International Journal of Energy and Environmental Science

2021; 6(4): 96-106
http://www.sciencepublishinggroup.com/j/ijees

(Y J' N I
otlencer

doi: 10.11648/j.ijees.20210604.14
ISSN: 2578-9538 (Print); ISSN: 2578-9546 (Online)

Science Publishing Group

Performance Evaluation of Locally Designed and Produced
Parabolic Solar Cooker

Samuel Jacob Aliyul’ ", Chiebuka Timothy Nnodim', Kazeem Rasaq Adebayol,
Adedayo Aaron Banji2

'Department of Mechanical Engineering, Landmark University, Omu-Aran, Nigeria

Department of Electrical and Information Engineering, Landmark University, Omu-Aran, Nigeria

Email address:

*Corresponding author

To cite this article:

Samuel Jacob Aliyu, Chiebuka Timothy Nnodim, Kazeem Rasaq Adebayo, Adedayo Aaron Banji. Performance Evaluation of Locally
Designed and Produced Parabolic Solar Cooker. International Journal of Energy and Environmental Science.

Vol. 6, No. 4, 2021, pp. 96-106. doi: 10.11648/j.ijees.20210604.14

Received: January 12, 2021; Accepted: January 19, 2021; Published: August 27, 2021

Abstract: Despite being able to supply beyond energy required for global use, the sun is still being greatly under-utilized
possibly due to the availability of alternative sources of energies which are finite, costly, and far more hazardous. The aim of
this research work is to seek better ways of utilizing the luminous flux (luminous energy emitted per second) or power from
solar radiation, which is renewable, pollution free and which is freely available to mankind to generate heat or power required
for cooking and for related needs of a cooker. The solar cooker, which is a family size type was designed (with the design
specification temperature of 180°C) which was constructed and tested between the periods of 9.00 am and 4.00 pm during sun
shine days. The maximum temperature attained was 140°C. The parabolic solar cooker has four panel booster reflectors (with
rectangular plane mirrors on each booster reflector) each of which is detachable and a mechanical device is provided to
constantly tilt the reflectors in the azimuthally direction so as to track the sun. These reflectors reflect the sun rays which falls
incident on it to a focal point which give solar energy of high intensity. A known size pot was positioned with aid of a
potholder on the focal point. The use of the parabolic cooker will help tremendously in the conservation of fossil fuel energy.
However, on the sunny and cloudless days, the cooker can work effectively for various cooking purposes at almost the same
rate as the conventional stoves. The efficiency of the cooker was determined and recorded. Finally, the cooker could be more
efficient if the entire reflector surfaces of the cooker can be able to radiate heat energy from all its surfaces to the focal point.
The cooker could be used for cooking on sunny days and in areas where electricity availability is questionable in terms of

supply.
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maintenance this energy is stored in living things (plants and
animals) and this source can be identified continuously
through these living things, wind energy and fossil fuels.
Most forms of heat inputs produce some measure of pollution
(which is not environmentally acceptable), since waste
products occur along with the desired goods. Due to high
demand for energy, people are beginning to see the energy
crises in a very different light. The problem imposed by
growth in energy consumption applies almost equally to
renewable sources of energy [1-3]. Even though they cannot
be depleted, costs will rise rapidly and supply will decline [4].
There are two main categories of energy sources and they are:

