KM

478 Holl
202646 A

2
He

ACTA ENERGIAE SOLARIS SINICA

Ry
¥ EHQ Vol. 47, No. 6
Jun., 2026

DOI:10.19912/j.0254-0096.tynxb.2025-0187

X EHS:0254-0096(2026)06-0732-08

£ T B 5 & B B9 K BH B it 15 B il B
R E BE BE R I

B x e,

(R Ty R BRI 1 LM TR 2B, EsT 102206)

C:3
=

i

s RS BOEEAR (HCPY) R GEIE AT Hh K IF R it 2 TR 3R A 249 5 5 B0 8O R AT A et 2 10 ) P A [ 5 T

114 0 A A T AT L AR A T, b 3 TR O 22 , R TSR0 00 4R 0 27 750 (CFD ) ASEABL 53 A S [ Ul A0 o b A8 fofg il 3 R B
oM, 2 SRR T AR BT AN R A A B ) AR S 11547 I F T 2 T TR 25 DR AR L % U A T e v R R A
61.86% , 15 i It T 00 T R b 38 10T 95 7o 3R BE A1 11,90 K, 4% i T 28 A AN F5 05 (PEC) JE 0 1.06~1.13

KEER . RIHAEROLAR : KB WOBIE; sl X MhFEs; w2

hE4S%ES. TB61°1; TB657.5 XEfFRERG: A

——

51 B

B K BH Al & v B AR 38 S UAC AR O BH BB T 5 O £ AR U
JE R L A SR A PR e B R A 80% 1Y Rl B L Ak o R S
FOK PH A b 2 TR R TR B RO AR RO AT R 4R
1 AL GE A 2B TG T v P B AR |, B
A A B B R R A5 3R 6 AR & 48 (high concentrator
photovoltaic, HCPV) i & #E #VF B X0 e e h 4 b, 1
T PAUTHH A K B R AU O 3, e B R R rp 3 B 4%
KU1, Radwan 45 K f0GE T8 #4004 BUFE FRO6 G R
(concentrator photovoltaics, CPV) Z& Ge v, 3 fifi il 1k 40 3 #r vk
Xt HE T A G S KA 5 S 3% B il T V8 20 HOR B R
(O HCEARE 1, S B0 T S A1 7 A B P ol 3 IR . (R 8 1 °F
FL 03 T8 AR 0 3 B Hh R A A ORI TR B ST PR R 22 1
fi] f

g ff g b3 1) B, Harpole 25™17E 1991 4F 12 Hi 1 45 i
i# (manifold microchannel , MMC ) , 2 T 47 55 ¥ {4 76 {33 38 4
o i R B AR T U R BE A 8 K o TR TR RE 2 50
Kim 25 AZs S0 TR X MMC A s AR EA T T 9088,
SRR MMC $A4BH L A% 581 1 0 TR 2y 35% , ik 52
T MMC e s bl 4% 8% £ )2 MMC BT HCPV &
Gerp B RAR T T BRI R, BEAR TR B H b TR )
T O T A R R ARG, IR B A T R A LK% Radwan
LU PG AR ISTE T MMC B BCERE 91, S5 R K AT

s EHE: 2025-02-06

VIR L A 4% ¥ J8 0 K Tt 4% AT e il 38 1 4% 3 e K
ik 5.8 C, HUELRART; 0.52% . HIL, N T #kE—HE5% MMC
B RE 1), 55 2 2 38 0 il 8 RS AS 1 254 (18 LC BRI Z
JE45) RS BaEAT T IR ARG,

Z B MMC e R (0 3 A R0 HR O 1 R — 3, 4% o
T A T BN T ARURH A 01 L R IR R E T
AT B85 B i A BEAS Bl 38 7 0 MM HP 4 30 3040 A -4 58
FAh M BRI Z AL A AR A B R AR L 0 S
JE R BRI H OB AR R TR AR B B A X MMC 9L
WBE A AR R B AR T 1A T2 LA R L Z B
MMC #3261 . BRE AR EEXE 2 B MMC 158 T R
13T WRFE, UEBIZKP- J )b 2 7 4 1) S8 A S 0 1) O 3
P 5 AN B2 AE VR X K T 1) AR 8 T 1) O A R A T T

I, A R R W B IRACEJ7 [0 W 4 B R A5 T T 00 R AN

5] U B o3 AT AFAE A7 R TR 2% T T, 58 1) ¥ 4 0
FEITTLF, SR A 1T B A8 R i 08 T8 AT A7 A6 i 2tk /) 1 )
B0 A TS R e T X

g5 b B MMC 1R, HAE HCPV R G0 iy B iE
A b, F U R R PH At 2 10 I N B850 1 o) JLATS SR AF
fE. ARSGEIAE Z 7 MMC 1A F B 00 A7 5 Bl 1451, 08/
A T T I R 25 S L AHES T AR 0 MMC, i JS 9 MMC
A IV TR I 26 /0N, SR PV BSCME RS SDURAF 98 AN [ A6 £ 19 11 %o 378 30
IR FEE 43 A1 RS2 D, LA S ) e b 2 T 0 2, S KAt ) i o

