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Abstract: This study combines the three-dimensional model of the high-temperature proton exchange membrane fuel

cel(HT-PEMFC) with theoretical analysis, by optimizing the structure of the fuel cell, adding a semicircular baffle

in the gas channel and implementing novelly arranged obstacles to improve the PEMFC performance. The effects of

velocity distribution, interface reactant concentration and pressure drop on performance are studied. The results show

that adding obstacles in the gas channel will produce vertical velocity and can improve output performance, especially

in the case of high current density and higher baffle radius. The superiority of the optimized structure in mass transfer

capacity is proved, and a mechanism explanation is given for the improvement of performance.
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0 Introduction

Proton exchange membrane fuel cell (PEM-
FC) has the advantages of high energy conversion
efficiency, low emissions, and high stability. Tt is
considered to be one of the most suitable alterna-
tives to traditional energy conversion systems, like
internal combustion engines'*. At present, PEM-
FC has been widely and successfully applied to
many fields, such as automobiles, communica-
tions, and submarines™. PEMFC can be divided in-
to two categories via different operating temperature
ranges, i.e., the high temperature PEMFC (HT-
PEMFC) and the low temperature PEMFC (L. T-
PEMFC). HT-PEMFC has an operating tempera-
ture range of 100—200 °C, and the working temper-
ature of LT-PEMFC is about 60—80 C'*. General-
ly, since LT-PEMFC works at lower tempera-
tures, a more complex water management system is
required to maintain Nafion membrane perfor-
mance, and pure hydrogen (99.99% ) is used for fu-

el treatment to prevent CO poisoning of platinum
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catalysts " Since HT-PEMFC operates at a tem-
perature above 100 “C and uses polybenzimidazole
(PBI) membrane, it can evaporate the liquid water
produced by the cathode, thereby simplifying the
water management system, and the PBI membrane
has a better effect on CO poisoning tolerance,
which can simplify the fuel treatment system'”. In
addition, the increase of temperature will increase
the rate of electrochemical reaction. The consump-
tion of hydrogen will be reduced, and the waste heat
can be better recycled“”. Therefore, the HT-PEM-
FC technology can reduce operation and equipment
costs, moving closer to commercialization'*'.
PEMFC is mainly composed of a proton ex-
change membrane (PEM), a catalytic layer, a diffu-
sion layer, a bipolar plate and a flow channel. The
hydrogen and oxygen (or air) are sent into the fuel
cell by the anode/cathode flow channels, and then
pass through the gas diffusion layer (GDL) to the
catalyst layer (CL) for electrochemical reaction.
Under the action of the anode catalyst, a hydrogen

molecule is oxidized into two protons and two elec-
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trons are released. The electrons generated by the
electrode reaction reach the cathode through the ex-
ternal circuit, and the protons reach the cathode
through the electrolyte membrane. The electrons re-
act to generate water and heat, and the generated
water is discharged with the reaction tail gas.

Among them, the chemical reaction of PEM-
FC can be described as:

Anode:H, > 2H" + 2e

1
cathode :5()2 + 2H" + 2e—>H,O + Heat

1 .
Total:H, + > 0O, —>H,O + electrolic + Heat

During the operation of the fuel cell, there will
be a significant voltage drop compared with the ideal
voltage output, which should be reduced as much as
possible. The irreversibility of the electrochemical
reaction of the fuel cell is the main cause of the volt-
age drop. The voltage drop includes activation over-
potential, ohmic overpotential and concentration
overpotential. The activation overpotential and ohm-
ic overpotential are related to physical properties
and initial working conditions, while the concentra-
tion overpotential is determined by the structure and
reaction process of the fuel cell. The enhanced mass
transfer effect brought by the excellent structure will
provide enough reaction gas for CL., which means
lower concentration overpotential and better perfor-
mance. In addition, enhancing the mass transfer pro-
cess is also important for the long-term, efficient
and stable operation of PEMFC. Jiao et al.'" nu-
merically studied the influence of flow channel ge-
ometry and CO poisoning on the performance of
HT-PEMFC batteries. Their research results show
that when pure hydrogen is fueled, the interdigital
channel produces the highest power output com-
pared with the serpentine and parallel channels.