1. Introduction

Energy, the ability to accomplish physical work, comes to
our attention principally for an economic advantage and as an
input to our intermediate goods processing. The energy
demanded is not just hunted for its own sake. The natural use
of energy from its source is considered as an asset for the
production or utilization of final product. The ultimate
realization of energy has brought about the economic
development of our daily basic needs with increased energy
used per capital. Solar energy been the source of existence
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the exhaustible sources (fossil fuels-gas, crude oil, and
natural gas) and the in-exhaustible sources such as
continuous sources-hydro, wind, tidal, and solar energy. The
exhaustible sources are also known as the non-renewable
energy source while the in-exhaustible sources are what is
referred to as the renewable energy source. According to
Joyee and Rahman [5], integration of renewable energy
sources into energy supply systems will minimize problems
associated with finite fossil fuel resources and environmental
deterioration due to emissions from fossil fuel-based energy
system. Ultimately renewable energy system will replace
fossil-fuel based energy sector [6-8]. Direct solar radiation
can be harnessed for variety of purposes, including heating
and cooling of building, water heating, agricultural drying
and so on. Solar energy is an alternative natural energy
sources for mankind in meeting his energy need for the future
[5]. Solar energy has a non-polluting phenomenal, it
possesses a great amount of energy which can be converted
into several orders of magnitude greater than the present
world energy demand. The quantity of energy received by the
earth from the sun is tremendous, but it is also quite diffused.
The intensity of solar energy outside the earth atmosphere is
above 0.333 Kcal/mzs, and out of this, about 30% is lost in
atmospheric layers. The total energy falling on the earth turns
out to be about 708 x 10'* kCal/s i.e. some 30,000 times the
energy consumed at present [9]. Solar energy represents an
almost inexhaustible source of energy. In Nigerian and in
most African countries, fossil fuel has been the major means
of obtaining energy. Renewable sources like wind,
geothermal, photovoltaic cell, and other forms have not been
properly harnessed.

However, the era of cheap fuel (coal, wood, petroleum and
so on.) is diminishing, invariably pointing to the need of
exploiting and harnessing renewable energy source as
paramount. In Nigeria, the potentials for solar cooker being
used for solar cooking will be of tremendous impact
especially in the tropics where the sun’s rays are almost
directly incident on the earth surface [10]. Therefore, more
research should be done on the use of solar energy so as to
reduce the over dependence on the sources of energy which
forms the basis of this research work which was aimed at
improving and modifying the existing types of solar cooker
for obtaining higher efficiency and better aesthetics of the
parabolic cooker to suit the choice of users and as well for
other uses. Because the earth is such a small target in the
solar system, only about one-fifty-millionth of the abundance
of its heat energy output arrives the earth’s outer atmosphere
(190 km above earth’s surface), and it does so at a constant
rate [11]. This constant rate is known as the solar constant.
The effective surface temperature of the sun is about 5762°K.
The temperature of the sun’s interior is estimated to be at 8 x
10° to 40 x 10° K, and the density is about 80-100 times that
of water [12]. The star (sun) has three layers, the photosphere,
the atmosphere and chromosphere. The photosphere is the
source of solar radiation while the atmosphere has lesser
transparency than the photosphere. For many purposes (such
as thermal process) the sun is adequately considered as a

black body radiator at about 5762 K [13]. From general
observation, it is observed that the intensity of the sun’s
radiation at a given time and place and the angle at which its
rays strike a surface are dependent upon the season of the
year, the degree of cloudiness and the tilt of the surface with
respect to the horizontal. The sun energy estimated to be
falling on the horizontal surface in Nigeria is 23000 kJ/m’
[13]. Finally, the greater the hours of sunshine per day, the
greater the intensity of the sun; this means that there are more
hours of sunshine in Minna as from January to April every
year than other months [14-16].

The objective of this research was to provide the cheapest
techniques for cooking with solar energy in developing
countries. In Nigeria, majority of our women in rural areas,
towns and villages cook meals daily using firewood or
charcoal. The increasing consumption of biomass fuel show
the decline in the availability of the resource especially in the
Sahelian zone of African. In this part of the world, every
household have to travel a great distance to obtain biomass
resource. The children become venerable to high risk of
accessing this commodity by paying higher prices in favour
of their education. The deplorable conditions of these
children leads to unacceptable poverty, serious educational
backwardness, disturbing health challenges, environmental
degradation leading to deforestation and desertification [17-
19]. A better alternative to curb this negative effects at house
hold level, is the implementation of the use of the solar
energy for household utilization, thereby making life
meaningful for an average mankind and reducing the total
dependence on biomass fuel or fossil fuels. This will also
help to obtain higher but safe temperature for fast cooking
through the continuous improvement and modification of
solar cookers. By this, there will be better means for faster,
cleaner, and less costly cooking.

