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Abstract

In the present study, we propose a novel configuration of partially blocked fuel channel with baffle plates transversely inserted in the
channel. The effects of the blockage with various gap ratios and numbers of the baffle plates, the fuel flow Reynolds number and the porosit
of the diffusion layer on the reactant gas transport, and the pressure drop across the channel length are explored. A two-dimensional mod
of one-side porous-walled channel with the presence of baffle plates is considered. An approximate analysis is performed first to examin
the qualitative natures of the flow in the gap region and then numerical simulations for the parametric study of the reactant gas transpor
in a half-cell model are carried out. The velocity field, the oxygen mass flux/flow rate reaching the catalyst layer, the concentration of the
water vapor produced, the fraction of the fuel gas entering the diffusion layer, and the pressure drop at various conditions are analyzed. Th
results reveal that reducing the gap size and/or increasing the baffle number to enhance the reactant gas transport results in a penalty of hi
pressure-loss. Among the parameters considered in the present work, the gap ratio has the most remarkable impact on the variation of tl
pressure drop. Very high pressure-loss can be generated due to high flow resistance at a low gap ratio combined with a low gas diffusion layz
(GDL) porosity. With the consideration of both high performance and reasonable pressure drop, the present results disclose that designs wi
the baffle gap ratio no smaller than 0.1, number of baffle pldte8—5, and the GDL porosity around 0.7 seem quite appropriate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction lead to the increase in the inter-resistance and deterioration
in the system performance. On the contrary, an appropriate
Design of the flow channel in bipolar plates is one of the design of fuel flow channel is beneficial to the reactant gas
key factors in the system performance issue of proton ex- transport as well as the water management.
change membrane (PEM) fuel cell systems. The section ge- In the past years, therefore, lots of efforts have been en-
ometry and the pattern of the fuel flow channel influence the deavored to novel flow channels in PEM fuel cell systems
reactant gas transport, water management, and the efficiencyguch as the arrangements of serpentine channel, multiple
of the utilization of the fuel. If the behaviors of the exhaust channelsin parallel type, interdigited channels, etc. Since the
gas and waste water are out of control, the supply of oxy- fuel channel has gas diffusion layer (GDL) as a side-wall, the
gen will be prohibited, which in turn may cause overheat and GDL morphology may affect the reactant gas transport from
dryout of the fuel cell system. This unfavorable situation will the channel to the catalyst surface and is usually included
in dealing with the gas transport. The geometric parameters
* Corresponding author. Fax: +886 4 24516246. have been analyzed in order to optimize the fuel cell system
E-mail addresscysoong@fcu.edu.tw (C.Y. Soong). performance. The effects of the rib spacing of the fuel chan-
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Nomenclature

coefficient
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quadratic drag factor

mass diffusivity of oxygen (s~ 1)
mass diffusivity of vapor (rhs™1)
activation energy (J mol)

flow channel height (m)

gap between baffle and diffusion layer (m)
thickness of diffusion layer (m)
permeability (nf)

flow channel length (m)

baffle plate thickness (m)

mass flow rate (kgsh)

molar mass flux of oxygen (kgn¥s 1)
molar mass (g moit)

number of baffle plates

pressure (N m?)

gas constant (J mot K1)
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time (s)

temperature (K)

velocity in x-direction (ms?)
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kinematic viscosity (rAs™1)
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ubscripts

inlet

oxygen

vapor

boundary

channel

porous diffusion layer
effective
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cell performance. Gurau et g4] proposed a mathematical
model to obtain an analytic solution of the mass transport of
reactant gas in a half-cell, in which the effects of the porosity
and the tortuosity of the gas diffusion layer and the catalyst
layer were explored.

