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Abstract: As the cathode channel structure plays significant effects on the performance of the
proton exchange membrane fuel cell (PEMFC), in this work, a 3D multi-phase model of PEMFC is
established and effects of cathode channel structure (conventional channel, normal sinusoidal-wave
fins and gradient sinusoidal-wave fins) on the performance of PEMFC are numerically investigated.
Results indicate that the PEMFC with gradient sinusoidal-wave fins in cathode channel can achieve
higher power density and more uniform membrane current density. This is due to that the gas
velocity in cathode channel with gradient sinusoidal-wave fins is significantly increased, leading to
better oxygen transport and liquid water removal. Furthermore, effects of the geometrical
parameters of gradient sinusoidal-wave fins on the electricity generation performance, membrane
current density, and mass fraction of oxygen and liquid water of PEMFC are analyzed and discussed.
It is found that the optimum waveform depth growth rate and wavelength of the gradient
sinusoidal-wave fins is 0.035 and 2.5 mm, respectively. At 0.5 V, the maximum power density of
the PEMFC with gradient sinusoidal-wave fins is 5.3 % higher than that of the PEMFC with
conventional channel.

Keywords: Proton exchange membrane fuel cell; Normal sinusoidal-wave fins; Gradient

sinusoidal-wave fins; Performance enhancement
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Highlights

Highlights
1. The gradient sinusoidal-wave fins are used in the cathode channel of PEMFC.
2. PEMFC with gradient sinusoidal-wave fins in cathode channel shows better performance.
3. Effects of geometrical parameters of gradient sinusoidal-wave fins are investigated.

4. Optimum waveform depth growth rate and wavelength is 0.035 and 2.5 mm, respectively.
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Nomenclature

ck  molar fraction

Di  mass diffusivity (m?s™)

F  constant of Faraday (96485 C mol™)
j exchange current density (A-m~3)

Nd permeability coefficient

R gas constant (8.314 J-molt-K™)
S species source

RH  relative humidity

I'w condensation rate

u velocity (m-s™2)
X mass fraction

Greek letters

€ gas diffusion layer porosity
p density

A stoichiometric ratio

T membrane water content

a transfer coefficient

u viscosity

Y specific heat ratio
subscripts

eff effective
f liquid phase

S solid phase
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1. Introduction

Recently, with the heavy environmental pollution and increasing energy crisis [1-5],
researchers at home and abroad develop lots of interests in proton exchange membrane fuel cells
due to their high efficiency, zero emission, short start-up time, low noise, and good adaptability
[6-10]. However, the commercialization of PEMFC is still faced with many challenges, such as
uneven current density distribution [11-13], low fuel utilization [14-17], and poor membrane
stability and durability [18-21].

In order to address the above issue, optimization the flow field of bipolar plate in PEMFC is an
effective way, which can facilitate the gas diffusion and enhance the performance and stability of
PEMFCs [22-28]. For example, Mohammedi et al. [29] investigated effects of cross-sections of gas
flow channel on power density and pressure drop, and the results pointed out that at medium and
high current densities, the trapezoidal and inverted trapezoidal top-shaped channels have higher
power density, while triangular-shaped channels have higher pressure drop. Vazifeshenas et al. [30]
designed a novel compound flow field design including both serpentine and parallel flow fields.
The water flooding could be effectively avoided at the high current density. Cai et al. [31] designed
a new 3D cathodic flow field including a main pathway, a sub pathway and an excess cathodic flow
region, and also proposed a novel evaluation criterion on flow field design. The findings
demonstrated that the proposed evaluation criterion was well-suited for assessing the performance
of PEMFCs, and the novel cathodic flow field exhibited even more superior performance. Cooper et
al. [32] experimentally examined a wide range of critical cathode bipolar plate channel dimensions
such as channel/land width and channel depth on cell performance at various conditions. It was
found that the channel/land width had most significant effects on both raw power and limiting
current density for parallel flow fields, while the stoichiometry was the most important for
interdigitated flow fields. Wang et al. [33] designed two novel biophysical flow slabs. Compared
with traditional flow channels, it was found that the new biological flow channels could improve the

transport capacity of reaction gas and promote the removal of liquid water. Fan et al. [34] proposed
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and investigated two novel cathode channel designs (multi-plates structure channel and integrated
structure channel). Results showed that the two novel channel designs were able to remove more
liquid water from PEMFC and effectively avoid from water flooding. The maximum improvement
of PEMFC net power densities for the multi-plates structure and integrated structure were 4.7% and
7.5%, respectively. Wang et al. [35] proposed two tapered flow fields with varying height or width.
Numerical and experimental results proved that the tapered flow fields with high velocity at the
downstream region can significantly enhance water removal in flow channels, avoiding the mass
transport limitation and improving the cell performance at high current densities. Additionally, the
tapered design could also enhance the under-rib convection between adjacent channels, helping to
remove accumulated water in the gas diffusion layer.

