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A Study on the Bypass Flow Penetrating Through a Gas Diffusion
Layer in a PEM Fuel Cell with Serpentine Flow Channels
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Abstract

A serpentine channel geometry often used in a fuel cell has a strong pressure gradient between
adjacent channels in specific regions. The pressure gradient helps some amount of reactant gas
penetrate through a gas diffusion layer(GDL). As a result, the overall serpentine flow structure is
slightly different from the intention of a designer. The purpose of this paper is to examine the effect
of serpentine flow structure on current density distribution. By using a commercial code, STAR-CD, a
numerical simulation is performed to analyze the fuel cell with high aspect ratio of active area. To
increase the accuracy of the numerical simulation, GDL permeabilities are measured with various
compressive forces. Three-dimensional flow field and current density distribution are calculated. For the
verification of the numerical simulation results, water condensation process in the cathode channel is
observed through a transparent bipolar plate. The result of this study shows that the region of relatively
low current density corresponds that of dropwise condensation in cathode channels.
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Table 1 Operating conditions and dimensional
parameters for the transparent cell
and the numerical model

Operating voltage (V) 0.6
Anode /Cathode outlet pressure (atm) 1

Anode/Cathode wall temperature (C)  70/65
Inlet gas temperature(C) 70
Inlet gas relative humidity (%) 100
H2 utilization (%) 70
02 utilization (%) 40
Active area (cm?2) 19.44
Aspect ratio 3.375
Catalyst layer thickness (um) 15
Membrane thickness (um) 18
Channel width (mm) 1
Rib width (mm) 1
Anode channel depth (mm) 0.4
Cathode channel depth (mm) 0.8
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Table 2 Single-phase non-isothermal PEMFC model :
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conservation equations in channel and GDL

Channel GDL
Mass (pm”a Voo (p,u) =0
Momentum Voo (p,, U0 = —p+V + (. VD) vp+ Mr]”( u=0
Species V o (o, UY,) = (D,,“L vY) Vo (p,uY,) =V (D, VY)
Energy <pc;>m,., . (% =V« (k,,, V) (0C), v » (WD =V + (k)

Table 3 Single-phase non-isothermal PEMFC model

. conservation equations in catalyst layers

Anodic catalyst layer

Cathodic catalyst layer

Mass N A,

Ve (pyip ) == = (M, + My o)
Momentu Poin =
m Vp+—— e u=0

- 1A, /

\ (pmifu YHz) =V (Dé’ffv YHZ) - ﬁﬂjﬂz
Species -

Vo (pmi,,ru YHQO) =V o (DPffv YH 0)

1A,
T op M[H,()

Energy  (pC);;V WD =v - ( ko V) +TA 7,

14, 1
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Hoiz =
Vpt—u=0

- 1A,
Voo (pyipu YH,()) =V (D,Vv YHQ()) + ﬁ(l +O‘)]WHZ()

A,
=

Ve (i ¥,) =V (D, M,

e

iV Yo)~
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Table 4 Physical parameter and properties of MEA
for the numerical model

Membrane thickness (um) 18
Catalytic layer thickness (um) 15
Correction factor for Gore membrane 0.5

Volume fraction of ionomer in catalyst layer
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