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A droplet size dependent multiphase mixture model is developed in this paper, and the droplet size in
the gas channel can be considered as a parameter in this multiphase mixture model, which includes the
effect of gas diffusion layer (GDL) properties and the gas drag function and cannot be considered in the
commonly used multiphase mixture model in the references. The three-dimensional two phase and non-
isothermal simulation of the PEMFCs with a straight flow field is performed. The effect of droplet size on
the liquid remove, the effect of liquid water on the heat transfer and the effect of gas flow pattern on the
heat and mass transfer are mainly investigated. The simulation results show that the large droplet is hard
to be dragged by the gas, so it produces large water saturation. The results of the heat transfer show that
the liquid water hinders the heat transfer in the GDL and catalyst layer, so it produces the large relative
high temperature area, and there are large temperature difference and water saturation in the PEMFCs
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operated with coflow pattern compared with counter flow pattern.
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1. Introduction

Water management is very important for the operation of
PEMFCs. Keeping the membrane with enough water content and
removing the excessive liquid water effectively are the main focus
of water management, which directly affect performance and heat
management of the PEMFCs. Liquid water transport in PEMFCs
occurs as follows: (1) water is produced in cathode catalyst layer,
and liquid water transports within the gas diffusion layer (GDL)
by capillary-driven flow. (2) Liquid water droplets appear on the
GDL/gas channel interface and are removed by the gas shearing
function [1-4]. (3) Liquid water travels in the gas channel. Wang
and his coworkers [3] have observed the emergence, growth and
detachment of liquid water droplet on the GDL/gas channel inter-
face. And they [5] have measured the size of the droplet on the
GDL/gas channel interface, and find that liquid water can transport
through the gas channel without interaction with channel wall at
high gas velocity. Also, Kimball et al. [6,7] have proved that the liquid
water flow through the largest pore of the hydrophobic gas diffu-
sion layer, in their experiments, it was found that the liquid water
appeared at the same position for the different operating condition,
which shows the new way for the analysis and insight knowing of
the liquid transportation in the gas diffusion layer.

* Corresponding author. Tel.: +81 45 924 5411; fax: +81 45 924 5411.
E-mail address: yamazaki.y.af@m.titech.ac.jp (Y. Yamazaki).

0378-7753/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpowsour.2009.05.008

By now, many models have been developed for simulating the
liquid water transport in PEMFCs. Those models are based on the
different theory and assumption in flow dynamics. One of the most
commonly used model is the multiphase mixture (M2) model,
which consider the liquid and the gas as mixture [8-13] simply
and calculation cost effectively. However, two phase flows in PEM-
FCs are complex dynamic processes. Gurau et al. [13] show that
the M2 model has a narrow range of applicability, which is limited
to steady-state flows without change of phase and without phase
production due to other physical processes. For more complex situ-
ations, including those commonly encountered in PEMFCs, the M2
model ceases to reflect the principles and could lead to predictions
of unrealistic velocity and scalar fields. Furthermore, the M2 model
could represent a tool unable to capture complex fuel cell phe-
nomena such as water transfer and the liquid droplet in the gas
channel and its effect on the mass transfer cannot be considered in
the multiphase mixture model. In the recent works, the two-fluid
model has obtained more attention for its convenience of consid-
ering the liquid phase and gas phase separately, so it can describe
more phenomena in the two phase flow [14-16], but there are also
some disadvantages for the two-fluid model, such as it needs more
calculation cost, and its hard to converge for it includes the liquid
momentum equation, liquid continuity equation, gas momentum
equation, and gas continuity equation.

In this paper, we developed a droplet size dependent multi-
phase mixture model for considering the two phase behavior in
PEMEFCs. In this model, the interacting effect between two phases is
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Nomenclature

Parameters and variables

a acceleration

Cp drag coefficient

cr mass transfer coefficient

D diffusion coefficient (cm2s-1)
dp characteristic droplet size (cm)
F Faraday’s constant

farag drag function

M molar mass (kg mol—1)

M, interface force of liquid (N)
Mg interface force of gas (N)

n number of electrons

P pressure (Pa)

q switch function

R universal gas constant (Jmol-1K-1)
Reat reaction rate in cathode

Ran reaction rate in anode

Re Reynold number

S water saturation

T temperature (K)

1% velocity (cms™1)

Voc open circuit voltage (V)

y molar fraction

Greek letters

¢ potential (V)

e volume fraction

o surface tension (Ncm~1)

