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Abstract

The objective of the present study is to investigate the application of the baffle-blocked flow channels for enhancement of reactant transport
and cell performance of a proton exchange membrane fuel cell (PEMFC). It is expected that due to the blockage effects in the presence of
the baffles, more fuel gas in the flow channel can be forced into the gas diffuser layer to enhance the chemical reactions and then augment
the performance of the PEMFC systems. The effects of liquid water formation on the reactant gas transport are taken into account in the
present modeling. Predictions show that the local transport of the reactant gas, local current density generation, and the cell performance can
be enhanced by the presence of the baffles. A physical interpretation for the difference in the baffle effects at high and low operating voltages
is presented. The results reveal that, at low voltage conditions, the liquid water effect is especially significant and should be considered in the
modeling. The cell performance can be enhanced at a higher air velocity on the cathode side, by which the cell performance can be enhanced
and occurrence of the mass transport loss can be delayed with the limiting current density raised considerably.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction were assumed to be functions of membrane water content.
Results showed that the membrane resistance can be signifi-
Fuel cell is an electro-chemical system that can realize cantly raised with an increase in current density, and the net
the direct conversion of chemical energy of reactants (a fuel water flux ratio under typical condition is much less than that
with an oxidant) to electric energy with high efficiency and under the fully hydrated membrane. It was also found that the
high environment compatibility. A proton exchange mem- resistance then reduces for a membrane of thickness small
brane fuel cell (PEMFC) operates at significantly low tem- enough. Kim et al[2] presented an empirical equation to fit
perature than other types of fuel cells do. It is a potential the experimental data of cell potential and current density for
candidate of the power source in the near future. There existthe PEM fuel cells at various operating conditions of temper-
a number of studies on the transport phenomena and the peratures, pressures, and oxygen compositions in the cathode gas
formance ofthe PEM fuel cells in the open literature. Springer mixture. Singh et al[3] employed a two-dimensional model
et al.[1] proposed an isothermal, one-dimensional model for to investigate the transport phenomena in a PEMFC. In their
the proton exchange membrane fuel cells. In their model, work, the attention was focused on the transport processes
water diffusion coefficient, electro-osmotic drag coefficient, in fuel cells in order to improve the thermal and water man-
water sorption isotherms, and the membrane conductivitiesagement, and to alleviate the mass transport limitations. To
examine the effects of temperature and gas pressure gradi-
* Corresponding author. Tel.: +886 2 2663 2102; fax: +886 2 2663 1119, €NtS on fuel cell performance and water management, a one-
E-mail addresswmyan@huafan.hfu.edu.tw (W.-M. Yan). dimensional, non-isothermal model was proposed by Dijilali
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N

mass fraction

quadratic drag factor

mass diffusivity (M s 1)

Faraday constant (96,487 C mé)
current density (A m?)

transfer current density (AT¥)
permeability

gas channel length (m)

gap between diffuser layer and baffle (m)
number of baffles

pressure (Pa)

universal gas constant (8.314 J (molK)
molar production rate per unit area
temperature (K)

velocity in thex-direction (ms1)
velocity in the y-direction (m<s?)
operating voltage (V)

oxygen mass fraction

Spices valence

Greek symbols

S S/ FAD >3 ®R

transfer coefficient for the reaction
porosity

surface overpotential (V)

channel width fractionlg/lc

density of oxygen (kg m®)

ionic conductivity of the ionomerg—t m—1)
tortuosity of diffusion layer

phase potential

viscosity of flow

ionomer phase potential (V)

Subscripts

I_<CQ_3<')Q)

