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Abstract - Fuel cells are a promising clean energy technology for use as a source of heat and electricity for buildings, and as 
an electrical power source for electric motors propelling vehicles. Water management is an effective way of improving 
Proton Exchange Membrane (PEM) fuel cell performance and durability. Changing the wettability of gas channel walls and 
gas diffusion layer (GDL) is an effective way of controlling water management in a fuel cell for its influence on liquid water 
dynamic behavior. Volume-of-fluid (VOF) numerical method is commonly used to study the two-phase flow in PEM fuel 
cell gas channels. The method is unique in the way it shows the interface of different phases in a multi-phase flow. In the 
current study, liquid water accumulation was investigated in a channel representative of a fuel cell gas channel under various 
operating and boundary conditions using the VOF method. The numerical work is carried out to investigate the effects of 
operating conditions on water saturation in the channel at steady state, time to reach steady state, and air pressure drop along 
the channel at steady state. Water saturation in the channel and the time to reach steady state were affected by the change of 
air velocity, the change in water velocity, and the sidewalls wettability. Water saturation in the channel decreased when air 
inlet velocity and wall contact angle were increased while it increased when water inlet velocity was increased. 
 
Keywords - PEM Fuel Cell, Two-phase Flows, VOF Method, Water Accumulation. 
  
I. INTRODUCTION 
 
Fuel cells are a promising clean energy technology 
for use as a source of heat and electricity for 
buildings, and as an electrical power source for 
electric motors propelling vehicles. Proton exchange 
membrane (PEM) fuel cells rise as a potential 
candidate to replace conventional energy sources as 
the world continue to search for alternative clean 
energy sources. They are, recently, receiving great 
attention for their high efficiency and low operating 
conditions compared to other types of fuel cells. 
However, there are challenges that hold massive 
productions of PEM fuel cells, such as water 
management. Water is an unavoidable product of the 
electrochemical reaction occurs in low temperature 
fuel cells. When hydrogen protons pass through the 
membrane and electrons pass through outer circuit 
generating electricity, from the anode to the cathode, 
and all meet with oxygen in the cathode catalyst 
layer, water is generated. A proper amount of water is 
needed in the membrane to keep its proton 
conductivity, however excess amount of water leads 
to high pressure drop and reactant pathway blockage 
in gas diffusion layer (GDL) and gas channels. Water 
existence and two phase flow in gas channels was 
found to have a negative influence on PEM fuel cell 
reducing its performance [1] and increasing its 
parasitic energy loss [2]. 
Experimental efforts have been made to investigate 
and analyze the two phase flow in fuel cell gas 
channels, in situ and ex situ [3]. The observation of 
liquid water flow in fuel cell gas channels was found 
to form various two phase flow patterns, such as mist 
flow, droplet flow, film flow, and slug flow [4-6]. 
The two phase flow pattern was found to be 