Recently, numerical computations for details of the flow
distribution and fuel gas diffusion have been performed. In
their simulation, Hontanon et ¢b] focused their attention on
the flow distributor to search for optimization of the fuel flow
characteristics. They employed the Navier—Stokes equations
and the Michaelis—Menten type two-step kinetics model to
study the performance of the grooved plate and porous flow
distributors at anode. The predictions revealed that the fuel
consumption increases with decreasing permeability of the
flow distributor. With the consideration of the reactant gas
utilization under the same pressure drop, they also found that
the porous materials are more advantageous than the grooved
plates. Dutta et a[6] performed three-dimensional compu-
tations for fuel transport in fuel cells of serpentine channels
with the electrochemistry modeled by the mass source/sink
terms. Kee et al[7] proposed a generalized computational
model for the mass and momentum transport in channel net-
works oftypical planar fuel cell layers/stacks. Numerical sim-
ulation was performed for a PEM fuel cell with a metal foam
inthe flowfield of the bipolar platg8] and the results demon-
strated that the use of metal foam renders the local current
density distribution more uniform. Yan et 8] conducted
a numerical study of the effects of fuel channel width and
GDL porosity on the cross-cell transport of reactant gas and
the performance of a PEM fuel cell. Most recently, GDL char-
acteristics with various thickness and porosity fabricated by
using different manufacturing methods were studied by nu-
merical simulation and experimental measuremgi@g

From the above brief survey, it is found that the fuel flow
channel design is very significant to the performance of the
PEM fuel cells and various configurations have been stud-
ied previously. The interdigited channel with fuel flow fully
blocked can result in a satisfactory performance in reactant
gas transport. In the previous investigations, however, the
penalty of high pressure-loss was not discussed in detail. The
objective of the present work is to (fijopose a novel config-
uration of partially blocked fuel channg(2) explore the in-
fluences of the blockage with various gap ratios and numbers
of the baffle plates on the reactant gas transp(8} evaluate
the pressure drop in the presence of various blockage effects
and (4)examine the influences of fuel flow Reynolds number
and porosity of the gas diffusion layek two-dimensional
model of one-side porous-walled channel with baffle plate(s)
in it is considered. The hydrodynamic nature is the main
theme of the study under the assumption of fast reaction at
the surface of the catalyst layer. To qualitatively examine the
hydrodynamic natures and used as a limiting case for nu-

nels and the GDL thickness on the cell performance were merical verification, an approximate analysis of the flow in

studied by West and Fullgi]. By conducting experiments

with a model of hydrophobilicity, Jordan et 42,3] stud-
ied and explained the effects of the GDL morphology on the the mass/momentum transport in the whole model by utiliz-

gap region beneath a baffle plate is performed first. Then the
numerical simulation is carried out for parametric study of
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ing the commercial software CFDRC-ACE+. The velocity gy Y% 19P 7 VAR A V4
field, the oxygen mass flux/flow rate reaching at the catalyst UB_X + VB_Y = _;a_Y v (W + W) 3)
layer, the concentration of water vapor produced, the mass
flow fraction of the fuel gas entering the diffusion layer, and __ aW; ow; PW; W,

. = U +V— =Di| =5 + =5 4)
the pressure drop at various conditions are analyzed. X Y X2 Y2

whereW; andD; denote mass fraction and diffusivity, respec-
tively, the subscripit= 1 stands for oxygen and 2 for water
vapor.

(B) In the gas diffusion layer:

U v

Fig. 1shows the present two-dimensional half-cell model ax + Yy
of PEMFC systems for the fuel gas mass and momentum
transport in the flow channel and the porous GDL. The fluid oUu oUu g dP 22U 92U
in the channel is air at inlet presstPg and velocityUp. The ¢ ( x T 5) =" Tax U (W + m)
operating temperature is set to Bg=333 K in the simula- 3
tion. The channel length is=L; + L + L3 with L, standing ve U— € CFPU\/W (6)
for the thickness of the baffle plate ahg and L3 for the k Jk
upstream and downstream channel lengths. The parameters
hy, h, andhz denote flow channel height, gap size and GDL 3V v c 9P 2V 32y
thickness, respectively. To characterize the blockage effect,e (Uﬁ + Vﬁ) = 3 <ﬁ + m)
a dimensionless parameter named gap ratiohy/hy, is de-
fined. The values of = 0 and 1 indicate the fully blocked and Ve ECrpV —~——
block-free cases, respectively, and the values in between mea- Tk V- 7 U2+ vz (1)
sure various levels of blockage. The flow is assumed steady,
laminar and incompressible, the porous layer is of isotropic 2 2
and uniform material with the porosityand the permeabil- (U% + V%) = Djeff <ﬂ + ﬂ) (8)
ity k. With the assumption of fast reaction, i.e., the chemical aX Y T\ax2 o ar?
reaction time scale smaller than the transport time scale, the | Egs.(6) and(7), Cr is the quadratic drag factor, and
hydrodynamic nature plays a dominant role in the process Bjake—Kozeny correlatiofi3] is adopted for the relationship
and the chemical reaction is expressed simply as a boundanpetween the porosity and the permeabiliti, viz.,
condition at the surface of the catalyst layer. Since the cata-

