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Abstract

Objective Thermal management is crucial for ensuring the performance, safety, and longevity of proton exchange membrane fuel cells
(PEMFCs). While excessively high temperatures can degrade the membrane electrode assembly and cause irreversible damage,
excessively low temperatures impede reaction kinetics and may even lead to flooding. Consequently, it is essential to implement
appropriate thermal management strategies to maintain the operating temperature of PEMFCs within an optimal range and ensure a
uniform temperature distribution inside the stack. However, air cooling tends to produce uneven temperature distributions along the flow
path due to the low specific heat capacity of air. Liquid cooling requires pumps to drive the coolant through the cooling channels, which
incurs additional parasitic power losses and thereby reduces overall system efficiency. To mitigate the parasitic power consumption
associated with conventional air and liquid cooling, this study proposes a novel passive cooling scheme that integrates vapor chambers

(VCs) into a PEMFC stack for thermal management.

Methods Both theoretical analysis and experimental approaches were employed to evaluate the heat transfer performance of a
standalone VC and a fuel cell stack integrated with VCs. First, the heat generation and transfer mechanisms within the fuel cell and heat
transfer characteristics of the VC were analyzed. Based on the capillary force limit, the relationship between the structural dimensions of
the VC and its maximum heat transfer capacity was determined. Subsequently, an ultra-thin VC with a heat transfer capacity exceeding
40 W and thickness of only 1. 32 mm was designed and manufactured according to the heat dissipation requirements of a 200 W open-
cathode PEMFC stack. In the thermal performance test of the single VC, a silicone heating pad was bonded to the VC's evaporator side
using thermal grease. The heating power was varied from O to 48 W using a resistive load to simulate PEMFC heat generation.
Additionally, a custom-made aluminum alloy cold plate was attached to the VC's condenser side to dissipate heat, with the cooling water
flow rate maintained at 0. 1 L/min. Twenty-four thermocouples were evenly spaced at 20-mm intervals on the opposite face of the VC.
Temperatures were recorded via a data logger and subsequently transmitted to a computer for storage and analysis. After verifying the heat
dissipation capability, five VCs were integrated into a 200 W PEMFC stack to conduct a rapid start-up load test, where the current was
ramped from O to 40 A within 45 s. A thermocouple was installed in the cathodic central flow channel of the cathode of each cell to
monitor temperature variations. The hydrogen supply pressure at the anode was 0. 05 MPa, and the oxygen flow rate at the cathode was

0. 03 m*s. The ambient temperature and relative humidity were 26. 3 ‘C and 63%, respectively.
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Results and Discussions In the single VC test, when the heating power was varied, the VC rapidly reached a new equilibrium state
within each 6-min test cycle, demonstrating excellent thermal response. From 0 to 48 W, the maximum temperature difference across the
VC consistently remained below 3 C. At 48 W (a heat flux of 22. 7 W/em? across the VC cross-section) , the maximum temperature
difference was only 2. 6 ‘C, and the thermal resistance was 0. 054 ‘C/W, exhibiting a downward trend with increasing heat load. These
results indicate that the manufactured VC possesses excellent temperature -equalizing capability. Following the start-up test, the average
output voltage of the VC stack was 5.27 V, compared with 4. 33 V for the conventional stack, representing a 21. 7% improvement. The
temperatures of 10 cells in the VC stack ranged from 47. 0 to 52. 5 °C, yielding a maximum inter-cell temperature difference of 5.5 C. In
contrast, the cells in the conventional stack exhibited a range of 53.2 to 63.3 °C, with a maximum inter-cell temperature difference of

10. 1 °C. The integrated VC effectively prevented performance degradation arising from non-uniform stack operating temperatures.

Conclusions To improve the thermal management of PEMFC stacks, this study integrates a passive heat transfer unit, namely, a VC,
into an open-cathode fuel cell stack. The fabricated VC operates at a heat flux of only 0. 052 W/cm® on the evaporator side and exhibits a
thermal resistance of only 0.054 “C/W under a heat load of 48 W, demonstrating excellent thermal response and heat transfer
performance. The integration of the VC into the stack enables rapid dissipation of heat generated by electrochemical reactions while
maintaining a uniform temperature distribution throughout the stack. This approach effectively mitigates performance degradation arising

from inadequate thermal management, thereby providing a valuable reference for optimizing the thermal management design of automotive

fuel cell stacks.
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Fig.1 Heat transfer within the stack and the operating principle of vapor chamber
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Fig.7 Temperature changes in single cells within different

stacks during the start-up loading process

JE BN R AN T R S R R g R A A
WP 7 B o JR SR Es a5 | Bl Ak e i S
_7_



T P I R T A T RSO — K, I 3 R S o AN [
LR b B) () L 22 S O Al 7 AR TR R
X IRFR , 76 300 s WAZE A A, 4300 H ik Y 104>
BAR LR AR 47. 0~52. 5 °CAR kAR b ] B KR 22
h5.5 °C, T 3 R HE S R b e U g DX J] 00 Sy
53.2~63.3 C, HLHL i E R RKIR 254 10. 1 °Co Y
BATIRE T30 6 (a) K 38 HE Tt F B 2473 Al
HEH AR 21, 7% 3 P — R UL T X RORE H v o
SR B SRS B A L

5 &g

R ECE PEMFC HL Tt M (1 $E B, AR SCHR 1 T
Bl A% BB T — 4 TR AR B A i A ) H v
HERBETE, 430 T e T B — 2 M R il I 3 % R
BT F O ST B 2SI Y A5 AR 2

