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Comparison of Polymer Electrolyte Membrane Fuel Cell performance obtained
by 1D and CFD simulations

Wonwoo Jeon', Sehyeon An", Jaewan Yang', Jiwon Lee’, Hyunbin jo, Funseop Yeom'

Abstract The Polymer electrolyte membrane fuel cell (PEMFC) operates at ambient temperature as
a low-temperature fuel cell. During its operation, voltage losses arise due to factors such as operating
conditions and material properties, effecting its performance. Computational simulations of fuel cells
can be categorized into 1D simulation and CFD, chosen based on their specific application purposes.
In this study, we carried out an analysis validation using 1D geometry and compared its performance
with the results from 2D geometry analysis. CFD allows for the representation of pressure, velocity
distribution, and fuel mass fraction according to the geometry, enabling the analysis of current density.
However, the 1D simulation, simplifying governing equations to reduce time cost, failed to accurately
account for fuel distribution and changes in fuel concentration due to fuel cell operations. As a result,
it showed unrealistic results in the cell voltage region dominated by concentration loss compared to
CFD.
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CFD Results : Temperature, Fuel consumptions, Current density,
Pressure distribution, Mass fraction efc...
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Fig. 1. Difference between CFD and 1D Simulink
simulation
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Table 1. Inlet boundary conditions for CFD

Mass flow rate| Temperature Relative

[kg/s] K] humidity
%= inlet| 1.86 x 10~ ° | 343.15 100%
S inlet| 4.26 x 10~ ° 343.15 100%

Mol ALER AWEAAe olde)

Mass conservation equation

dp _
TR (eV)=0 (13)

Az AR, v &E

o= UE[kgh], ¢
COERCE L=

Momentum conservation equation

LMY (VD= ~VpH T+ Qe+ F (14)

=
rlr
A
B
=
&
U
rlr
o
B
rﬂ'\

A4 [Pa], g= S =7F
Fapsb A s)



52 LS MR - A oA =N A

(a)

Input parameters
(Partial pressures, Temperature,
Membrane thickness,Water content,
Activation area etc...)

v

Solve the nernst equation
E =1.229 -0.85x10°(T-298.15)
+4.3085x10~°T, [In(p,,)+"2xIn(p,,)] S1mm|

v

Solution of losses
(activation, concentration, ohmic losses)

v

Anode—

Cathode—

Inlet
% ““““ o=
] — p—

—

Gas Diffusion Layer(0.254mm)
L Catalyst Layer(0.016mm)
Membrane(0.051mm)
Catalyst Layer(0.016mm)
Gas Diffusion Layer(0.254mm)

Calculate cell voltage

‘Outlet

Fig. 2. (a) hexagonal mesh generated for numerical simulation; (b) Calculation process of Simulink

simulation; (c) Geometry of 2D parallel model
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results in I-V plot
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Fig. 4. Various distribution contour results using CFD
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Fig. 5. Compared simulation results depending on simulation tools (a) I-V curves; (b) Power density curves



1D2} CFD(Computational fluid dynamic) AlE#o]d=- 53+ PEMFC(Polymer Electrolyte Membrane Fuel Cell) 435 H]aL 55

whd 1D Aol HelAE Ade] V1 ¥
& WhdalA] il 1D B 2 e v}

=]
Attt o] wiiol Fig. 59 I-V, I-Power density
curvest 2& A5 oA Zpol 7} Lhen

B Ao 1D A4S o83t s
Validatione 578J3}3l 2D F dXES &3
CFD®} 1D Al&E#olA a4 A 11e] zol&
AT A5 A9 ool FE§FS 1|
2] Loss &5 &, 3}3H4] wkg-o] A2+e off
AY3F= Activation loss@r AZAA] YF-o] Hx=p
ul o];/ﬂz]_A o]i ZT zq OH 1:!1—"7 = o] A
= A 8lo] o3l WA= Ohmic lossES Y45}
Al 413171 21381 Operating conditions2} 915
A E FA8= Electrolyte layerse] XS
aAstaL FAS WskAA sAS Fdsksith

Concentration lossi= 15727} 2sshH U]
F-3pshd dk-go A dge) Ao Fv) vol
Aol wpg} 2AY3HA ok Fig. 5. (a)= CFDS} 1D
AlEdlolde] 2D e AR IV curves
LERd Zo|th CFD ollA= Ad o] 2] m&
A5 a7t A gt ol& Fal AE Wil
A AR e B Afol7t WA, o]2
Al A= FE7F Tttt B EA YERsT) o]
2 213 CFDoA= 0.3V T95-E Concentration
loss 7} EAeh= 218 & 7 QIUATh vHA 1D A
Fdlo]de A= 314 ¥ Operating conditions<} &=
]2 213l Activation loss, Ohmic loss”7} &
A5 UEoA= CFDe} HlSeshAl YERA]RE
Concentration loss”} A sk= -4 5-E] 71 Curve
9] zpol7bF YEYA F I Concentration loss”}
Dominant3t -9l Cell voltage”} Z ] 0.2V
o] o]z} = ATk