2. Half-cell model for PEM fuel cells

2.1. Governing equations
=0 )

lyst layer is extremely thin and, therefore, is simply regarded = D_ﬁ) [ &3 } )
as a boundary condition, for which the reactant gas (airin = = \ 150/ | (1 — ¢)2
this case) is exhausted for perfect reaction. Under the above
assumptions, the governing equations of mass, momentumD _ 6V (10)
and species balance can be depicted as fol[@d/d 2] 4= S4

(A) In the flow channel:

In the above equations, the quantities with the subscript d
denote the quantities in the porous diffusion layer. The ge-
ometry paramete¥;/ S, is the volume-to-surface ratio of the
GDL. The lasttwo terms in Eqé6) and(7) are the drag forces
2) stemmed from the presence of the porous wall and may re-

8U+8V_

axX 9y

U U 19P (32U 82U>
1% = v

@)

+

X - oY p 0X aX2 ~ 9y? sult in an increase in pressure drop. The parani®tef is
< L >
«—— L1 = L3 ——»
B3 B4 BS

Uo, Po

— | B 1 B6 M BS

Wio, W20 4 Y,V Bl |

ob—pX:U B9 B7 $m
B2 GDL B12| $ h3
B10

Fig. 1. PEMFC half-cell model of partially blocked flow channel.
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the effective diffusivity of theth gas component in GDL and

the Bruggemann correlatidgt4],
Djeif = D; - £*° (11)

is adopted.
2.2. Boundary conditions

As that shown irFig. 1, the conditions at the boundaries
designated by B1-B12 are listed as follows:

At B1:
U = Uy, V =0, P = Py,
W1 = Wy, Wo = Wap (12a)
At B2, B6, B8, B12:
ow;
X
At B3, B5, B7:
ow;
aY
At B4:
v=v=m=o (12d)
At B9:
oY Y:h,:,r aY Y=h§’ Y Y=h§ Y yzhg’
ow; OW:
ar =¢3r (12€)
oy Y:hg— oY Y:hg
At B10:
U=V=W1=0,
% = pB/e*(Ea/RT) RT « D1 eff aWq (12f)
o¥ 2nM1  Daef Y
AtB11:
U A% OW:
=X T ox - (129)

X — X X

. . . v 1
Since the fast and complete reaction of oxygenisassumed— +V - VV = ——VP + W2V,
o)

at the interface of the GDL and the catalyst layer, the relation
of the oxygen and water vapor can be described by(Ezf),
whereB' is a constantE, is the activation energy is the
gas constant, and; is the molar weight of oxygen.

2.3. Numerical procedure

39
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Fig. 2. Grid-dependence test by examining the axial velocity distributions
atXx/L=0.25.

test was performed to validate the computations and exam-
ine the grid-dependence of the results. By employing a base-
line case of Reynolds numbRe= 50, one baffle platbl=1,

gap ration =0.05, and porosity =0.4, computations on the
four grid systems with number of grid points (lengtlwidth)
215x 30, 430x 60, 645x 60, and 645« 90 were performed.
The axial velocity profiles aX/L=0.25 are plotted and com-
pared inFig. 2 It can be observed that the grid of 43®0
points is appropriate with the considerations of accuracy and
time-saving.

3. Approximate solution of flow in a narrow gap
region with one-side porous wall

Fig. 1shows the two-dimensional flow channel model with
the narrow gapregiorhs < Y < hpbeneaththe baffle plate.
To facilitate an approximate analysis, assume that Darcy law
[16] can be used to describe the fluid flow in the porous GDL.
The governing equation of the flow in this composite channel
configuration can be written as

(A) In the gap region of the flow channekQY < hy:

The system of the governing equations described above is

solved utilizing the commercial code CFD-ACE+ based on
the SIMPLE Algorithm[15] for convection-diffusion prob-

lems. Before mass data generation, a preliminary numericalAtY = h2: V = (U, V) = 0.