1) B 3493 M 7E 75 & s A 2 BE Al 0. 052
W/em? BI ] g 9K shiz 17, It B AT R 48 W T
PPH AL N 0,054 “C/W, B AT K4 1 B 17 A A% $h
HE

2) K6 HAT IR AR 1 e b M S AT PRSI H k2

JOE 7= B F ot HE DR R R IR I ), T gk

HL IR 40 A CHLIR % FE M 0. 65 AJem?) FUFR 75128171
[E] L 9l M PR P [ %) o A TR 25 3 PR 457 6 “C LA
A Rk G T R DR P B 24 T S ) M
I

AR ABIE 5 i FH R b T SR AN (G E T 3
T H R A ) Bl 3h S B A AT AT, R e R R
I HE S BRI T 2 % Kok TARR i —
MRS v BRGA  JBE LA R ™ T A W i T A R
R 1 K T 56 2 TR e it M P S Bas A TR o

S 3k

AR R AR RE FL Tt 4 A e T R L B AR AR
[M]. db5t: Bh# i iRst, 2018. (Yi Baolian. Development
history and technical status of fuel cells and fuel cell

vehicles [M ]. Beijing: Science Press, 2018.)

[2] Barbir F. PEM fuel cells: theory and practice [M].
Amsterdam Boston: Elsevier Academic Press, 2013.
[3] AL, X, B3, 55 . 4 AR R i IS J L

ARIBFFEE L) ]. KR PHREAAR, 2025, 46(9) : 390-398.
(Tan Pigiang, Liu Xiaoyang, Yang Xiaomei, et al.
Research progress of thermal management for automotive
fuel cells [J]. Acta Energiae Solaris Sinica, 2025, 46
(9): 390-398.)

Huang Yicheng, Xiao Xuelian, Kang Huifang, et al.

Thermal management of polymer electrolyte membrane fuel

_8_

(11]

[12]

[13]

[15]

[16]

cells: a critical review of heat transfer mechanisms,

cooling approaches, and advanced cooling techniques
analysis [7]. Energy Conversion and Management, 2022,
254: 115221.

Chen Qin, Zhang Guobin, Zhang Xuzhong, et al. Thermal
management of polymer electrolyte membrane fuel cells: a
review of cooling methods, material properties, and durability
[J]. Applied Energy, 2021, 286: 116496.

Faghri A, Guo Zhen. Integration of heat pipe into fuel cell
technology [J]. Heat Transfer Engineering, 2008, 29(3):
232-238.

Sun Shimei, Zheng Liqiu. Numerical simulation study on

heat pipe cooling system of proton exchange membrane

fuel cell [J]. Advanced Materials Research, 2011, 347-
353: 893-896.
X B T AT A IR ARk f b B A B A R SR (D). T

M. AR HL T K 2%, 2021, (Zhao Jing. Research on heat
and mass transfer characteristics of proton exchange
cell [D]. South China
University of Technology, 2021.)

membrane fuel Guangzhou:
Rashidi S, Karimi N, Sunden B, et al. Progress and
challenges on the thermal management of electrochemical
energy conversion and storage technologies: fuel cells,
electrolysers, and supercapacitors [J]. Progress in Energy
and Combustion Science, 2022, 88: 100966.

Li Qinghe, Liu Zhigiang, Sun Yi, et al. A review on
temperature control of proton exchange membrane fuel
cells [J]. Processes, 2021, 9(2): 1-21.

Reay D A, Kew P A, Mcglen R J. Heat pipes: theory,
design and applications [M]. 6th ed. Oxford: Butterworth-
Heinemann, 2013, 3(19): 311-319.

Tetuko A P, Shabani B, Andrews J. Thermal coupling of
PEM fuel cell and metal hydride hydrogen storage using
heat pipes [J]. International Journal of Hydrogen Energy,
2016, 41(7): 4264-4277.

Chang J Y, Prasher R S, Prstic S, et al. Evaporative
thermal performance of vapor chambers under nonuniform
heating conditions [J]. Journal of Heat Transfer, 2008,
130(12): 121501.

Ferrandi C, lorizzo I, Mameli M, et al. Lumped parameter
model of sintered heat pipe: transient numerical analysis
and validation [ J]. Applied Thermal Engineering, 2013, 50
(1): 1280-1290.

Shah R K, London A L. Laminar flow forced convection in
ducts [J]. Journal of Fluids Engineering, 1978, 102(2) :
431-455.

Tang Yong, Tang Heng, Li Jie, et al. Experimental

investigation of capillary force in a novel sintered copper

mesh wick for ultra-thin heat pipes [J]. Applied Thermal



AR, 55 - T R ) 42 FMZORE L b o sl U B SC B AT

[17]

(18]

Engineering, 2017, 115: 1020-1030.

Bai Xingying, Jian Qifei, Huang Bi, et al. Hydrogen
starvation mitigation strategies during the start-up of
proton exchange membrane fuel cell stack [T]. Journal of
Power Sources, 2022, 520: 230809.

Li Yong, Li Zixi, Zhou Wenjie, et al. Experimental
investigation of vapor chambers with different wick

structures at various parameters [J]. Experimental Thermal

and Fluid Science, 2016, 77: 132-143.

BIEEEE AN

FAPERE, 55 1, o [ o g Rk 2 F 5 e B0 A R D L 020
32369805, E-mail ;: baixingy@ceil958.com. 5% 77 [ : 37 HE I
B IR AL LR

About the corresponding author

Bai Xingying, male, Ph. D., China National Electric Apparatus
Research Institute Co., Ltd., 86-20-32369805, E-mail : baixingy@
ceil958.com. Research fields: heat and mass transfer mechanisms

in energy power equipment.

(T - IR