Meanwhile, some researchers added obstacles inside the gas channel to improve the
performance of PEMFC. Yin et al. [36] installed the inclined baffles in the gas channel, and the
results demonstrated that the 45° inclination angle greatly improved the performance of PEMFC.
Ebrahimzadeh et al. [37] installed a variety of obstacles in the gas channel, and the results
demonstrated that the triangular obstacles can effectively enhance the current density. The current
density with a triangular obstacle at 0.6 V was 50% higher than that without the obstacle. Shen et al.
[38] improved PEMFC performance by adding rectangular plugs to the channel. It was found that
adding plug, especially in the case of high current density, could produce longitudinal eddy current
and improve the performance of PEMFC. Tiss et al. [39] proposed partial block inserting into the
gas channel. The findings indicated that more reaction gas could enter the gas diffusion layer.

Furthermore, wave and wedge flow channels were paid much attention. Zhang et al. [40]
introduced wedge-shaped fins in the cathode channel of a single-channel PEMFC, investigating
effects of fin number and GDL porosity. Results indicated that the wedge-shaped fins significantly
improved the efficiency of PEMFC. Cai et al. [41] constructed a bio-inspired wave-type channel
and demonstrated that the optimal power density was increased by 2.2% when the central amplitude

and wave period was 0.305 mm and 3.52, respectively. Chen et al. [42] developed a novel 3D wave
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flow channel. It was found that the new waveform flow channel could better remove liquid water
and promote gas transport. Meanwhile, the current density was enhanced by 23.8% in comparison
with the conventional channel at 0.4 V. Kuo et al. [43-44] constructed and investigated a new
waveform channel at the operating temperature range of 323 K to 343 K. It was found that the wavy
flow channel improved the temperature uniformity and had higher output power density compared
the conventional flow channel. Atyabi et al. [45] designed a sinusoidal flow field channel and
compared it with the parallel flow field. The results showed that the maximum velocity, pressure
drop and power density of the sinusoidal flow field were much higher than that of the parallel flow
field.

According to the above studies, the structure of flow channel in bipolar plate has important
effects on the performance of PEMFC. In this work, in order to enhance the performance of
PEMFC, the gradient sinusoidal-wave fins applied in the cathode channel of PEMFC, and effects of
geometrical parameters of the gradient sinusoidal-wave fins on the electricity generation
performance, membrane current density, and mass fraction of oxygen and liquid water of PEMFC
are investigated. This work will offer us significant reference on designing the cathode channel of
PEMFC.

2. Numerical model
2.1. Physical model

The geometrical model of the PEMFC with gradient sinusoidal-wave fins in cathode channel is
illustrated in Figure 1(a). Figure 1(b) presents the xz cross-section of the cathode channel with
gradient sinusoidal-wave fins, and it is displayed that the depth of the gradient sinusoidal-wave fins
varies uniformly from the entrance to the exit. For showing the performance enhancement of
PEMFC with gradient sinusoidal-wave fins in cathode channel, PEMFCs with conventional cathode
channel and sinusoidal-wave fins in cathode channel are selected for comparison. Then, effects of
structure parameters of gradient sinusoidal-wave fins (growth rate of waveform depth and

wavelength) on the performance of PEMFC are investigated, as illustrated in Figure 2 and Table 1.
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Tables 2 and 3 show the geometrical and operation parameters of PEMPC, respectively.
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Figure 1 PEMFC model with gradient sinusoidal-wave fins in cathode channel: (a) geometrical

model; (b) xz cross-section of cathode channel
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Table 1 Dimensions of different cathode channels
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Growth rate of