@
=

anode
cathode
membrane
diffuser layer
x-direct
y-direct

liquid water
effective

White [5] proposed a model of the water and heat manage-
ment of the PEMFC systems, which includes the effect of
electro-osmosis, diffusion of water, heat transfer from solid
phase to gas phase, and latent heat as water evaporation and
condensation. They found that the ohmic loss is considerable
at high current density and the voltage loss is twice amount
of that of the cathode electrode. The back-diffusion of the
water from the cathode to the anode is not enough to keep
the membrane hydrated. Therefore, the reactant gas at the
anode needs to be humidified. In their work, Voss ef@il.
developed a relatively novel technique of water management
with anode water removal to modify the water concentra-
tion profile or gradient of the proton exchange membrane
to augment the back-diffusion rate of water from the cath-
ode to the anode. Therefore, the water at the cathode catalyst
layer diffuses through the membrane and is removed via the
anode reactant gas stream. Yi and Nguf/gnproposed an
along the channel model for evaluating the effects of vari-
ous design and operating parameters on the performance of
a PEMFC. The results show that humidification of the anode
gas is required to enhance the conductivity of the membrane,
and the liquid injection and higher humidification tempera-
ture can improve the cell performance by introducing more
water into the anode. Also applying higher cathode gas pres-
sure helps to replenish the water loss by electro-osmosis,
thereby making the membrane more conductive and thus re-
sulting in higher cell performance. Baschuk and8lidevel-

oped a mathematical model with variable degrees of water
flooding in the PEMFC. Physical and electrochemical pro-
cesses occurring in the membrane electrolyte, the cathode
catalyst layer, the electrode backing layer and the flow chan-
nel were considered. Compared with experimental results,
they found that when air was used as the cathode fuel, the
flooding phenomena are similar at different operating condi-
tions of the pressures and temperatures. When cell pressure is
increased significantly, the water flooding in the electrode be-
comes serious and leads to a noticeable reduction in the power
output.

The design of the flow field in bi-polar plate is one of the
crucial factors to the performance of a PEMFC. To enhance
the liquid water transport out of the diffuser layer, a new flow
channel design was developed by Nguy@h This design
in effect has converted the transport of reactant/product
gases to/from the catalyst layers from diffusion mechanism
to a convection mechanism. Wood et [dl0] presented the
experimental results on the effectiveness of the direct liquid
water injection scheme and interdigitated flow field design

and Lu[4]. It was found that the temperature distribution in for proving the performance of PEMFCs. They found that
the PEMFC is affected by the water phase change in the electhe interdigitated flow field is able to provide higher transport
trode. The peak temperature within the cell occurs at lower rates of reactant and products to and from the inner catalyst
operating temperature and partially humidified reactants. As layers. To understand the effects of the interdigitated gas
aresult of enhanced water evaporation with thermal gradientsdistributor on the performance of these fuel cell electrodes,
taken into account, the Darcy isothermal pressure drop canYi and Nguyen11] proposed a two-dimensional isothermal

be compensated by the temperature non-uniformity.

model of a porous electrode to simulate the hydrodynamics

In the study of the PEM fuel cells, the thermal and water of gas flow through the pore volume of the electrode of a
management is one of the most important issues. Nguyen andPEMFC. Based on the predicted results, it was concluded
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that the electrode performance is improved by the higher
gas flow rate through the electrode improves. Besides, the * *
average current density decreases with an increase in the ] ] I I { [ [

electrode thickness or shoulder width of the gas distributor.
He et al.[12] studied the effects of various electrode and
flow field design parameters on the performance of the cath-

ode of a PEMFC. It was found that that higher differential :

pressure between inlet and outlet channels will enhance the [1] Anode channel
electrode performance. Increasing the electrode thickness is [B] Ancde diffuser
equivalent to increasing the diameter of a pipe in a fluid flow R ——
system and the gas bypassing effect becomes more signifi- B

cant. Um and Wan@l3,14] developed a multidimensional [ 2] |[e] FE———
model to study the electrochemical kinetics, current distri- EI c:uhodc ;] |fr;.lqm-
bution, fuel and oxidant flow, and multicomponent transport '
in a PEMFC with the interdigitated flow field. The electro- Cathode channcl
chemical behaviors of a direct methanol fuel cell with ser- [ Sale

pentine flow field (SFF) and interdigitated flow field (IFF)
at both cathode and anode were investigated by Arico et al.
[15]. The experimental results showed that the IFFs signifi- A [ I I T [ I

cantly enhance the mass transport inside a DMFC and allowY

achieving the higher maximum power outputs compared to

the classical serpentine geometry. The larger methanol per- X

meation through the electrolyte determines both lower volt-

age and fuel efficiencies in the activation-controlled region Fig. 1. Two-dimensional fuel cell model of a PEMFC system with baffle-

with respect to the SFF. Recently, Yan e{&6,17]presented  blocked flow channel.

