
DESIGN AND PERFORMANCE OF 
A CONOIDAL SOLAR COOKER 

•> . . . ; • ' . 

N. E. Wijeysundera and A. Sivapatbasuntbaram 

1 Introduction . . . 

' The'concept of utilizing Tsolar energy dates back to the 
eighteenth century, when solar, cookers were constructed 
but their use restricted mainly to the inventor (Ref. i ) . 
In recent times, such cookers have received widespread 
attention for use in sunny areas where there is a scarcity 
o f conventional fuels^ 

• Many solar cookers with avwide range o f designs have 
been constructed and tested in the field (Ref. 2.and 3) . 
However, economics and social habits, have been the.'two 
most important factors affecting the marketing and wide­
spread acceptance o f these cookers. 

Designs used for solar cookers can be divided into two 
main types: the optical" concentrator type and the s 'hot 
box' type. The latter employs an insulated metal box 
with one or two cover glass panes to trap the solar heat 
(Ref. 2) . In this case the cooking utensil is placed inside 
the box. The concentrator type cooker employs an 
optical reflector for focussing the sun's rays on the. utensil 
located at the focus. The more commonly used reflectors 
have a paraboloidal shape. Although, very high' con­
centration ratios may be achieved with these, there are 
three major disadvantages o f this' type of reflectdr for 
cooking applications. These are (a) obtaining a good 
paraboloidal form for the concentrator requires a con­
siderable degree o f technical sophistication, (b) the per­
formance o f these reflectors is very sensitive to orientation 
and therefore the orientation mechanism has to be care­
fully designed and in operation the- reflector requires 
very frequent attention and (c) the cooking utensil in 
this case is completely exposed and thus loses a good 
deal o f heat t o the atmosphere, especially if there is' wind. 

In the present paper we describe a conoidal solar 
cooker •which' is:, able to 'overcome .some ojF-jthe above 
disadvantages. . T/he eonoidal.shape;.i;ef]ectqr can be easily 
fabricated out .'of cheap materials and the performance 
of this is relatively less sensitive to orientation errors. 
Also, the cooking utensil in this case is Well shielded by 
the reflector (Figure 2) and therefore heat losses to the 
atmosphere are considerably reduced. . v . ,. • 

2 Principle of Operation. . 

' The reflector shown in. Fgure 1 has a conoidal shape. 
A. beam o f solar radiation in the direction: o f the axis o f 
the cone is brought to a line^focus along'the axte. A cylin-

- drical target placed co-axially. with the cone will receive 
the radiation on its-surface.., If. a.single conical frustum 
is use.d to capture the rays in a given area of the beam, 
then,the receiving vessel ^vill'have-a.long length.. This 
•may be overcome by having a number of frustums as 
shown in Figure 2..The apex angle of each frustum and 
its height may be chosen 'to focus the"rays oh a desired 

height of the cylindrical target! This will also~improve the 
concentration ratio (area.of beam/receiving area on target) 
for the system. With a single frustum, the highest intensity 
of radiation will be received by the upper part of the 
vessel, and this decreases towards the lower part. A heat, 
distribution pattern'of this type is unsatisfactory as it 
would'not facilitate.natural convection heat transfer in 
the contents of the vessel. This difficulty may be over; 
come, at least in part, by using the arrangement shown in 
figure 2. Here, the apex angles and heights of the frustums 
are chosen to increase the radiation falling' on the lower 
part of the vessel. . V 

Even in this type of arrangement the direct heating 
from the base of the vessel remains small. However this 
may be increased by providing an extension of the base 
of the vessel as shown in figure 1. The outer surface of the 
cylinder may be painted dull-black to increase the absorp­
tion of solar radiation. It is seen from figure 2, that the 
hot side wall of the cylinder is well inside the reflecting 
frustum and 'sees' the outer atmosphere o'nly through a, 
small, angle. This reduces the radiation heat loss con- . 
siderably and provides protection from wind, which in 
turn reduces the conveictive heat loss to the atmosphere. 

