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Design and research of total-internal-reflection solar energy

concentrating module

Wang Xiao, Cao Miao, An Zhiyong, Cao Weiguo
(Photo-electrical Engineering Institute, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Total-internal-reflection(TIR) concentrator for solar concentration was designed, and a series of
measures was adopted to optimize. Then lots of TIR concentrators was superimposed and assembled on
the waveguide slab to form the waveguide concentrating module. Collected by the TIR concentrator array,
the sun light incident on the waveguide slab continued to propagate in it, and was absorbed by the
photovoltaic cells in the end. The experimental result shows that when the length of the waveguide slab
increased from 400 mm to 4 800 mm, the optical efficiency decreased from 88.6% to 40.2%, while the
irradiance concentration grew from 212 W/m® to 980 W/m?. Thus different lengths of the waveguide slab
can be selected according to different requirements. While getting the high output power, the area of
photovoltaic cells used is decimated. At the same time, the TIR concentrator can be just placed on the
waveguide slab, avoiding the demand of aligning strictly the lens array and the waveguide slab, which is
convenient in installation and adjustment.
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Fig.1 Three-dimensional view of the paraboloid removing the bottom
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Fig.2 Projection map of the parabolic in x—z coordinate system

Inner paraboloid

Outer paraboloid
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Fig.3 Three-dimensional view of the optimized TIR concentrator

TIR concentrator 1

TIR concentrator 2

Wavegudie slab
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Fig.4 Three-dimensional view of two concentrators after

superposition
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Fig.5 Three-dimensional view of the improved TIR concentrator

removing the outer edge
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Fig.6 Three-dimensional view of two improved concentrators

after superposition
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Fig.7 Structure schematic diagram of the waveguide concentrating

module
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Fig.8 Optical efficiency changing with the length of the

waveguide slab
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Fig.9 Irradiance concentration changing with the length of the

waveguide slab
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Fig.10 Relationship between the optical efficiency of the waveguide

concentrating module and the incident angle
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