the studies about the effects of flow channel designs on the

steady or dynamic gas transport and cell performance of PEM )

fuel cells. They found that the flow distributor geometry has 2 Analysis

a significant influence on the cell performance. In addition,

they indicated that for a larger channel width fraction, afaster ~ Fig. 1is a schematic diagram of the two-dimensional fuel

dynamic response as well as better cell performance can becell model of the PEMFC considered in the present work,

attained. which consists of a proton exchange membrane, two catalyst
With the appropriate design of the flow channel of the layers, two gas diffuser layers, and two flow channels. To

bipolar plate, the efficiency of the thermal and water man- examine the effects of the baffles on the gas transport and cell

agement in PEMFC systems can be achieved. Therefore howperformance, the tandem array of the bafflesis arranged in the

to design an optimal flow channel in the bipolar plate is one cathode flow channel in order to force the fuel gas to flow into

of the most important issues in the study of the PEMFC. To the gas diffuser layer and catalyst layer at the cathode side.

install a tandem array of baffles in fuel flow channels is a For simplification of the analysis, the following assumptions

possible strategy. It is expected that due to the blockage ef-are invoked: (1) the gas mixtures are considered to be perfect

fects in the presence of the baffles, more fuel gas in the flow 9ases; (2) the gas flow is steady and laminar everywhere in

channel can be forced into the gas diffuser layer to enhancethe fuel cell; (3) the gas diffuser layers, catalyst layers, and

the chemical reactions and, in turn, augment the performanceth® PEM are considered to be isotropic porous media; (4) the

of the PEMFC systems. From the literatures reviewed above,heat generated by the chemical reaction is neglected in this

it is obvious that the performance of the blocked flow chan- Work.

nels with baffles installed in a PEMFC have not been well  With the above assumptions, the gas transport equations

examined yet. This motivates the present study. The objec-for @ two-dimensional PEMFC system can be depicted as

tive of the present study is to investigate the performance of follows.

the blocked flow channel with baffles in a proton exchange

membrane fuel cells (PEMFC) is investigated numerically. Continuity equation : u + G =0 (1)

A two-dimensional numerical model is developed to carry ax  dy

out the reactant gas transport phenomena and cell perfor- )

mance with baffle effects in the flow channel of bipolar plate. Momentum equations:

Effects of the baffle width are explored. Additionally, the ef-

fects of liquid water formation on the reactant gas transport ou ou geff 0P Pu  %u

are taken into account in the modeling and examined in the Eeff <”_ + > < _>

d0x v8_y
analysis. (2)
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fCH,0
Table 1a i i SL — MH2 kC epRT2 (P H,O — PSEU) If PH20 > Psat (5)
Parameters used in this work keefis(Psat— PHZO) if Ph,0 < Psat
Porosity of diffuser layer a
Porosity of catalyst layer X4 whereM is the molecular weight anki andke are the con-
(B:ﬁ:':n‘g’:dlg:]g:;]) ) 033(6);62 densation and evaporation rate constants, respectively. The
Channel width (m) ©00762 saturation pressure of water can be expressed as
Diffuser layer width (m) 00254 —2.17944+-0.02953—9.1837x 107 °T%+1.4454x 1077
Catalyst layer width (m) 0000287 Psat= 10"~ : : : (6)
Membrane width (m) 0023
Operation temperature (K) 353 In addition, the saturated ratg,is defined as the ratio of
Operation pressure (atm) . 1 the volume of pore occupied by liquid water to the volume
Inlet average velocityo (ms ™) 1.76

of pore in the porous medium.
< 9 8v> fotf OP <82v 52y ) .. For this reason, the effective porosity of porous media is
Eeff eff

— — == modified to account the liquid water effect:
“ox T V5 o oy e ety q
) eer=e(1-s) (7)

. . . aC, aC jals i i -
Species concentration equation : ef (u 9Ck | %%k 'I_'he phasg potentials in the catalyst layers satisfy the fol
ox ay lowing equations:

32C,  9°Cy 3 AP 3 A
=D — Sk + S 4 —_ il — )=
k,eﬁ(axz + 2>~|- © + SL 4) ™ <0m8x>+8y <c7m ay) ja atanode (8)

Inthe momentum equatiorS, andS, stand for the source B o] 0 o] .

terms based onthe Darcy’s drag forces ikhady directions P ( ma) dy ( ma_y) = —Je atcathode ©)
imposed by the pore walls on the fluid, and usually cause in a

significant pressure drop across the porous media. The detail&nd the phase current density satisfies as following equations:
of §, andS, for different layers are listed ifiables 1a and 1b 5i 9.

In Eq. (4), the effective mass diffusivitfes, can be writ- — 4+ 2 =j, atanode (20)
ten asDy.eff = De® andr is the tortuosity of the pores in 9% 9
porous medium and is the production rates d&th species iy Oy
in gas phase. o T3, = Jc atcathode (11)

To comprehend the liquid water effect, a simplified two-
phase model is used to describe water transport in the PEM  The governing equation of the proton concentration in the
fuelcell. Inthis work, we account for the liquid water effectby  membrane can be written as
modify the mass diffusivity due to the liquid water filling the
pores in the porous media and the liquid water generation in ¢, <u@ ) ac")
the species concentration equation. When the partial pressure dx dy
of water vapor is greater than the saturation pressure of water 2C,  92C,
vapor, we assume that water vapor may condense and fill the = Di,eff <W + V)
pore in the porous media. The source tefinin the species

concentration equation, E@4), representing the quality of +ZFD W P n 32 (12)
liquid water can be evaluatdi8]: RT EfHTTHT 5x2 T 2
Table 1b
Details of the source terms in the governing equations
S S S Dy eff Ti
Gas channel 0 0 0 - -
2 3 2 3
. C C
Gas diffuser layers Y EEEP e 2 Y TR 22 0 Diegeg 1.5
kp Vo koo Vhe ’
Catalyst layers ve? _ eenCron Vu? + 12 ve? Eg'EﬁCFpU‘/ 2412 Hy LI Os: L, H20: L, D 15
—— U — —— VU U —— V= —FVU v .= L= . 8 .
y y kp \/kT) kp \/k»p 2 2FCa]a 2 4FC, Jc F12 2FCCJC k Ceff
2 3. Crpu ve?  e34Crpu ZF Po P )
Membrane — U ’37 u? + v+ —k—pv— QW u? + v+ &7 Pretins Cur | 55 + el Ditei 6
P

kp
foCH+F Vo . —
dx
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and the membrane phase potential is governed by the follow-

ing equation:
0 Rl 4 d Rl 0
— lom— — lon— | =
ax " ox ay m ay
In the above formulations, Eg&l)—(4)and(8)—(13)form
a complete set of governing equations. The detailed boundary
conditions are similar to those of Soong et[dB]. Due to
the space limit, they are not presented here.

(13)

3. Numerical method

V(V)

129

08

0.6 I Anode fuel=H,
Cathode fuel=Air

04 F Anode flow velocity=0.75 m/s
Cathode flow velocity=0.5 m/s
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02 |
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1 T T
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Present study(With liquid Effect)
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I(A/nt)

0 1000

3000

4000 5000

Fig. 2. Comparison of the predictéeV curve without baffle effect and the
Since it is impossible to obtain an analytic solution of the experimental data of Che20].

complex convection—diffusion problem like this one, it will

be solved by a finite volume method using a collocated cell- effects on the cell performance, the polarizatibi\Vf curves

centered variable arrangement. The governing equations carwith various baffle width and baffle numbers are presented

be expressed in the form of a generalized transport equationin Fig. 3(a) and (b), respectively. For comparison, the results
without liquid water effects in the model are also presented.

