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a b s t r a c t

Effective water removal from the proton exchange membrane fuel cell (PEMFC) surface

exposed to the flow channel is critical to the operation and water management in PEMFCs.

In this study, the water removal process is investigated numerically for a novel flow

channel formed by inserting a hydrophilic needle in the conventional PEMFC flow channel,

and the effect of the surface wettability of the membrane electrode assembly (MEA) and the

inserted needle on the water removal process is studied. The results show that the liquid

water can be more effectively removed from the MEA surface for larger MEA surface

contact angles and smaller needle surface contact angles. The pressure drop for the flow in

the channel is also examined and it is seen to be indicative of the liquid water flow and

transport in the flow channel, suggesting that pressure drop is a useful parameter for the

investigation of water transport and dynamics in the flow channel.

Copyright ª 2013, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Proton exchange membrane fuel cell (PEMFC) has been

recognized as a promising zero-emission power source for

portable, mobile and stationary applications [1]. Design of the

gas flow channel in bipolar plates is one of the main ap-

proaches for improving PEMFC performance [2]. The geometry

and the pattern of the gas flow channel significantly influence

the reactant transport, water management, thermal man-

agement and utilization of the cell. They are especially

important for the water management because the product

water in the cathode need effective removal by the reactant

stream in the gas flow channel having appropriate design.

Considerable effort has been made in the past several de-

cades for the flow channel design in PEMFC. West and Fuller

[3] investigated the effect of the rib spacing of the fuel cell

channels using a 2D model and showed that the width of the

ribs strongly affected the water content in the membrane.

Baschuk and Li [4] studied the effect of the length of the gas

flow channel on the current production and found that the

fuel cell had better performance with shorter channel length.

Perng et al. [5] found that a transverse installation of a rect-

angular cylinder at the axis of the flow channel could effec-

tively enhance the local cell performance. Wu et al. [6] studied

the effect of the rectangular cylinder number on the cell per-

formance, and they found the optimal cylinder number

considering both cell performance and reasonable pressure

drop associated with the gas flow in the channel. In a recent

study [7], a cylindrical needle with small diameter was inser-

ted in the middle of the flow channel that improved the water
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removal in the channel; the volume-of-fluid (VOF) multiphase

approach used in earlier studies [8e11] was adopted. It was

shown that the hydrophilic needle inserted in the flow chan-

nel facilitated water removal from theMEA surface. The effect

of the size and length of the needle on the water removal

process was also investigated and the optimal design of the

needle in the channel was obtained.

In this study, the objective is to investigate the effect of the

surface wettability of the MEA and the inserted needle in the

flow channel, respectively; and to study the wettability effect

on the water transport and removal process from the MEA

surface exposed to the novel flow channel design having a

hydrophilic needle inserted in the channel. The numerical

investigation also uses the VOFmethod to track the motion of

the liquidegas interface.

2. Model formulation

2.1. Computational domain

A typical single straight flow channel with a square cross

section is considered as the computational domain in this

study, as shown in Fig. 1. The flow channel is 50mm longwith

the cross section of 1 mm � 1 mm. To facilitate the liquid

water removal from the MEA surface, a small cylindrical

needle is inserted in themiddle of the flow channel, normal to

the bottom surface of the channel, 4 mm away from the

channel inlet. The needle inserted has a diameter of 0.1 mm

and a length of 0.7 mm, these are optimal dimensions deter-

mined in the previous study [7].

2.2. Governing equations

The air flow in the channel is considered laminar ideal gas

flow under isothermal condition and there is no phase change

between the two phases since the air is regarded to be fully

humidified. Then the equations governing the airewater two-

phase flow in the channel are the continuity and momentum

equation:

Continuity equation

vr

vt
þ V$ðr v!Þ ¼ 0 (1)

Momentum equation

vðr v!Þ
vt

þ V$ðr v!$ v!Þ ¼ �VPþ mV$
�
V v!þ V v!T�þ r g!þ F

!
s (2)

where r (kg m�3) is the density of the airewater mixture, v!
(m s�1) is the velocity vector, P (Pa) is the static pressure, m

(kg m�1 s�1) is the viscosity of the mixture, g! (m s�2) is the

gravity, and F
!

s (Nm�3)) is a source term, which represents the

surface tension effect and only acts on the interface between

the two phases.

2.3. Volume-of-fluid (VOF) method

The interface between the multiphase fluids is tracked by the

VOF method. The volume fraction of one (or more) of the

phases in the control volume is resolved by the solution to a

continuity equation for the phases expressed as follows:

vf1
vt

þ V$
�
f1 v
!� ¼ 0 (3)

where f1 is the volume fraction of the fluid 1, taken as the

liquid water in this study. The volume fraction of the air, f2,

can be obtained based on the relationship shown below:

f1 þ f2 ¼ 1 (4)

All the properties are computed in a volume fraction

weighted-average manner, e.g.,

m ¼ m1

�
1� f2

�þ m2f2 (5)

for the viscosity. The surface tension effect is considered to

be an external force as a source term in the momentum

equation shown earlier, and can be written as for the two-

phase flow [12]:

F
!

s ¼ s
rkVf2

0:5ðr1 þ r2Þ
(6)

where s (N m�1) is the surface tension coefficient between the

air and water, and k is the surface curvature at the interface

between the two phases [12]:

k ¼ V$ n!¼ V
�
n!wcosðqÞ þ t

!
wsinðqÞ

�
(7)

where n! is the unit vector normal to the interface between the

two phases near the wall, n!w is the unit vector normal to the

wall, t
!

w is the unit vector tangential to the wall, and q is the

static contact angle at the walls.

2.4. Boundary conditions

The boundary conditions for the governing equations are

At the inlet : vx ¼ vx;0 ¼ const:; vy ¼ vz ¼ 0: (8)

At the outlet :
vvx

vx
¼ 0; vy ¼ vz ¼ 0;Pout ¼ const: (9)

At the walls : vx ¼ vy ¼ vz ¼ 0: (10)

where vx, vy and vz are, respectively, the velocity component in

the x, y, z directions, which are defined in Fig. 1; the velocity at

the channel inlet vx,0 and the pressure at the channel outlet

Pout are specified as the flow conditions for the specific flow to

be analyzed.

Fig. 1 e Computational domain and the coordinate system

considered in the present study.
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