1.M""" applied a new serpentine geometry

Singdeo et a
to the HT-PEMFC channel to improve the distribu-
tion and performance of reactants in the fuel cell.
Numerical simulation results show that under the
same voltage, compared with the common serpen-
tine geometry (uniformity coefficient of 0.96) , the
new serpentine geometry can achieve better current
density distribution (uniformity coefficient of 0.998)
and higher average current density (increased by

about 22% ). In all channel structure design studies,

in addition to different flow channel topology types,
arranging baffles or ribs along the channel is consid-
ered to be another effective design to improve the
performance of LT-PEMFC. There has been little
research on HT-PEMFC.

Shen et al. ""*! compared the performance of
four LT-PEMFCs with different blocking baffles
with a conventional single serpentine flow field. Ac-
cording to the principle of field synergy, it is veri-
fied that as the number of baffles increases, the aver-
age synergy angle between the gas velocity and con-
centration gradient at the cathode decreases, and
the effective mass transfer coefficient is improved,
thereby enhancing the performance of PEMFC.
Jang et al.""studied the influence of the number of
baffles on the transportation phenomenon of LT~
PEMFC by numerical simulation. The results
showed that with the increase in the number of baf-
fles, the increase in current density at low voltage
decreased. Therefore, there is an appropriate num-
ber of baffles corresponding to the highest net out-
put power. Heidary et al.""*' studied the effect of par-
tial or full blockage on the performance of LT-PEM-
FC, and the results showed that, despite the higher
pressure drop, complete blockage forced more reac-
tants into CL. compared with partial blockage, pro-
moted the supply of reactive gas, and improved the
net electric power. Their follow-up study on the baf-
fle position showed that the performance of stag-
gered blockage in parallel flow channels is better
than that of continuous blockage of baffles'”. The
numerical results of Perng et al.'" show that the
larger angle and height of the trapezoidal baffle pro-
vide more reactants for CL than the traditional flow
channel, which can significantly enhance the block-
ing effect, thereby improving the performance of
LT-PEMFC. When the trapezoidal baffle angle of
LT-PEMFC is 60°, the maximum battery net pow-
er output at a battery voltage of 0.6 V is about 90%
higher than that of PEMFC with a traditional flow
channel (without baffle). The wave-shaped flow
channel is also regarded as a flow channel with a

" used a 3D calcula-

continuous baffle. Kuo et al.
tion model to compare the LT-PEMFC with a tradi-
tional straight gas flow channel or a new wave-

shaped gas flow channel. The results show that com-
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pared with straight air channels, wave-shaped chan-
nels provide better convective heat transfer perfor-
mance, higher air velocity, and more uniform tem-
perature distribution. As a result, the efficiency of
the catalytic reaction is greatly improved. The im-
proved catalytic reaction is beneficial to increasing
the battery voltage and improve the power density,
especially in the case of high inlet temperature and
current density.

There 1s nearly no written works considered
the impact of the baffles in the channel of HT-PEM -
FC. In addition, the pressure loss caused by this baf-
fle will result in additional power consumption for
transporting the reactants. It is necessary to com-
pare the actual increase in the net power output by
the HT-PEMFC considering the pressure drop of
the channel. In this paper, the numerical results of
the straight channel HT-PEMFC are compared
with the polarization performance obtained by exper-
iments in the literature. The results show that the
computational fluid dynamics (CFD) results agree
well with the experimental measurement data and
the model is credible. The purpose of this paper is to
propose an innovative internal cross-shaped semicir-
cular baffle channel via comprehensive numerical
analysis on HT-PEMFC, and qualitatively study
the different barriers in the bipolar plate channel in
consideration of the net power output. To investi-
gate the effect of plate layout on the comprehensive
performance of HT-PEMFC, the parametric scan-
ning method is used to quantitatively study the radi-
us of the HT-PEMFC semicircular baffle under the
highest performance conditions. Finally, a compre-
hensive analysis of the performance of different run-

ners is carried out.

Cathode BP-

Cathode channel f z

Cathode GDL\; 4

Cathode CL 00
Membrane
Anode CL -
Anode GDL ;,/’7> :
Anode channel . 1
Anode BP - -

1 Design Description

The basic model of single channel PEMFC is
based on the structure of parallel straight channel
PEMFC. Since parallel straight channel PEMFCs
are geometrically arranged periodically, the repeat-
ing units are shown in the red dotted line in Fig.1.
Therefore, we select the periodic repetitive part of
the fuel cell for numerical calculation, and the calcu-
lation domain is shown in the red dotted line in
Fig.1.