2. Materials and Methods
2.1. Material Selection

Materials for the entire assembly of the parabolic dish
multi-solar cooker (PDMSC) were considered during the
design before the construction were finally implemented.
(Table 1). The parabolic dish curvature should be able to
reflect solar radiation heat from the reflecting mirror to the
cooking pot; thus, consuming less time and enabling a better
long life for the cooker. The materials selected for the
construction is mild steel which is more preferable than
aluminum considering its strength, durability, and rigidity.
Production of steel is estimated to bel6500 kJ/kg compared
to that of aluminum of 141,000 klJ/kg [4]. During the
construction process the pot holder and the reflector were
assembled and mounted on a frame structure. The parabolic
dish assembly frame is again supported by basement
structure which is also made out of a flat bars and MS angles.
Parabolic dish could be swigged along 180°C in the direction
of the Sun for tracking purpose. The parabolic dish reflecting
plane mirrors were cut to geometric sizes and then glued to
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the curvature shape of the dish by a plastic mold. Aluminum
pot and the stainless pot were used for cooking because they
have good thermal conductivity, better corrosion resistance,
and good absorbing capability of heat and with a good weight
quality. These utensils are obtainable in the local market and
most especially they offers the user an advantage of ease of
changing their external illumination with a different colour
quoting of their choice, in this case using black colour [5].
Solar reflecting systems for research activities, e.g. plane
mirrors, need high quality and good specular reflectance
properties [19-25]. Plane mirror of 2 mm thickness was used
putting into consideration the cross weight of the parabolic
dish. A plane mirror with high polished surface could attain
reflectivity of 95% which is acceptable than that of
aluminum (85%). Black colour have higher absorptivity of
sun energy at angles of sun reflection other than normal
incidence; they also adhered to the material surface and are
durable during operation, therefore black paint is used for the
absorber coating, Figure 1.

Figure 1. Experimental set-up of parabolic dish multi-solar cooker, 1-pot; 2-
pot holder; 3-reflector.

The experiment was done in Niger State, Nigeria. The
African continent, Figure 2a, identify the regional intensity of
direct normal irradiance (DNI), and also Figure 2b identify
the regional location map of Niger State. Our mother
continent in totality experiences 365 days of direct sunshine
in a year, while the northern and southern regions experience
the best DNI locations on earth. Having this awareness
makes it possible to maximize the use of the solar intensity in
Africa which is a profitable and sustainable venture [6].
Some major geographical zones on earth have more of
sunshine reaching the earth's surface. Naturally having these
zones lying between 15° and 35°latitude north and south
seem to be most favorably placed. This geographical zones
experiences little rains fall and clouds which means that more
than 90% of incident sunshine is direct radiation and the
yearly sunshine hour is usually over 3000. Equatorial belt
which is lying between 15°S to 15°N receives about 2300
hours of sunshine per year with very little seasonal variation.
This geographical zone experiences high humidity and
frequent clouds in this belt generally result in a high
proportion of the solar radiation taking the form of scattered

radiation. Nigeria is situated between 4°N and 13°N latitude
which is geographically in a favorable zone for harnessing
solar energy. The total solar energy incident on a horizontal
surface annually in Nigeria is 2300kwh/m? [9, 26].
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Figure 2. Location Maps: (a) Africa (b) Niger State.

2.2. Design Considerations

Parabolic solar cookers concentrate the Sun’s ray from
each reflecting mirror to the focal point (focus). Hence, when
the Sun’s ray hit the concentrator surface side of the device,
the curvature which is the shape of the cooker causes all of
the rays to be focused at a point. This allows heating up of
whatever that is placed there (at focal point). Concentrator is
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the device which collect and directs the radiation to the
receiver placed within the parabolic dish. Concentration ratio
(C) of the area of energy utility of the device is the ratio of
the following points were considered in the design of the
parabolic cooker (i) clean inner parabolic surface area to
reflect the sun’s ray; (ii) the parabolic dish (reflector) was on
some platform to incline it in the direction of the sun; (iii)
weight consideration of the cooker when it comes to its
movement; (iv) cookware (pot) positioning (pot base or
hanger); and (v) cost of construction or production.

Table 1. Bill of Quantity.

