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Abstract 

Micro flow channels in flow plates of fuel cells have become much narrower and longer to improve reactant flow 
distribution leading to increase of pumping power. Therefore it is very important to minimize the pressure drops in the 
flow channel because increased pumping power reduces overall efficiency. We investigated pressure drops in a micro 
flow channel at the anode and cathode compared to pressure losses for cold flow in straight, bended and serpentine 
channels. The results show that friction factors for cold flow channels could be used for parallel and bended flow chan-
nel designs for fuel cells. Pressure drop in the serpentine flow channel is the lowest among all flow channels due to 
bypass flow across the gas diffusion layer under reactive flow condition, although its pressure drop is highest for a cold 
flow condition. So the effect of bypass flow for serpentine flow channels should be considered when designing flow 
channels 
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1. Introduction 

Flow plates in electrochemical power sources such 
as fuel cells contain many micro flow channels to 
distribute the reactant gas flow over the catalytic reac-
tive surface. The shape, size and pattern of flow 
channels can signify-cantly affect the power source's 
performance. Micro flow channels in flow plates have 
become much narrower and longer to better distribute 
the reactant gas flow, increasing pumping power. 
Therefore it is very important to minimize pressure 
drops in the gas flow because increased pumping 
power reduces the overall efficiency. Typically the 
mass flow and channel size are small, and the flow is 
expected to be laminar, so pressure losses depend 
strongly on the Rey-nolds Number. The aspect and 
curvature ratios are known to be critical factors to 
determine the pressure drops in be-nded flow chan-

nels. Many researches about pressure losses in non-
reacting flow in fine flow channels are available in 
the literature. Measurements of the velocity field in 
bends of circular and square cross sections of various 
diameter radius ducts have been carried out [1]. Mi-
yaka et al [2] reported numerical simulation on 
curved ducts with a rect- angular cross-section and 
described the inlet and outlet flow field, and Ward-
Smith [3] summarized very well experimental data of 
the friction factor for pipes with various curvature 
ratios. Maharudrayya [4] investigated the effect of the 
geometric parameters and the Reynolds Number on 
the flow pattern and the pressure loss characteristics, 
so some correlations between the above factors and 
pressure losses have been derived non-numerically 
for the effects on pressure drop of aspect ratio, Rey-
nolds Number and permeability of gas diffusion me-
dia.  

Lan [5] studied the pressure drop considering 
channel-to-channel crossover flow in a serpentine 
flow channel, but it is questionable whether the above 
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friction factor data for cold flow could be used to 
design a flow channel for fuel cells because hydrogen 
consumption at the anode and oxy- gen consumption 
and water generation at the cathode can change the 
flow field in the flow channel greatly. It is therefore 
necessary to include the effects of electrochemical re-
action on flow fields in anode and cathode flow chan-
nels.  

As in recent studies about flow channels with elec-
tro-chemical reactions, Yuan [6] and Rawool [7] in-
vestigated numerical simulation on the gas flow and 
heat transfer in parallel and curved flow channels of 
PEMFC, but limited data for friction loss were re-
ported. For this paper we inve-stigated the pressure 
drops in micro flow channels of various geometries at 
the anode and cathode with electro-chemical reactions, 
and compared them to pressure losses in correspond-
ing non-reacting flow channels. Modified Fluent code 
was used for computational analysis. Through nu-
merical simulation, friction coefficients for flow 
channels of various geometries were analyzed as a 
function of the Reynolds Number, and detailed con-
tours of current density and velocity vector were plot-
ted to understand the pressure variations along the 
channel. 

Table 1. Dimension of fuel cell. 

Description Value 

Cell/electrode length (cm) 10 

Gas channel height (cm) 0.12 

Gas channel width (cm) 0.08 

Anode GDL thickness (cm) 0.0375 

Membrane thickness (cm) 0.01 

catalyst layer thickness (cm) 0.0025 

Cathode GDL thickness (cm) 0.0375 

Table 2. Initial conditions. 

Description Value 

Relative humidity of inlet fuel stream (%) 100 

Anode stoichiometry 1 

Cathode stoichiometry 1 

Cell voltage (V) 0.7 

Inlet nitrogen-oxygen mole fraction ratio 0.79/0.21

Cell temperature (K) 353 

Electrode porosity ( ) 0.7 

Anode/cathode output pressure (atm) 1.0 

2. Computational methods 

Modified Fluent code was used for numerical simu-
lation of the flow channel. It is assumed that the fluid 
flow is a mixture of ideal gases and incompressible 
laminar flow. Electrodes and catalyst layers and 
membranes are assumed to consist of isotropic porous 
material. The dimension and initial conditions for fuel 
cell simulation are given in Tables 1 and 2. 