Fig.1 Position of single channel PEMFC in flow field

The addition of baffles can effectively enhance
the transport of reactive gas to the diffusion layer
and improve the performance, but at the same
time, it increases the pressure drop, resulting in
the increase of power consumption of the auxiliary
system. Therefore, we redesigned the traditional
semicircular baffle channel. On the one hand, the
semicircular baffle was cut to reduce the pressure
drop in the flow process; on the other hand, the
semicircular baffle was staggered in the flow direc-
tion to reduce the uneven distribution. It is expected
to improve the performance and reduce the pressure
drop of the PEMFC channel. The relative position
of baffles in a single channel fuel cell is shown in
Fig.2. The height changes with the radius, and the
radius (7) is defined as a variable geometric param-

eter.

[l
2 mm

— '

Fig.2 Geometric diagram of PEMFC with staggered semicircular baffle channel
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In this paper, the semicircular baffle channel
and staggered semicircular baffle channel are numer-
ically simulated, and the performance of the three
channels is analyzed by comparing with that of the

straight channel, as shown in Fig.3.

(c) Staggered semicircular baffle
channel

Fig.3 Computational domain of PEMFCs with different

channels

2 Model Development

PEMFC model is complex. It is a multi-pro-
cess and highly nonlinear energy conversion system
with strong coupling. Various factors are interrelat-
ed and influence each other. Therefore, it is neces-
sary to establish a specific and detailed mathematical
model to describe the working process of HT-PEM -
FC.

The basic mathematical models used in the sim-
ulation of HT-PEMFC are described, including the
basic hydrodynamic model and the electrochemical
model. The established three-dimensional, single-
phase, isothermal and steady-state HT-PEMFC

models provide a theoretical basis for future simula-
tion. In order to control the factors affecting the per-
formance of PEMFC, the numerical examples in
this paper are simulated under the same membrane
electrode assembly (MEA) conditions. In addition,
in the study of the influence of different baffle radii
on the performance, the radius is set as 0.3, 0.4,
0.5, and 0.6 mm, respectively.

To simplify the model, the main assumptions
of the HT-PMEFC model are as follows:

(1) The fluid is regraded as the single-phase,
laminar, and stable flow;

(2)Isothermal conditions are adopted ;

(3) The reaction gas is the ideal gas;

(4) The membrane only conducts protons, but
does not allow the reaction gas to pass through;

(5) The GDL, Cl, and PEM layers are homo-
geneous and isotropic

(6) The contact resistance between layers is
negligible.
2.1 Governing equations

The transport processes in different layers of a
fuel cell are governed by partial differential equa-
tions as follows

Ve(epu)=S, (1
where €, u, S,,, and p are the porosity, the velocity
vector, the mass source term, the density of the flu-

id mixture, respectively.
ouV ()= { = pI + ¢ [Vu+ (Va) ']} + 5,(2)

where S, 1s the momentum source term, I the identi-

ty matrix, p the pressure, and u the viscosity.

al M VM
V{ pwl]Z;Dlj|:M(vw]+ij) + (1‘[.

)Vlf} + w,pu} =S, (3)

w;j

where D is the binary diffusion coefficient, x the
mole fraction, w the mass fraction, M the molar
mass, S, the component source item, and the sub-
script £ the type of component.
Charge conservation equations are
Ve(— 0. VO,) =S, (4)
Ve(—oeaVe,) =S, (5)

where o ., 0. are the conductivities of the solid
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and membrane phases, respectively; @, @, the po-
tentials of the solid phase and the membrane phase,
respectively; and S,, S. the source terms of the elec-
tron current and proton current, respectively.

In the simulation, the Bulter-Volmer equation
is mainly used to describe the electrochemical reac-
tion process of cathode and anode of PEMFC,
which mainly occurs in the catalytic layer of PEM-
FC. Eq.(6) represent current density on both elec-
trodes.