dependent on the operating condition. Furthermore, 
two phase flow in fuel cell gas channels was found to 
be different from conventional two phase flow due to 
(i) the presence of gradual increase of water content 
along the gas channel, (ii) the introduction of water 
into the flow in the gas channel from random 
locations in the GDL surface, i.e. the center or close 
to side walls, and (iii) the coalesce of droplets formed 
upstream with droplets already present in the channel 
creating slugs of water [7]. It is challenging to, 
experimentally, drive a direct relationship between 
the two phase hydrodynamics and PEM fuel cell 
performance [8]. Thus, computational modelling has 
been evolved to be a good alternative to study the two 
phase flow due to its capability of providing detailed 
and quantitative results [3]. 
For a better understanding of the two phase flow 
phenomena in a PEM fuel cell, the two phase flow 
needs to be included in a model to replicate the flow 
patterns in a real fuel cell. There are two major fuel 
cell models that do exist but both lack the ability to 
track the two phase interface. The models are the 
multi-fluid model developed and used by Berning and 
Djilali [9], He et al. [10], and Berning [11] and the 
mixture model (M2) developed by Wang and Cheng 
[12]. Lattice Boltzmann method has the capability of 
tracking a two phase interface but it is difficult to 
apply this method to large length scales [3]. The 
volume-of-fluid (VOF) method is a numerical 
technique that evolved to be capable of tracking two 
phase interfaces and applicable to large scale 
simulations [13].  
The VOF method was first developed by Hirt and 
Nicholas [13] as an efficient method for treating 
complicated free boundary configurations. 
Theodorakakos et al. [14] have incorporated the VOF 
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method into CFD calculations of water droplets 
detached from porous surfaces of relevance to PEM 
fuel cells. The model results showed good agreement 
with experimental data for various GDL materials 
which provided insights for more investigations to be 
conducted on PEM fuel cell gas channels using VOF 
method. Furthermore, Le et al. [15] also validated 
their experimental optical visualization of liquid 
water behavior in serpentine channels with a 
numerical simulation incorporating the VOF method. 
The shape and location of liquid water in the 
numerical simulation and the experiments are found 
to be in good agreement. Model validation gave 
researchers the confidence to do analysis in a macro 
scale on liquid water behavior without the need for 
further validation. However, mesh sensitivity analysis 
was always carried out to ensure sensibility of the 
results. Cai et al. [16] examined the effect of surface 
wettability on liquid droplet behavior in micro-
channels qualitatively and concluded that 
hydrophobic GDL was advantageous for water 
removal and hydrophilic side wall is advantageous 
for gas transportation between the gas channel and 
GDL. Mondal et al. [17] have investigated the 
characteristics of water droplet movement for 
different scenarios of channel surface wettability and 
air flow conditions. They concluded that a 
hydrophilic channel surface slows the movement of 
water and high air velocity moves the droplets faster. 
Zhu et al. [18, 19] have focused on the water droplet 
emergence, growth, deformation, and detachment in a 
series of papers. First, they have investigated the 
dynamics of a single droplet in a two-dimensional 
geometry, but it was not representative of the actual 
physics which led them to conduct another similar 
study but in a three-dimensional flow configuration. 
A detailed description was provided for the 
emergence, growth, deformation, and detachment of a 
single water droplet. The effect of GDL wettability, 
air flow velocity, water injection velocity, and size of 
pore was studied. Later, Zhu et al. [20] investigated 
the channel geometry effect on the dynamics of single 
water droplet. Different cross section geometry 
yielded to different water droplet detachment time, 
detachment diameter and removal time. 
Ding et al. [21] have coupled two models, 1D MEA 
model with 3D VOF in the channel, to investigate the 
impact of two phase flow on PEM fuel cell 
performance. Hydrophobic MEA found to extend 
ohmic region and increase cell performance, in 
addition, increasing the gas flow could extend the 
ohmic region as well but will result in high pressure 
drop and little performance improvement. 
Published literature work provided a good 
understanding of the dynamic behavior of liquid 
water droplet emergence in the gas channel; however 
more understanding is needed on the time for the 
water percentage in the channel to stabilize and water 
occupying the channel afterward for their importance 
on controlling the timing and power for channel 

purging. In the present work, a three-dimensional 
VOF numerical model is used to investigate the 
accumulation of liquid water in a channel, that is 
representative of a fuel cell gas channel, at steady 
state under extreme flooding conditions. Steady state 
is achieved when liquid water volume fraction 
stabilizes in the channel. The VOF model was 
employed to account for and track the two-phase 
interface in the gas channel. The model was then 
applied to study the effects of different air and water 
velocities and different wall wettabilities on the time 
to reach steady state, water saturation in the channel 
after reaching steady state, and air pressure drop after 
reaching steady state. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Mathematical Model 
The study has been carried out using the commercial 
available CFD software STAR-CCM+ [22].  The 
numerical approach by default is the Eulerian multi-
phase flow with the VOF model. Governing 
conservation equations are solved using the 
segregated flow solver which solves the flow 
equations, one for each component of velocity and 
one for the pressure in a segregated way. The 
SIMPLE algorithm is used for solving the discretized 
algebraic equations. The flow is assumed to be 
laminar. The discretization schemes used here is a 
second order upwind for the convective terms and 
second order temporal discretization scheme for the 
transient terms. 
The governing equations used contain surface and 
volume integrals, as well as time and space 
derivatives [22]. The continuity and momentum 
equations are presented in equations (1) and (2), 
respectively: 
 

 
 
In these equations, ρstands for fluid density, v is the 
fluid velocity vector and v  is the velocity of the 
control volume surface; n is the unit vector normal to 
the control volume surface with area S and V volume. 
T stands for the stress tensor (expressed in terms of 
velocity gradients and eddy viscosity),p is the 
pressure, I is the unit tensor, and b is the vector of 
body forces per unit mass. 
Running a simulation transient means that solution is 
evolving with time and the transient term must be 
included in the governing equations, which is simply 
neglected for steady simulations. STAR-CCM+ 
offers several transient solvers, however the transient 
calculations in this study has been performed using 
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the implicit unsteady solver with a second order 
temporal discretization scheme. The second order 
temporal scheme discretizes the unsteady term using 
the solution at the current time level, n+1, as well as 
the previous two time levels, n and n-1, as follows 
 