Case No. Minimum waveform  Maximum waveform waveform depth wavelength
depth (h)/mm depth (H)/mm (r=(H-h)/20) (A)/mm
Case 1 - - - -
Case 2 0.45 0.45 0 2.5
Case 3 0.1 0.8 0.035 2.5
Case 4 0.1 0.7 0.03 2.5
Case 5 0.1 0.6 0.025 2.5
Case 6 0.1 0.8 0.035 4
Case 7 0.1 0.8 0.035 5

Table 2 Dimensions of PEMFC with conventional cathode channel

Dimensions Values (mm)
Channel length 20.0
Membrane thickness 0.1
CL thickness 0.05

Cell width 0.1

Channel width 0.7874

GDL thickness 0.38
Rib width 0.90932

Channel height 1.0

Table 3 Operation parameters

Parameter Value Ref

Pressure (Pa) 101325 [42]
Working temperature (T) (K) 343.15 [13]
Reference temperature (T1) (K) 453.15 [42]
Hydrogen stoichiometric ratio (1a) 1.2 [13]
Air stoichiometric ratio (Ac) 2 [13]
Membrane permeability (m?) 1.80E-11 [42]
Cathode transfer coefficient 1 [13]
Membrane conductivity (S-m™) 9.825 [42]
H> mass fraction 0.96268 [42]

O2 mass fraction 0.20216 [42]

H20 mass fraction 0.037319 [42]
\oltage in open circuit (V) 0.95 [42]
Surface-to-volume ratio (1/m) 1.00E+07 [42]
GDL porosity 0.4 [42]

GDL conductivity (S5-m™) 222 [42]
GDL permeability (m?) 2.36E-12 [42]

2.2. Governing equations

Before establishing the 3D multi-phase model of PEMFC [16], the following assumptions are

8
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made: (a) PEMFC operates under stable conditions; (b) All porous media are homogeneous; (c) All
reaction gases are considered to be incompressible ideal gases; (d) The gas flow can be assumed as
laminar due to its low flow rate; () Neglecting contact resistance at the contact interface of proton
exchange membrane fuel cells. (f) The water transport over the membrane occurs by electroosmotic

mechanisms and back diffusion. Simultaneously, the permeability of membrane to the reactants is

disregarded.

With the above assumptions, the governing equations for each domain are shown in Table 4.

Table 4 Governing equations

Conservation equations

Mathematical form Domains
and terms
GDL, CL,
Continuity equation V.(pu)=0 Flow
channel
) GDL, CL,
Massec?jr;ie(;\r:atlon V- (epli) + o(ep) _ S Elow
g o7 channel
M n,M
S, =— 2;2 R, —— FH2° R, Anode CL
Mass source term M M M
S, =—"° R ——22R + NaMno g Cathode CL
2F ¢ 2F ° F
Conservation of mass - GDL, CL,
. V-(euc,)=V-(D,,Vc,)+S, Flow
equation ,
channel
. e GDL, CL
101325, T 1
Effegg(;/feﬁgilg]utsmn D, = £5(L—5)*° DY 013 5)(%)1.5 Elow
channel
My,
H, — a
2F Anode CL
_ ndMHZO R
H,0 = Nl P8
Source term of species M
S,, = ——=
2 4F Cathode CL
S _MHZOR ndMHZO
H,O0 — ct Ra - ru)
2 2F F
. GDL, CL
1 — 1 ~ P
Conservation of —V-(puu)=-Vp+=V-(uu)+S, Flow
momentum equation g2 s
channel
Source term of = GDL, CL,
S, = -2 &% Flow
momentum K
channel
Conservation of charge s, _ In the CL,
equation V- (0-Ve)+5=0 GDL and

9
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BP

- L-1 Membrane,
Conductivity S= (0.5142’—0.326)61268 303 T CL
Source term of the _ | J inthe CL In the CL,
: S = . GDL and
transmitted current 0 other positions BP
. . . —-aFAV 1-a)FAV
Transf t =Ai,Jexp| ——2 |—exp| ———& L
ransfer current density  J 0{ p{ RT } p[ RT }} C
Energy equation gpcpﬁ VT =S, +V-(kVT) d’g‘::];?r?s
. _ 3 All the
Thermal conductivity K =&k + (L—)K domains

where ¢ denotes phase potential, io represents the exchange current density of reference, AVact
denotes activation over-voltage, ks and ks denote the thermal conductivity of the fluid and solid,
respectively.
2.3. Boundary conditions