Bulter-Volmer equations are

0.5
. «ref YHZ a
jo=ait'|—=| [exp(aiF/RT )y, —
YH2
exp( —a‘F/RT )n,] (6)

0,

ref
Yo,

[exp(a.F/RT )y, —

j( - aiO.z

exp(*aﬁﬁF/RT)rjl.] (7)
2.2 Boundary conditions

In the numerical simulation, the inlet velocity

of reactant entering the channel is determined by

I
5(17AmvalIZ
Uin,a — ZP;O—A (8)
H,41a
1
§1 7Amrm M()J
Uin,c — 4-F‘— (9)
' P()ZA(

The geometric parameters and operating pa-

rameters of the calculation domain are shown in

Table 1.

Table 1 Geometric and operational parameters

Parameter Value
Channel length / m 0.02
Channel width / m 75X 10"
Channel height / m 7.5x 10"
Rib width / m 0.001 5
GDL thickness / m 550 X 10°°
CL thickness / m 25X 10°°
Membrane thickness / m 75X 10°°
GDL porosity 0.5
Electrode porosity 0.3
GDL conductivity/(Sem ") 687.5
Proton conductivity of electrolyte/(Sem ") 10
GDL permeability 1.18x 10 "
Mass fraction of inlet hydrogen 0.99
Quality fraction of imported water 0.002
Mass fraction of imported oxygen 0.208
Air stoichiometry 5.2
Hydrogen stoichiometry 1.3
Operating pressure/ Pa 120 X 10°
Operating temperature /K 433
Battery voltage/ V 0.6
Anode reference exchange -
1X10°
Current density/(A*m~?)
Cathode reference exchange current density/(A+sm™?) 1
Oxygen reference concentration/(molsm~*) 40.88
Hydrogen reference concentration/(molsm ") 40.88

Reference diffusivity of H, in H,O/(m®ss )
Reference diffusivity of O, in H,O/(m%s )
Reference diffusion rate of O, in N,/(m?%ss ')
Reference diffusivity of H,O in N,/(m?s ')

Faraday constant/(Cemol ')

9.15 X 107 (307.1 K)

2.82 X 1077 (308.1 K)

2.2X 10 °(293.2K)

2.56 X 107 (307.5 K)
96 487
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Boundary conditions have a great influence on
the correct simulation results. For the gas inlet
boundary, the mass fraction of each component,
the inlet mass flow rate and the inlet temperature
are given. At the gas outlet boundary, the pres-
sure at the outlet is given. The polarization curve
is obtained by calculating the output current with
the given output voltage at both ends of PEMFC.
On the cathode side, the upper surface potential
of the bipolar plate is equal to the fuel cell volt-

| 1.5

Anode inlet (speed)

0
a
3
Q
=
S
0
Q
S
3
g
=
0
a
S

] ~

. Symmetric boundary I

Cathode inlet (velocity)

age ; while on the anode side, the lower surface
potential of the bipolar plate is set to 0. The
boundary condition of the inner wall of the flow
field is no sliding boundary, and the rest of the
contact boundary is set as symmetrical, continu-
ous insulating boundary conditions. On the exter-
nal surfaces of bipolar plates, the temperature is
assigned as the operating temperature of HT-
PEMFC in the CFD simulations, as shown in
Fig.4.

Anode outlet (pressure)

Cathode outlet (pressure)

Cathode potential

Fig.4 Basic dimensions and boundary types of the model (unit: mm)

The calculation of initial value will affect the
convergence and the simulation, as well as calcula-
tion time. Although the operating conditions of dif-
ferent simulations will be different, it does not af-
fect the simulation results, but increases the conver-
gence speed of the model and reduces the calcula-

tion time.
2.3 Model validation

The number of grids has a significant influence
on the simulation accuracy. Theoretically, more
dense grids can obtain more accurate values, but
more grids will increase the calculation time, even
leading to memory overflow. Therefore, it is essen-
tial to select the appropriate number of grids. Using
the parametric scanning method, the number of
grids is increased in turn, and then the local current
density of 0.4 V voltage is compared. The results
are shown in Fig.5. It can be seen from Fig.5 that
with the increasing number of grids, the current den-

sity gradually approaches a stable value of 1.017 A/

cm®, and basically does not change. Considering the
accuracy and computing time, 71 245 grids will be

used in the single cell model.

