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ABSTRACT

The objective of the work was centered around the
development and characterization of low cost selective absorber
and heat mirror coatings, and optimization of tubular collector
and concentrator systems for their use in photo-thermal
conversion of solar energy. The experimental and the theoretical

investigations that have been carried out are summarized below.

Selective absorber coatings of cobalt oxide (for high
temperature applications) and cobalt oxide-cobalt sulphide (for
low temperature applications) have been grown on commercial
aluminium and galvanized iron substrates by a low cost method
of spray pyrolysis, Optimum conditions of growth have been
worked oﬁt by a comparative photo-thermal analysis of the
coatings under identical optical illumination., Effect of
growth conditions and film thickness on the absorptance and
emittance have been studied. Determination of absorptance has
been done by a Willey Alphameter whereas emittance of the films
at different temperatures have been measured by the heat
balance technique. Soanning electron microscope and electron
diffraction studies have been performed to obtain information
about surface topography and structural composition of the
films, Biangular and angular reflectivity measurements have
been carried out tovstudy the dependence of reflectance
(absorptance) of the films on the angle of incidence of solar

light. Thermal stability of the films heat treated at different



ii

temperatures under different atmospheric conditions has been
investigated by scanning electron microscope study, absorptance

and emittance measurements and Auger depth profile analysis.

Heat mirror coatings of tin oxide, Sb-doped tin
oxide (8n0,:Sb) and Sn-doped indium oxide (InzOB:Sn) have
been grown on the immer walls of one meter long glass tubes
by the CVD technique, The films have been investigated for
their surface topography, structural composition, transmittance
in the solar spectral range, reflectance in the thérmal infra=-
red, electrical conductivity, charge carrier concentration

and mobility.

A comparative photo-thermal analysis has been carriéd
out under identical optical illumination to work out the
optimum gap width between the tubular absorber and the
concentric glass envelope in tubular collectors eﬁploying
cobalt oxide selective absorber and operating under non-
evacuated conditions. Effects of variation in the gap width
with the diameter of the absorber tube and the order of
vacuum in the annulus on the photo=-thermal performance of the
collector have been studied. Effects of gap width, order of
vacuum and incident illumination on the heat losses have been
worked out theoretically for stagnant/transient operations

of the collectors.

A Fresnel reflecting concentrator has been fabricated



iii

using 85 mirror strips of ~ 23 mm width for "the central

41 mirrors and ~ 20 mm width for the outer ones. In the
design, the spacings between the mirrors in the two regions
héve been adjusted so as to avoid shadowing and blocking by

the adjacent mirrors. Effect of number of mirror strips and
concentrator to receiver separation on the concentrated power
reaching the receiver has been investigated both experimentally

and theoretically.

Photo-thermal performance for zero power output
(i.e. under no flow condition) of the optimized tubular
collectof employing cobalt oxide selective absorber with-.
and without~ heat mirror coated concentric glass envelope
has been investigated under nonevacuated and evacuated
conditions of the collector operating in conjunction with

the optimized concentrator.
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