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ABSTRACT

Solar ¢nergy can be converted into the.mal cenergy
with the hélp of a solar cclleéector of the flat plate type
or of the concentrator typc. In a solar collector an absorper
surface is used to ceonvert sclar radiation imnto heat whidn
is then transferrcecd to the workiné filuid, The radiation
itosses franm the heated abscorbern paneis can be mindmised and
thereby photocthermal conversion efficicency of the systun
can be ¢nhanced by the usc of sclective abscorboers, having
high ébsorption over the solar spectrum and low emittance

at the coperating tempwratures,

Nearly all selective surfaces consist of an abscorbing
ccating on a metal substrate, tne coating providing the
high solar absorptance and the motal providine the low thermal
anittance, Two such surfaces, the chronium oxide - chromium
énd the copper oxide selective absorbers, have been taken

for dotailed investigation in the present thesis,

The Cr203 ~ Cr composite ccoalings have boen produced
on stainless stecl and nickel plated mild steel substratas
Ly the chemical blackening prccoess. The coatings are fomed
by leceping the cleaned substrates immersed in molten sodium
dichromate bath at 425 to 450°C for times ranging fran %

mimite to 30 mimtes., Their selective properties, nancly



solar abscorptance and thermal emittance, have been studiad
as a function of the time of immersion in thne bath, For
Lhe stainless stew]l samplés Lhe splar absorptance is in
the range of 0,84 to 0,92 with thérmal emittance valuss

in the rangu of 0,25 to 0,32, The corresponding values for
nickel plated mild steel sPQCimcns ara 0,77 to 0,90 ana
0,13 to 0,50 ruspectively,

The copper oxide f£ilms are diupocositaed onto heated alumd nium
substrates by spraying cupric nitrate, A thin light groon
coating is fommed on the aluminium surface, which upon . being
heated above 17 OOC gets converted to black copper oxide.

The variation of Solar absorptance and thermal cmittanece with
thickness of the deposit has been studied for dgiflcrent
éoncentrations of the spray solution, The cffect of baking
temperature on the optical properties of tha coatings has

also hecn studied. Under optimum conditions, with baking
timpsrature 350°¢c ana spray concertration 0,005 M, scolar

abkscrptance of 0,90 with a corresponding theimal emittanca

of 0,15 is oktained for a film of thickness 1,35 /\..a, Me

A detailed study has been carried out con the structurc
and compesition of the deposits, using X-ray diffraction
and electreon diffraction technigues, The structural studices

have clearly established the composite nature of Cr,0, - Cr



coatings., The surface morpholcg9y is cdharactercised by prefcriie

tially oriented needls shaped partiGle®s with a mean sizoe of

tihe order of O.40}/wb-m. The textural discontiimities in

the surface features, of the order of sclar wavelengths, promcte
absorption throuch scattering and multiple cavity refloctions

of Th' incident radiation, The périodic structure impliws thet

the absorpticn in the sclar region is mainly governed by

the light trapping mechanism,

The X-ray diffractographs and the c1¢ctroh.diffraction
patcern show that cupric oxice (Qu0) is the mere dominating
constituent of the copper oxide £ilm. The scanning electron
micrograph shows that the surface cxists as a porous finely
structured medium with small copper oxid: particles of size O.40f!m.
High albsorption of the e¢xtérior coating may be due to the surface
geometrics whicii are of the dimensional order of the solac

wavelaengihs,

The coatings are subjected to various accelerlated
laboratory aging tests and the degradation effeéccs on thise
coatlings have been invaestigated in detail, Tho Cr,04 = cr ,
coatings on stainless stecl substratie can withstand tamporatures
upte 2SOOC. The coatings de not suffer fran any change in
optical properties when cycled betwe:n 0”¢c ana 20000.
Ultraviclet irracdiation for 120 hours and humidity cxposure for
30 Gays have not rivealed any approciable @ffect on the ontical

propertics of the coatings.



Tho copper oxide f£ilms on aluminium substrate are gtaizle
upto ZOOOC. Undcer thermal cycling between o°c ana 150°¢c
and butween 0°C and 200°C, a slight decrease in solar absorptance
and thermal emittance is observed. Ultraviolet irradiation and
humidity expesurc also result in very small changes in the

cptical properties of the £ilms,

Stagnation temperature measurcements have been made
for the two selective absorbers and an attempt has been mada
to @slimate the temperature dpendénee of tho overall heat loss
coefiiciint of a solar collector, The Crzo3 _Cx coating on
stainiess stecl substrate attains a maximum stagnation tomperaturs
of 134,8°C and 149.5°C, with one glass cover and two glass
covers vespectlvely for The enclosure, under a solar flux of
o000 Ww/mz. The none..seloctive Llack surface attains 121.50(:
and 132.OOC under identical conditions, The copper oxide -
£ilm attains a toempérature of 131.1°c and 146.500, with one
glass cover and two glass covers respiéctively, under a sclar
flux of 720 W-/mz, whereas under identical conditions the non-
selective black surface atrains a tumperature of 115.9DC

anag 127.5%¢c respaectively,
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