1.022

—_

S

NS

—_
T

1.020

1.019 9

1.018} \

1‘ 1 1 1 1 1
0 60 3 6 9 12 15

Number of grids / 10*

Current density / (A * cm”)

—

(=

—_

=
T

Fig.5 Grid independence verification diagram.

The above fuel cell model was solved using
COMSOL Multiphysics 5.5, a commercial soft-
ware based on finite element. These mutually cou-
pled control equations are solved iteratively in sepa-
rate solvers. For the diffusion layer, CL. and mem-

brane, their thickness is small and different, so the



108 Transactions of Nanjing University of Aeronautics and Astronautics

Vol. 38

grid is densified to varying degrees, thereby improv-
ing the accuracy of calculation. The simulation takes
about 2.5 h to run on an Intel 15 9400F with 16.0 GB
RAM, 2.9 GHz workstation. In order to ensure the
accuracy of the numerical model, the polarization
curve of the straight channel PEMFC obtained
through simulation was compared with the experi-

mental data''®

, as shown in Fig.6. It can be seen
that the simulation results are in good agreement
with the experimental data. At high current density,
the difference is within 5.48%. Therefore, the mod-

el has been verified to be reliable.

0.9 [: = Experimental data
08k —o=Numerical simulation data

07F e
L ~

. 0.6
; 05 [ '\

04t s

03
02
0.1r

Voltag

0.0 0.2 0.4 0.6 0.8 1.0
Current density / (A * cm”)

Fig.6 Comparison of simulation and experimental po-

larization curves of a straight-channel PEMFC

3 Results and Discussion

Under the same operating conditions, the ef-
fects of different baffle types (staggered semi-circu-
lar baffles, semi-circular baffles and contrasted with
direct flow channels) and baffle radii have been used
to study the mass transfer characteristics and electro-
chemical performance of high-temperature PEM fu-
el cells under the same operating conditions. First,
the performance of the internally staggered semicir-
cular baffle, semicircular baffle channel (basic baffle
height is set to 0.5 mm) and the performance of the
HT-PEMFC of the flow channel are discussed.
Then, based on the obtained optimal baffle type,
the performance of the HT-PEMFC with different
radii is studied under the restriction of the channel
height. The radius of the baffle is 0.3, 0.4, 0.5, and
0.6 mm. The relationship between baffle radius and
its performance is analyzed. Then, based on the ve-
locity field and the concentration distribution of reac-

tants, the mechanism of mass transfer enhancement

and the relationship with performance enhancement
are discussed. Finally, the optimal flow channel
structure under the design conditions of this paper is

obtained.

3.1 Effect of baffle arrangement on perfor-

mance

According to the CFD simulation results, the
performance of HT-PEMFC with continuous semi-
circular baffles and staggered semicircular baffles
added to the bipolar plate channel was compared
with the channel without baffles. Fig. 7 shows the
polarization curves and power curves of the HT-
PEMFC in three types of bipolar plate channels.
The addition of staggered semicircular baffles and
continuous semicircular baffles makes the battery
performance better than straight channels without
baffles. In addition, continuous semicircular baffles
can produce higher power density than staggered
baffles. This is because the continuous semicircular
baffle blocks the reaction fluid strongly and induces
more reaction gas to the catalytic layer, which is

conducive to enhance the electrochemical reaction.

-=—Basic straight channel 05
0.9t —e—Semicircular baffle channel
—4-Staggered semicircular _—"° {4
0.8 ) baffle channel =" T E
/ﬁ-l :)
Z 07 W o 1038
[} ~
an
g 0.6 40.2 g
) =]
= 3
0.5 5
'\.\\ {01
04f, R, A
1 1 1 1 1 0.0
0.0 02 04 06 038 1.0 1.2

Current density / (A * cm™)
Fig.7 Polarization curve and power curve of three

flow channels

It can be seen from Fig.8 that the molar concen-
tration of oxygen in the flow direction of the three
channels decreases continuously, and the curve is
basically linear, which conforms to the law of con-
servation of mass. The mole concentration of oxy-
gen at the interface of GDL-CL increases significant-
ly in the baffled channel compared with that in the
basic straight channel. In addition, the oxygen con-
centration of the baffle channel fluctuates periodical-

ly in the flow direction, and the oxygen concentra-
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tion of the baffle channel is higher than that of the
straight channel in the whole flow process. On the
one hand, it indicates that the baffle disturbs the ox-
ygen flow in the channel. On the other hand, it also
indicates that the addition of the baffle enhances the
oxygen transmission. It shows that this disturbance
is conducive to the transport process of the reaction
gas to the catalytic layer, or the addition of the new
baffle designed in this chapter can effectively im-
prove the reactant concentration at the GDL-CL in-
terface.