V.-V =0 (13)
(14)
(B) In the diffusion layerh3 < Y < hy:
V.Vy=0; (15)
%% = —%vm — EVd, (16)
The related boundary conditions are:
7
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U e
AtY=0: — = —(U-Uy); V =Vy;

37 JE( d) d

A%

Py— P+ 2u— =0. 18

d +2nay (18)
AtY = —h3: Vg=0. (19)

For very narrow gap, i.eA <« 1, the flow can be assumed
fully-developed in the narrow gap. The above momentum
equation can be reduced to the form of

Cu_ 1op _
dy2 — pax

Integrating the last equation twice gives the following so-
lution:

(20)

—V

AY?
———+ BY +C.
2v
From Eq.(16) with —(1/0)aP/9X = A, the fluid velocity
in GDL becomes
k

Uqg = —A.
v

U (21)

(22)

With the above boundary conditions, the const@éd
Cin Eqg.(21) can be determined,

Ah Ah2
B=""2L, =2"2pm, (23)
vV v
in which
ad a?s ad
L = — + =~ — —,
20+ad) S+ad d
b 2 -
M = A+Aa8A; :E; d:Q.
26 +ad)  d(5+ ad) h3 h3
(24)

The fluid velocity in the channel can be expressed as

Y2

hoA

U(y) = — (25)

The fraction of the mass flow rate through the diffusion
layer,m 4, with respect to the total mass flow rate,, is also

an important parameter in design, and can be evaluated by

combining Egs(21) and(24), viz.

mq . kh3
md+me  khg+ h3[— (1/6) + (L/2) + M]

mg

(26)

Mo
The parametei:; stands for the mass flow rate through the

flow channel. With the relation di, = Ah1, EqQ. (26) can be
written as

Vhd _ k/’L3
mg+me  khz+ A3h3[— (1/6) + (L/2) + M]
(27)

mq

Mo

C.Y. Soong et al. / Journal of Power Sources 143 (2005) 36-47

4. Results and discussion
4.1. Effects of GDL porosity on flow and mass transfer

In the following discussion, a baseline caseR#=50,
A=0.05, anct = 0.4 is defined in the parametric analysis. To
examine effects of the porosity, the values f0.1, 0.4, 0.7,
and 0.9 are considered. For the typical casé®af50,N=1,
andi = 0.05inFig. 3 the close-up views of the velocity vector
fields in the baffle-gap-GDL region of the present composite
flow passage clearly demonstrate the increase in mass flow
rate through GDL of high porosity. At a low porosity, the gas
flow moves downstream mainly through the gap between the
baffle and the GDL at a high speed, thereby a recirculation
appears behind the baffle. This recirculation bubble may be
reduced in size by increasing the GDL porosity. For example,
with the flows in the cases @f=0.4 and 0.7 compared with
that of e =0.1, the lower velocity at the exit of the narrow
gap and the pushing effect of the flow out of the GDL both
tend to deflect the flow behind the block upward and reduce
the size of the recirculation bubble. It is most remarkable in
the case ok =0.7. However, as the porosity approaches a
value close to unity, e.gs,= 0.9, the flow velocity slip at the
interface,y=0, can be alleviated. The deflecting or pushing
effect stemmed from the gas flow out of the GDL becomes
weak and the size of the recirculation bubble can be enlarged
to a certain degree. These flow characteristics may be related
to the pressure drop of the channel flow.

10-

(a)

Fig. 3. Close-up views of the velocity vector field near the gap of the baffle
plate in the baffle-gap-GDL region of the present composite flow passage of
one baffle aRe=50 and\ =0.05.
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Fig. 4. Comparisons of numerical and analytical results of axial velocity distributions in the gap region and porous GDLRayeBGandx =0.05. (a)
£=0.1; (b)e=0.4; (c)e=0.7; (d)e=0.9.

