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1. Introduction
Among the unique uses of solar energy is the use of solar
ovens to collect and strengthen the energy of the sun for
cooking food and boiling water. In general, three types of
solar ovens have been studied by researchers, namely
indirect solar ovens, solar ovens with vacuum tubes, and
parabolic solar ovens. Parabolic ovens include a
concentrator, a base, supports, a movable arm, and a pan-
holding jaw. In the design of this oven, the holder of the
container should be placed in the focal point of the
parabolic oven. In this research, a parabolic solar oven was
designed, built, and tested using extensive and regular
mirror work. Among the innovations of the current
research, the following can be mentioned:
e Using available and cost-efficient materials
e High ability to upgrade and repair the device
e The possibility of making and using stoves for
teaching in schools and universities
e The possibility of changing the angle in all three
dimensions of spatial coordinates
e Calculation of energy efficiency in all experiments
e Investigating the effect of container material,
container size, container body color, and container lid
placement on solar oven performance

2. Design and Construction
According to Figure 1, The equipment of the location of
the container should be located at the focal point which is
obtained by the equation (1):

dZ

f=Ta @

In the above relationship, d is the diameter of the dish
and h refers to the depth of the dish, which are 81 and 7.7
cm in this research, respectively. Therefore, the focal
distance, f, is equal to 53 cm.

The holding equipment is designed so that the device can
change its position in three dimensions. The red arrows in
Figure 2 show the methods of moving and adjusting the
angle and spatial coordinates in three dimensions. The
final shape of the solar oven is shown in Figure 3.
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Fig. 1. Schematic of dish and focal point
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Fig. 2. Support base and movable arm to adjust the angle in
three dimensions

Fig. 3. The actual and final image of the solar oven device

3. Experimental Investigation of Performance
Investigating the effect of different amounts of water in
a fixed container on water temperature

In this experiment, different amounts of water were tested
inside a copper container of the same size. According to
Figure 4, 0.5 L of water reached the boiling point
(temperature of 100°C) after 20 minutes. In the same
period, 0.75 L of water reached a temperature of 93°C, and
1 L reached a temperature of 85°C.
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Investigating the effect of copper and aluminium  temperature per unit of time:

container material on water temperature

In this experiment, two copper and aluminum containers ~ my Gy (Typ — Ty) (3)

with almost equal dimensions were examined with a
constant amount of 0.5 L of water. As shown in Figure 5,
in 40 minutes, the temperature of the copper and aluminum
containers reached 90°C and 78°C, respectively. As a
result, in a certain period, the temperature of the water in
the copper container rose more than the temperature of the
water in the aluminum container. This result can be
explained by the higher thermal conductivity of copper
metal (398 W/mK) compared to aluminum metal (248
W/mK).

v At

In the above equation, m,, and C,, are the mass and
specific heat capacity of water, respectively, and T,,; and
T, s are the water temperature at the beginning and end of
the test period, respectively. In order to check the thermal
performance of the built device, the thermal efficiency of
the device should also be checked. Using equation (2) and
(3), the energy efficiency of the parabolic solar oven is
obtained from the following equation:
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Fig. 4. Solar oven performance test to check different

amounts of water in a fixed container
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Fig. 5. Solar oven performance test for investigating the
effect of container material (copper and aluminum)

Investigating the effect of black color on absorbing the sun's
heat

In this experiment, normal and smoked aluminum
containers with a constant amount of 0.5 L of water were
examined under direct sunlight. As shown in Figure 6, the
smoked aluminum container reached the boiling
temperature in 25 minutes, while the normal aluminum
container reached a temperature of 75°C during this
period. The reason might be the high absorption coefficient
of black body radiation.

Thermodynamic analysis (energy efficiency calculation)
In this part, thermodynamic analysis was performed to
calculate energy efficiency. The input energy rate in the
parabolic solar oven as the considered system is the sun
energy, which is obtained by:
Es = IaveAap (2)
Where, 1, is the average rate of solar radiation input to
the parabolic solar oven in a time interval where the value
of 941 W/m? is considered. A,, refers to the area of the
solar concentrator aperture. The rate of thermal energy
consumed according to equation (3) is equal to the amount
of thermal energy required for water to reach a certain
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Fig. 6. Solar oven performance test to investigate the effect
of black color

Energy calculations for different experiments are
obtained according to Table 1. Based on this table, the
highest energy efficiency is related to a medium copper
container with a closed lid (18.52%).

Table 1 - Energy efficiency for different experiments (%)
Medium copper pot with a fully closed door 18.52
Medium copper pot with a fully open door 7.67
Small copper container with a closed lid 17
Aluminum pot 9.62
Smoked aluminium pot 16.93

4. Conclusion
In this research, a parabolic solar oven with simple
usability and educational use was made. Available and
cost-efficient materials were used for all pieces of
equipment. This device could be upgraded highly and
easily. In addition, due to the change of the sun's radiation
angle at different hours, it can change the angle in three
dimensions of the spatial coordinates. In order to ensure
the tests, the repeatability chart was presented and to
ensure the accuracy of the results, uncertainty analysis was
conducted. The following results were obtained in
summary from the experiments:

e A copper container with 0.5 L of water boiled in 20
minutes and 1.5 L of water reached 82°C in this time.

e The temperature of the copper container reached 86°C,
while the aluminum container reached 76°C in 30
minutes.

e The smoked and non-smoked aluminum containers
reached the temperatures of 100°C and 75°C in 25
minutes, respectively.

e The result of thermodynamic calculations to extract
energy efficiency showed that the highest energy
efficiency was related to medium copper container
with closed lid with 18.52%.
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Design, Construction and Experimental Investigation of Parabolic Solar Cooker Performance

Nasser Baharlou-Houreh Ali Sadeghi Saeed Golshadi

Abstract Considering the abundance and freeness of solar energy in the country and gas supply problems, solar oven
is considered a very suitable alternative for cooking food. In this paper, a parabolic solar cooker was designed, built and
tested. The equipment used in the construction includes iron parabolic dish, mirrors to reflect light on the focal point,
cans and iron belts to make the jaw and support base. Among the innovations of the present device, we can mention the
use of cheap materials, the ability to upgrade and repair, simple use and educational use, and the ability to change the
angle in all three dimensions of spatial coordinates. To ensure the accuracy of the results, the repeatability chart is
presented and the uncertainty analysis is calculated for all parameters. By comparing the aluminum container and the
copper container, the result is that the temperature of the water in the copper container reaches 86 degrees and in the
aluminum container reaches 76 degrees Celsius in 30 minutes. In another experiment, a smoked (black) aluminum
container was checked, and according to the experiment, water in the smoked container boils in 25 minutes. According
to the thermodynamic analysis that was done to calculate the energy efficiency in all experiments, the medium copper pot
with a closed lid with 18.52% efficiency and a small copper container with a closed lid with 17% efficiency, are ranked
first and second respectively.

Key Words Solar energy, Parabolic solar cooker, Water boiling, Energy efficiency, Construction and testing.
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