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Sudy on Temperature Field Evolution in Hydrogen Fuel Cell
Diffusion Layer
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Abstract: To study the temperature evolution law in the hydrogen fuel cell diffusion layer and analyze the factors
affecting the temperature distribution, the cathode and anode diffusion layers and their internal fluid were taken as the
research objects, and a correlation method for the heat and mass transfer between diffusion layer Z-Y profile and X-Y
profile was established. Considering the fluid Soret effect, Dufour effect, adsorption effect and fluid-solid conjugate
heat transfer effect in the diffusion layer, and combined with the N-S equation, Brinkman-Darcy extended model,
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Langmuir adsorption equation and interfacial capture Cahn-
Hilliard theory, a heat and mass double-diffusion model of
gas-liquid two-phase flow in porous media was constructed.
The Lattice Boltzmann method was used for numerical
solution to demonstrate the temperature evolution law in the
diffusion layer and elucidate the mechanism of fluid state
influence on the temperature distribution. Results show that the
diffusion layer’s thermal conductivity is closely related to its
internal fluid state. The thermal conductivity of hydrogen-water
vapor atomized flow in the anode diffusion layer is better than
that of the separated flow composed of air-liquid water in the
cathode diffusion layer. Therefore, the anode diffusion layer has
obvious advantages over the cathode diffusion layer in terms of
the equilibrium of temperature field evolution, continuity of
isotherm distribution and utilization of heat transfer area. The
research results can provide a theoretical basis for improving the
thermal management level of hydrogen fuel cells.
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Z-Y profile
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136 i, T

$23 %

140.620
] 137.040
127.470 B 127.470
L] 177800 117.890
k4 108310 -
98.733 it 98.733
— 98. Ll J
| 89,156 i Ll 89156
79578 79.578 79.578
40.000 Min 40,000 Min 40.000 Min

] 140.620

] 137.040

] 127.470 . 127.470
117.890 - 117.890

] 108.310 I : 1 108310

98.733 ; 08733
89.156 : 89.156

79.578 g 79.578
40.000 Min 40.000 Min 40.000 Min

—{ 98.733

| 89156
79.578
40000 Min

40.000 Min 40.000 Min

137.040
127.470 127.470 127.470
117.890 117.890 117.890

| | 108.310 | 108.310 | 108310

98.733 98.733 98.733
89.156 89.156 89.156
79.578 79.578 79.578
40.000 Min 40.000 Min 40.000 Min

E6 FABRYHEZY THERERT
Fig. 6 Temperature evolution in anode diffusion layer Z-Y plane

—a— IR BUZ
—o— BAARY HUZ

iR E/C
2 B

1 1 1 1 1 1 1 1 1

01 02 03 04 05 06 07 08 09 10 LI
it )/s

B7 ¥H#EZzZYFEHEHZE

Fig. 7 Temperaturerise curvesin diffusion layer Z-Y plane
23RS T AR, SBOHRER; TR TP E B
B, B BUR N SRR BRSO B L,
FIRBCR S I BUZ TP B AR B 5 IR
TR

T HUZEB0%, Bl BIRY BUZ e Z-Y Vi
ek J32 37 TR R iy L R e e it B DX AR o L AR —
o milE 8 al UL, AR L, AR A
FHIZRA0 5 Fres i XU AR L 2 03l TR

e, BABEBIUER 1 LR, PR
RABEE Y HUZIREL TR, BRI, B
WL, AR TR

—u— IR 5 L
—e— e i BE DX AT AR o5 Ll

TR A Eb/%
29

80 90 100 110 120 130
HE/C
B8 ¥HEZYTHRERBERSL
Fig. 8 Temperature area proportion in diffusion layer

140 150 160

Z-Y plane
42 X-Y FHREEST
HIE 9 FIE 10 AT, BT BUZ AR
FELA AR BN B2 TR Ve, & B SRR U2
F SR PRI, TR & AR AR RO



FIETR, AR SR BUZ IR A O 137

79.578 79578
40.000 Min 40.000 Min

40,000 Min 40,000 Min

B9 FAWmyEEXYETHmEEET
Fig. 9 Temperature evolution in cathode diffusion layer X-Y plane

79.578 .
40.000 Min 40.000 Min

140,000 Min

B 10 BRI #UE X-Y FEREEE
Fig. 10 Temperature evolution in anode diffusion layer X-Y plane



138 i, b

E 4 §23 %

FEPHUZ LR XK IR . 7E X-Y P, B
WY HUZ NS B AR, [RIE U
IKAFAERSR W BE T , 520 1 e 12 326 1) 1
P, FEEFIRE E M RHE, BEY RAE
S PR BUZE N SR AL IR, IR EE o3 AT

BH . BIRR 3 802 W B DX 8 AR o L 43 i an
B, 12 fiss

it ikl/s
02 03 04 05 06 07 08 09 10 1.1 12
100 T T T ;..i ™ |. .I |. h .l
90 ' g
.‘,/
80 - ¥
F oo
70 F [\ ° \ °
= 6of [ p \ ,
= . | o
41 50 F l“. [ /
% 40 L
of N | / .
wf ¥ J o
ol ® = RESER Y
o JR eI XS AR o b
1 1 1 1 1 1 1
0780 90 100 110 120 130 140 150
W C