2.1 Governing equations 

Mass Conservation of Mixture 

( ) mu S   (1) 

Momemtum conservation equation is based on 
Darcy’s law (10) 

uSupuu )()(   (2) 

Species conservation equation  
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And, source terms are summarized in Table 3. 

Current density is described by 
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Table 3. Source terms related to the electrochemical reaction. 
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Friction factor fRe is expressed as  

22 *Re *
*

hD Pf
V dx

  (5) 

where,  is viscosity coefficient, V is velocity and 
P , dx  are pressure drop, mesh size respectively. 
Equations related to water transport is described as  

2
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: Back diffusion flux (7) 

2.2 Boundary condition 

A zero velocity condition is applied at channel wall 
boundary and mass flow rate for the gas-flow channel 
inlets is given. Ambient pressure is specified at the
outlets of channel. 

Fig. 1. Schematic of PEM fuel cell showing the location of 
the components. 

3. Results and discussions 

Fig. 1 shows a typical schematic of a proton ex-
change membrane (PEM) fuel cell. The cell consists 
of an end plate, a flow channel plate, a gas diffusion 

(a)

(b) 

Fig. 3. Variation of fRe along the x axis with and without 
reaction at anode(a) and cathode(b) side for straight channel. 

                                           (a)                                                         (b)                                                             (c) 

Fig. 2. Three Different types of flow channels used for numerical simulation (a) parallel type (b) bended type(c) serpentine type.
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layer (GDL) and a membrane electrode assembly 
(MEA). The flow channel and GDL are very impor-
tant for determining the optimal performance of the 
catalyst and the electrode. While the flow channel is 
used to supply hydrogen and oxidant gas to the GDL, 
the GDL is porous to distribute gases to unexposed 
areas of the flow channel, and this distribution allows 
for complete utilization of the catalyst area. It is very 
important to examine the interaction between the gas 
flow channel and the porous GDL to predict the pres-
sure drop for various configurations of flow channels. 

This study numerically simulated flow fields in the 
three different types of flow channels shown in Fig. 2 
under flow conditions with and without electrochemi-
cal reactions.  

Fig. 3 shows the effects of a chemical reaction on 
the friction factor (fRe) along the channel axis for a 
straight channel.  

A slightly lower fRe value than in the figure was 
noticed during the chemical reaction at the anode and 
cathode. It is thought that hydrogen consumption at 
the anode, and oxy-gen consumption and water gen-
eration at the cathode, con-tribute to the decrease in 
density leading to the reduction in the friction factor 
when an electrochemical reaction occurs. This result 
shows a trend very similar to Yuan’s work [8], which 
dealt with mass transfer effects on fRe using numer-
ical calculation. Variation in the friction factor along 
the flow axis for a bended flow channel is presented 
in Fig. 4, which shows a spike at the bended region of 
the flow chan-nel with and without reaction. The 
friction factor for the two cases shows almost the 
same value and pattern. In order to see how the spike 
is generated, velocity vectors were plotted in Fig. 5. A 
strong recirculation zone can be seen around the cor- 

Fig. 4. Variation of friction factor along the axis with and 
without reaction for bended flow channel. 

ner. This zone contributes to higher friction, leading 
to a high pressure drop around the channel's bend. 

The above results for parallel and bended flow 
channels show that the friction factor for a cold flow 
channel could reasonably be used to design a flow 
channel for a fuel cell. Next we investigated the fric-
tion factor for a serpentine flow channel, which has 
been widely used as flow channel for PEMFCs.  

Fig. 6 represents the friction factor along the flow 
axis for a serpentine flow channel. It shows two 
spikes around the two bend regions, which are ex- 

(a)

(b) 
Fig. 5. Velocity vectors in bended flow channel without (a) 
and with(b) reaction. 

Fig. 6. Friction factors for serpentine flow channel with/ 
without reacting condition. 
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Fig. 7. pressure drop and velocity along the flow channel for 
serpentine flow channel with/without reaction. 