EEWMA . dtatii AARREEE S I IR RIS 242 (1L212068) 5 UE R 25 [0 [ A SIRHIF IS 3l Hk 43 (2012940)
BEEE: MEE0970—), B, Wt Bz, HA T, R NFRHREAGEAE S5 GHr mAF5E . zhougb@ncepu.edu.cn



640] JRIGRIOCAS « BT B 70 s 0 140 A T o, el o 1 e A RE S (B S AL 733

1 EERBEHER

K 1 7R HCPV RGMERL . 7E HCPV ARG, BLas
SE R PHAR ST, S BOR B H e TR B L, T E
L b LR . MMIC P A v b 3R i, v #1570 7 MMC
T Ak X I A A R S K B e Tt P

& LEEE
i

AP T R
K1 HCPV R4 EA
Fig. 1 Schematic diagram of HCPV system
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Fig. 2 MMC geometry and boundary conditions
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Table 1  Physical properties of materials

240 K fif
% 15/ (kg/m®) 983.2 2300
B S/ (Pass) 0.001003
A/ (kg-K) | 4185 700
FMAEUIW/(m-K) ] 0.651 150

F2 EHERBEMEERS
Table 2 Dimensions of MMC

S8 JF /um
A ELEEAS FEE (o, ) 200
A A O/ VR BE (B fh,,) 250
B R TS IE b, 25
I 3 w0, >0
R B FE 0, 50
R 75 BE I, 200
HEJRC R w0, 20
N H T TR w0, 25
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UL B TE « 7 BB WER 3 s

%4?1%1‘)5\

Ab

Q;ﬁ

=900 W/em?
B3 A A s AR Y43 A s Ol (2=0)

Fig. 3 Distribution of ribs in inlet manifold(z=0)
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Table 3 Number and position of ribs

oM AR x/um il aes
1 3 500 5
2 3 1000 10
3 2 1500 15
4 2 2000 20
5 1 2500 25
6 1 3000 30

S BIE 5 Il ARGy X R il 3 TR L JRE ) S, AR SCRET 8 A
T R T 0 HIEAE TS AR, T 1~7 HACAS [ {6 A
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Table 5  Grid independence verification

PR B T3 AP/kPa T /K g,/ (m/s)
59.9 48.21 375.6 1.55
103.6 48.28(0.15) 376.2(0.16)  1.65(6.29)
230.9 48.25(-0.06) 376.8(0.15)  1.66(0.95)
425.7 48.33(0.17) 376.9(0.02) 1.67(0.24)
666.8 48.27(0.12) 376.9(0.01)  1.67(0.11)
T 485 T BB A 25 10 1 1 1R 22 , % o
*6 IREIIGIE
Table 6 Model validation
A El:?ﬁﬁ 0/ AP/kPa -
(107 kg/s) THEk[19] e
0.819 10.353 10.844 4747
1.229 19.597 20.589 5.062
1.639 31.429 33.059 5.187
2.048 48.622 48.245 -0.775
2.458 63.042 66.083 4.824
2.868 82.454 86.562 4.982
3.277 104.454 109.645 4.970
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Fig. 4  Pressure drop of MMCs with ribs
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Fig. 6  Velocity distribution of inlet manifold at z=0 in

several conditions
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Fig. 8 Solar cell surface temperature difference under

various operating conditions
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Fig. 11 Convective heat transfer intensity in microchannels
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NUMERICAL SIMULATION OF MANTFOLD MICROCHANNEL HEAT
TRANSFER PERFORMANCE OF SOLAR CELLS BASED ON
ARRAY DIAGONAL RIBS

Zhou Jiaxin, Zhou Guobing
(School of Energy, Power and Mechanical Engineering, North China Electric Power University , Beijing 102206, China)

Abstract: To address the issue of reduced electrical efficiency caused by uneven surface temperatures of solar cells in high
concentration photovoltaic (HCPV) systems, a manifold microchannel heat sink with an array of inclined ribs is proposed to reduce the
temperature difference on the surface of the solar cells. Computational fluid dynamics (CFD) is used to simulate and analyze the impact
of different rib inclination angles on the heat dissipation performance of the manifold microchannel. The results show that compared with
the structure without ribs, the temperature difference on the battery surface is significantly reduced when the inclination angle of the ribs
in the inlet manifold is 11.54°. The maximum reduction rate is 61.86% under various flow rates. Under high flow conditions, the
maximum temperature on the battery surface is reduced by 11.90 K, and the PEC range under various flow rates is 1.06 to 1.13.

Keywords: solar concentrator; solar cells; microchannels; forced convection; rib array; temperature difference