11 PRI #E X-Y TEHREXBER S
Fig. 11 Temperature area proportion in anode diffusion

layer X-Y plane
it ) /s
100 02 03 04 05 06 07 08 09 1.0 1.1 12
oOF ™= WA b
o RIREKHTRSL
80
70 /
S 60t
2 w
47 50
K /F/. ° ° e o
= 40 N
30 F / °
I
20 - 4
o g
10 .,A./:ir.
0 h i 1 I I I I I I
80 90 100 110 120 130 140 150 160

iR E/C
B 12 BARY B8E X-Y THEEXBER S
Fig. 12 Temperature area proportion in cathode diffusion
layer X-Y plane
R 11 AN 12 FTUL, AR X-Y S, BB
JRALAATEARS LR 100%, KRFIIRy 80Uz, 16
R AR 32 A A AR Ui, K B de R

R 1] FEBA R Y™ HUZ H 5 BB BUZ= T HELEE R H
PR HUR T, HAPEERY et . B
JZ B e T BE DRI RR o e B sh R4k, sl
IDEE AR TR A 4 S AT AV I R S
A AT AR 70% , AW R AR Bon] DAL
B o BB U= fres TRLE DX 2 IR 2 12
PR, i il B DX AR 24 o il RE 3 TR AR Y
120 Zi ERTA, BHRY BUZ 1L HGEE T HE AR
JZEi, SRR T B HUZ P SRS S L B
BUZ NI R AL P M | AR, e R R

5 4Hig

(DAL BT BRI R G T N-S T 2
Brinkman-Darcy ¥ J@#5 | Langmuir W77 F2
FLH 4 Cahn-Hilliard 238, REAEHIAY BUZ X-Y
PR Z-Y #TED PN A 32 5 T B o A R 5 0K
R, M FLBRES R P T A B TN 2 Y DCHK A% 128
[P, 5 M R AR 502 LAY BT Soret 2500
Dufour KW . W BRI AL [ B % $R 34007

QA& BRI =N I, IFEET D2Qo-
MRT J B iR R Y . IRES AR 3 4
JSZHY REV RUEAR ¥ Boltzmann 4341 BRAL, 20K
B2 N RASOR FROB R ER B 1 A 80T 1 o

GHWFFER], PR BUZAE TR 7 A8 1 1
PR | SR S0 AT i SR A P AR ) ) 3R 55
Dy, IR R RA B RO R T, T
BRI SRR 7 5 H AR AR A B RS B VAR
K, PR BB N A K R, HeE
WA HUZ N S-S KA R 7 B i 2 A R Y
SIAE

B3 -

[1] Anderson R, Eggleton E, Zhang Lifeng. Development of
two-phase flow regime specific pressure drop models for
proton exchange membrane fuel cells [J]. International
Journal of Hydrogen Energy, 2015, 40(2): 1173-1185.

[2] Mortazavi M, Tajiri K. Two-phase flow pressure drop in



555 3]

FIETR, S SR Y HUR IR e T 139

flow channels of proton exchange membrane fuel cells:
Review of experimental approaches [J]. Renewable and
Sustainable Energy Reviews, 2015, 45: 296-317.

R, R BRYL, AE. ORIR) IE S A Y BT S e
RREFL L B FAASEAEL[T]. [ BF R 2 2 4l ( FL AR B JRD),
2019, 47(z1): 79-83.

Gao Yuan, Zhu Rui, Li Junkai, et al. Thermal simulation
of proton exchange membrane fuel cells with different
cooling flow channel [J]. Journal of Tongji University
(Natural Science), 2019, 47(z1): 79-83. (in Chinese)
PrRafeoe, R, 25, 45 KRB ac ik kL
T A SR M []. VYRS S KA AR, 2015, 50(3):
393-399.

Chen Weirong, Li Yankun, Li Yan, et al. Temperature
control strategy for water-cooled proton exchange
membrane fuel cells [J]. Journal of Southwest Jiaotong
University, 2015, 50(3): 393-399. (in Chinese)

IR, IRE AL, WEIEC. B RETC R I OIS e Y
SUREHHLI RSSO ()], HTRSRAR, 2022,
20(3): 152-160.

Gao Qingzhen, Shi Peicheng, Pan Daoyuan. Dynamic re-

liability analysis of hydrogen fuel cell system considering

influence of element temperature-humidity correlation [J].

Journal of Power Supply, 2022, 20(3): 152-160 (in Chinese).
TR, 2 e, Bonst. BT RRS RN AR H it
IRAAGTI]. BVEZAR, 2024, 22(4): 243-250.

Wang Yuyuan, An Panlong, Hui Liangliang. Battery state
estimation based on Kalman filter algorithm [J]. Journal
of Power Supply, 2024, 22(4): 243-250. (in Chinese)

Xu Hongtao, Li Beibei, Chen Jian, et al. Lattice BGK
simulations of the double diffusive mixed convection in
an enclosure with different outlet locations [J]. Interna-
tional Journal of Heat and Mass Transfer, 2016, 92: 158-
172.

