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Abstract: For the solar energy disk concentrator, a type of supercritical carbon dioxide (sCO,) trun-
cated cone cavity heat receiver was designed and developed, and the optic-thermal model of the heat re-
ceiver was established. The Monte Carlo ray tracing method was used to analyze the optical characteristics
of the cavity heat receiver. Based on the related theory of the cavity heat receiver, the thermal boundary
conditions were introduced into the Ansys Fluent software, and the flow and heat transfer characteristics
of the cavity heat receiver were simulated by computational fluid dynamics (CFD). When the inlet tem-
perature of the working fluid was 150 °C and the solar radiation intensity was 800 W/m’, the effects of
different diameters of the aperture, tilt angles and radiation emissivity on its optic-thermal characteristics
were studied. The results show that the diameter of the aperture has a great influence on the thermal effi-
ciency of the receiver. The increase of the diameter of the aperture will reduce the optical efficiency of the
receiver. If the diameter of the aperture is too large or too small, the thermal efficiency of the receiver

will be reduced; with the increase of the tilt angle of the receiver, the natural convection heat transfer be-

Wi E#.2023 -07 -31; f2ITHH:2023 -09 -21

E SR A HOR QI & 01 (TR L) B H (2019AAA17)

Fund-supported Project: Major Technological Innovation Special Project of Hubei Province (2019AAA17)
EEEN AR F1(1985 - ), 55, ROUBT AEIRBITFT Bt i 2 AR .



- 132 - M BE

8 o T

2024 4

tween the hot air in the aperture and the external cold air increases obviously; the radiation emissivity has

little effect on the thermal efficiency of the receiver.

Key words: solar energ, cavity heat receiver, supercritical carbon dioxide (sCO, ), numerical simulation
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Fig. 1 Cavity heat receiver structure

1.2 MRS FIRE

2 X B AR f 18 2 AT A
WO Loy B R OGIR SGZ oGIR & G
2t RO AR N ER R RG]
AR BRAR Y Rk it SR ROB TR R 22,8 m®,
HEFE R 3.2 m,

B2 BEXRASRLFER

Fig. 2 Optical model of cavity heat receiver
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Fig. 3 Global mesh and local mesh of model
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Fig.4 Comparison of experimental and simulation results

of thermal efficiency of cavity heat receiver
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Fig. 6 Thermal efficiency of cavity heat receiver under

different aperture diameters
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Fig. 7 Temperature contours of cavity heat receiver

under different aperture diameters
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Fig. 8 Thermal efficiency of cavity heat receiver under

different inclination angles
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different inclination angles
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Fig. 10 Thermal efficiency variation of cavity heat receiver

under different radiation emissivity
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