V - (pitp — TyV) = Sp

whereg is the general dependent variahi& the exchange
coefficient,S, the source terny velocity vector, anc the
density. With the discretization of the governing equations,
the coupled finite-difference equations become

(14)

An overall inspection ofig. 3indicates that at the conditions
of the high operating voltages, the baffle effects on the overall
cell performance are negligibly small as compared with those
without baffle effect. At low voltage conditions, however, the
baffle effects on thé-V curves become important. In addi-

tion, the cell performance is enhanced with increase in the

apdp = agde + awdw + andn + asPs + Sy (15)

wheregp is the value ofp at the current poinP, ¢g. . .¢s
stand for the values of the grid points adjacent to the faint
andap. . .ag are known as the link coefficients.

In this work, the non-uniformly distributed grid systems
of 101 and 183 points are employed in thendy directions
(orexpressed as 164.183), respectively. To obtain better ac-
curacy in the numerical computations, grid independence is
examined in the preliminary test runs. It is found that the de-
viations of the local current density between the predictions
onthe grids of 10k 183 and 20X 285 are less than 2%. Ac-
cording, the computations on the grid system of (183
points seems sufficient to understand the behaviors of the
reactant gas transport in a PEMFC. To further check the ad-
equacy of the numerical scheme, at first, the results of the
two-dimensional results without the baffle effect are evalu-
ated, as shown ifig. 2 It is clearly seen frontig. 2 that
the present predictions agree reasonably with the experimen-
tal data of Cherj20]. The above preliminary runs confirm
that the present model and the numerical method used are
generally appropriate in analysis of the present problem.

4. Results and discussion
With the tandem arrangement of the baffles in the chan-

nel of the cathode side, the fuel gas will be forced to flow
into the gas diffuser layer and catalyst layer to enhance the

V{V)

V)

0.6 E
W=1
0.4 Wi=:2 -
w=4 "
no baffle =]
02 F with liquid water effect £
---- without liquid water effect
0 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000
I(A/m”)
1.2 T T T T T T T ¥
(b) W=4
1 -
0.8 .
0.6 -
1
0.4 2
=5 q i
no baffle Yy
02 | with liquid water effect ' b
= ====without liquid water effect
0 L 1 L 1 n 1 2 1 L " 1 i
0 2000 4000 6000 8000 10000 12000 14000

I(A/m®)

chance of chemical reaction at the catalyst Iaygr as well asrig. 3. Effects of baffle width and baffle numbers on the cell performance:
the performance of the fuel cell system. To examine the baffle (a) baffle width effects and (b) baffle number effects.
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Fig. 5. Effects of baffle number on the local current density distributions:

Fig. 4. Effects of baffle width on the local current density distributions: (a) (2)V=0.7V and (bV=0.2 V.

V=0.7Vand (b)Vv=0.2 V.