O equilibrium contact angle on diffuser
A polymer water content H,O/SO3

oy drag coefficient of water in membrane
i overpotential (V)

w viscosity (Pas)

0 density (kgcm—3)

Tp relaxation time

Subscripts

an anode

C about capillary

cat cathode

dr drift

sat saturated

sol about electron

g gas phase

H, hydrogen

i note for species

k note for phases

1 liquid phase

m mixture properties of multiphase mixture
mem polymer phase

0y oxygen

p phase

q pahse

R relative

w water

wv water vapor

considered in a multiphase mixture form, which includes the effect
of the droplet size, the drag coefficient, velocity, Reynolds number,
the droplet relaxation time. Compared with the two-fluid model,
the present model is calculation cost effective and it is easy to be
performed, also it can includes the effect of the droplet size on
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Anode GDL

0.00
Cathode GDL MEA

Current
collector

Fig. 1. Geometry model for the simulation.

the liquid removal compared with the mixture model, which is a
key factor in two phase flow in PEMFCs. However, the gas channel
wall contact angle can affect the liquid form in the gas channel,
and the hydrophobic gas channel wall likely produces droplet, but
hydrophilic channel wall likely produces water film. The interaction
between gas and the liquid film is more complex than that of water
droplet, that is will be considered in the future work. So, the present
model is preferable for PEMFCS with hydrophobic gas channel.

2. Model development
2.1. Model assumption

The calculated regions consist of conventional straight channels,
gas diffusion electrodes, catalyst layers and a membrane, as well
as current collectors, which are shown in Fig. 1. Because PEMFC
is operated in temperature of 80°C, so it is assumed that water is
generated in cathode catalyst layer as liquid, and the mss transfer
between liquid phase and gas phase are considered. Because it is a
steady state model in this work, so the growing up process for the
droplet cannot be considered, and also, the effect of gas channel
wall is not involved in this model. In the gas diffusion layer and
catalyst layer, the liquid driven force is capillary force, which is the
function of water saturation, so the other forces are not considered.

2.2. Governing equations

The droplet size dependent multiphase mixture model is devel-
oped as follows:
The continuity equation for the multiphase mixture is

0 N
&(Pm)'FV'(PmUm):O (1)
n .
O = Zk:1akplcvk 2)
LPm
n
Pm = Zakpk (3)
k=1

The momentum equation for the mixture can be expressed as:

9, . . R R .
3£ (PmUm) + V- (omUmUm) = =Vp + V - [ttm(V O + VO + pmg

n
+F+V. Zakpkf)dr,kfidr,k (4)
=1
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n
Um = Zakﬂk (5)
k=1

Uqr k is the drift velocity for secondary phase k:

Udr,k = Uk — Um (6)
The relative velocity is

Upg = Up — Ug (7)
The mass fraction for any phase (k) is defined as:

%k Pk
= 8
K= o (8)
The drift velocity and the relative velocity (Ugp) are connected by
the following expression:

n

Ddr,p = qu - chf)qk 9
k=1

Do — Tp (pp—Pm)a (10)
P fdrag Pp

where 7, is the particle relaxation time [17].

Particle relaxation time in two phase flow means the time in
which the droplet’s velocity change from zero to the equilibrium
velocity with the gas phase. And

_ ,Opdzz)

- (11)

o

The default drag function fyr, is taken from Schiller and Neu-
mann [18]:

9 24
Re < 0.01 =2

°= P= 3" Re
0.01 < Re < 20 Cp = %[1 1 0.1315Re(052-0.05w)]

20 < Re < 260 Cp = %[1 +0.1935Re%-6305] (12)

260 < Re < 1.5 x 10° log;o Cp = 1.6435

—1.1242w + 0.1558w?
w =log;o Re
and the acceleration a is of the form [19]:

. - - v
a=g—(vm-V)um—%

From the continuity equation for phase p, the volume fraction equa-
tion for phase p can be obtained:

(13)

n
d - - . .
5(%0;:) + V- (apppUm) = =V - (atp PpUqr,p) + Z(mqp — Tipq)
q=1
(14)

In the gas difusion layer and catalyst layer, the liquid is driven by
capillary force, then:

A(ep;s) Ks3 dpc _
otV e VS| =rw (15)
And
o cosb

KePs (1.417(1 = s) — 2.12(1 — 5)* + 1.263(1 —5)°) 6, < 90°
R

Dc = (16)
‘(’K;"?f; (1.417s — 2.125% + 1.2635) e > 90°
o

The mass transfer rate r,, between two phases is

Pyy — P

¢y max ([(1 —s)ivaT Sath,H20:| , [—8/01]) (17)
The species mass conservation in phase p is

V- (agpg U gyi) =V - (DiVy;) +S; (18)

And, vg can be obtained according to Egs. (6), (7) and (10), source
term for the gas phase is

My Hy

Su, = — 21:. Ran (19)
M,

S0, = =452 Rear (20)
M,

S‘HZO = V;;leRcat (21)

In catalyst layer the relationship between species mass fraction on
the catalyst surface and the reaction sites is

D: M., ;
%(yi,surf_yi,cent)r = %Ran,cat (22)
The effective diffusion coefficient is [20]:

1501 _yspo(Po)? (1)%
D; = &5(1 — s)*D (p ) T (23)

The membrane phase and solid phase potential conservation equa-
tions and electrochemical reaction rate in the cathode side and
anode side:

V (0501 Vsol) + Rso1 = 0 (24)

V - (0memV®mem) + Rmem = 0 (25)

Ran zjggf( [H2] )yan(eaanFﬂan/RT _ e—acatFV/an/RT) (26)
[HZ]ref

Reat ng,{( [02] )Vcat(_e+aanF7]cat/RT _ e—acatan/RT) (27)
[OZ]ref

where

Nan = Psol — Pmem (28)

Ncat = Psol — Pmem — Voc (29)

For the consideration of the effect of liquid, the reaction rate calcu-
lated in Eqgs. (26) and (27) are multiplied by (1 —s;).
Membrane phase electric conductivity [21]:

Omem = B€(0.514) — 0.326)" ¢1268((1/303)-1/T) (30)
A
Qg = 2.5i (31)

A =0.043 + 17.18a — 39.85a2 + 36a3(a < 1)

A=14+14(a—-1)a>1) (32)

a=Pwog (33)
sat

Pyy = XH20P (34)

logig Psat = —2.1794 + 0.02953(T — 273.17) — 9.1837
x 1073(T — 273.17)? + 1.4454 x 10~ /(T — 273.17)

(35)
Water diffusion flux through the membrane is
wll _%MhZODIV)\ (36)
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And [21]
D = f(1)e?416((1/303)-1/T) (37)
The heat conservation equation is

V. (mepml/_n)1T) =V. (keffVT) +5h
i=n 0 T
o;i0:T;
T = iMili
Zl: Pm
i=

i=n
(38)
kefy = EZoz,»k,- +(1— ks
i=1

1=n
Cpm = E QiCp,i
i=1

Sp is calculated as follows:

Sh = IZRohm + hreaction + ﬂRan,cat + hphase (39)

2.3. Boundary conditions and parameters

The inlet volume flow rate is 150 cm3 min—!, which is converted
to mass flow rate by the UDF (user defined function in Fluent®
software), the outlet boundary condition is the pressure outlet con-
dition, the outlet pressure is equal to atmosphere pressure. The inlet
temperature is 353 K, and the temperature of anode current collec-
tor and cathode current collector end walls boundary are the 353 K,
which means the current collector is ideally cooled. The other lat-
eral walls and the end walls are impermeable for all the species. The
operated potential is set on the boundary of cathode current col-
lector. While the potential on the anode current collector boundary
is set to be 0. The water saturation in cathode and anode inlet is
zero. In the two-fluid model and the droplet size dependent multi-
phase mixture model in the present study, the droplet size in the gas
channel is the key variable. Which integrate the effect of the prop-
erties of GDL and gas flow properties on the formation of liquid
droplet, including the commonly used contact angle, and the pore
size characters of the GDL, as well as the structure of GDL. There are
some works which have concentrated on the determination of the
droplet detachment diameter by the computational fluid dynam-
ics (CFD) method [22-24] and analytical method [14], but the GDL
structure cannot be considered in all those models, which is essen-
tial for water flow through the GDL to the gas channel [6,7]. So, the
experiential formula for estimating the droplet size is applied as
follows, which was completed by Wang and co-worker [5] for the
certain experimental condition:

log(dp) = —2.59log(v) + K — 1.59log(1 + 5.2Re™%53) (40)

The values of the other parameters used in the model are listed in
Table 1.

