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hBSTRz,CT 

Solar energy can be converted into themal energy.  
with the help of a solar collector of the flat plate type 
or of the concentrator type. In a solar collector an absorber 
surface is used to convert sclar radiation into heat 
is then transferred to the working fluid. The radiation 
losses from the heated absorber panels can be minimised and 
thereby photothermal conversion efficiency of the system 
can be enhanced by the use of selective absorbers, having 
high absorption over the solar spectrum and low emittance 
at the operating temperatures. 

Nearly all selective surfaces consist of an absorbing 
coating on a metal substrate, tne coating providing the 
high solar absorptance and the metal providing the low thermal 
eMittanou. Two such surfaces, the chromium oxide - chromium 
and the copper oxide selective absorbers, have been taken 
for detail investigation in the prsent thesis. 

The Cr203  Cr composite coatings have been produced 
on stainless steel and nickel plated mild steel substrates 
by the chemical blackening process. The coatings arc: ioni ud 

by keeping the cleaned substrates immersed in molten sodium 
dicfnromate bath at 425 to 450°C for times ranging from 1/2 

minute to 30 minutes. Their selective proprtis, name=ly 



solar absorptance and thermal emittanc._:, have been stu&ied 
as a function of the time of immersion in the bath. For 
the stainless stoel samples the solar absorptance is in 
to range of 0.84 to 0.92 with th;L:imal umitt ance values 
in the range of 0.25 to 0.32. The corresponding valus for 
nickel plated mild steel specimens are 0.77 to 0;90 
0.13 to Q.50 respectively. 

The copper oxide films are deposited onto heated aluminium 
substrates by spraying cupric nitrate. A thin light cird.;n 
coating is formed on the aluminium surface, which upon--. being 
heated above 170°C gots converted to black copper oxide. 
The variation of solar absorptance and thermal emittanco with 
thickness of the deposit has been studied for different 
c(-7,nontrations of the spray solution. Trio effect of baking 
tempe:..-ature on the optical properties of the coatings has 
also 17)ean studied. Under optimum conditions, with baldric: 
temperature 350°C and spray concentration 0.005 M, solar 
abscrptance of 0.90 with a corresponding thermal emittano; 
of 0.15 is obtained for a film of thickness 1.35 1\--k- m. 

7, detailed study has been carried out on the structure 
and composition of the deposits, using X-rav diffraction 
and electron diffraction tcachnicues. The structural studies 
have clearly established the composite nature of Cr203  - Cr 



coatings. The surface morpholOgy is Characterised by profcron-
tially oriented needle shaped partiqle -  with a mean size of 
the order of 0.40GL- m. The textural discontinuities in 
the surface features, of the order of solar wavelengths, promote 
absorption through scattering and multiple cavity reflections 
of thy. incident radiation. The periodic structure implies that  

the absorption in the solar region is mainly governed by 
the light trapping mechanism. 

The x-ray diffractographs and the electron diffraction 

pat ,:ern show that cupric oxide•(CUO) is the more dominating 
constituent of the copper oxide film. The scanning electren 
micrograph shows that the surface exists as a porous finely 
structured medium with small copper oxide particles of size 0. 40/i m. 
High absorption of the exterior. coating may be cue to tho surface 

geomotrios which are of the dimensional order of the solar 
wavel ngths. 

The coatings are subjected to various accelerated 
laboratory aging tests and the degradation offects on those 

coatings have been investigated in detail. The Cr203  - Cr 
coatings on stainless steel substrate can withstand temperatures 
upto 250°C. The coatings do not suffer from any change in 
optical properties when cycled between 0°C and 200°C. 
Ultraviolet irradiation fob 120 hours and humidity exposure for 

30 days have not revealed any apprciable effect on thQ optical 

properties of the coatings; 



The copper oxide films on aluminium substrate are .stable 
upto 200°C. Under thermal cycling between 0°C and 150°C 
and between 0°C and 200°C, a slight decrease in solar absorptance 
and thermal emittance is observed. Ultraviolet irradiation and 
humidity exposure also result in very small changes in the 
optical properties of the films. 

Stagnation temperature measurements have been made 
for the two selective absorbers and an attempt has been m-ade 
to estimate the temperature depridence of th,:. overall heat loss 

coefficient of a solar collector. The Cr ,o3 - cr coating on 
stainlVsa steal substrate' attains a maximum stagnation t 
-of 134.8°C and 149. 5°C, with one glass cover and twc.) glass 
covers .respectively for the enclosure, under a solar flux of 

900 Tibp An 2. The non---selective: black surface attains 121.5°C 
and 132.0°C under identical conditions. The copper oxide 
film attains a temperature of 131.1°C and 146.5°C, with one 
glass cover and two glass covers respectively, under a solar 
flux of • 720. W/m 2, whereas under identical conditions the non-- 
selective black surface,  attains a temperature of 115.9 °C 
and 127.5°C 1-espectively. 
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