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ABSTRACT

The objective of paper is to carry out the study of optimization of thermal performance of solar radiation for
optimum geometrical shape of a box type solar cooker. The study involves fabrication of different geometries for
on field evaluation in region. In observation temperature profiles are plotted against equal time intervals and then
figure of merit is calculated. In solar cooking heat transfer modes i.e. conduction, convection and radiation plays
a dominant role. The solar technologies for cooking are highly useful in developing countries like India which is
enriched with sunshine. The results show that trapezoidal shape is better than other geometrical shapes made and
the information will likely impact on design of future solar cookers.
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. INTRODUCTION Where Aap is the apparent area of the collector; Ap

The solar radiation in India is 5 to 7
KWh/m? for 300 to 330 days in a year. Solar
cooking presents an alternative energy source for
cooking. It is simple, safe and convenient way to
cook food without consuming fuels, heating up the
kitchen and polluting the environment. Solar cookers
have an advantage on health, time and income of the
users and on the environment. In tropical countries
like India the solar energy have widespread scope
and therefore it becomes reliable and sustainable
source of energy. [1]

1. PRINCIPLES OF OPERATION OF
SOLAR COOKER
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.
In this regard, the geometric concentration ratio is
defined as
CR = A/Ar, (1)
Where A is the total collector area and Ar; is the
area of the receiver/absorber surface. In the case of
the simple box with no reflectors, The energy
entering the aperture can be given simply as:
Qc=Ap1gl (2)
Where Aa is the area of the surface of glazing
material facing the sun (assumed perpendicular), tg
is the transmissivity of the glazing material, and | is
the value of the global solar radiation perpendicular
to the collector. Equation (2) assumes that the
collector is normal to the incident radiation. The
variation of the apparent area of the collector with
the angle of the sun is given by equation (3).

is the area of the collector assuming the solar
radiation is perpendicular to the surface; 0 is the
solar azimuth angle, and ¢ is the difference between
the solar elevation angle and the collector tilt angle.

[2]

. GEOMETRICAL DETAILS

The three geometrical shapes have been
fabricate i.e. square, rectangle and trapezoidal with
same aperture area of 40 cm.The boxes are made of
2.5 cm bamboo commercial plywood sheet at base
as they have good absorbing property, walls of
cooker is made of commercial plywood of 2.5 cm,
4mm glass, aluminum as a reflector (no reflector
mirror is used), insulating material. The box and
cooking pot are painted black inside and outside for
better capture of Insolation. Walls of square and
rectangular type cooker is straight i.e. O degree and
trapezoidal have inclined walls as standard angle 45
degree. The rim system is made to stable a glass on
the walls of cooker and the glass is open through
vacuumed rubber arrangement.

Fig.1 Fabricated Geometrical Sh:é;:)es of Box Type
Solar Cooker
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IV.  ONFIELD STUDY

Thermal Performance

For studying the thermal performance of
the cookers the on field study is done. The cookers
were placed in Sun and observations have been
taken. During the experiment, the cookers were
loaded with water in containers. The diameter of a
container is 16.5 cm. The containers are filled with
1700 ml of water in total as per the bureau of
standards during the experiment. The temperature
profiles of the base plate and the water loaded in the
containers have been recorded through the
thermocouples and digital temperature indicator. The
ambient temperatures have also been noted down.
One similar container is kept outside with 850 ml of
water. Though the observations have been taken for
various days, here one representative observation is
presented. The temperature profiles for the water
corresponding to the cookers have been shown in
Fig 2-3.
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.2 Temperature Profile (i)

100 1815 1130 1145 1200 1215 1230 1245 100 115 130 145 200

——ambient —S-Trapermicsl —A—Sousre —s—Rectangulsr  ——Outsidenster

Fig.3 Temperature Profile (ii)

Figures of Merit
For the evaluation of the thermal
performance of the solar cookers and to compare and

quantify the performance of the different solar
cookers, test procedures have been described by the
Bureau of Indian Standards [10-11] which have been
further revised [12].The first test is a stagnation test
without load and through it the first figure of merit is
obtained. The second test involves the sensible
heating of full load of water (8 kg/sq.m.) in the
containers and through this test the second figure of
merit is obtained.

The first figure of merit (F;) for thermal
performance of the solar cookers is the ratio of the
optical efficiency to the heat loss factor. It is
mathematically defined as

F=—— ()

Where T, is the plate stagnation temperature (°C),
T is the ambient temperature at stagnation (°C) and
Hiis the solar insolation at stagnation (W/m?).The
second figure of merit (F,) takes into account the
heat exchange efficiency of cookers and is obtained
through the sensible heating test of specified load of
water. The second figure of merit is evaluated
through the following relation

_1(Tw1 Taj
F, - RMC), |7 RL H ®)
ATm 1_1[Tw2 _Taj
L H

where F is the first figure of merit, (MC),, is the heat
capacity of the water in the containers, 7 is the
measured time for the sensible heating of water
between the two known temperatures T,; and T, of
water, T,is the average ambient temperature over the
time period t,, and H is the average insolation over
the horizontal surface for the time period Ty,

The value of the first figure of merit F;should be
equal to or greater than 0.12 as per the BIS standards
for the efficient working of the cooker. The
minimum required value of F,should be 0.4 for
cookers loaded with all the pots. The standard load
of water for the full load test has been specified as 8
kg of water equally distributed in the pots per square
metre aperture area. The water to be loaded in the
pots should be at the ambient temperature and the
values of T,,and T,, have been fixed at 60°C and
90°C respectively. The average figures of merit for
the boxes have been found to be as: Trapezoidal
F.=0.11, F, = 0.46; Square F,=0.11, F, = 0.46;
Rectangular F;=0.11, F, = 0.45, respectively.

V. RESULT AND DISCUSSION
The Fig. 2-3 present the experimental
temperature profiles of the three systems. It can be
seen that the temperature of the water kept in the
square system is slightly more, followed by the
trapezoidal and rectangular systems respectively.
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The performance of all the three systems is almost
same initially with slight change in the later period.
This is expected as all the three systems are same in
aperture area and total energy absorption, but the
difference in later stage suggests that square and
trapezoidal systems are better than the rectangular
one.

The average value of the figure of merit F;
is almost same for the three systems, whereas F, is
higher for square and trapezoidal as compared to
rectangular.

VI. CONCLUSION

For the study different geometrical shape of
box type solar cooker is fabricated. A figure of merit
is calculated and Temperature profiles are drawn
with respect to equal time intervals. It is concluded
that for improving the thermal performance of the
cooker the inclined walls are preferable in
fabrication of solar box type cooker due to
inclination shadowing effect is less on cooking pot.
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