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Abstract In this paper, a solar compound-parabolic concentrator (CPC), with the simultaneous enhancement of the
geometric concentrator ratio and the receiving angle for a circular absorber, is presented. Herein, the surface-shape
model of the novel CPC and its mathematical solution are constructed theoretically. The concentration performance
of the proposed CPC is analyzed and compared with that of a traditional CPC. The results show that the ordinate
value of the surface-shape starting point decreases when the diameter of the circular absorber increases at the same
contingence angle of the proposed CPC with a circular absorber. The ordinate value of the surface-shape starting
point is —29 mm when the diameter of the circular absorber is 47 mm and the contingence angle is 5. 56°.
Moreover, the geometric concentration ratio of this novel CPC decreases with increasing the aperture width angle. In
contrast, the permissible receiving angle and the average optical efficiency increase with increasing the aperture
width angle. When the aperture width angle is 60°, the geometric concentration ratio, the permissible receiving
angle, and the average optical efficiency are 1.16, 74.39°, and 86.77%, respectively. Meanwhile, the energy-flow
distribution on the absorber surface of the novel CPC is more uniform than that of the traditional CPC.
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Fig. 2 Geometric surface-shape of traditional CPC
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Table 1 Geometric parameters of solar vacuum tube

Number 7in/mm 7 ou/mm

1 23.5 18.5
2 29.0 23.5

3 35.0 29.0

-21

—=—d_ =70 mm
=56 e g’ =58 mm
—a—d_ =47 mm
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Fig. 3 Ordinate value of novel CPC surface-shape

starting point versus (3
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Table 2 Geometric parameters of concentrator surface-shape model

Number Item Symbol Value 1 Value 2 Value 3 Value 4
1 Contingence angle B /() 5.56
2 Aperture width angle e /(O 30.00 40.00 50.00 60.00
3 Permissible receiving angle A /) 47.83 58.99 67.61 74.39
4 Acceptance half angle a /() 34.28 43.59 51.84 59.27
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Table 3 Main parameters of 3D printer

Number Parameter Value
1 Specification of machine /(cm X em X em) 40X 40 X 40
2 Printing size /(mm X mm X mm) 215X 215X 165
3 Nozzle diameter /mm 0.4
4 Printing accuracy /mm 0.35
5 Molding speed /(mm * s ') 30
6 Printing temperature /°C 215
7 Hot bed temperature /°C 55
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Fig. 6 Platform for verifying concentrating

performance of CPC
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Fig. 8 Comparison of concentration performances of novel and traditional CPCs .

(a) Aperture width angle is 30°;

(b) aperture width angle is 40°; (c¢) aperture width angle is 50°; (d) aperture width angle is 60°
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Fig. 11 Simulation results of critical light for novel CPC under different contingence angles.
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Fig. 12 Energy flow distributions on absorber surfaces of novel and traditional CPCs under different incident angles. (a)
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