However, considering the actual operation of
the system, the net power of the system must be
compared to evaluate the pros and cons of the HT-
PEMFC channel structure. In Table 2, the three
channel structure HT-PEMFC and performance-re-
lated values are listed. The simulation conditions
are: the single cell voltage is 0.4 V, r—0.5 mm and
N=9. From Table 2, it can be found that compared
with the basic straight channel, the semicircular baf-

fle channel increases the current density only by

454+ —Semicircular baffle channel
------ Staggered semicircular
“ 4.0 FVEN baffle channel
g TE 350 MmN Basic straight channel
g \
§30f N
§8 .| N
cé =25
]
o 520fF .
S e L5 e,
=] D
2 =] ~. ~.
1.0 s oy
0'50 5 10 15 20

Position along flow direction / mm
Fig.8 Oxygen molar concentration in three flow chan-

nels along the flow direction in GDL-CL plane

16.52% , but increases the pressure drop by 8.84
times. The staggered semicircular baffle channel in-
creases the current density by 8.59%, which only
increases the pressure drop by 2.63 times. There-
fore, from the point of view of the net system pow-
er, installing the staggered semicircular baffle in the
channel suits better to practical operation needs than
the continuous semicircular baffle. It is also a solu-

tion for improving the performance of HT-PEMFC.

Table 2 Performance comparison of PEMFC in three channels (V ., =0.4 V,r = 0.5 mm, N=9)

Type Current density / (Ascm ™) Pressure drop/Pa
Basic straight channel 0.896 16
Semicircular baffle channel 1.044 168
Staggered semicircular baffle channel 0.973 47
3.2 Influence of baffle size on performance H=| = J
o H i 7=0.3 mm
. . . |:> i £
The influence of different baffle radius on the ’ \ . ‘
. . ! =
performance of HT-PEMFC is studied. In order to [‘ = = — s
further explore the performance of the new baffle in , = = =2 = \
t 7=0.5 mm
different scenarios, the performance of the new baf- ~ o e A
. .. o . ) = = i
fle channel under different radii conditions is ana- l | 7=0.6 mm
ey ~ 7 ~

lyzed.

Based on the optimized staggered semicircular
baffle structure in Section 3.1, the influence of baf-
fle radius on the performance of HT-PEMFC is
studied and compared with that of the straight chan-
nel. The baffle arrangement at the bottom of the
flow channel are shown in Fig.9. The radii of semi-
circular baffles are selected as 0.3, 0.4, 0.5, and
0.6 mm, respectively. Similarly, the net power of
the HT-PEMFC is determined, considering the

pressure drop of the channel.

Fig.9 Schematic diagram of different baffle radii in the bipo-

lar plate channel

Fig.10 1s the polarization curve of the HT-
PEMFC corresponding to different baffle radii un-
der the same operating conditions, revealing the in-
fluence of the bottom baffle on the performance of
HT-PEMFC. As shown in Fig.10, at a lower work-
ing voltage, as the radius of the baffle increases, the

performance of the HT-PEMFC improves accord-
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ingly. At a higher working voltage, the correspond-
ing law of performance and the number of baffles is
not in a clearly positive relationship. This is because
more baffles enhance the clogging effect and induce
more reactive gas to be supplied to the MEA. In ad-
dition, when the radius of the bottom baffle is 0.6
mm, HT-PEMFC has the optimal performance be-
cause it has the strongest blocking effect on the reac-

tion gas.

0.9 —u—7=(.3 mm

S —e—=0.4 10.4
At
0.8 L =v=r=0.6 mm e .

Voltage / V
o (=1
(=)} |
=
w

!
o
=

<
W
3
=
[N}
Power density / (W * cm™)

o
=)

047 .