At Re=50 andx =0.05, Fig. 4 presents comparisons of under consideration is the half-cell on the cathode side, where
numerical and analytical results of axial velocity profiles at the oxygen and the water vapor concentrations, as shown in
the midway of the gap region, i.e{=Lj+L2/2. The thin Fig. 5@) and (b), are the major concerns in the mass transport
line of Y ~0.85 indicates the interface of the flow chan- aspectFig. 5a) shows the oxygen contours corresponding
nel and the GDL. For the small values of the porosity, e.g., to the cases ifrig. 3. In the case of the low porosity=0.1,
£=0.1, most of the fuel gas passes axially through the gap re-most of the oxygen appears in the flow channel, only very
gion. However, with increasing porosity, more gas enters the little oxygen can transport through the GDL and reach the
porous diffusion layer for the lower flow resistance. There- catalyst layer. This leads to a low reaction rate and there-
fore, the fluid velocity and the corresponding mass flow rate fore a low system performance. As the porosity increases,
in the GDL increase. Although the quantitative deviations e.g.e=0.4,0.7 and 0.9, more oxygen enters the porous layer
exist, both the approximate analysis and the computationaland the oxygen concentration decreases obviously along the
results show the same trend and the agreement at low porositichannel length. The reaction at the catalyst surface is en-
is better. The Darcy law gives a uniform flow solution the in hanced with more fuel supplied. In the region beneath the
porous layer, which is a good approximation only for the case baffle plate, a large amount of oxygen is forced to turn into
of low porosity. The analytical approximation is restricted by the porous GDL and strong reaction and higher consumption
the validation of the Darcy law with noticeable discrepancy of oxygen occur in this region.
at higher porosity. Water is the product of the reaction at the surface of the

Fig. 5reveals the effects of GDL porosity on the concen- catalyst layer, therefore, the maximum water vapor concen-
tration contours of the oxygen and water vapor. The model tration can be observed at the interface of the GDL and the
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0 10 20 30 40 0 10 20 30 40
(a) X(mm) (b) X(mm)

Fig. 5. Effects of porosity on the local oxygen and water vapor concentration in the baffle-gap-GDL region of the present composite flow passadieof one-b
atRe=50 and\ =0.05. (a) Oxygen; (b) water vapor.

catalyst layer where the oxygen is consumed. For low GDL
porosity, the reactant gas transport through the GDL is diffi-
cult and the reaction is weak. However, the situation can be

improved by increasing the porosity of the GDig. Xb) 0.025 ———————
demonstrates an increasing water vapor transport from the Re=50, ££=0.05
catalyst layer to the flow channel with porosity. Therefore, — =01
high porosity is beneficial to remove the excess water. In 002 F ——¢—04 " e
Fig. 5a) and (b), it is also observed that the concentrations ——g=(.7
of the oxygen (reactant) and the water vapor (product) are of ——£=09
an approximately complementary relation. The higher wa- 0.015 |
ter concentration appears at the location where there is less m]
oxygen, and vice versa. kg
At the catalyst surface, the effects of GDL porosity on (mT.S ) 001

the axial distribution of the oxygen mass flux are displayed
in Fig. 6. In general the oxygen decreases along the ax-
ial length but with an abrupt jump in the region beneath 0.005
the baffle plate, where the strong forced convection en-

hances the transport of the oxygen as mentioned previously.

The peak of the mass flux jump is raised up in the cases 0
of high porosity, e.g.£=0.7 and 0.9. Behind the baffle
plate, however, the oxygen fluxes for high porosity become
less due to the stronger reaction with fuel depletion occurs
upstream.

Fig. 6. Effects of porosity on the axial distribution of oxygen mass fluxes at
the surface of the catalyst layer.
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Fig. 7. Axial velocity distributions in the gap region and porous GDL layer at the central section of the blocked gap region. (a) Effects of geRpsb@ at
ande = 0.4, (b) effects of Reynolds numberjat 0.05 anck =0.4.

4.2. Effects of gap size and Reynolds number of the baffle plate. Th&eeffects diminish at very small gap
ratio (. — 0) and very large ones.(~ 1) as well. Among