∫(ρ dV) = ( ) ( ) ( )

∆
V (3) 

 
The segregated flow model solves the flow equations, 
one for each component of velocity and one for 
pressure, in a segregated or uncoupled manner. The 
linkage between the momentum and continuity 
equations is achieved by a predictor-corrector 
approach. The model has its roots in constant density 
flows, but is able to handle mildly compressible flows 
[22]. The velocity and pressure fields in this solver is 
based upon a guessed value and a correction term 
 
v = v∗ + v′(4) 
 p = p∗ + p′(5) 
 
wherev∗andp∗are the guessed values for velocity and 
pressure and v′ and p′ are the corrections. To obtain 
convergence, this procedure must result in velocity 
and pressure fields consistent with the continuity and 
momentum equation. 
As stated earlier, the numerical approach to use is the 
Volume-of-fluid (VOF) multi-phase model. The VOF 
model is a simple multi-phase model that is well 
suited to simulate flows that consist of two or more 
immiscible fluids. The model assumes that all 
immiscible fluids present in each control volume 
share the same velocity, pressure and temperature 
fields. As a result of this assumption, the same set of 
basic governing equations describing momentum, 
mass and energy transport in a single-phase flow is 
solved for an equivalent fluid whose physical 
properties are calculated as function of its respective 
phase’s volume of fraction. The volume of fraction 
α = (6) 
αis the fraction of the i phase compared to the total 
cell volume. Viscosity and density in each cell are 
then calculated as a function of the volume of fraction  
 
ρ = ∑ ρ α (7) 
 
μ = ∑ μ α (8) 
 
The transport of volume fractions α  is described by 
the following conservation equation 
 

 
whereS  is the source of the i  phase. [23] 
 
2.2. Computational Domain 
A three-dimensional straight single channel is used in 
all simulations. The channel has a 0.25 mm x 0.25 

mm square cross section, which is a reasonable 
dimension according to Wang et al. [23], and a length 
of 10 mm. The bottom wall has a contact angle of 
135° representing a hydrophobic GDL. The other 
three walls represent the bipolar plate surfaces with a 
contact angle that will be specified later in the 
discussion. There are 13 water inlet pores with the 
same diameter of 50 µm, which is an accepted 
average of different GDL pore sizes [24, 25]. The 
pores are randomly placed 0.75 mm apart to spread 
them on the GDL, as shown in Fig. 1.  

 
Fig. 1. Water inlet locations in the simulated domain. 

 
2.3. Mesh Independence Test 
Mesh independence test has been carried out to 
ensure the consistency of results obtained and no loss 
of accuracy with changing the mesh size. The 
alteration in mesh size changed the total number of 
cells in a domain. For the current study, the base case 
has 677,025 cells. To do the mesh independence test, 
the number of cells was increased to 841,567 cells (an 
increase by 24%) and decreased to 527,763 cells (a 
decrease by 22%). Fig. 2 shows the percentage of 
water occupying the channel for all three cases. 
Water percentage was chosen to do the mesh 
sensitivity test because the study is based on the 
water content in the channel. A small difference can 
be seen, less than 8% upon reaching steady state, but 
the behavior is the same. They have all been 
stabilized at ~21% water occupancy, which is the 
average value after 7ms. Furthermore, water behavior 
was the same in all cases. Therefore, the base case of 
677,025 cells was chosen to continue the study. The 
cell size showed a stable two phase flow pattern in 
the channel scale. A time step of 1 x 10-7 seconds is 
used in all calculations to keep the courant number 
below 0.5, which ensures that the droplet behavior in 
the channel can be captured [21]. 