0.0 0.2 0.4 0.6 0.8 1.0
Current density / (A * cm™)

Fig.10 Polarization curve and power curve of HT-PEM~
FCs with different baffle radii

However, the installation of baffles increases
the pressure drop, which requires more work to
transport the reactants across the obstacles. In this
paper, Fig.11 was plotted to show the pressure
drop through the cathode bipolar plate channel with
different baffle radii. The pressure drop between the
inlet and outlet of the bipolar plate channel is AP =
Py — Powier, Where Py and P are the average
surface pressures of the inlet and the outlet.

The increase in the radius of the bottom baffle

significantly increases the pressure drop through the

80

&

(=)
(=]
T

Pressure drop / Pa
N
(=1

[\
(=]
T

—s-r=0mm —v—r=0.5 mm
—o—7=0.3 mm —+—7=0.6 mm
0 I —A—r|=04rlnm L 1 1 1

04 05 06 07 08 09 1.0 1.1

Voltage / V

Fig.11 Pressure drop in cathode bipolar plate channel

with different baffle radii

bipolar plate channel. Therefore, although the more
the bottom baffles, the higher the battery power
density, a great pressure drop occurs, thereby re-
ducing the actual battery power output ( W,,,) of the
HT-PEMFC, which can be expressed by
W= Wie — Wp (10)
Wo=AP X Ay X u, (11)
where Wiycis the battery output power, W, the
pumping power of the auxiliary system that trans-
ports the reactants, A, the entrance area of the bipo-
lar plate channel, and u, the average import speed.
In order to obtain the maximum net power of HT-
PEMFC, Fig.12 is plotted to show the power out-
put and net power output of HT-PEMFC. As the
number of bottom baffles increases, battery power
output increases accordingly. However, as shown in
Fig.12, the maximum net power output of the bat-
tery appears when r—0.6 mm. Therefore, under
the design conditions in this paper, the highest net
power of HT-PEMFC is 0.389 3 W/cm® when the

baffle radius is 0.6 mm.

0.41

— —Output power density
—+=Net power density

0.39F —.
-
0.38} =

)

< 0401

037

Power density / (W * cm

036

035203 04 05 06

Radius of baffle / mm

Fig.12 Comparison of output power and net power of
HT-PEMFC bipolar plate channel cells with
different bottom baffle radii

3.3 Comprehensive analysis of structural per-

formance of different channels

Generally speaking, the blocking effect caused
by the higher baffle height will lead to obvious flow
resistance and higher auxiliary system power con-
sumption, which will reduce the system efficiency.
Figs. 13, 14 show the current density and pressure
drop of three channels of HT-PEMFC with differ-
ent baffle radii. From the trend of baffle channel and

foundation straight channel in Figs.13, 14, it can be
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seen that baffle channel increases the performance
output of fuel cell in various degrees, and leads to
obvious pressure drop. The difference between the
two baffle channels is that the staggered semicircu-
lar baffle channel can achieve performance growth
with a slight increase in pressure drop, while the tra-
ditional semicircular channel needs a high pressure
drop to achieve performance growth. For the two
baffles, the PEMFC of the staggered semicircular
baffle channel has more obvious advantages in im-
proving the performance output and controlling the
increase of pressure drop, which is conducive to the
efficiency and stability of the system. In addition,
with the increase of baffle radius, the performance
of staggered semicircular baffle channel increases
significantly at the cost of a smaller pressure drop.
Although the current density of the conventional baf-
fle channel HT-PEMFC has been greatly im-
proved, the pressure drop of the conventional baffle
channel increases much faster, which will signifi-
cantly increase the power consumption of the auxilia-
ry system, especially when the height is close to the
height of the channel. Therefore, considering the
performance output of fuel cell and the stability of
the system, staggered semicircular baffle channel

has a significant advantage.