The velocity at the inlet of the channel is regulated and maintained at a constant under various
operation environments [46]:

1

A — X, RT
in_c pA
1
A — X, RT
LA @
in_a pA

All exterior walls are presumed to be zero-flux and non-slip with symmetric GDL and CL [47].
The cathode potential is adjusted with an increment of 0.05 V between 0.9 V and 0.4 V in the
simulation [48].
2.4. Grid independence study

The software COMSOL 6.0 is employed to solve the above numerical model. In order to make
a balance between the computational cost and computational accuracy, the curves about current
density vs. voltage under different grid sizes are compared, as depicted in Figure 3. It is observed
that the polarization curves are gradually close with the increase of grid number and when the grid
number is 17,368 and 20,540, the polarization curves are very similar and differences are hard to be

distinguished. In other words, the simulation results remain independent of the grid number when it
10



exceeds 17,368. As a result, the mesh model with a grid number of 17,368 is used in the subsequent

simulations.

Figure 3 The curves about current density vs. voltage under different grid sizes
2.5. Model validation
Under the same geometric model and experimental conditions, the accuracy of the numerical
model is verified by the experimental data obtained from literature [46]. Figure 4 depicts the
polarization curves under different pressures by simulation and experiment. The results demonstrate
that the polarization curves under simulation are nearly consistent with the experimental results, and
the discrepancy falls within the allowable range. This proves that the proposed numerical model is

accurate and reliable.

Figure 4 Comparison between polarization curves by simulation and experiment
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3. Results and discussion
3.1. Effects of cathode channel structure

Figure 5 shows the gas velocity in the z and y directions for the conventional channel (Case 1),
channel with normal sinusoidal-wave fins (Case 2) and channel with gradient sinusoidal-wave fins
(Case 3), respectively. It can be seen that both in the y-direction and z-direction, the gas velocity in
Case 3 is the highest, while that in Case 1 is the lowest. This is also reflected by the following Table
5. It can be clearly seen that the maximum gas velocity at the y-direction in the channel with
gradient sinusoidal-wave fins arrives at 0.55 m/s. However, the maximum gas velocity at the
y-direction in the conventional channel is close to zero, meaning that the gas can only enter the gas
diffusion layer by diffusion. The increment of the velocity of reaction gas can carry away more
liquid water and achieve good liquid water removal efficiency. Thus, the channel with gradient
sinusoidal-wave fins is more favorable for the gas transport and improving the performance of the

PEMFC compared with the conventional channel and channel with normal sinusoidal-wave fins.
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Figure 5 Effects of cathode channel structure on the velocity field of cathode channel at 0.5 V: (a)
y-direction; (b) z-direction
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Table 5 Maximum gas velocity at y-direction and z-direction under different cathode channels

Maximum gas Maximum gas
Cathode channel velocity at velocity at
y-direction (m/s) z-direction (m/s)
Conventional channel (Case 1) 0.026 0.8
Channel with sinusoidal-wave fins (Case 2) 0.26 1.2
Channel with gradient sinusoidal-wave fins (Case 3) 0.55 2.86

Figure 6 show the polarization curves and power density curves of PEMFC with conventional
channel (Case 1), channel with sinusoidal-wave fins (Case 2) and channel with gradient
sinusoidal-wave fins (Case 3), respectively. It can be seen in Figure 6 that there is nearly no
difference among the polarization curves of PEMFCs with different cathode channels at the range
of low current density. However, at the range of high current, the voltage and power density of
PEMFC with gradient sinusoidal-wave fins in cathode channel (Case 3) is significantly higher than
that with sinusoidal-wave fins in cathode channel and the conventional channel. Moreover, the
maximum power density of PEMFC with gradient sinusoidal-wave fins in cathode channel is 5.3%
higher than that with conventional channel and 3.2% higher than that with sinusoidal-wave fins in

cathode channel at 0.5 V, respectively.
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Figure 6 Effects of cathode channel structure on the electricity generation performance of PEMFC:

(a) polarization curve; (b) power density curve

The uniformity of the membrane current density distribution greatly affects the output voltage
of PEMFC. The more uniform the distribution of membrane current density, the better the
performance of the cell. Figure 7 shows the distribution of membrane current density in the PEMFC
at 0.5 V for the conventional channel (Case 1), the channel with sinusoidal-wave fins (Case 2) and
the channel with gradient sinusoidal-wave fins (Case 3). It is clear that for all the three channels, the
current density is gradually reduced from the inlet to the outlet due to the higher concentration of
reactants at the inlet. However, the range of membrane current density for the three channels is
different, as displayed in Table 6. It is evident that the maximum current densities in the three
channels are very close, while the minimum current density in the channel with gradient
sinusoidal-wave fins (Case 3) is significantly higher than that of the other two channels. Therefore,
the channel with gradient sinusoidal-wave fins has a more uniform membrane current density

distribution compared with the channel with sinusoidal-wave fins and the conventional channel.

14
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Figure 7 Effects of cathode channel structure on the distribution of membrane current density

Table 6 Maximum and minimum membrane current density under different cathode channels

Maximum Minimum
Cathode channel membrane current  membrane current
density (A/m?) density (A/m?)
Conventional channel (Case 1) 13219.5 6228.5
Channel with sinusoidal-wave fins (Case 2) 13419.9 7037.3
Channel with gradient sinusoidal-wave fins (Case 3) 13514.9 7814.8

Figure 8(a) presents the mass fraction of oxygen at the centerline of cathode GDL-CL interface
for different cathode channels at 0.5 V. It is evident that the mass fraction of oxygen gradually
decreases from the entrance to exit, owing to the consumption of oxygen in the electrochemical
reaction. In addition, it can be observed that the mass fraction of oxygen in the channel with
gradient sinusoidal-wave fins is the highest, followed by the channel with sinusoidal-wave fins and
the conventional channel. The results show that the channel with gradient sinusoidal-wave fins
facilitates the oxygen transport and improves the oxygen utilization rate compared to the

conventional channel.

The accumulation of liquid water will lead to channel blockage, preventing gas from reaching
the catalytic layer and causing the increased concentration polarization. Furthermore, it seriously
affects the electrochemical reaction inside the PEMFC and further reduces the power density.
Figure 8(b) illustrates the mass fraction of liquid water at the centerline of cathode GDL-CL
interface for different cathode channels at 0.5 V. It can be observed that the mass faction of liquid

water gradually increases from inlet to outlet as oxygen is consumed. It is also found that the liquid

15
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water in the conventional channel (Case 1) is the highest, followed by channel with sinusoidal-wave

fins (Case 2) and channel with gradient sinusoidal-wave fins (Case 3). Therefore, it can be

concluded that the channel with gradient sinusoidal-wave fins is better than the channel with

sinusoidal fins and the conventional channel in terms of the ability of the liquid water removal.
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Figure 8 Effects of cathode channel structure on the mass fraction of oxygen and liquid water in the

cathode channel at 0.5 V: (a) oxygen; (b) liquid water

3.2. Effects of growth rate of waveform depth

Figure 9 depicts effects of growth rate of waveform depth on the polarization curves and

power density curves of the PEMFC with gradient sinusoidal-wave fins in cathode channel. It is

evident that the PEMFC with gradient sinusoidal-wave fins in cathode channel achieves the

maximum power density at 0.5 V whatever the growth rate of waveform depth is. However, it is

still can be observed that the maximum power density is increased with the increment of growth

rate of waveform depth.
16
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Figure 9 Effect of growth rate of waveform depth on the electricity generation performance of the
PEMFC with gradient sinusoidal-wave fins in cathode channel: (a) polarization curve; (b) power
density curve

Figure 10 illustrates effects of growth rate of waveform depth on the distribution of membrane
current density of PEMFC with gradient sinusoidal-wave fins in cathode channel. It can be seen that
with the increment of the growth rate of waveform depth, the membrane current density becomes
more uniform, which also can be suggested by Table 7. It is shown that the maximum membrane
current density under different growth rates of waveform depth is nearly the same, while the
minimum membrane current density is decreased with the reduction of the growth rate of waveform
depth. Specifically, when the growth rate of waveform depth is 0.035, 0.03 and 0.025, respectively,
the minimum membrane current density arrives at 7814.8 A/m?, 7750.8 A/m? and 7728.5 A/m?,

respectively.
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Figure 10 Effects of growth rate of waveform depth on the distribution of membrane current density
of PEMFC with gradient sinusoidal-wave fins in cathode channel
Table 7 Maximum and minimum membrane current density under different growth rates of

waveform depth

Maximum membrane  Minimum membrane

Growth rate of waveform depth current density current density
(A/m?) (A/m?)
Case 3 (r=0.035) 13514.9 7814.8
Case 4 (r=0.03) 13515.7 7750.8
Case 5 (r=0.025) 13515.5 7728.5