2.4. Mesh grid and solution technique

The geometry model is shown in Fig. 1 and it is discretized into
550,500 hexahedral mesh volumes, and to assure the quality of the
grid, the size of the grid in gas channel, gas diffusion layer, catalyst
layer and membrane are different. The Simplec algorithm and Quick
difference scheme are applied for solving the pressure-velocity
coupled equations, and species equations. And suitable relax factors
are used for momentum, slip velocity, water saturation, potential
and species. The simulation is performed in Flunet® software of
Ansys company with some codes of UDF (User Defined Function in
Fluent) added by us.

Table 1

Values of the parameters.

Physical properties Value
Faraday’s constant, F 96487 Cmol-!
Permeability of gas diffusion layer, K, 8 x 10-8 cm?

Liquid water viscosity, 3.565 x 10~4Pas

Anodic transfer coefficient, 0.5
Cathodic transfer coefficient, o 055
Water contact angle in diffuser, 6 120°

Gas channel width 0.1cm
Gas channel length 5cm

Gas channel height 0.1cm
Thickness of current collector 0.15cm
Anode GDL thickness 0.019cm
Cathode GDL thickness 0.019 cm
Gas diffusion layer void fraction 0.7
Catalyst layer thickness 0.002 cm
Catalyst layer void fraction 0.5
Membrane thickness (Nafion®112) 0.0005cm
Cell inlet temperature 353K
Outlet pressure 0.1 MPa
Air and fuel inlet humidified temperature 348K
Open circuit voltage 0.95V
Mass transfer rate between phases, cr 200s!

Gas constant, R 8314)J mol!' K-!

Reference hydrogen concentration, H;Ef 1kmolm—3

Reference oxygen concentration, O;” 1 kmol m~3
Operation current density 1.0Acm2

Anode exchange current density, jf 1.5e8 Am3
Cathode exchange current density, ji¢f 7000Am—3
Thermal conductivity of GDL, membrane and CL, k Swm ' k!
Thermal current collector Swm k!

4182] kg k!
50001 0hm~"'m™!

Specific heat capacity of liquid water
Electrical conductivity of GDL and CL

3. Results and discussion
3.1. Validity of the present work

In many references, the model of PEMFCs were validated by the
comparison between the calculated performance and the experi-
ment data, although it is impossible to account for all the factors
for the performance in the model, there are still no more suitable
method for validating the model results. In some references, the
liquid water distribution was observed by optical method or neu-
tron tomogram, but it is just the qualitative method. So, to explore
the simple and precise model validated method is also a subject
which should be paid more attention in the future work. To show
the reasonability of the present model, the experimental data and

Potential(V)

—a— Experiment
—v— PEMFC module in Fluent software
024 —%— Mixture model in present work

0.1

T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Current density,A.cm'2

Fig. 2. Comparison between the experimental data and simulation result.
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Fig. 3. Oxygen mass fraction in the cathode side for the base case.

the calculated result from PEMFCs Module (one of the add-in mod-
ule) in Fluent® software are both used. Fig. 2 shows the comparison
among the three results. It can be seen that the present model is
more suitable than the PEMFCs Module for the high current den-
sity. Because the liquid is assumed to have the same velocity and
only gas momentum equation is solved in the PEMFCs Module in
Fluent software.

3.2. Species mass fraction, water saturation, and current density
in the PEMFCs

Figs. 3-5 show the oxygen mass fraction, water saturation
and current density distribution in the PEMFCs, respectively. As
expected, the oxygen mass fraction decreases from inlet to outlet,
from gas channel to catalyst layer. And the low oxygen mass fraction
area appears in the catalyst layer and GDL neighboring to the rib of
the current collector, where the longest distance exists for the gas
convection and diffusion.

