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Abstract: In terms of freezing process of liquid water inside
gas diffusion layer for proton exchange membrane fuel cell
(PEMFC) under pore-scale prospective, a mesoscopic
simulation tool is proposed here to be involved in PEMFC-
lattice Boltzmann method (LBM). First, true gas diffusion

layer structure for PEMFC was built in pore-scale level.
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Then, accuracy of thermophysical parameters in the model
through

solidification, two-dimensional solidification in semi-infinite

was  validated one-dimensional  half-space
corner and two-dimensional solidification in cavity with porous

numerical experiments, proving the effectiveness of

application of lattice Boltzmann method on freezing
mechanism in gas diffusion layer for PEMFC. Finally, the
freezing process of gas diffusion layer with porosity ranging
from 0. 5 to 0. 9 in pore-scale was investigated. The
simulation results show that for two-dimensional gas diffusion
layer with 0. 5, 0.6, 0.7, 0.8 and 0. 9 porosity, the
dimensionless freezing time F, is 2. 67, 3.11, 3.68, 4. 31
and 4. 84, respectively and the dimensionless freezing time
for cases with natural convection is 0, 0, 0.001, 0.001 and

0.007 less than that without natural convection, respectively.

Key words: fuel cell; gas diffusion layer; pore-scale; lattice

Boltzmann method; freezing
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Fig.2 Cylindrical model for carbon fiber in proton
exchange membrane fuel cell (PEMFC)
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A R S TR N VR IR B AR A AR
FERETULSTEMANN B AR RIS, B AXT
Vi I G A 32 AR AL A AR [ A B B B AR 38
£. T B B RN LS ZE BB b SR Y B2
2 VU [ F) B AP By ), AR SR FLBRFE M 0. 5~0. 9
SR BUZ 7 IR 22 52 ¥ B R R EA T T AR

WEFE R I, X R SR BUZ 19 FLBR 2453 5 R
0.5.0.6.0.7.0. 8 F1 0. 9,/ HIRIFHE M T KL VK
B8] EG TG B 2R %5 L 43 519820 0,00, 001.,0. 001 F
0. 007. JR A 2 GDL FLERZM K, R F 4 3 P 1
VRAH DI, HAAXT LA kB 2. & 12 %)
NEFLBRZR A 0. 6 F1 0. 36 B Z 5 A SR X LR . 7 &
FrHE A S Z N VR [ 4 2 P T SR SRR k. B
R MR F B A FLIR B K H % 4L X 35,

12 FLERZEA 0.6 ST HENGSKEREFZE Fo=0.36
B %I B A IR
Fig.12 Natural convection phenomenon at F, =0.36 for

gas diffusion layer with porosity 0.6

FET A WEAI R B B4 T Boltzmann J7 3%, B
YRS T LB R T RRB L 1t SR Y BUZR RS 7K

HE R, XTFLERZ 25k 0. 5.0. 6.0, 7.0. 8 1 0. 9
A2 200 pmX 200 pm SARY HUZE NIFLBR S5
FRAS K 4 vkod B R AT S E A LB 5. EE R
ﬁu_F:

(1) 5| A¥&F Boltzmann J5 ¥4 E 4R b F X,
Y HUZ AR ARG VKR AT 0, IF Bl — 4
e I KR K2 [R] 96 [ $ % 5  4 H M IXOS e R —
e T I EE B = A BUE I I UE T AR SCRE R AT LA
G Ak B £ 4 TR AS /K FOK = b4 B A [ 444 B
ZHI [ L

(2) XFREFLBRERA> 34 0. 5.0. 6.,0. 7,0. 8 F10. 9
if, SAR Y HLUZE FL S 7K 58 42 45 vk BT FH 2 40— it
] Fo 4330k 2. 67.3. 11.3. 68.4. 31 1 4. 84. S fkp™
BB LB K, S8 245 VKT I i 2.

(3) XFREFLBR AT 51K 0. 5.0. 6.0, 7.0. 8 F10. 9
B EHARX IS BL T IG5 VK E] Fo TG H SRR
43 59825 0,0,0. 001,0. 001 F1 0. 007, ZEHRREH b
Sy BEMILBR NS K G KSR S, HASTHR
PRG5BSt [ 52 w45/

SEHk:

[1] DAFALLAAM, JIANG F M. Stresses and their impacts on
proton exchange membrane fuel cells; a review [ ] J.
International Journal of Hydrogen Energy, 2018, 43 (4):
2327.

[2] W&, R, AL 788 BRR B HEILE RE B

0], M R%FZER(BRFERD, 2017, 45(12). 1873.
XU Peng, GAO Yuan, XU Sichuan. Numerical simulation on
gas purge after shutdown in proton exchange membrane fuel
cell[J]. Journal of Tongji University(Natural Science), 2017,
45(12) . 1873.

[3] LUOYQ, JIAO K. Cold start analysis of proton exchange
membrane fuel cell[J]. Progress in Energy and Combustion
Science, 2018, 64: 29.

[4] YAOL, PENG]J, ZHANG J B, et al. Numerical investigation
of cold-start behavior of polymer electrolyte fuel cells in the
presence of super-cooled water[ J]. International Journal of
Hydrogen Energy, 2018, 43(32); 15505

[5] JIAOK, LI X. Three-dimensional multiphase modeling of cold
start processes in polymer electrolyte membrane fuel cells[J].
Electrochimica Acta, 2009, 54(27) :6876.

[6] LUOY, GUOQ, DUQ, et al. Analysis of cold start processes
in proton exchange membrane fuel cell stacks[ J]. Journal of
Power Sources, 2013, 224(15); 99.

