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Abstract

The thermal properties of selective absorber
coating of a spiral concentrating type solar cooker
has been analysed. Coating has been prepared using
smoke. Even though the common type of solar
cookers have been used for thermal analysis, the
concentrating type solar cooker showed a better
result to obtain very high temperatures.
Investigations have been done with smoke which is
readily available in Villages and cost effective.
Various thermal parameters such as standard
cooking power and overall efficiency have been
calculated in this Study. Aluminium vessels with
smoke coating has been used in this study which has
been compared with the performance of Aluminium
absorbers, coated with lamp black and black primer
paint. The cost effective, readily available smoke was
found to be a better solar selective coating which is

suitable for villagers.

Keywords: Spiral concentrator, selective surface,

thermal parameters.

1. Introduction

In rural areas solar cooker is a viable and a
promising device that uses solar radiation to cook
food, which preserves the nutrition value. The
common type of solar cookers are box type cooker,
parabolic concentrator, umbrella type cooker, hybrid
cooker, conical concentrator, Fresnal concentrator,
spiral concentrator etc. With spiral concentrators we

can obtain very high temperatures. Considering the

cost effectiveness, portability and simplicity, spiral
concentrator is a suitable one for villagers.

Selective solar absorber coating is important in
which

converts solar radiation into heat energy. To get

spiral concentrating type solar cooker,
maximum photo thermal conversion, the selective
absorber should have high absorptance and low
emittance at operational temperature [1] Usually
materials which are used for the fabrication of solar
cooker are expensive. So for the people with low
income, a low cost material for selective absorber
must be identified. So a spiral cooker with stainless
steel concentrator is fabricated with reduced
constructing cost and locally available materials are
used. [4,5,6]. The readily available material called
smoke particles in rural areas has been used as a
selective coating for absorber for spiral concentrating
type solar cooker. The absorber with smoke coating
is made to get exposed in direct sunlight under

various weather changes for several hours.

2. Thermal Parameters
To compare different cookers thermal parameters
are used [2]. The standard cooking power Ps and

overall efficiency nf are calculated using the formula.

Ps=Pc OV
g
Pc is cooking power and I is the insolation (w/m?)
Pc =mcp = dar
dt

m is the mass of water, Cp in the sp. heat capacity of
water and T is the temperature of water at time t.

The overall efficiency [3] is calculated as
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where Twf and Twi is the final and

temperature and A is the area of the concentrator.

3. Experimental
3.1. Preparation of the material coating

Smoke particles have been used as the coating for
selective absorber and aluminium pot was selected.
Smoke is applied uniformly over the outer surfaces
of the pot by exposing them to the smoke from a
candle or kerosene lamp. To compare the
performance of smoke coating other pot painted
with commercially available black primer paint and
lamp black were used. The spiral concentrator with

absorber is shown in Fig 1.

Figure 1. Concentrator with Absorber coated
with smoke

3.2. Thermal parameter Measurement
3.2.1. Water heating test

In order to carryout the water heating tests, three
Al vessels coated with smoke, lamp black and black
primer paint were used. To start with, the stand is
directed towards the sun to set azimuth. The
absorbers were loaded with 0.964 kg of water. The
concentrator is adjusted until the absorber is in the
region of brightest illumination. Insolation temp of
water and ambient temp. Were noted down at an
interval of every 2 minutes. N.I precision, pyrheliometer

was used for measuring solar insolation and temp of

water was measured by digital thermometer.

(portable)

Table 1. Water heating test for smoke, lamp black

and black primer

:30.05.17
Absorber material : Aluminum
:12.41pm
Amount of water : 0.964kg
:29.5°C

Date

Starting time

Ambient temp.

. . Temp of absorber coated with
Tlme Insolatlzon o Lamp Primer Paint
Minutes W.m Smoke °C Black °C oC
0 617 29 29 29
2 631 36 358 355
4 624 44.6 44.1 44
6 635 54.1 53.7 53.5
8 624 59.8 59.4 59
10 632 67 66.5 66.4
12 664 73.1 72.5 72.2
14 667 78.9 78.2 78.1
16 662 84.8 84.2 84.1
18 667 89.4 89.1 84.9
20 662.8 92.8 92.14 95.01
24 667 98 97.5 97.2
25 667 100 98 97.9
4. Result

By knowing the thermal parameters the coating
performance was analyzed three absorbers were used
to test the investigated coating. The overall
efficiency was determined. The following table

shows the effectiveness of the selective coating.

Table 2. Summary of thermal parameters

Coating Smoke Lamp black | Primer paint
Parameters
Ps (Watts) 78 72 59
%) 82 76 20.5

5. Conclusion

The thermal efficiency and cooking power of
smoke as a selective solar coating has been
investigated. This coating depicts better results than
other commercially available lamp black & primer

paint coatings. The cheap material smoke could be
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used as the selective solar coating for spiral

concentrator

Acknowlegements

The authors are grateful to the management and
teaching staff members of Pioneer Kumaraswamy
College, Nagercoil for the support to carryout this

work.

References

[1] Kennedy CE 2002 Review of Mid to High
Temperature Solar Selective Absorber Materials.
Technical Report NREL/TP-520-31267.

[2] Patera. R.P and Robertson H.S A Figure of Merit
for solar Collectors - Alternative Energy Sources
II. New York: Mc Craw hill — pp.73.

[3] Ari Rabi. Active solar collectors and their
Applications: Oxford University press - 1985
ppl110.

[4] Licciulli A, Diso D.Torsello G, Tundos,
maffeszzoli, lomascola, and mazzer. “The
Challenge of high performance selective
emitters for thermophotovoltaic application S”

Semiconoluctor Science and Technogy 18 (2003).

[5] M.Lanxner.Z Elgat “solar selective abosorber
coating for high service temperature produced by
plasma sputtering SPIE VOL 1272 Feb 15, 2005.

[6] Volnea M. Jeneif Bogamc, Duta A “solar
selective coatings based on Nickel Oxlde
obtained via spray pyrolisis, Journal of Nano
science and nanotechnology Vol. 9, No. 7, July
2009, pp 4279.

Papers presented in ICAM-2017 Conference can be accessed from
www.ijsrst.com- Volume 3, Issue 11, November-December-2017 Page | 196