 
Fig. 2. Water volume fraction occupying the channel for the 

mesh sensitivity analysis. 
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III. RESULTS AND DISCUSSION 
 
3.1. The Base Case 
The base case simulation has an inlet velocity of 10 
m/s for air and 1 m/s water. Air and water velocities 
correspond to Reynolds numbers of 160 and 50, 
respectively. Both Reynolds numbers fall within the 
range mentioned by Zhang et al. [26], which 
correspond to a fuel cell operating at current density 
in the range of 0 – 10 A/m2. The bottom wall (GDL) 
is hydrophobic with a contact angle of 135°; while 
the other walls are hydrophilic, with a contact angle 
of 45°. Fig. 3 shows the volume fraction for water 
occupying the channel during the simulated time 
frame of 10ms, which was long enough for water 
volume fraction to stabilize in the channel. Volume 
fraction is calculated by dividing the number of cells 
containing water by the total number of cells in the 
domain. It can be observed that the water volume 
fraction starts to stabilize at ~7.2ms and occupy 21% 
of the channel, as shown by the arrows in Fig. 3. 
Water volume fraction can be seen to fluctuate after 
reaching steady state which is due to the continuous 
water emergence into the gas channel in the 
calculation.  

 
Fig.1 . Water volume fraction occupying the channel. 

Air pressure drop is calculated at various locations 
along the length of the channel. Only the gas phase 
pressure is considered in the pressure calculations. 
The inlet pressure is subtracted from the pressure of 
the point of interest to attain the pressure drop. 
Pressure drop is then plotted against the distance 
along the channel at various time steps, as can be 
seen in Fig. 4. As the water content of the channel 
increase, the pressure drop along the channel 
increase. Before water content in the channel reaches 
a steady state, air pressure drop is small, because of 
the low blockage of water in the channel due to less 
water content, which can be seen before 6ms. 
 

 

 

 
Fig.2 . Air pressure drop along the channel for the base case; 
(a) in three dimensions against time and distance along the 
channel, (b) against distance along the channel for two time 

steps, and (c) against time. 
 
As water content in the channel builds up and reaches 
a steady state, air pressure drop enters the range of 
4500 Pa. Therefore, for the current wall and flow 
conditions, the water volume fraction in the channel 
reaches a steady state after 7.2ms, occupying an 
approximate 21% of the channel, and the air 
experiences a pressure drop in the range of 4500 Pa. 
A jump in pressure drop can be seen at 8ms which is 
due to the existence of a large droplet at the outlet 
surface at that time step causing the infrequent 
increase. 
 
Next, the same routine conducted for the base case 
will be repeated for different wall wettabilities and 
operating parameters to calculate the time for the 
water content in the channel to reach a steady state, 
the percentage of water occupying the channel at 
steady state, and air pressure drop at a steady state. 
 
3.2. The Effects of Air Inlet Velocity  
Air inlet velocity plays an effective role in controlling 
water content in PEM fuel cell gas channels. An 
increase in air inlet velocity is beneficial because it 
increases the air shear stress, which has the potential 
to move water droplets along a gas channel so that 
water removal becomes easier; however, an excessive 
air inlet velocity may lead to parasitic losses affecting 
the fuel cell power output. The base case air velocity 
was increased and decreased by 50% to investigate 
the effect of air inlet velocity on the water’s steady 
state parameters, as studied in the previous section. 
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Fig. 5 shows water accumulation at steady state for a 
low air velocity (vair 5 m/s) and high air velocity (vair 
15 m/s). For the low air velocity (Fig. 5a), water 
accumulates on the wall surfaces and spreads over the 
wall to a point before the first water inlet, because 
water adhesion forces overcome the air drag force. 
Meanwhile, air can be seen moving the water 
effectively where there is high air velocity (Fig. 5b). 
Pressure drop could be high for the low air velocity or 
the high air velocity. Low air velocity could have a 
high pressure drop because of the amount of liquid 
water accumulating in the channel and blocking the 
airflow. On the other hand, high air velocity could 
have high pressure drop because of the high airflow 
velocity. 
 

 
Fig.3 . Liquid water behaviour after steady state for different 

air inlet velocity; (a) vair 5 m/s and (b) vair 15 m/s. 
 
Fig. 6 shows that water percentage in the channel 
decrease as the air velocity increase. An increase in 
air velocity accompanies an increase in flow rate, 
which allows greater forces to be applied on liquid 
water to remove it out of the channel. Liquid water 
occupies 30% at low air velocity, while it occupies 
only 16% at high air velocity. This decrease in water 
percentage in the channel agrees with the findings of 
Ding et al. [21] where the increase in air velocity 
reduce the water content in the channel. On the 
contrary, the decrease in water content in the channel 
was accompanied by an increase in pressure drop. 
Low air velocity has a 3.5 kPa pressure drop, while 
high air velocity has a 5.4 kPa pressure drop. Pressure 
drop due to high air velocity dominated over pressure 
drop due to liquid water accumulation and blockage 
in the channel. The quick removal of water from the 
channel led to faster achievement of a steady state. A 

steady state was achieved after 10.2 ms for low air 
velocity, while it was achieved after 7.1 ms for high 
air velocity. 
 

