 

The 19th. Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 209 -



PROCESS ENGINEERING 

' 
10- The cooker has a good reliability for cooking food, boiling water and 

drying some agricultural products. 
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