BRUE, 24K, Rk, . PTOY BOS A AL

PO A LBMASERA[T]. T8I, 2019, 36(1): 60-68.

Luo Zhuging, Lou Qin, Xu Hongtao, et al. LBM
simulation of heat and mass double diffusion, fluid-solid
conjugate heat transfer and adsorption [J]. Chinese

Journal of Computational Physics, 2019, 36(1): 60-68. (in

(9]

Chinese)

Lépez-Sabiron A M, Barroso J, Roda V, et al. Design and
development of the cooling system of a 2 kW nominal
power open-cathode polymer electrolyte fuel cell stack [J].
International Journal of Hydrogen Energy, 2012, 37(8):
7289-7298.

(107 MU, BAE. T B OS] A 2 4 2% 7K AR e AR s

SARRTRRIT]. B CHOREHR, 2024, 39(1): 55-64.

Ye Yuan, Hu Xiao. A dual interface analytical model for
time-domain reflectometry of water tree defects in power
cables [J]. Transactions of China Electrotechnical Society,

2024, 39(1): 55-64. (in Chinese)

(1] B, sk, AR, 45 LT r73h Iy 05 B

BRI T BT 9 A R BT SE 0], R T4
AR2E4R, 2024, 39(3): 798-809.

Zhao Manqing, Zhang bo, Li Jianfei, et al. Influence of
natural ester and mineral oil blending on the diffusion
behavior of water molecules and the dielectric properties
[J]. Transactions of China Electrotechnical Society, 2024,
39(3): 798-809. (in Chinese)

[12] Wang Moran, Wang Jinku, Pan Ning, et al. Mesoscopic

predictions of the effective thermal conductivity for
microscale random porous media [J]. Physical Review E,
Statistical, Nonlinear, and Soft Matter Physics, 2007,
75(3): 036702.

[13] IR, (R4, AR, ARy i 5

[14]

[15] Wang Tingting, Gao Qiang, Chen Jian, et al.

SRS TTOTIAL]. FIREAR, 2024, 22(3): 30-37.

Wang Zhaoping, Xin Jinlei, Du Mingxing. Construction
of hybrid thermal network model and estimation method
for its junction temperature [J]. Journal of Power Supply,
2024, 22(3): 30-37. (in Chinese)

PSR, ek, 7R, . JeTHRHuph B i fi v 48
FL BRI 3 R EOR A P SE (0], R R4, 2024,
22(3): 54-61.

Liu Longchen, Li Longjiao, Peng Dong, et al. Research
on rapid solution method for thyristor electro-thermal
coupling model based on conjugate gradient method [J].
Journal of Power Supply, 2024, 22(3): 54-61. (in Chinese)
Lattice
Boltzmann simulation of mixed convection in an enclo-

sure filled with porous medium [J]. Chinese Journal of



140 i, b

E 4 §23 %

Computational Physics, 2017, 34(1): 39-46.

[16] FH&E M, #8). £T WENO-THINC/WLIC BAIf7K K,
TARGE BRI, F1EEAR, 2021, 53(4): 973-985.
Wei Zhilong, Jiang Qin. Numerical study on water-air
two-phase flow based on weno-thinc/wlic model [J].
Chinese Journal of Theoretical and Applied Mechanics,
2021, 53(4): 973-985. (in Chinese)

[17] BN, XIZR, T, &% PIARGRIR AR R 257K )

ARSI s ) TR, 2020, 41(22): 5-9.
Wang Yafeng, Liu Dong, Yu Yang, et al. Hydraulic and
thermodynamic coupling calculation analysis of two
phase flow network [J]. Nuclear Power Engineering, 2020,
41(z2): 5-9. (in Chinese)

[18] Martys N S. Improved approximation of the Brinkman
equation using a lattice Boltzmann method [J]. Physics of
Fluids, 2001, 13(6): 1807-1810.

[19] Guo Zhaoli, Zheng Chuguang, Shi Baochang. Non-equi-
librium extrapolation method for velocity and pressure
boundary conditions in the lattice Boltzmann method [J].

Chinese Physics, 2002, 11(4): 366-374.

[20] 154, ARF), B, 55 BERRERERAARE L FEHUR
BOARE SRS B TR R ¥R, 2023, 38(21):
5913-5922.

Su Lei, Yu Jiachuan, Yang Fan, et al. Study on charac-
teristic parameters of LFP battery under the condition of
overcharge thermal failure [J]. Transactions of China Electro-

technical Society, 2023, 38(21): 5913-5922. (in Chinese)

EEET:
l‘ - \ FiER(1978— ), B, #EEE,
Coemoe ) SRR, MO ERRE
ae F 1511, E-mail : gaogingzhen68@sohu.

com,

W iEIm(1982— ), B, i, R
¥z, WO BRETRIR AR BT
il: plongroad@163.com,

U (1985— ), 5, M,
HAZ W57 ) B e AL o E-mail :
huangshengzhou@ahpu.edu.cn,

EAE(Q2000— ), 2, Wit, B
o WIFETTT : ORI A E-mail .
1449293213@qq.com,

(PTG Hhoi)