 
Fig.4 . The values of water percentage occupancy after steady 
state, air pressure drop after steady state, and time to reach 

steady state under various air inlet velocities. 
3.3. The Effects of Water Inlet Velocity  
Water production in a fuel cell is related to the load 
on which the fuel cell is running. Fuel cell running 
under high loads produces more water which might 
increase the velocity of water emergence into the gas 
channel. To study the effect of water inlet velocity on 
the steady state parameters of water content in the 
channel, and pressure drop in addition to the duration 
to reach a steady state the water inlet velocity of the 
base case was increased and decreased by 50%. All 
other conditions remain the same as the base case. 
Water accumulating in the channel increased with the 
increase in water velocity; as can be seen in Fig. 7. 
The increase in water content in the channel affected 
water accumulation and the friction losses of the 
airflow. With a constant inlet air velocity, pressure 
drop will be mainly dependent only on the amount of 
water accumulation that causes extra frictional losses. 
Higher loading will increase the amount of water 
flowing into the channel and increase the channel 
blockage; thus, the appropriate loading should be 
studied for a fuel cell to control water in the channel. 

 

 
Fig.5 . Liquid water behaviour after steady state for different 

water inlet velocity; (a) vwater 0.5 m/s and (b) vwater 1.5 m/s. 
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As water velocity increased, water percentage in the 
channel and pressure drop increased as well while the 
time to reach steady state decreased, as shown in Fig. 
8. When water velocity increased from 0.5 m/s to 1.5 
m/s, liquid water percentage increased from 14% to 
22%, pressure drop increased from 4.5 kPa to 7.5 
kPa, while the time to reach a steady state decreased 
from 9.8ms to 6.3ms. However, the rate of increase in 
water percentage and pressure drop was not the same 
along the change in water velocity.  
 

 
Fig.6 . The values of water percentage occupancy after steady 
state, air pressure drop after steady state, and time to reach 

steady state under various water inlet velocities. 
 
From 0.5 m/s to 1.0 m/s, pressure drop remained 
constant while the water percentage increased 
significantly. It is because airflow experiences the 
same amount of blockage at low and high water 
velocities. Water droplets at low water velocity are 
hardly detached from their inlets causing the same 
amount of pressure drop as when it detaches easily 
from the inlets and accumulate in higher percentages 
on the wall surfaces. 
From 1.0 m/s to 1.5 m/s pressure drop increased 
significantly while water percentage had a slight 
increase. The significant increase in pressure drop is 
due to high water velocity in the channel increasing 
the frictional losses. The insignificant increase in 
water percentage might be attributed to maximum 
saturation in the channel at this specific wall and 
GDL wettability combination, and air velocity. 
Time to reach a steady state was affected by the 
increase in water velocity. At water velocity of 0.5 
m/s water needed 9.8ms to reach a steady state, while 
at 1.5 m/s water needed 6.3ms to reach a steady state. 
The relationship between water inlet velocity and 
detachment time was explained in the literature [19], 
as slow water velocity leads to a longer detachment 
time and vice versa. Detachment time affects the time 
taken to reach a steady state, which is why it took 
longer for low water velocity and less for high water 
velocity to achieve. 
 
3.4. The Effects of Wall Wettability  
The design of gas channel was examined numerically 
by altering the wall wettability. The wall wettability 
effect on water percentage in the channel, pressure 

drop at a steady state, and time taken to reach a 
steady state the wall wettability will be studied. The 
wall contact angle will be increased to account for 
moderate (Ө = 90°) and hydrophobic (Ө = 135°) 
surfaces, as shown in Fig. 9. The inlet conditions for 
air and water remain the same as the base case, where 
the wall is hydrophilic (Ө = 45°). 
 

 
Fig.7 . Wettability and contact angle. 