1D AlE# oA
COIldlthIlSe 1k % T §AaL, AREshE dsdA

AEo] F2o P, AndA e A7
O] tﬂﬁﬂﬂ HH 1 HAE wdE 5 gl
t}. o]o] we} 21 A PEMFC System2] 3|4 2]

411 e, ol

o] A= AH 461—7]/‘\%_@_ Al H )g] A
o2 AT Ak A9 ol 13
2 (No. 2020R1A5A8018822).

REFERENCE

1) Cheng, S.-J., Miao, J.-M. and Wu, S.-J., 2012,
"Investigating the Effects of Operational Factors
on Pemfc Performance Based on Cfd Simulations
Using a Three-Level Full-Factorial Design,"
Renewable Energy, Vol. 39, No. 1, pp. 250-260.

2) Salva, J. A., Iranzo, A., Rosa, F., Tapia, E.,
Lopez, E. and Isorna, F., 2016, "Optimization of
a Pem Fuel Cell Operating Conditions: Obtaining
the Maximum Performance Polarization Curve,"
International Journal of Hydrogen Energy, Vol.
41, No. 43, pp. 19713-19723.

3) Zhang, G., Xie, X., Xie, B., Du, Q. and Jiao,
K., 2019, "Large-Scale Multi-Phase Simulation
of Proton Exchange Membrane Fuel Cell,"
International Journal of Heat and Mass Transfer,
Vol. 130, No., pp. 555-563.

4) 11%5%- and 24, 2021, "Sofc A Al f‘z}é}

R T At BAE A Aok =72 0
o] f= AA @%ﬂ/\]i}@if—%@ﬂ, Vol.
19, No. 2, pp. 56-62.

5) Vazifeshenas, Y., Sedighi, K. and Shakeri, M.,
2015, "Numerical Investigation of a Novel
Compound Flow-Field for Pemfc Performance
Improvement," International Journal of Hydrogen
Energy, Vol. 40, No. 43, pp. 15032-15039.

6) Gong, C., Tu, Z. and Chan, S. H., 2023, "A
Novel Flow Field Design with Flow Re-Distribution
for Advanced Thermal Management in Solid



56 LS AR - AL oA

Oxide Fuel Cell," Applied Energy, Vol. 331,
No., pp. 120364.

7) Lin, C., Yan, X., Wei, G., Ke, C., Shen, S. and
Zhang, J., 2019, "Optimization of Configurations
and Cathode Operating Parameters on Liquid-Cooled
Proton Exchange Membrane Fuel Cell Stacks by
Orthogonal Method," Applied Energy, Vol. 253,
No., pp. 113496.

8) Aok, ol AE, $95, BNE, AT, 1
< and 2]°8-F, 2019, "HAE 7HASHE SR

o BE7)E ARAX| FF Ak 2 HA3}
A" Sk 7 A s B8] 4], Vol 17, No. 1,

pp. 85-92.

9) Doppler, C. and Lindner-Rabl, B., 2023, "Fuel
Cell Trucks: Thermal Challenges in Heat
Exchanger Layout," Energies, Vol. 16, No. 10,
pp. 4024.

10) Pukrushpan, J. T., Peng, H. and Stefanopoulou,
A. G., 2004, "Control-Oriented Modeling and
Analysis for Automotive Fuel Cell Systems," J
Dyn Sys, Meas, Control, Vol. 126, No. 1, pp.
14-25.

11) Xu, J., Zhang, C., Fan, R., Bao, H., Wang, Y.,
Huang, S., Chin, C. S. and Li, C., 2020,
"Modelling and Control of Vehicle Integrated
Thermal Management System of Pem Fuel Cell
Vehicle," Energy, Vol. 199, No., pp. 117495.

12) Chang, H., YU, X. and Lv, J. H., 2014,
"Research on the Performance of Cooling
Module with Fuel Cell Vehicle," The Open
Mechanical Engineering Journal, Vol. 8, No. 1, pp.

13) Mahmoudimehr, J. and Daryadel, A., 2017,
"Influences of Feeding Conditions and Objective
Function on the Optimal Design of Gas Flow
Channel of a Pem Fuel Cell," international
journal of hydrogen energy, Vol. 42, No. 36, pp.
23141-23159.

14) Wang, L., Husar, A., Zhou, T. and Liu, H.,
2003, "A Parametric Study of Pem Fuel Cell
Performances," International journal of hydrogen
energy, Vol. 28, No. 11, pp. 1263-1272.