The same distribution characters are obtained for the water sat-
uration shown in Fig. 4. However, liquid water behavior in the gas
flow channels and GDL are very complicated, especially for the

0.0362
0.0347
0.0332
1 0.0317
0.0302
0.0288
0.0273
0.0258
0.0243
0.0228
0.0213
0.0198
0.0183
0.0169
0.0154
1 0.0139
Q0124
0.0109
0.0094
0.0079
0.0064
0.0050
0.0035
0.0020
Q.0005

Fig. 4. Water saturation in the cathode side for the base case.
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5000.0

Fig. 5. Current density distribution in the PEMFCs for the base case, Am~2.

droplets in the gas flow channels, when the size of the droplet
reaches a certain value, it may interact with the gas channel walls
[25,5], then the liquid droplet maybe deform to liquid film if the
channel wall is hydrophilic. Which are difficult to be considered in
the mixture model or two-fluid model. And the results obtained in
the two-fluid model or the mixture model for the water saturation
are the volume-averaged values. So, the water saturation obtained
in the GDL is more meaningful than that in the gas channel. And
it can be observed in Fig. 4 that the current collector ribs hinder
the liquid water removal so the water saturation in the GDL and
catalyst layer neighboring to the ribs is higher compared with that
neighboring the gas channel.

Fig. 5 shows the current density distribution in the whole
PEMEFCs, it can be seen that the highest current density appears in
the corner between the gas channel and current collector ribs. Due
to the current cannot be conducted through the channel so the
current density is low in the area neighboring the gas channel top
and bottom.

3.3. Effect of water saturation on the temperature distribution

Fig. 6 shows the temperature distribution in the PEMFCs for
the base case (the operation current density is about 1.0Acm=2).

353.424
353.283
353.141
353.000

Fig. 6. The temperature distribution in the PEMFCs for the base case, k.
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Fig. 7-Fig. 9. Temperature for the cross-section of Z=0.05m, Z=0.025m, Z=0m for the single phase case, k.

The lowest temperature could be observed at the flow inlet where
the flows with constant temperature (353 K) come in, and the
temperature increases slightly along the positive flow direction in
the cathode channel and anode gas channel, but the temperature
changes in anode channel is more obvious than that in cath-
ode channel, this is due to the difference of thermal conductivity
between air and hydrogen (the values of thermal conductivity for air
and hydrogen are 0.0242 and 0.16 respectively). The heat generation
is due to the electrochemical reaction and Ohmic heating. There-
fore, the highest temperature concentrates in the catalyst layers in
which the reactions take place and the current is generated. Espe-
cially in the area neighboring to the gas channel, the temperature is
relative high for the weakness of the gas thermal conductivity. Due
to the constant temperature for the coolant boundary, the change of
temperature distribution through the current collector from inlet
to outlet is small enough to be neglected and the total tempera-
ture difference from outlet to inlet is also very small. To investigate
the effect of water saturation on the temperature distribution, a
single phase simulation is also performed in the PEMFCs Module
in Fuent® software. Figs. 7-9 show the temperature on the cross-
section of Z=0.05m (cathode inlet), Z=0.025m (middle), Z=0m
(cathode outlet) for the single phase simulation. It can be seen that

the relative high temperature area is in the middle cross-section
which is reasonable for the counter flow pattern in PEMFCs. For
demonstrating the effect of water saturation, the temperature in the
same position of the present model is shown in Fig. 10 (Z=0.05m),
Fig. 11 (Z=0.025m) and Fig. 12 (Z=0).

First, the comparison between the cathode inlet for the two cases
(present model and single phase model) are executed. It is obvi-
ous that the temperature distribution are nearly the same, which
is consistent with the fact that there is nearly no liquid water due
to the vaporization of the produced water and little accumulation.
And it also demonstrates the correctness the present model Sec-
ondly, the temperature difference between middle cross-section is
checked, and it is found that the relative high temperature area for
the present two phase flow model is greatly larger than that of sin-
gle phase simulation. That means the liquid water affects the heat
transfer in the PEMFCs, and it hinders the heat transfer due toits rel-
ative high thermal capacity and low thermal conductivity. The same
difference is also obtained for the cross-section of Z=0, where the
difference is more obvious for the increase of water saturation. It
can be seen that the relative high temperature area is in the GDL and
catalyst layer neighboring to the gas channel, but not neighboring
to the current collector ribs, although where the water saturation
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Fig. 10-Fig. 12. Temperature for the cross-section of Z=0.05m, Z=0.025 m, Z=0m for the base case, k.

is high. This may be caused by the fact that the thermal transfer
capacity of cathode gas is largely small than that of solid materials
of the current collector, and also the current collector boundary is
assumed to be ideally cooled So, although the water saturation is
low in the area of GDL near gas channel compared with that of near
current collector, it has important effect on the heat transfer, which
has been shown in Fig. 12.

