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ABSTRACT 

 

The tube- in- plate type flat plate solar collectors utilize a black surface as the absorber, 

which then transfers heat to a fluid running in tubes embedded within or fused onto the 

surface. But these types of solar collectors exhibit several shortcomings such as low 

overall energy conversion efficiencies and higher heat losses (conduction and convection) 

at high temperature due to surface based solar energy absorption and indirect transfer of 

heat from hot absorber surface to working fluid flowing through tubes. In order to 

overcome the drawbacks of conventional surface based collector, the idea has been 

proposed to enhance the efficiency of the collector by directly absorbing the incident 

solar energy within the fluid volume flowing over the absorber plate (i.e. base plate) 

named as Direct Absorption Solar Collector (DASC), or alternatively also termed as 

Volumetric Absorption Collector (VAC).  

Direct absorption system leads to the absorption of higher amount of solar radiation 

which results in higher collector efficiency and outlet temperature as compared to 

traditional flat plate collectors. Since, in DASC all of the solar energy is to be absorbed 

by the working fluid so the light absorption properties of the working fluid should be high 

enough to absorb incident solar radiation. In order to meet these requirements nanofluid is 

used as a fluid medium instead of conventional fluids in the new designed direct 

absorption solar collector to increase the absorption of solar energy, where nanoparticles 

in a liquid medium can absorb and scatter solar radiation leading to further enhance 

performance of solar collector . 

In the thesis, three set ups of full scale direct absorption solar collector (one with glass 

and two with aluminum base plates) having gross area 1.4 m
2
 working on volumetric 

absorption principle were designed, fabricated and developed to perform experimental 

study for evaluation of collector efficiency using two different types of nanofluids 

(Al2O3–water and TiO2–water) of four different nanoparticle concentrations (0.001%, 

0.003%, 0.005%, and 0.007 vol%) at three flow rates 1.5 lpm, 2 lpm and 2.5 lpm. 

ASHRAE standard 93-86 was followed for calculation of optical efficiency (zero loss 

efficiency) of direct absorption solar collector. Also the variation of outlet fluid 

temperature, single pass fluid temperature rise, base plate and glass plate temperatures 



 

 

 

iv 

with different volume fraction and flow rate at different inlet temperatures were studied. 

Stable nanofluids were prepared by two step methods using procured powder of nano 

materials and mixing with distilled water for certain period in ultrasonic vibrator and the 

experiments were performed according to ASHRAE standard 93-86 under actual outdoor 

conditions. 

Experimental results with glass base plate collector using Al2O3-water nanofluid of 0.001 

vol% at 2 lpm flow rate, showed maximum efficiency improvement by 22.1 % as 

compared to water. Collector efficiency increased by 14.35% when nanoparticle 

concentration increased from 0.001 vol% to 0.005 vol% due to enhancement in energy 

absorbed parameter and then decreased for higher nanoparticle concentration. 

 Enhancement in optical efficiency with aluminum base plate collector using Al2O3-water 

nanofluid of 0.001% Al2O3 concentration was by 12%, 25% and 15% for flow rate of 1.5, 

2 and 2.5 lpm respectively compared to pure water. The increase in nanoparticle 

concentration from 0.001% to 0.005% improved the collector efficiency by 26% (at 1.5 

lpm), 10% (at 2.0 lpm) and 8% (at 2.5 lpm) and further increase in nanoparticle 

concentration from 0.005 % to 0.007% reduced the collector efficiency at all three flow 

rates. 

Present study showed that TiO2 and Al2O3 based nanofluid exhibited better and promising 

solar absorption characteristics than water and can be used as a good solar absorption 

fluid in solar collectors. 
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