Water accumulation in the channel after reaching a 
steady state under different wall wettabilities can be 
seen in Fig. 10. The hydrophobicity of the walls 
prevented water from attaching and spreading on it. 
Coalesced water droplets were closer to their inlet 
source and GDL surface. Water slugs can be seen on 
the GDL in Fig. 10a. This scenario will keep the 
channel dry, compared to the other wall wettabilities, 
and allow water to be retained at the GDL for MEA 
humidification.  
In the case of moderate walls (Fig. 10b), because the 
walls are more hydrophilic than the GDL, coalesced 
water droplets were attached and spread over the 
walls and away from the GDL. Water slugs were also 
formed but accumulated on the moderate wall away 
from the GDL. This scenario will pull water away 
from the GDL and continually dehydrate it, making it 
easier for the air to remove water from the channel 
keeping the MEA blockage-free. Hence, air will be 
relatively wet if water were to evaporate and 
humidify the air.  
A hydrophilic wall facilitates the attachment and 
spreading of liquid water on walls while keeping it 
away from the GDL, as presented in Fig. 10c. 
Coalesced water droplets form film layer on the walls 
and increase the chance of humidifying the airflow if 
water were to evaporate. Furthermore, water film 
occupy more of the channel cross-section and 
decrease the area the air is able to flow into, which 
increases the drop in air pressure between the inlet 
and the outlet. 
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Fig.8 . Liquid water behaviour after steady state for (a) 
hydrophobic wall, (b) moderate wettability wall, and (c) 

hydrophilic wall. 
 
Fig. 11 shows the effect of wall wettability on water 
accumulation in gas channels. The percentage of 
water occupancy in the channel fell by 50%, when the 
wall wettability was changed from hydrophilic to 
hydrophobic. Liquid water occupies 21% of the 
channel in the hydrophilic wall scenario, while it 
occupies only 11% in the hydrophobic wall scenario. 
Pressure drop also decreased as the wall wettability 
was changed toward hydrophobicity. The pressure 
drop was 4.5 kPa for the hydrophilic wall and 3.5 kPa 
for the hydrophobic wall. This drop might be 
associated with water content in the channel. As the 
wall becomes more hydrophobic the water content in 
the channel gets reduced and blocks less of the 
airflow in the channel. Less air blockage reduces the 
air pressure drop. Wall hydrophobicity allows a 
steady state to be reached faster than wall 
hydrophilicity, because less water can be 
accumulated at the walls. Hydrophobic wall reached a 
steady state after 5.9 ms, while hydrophilic wall 
reached a steady state after 7.2 ms. It was also 
observed that the rate of change from hydrophilic to 
moderate wall scenarios is the same as the rate from 
moderate to hydrophobic wall scenarios for all 
parameters studied (i.e. time to reach a steady state, 
water occupancy at a steady state, and pressure drop 
at a steady state). The effect of wall wettability found 
to be consistent with the findings of Cai et al. [16] 
where hydrophobic surfaces remove water faster than 
hydrophilic surfaces; besides, the combination of a 
hydrophobic GDL surface with a hydrophilic wall 

surface help in forming a water film attached to the 
walls creating a space on the GDL for gas 
transportation. 
 

 
Fig.9 . The values of water percentage occupancy after steady 
state, air pressure drop after steady state, and time to reach 

steady state under various wall contact angles. 
 
CONCLUSIONS 
 
The effects of liquid water accumulation on a PEM 
fuel cell cathode gas channel under extreme flooding 
conditions have been studied using a three 
dimensional CFD code. The Volume-of-Fluid (VOF) 
method was employed to track the multi-phase 
interface. Results from various conditions were 
compared based on the percentage of water 
occupancy after steady state, the time to reach steady 
state, and air pressure drop after reaching the steady 
state. Steady state condition is reached when the 
percentage of water occupying the channel stabilizes. 
The time to reach steady state and the water content 
in the channel can be useful for a better control of the 
timing and power of fuel cell purging. The following 
conclusions have been drawn from the results 
obtained: 
 
 An increase in air velocity found to reduce the 

percentage of water in the channel and the time 
to reach a steady state, while it increased air 
pressure drop. Air pressure drop increased with 
the increase in airflow regardless of less 
resistance from water blockage in the channel.   

 An increase in water velocity accompanies a rise 
in the percentage of water occupancy and 
pressure drop; however, the time to reach a 
steady state declined. The increase in water 
velocity is mainly dependent on fuel cell voltage 
output and operating conditions.  

 Water needs to be removed away from the GDL 
surface in the cathode side, because this is where 
most of the water flooding occurs. Wall 
wettability needs to be chosen depending on 
whether the fuel cell is self-humidified or 
externally humidified.  A moderate to 
hydrophobic wall is suitable for quick water 
removal, while hydrophilic wall is suitable for a 
dryer gas channel. 
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