It can be expected that the change in flow area of the fuel the cases studied, tigeeffect atA =0.2 is most noticeable.
channel may have a considerable influence on the masstrans- Fig. 9discloses effects of gap ratio and Reynolds number
port in the flow channel and the GDL as well. The blocked on the axial distribution of the oxygen mass flux;, on
channels with baffle of gap ratias= 0, 0.005, 0.05,0.1and 1  the catalyst surface. IRig. (a), the oxygen mass flux]"
are investigated in the present work. For the casé&esf50 is shown atRe=50 ande =0.4. The distribution ofn} is
ande =0.4,Fig. 7(a) shows the blockage effects on the veloc- characterized by a descending trend along the channel length
ity profiles at the midway locatioX=L1 +L>/2 of the gap but has a peak value at the location beneath the baffle plate.
region between the baffle and the GDL. An abrupt change Larger amount of reactant mass is forced towards the catalyst
of velocity occurs at the interface except in the case of fully surface by the presence of the baffle plate, and the smaller
blocked channeli(=0), in which all of the fluid is forced to  the gap size, the higher the mass flux is. However, changes
enter and flow through the GDL. As the flow channel is par- of m/ appearing in the upstream and downstream regions
tially blocked (0 <A < 1), however, part of the fluid is allowed  of the baffle plate are moderate. The oxygen mass flux in
to move downstream through the gap and the rest is forcedthe channel can be enhanced by increaBliag/hich gives a
into the GDL. With the increase in the gap height, the mass strong mass convection in the channel main flow, as shown
flow rate through the gap increase but the gap flow velocity in Fig. 9(b).
may reduce with the enlarged flow area. Due to the counter-
action of these two effects, the gap flow velocity variation
with the gap ratiori is not monotonic. The data shown in el ey By
Fig. 7 demonstrates that the axial velocityat 0.05 has a | = Re=50  ——Analytic
maximum among the cases considered. While the Reynolds ! s
number has only minor influence on the axial velocity profile
in the gap region as shown kig. 7(b). 0.8

The amount of reactant gas entering the porous GDL is 1 porons
one of the most interested and significant flow quantities. o 06
Fig. 8 presents the ratio of the mass flow rate in porous GDL
to the total mass flow rate;porous/total at various flow and 0.4
geometric conditions. It is observed that, in general, the nu- :
merical predictions ofporoug/ mtotal are of reasonable agree- 0.2
ment with the analytic approximations. From the results, it
is also found that this fraction of the mass flow rate in the 0
GDL reduces as the gap ratio increases. For a fixed value of
A, the fraction of the reactant gas transport in the GDL in- &
creases with increasirigesince a higher pressure gradient,
and thus the higher driving force, can be built in the presence

Fig. 8. Normalized mass flow rates in porous layer at the axial location of
gap region center and at various conditions.
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Fig. 9. Oxygen mass flux distributions at the surface of the catalyst layer. (a) Effects of gap Ree5 ands =0.4; (b) effects of Reynolds number at
A=0.05anck=0.4.

4.3. Effects of number of baffle plates on mass transport  evaluated by the integration; = f(l)r'n’l/ dx, wherex=X/L.

Fig. 11 presents the values @f; for the cases oRe=50
Number of the baffle plate is one of the significant and ¢=0.7 with various gap ratio. and baffle number

parameters in the present analysis of transport phenomenaN. Reduction in gap ratio causes an increasenin due

Fig. 10shows the distributions of the oxygen flux along to blockage effects of the baffle plates. Also, the data in

the interface between the catalyst layer and the GDL at Fig. 11 demonstrate that adding baffle plates enhances the

Re=50,£=0.7, andA =0, 0.05, and 0.1. Locally, the mass oxygen mass transport toward the catalyst layer through

flux is of peak values at the locations corresponding to GDL.

the baffle plates and the peak values decay downstream. From the data shown ifig. 10Q it is obvious that the

With various numbers of the baffle plates, the cases with axial distributions of the oxygen mass fluX at the inter-

small gap ration generally have higher peak values of the face of the GDL and the catalyst have a similar pattern. In

oxygen mass flux under the first baffle. The total mass flow Fig. 12 we plot the normalized mass flow raigorous/ 7total

rate of the oxygen reaching the catalyst layef, ¢an be at the midway of the channet/L = 0.5, under conditions of
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Fig. 10. Axial distributions of oxygen mass fluxesRe=50, ¢ =0.7 and various values of gap size and baffle numbeN &3; (b)N=5; (c)N=7; (d)N=09.
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Fig. 11. Oxygen mass flow rate reaching the interface of GDL and catalyst
layer for the cases ¢te=50,e = 0.7 and various values of gap size and baffle
number.

various combinations of porosity, gap ratio, and number of
baffle plates to demonstrate the similarity. As the trend shown
in Fig. 8 at a larger gap ratio, the fractiomyorous/mtotal iS

lower since most of the fluid moves downstream through the
gap between the baffle plates and the GDL, and a smaller,
amount of fluid is forced to pass through the porous GDL.
On the other hand, the mass flux fraction increases with in-

creasing porosity for the smaller flow resistance in the GDL. [~
However, this special value of the mass flux fraction at the lo- |

cationX/L =0.5is almostindependent of the number of baffle
plates.