Material Qty Total Cost (N)
10 m (20 by 20mm) pipe 1 800.00
(8°x4’) steel plate of (0.5mm thick) I sheet 2,200.00
2” angle iron 2 3,850.00
M13 bolts, nuts and washers 34 1,080.00
60 mm Q Wheel pedestal 4 450.00

5 mm rod 3 500.00

2 mm thick mirror sheet 1 sheet 5,000.00
5 mm thick rubber lining 1 sheet 500.00
20 mm tick pot holder and frame handle 1 900.00
200 mm Q cooking pot 1 200.00
0.75 kg Silicon gum 4 2,400.00
1 bond glue 1 litre 800.00
M14 threaded road and nuts 1 600.00
20 mm Q wooden handle 3 300.00

Design Equation

The imaginary sphere area, and the cross-sectional area of
the earth with the radius of the sphere, extraterrestrial
radiation, extraterrestrial solar constant, continental land area
and radius of the earth were the fundamental parameter used
in the design.

Ap = mr? = 3.142(6.4 x 108)% = 1.287 x 10%*m? (1)
S¢ = 4mr? = 4 x 3.142(1.5 x 10'1)? = 2.828 X 10%*m? (2)
%Sun output = {[Ag/Ss] x 100} 3)

Re =IscA (4)

where, Sg is the area of the imaginary sphere, Ag is referred
to as the cross-sectional area of the earth, rg is known as the
radius of the sphere, R is the extraterrestrial radiation, Ig¢ is
the extraterrestrial solar constant, A is the continental land
area and r, is the radius of the earth. From Eq. (3), it is
observed that the sun output could be as much as
0.0000000455%. This output of the sun’s energy on the earth
(0.0000000455%) can definitely support life on earth. Since
the world's average annual energy consumption is 9.262x10%
kWh [9], this implies that, from Eq. (4), that the
extraterrestrial radiation is 1.262-10">w/m”. Considering the
annual average sun shine for 9 hours/day this energy will
amount to 4.157-10'®wh/year. With the estimation of
clearness index of 50% and since 47% of the extraterrestrial
radiation reaches the earth surface this means that the
terrestrial radiation in Nigeria's land area is 2.079-10"
wh/year.

2.3. Pot Holder

The pot holder as shown in Figure 1 was constructed using
a 5 mm rod mild steel to enable the pot (s) to maintain
balance. With this holder, the cookware is established and the
cooking pots were placed on the cookware which also form
the focal point where uniform heat distribution is achieved
[31-38]. Regardless of the dish tilt inclination angle, the pot
is effortless placed on the pot-holder even as the device is
been used to tracked the solar movement and elevation which
contributes to asymmetry of the cooker. Though the reflector
faces the sun, the cookware remains horizontal within the
dish. The cross-section of the asymmetric reflector tilt angle
between their axes may be as low as zero [28-30], Figure 3,
Figures 4 and 5, demonstrate the characteristics of the sun’s
beam of light been reflected off a flat mirror. The incident ray
hits the mirror at the incidence point, a line perpendicular to
the mirror i.e. the normal, acts as a line of symmetry for the
incident ray and the reflected ray. The angle made between
the reflected ray and the normal is the angle of incidence,
although they are always identical. For curvature surfaces,
the normal is perpendicular to the tangent at the incidence
point shown in Figure 5.

Incidence
-4 g
Angular & /.
tolerance Vit

Figure 3. Asymmetric reflector Cross-section.

M

Figure 4. Plane mirror illumination.

2.4. The Geometry of a Parabolic Dish Multi-Solar Cooker

A parabolic curvature is the locus of points that moves
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within an equal distance with a fixed line and a fixed point.
The perpendicular fixed line serves as the directory while the
fixed point is known as the focal point F as shown in Figure
6. The perpendicular line is mathematically known as the
axis of the parabola; the parabola intersects its axis at a point
V which is called the vertex, the vertex point dissects the
parabola exactly at the midpoint between the focus and the
directory. Designing a parabolic curvature, it is more useful
to define the design with the origin at F and in terms of the
angle (0) in polar coordinates with the origin at F. The angle
0 on the line VF and the parabolic radius p, specified the
distance of the focus F to the curve. Repositioning the origin
to the focus F, we have Eq. 5 [14, 39, 40].

_ Normal
>~

Angle of Incidence Angle of Reflection _,

| 4 4
A 6 6 \
/ Reflected Ray
Incident Ray
Reflective Surface

Figure 5. Light reflects off a flat mirror.

