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Performance Analysis and Design of Paraboloidal Dish
Solar Concentrators

Wang Yunfeng JiJie He Wei Chen Haifei
(Thermal Science and Energy Engineering . University of Science and Technology of China,
Hefei, Anhui 230027, China)

Abstract For paraboloidal dish solar concentrators, the concentrating characteristics of concentrators with different
apertures but the same area are investigated respectively with the same focal length and the same rim angle through
the ray tracing. Considering several geometric factors including the influence of the sun shape, the shape of
apertures, focal length and rim angle of paraholoidal dish, the shadow of receivers and so on, with the optical
properties of concentrators, the geometric models for simulation are established., and the average flux distribution on
the receivers is simulated and drawn with the software of TracePro. In order to make a quantitative evaluation for the
concentrating performance of concentrators, the concept of efficiency factor of area is applied. The results of
simulation show that when the area of apertures is same, the average flux distributions for the four concentrators
with different shapes and identical focal length are similar. However. for those with different shapes but same rim
angle, the average flux distributions have large attenuation except the concentrator with circular aperture. The solar
concentrator of multiple panels with the same focal point is designed, and its concentrating performance is analyzed.
The simulation results could present a useful reference for design and optimization of the solar paraboloidal dish
concentrator.

Key words optical design; pareboloidal dish; ray tracing; solar energy; characteristics of concentration; geometric
factors
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Fig. 1 Schematic of geometric model. (a) Optical diagram for specular dish-like parabolic reflector;

(b) model dimensions; (c) apertures
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Table 1 Parameters for the geometric model 1

Rim Radius of circumscribed Length of Radius of Sun-earth Radius of
Apertures s
angle/ (%) circle for apertures /m sides /m receivers /m distance /m  the sun /m
Circle 8.5291 0. 4474 \ 0.0142 96135 447. 4358
Rectangle 10. 6784 0. 5607 0.7930 0.0143 120481 560. 7481
Hexagon 9.3752 0.4920 0.4920 0.0143 105719 492. 0421
Octagon 8.9870 0.4715 0. 3609 0.0142 101314 471. 5402
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Table 2 Parameters for the geometric model 2

Radius of circumscribed

Parameters Focal length /m Length of sides /m Radius of receivers /m

circle for apertures /m

Circle 3.0000 0.4474 \ 0.0142
Rectangle 3.7599 0. 5607 0.7930 0.0178
Hexagon 3.2989 0.4920 0.4920 0.0156
Octagon 3.1617 0.4715 0. 3609 0.0150
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(a) irradiances on the reflector and the receiver with circle aperture respectively
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(b) irradiances on the reflector and the receiver with rectangle aperture respectivel
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(c) irradiances on the reflector and the receiver with hexagon aperture respectively
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(d) irradiances on the reflector and the receiver with octagon aperture respectively
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Fig. 2 Schematic of irradiation flux distribution on the reflector and the receiver for four different apertures
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Table 3 Comparision of ray tracing

Same area and focal length Same area and rim angle
Average Average Average Average
irradiance  irradiance irradiance  irradiance
Number Ratios of Number Ratios of
Apertures on the on the k /% on the on the /%
of rays concentration of rays concentration
reflectors / receivers / reflectors / receivers /
(W/m?)  (W/m") (W/m*)  (W/m")
Rectangle 19006 659.7 654410 992.0 99.2 39924 661.9 425770 643. 2 64.3
63420 660. 6 655120 991.6 59888 661.8 425790 643. 3
508836 662. 6 657000 991. 6 499143 662.0 425840 643. 2
636190 662.7 657150 991.7 998311 662.0 425850 643. 3
Hexagon 16473 673.4 662760 984. 2 98.4 41188 673.5 551950 819.5 82.0
57737 674.3 663680 984. 3 247478 674. 4 552700 819.5
330499 675.5 664800 984. 2 412751 674.6 553070 819. 8
826657 675.8 665120 984. 2 826167 675.4 553520 819.5
Octagon 17907 665.8 663870 997.2 99.7 26896 667. 4 600620 899.9 90.0
71814 667.4 665550 997.3 269879 669. 8 602680 899. 7
359653 668. 5 666630 997.2 449543 669. 6 602340 889. 6
899353 668. 8 666800 997.1 899229 669.7 602440 899. 6
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Fig. 4 Model of the solar confocal concentrator of

multiple panels
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Fig.5 Photograph of the solar confocal concentrator of

multiple panels
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Fig. 8 Flux distributionson the receiver of thesolar confocal concentrator of multiple panels
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