58 3 R (A SRR A5 T REROR R Vol. 58 No. 3
2025 4F 3 H Journal of Tianjin University (Science and Technology) Mar. 2025

DOI:10.11784/tdxbz202401001

SR LR S RE RS H RGN D A BRSO

faa b, A Emm L, OB RS, YWY, 2RV, m W2
(. IR R2ERRIR S 8h ) TARE2=BE, BFrd 250061; 2. mslfitiae e RAeR LA TR Hots, TR 250061
3. KU T RAFREIE 580 TREEBe, Kb 4101145 4. ILARIKBABBERARRA R, HHIR 276500)

B OE: LRABRLGES R BRRmRAFRME. AT BRARAMGE HBTRETHFHGEBZE
T, R RAFEFFGFEA, CAFEFRAETAREASGRERNSI A%, ALELARGOER M T MR, §EH
R B RIB I+ IR SRACK AR R 0. RS S T WA IR 0 AR B R RA P R R B AR, R
J FLUENT # M40 T 9 LA K A BE (0.2 D~ 1.0 D) A= 7 LAM A Z (0.2 H~ 1.4 H) T AR T B E fe bb
HEWTNE. ARG EEH S A B AMANE D=68mm, BFMAKTA 10 B A AE; WHHE H=
100 mm. FFRLI: FMASERZA 100mm. WA HIEH 04D B, KAREMAFHBER A 55.16°C, kit
B BEFE KA 1729%. ¥R AEERZTA 04D B 272 mm, MEMHK HEM 02 H 3mF) 12 H, SKEH4F55
BRHBADAELTRE B TRENRES 5473°C), Ao HSRAFRHIGRKAESLTHRE (B TRIHLEA
17.32%) . B A TARARMAE A RiBRAFFRZLGRMA A EL XA MAFAIE 04D B 272mm, MK &E 12H
PP 120 mm. HEIRBLBEA 35°C. KMEHEEA 800 W/m? B, 5 MM AR, KAKEH A KBRS R GER
AR A BT TR R A e T3 R EEIK 6.24 C, Kbk RIS 0.56%. ABFR T A AR F LG5 38 442
B WIS

KR OWRAME; MR ASRERGAH; U

FESES: TKSI MEERERE: A TERE: 0493-2137(2025) 03-0300-09

Optimization of Fin Arrangement in Photovoltaic Modules Cooled
by a Natural-Draft Cooling System

He Suoyingl’z, Liu Wangruil’z, Zhao Bin® , Liu Kaili4, Liang Changzhenl’ 2, Gao Mingl’ 2
1. School of Energy and Power Engineering, Shandong University, Jinan 250061, China;

2. Shandong Engineering Research Center for High-Efficiency Energy Storage and
Hydrogen Energy Utilization, Jinan 250061, China;

3. College of Energy and Power Engineering, Changsha University of Science & Technology, Changsha 410114, China;
4. Shandong Muyang New Energy Co., Ltd., Rizhao 276500, China)

Abstract: Photovoltaic power generation has become a research hotspot because it meets the goals of carbon peaking
and neutrality. However, the high operating temperature of photovoltaic modules will decrease photoelectric conver-
sion efficiency and shorten the service life. Therefore, a natural-draft cooling system for photovoltaic modules is pro-
posed. Herein, fins are added to the natural-draft cooling system, which uses a combination of a natural draft and
fins to strengthen the heat transfer of photovoltaic modules. A numerical simulation model for the natural-draft cooling

system of photovoltaic modules with fins is established. The variation of the average temperature and photoelectric
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conversion efficiency of photovoltaic modules with nine different fin spacings (0.2 D—1.0 D) and seven different fin
heights (0.2 ##—1.4 H) are studied using FLUENT. The reference fin arrangement considered in this study is a fin spac-
ing and height of D =68 mm (for 10 fins) and H = 100 mm. As the fin spacing is adjusted at a fixed fin height of
100 mm, a minimum average temperature of 55.16 ‘C and a maximum photoelectric conversion efficiency of 17.29%
are achieved when the fin spacing is 0.4 D. When the fin spacing is fixed at 0.4 D(27.2 mm) , the average temperature
of the photovoltaic modules gradually decreases and becomes stable (the temperature tends to stabilize at 54.73 °C) ,

and the photoelectric conversion efficiency gradually increases and becomes stable (the efficiency tends to stabilize at
17.32%) as the fin height increases from 0.2 H to 1.2 H. Therefore, the optimal fin arrangement for a natural-draft
cooling system in photovoltaic modules is a fin spacing and height of 0.4 D (27.2 mm) and 1.2 H (120 mm) . Compared
with the use of no fins, the average temperature of photovoltaic modules is reduced by 6.24 °C, the photoelectric

conversion efficiency of photovoltaic modules is increased by 0.56% under the optimal fin arrangement when the am-
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bient temperature is 35 C,

and the solar radiation intensity is 800 W/m®. The results of this study provide theoretical

guidance for improving the quality and efficiency of photovoltaic systems.

Keywords: photovoltaic module; fin; natural-draft cooling; numerical simulation
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Fig.9 Effects of fin height and ambient temperature on
the average temperature and photoelectric con-
version efficiency of photovoltaic modules (H =
100 mm)
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Fig.10 Effects of solar radiation intensity on the average
temperature and photoelectric conversion effi-
ciency of photovoltaic modules
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Fig.11 Effects of ambient temperature on the average
temperature and photoelectric conversion effi-
ciency of photovoltaic modules
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