=15 —=—Basic straight channel
—e—Semicircular baffle channel
»FE\ 1.10 | —a—Staggered semicircular baffle chann'el
Q
° 1.05f &
~ _
:/ o/.
2 100
z —
8 oosf am
g
o
£ 0.90}
&)
08 0.3 04 0.5 0.6
Baffle radius / mm
Fig.13 Influence of baffle radius on current density

(Var=0.4V, r=05mm, N=09)

The current density is a direct reflection of the
battery performance. In this paper, the current den-
sity distribution contour of three HT-PEMFC in the
middle plane is captured (Fig.15). It can be seen

from Fig.15 that as the reactants are gradually con-

109 —=—Basic straight channel
600 —e—Semicircular baffle channel 5
—4—Staggered semicircular
£ 500 baffle channel
o
S 400
<
g 300
£ 200t .
100 / N
— , —a—
0 -
0.3 0.4 0.5 0.6
Baffle radius / mm
Fig.14 Influence of baffle radius on cathode pressure

drop (Vi =04V, r=0.5mm, N=9)

sumed in the flow direction, the current density
gradually decreases, and the current density in the
flow channel is higher than that under the rib. Com-
pared with the basic straight channel, the baffle
channel has a higher current density, and a better
distribution uniformity. Uneven distribution will
lead to high local current density, which easily
causes the damage of membrane electrode and short-
ens the battery life, thus further testifying the priori-
ty of baffle channel.

Current density /
(A*cm?)
Inlet Outlet
1.1
Basic straight channel 1.0
Inlet Outlet
0.9
Semicircular baffle channel 0.8
Inlet Outlet

Staggered semicircular baffle channels 0.6
Fig.15 Distribution of current density at the middle plane
ofmembrane(V ,=—0.4V,r=0.6mm, N=—9)

Due to the limitation of reaction kinetics, the
oxygen reduction rate of cathode is much lower than
the hydrogen oxidation rate of anode. The former is
usually one millionth of the latter, so the reaction
rate of cathode limits the efficiency of the whole bat-
tery. Secondly, when hydrogen and pure oxygen are
used, the efficiency of PEMFC is very high. How-
ever, the commercialization of fuel cell needs to op-
erate in the air under an ambient pressure. When the

air is used, the performance of PEMFC is obviously
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degraded due to the decrease of partial pressure. Fi-
nally, the poor mass transfer effect of cathode is al-
so an important reason for the poorer performance.
The worse mass transfer effect of oxygen in the gas
diffusion layer and catalytic layer may double the
voltage loss.

In order to further explore the mechanism of
baffle channel in improving the cell performance,
the velocity vector diagrams of three HT-PEMFC
cathode gas channels are shown in Fig.16. Without
the blocking of baffles, the main flow direction has
no obvious disturbance along the flow direction. In
the two baffle channels, due to the blockage of the
baffle, the fluid is forced to pass the bottom of the

baffle, and the cross-sectional area in the flow direc-
tion decreases, which leads to the increase of flow
velocity. In addition, due to a certain inclination an-
gle of the semicircular baffle, the fluid is forced to
change its direction, resulting in an obvious vertical
velocity component, which is the same as the con-
centration gradient direction. According to the prin-
ciple of vector diffusion, the effective enhancement
of mass transfer can be achieved. These two reasons
together increase the reactant concentration of the
catalytic layer, and then promote the electrochemi-
cal reaction, thereby improving the performance of

the fuel cell.
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Staggered semicircular baffle channels

Fig.16

4 Conclusions

A new type of staggered semicircular baffle
channel 1s designed for HT-PEMFC. The perfor-
mance of HT-PEMFC with different channel types
and baffle radii is studied by the three-dimensional
numerical simulation. The results are compared
with those of HT-PEMFC with the basic straight
channel and the conventional semicircular baffle
channel. The mechanism of mass transfer enhance-
ment in the proposed channel is studied considering
the distribution of voltage drop and current density.
The following conclusions can be drawn.

(1) The performance of baffle channel fuel cell
is better than that of straight channel without baffle.
In addition, the interleaved semicircular baffle chan-

nel proposed in this paper is more suitable for the

Velocity vector in cathode gas channel (V,,,= 0.4V, r=0.5mm, N=09)

practical use than the traditional semi-circular baffle
channel, and can improve the performance of HT-
PEMFC more efficiently.

(2) The net power of HT-PEMFC increases
with the increase of baffle radius. Under the design
conditions, the highest net power density of
0.389 3 W/cm? is obtained when the baffle radius is
0.6 mm.

(3) Due to the periodic staggered semicircular
baffle, the strong blocking effect leads to the intro-
duction of convective mass transfer, which is condu-
cive to improving the local flow direction and veloci-
ty. As a result, the reaction gas delivery in GDL is
significantly improved.
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