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Fig.1 High concentration solar photovoltaic system
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Fig.2 Heat pipe heat exchanger
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Fig.3 Grid independent verification
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Fig.4 Comparison of solar cell temperature under water

cooling and air cooling under different concentrating ratios
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Fig.5 Temperature field of battery surface under different heat exchangers
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Fig.6 Variation of solar cell surface temperature and efficiency under different flow rates of water cooling
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Fig.7 Variation of solar cell surface temperature and efficiency with different fin thicknesses
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Fig.8 Effects of different fin spacing on solar cell efficiency, surface temperature and temperature difference

H T T BRI Te] s, K AR R =22 Tal Y
TN AERE , 3 KA IR A AR 5] R EE
/ANF 1.5 mm B CTJRLBE 325200 5 (R BERRR , 38 F
B D HE B D SRR A 22 7E
(B FE R 1.5 mm B, TR AL 314 K, AL
R R 31.253% , ORI R 66.38% , 1
Yo bemdE, KRR 2 /N 09 K,

4 4Hig

U@ = R S il A N N =
JERGAGIY X L T8 7K v SRR 148
IR T, AW T RSB MR R 85

PE R PERE AR

OB BT R KRN ZS S P AP S B A
AL EEROLHCN 100 B, E 2ZHEA R, Bty
500 B, 7KV B4 FEL St 2 T VLS EE XA PRI S K, 7
FAE R, KA 1 H L R 1 TR 25 AR 1
K LA, XA B B 3R TR 250 2 K, 7K R R B
WAT R,

QT W R AR E RS TE 20T H it T VL
JE 331 K, 2250 4 K 7K@ I it it % i it
FE 323 K, 25 3 K, Ay P EHRAS AT DU i it
AT 315 K, H22/NF 1K 5 s

<171 -



@K EHEARS T ABH AE Lt 2% 1 i 27
L S I B K FEZROEHE R 500 B Bl 25 378 12 114
Hn, FREEE TR AR 1.4 m/s, T
Wt 2 K, ik 0.64 m/s IS Pt 26 T Y B A%
S AR RIS, Rt A LA AROR R T T
FELERH R IAIFE A 1.5 mm ISR B, 43 SR
31.2%,67.1%F1 314 K.,

@A TIEE R 1.5 mm I BLRCR KA
PEIRH AP0 R JEERE (B KM, PSR
R B R/, 5 0.4 mm A 0.5 mm #4
BCRSETE 0.13% , R 1f1 R AH 2242 0.06 K;0.4 mm
FHEE 0.3 mm AR BREIKZ0 1 K, 23 A
JE RGNS — e R, XL A R AR

7N

[e]

SE

(1] AR RO =4GR it 3 SR SRR AT 5T
[D]. PR : P 1R Tl K, 2020.

[2] Ghadami N,Gheibi M, Kian Z,et al. Implementation of
solar energy in smart cities using an integration of
artificial neural network, photovoltaic system and
classical Delphi methods [J].Sustainable Cities and
Society,2021,74(1-3):103149.

(3] ZEFIAT, 1P, 8% 5 R PR G O — IR R K
R 3k JREWE L0, TP A B VR, 2020,38 (6) : 752~

757.
[4] FLIA.KFHEEEIR ERBREMMIRDLE S . HFHK
22 2006.

[5] SECZE At o T3 O6 R K BH R i iy LR 8
HIFEAR I BEBH A, 2008,29(1) : 16-18.

<172 -

(8]

%

[10]

[11]

[12]

[13]

[14]

2024,42(2)

Sargunanathan S,Elango A,Mohideen S T.Performance
enhancement of solar photovoltaic cells using effective
cooling methods; A review[J].Renewable and Sustainable
Energy Reviews,2016,64:382-393.

Micheli L, Sarmah N, Luo X, et al. Opportunities and
challenges in micro — and nano -technologies for
concentrating  photovoltaic  cooling: A review [J].
Renewable and Sustainable Energy Reviews,2013,20.
595-610.

eI, AR B SR ] T R B 2 B AV A A
ARSI TS )] AR S S, 2011 (1) ;42-46.

Aldossary A,Mahmoud S,AL -Dadah R.Technical
Feasibility study of passive and active cooling for
Concentrator PV in harsh environment [J].Applied
Thermal Engineering,2016,100:490-500.

Akbarzadeh A,Wadowski T.Heat pipe —based cooling
systems for photovohaic cells under concentrated solar
radiation[J].Applied Thermal Engineering, 1996,16(1):
81-87.

FRH, XU T O M e X8 T7 58 BRI 5
[J1- AT A RE T, 2020,38(9) : 1163-1168.

O MR, 42 T AE A T B AR PVE Ve K FH fiE
HL AR A SR TE (AL P [ TR P B oot A%
°F 2009 AFEAR S BGESCER[CL T 5 - P T AR A 3
423 ,2009.

Chow T. Performance analysis of photovoltaic —thermal
collector by explicit dynamic model [J].Solar Energy,
2003,75(2):143-152.

C L Wang, J Chen, S Z Qiu.Performance analysis of

heat pipe radiator unit for space nuclear power reactor.

[J]-Annals of Nuclear Energy,2017,103.74-78.



g, & ATRAELREEZAARE XBABZHBAARRT

Numerical study of heat pipe heat exchanger based on
concentrating solar photovoltaic cell system

Chen Haifei, Shao Yonghui, Yang Huihan, Wang Yunjie, Huang Hualong, Yang Jie
(School of Energy, School of Petroleum Engineering, Changzhou University, Changzhou 213016, China)

Abstract: This paper investigates the effect of surface temperature on the efficiency of
photovoltaic cells under high concentrating power, and investigates the coupled fin heat pipe heat
sink in concentrating photovoltaic cell systems. Study the effect of the number of fins, distribution
and fluid flow on the cell efficiency and surface uniformity of the heat pipe radiator under water
cooling and air cooling, and compare it with ordinary radiators. The results show that the
minimum temperature of the battery surface with the heat pipe radiator occupies less area, the
uniformity is significantly improved, and the battery efficiency is improved; under the working
condition of 0.64 m/s flow rate, the fin spacing is 1.5 mm, and the fin thickness is 0.4 mm, the
overall performance of the battery is the best, the surface temperature is 314 K, the temperature
difference is less than 1 K, the uniformity is best, then the electrical efficiency is 31.25% , and
the thermal efficiency is 66.03%.

Keywords: solar cell; high power concentration; heat pipe; surface temperature; efficiency
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