2f

P = ©)

" 1+cos®

The rim angle (0,n,) can be determined in terms of the
parabola dimensions using Eq. 6:

Tan 6y, = 1/(d/8h) — (2h/d) (6)

From the physics of parabola, for any line parallel to the
axis of the aperture reflecting surface, the angle p between it
and the surface normal is equal to the angle between the
normal and a line to the focal point as shown in Eq. 7.

0=2p ()

Figure 6. The parabola intersection.
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Figure 7. Parabolic curvature.

When considering integrating a differential segment of the
curve in Figure 7 and applying the limits x=h and y=d/2,
Equation 8 was obtained.

d [[4n\? 4h | [(4h)2
s=[; /(;) +1|+2fln[; /(;) +1] )
Where d is defined as the distance across the aperture in
Figure 7 while h is taken to be the distance from the vertex to
the aperture. The cross-sectional area of the aperture space of

the parabola and a line across its aperture with the normal to
the axis is given by

Ay=2dh )

Care should be taken not to assume that the reflecting
surface area of a parabolic trough or dish or their aperture
areas are the same, [22]. Figure 8 shows the parabolic
curvature.

—@®—Seriesl

-1000 -500 0 500 1000

Figure 8. Parabolic curvature.

2.5. Parabolic Size Calculations

Using the design specification, the diameter, d=1200 mm,
for good convergence, while the depth is taken to be 300 mm.
At y=300 mm (depth of parabolic dish) and x=600 mm
radius of parabolic dish). The calculations of the focal length
(f), rim angle (6) and the parabolic radius (P) were done
using Egs. 10, 11 (from depth, H), and 12, respectively

y = x*/4f (10)

(11)

1

Tan® = s ons
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P = 2f/1 4+ cos 6(m) (12)

2.6. Calculation of the Theoretical Quantity of Heat Needed
for Cooking

The quantity of heat needed for cooking is obtained from
all the heat quantities utilized in the cooking of food in
relation to the design insolation as shown in Egs. 13-16

Useful heat (Q)

Heat required to boil 1kg of H,O, Q,

Q: = MAT (13)

1 x 4200 x (100 — 30) = 294,000] = 294k]

Latent heat required to maintain the boiling point of water

Q:Q; =ML (14)
1% 0.5x%2.26 X 10° = 113,000] = 113K].
Heat losses
Heat dissipated to free convection by pot Q;
Qs = ¢*KN,AT/h, (15)

The turbulence heat which occurs at the bottom of the pot,
Nu=0.14G**

This shows that G is obtained from a factor given as
G/d3AT = 5.8 x 107, From the relationship the Rayleigh
number is given by:

G = d3AT x 5.8 x 107
=(0.13)® x 5.8 x 107 x (100 — 300) = 8919820
From Eq. 15,
= N, = 0.14(8919820)%33 = 27.526
Heat loss by the pot through convection Q;
Qs = p?KN,AT/h,,

= (0.075)% x 0.027 x 27.526 x (100 — 30)/0.08
= 2.9264w = 0.00293Kw

The amount of power over the period of an hour

Pinput = Q; + Q; = 294000 + 113000/3600 = 395.55w

Amount of power (P) at the cook ware
P=useful power + losses

P=0Q, +Q,+ Qs = 395.55 + 2.9264 = 398.4764w

But useful energy=energy supplied — energy loss

Useful power=Power Supplied — Power Loss
PUp =P —P (16)

The energy expected to be supplied will depend on the
area of the collector and the effective solar beam (Ie)

le=PxT

where Ie is the effective solar beam, e is the reflectance of
back — silvered mirror, I is the solar insolation and P is the
solar reflectance of back silvered plain mirror.

The energy balance for the working of the solar cooker
will be:

Ale =Q; +Q, + Q3 =Pyp + P,

But

A=Pyp +P./le

= 395.55 + 2.9264/750 * 0.89 = 0.473m?
By considering a design factor of 1.5
A =Pyp +P,/le*15=0.473 1.5 = 0.709m?
Given that A=ntr? = 0.709m?
r =+/0.709/1 = 0.268m?

2.7. Calculation of the Concentration Ratio of the Solar
Cooker

The aperture area of the solar device A, is the actual area
of the concentrator facing the beam. The concentration ratio
of this area is the ratio of the aperture area to the area of the
absorber (A}) as shown in Eq. 17

dem = Aa/Ab (17)

The individual plane or curved segments are each designed
to reflect radiation to the absorber.