3 Construction 
3.1 Reflector 

The conical frustums were fabricated out of 32 S.W.G 
G.I. sheets. The folded frustums were reinforced with 
metal rings at each end. As preliminary tests showed 
that the G.I. surface had a poor reflectivity for solar 
radiation, it was decided.to apply aluminium foil on it as 
the reflecting material. With this arrangement it was 
found that the temperature of the reflecting frustum near 
the heated vessel, was only marginally above the ambient 
temperature. This led to the important realisation that 
eveh'the. cone nearest the'vessetcbuld.be ima'deout of 
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Fig. i : ; Reflecting Conoidal frustum 

material like cardboard and also, that.no thermal insula­
tion was required around this frustum. The frustums were 
assembled by fixing metal rods to their Outer surfaces 
along the generators, and bent to the correct angles. 
This permitted the easy removal of a frustum when the 
heating had to be decreased. The dimensions of the 
reflector assembly used in the present test are indicated in 
Figure 2. 

3.2 Orientation Mechanism 

The orientation mechanism used is shown in figure 3. 
The reflector assembly and the heat receiving vessel are 
fixed to a light rectangular wooden frame which is free 
to turn about a horizontal axis. The unit was mounted 
on a wooden platform which could be moved about its 
vertical axis. As the reflector is light the orientation 
mechanism is made out of wood. Also 'the conical re­
flector is not very sensitive to orientation. Calculations 
indicate that a ten degree angular misalignment of the 
axis of the reflector with respect to \th& direction of the 
solar beam reduces the radiation falling on the target by 
a mere 15 percent. Hence the orientation mechanism need 
not be precisely designed and also, the reflector does not 
need frequent attention. 'This .characteristic was quite 
evident during the tests. A disadvantage of this type of 
mounting is that the vessel needs to be. tilted with the 
reflector. At low solar altitudes, this can result in the 
liquid inside the vessel spilling. However this can be 
overcome by using a longer height for the Vessel than the 
design value.' • . " 

3.3 Heat Receiving Vessel 

. The heat receiving vessels considered in the present 
design were all cylindrical in shape with their outer sur­
faces painted dull-black. These were made either of 
aluminium or G.I.' sheet. Some tests were also done with 
a glass vessel and a black metal cylinder inside it. This 
functions like an immersion heater'as most of the radia­
tion is absorbed by the metal surface. 

Fig. a: Dimensions of present design in cm. 

4 Performance Tests and Results 
1 • 

Field tests on the cooker were carried out at the 
Faculty of Engineering, Peradeniya over a period of 
about two months. The solar radiation was measured 
using an Eppley-Pyrheliometer and its output, was re­
corded continuously on a Bristol chart recorder. The 
temperature of the vessel and its contents were measured 
using thermocouples, the output o f which was also 
recorded on a Speedomax-16 channel temperature chart 
recorder. " The unit was orientated by observing the 
image of a thin rod located, parallel to the axis of the 
reflector. 

Results of tests carried out on a number o f days with 
different reflector and vessel arrangements are summarized 
in Table 1. The time taken to boil 2 litres (0 .44 gallons) 
of water is taken.as a measure of the thermal performance 
of the cooker. This.was done partly to compare the 
present results with tests on other types o f solar cookers 
already reported in the literature (Ref. 1 and 3). The 
average efficiency for the cooker is defined as the ratio 
of the total heat absorbed by the water to the total solar 
radiation falling'of the cooker during the time ofheating. 
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It is seen from Table i tharrhe-ayerage efficiency, of 
the conoidal cooker varies between about 20 percent 
and 4 0 percent; The efficiency of heat collection depends 
on the following factors: (a) the reflectivity and orientation 
accuracy, of the reflector, (b) the weather and the con­
dition of .the sky during heating, (c) the heat losses to 
the surroundings by convection and radiation and (d) 
the heat absorption of the vessel. Factor (a) can be kept 
constant during the trials but factors (b), (c) and (d) are 
variables which cannot be controlled during different 
trials. Variation in factors (b), (c) and (d) will partly 
account for the wide variation in the average efficiency 
of the cooker. 