(a)

(b) 

Fig. 8. Velocity vectors at the cross section (a) and top view 
of gas diffusion layer (b) for serpentine flow with reaction. 

pected for a serpentine flow structure having two 
recirculation zones at the bended regions. From the 
figure the friction factor with reaction is higher than it 
without reaction before bended region following 
lower friction factor after bended part. So it is diffi-
cult to compare friction coefficients of two cases. 

Fig. 7 is presented in order to know the pressure 
drop itself and velocity variation along the serpentine 
channel. Flow velocity with reaction before bended 
part is decreased sharply and then increased after 
bended part. The low velocity before bended part  

(a)

(b) 

Fig. 9. Velocity vectors in flow channel for non-reacting (a) 
and reacting condition (b). 

which is denominator of friction factor makes the 
friction factor higher. Figure shows that the pressure 
drop for serpentine flow channel with reaction is very 
low compared to it without reaction due to leakage of 
reactants by bypass flow. To find out the bypass flow, 
velocity vector in the gas diffusion layer during the 
reaction is presented in Fig. 8. 

Fig. 8 (a) represents the velocity vectors at the 
cross section, and 8 (b) shows the velocity vectors at 
the top view of the gas diffusion. The figure reveals 
that the reactant bypasses through the gas diffusion 
layer to an adjacent channel, compared to a reactant 
with no reaction flowing only along the flow channel. 
This suggests that the bypass flow reduces the flow 
rate in the channel, which reduces friction loss. 

To show the bypass flow's effect across the gas dif-
fusion layer on the main flow within the flow channel, 
velocity vectors within the flow channel are presented 
in Fig. 9, which shows velocity vectors with non-
reacting (a) and reacting flows. It shows that the flow 
velocity along the channel with reacting flow is much 
less than with non-reacting flow due to leakage from 
the bypass flow.  

Fig. 10 shows the current density distribution in a 
serpentine flow channel. It is found that current den-
sity has higher value around entrance where reactants 
is supplied in and its concentration is high because 
current density is proportional to electrochemical 
reaction rate. And current density is also found to be  
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Fig. 10. Current density at the membrane. 

(a)

(b) 

Fig. 11. Comparison of pressure drops for Re for three flow 
channels without (a) and with (b) reacting condition. 

high at rib region where leakage flow is strong so 
more reactants is supplied through the gas diffusion 
layer between adjacent channels. 

Fig. 11 shows that the pressure drop in a serpentine 
flow channel is the lowest among the three flow 
channels under reaction condition, although its pres-
sure drop is highest for a cold flow condition. 

4. Conclusion 

1. The friction factor under a chemical reaction 
condition at the anode and cathode channel is slightly 
less than with cold flow because hydrogen consump-
tion at the anode, and oxygen consumption and water 
generation at the cathode, contribute to the decrease 
in density leading to a reduction in friction force 
compared to cold flow condition . 

2. For parallel and bended flow channels, friction 
factors for the cold flow channel could reasonably be 
used to design a flow channel in a fuel cell. 

3. The pressure drop in a serpentine flow channel is 
the lowest among the flow channels under a reacting 
flow condition due to bypass flow across the gas dif-
fusion layer, although its pressure drop is highest 
during a cold flow condition. So the effect of bypass 
flow in a serpentine flow channel with a close adja-
cent channel should be considered when designing a 
flow channel. 

Nomenclature----------------------------------------------------------- 

cvA  :  Specific surface area of the control  
   volume (cv)( 1m )
C   :  Concentration ( 3mmol )

hD   :  Hydraulic diameter ( m )
eff
ijD   :  Effective diffusion coefficient ( 12sm )

F   :  Faraday constant ( 1molC )
h    :  Enthalpy ( 1kgkJ )
I    :  Local current density ( 2mA )
L   :  Length of channel ( m )

drymM ,
  :  Equivalent weight of a dry membrane  

   ( 1molkg )
P    :  Pressure ( Pa )
S    :  Source term 
T    :  Temperature ( K )
u    :  Velocity vector ( 1sm )

   :  Dynamic viscosity ( 2mskg )
   :  Net water flux per proton flux  
   :  Porosity  

dn   :  Electro-osmotic drag coefficient  

m   :  Membrane conductivity ( 11 mohm )

drym,
  :  Density of a dry membrane ( 3mkg )

   :  Density of the mixture ( 3mkg )
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