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Abstract

This paper presents a novel design method for a Fresnel concentrator capable of achieving uniform
illumination. The concentrator is constructed by orthogonally combining two linear Fresnel lenses
with mutually perpendicular grooves. Based on the principles of geometric optics, key design pa-
rameters for the lenses were determined, including the facet angles and the boundary point coor-
dinates of the grooves. A model of the proposed Fresnel concentrator was developed using CAD soft-
ware and subsequently imported into TracePro for rigorous ray-tracing analysis to evaluate its op-
tical performance. Simulation results confirm the excellent performance of the designed concentrator,
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demonstrating a concentration efficiency of 86.83% and an irradiation uniformity of 70%. This in-
dicates that the proposed method effectively enhances light capture capability while maintaining a
highly uniform energy distribution on the receiver.
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Figure 1. Point-focus fresnel lens
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Figure 2. Linear fresnel lens
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Figure 3. Flat fresnel lens principle
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Table 1. Linear fresnel lens design parameters
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Table 2. Working profile angle of the fresnel lens half-side groove
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ati-lsass TAREMITE ()
1 3.428
2 6.806
3 10.086
4 13.226
5 16.196
6 18.973
7 21.543
8 23.901
9 26.048
10 27.991
11 29.740
12 31.307
13 32.706
14 33.951
15 35.055
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Figure 4. Linear fresnel lens modeling

4. HMEERRIBRRE

>

Figure 5. Ray tracing of linear fresnel lens
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Figure 6. Irradiance distribution over the receiver surface
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Figure 7. Concentrator modeling
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Figure 8. Ray tracing of concentrators
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Figure 9. Receiver irradiance distribution
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