' It is seen that cloudy spells' of over about five minutes 
usually result in longer 'water heating times' and also 
smaller cooking efficiencies. The,heat transfer to' the 
water is greatly reduced during the-, period following a 
cloudy spell. This is because the Vessel absorbs most of 
the heat which falls initially, before heat is transferred-to 
the water. The effect will be less pronounced for the 
light aluminium container than for the G.I. container. 

The results also indicate the variation to be expected 
in the performance of the cooker in actual practice. It is 
seen that an area of .1.14 m- i.e. 3 frustums would be 
adequate for a practical cooker with a capacity of about 
600 watts. 

Fig'., j : Cooker and orientation mechanism 

- , The.efficiency of the.present.cooker is lower than the 
efficiency of 70 percent reported by Tabor (Ref. 3) for one 
using concave mirrors, with a high reflectivity. The perr 
formance of this is better than the umbrella-type reported 
by Lof 1 , with an efficiency, of around 25 percent. The 
good performance of the present design is mainly due 
to reduced heat losses to the surroundings. However, a 
direct comparison of tests done at different locations is not 
always accurate because of the variability of the. weather 
and sky conditions between the locations. 

5 Conclusion 

The design, construction and field testing of a conoidal 
solar cooker was described. Field tests carried out under 
varying sky conditions indicated that the average effi­
ciency of the present cooker was comparable to other 
designs reported in the literature (Ref. i. and 3) . The 
largest cost component of the present design was the 
reflector assembly which- is made out of G.I. sheet metal 
with aluminium foil as reflectmg' material. It was clear 
during the tests that this could be easily fabricated out of 
cardboard with aluminium foil for reflector surface, as it is 
not subject to high temperatures.. This modification will 
result in considerable reduction in the cost. 

j 

Two important performance aspects, of the cooker 
have to be studied over a longer period of time, These 
are: (i) the durability and ageing of the reflector material 
and the resulting effects on the performance and (ii) the 

: adaptability of the present design to various domestic 
cooking processes. These aspects of the conoidal reflector 
are now being, investigated. 
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TABLE i 

Time Taken 
to boil 2 

litres of water 

Projected 
area of Tjpe of 
choker vessel 

mi 

i -J7 G.I. cont. 
i-57 G.I. cont. 
i-57 Immer. Heat. 
1.14 G.I. cont. 
1.14. G.I. cont. 
1.14 . G.I. cont. 
1.14 G.I. cont. 
1.14^ Al. cont. 
1.14 AJ. cont. 
1.14 Immer. Heat. 
1.14 Immer. Heat. 
1.14 Immer. Heat. 
o-754 Immer. Heat. 

Ambient 
temperature 

op 
Conditions of Skj Average 

isolation 
Cal\cm*\min. 

88.o 
87.0 
88.0 
87:0 
87.0 
90.0 
91.0 
97:0 
96.0 
94.0 
90.0 
88.0 
87.0 

.18.0 
29-3 
17.8 
24.2 
28.0 
37-° 
49.0 
2 7 J 
65.0 
25.0 
27.0 
32.0 
44 .0 

Slightly cloudy 
Cloudy 
No clouds 

..Slightly cloudy 
Shading for 4 minutes 
Shading for 13 minutes 
Cloudy for 30 minutes 
No clouds 
Very cloudy 
Slightly cloudy 
Gear- sky ... 
Shading for 4 minutes 
Slightly cloudy 

1.40 39-3 
1.30 26,7 
1.44 33-3 
1.30 4 3 » 
1.36 36.4 
1.48 25.0 
1.14 21.8 
1.18 37-4 
1.03 22.2 
1.26 34.6 
1.03 40.7 
i.2\3 41.0 
1.26 28.J 

Immer. Heat. 
G.I. cont. 
Al. cont. 

Immersion Heater type container 
Galvanized Iron container 
Aluminium container 
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