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Abstract A new multi- plane mirrors linear combination solar concentrator is proposed for concentrating
photovoltaic system. Based on the new concentrator, the geometric concentrator parameters that affect the optical
performance are studied using analytic geometry method. The concepts of the minimum design spacing and cosine
efficiency are proposed. The interactional condition between focal length and different sizes of sub—mirror, as well
as between focal length and different numbers of sub—mirror investigated, and the optimization of the minimum
design spacing and cosine efficiency are given. A model developed by TracePro software is used to obtain the flux
distribution of the focal plane at different simulation parameters. An experimental prototype concentrator with 450x
suns is fabricated and preliminary tested, the operation shows that the effect is obvious and the expected results
is arrived. The simulation results can present a useful reference for design and optimization of the solar concentrator.
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Fig.1 Schematic of multi-plane mirrors linear combination dish solar concentrator
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Fig.2 Coordinate of plane mirrors field
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Fig.3 Geometric occlusion model of two adjacent mirrors in a mirror field. (a) Three—dimensional system of coordinate;

(b) two—dimensional system of coordinate
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Fig.4 Variation of cosine efficiency in a mirror field
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Fig.5 (a) Change of minimum design spacing over focal length with different mirror sizes;
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(b) change of incidence angle cosine over focal length with different mirror sizes
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(b) change of incidence angle cosine over focal length with different number of mirrors
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Table 1 Angles formed between each mirror and axis y in the second quadrant

m 11 2 3 4 5 6 7 8 9 10 11 12
1 0 1.4507 2.8941 43228 57302  7.1102 84573  9.7670  11.0355 12.2601 13.4388 14.5703
2 0 1.4493  2.8913 43187  5.7249  7.1037  8.4497  9.7584 11.0262 12.2500 13.4281 14.5591
3 0 1.4452  2.8831 43066  5.7090  7.0844  8.4272  9.7331 10.9983 12.2200 13.3962 14.5257
4 0 1.4384 28696  4.2866  5.6829  7.0525 8.3901 9.6913  10.9523 12.1705 13.3437 14.4707
5 0 1.4290 2.8510 4.2591 5.6470  7.0087  8.3391 9.6338  10.8891 10.1023 13.2713 14.3948
6 0 1.4172 28277 42246  5.6019  6.9537 82750  9.5615 10.8096 12.0165 13.1801 14.2993
7 0 1.4033  2.8001 4.1838  5.5485  6.8885 8.1990  9.4757 10.7150 11.9144 13.0716 14.1853
8 0 1.3875 27686  4.1372 54875  6.8141 8.1121 9.3775  10.6069 11.7974 12.9470 14.0545
9 0 1.3699  2.7338  4.0856 54199  6.7315 8.0156  9.2684  40.4865 11.6671 12.8082 13.9085
10 0 1.3509  2.6960  4.0297 5.3466  6.6419 79109  9.1499 10.3555 11.5252 12.6568 13.7490
11 0 1.3507 2.6559 39702 5.2686  6.5463  7.7991 9.0233  10.2155 11.3733 12.4946 13.5779
12 0 1.3095 2.6137 39078 5.1867 6.4460 7.6816  8.8900 10.0679 11.2130 12.3231 13.3968
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Fig.8 (a) Flux density distribution of 140 mmX140 mm receiver; (b) flux density distribution of 160 mmX160 mm receiver
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Fig.9 (a) Construction of the multi-plane mirrors concentrator support frame;

(b) multi-plane mirrors concentrator support installation on the frame
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Fig.10 (a) Structural model of universal joint; (b) construction of universal joint
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Fig.11 Multi-plane mirrors linear combination dish solar concentrator under operation
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Fig.12 Condition of multi-plane mirrors linear combination dish solar concentrator’s receiver.

(a) Concentrating on the focal plane; (b) flux mapping receiver with infrared thermal camera
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