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SUMMARY

Solar energy is one of the most promising energy resources on Earth and in
space, because it is clean and inexhaustible. This is one of the reasons that we
were interested in developing a solar-powered high efficient system which can be
heated using thermal radiation from a solar receiver maintained at a high
temperature by concentrated solar irradiation.

In order to utilize the solar energy at high temperatures, here we used a solar
energy collecting system that mainly consists of a parabolic dish concentrator and
a cavity receiver. For the system considered, it is essential to minimize thermal
losses and maximize the energy density for the procurement of high temperature,
high efficiency systems. In solar energy applications, parabolic reflectors are
employed to concentrate incoming radiation onto a smaller receiver. This is why
concentrators can reduce heat losses in-thermal collectors.

The characteristics of the focal plane flux distributions produced by a dish solar
concentration system were investigated to design and rightly position a cavity
receiver. This deemed also very wuseful to find and correct various errors
associated with a dish concentrator. The videographic flux mapping was used to
investigate flux distributions in the focal plane located at the aperture of the
cavity receiver.

The concentrator used in this study consists of 5 parabolic reflectors, each with
Im in diameter, which are made of 3mm thick back-silvered glass. The nominal
focal length of the concentrator is 2.20m.

In this study,

1) We estimated the flux density distribution on the target placed at 2.11m,
2.14m, 2.17m, 2.20m, 2.23m, 2.26m from the dish vertex to experimentally
determine the focal length. It is observed that the actual focal point exists when

the focal length is 2.17m with a maximum flux density of 1.89 MW/m®

- vii -



2) By evaluating the position of flux centroid, it was found that there are errors
within 2cm  from the target center. This validates that our system is well
designed and suitably arranged.

3) The total power contained within a given radius from the center of the
target is measured to design optimum size of a receiver. It is measured that 90%

of the incident radiation is intercepted with a radius of 0.06m.

4) The area concentration ratio normalized to 800 Wm? insolation and 90%
mirror reflectivity was 347 suns. The total integrated power of 2467 W was
measured under focal flux distributions, which corresponds to the intercept rate of

85.8%.
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Fig. 4.4 Arrangement of reflectors
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Fig. 59 A combination display of surface and contour

plots for concentrator at target position 2.11m

Fig. 510 A combination display of surface and contour

plots for concentrator at target position 2.14m
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Fig. 511 A combination display of surface and contour

plots for concentrator at focal position 2.17m

Fig. 512 A combination display of surface and contour

plots for concentrator at focal position 2.20m
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Fig. 513 A combination display of surface and contour

plots for concentrator at focal position 2.23m
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Appendix

Fig A-1 Calibration graph of radiometer
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Table A-1. Coefficients of polynomial fit Equation 2-12 to angular

a L b C
acceptance function, with and - vg
30 -1.8660 32.1042 | -89.5992 0.4355 0.5342
[dégrees]
35 0.2309 8.7987 | -23.7599 0.4785 0.6284
40 0.8866 2.4950 -8.0311 0.5053 0.7226
45 1.1738 0.0861 -2.7177 0.5189 0.8205
50 1.2646 -0.7577 -0.8522 0.5179 0.9231
55 1.2466 -0.9444 -0.2199 0.4969 1.0290
60 1.2075 -0.9682 0.0309 0.4645 1.1407
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