To examine the influence of baffle plate number on the lo-
cal distribution of water vapor concentration, contours at the
surface of the catalyst layer for the casefef-50,¢=0.4,
A=0.05, and\N=3, 5, 7, and 9 are shown Iig. 13 Under
the assumption of fast and complete reaction of the oxygen
reaching the surface of the catalyst layer, the amount of the
water generated directly depends on the local mass flux of
the reactant gas, i.e., oxygen. It is observed that high water

vapor concentration appears at the locations under the baffle

plates where there is a high oxygen mass flux as shown in
Fig. 10
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Fig. 12. Effects of baffle plate number, gap ratiand porosity on fraction
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Fig. 13. Effects of baffle number on the local water vapor concentration in
the baffle-gap-GDL region of the present composite flow passdge=50,
A=0.05and=0.4.

4.4. Pressure drop across the channel length

The presence of the baffle plates placed normal to the main
flow direction partially blocks the fuel channel and forces
most of the fuel to go through the porous GDL and reach
the catalyst interface. This arrangement improves the fuel
transport rate and, therefore, the reaction at the catalyst layer
can be enhanced. However, the intrusion of the baffle plates
causes larger pressure-loss and needs higher pumping power
for delivery of the fuelFig. 14presents the influences of baf-
fle gap ratio, main flow Reynolds number, and the number of
baffle plates on the dimensionless pressure drop across the
fuel channelA P* = (Piniet — Pexit)/(pU3/2). From the data
inFig. 14a), itcan be realized that the pressure drop increases
with reducing gap size and/or porosity. With an appropriate
gap between the baffle and the GDL, eiXg=0.1 or larger,
the pressure drop and then the pumping cost needed would
be considerably reduced. The dataFig. 14b) show that
the dimensionless pressure drop reduces with the increasing
main flow Reynolds number and the effects in the cases con-
sidered are moderate. This trend is similar to the theory of the
laminar channel flow, in which the pressure drop is inversely
proportional to the Reynolds number. Increasing the number
of the baffle plates implies the stronger blockage effect and
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. . . . The presence of the baffle plates has significantimpact on
Re=50.N=1 ——)=0 the flow field in the fuel channel and the gas reactant trans-
Dol port through the GDL. The baffles block the main flow in the
Itﬁ]‘fj 1 channel and force more fuel gas to turn to the GDL. This fact
——)=0.2 implies an enhancement of the oxygen mass flux and the water
=1 vapor concentration at the catalyst surface, especially at the
1 positions right beneath the locations of the baffle plates. The
simulation demonstrated that the diffusion layersaf0.7
is beneficial to the performance of the reactant gas transport.
( 0.2 0.4 06 08 Increasing the number of baffles in the flow channel, the oxy-
@ € gen flux in the catalyst layer under the baffle would become
s higher. However, reducing gap size and/or increasing baf-
10" s fle number to enhance the reactant gas transport results in
N=1, =01 T Re=s0 ] a penalty of high pressure-loss. Although the present model
e ] without three-dimensional relieving effect may exaggerate
3 the pressure-loss, the qualitative trend of the present predic-
tions is useful for evaluation of the penalty stemmed from
high resistance due to the baffle blockage and the low GDL
porosity. In the parameter ranges considered in the present
1 work, the gap ratio has the most remarkable impact on the
10! . . . . variation of the pressure drop. Extremely high pressure loss
® 0 0.2 0.4 e 0.6 08 ! can be generated due to high flow resistance at alow gap ratio
combined with a low GDL porosity and should be avoided.
10° With the consideration of both high performance and reason-
able pressure drop, the present results disclose that designs
with the baffle gap ratio no smaller than 0.1, number of baffle
. platesN =3-5, and the GDL porosity around 0.7 seem quite

appropriate.
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