baffle width and/or baffle numbers. It is clearly seen that the is on the location of the 1/2th length from the inlet, that is,
higher limiting current density is noted for a PEMFC with a at the central position of the channel length. Ror 3, the
greater baffle width and/or baffle numbers. Itis also disclosed three baffles are located at the positions of 1/4, 1/2 and 3/4th
that, at high operating voltage conditions, the deviations in length from the inlet, respectively. Itis clearly observed from
the cell performance between the results with and without Fig. 4 that except the peak regions, the local current density
consideration of liquid water effects are small. This means decreases with the axial locati¥nHowever, around the baf-
that the fuel transport in the PEMFC can be safely treated fle locations, there exist peaks in the distributions of the local
as gas phase only at a high voltage condition. Whereas, atcurrent density. It means that better cell performance is gen-
low voltage conditions, the liquid water effects on the cell erated around the baffle locations. This can be made plausible
performance are remarkable and cannot be neglected in thédy noting the fact that as the fuel gas is blocked by the baffle
modeling. This confirms the fact that the mass transports atin the channel, more fuel gas will be forced to turn into and
low V are significant and, in turn, more water is generated in penetrate through the gas diffuser layer and catalyst layer,
the catalyst layer of the cathode side. Therefore, two-phasewhich in turn, causes a significant enhancement of chemical
flow effects should be considered in the low operating voltage reaction at the catalyst interface. The plots show local current
conditions. density distributions of a periodic pattern with peak value ap-
The above evidences demonstrated that the appearancpearing in the regions around the baffles and reducing along
of the baffles in the flow channel has a considerable impactthe channel. The best enhancement does always occur at the
on the cell performance. It is very significant to examine region around the first baffle. A careful examination of the
the baffle effects on the local transport characteristics of the cases with/=0.7 V in Fig. 4(a) discloses that, the local cur-
PEMFC, especially at the operating conditions of low volt- rent density monotonically increases with an increase in the
age. To reach this enBigs. 4 and Show the effects of baffle  baffle width in the upstream region quite near the entrance;
width and baffle numbers on the local current density distri- while, at the downstream regiok$ 0.065 m) of the blocked
butions, respectively. In these plots, the baffles are located atchannel with wider baffles, remarkable reductions in current
the positions of/(N + 1)th length from the cathode inlet. For  density are found and the reduction becomes more serious as
example, for case of one baffle (i.8.7 1), the baffle location  the baffle numbeN increases. The dramatic degradation in
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local current density in the downstream region of a blocked 0.005 T 1 1 ' :
channelis a reflection of the more efficient fuel transport and
the chemical reaction in the upstream. Consequently, these 0.004
two counter-effects render the resultant current density or _
performance of the fuel cell insensitive to the application of
the baffles. For the cases with=0.2V in Fig. 4(b), abrupt
increases in current density appear due to the presence of the &
baffles, and the highregions beneath the baffles expend with
anincrease in the baffle width. Although the values of the cur-
rent density in the regions between the neighboring baffles —— with liquid water effect 2
reduce with the increasing baffle width, in sum, noticeable | - without liquid water effect
enhancementin the cell performance can be still retained. The e o e s e e s
global effects addressed above for the cases with the baffles(a) Y(m)
of various width at the operating conditions of 0.7 and 0.2V
can be validated in the-V curves inFig. 3(a). Besides, the
predictions reveal that consideration of the liquid water in the
simulation leads to the relatively lower current density than
those in the cases without liquid water effect. 0.004
Fig. 5presents the effects of baffle numbers on the local
current density distributions for the baffle widtti=4 and at
the operating voltages of 0.7 and 0.2 V. Generally, the quali-
tative trend of the data iRig. 5can be interpreted in a similar
way as that we did for the cases of various baffle width ef-
fects inFig. 4. The major difference between two is that the 0.001
enhancement in local current densityFig. 4is achieved by with liquid water effect
enlarging the extend of the highregions via an increase in g Loy ithoos fiauid witer offect™
the baffle width, whereas inthe cases showFign5, the local g 001 0e2 003 @04 005 0067 DO OO
current density or performance is enhanced by increasing the® Y(m)
number of the highH+egions. The effects of the baffle number
effects at the operating condition of low voltagé<0.2 V)
are shown irig. 5a). Near the entrance, the effects of baffle
on the local current density are similar to those at the high
operating voltage. For the downstream region, however, thewidth and baffle numbers on the local distributions of oxygen
peak-value regions in the local current density plots become mass fraction along the GDL—CL interface #r 0.2V are
narrow and shortened. This can be attributed to the more pro-presented irrig. 7, in which it is observed that the presence
nounced electro-chemical reaction at the operating condition of the baffles in the flow channel has a considerable impact on
of low voltage. Therefore, oxygen concentration at the cath- the local distributions of oxygen. Around the baffle regions,
ode side would be reduced considerably, especially for thethe oxygen distributions show a peaked increase, which is
cases with a greater number of baffles. Accordingly, in the a consequence of the channel blockage and its effect on the
downstream region of the blocked channels, the higdgion enhancement of fuel gas transport we have addressed previ-
around the baffle becomes narrow. ously. Therefore, the oxygen distributions show peaked vari-
The distributions of oxygen mass flow rate along the in- ations around the baffles. Fg. 7(a), for the peaked variation
terface between the gas diffuser layer (GDL) and catalyst around the first baffle, the influenced regions due to the pres-
layer (CL) with various arrangements of the baffles are pre- ence of the baffle increases with the increased baffle width.
sented irFig. 6. Since the power output is the consequence of But for the third peaked variation, the smallest influenced re-
the electro-chemical reaction, the consumption of the oxygengion and peak value in the oxygen concentration are noted
along the GDL—CL interface can be considered as an indexin the case with a widest baffle, in which the chemical reac-
of the cell performance. A higher mass flow rate indicates tion along the catalyst in stronger near the entrance. But as
a higher current density, i.e., a better cell performance. It is the fuel gas goes downstream, the oxygen concentration be-
apparent that the distributions of the oxygen mass flow rate comes lower due to the faster consumption. Therefore, in the
are similar to those of the local current density. This confirms downstream region, the oxygen concentration may become
the adequacy of the present study. lower around the baffle for the case with a wider baffle. As to
In the study of reactant gas transport in the PEMFC, un- the baffle numbers effects on the local oxygen distributions,
derstanding of the detailed local distributions of the oxygen Fig. 7(b) presents three typical predictionshd£ 1, 3, and 5.
at the cathode side along the GDL-CL interface is important Generally speaking, as those presentegign 7(a), the pres-
to the design of a PEMFC. To this end, the effects of baffle ence of the baffles leads to abrupt and high-peak variations of