Substitution of R=1.2 and r=0.2 in the relation q. =
mr(R? —r?)/mr? + 2nrh= (R2 = r?)/r? + 2rh we
obtained q, to be 25.75.

2.8. Thermal Analyses of the Cooker

The parabolic cooker is theoretically design to reach a max
temperature of 240°C. Therefore, the assumptions made
during the construction and test of the equipment were that
the absorber theoretical temperature is uniform, the air within
the environment surrounding the absorber and mirror
elements is at ambient temperature and that during sunny
days the humidity is negligible. Thus, form the assumption,
observation and conditions, the energy balance equations for
a parabolic solar cooker (constructed) are shown in Eqgs. 18-
23.

Qu=0Qa —Qc— Q¢ (18)

Where Q, is the energy utilized/sec for heating the absorber
and the liquid, Q, is the total energy reflected directly into
the absorber surface, Q. is the convection losses/sec and Qg
is the radiation losses/sec. Therefore, the total heat energies

Qup = HpAz.e.a, + Hy Ay (19)
Qc = (hlaAl + hZa'Ag)(Ts - Ta) (20)
Qr = (A1 (0TS —J) +A(TE+]2)} 2D
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where J; and J, are given by Sparrow and Bahadori as
Ji=0d- 5){EgF1—2 + SGF1—3}0'T54

Jo=0- E){EgFZ—g + 8211:2—;31}0-’1‘;1L

(22)
(23)

and H,=solar insulation-750 kw/m’
The energy Q, is utilized in heating the absorber and the
liquid. An increase in the temperature VT in time Vt is given

as Eq. 24:
QuVt = M,Cp VT + M, Cp VT (24)

The heat transfer co —efficient h;, and h,, depend on the
wind velocity V,

Ka(V dCosa)0-618
H,, =0174—2"—"7""
1la dV
b = 0.664 K,Rea'/?Pra/3
za— 0.88d

When the wind velocity is reduced to zero by shielding the
pot, the heat dissipation between the absorber to the air will
be by free convection and the heat transfer co — efficient in
that case will be:

Hy,, = 053 Ka(Gra.P;a Cosa)la
K 1
Hygiy = 0.53—“(3;8”? ‘

2.9. Calculations of the Theoretical Quantity of Heat
Needed for Cooking When Using Aluminum Pot

3
The Grashof number Gr, = ngZL

(25)

The Gr, is thus obtained as 230.88

The average heat dissipation coefficient between the
absorber surface (hy,,) and the heated surrounding air (h,,;,) is
1.151 and 1.536 w/m?K, receptively.

J; = (I — ©){egF1_2 + €,F1_3}0Ts = 25.85 w/m?
Jo = (1 — ©){egFag + €,F5_aJoTd = 26.22w/m?

The diameter of pot=0.2m and height of pot=0.12 m, then
Curve surface area of pot (A;)=0.0754m? and the top surface
area of pot (A,)=0.034m?

Heat loss through radiation Qg

Qr = —{A1(0Tfa = J1) + Ao(Tfo +J2)}=40.33 W
Heat loss through convection
Qc = (hygAy + hyg. Ax)(Tfq — T,)=25.63 W (26)

The total energy received and reflected on the absorber
surface in a second is:

Qup = HpAz.e.a, + Hy Ay .y

Qup — 23.079

— 2
gog25 - U2im

A3 =
A factor of safety of 1.5 is assumed in order to take care of
their losses not considered, the total collector area will now
be 0.314 m”.
Efficiency determination of multi-solar device.
Multi-solar device thermal efficiency was calculated using
Eq. 27.

Focus Energy

Thermal Energy = 27

Energy recceived at the dish

Taking the focused energy=energy obtain at the potholder
with the energy obtained is equal to the total energy radiated
through the sun that hits the dish and thus was computed; Eq.
28.

E = AST* (28)

where E is he total amount of energy radiated (W/m?), § is
Stefan constant with the value of 5.7 X 1078 W/m?K*, while
T is the temperature (K) and A, area of the potholder.