7] ¥, 8%, B&, 5. —F R FCiBRp BB ala B
BEERIT]. FIUF R ¥R (HERBERD, 2019, 47(D).
104.

XU Peng, XU Sichuan, GUO Xin, et al. A layered numerical

model for cold start in proton exchange membrane fuel cell[J].



1800

A ¥ K% % ME R B 2B

ERYE

£8]

[9]

L10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Journal of Tongji University (Natural Science), 2017, 47
(1): 104.

FRHRSL , A, #5T Boltzmann J7 gk 89 JFH &8 I (M. db
I, R AL, 2009.

GUO Zhaoli, ZHENG Chuguang. Theory and applications of
Lattice Boltzmann method[M]. Beijing: Science Press, 2009.
CHEN L, LUANHB, HE Y L, et al. Pore-scale flow and mass
transport in gas diffusion layer of proton exchange membrane
fuel cell with interdigitated flow fields [ J ].
Journal of Thermal Sciences, 2012, 51:132.
MOLAEIMANESH G R, GOOGARCHIN H S, MOQADDAM A
Q. Lattice Boltzmann simulation of proton exchange membrane

International

fuel cells-A review on opportunities and challenges [ J .
International Journal of Hydrogen Energy, 2016, 41 (47):
22221.

GAO D, TIAN F B, CHEN Z, et al. An improved lattice
Boltzmann method for solid-liquid phase change in porous media
under local thermal non-equilibrium conditions [ J J.
International Journal of Heat and Mass Transfer, 2017, 110.
58.

GAO DY, CHEN Z Q. Lattice Boltzmann simulation of natural
convection dominated melting in a rectangular cavity filled with
porous media [ J]. International Journal of Thermal Sciences,
2011, 50(4).:493.

LIU Q,

Boltzmann model for solid-liquid phase change with natural

HE Y L. Double multiple-relaxation-time lattice

convection in porous media[J]. Physica A Statistical Mechanics
and Its Applications, 2015, 438:94.

WU W, ZHANG S, WANG S. A novel lattice Boltzmann model
for the solid-liquid phase change with the convection heat
transfer in the porous media[J]. International Journal of Heat
and Mass Transfer, 2017, 104.675.

REE BRIRT, AR WIKEE WA B R L s F
Boltzmann J7i: fL B R ERCMIAT S [T]. T2 iy M 22 4,
2016, 37(2); 385.

GAO Dongyan, CHEN Zhengian, SUN Dongke. Lattice
Boltzmann simulation of melting of phase change materials in
metal foams at pore scale [ J]. Journal of Engineering
Thermophysics, 2016 37(2) :385.

Eff, RTE. BEFARRENITEAZA TSI
LJ]. M/RIK TR RS, 2015, 36(6): 774.

WANG Meng, ZHU Weibing. Simulation study for melting of
porous media in a square cavity based on the pore scale[J].
Journal of Harbin Enginnering University, 2015, 36(6): 774.
LIXY, MA T, LIU J, et al. Pore-scale investigation of

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

gravity effects on phase change heat transfer characteristics
using lattice Boltzmann method[J7]. Applied Energy, 2018,222
(15): 92.

HUANG R, Wu H. Total enthalpy-based lattice Boltzmann
method with adaptive mesh refinement for solid-liquid phase
change[J]. Journal of Computational Physics, 2016, 315:65.
HUANG R, Wu H. Phase interface effects in the total enthalpy-
based lattice Boltzmann model for solid-liquid phase change[]J].
Journal of Computational Physics, 2015, 294:346.

JIAUNG W S, HO J R, KUO C P. Lattice Boltzmann method
for the heat conduction problem with phase change [J .
Numerical Heat Transfer Part B Fundamentals, 2001, 39(2).
167.

ChATTERJEE D, CHAKRABORTY S. An enthalpy-based
lattice Boltzmann model for diffusion dominated solid-liquid
phase transformation[ J ], Physics Letters A, 2005, 341 (1/
4). 320.

ZIEGLER D P. Boundary conditions for lattice Boltzmann
simulations[J]. Journal of Statistical Physics, 1993, 71(5);
1171.

HEXY, ZOU Q, LUO L S, et al. Analytical solutions for
simple flows and analysis of nonslip boundary conditions for the
lattice Boltzmann BGK model [ J]. Journal of Statistical
Physics, 1997, 87(1); 115

KUOL S, CHEN P H. Numerical implementation of thermal
boundary conditions in the lattice Boltzmann method [ J .
International Journal of Heat and Mass Transfer, 2009, 52(1/
2): 529.

ZHANG T, SHI B C, GUO Z L, et al. General bounce-back
scheme for concentration boundary condition in the lattice-
Boltzmann method [J]. Physical Review E, 2012, 85(1).
016701.

R, SBEE, PV, BT AR E LR A PR S P
FREELT]. RIS R M CERBIAMD , 2017, 45(1): 109.
GAO Yuan, WU Xiaoyan, SUN Yanbo. Characterization and
diffusion in reconstruction gas diffusion layer based on
stochastic method [J]. Journal of Tongji University ( Natural
Science) , 2017, 45(1); 109.

HAHN D W, OZISK M N. Heat conduction fundamentals, third
edition[ M]. [S.1.]: John Wiley & Sons Inc, 2012.

RS, FEIMIZAZB# T Boltzmann 77k RAEIHF5E[D]. £
. RIgAZE R, 2017.

HUANG Rongzong. Lattice Boltzmann method and simulation
for solid-liquid phase change[D]. Shanghai: Shanghai Jiaotong
University, 2017.