0.003

no,(Kg/m's )

0.002

0.001

0.005

zzZz<

0.003

0.002

m n:(Kng:s )

Fig. 6. Effects of baffle width and baffle number on the local distributions
of oxygen mass flow rate.
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the local oxygen mass fraction in the regions corresponding
to the locations of the baffles. Comparing the local oxygen
mass fraction in the region beneath the baffle, i.e., around
the 1/2 channel length, in the three cases, it is shown that
the local oxygen mass fraction reduces with increasing baffle
number.

In analysis of the PEMFC, the airflow rate on the cathode
side is one of the key operating parameters to the cell per-
formance. To examine this effeétig. 8 shows the effects of
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Fig. 8. Effects of air velocity on the cathode side on the cell performance.
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air velocity on the cathode side on the performance curves
of the PEMFC. In this work, the reactant inlet velocity of
the values 0.44, 0.88 and 1.76 m'sare considered. The pre-
dictions inFig. 8 disclose that a better cell performance is
found for a case with a higher air velocity. The high velocity
implies sufficient supply of the reactant gas, which reduces
the mass transfer overpotential, delay the occurrence of the
mass transport loss and then increases the limiting current
density considerably. Besides, the model without considera-
tion of liquid water effect over-predicts the simulated results
of thel-V curves.

5. Concluding remarks

With an appropriate design of the flow channel of the bipo-
lar plate, the thermal and water management of the PEMFC
can be achieved efficiently. To reach this end, a new con-
cept of the flow channel design with baffles is proposed and
analyzed in this work. To validate the concept, the detailed
gas transport phenomena and cell performance with baffle ef-
fects in the flow channel are numerically investigated. What
follows are the major findings.

1. Boththereactanttransportand cell performance canbeen-
hanced by the presence of the baffles in the flow channel of
the bipolar plate, especially at the operating conditions of
low voltage. The beneficial baffle effects become increas-
ingly remarkable with increasing width and/or number of
baffles in the tandem array.

Predictions demonstrate the baffle effects on the cell

performance are dependent of operating conditions. At

high operating voltages, the baffle effects enhance the
gas fuel transport and raise the local current density
in the upstream region but reduce them in the down-
stream part of the flow channel. The resultant influ-
ence of the presence of the baffles becomes insignif-
icant due to offset of the two counter-effects. At low
operating voltages, however, abrupt increases in local
current density appear at the locations beneath the baf-
fles. Although the values of the current density in the
regions between the neighboring baffles reduce, notice-
able enhancement in the resultant cell performance is still
retained.

. The predictions obtained by using the models with and
without liquid water effects are of deviations, especially
at the operating conditions of low voltage. Under this sit-
uation, the liquid water effect is significant and should be
taken into account in the modeling.

. With a higher air velocity on the cathode side, the lo-
cal current density is increased and the cell perfor-
mance can thus be enhanced. The high velocity of the
reactant gas can reduce the mass transfer overpoten-
tial, delay the occurrence of the mass transport loss,
and then increase the limiting current density conside-
rably.

2.
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