The cooker efficiency was computed to be 44%. Actually,
the atmosphere created a negative environment for serious no
effectiveness of the reflecting surfaces and incomplete
reflection of this ray to the focus due to inaccurate curvature.
Nevertheless, since the cooker was designed for cooking, the
only thing that affects the efficiency of this cooker is when
the intensity of the sun is low and there are clouds in the sky

[11]

3. Result and Discussion

The focal point temperature varied with time as the
sunshine intensity increases but however, a peak value was
realized during the experiment and there after the intensity
begin to decrease. Incremental changes of the sun
temperature with time are conditioned by the sun movement,
sun tracking, and the inclination angle of the parabolic dish
to the atmospheric condition. Experimental procedures were
followed during the test and this includes testing for the
temperature highest point at the focus at various intervals
using a paper tissue; taking the readings of the cooking
period of the cooker for different type of cooking items. The
solar device temperature at the cookware focus where the pot
is placed was determined at intervals, the experimental
activities were done during the period of cooking. The
change in temperatures during the experiment were between
9 am in the morning to 4:30 pm as shown Figure 9: The
average temperature obtained was 105°C. In this experiment
different type of food items were cooked simultaneously for
different people at a time using a multi-cookware principle.
The cooking was absolutely alright for eating. The quantity
of heat absorbed can be obtained using definite calculation
equations. The temperature variation was as a result of the
weather changes. The use of wider cooking pot-holder Figure
1 enables us to achieve our desire of concurrent boiling of
different food items. During this test, three food items were
taken into consideration: yam, rice and water. The effective
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period of temperature changes is from 11 am for both Yam
(1.5 kg) and Rice (1 kg) with ingredients (0.2 kg) while that
of the water (1 kg) is 1:00 pm. The heat addition between 9
am to 11 am was not remarkable due to the cloudy day. Table
4 gives detail information on the concurrent cooking
procedure; this is a step further for the utilization of solar
cookers for an average family. After every 15 minutes, the
cooker was mechanically tracked using mechanical tracking
device for perfect focusing continuously to obtain the solar
intensity as the sun transverse across the sky. A digital
temperature recording device and bulb thermometers were
deployed to measure the temperatures of the cooking
elements within the interval period of 10 and 30 minutes,
respectively. The tracking of the cooker is highly necessary
during the experiment for cooking to capture the reflected
rays for the luminous flux for utility. Frying of half a dozen
of eggs weighing 0.5 kg was done with the aids of a solar
meter and a thermometer (Table 2). Pouring 1kg of water into
the cooking pot and adding rice (1 kg) and ingredients (0.2
kg) the temperature of water was raised to between 75 and
80°C. Different observations were carried out on rice (1 kg)
and ingredients (0.2 kg). A measured quantity of rice and
ingredients were considered and two experimental
observations were noted for each day at different time
interval. The experimental results recorded are tabulated in
Tables 3 also in 4, respectively.

Concument boiling of rice & yams & water using sepamte pots
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Figure 9. Temperature readings for concurrent cooking from 9am to 4:30pm.
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Figure 10. Temperature readings for eggs and rice from 12 noon to 3:30 pm.

Figure 11. Sun-shine recorder instrument.

During the experiment, glass bulb thermometer and a
digital thermometer were used to record the temperature,
Figure 1. The daily sunshine radiation during the observation
was recorded through the sunshine record Figure 11. This
recorder is used to verify the intensity of the sun. This
instrument has a component called, sunshine card under the
glass ball, graduated on hourly recording Figure 11. As the
temperature of the sun increases this card get burnt and at
this point the reading is noted from the card [11]. The
temperature variation of water, yam, eggs, rice and
ingredients during the experiment and time are plotted and
shown in Figure 9 to Figure 10. Experimental observations
from Figures 8 to 9 show that the cooking pot temperature
increased with time. The same observation can be said during
the concurrent cooking as the temperature keep increasing of
each food item with time. This phenomenal of increment
changes in temperature was because of the variation of
energy intensity as the sun is been tracked. The experiment
was favored with a sunny day unabated by dark cloud
therefore the radiation was high and also the temperature was
high. Again from the data of cooking, Figure 9, it was
observed that the highest temperature for lkg rice and
ingredients 0.2 kg, is 100°C. In this location, Nigeria is lies
between 4°N and 13°N latitude and is geographically favored
for harnessing solar energy, therefore the maximum solar
radiation cooking energy is observed between 9:00 am to
2:30 pm, as from this time on-forward the solar radiation
begin to decrease to sun set this is because Niger State lies
within moderate levels of solar radiation. The data in Table 4
indicate the temperature dependence of water in the receiver
as the solar radiation increases during day time. From the
data it can be understood that the temperature of the water
changes during the day time between 12:30 to 2:30 pm due to
the heat flux of solar radiation which enable the yam to be
cooked [11]. Due to the decrease in the sun’s intensity the
solar radiation also keep falling thereby making the water
temperature to begin to fall as from 2:30 pm with time.
Finally, the cooker can perform better to about 150°C if
constant positioning of the pot is at the focal points.
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Table 2. Monitoring during when used to fry eggs (experimental time: 11:45
am, ambient temperature: 35°C).

