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Performance improvement of RX| solar concentrator
based on freeform surface design and heat transfer analysis
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Abstract

New RXI solar concentrator performing high concentration with large acceptance angle and affordable irradiance
uniformity on photovoltaic cell was designed for concentrator photovoltaic (CPV) application. One of the most
advanced design methods for freeform non-imaging optics known as Simultaneous Multiple Surface (SMS) method

was used to design the complicated freeform surface of the RXI concentrator, where R, X, and I refers to refraction,

reflection (reflexion in Spanish), and total internal reflection, respectively. The abbreviation SMS comes from the fact
that it enables simultaneous design of multiple optical surfaces. In addition, not only optical design but also thermal
design was conducted by 3-D heat transfer analysis based on finite element method (FEM). As a result, the obtained

RXI concentrator shows high optical performance and significantly reduces the cell temperature as compared to the

conventional RXI design. The low-cost mass production technique, which has been used for LED package production,

can be applicable for the production of the present RXI concentrator.
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Fig.2 x-p plane (left: aperture, right: PV cell)
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Fig.3 Flow chart of SMS method
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Fig.4 Design process of SMS method for RXI concentrator
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Fig.6 Acceptance angle dependency of the designed RXI concentrator
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Fig.7 Energy distribution (distribution of local flux concentration ratio at PV cell)
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Fig.8 Internal temperature distribution of concentrator

8 HECREVENE L A

Tablel Designed parameters
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Acceptance angle

PV cell diameter d mm ¢20 ¢20
Aperture diameter D mm ¢573 ¢344
Geometrical concentration ratio  Cjg 81 2%
Mirror diameter D' mm ¢13.0 ¢105
Thickness t mm 176 107
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Fig.9 Cross-section of the designed shape of RXI concentrator
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Fig.10 Acceptance angle dependency of the designed RXI concentrator
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Fig.11 Energy distribution (distribution of local flux concentration ratio at PV cell)
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Fig.12 Internal temperature distribution of concentrator

X 12 HLERPERIR AT

Table2 Designed parameters
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Acceptance angle 0; ° 3.0 5.0

PV cell diameter d mm ¢20 ¢20
Aperture diameter D mm ¢49.6 298
Geometrical concentration ratio  Cyg 615 222
Mirror diameter D' mm ¢#10.7 ¢ 7.0
Thickness t  mm 127 7.9
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Fig.13 Relations of homogenizer height and PAR
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Fig.14 Acceptance angle dependency of the designed RXI concentrator
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Fig.15 Energy distribution (distribution of local flux concentration ratio at PV cell)
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Figl6 Internal temperature distribution of concentrator
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