3.4. The effect of flow pattern on the temperature

According to the results of the present work (Fig. 10-12), It can
be observed that the maximum hot area appears at the middle of
the PEMFCs for the inlet of the cathode and anode are both kept at
the constant temperature (353 K) in this study for counter flow pat-
tern. To make insight into the heat transfer difference between the
counter flow pattern and coflow pattern, the simulation for coflow
patternis also performed with the present model. Figs. 13-15 shows
the temperature for the cross-section of Z=0.05m, Z=0.025 m and
Z=0. And Fig. 16 shows the slices views of water saturation in the
PEMEFCs. It can be seen that the inlet temperature for coflow pat-

tern is relative low than that of counter flow pattern (cathode inlet),
which is due to the cooling effect of the inlet gases of both cath-
ode side and anode side. As for the temperature distribution in
the middle cross-section, it is obvious that the relative high tem-
perature area of counter flow pattern is large than that of coflow
pattern. And for the outlet cross-section, the maximum tempera-
ture is about 356.12 K for coflow pattern, which is larger than that
of counter flow pattern, and consistent with the water saturation
distribution in Fig. 16. So, the characters of the temperature dis-
tribution for the coflow pattern is different from the counter flow
pattern, and the larger temperature difference as well as water sat-
uration are produced, which is very important and disadvantageous
for the operation of PEMFCs.

3.5. The effect of droplet size on the water saturation

In the two phase flow for the liquid droplets or solid particles
in the gas phase, the size of the particles (droplets) is a key factor,
which directly determine the two phase flow pattern and disperse
phase (droplet or particle) behavior. It can be seen that the droplet
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relax time increases with the increase of the droplet size according
to Eq.(11), which means the large droplet needs more time to obtain
the same velocity with the small droplet, and, if the droplet is large
enough, then the value of relax time is very big, that means the
dominated motion of the droplet will not be flowing with the gas,
so, large droplet (the ratio between the characterize size and the gas
channel height above 0.5)[5] for the very low gas velocity cannot be
considered in this model, the same for the other two-fluid model.
And, in this case, VOF model is more suitable for the two phase
simulation. Figs. 17 and 18 show (100 wm and 200 .m, the droplet
size for the base case is about 145 um) the water saturation for
the different droplet size. It is obvious that the water saturation
increases with the increase of droplet size, which means the large
droplet is difficult to be removed and has more effect on the water
saturation in GDL and catalyst layer.

However, in the PEMFCs, the effect of the gas channel proper-
ties on the liquid removal is also very important, which has been
demonstrated by the experiment, so, to truly simulate the two
phase behavior in PEMFCs, the parameters reflecting the gas chan-
nel properties should be considered, such as the contact angle of the
gas channel wall, but all of the models for the whole PEMFCs in the
reference fail to do that. In the future work, we plan to explore the
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Fig. 17. Water saturation for the droplet size of 100 wm.
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Fig. 18. Water saturation for the droplet size of 200 pm.

relationship between the gas channel contact angle and the size of
water droplet (or film), and by this way, the effect of the gas channel
can be included in the present model, which is more closely to the
true condition of the PEMFCs.

4. Conclusions

A droplet size dependent multiphase mixture model is devel-
oped for the two phase simulation of the PEMFCs in this paper, and
the droplet size in the gas channel can be considered as a param-
eter in this mixture model which is different from the commonly

used multiphase mixture model in the reference, and the effect of
gas diffusion layer (GDL) properties and the gas drag function on
the liquid water removal can be integrated into the droplet size
as a parameter. And it is calculation cost effective for the present
model compared with the two-fluid model (which also includes the
effect of the droplet size). The three-dimensional two phase sim-
ulation of the PEMFCs with a straight flow field is performed, and
the heat transfer is also included. The effect of droplet size on the
liquid remove, the effect of liquid water on the heat transfer and the
effect of gas flow pattern on the temperature distribution are mainly
investigated. The simulation results show that the large droplet is
hard to be dragged by the gas, so it produces large water satura-
tion. The results of the heat transfer show that the liquid water
hinders the heat transfer in the GDL and catalyst layer, so it pro-
duces the large relative high temperature area, and the liquid water
has important effect on the heat transfer in the area of GDL and cat-
alyst layer near the channel due to the low capacity of heat transfer
of the gas. The results show there is large temperature difference
and water saturation in the PEMFCs operated with coflow pattern
compared with counter flow pattern, which is disadvantageous for
the operation of PEMFCs.
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