Table 3. Monitoring during when used to cook rice (experimental time: 1:40
pm, ambient temperature: 36°C).

MM (kg) TI TR (°C)
0.5 1200hrs 50
0.5 1215hrs 60
0.5 1230hrs 65
0.5 1300hrs 105

MM (kg) TI TR (°C)
Mass of H,0=1 1400hrs 75
Mass of Rice=1 1430hrs 82
Mass of pot=0.2 1500hrs 90
Mass of ingredients=0.2 1530hrs 105

*MM-mass of materials, TI: time interval, TR-thermometric readings

*MM-mass of materials, TL: time interval, TR-thermometric readings

Table 4. Monitoring during when used to concurrently cook yam and rice and to boil water (experimental time: 9am (for yam and rice), 12 noon (for water)

ambient temperature: 34°C).

TI TR (°C)
RIAGD) Yam Rice H,0 Yam Rice Water
Mass of H,0=1 1100 1100 1300 86 80 41
Mass of Yam=1.5 1130 1130 1330 90 83 40
Mass of Rice=1 1200 1400 1400 94 96 42
Mass of pot=0.1 1230 1230 1430 88 98 45

1300 1300 1500 86 100 48
Mass of ingrédients=0.2 1330 1330 1530 84 96 52

1400 1400 1600 80 80 71

*MM-mass of materials, TI: time interval, TR-thermometric readings.

4. Conclusion

The realization of a steady temperature of 140°C no load
test means that the cooker achieved its specification
temperature for cooking different food items which cooks at
100°C. Since the multi-cooker cooked the specified food
within an appreciable period, it means that the cooker meets
its designed aims and objectives. The acceptability and
marketability of parabolic solar multi-cooker is a promising
one due to its ability to conserve fossil fuels energy, money,
and reduced environmental pollution etc. The multi-cooker
can be produced using local materials and does not involve
complex constructional techniques; an initial capital cost of
purchase is sacrosanct and does not involve recurrent cost of
running and maintenance of the device unlike its
conventional counterparts. The energy utilisation is so
decentralized that any user can use it without having to
transport it to the site of use. It can therefore be concluded,
that the (PDSMC) achieve its objective by using it to cook
different food items simultaneously, it’s a good substitute to
the conventional cookers. The multi-purpose cooking device
was tracking the sun angle when the focal height is one-
fourth of the aperture length regardless of the target size.
When the multi-purpose cooking device is positioned at this
angle, the device will concentrate all the reflected rays of
light to the target despite the angle of the diameter of a given
target. The wider the target base (potholder), the more angle
tolerant the device will live to its expectation. However, a
fulcrum shaped base targets (Pot) can effectively operates
within the concentration ratio of the device, which is a huge
advantage. Although there is always a trade-off in the design
and operations of this types of devices between the angle of
tolerance and that of the solar concentration which depends
primarily on the target size. Sacrificing one of the design
parameter to optimize the other will also depend on the target
base and the type of the potholder designed to maximize the
heat flux for the purpose of achieving the set goal. Though it

is impossible to maximize the both design parameters but it’s
equally the best to watch out for the optimal thermal
efficiency of the device for optimal utility. Finally, from the
concluding results obtained when aluminium pot and
stainless pots were used, the multi-cooker performed
satisfactorily and did not deviate much from the initial
assumption made during the designing stage. The multi-
cooker uses an energy that has been generally accepted as the
most promising, renewable and non-polluting type of energy.
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