Figure 11(a) shows effects of growth rate of waveform depth on the mass fraction of oxygen at
the centerline of GDL-CL interface of the PEMFC with gradient sinusoidal-wave fins in cathode
channel at 0.5 V. It can be seen that in the first half part of the channel, there is almost no difference
in the mass faction of oxygen with the reduction of growth rate of waveform depth, but in the last
half part of the channel, the mass faction of oxygen is slightly increased with the increment of
growth rate of waveform depth. The results show that for the channel with gradient sinusoidal-wave
fins, a large growth rate of waveform depth is desired for better oxygen transport and utilization.

Figure 11(b) suggests effects of growth rate of waveform depth on the mass fraction of liquid
water at the centerline of GDL-CL interface of the PEMFC with gradient sinusoidal-wave fins in
cathode channel at 0.5 V. It is observed that in the first half part of the channel, there is almost no
difference in the mass faction of liquid water with the increment of growth rate of waveform depth,
but in the last half part of the channel, the mass faction of liquid water is slightly decreased with the

increment of growth rate of waveform depth. The results show that for the channel with gradient
18
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sinusoidal-wave fins, a large growth rate of waveform depth is desired for better water removal.
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3.3. Effects of wavelength

Figures 12 show effects of wavelength on the polarization curves and power density curves of
PEMFC with gradient sinusoidal-wave fins in cathode channel. It is clear that the polarization

curves are almost identical in the range of low current density, but in the range of high current

density, the power density is slightly increased with the reduction of wavelength.



©CO~NOOOTA~AWNPE

@

| —e— Case 3 (1=2.5)

| Case 6 (1=4)
0.4 —>— Case 7 (4=5) \X,

00 02 04 06 0.8 1.0 1.2 14
Current density (A/cm?)

(b)
0.6 } —>— Case 3 (1=2.5)
Case 6 (1=4)
2 05F —e— Case 7 (1=5)

—
N

Power density (Wicm?)

1.10 112 1.14 1.16 1.18 1.20
Current density (A/cm?)
L L

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Current density (A/cm?)

Figure 12 Effects of wavelength on the electricity generation performance of PEMFC with gradient
sinusoidal-wave fins in cathode channel: (a) polarization curve; (b) power density curve

Figure 13 shows effects of wavelength on the distribution of membrane current density of
PEMFC with gradient sinusoidal-wave fins in cathode channel. It can be observed that with the
reduction of wavelength, the membrane current density becomes more uniform, which also can be
displayed by Table 8. It is found that when the wavelength is 2.5 mm, 4 mm and 5 mm, respectively,
the maximum membrane current density is 13514.9 A/m?, 13508.5 A/m? and 13453.5 A/m?,
respectively, and the minimum membrane current density arrives at 7814.8 A/m?, 7516.3 A/m? and

7067.2 A/Im?, respectively.
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Figure 13 Effects of wavelength on the distribution of membrane current density of PEMFC with
gradient sinusoidal-wave fins in cathode channel

Table 8 Maximum and minimum membrane current density under different wavelengths

Maximum Minimum
Wavelength membrane current  membrane current
density (A/m?) density (A/m?)
Case 3 (1=2.5) 13514.9 7814.8
Case 6 (1=4) 13508.5 7516.3
Case 7 (A=5) 13453.5 7067.2

Figure 14(a) shows effects of wavelength on the mass fraction of oxygen at the centerline of
GDL-CL interface of PEMFC with gradient sinusoidal-wave fins in cathode channel. It can be seen
that the fluctuation of the variation curve about the mass faction of oxygen is milder with the
reduction of wavelength. However, it is still can be found that the mass faction of oxygen is
increased with the reduction of wavelength. This means that for the channel with gradient
sinusoidal-wave fins, a small wavelength is desired for better oxygen transport and utilization.

Figure 14(b) presents effects of wavelength on the mass fraction of liquid water at the
centerline of GDL-CL interface of PEMFC with gradient sinusoidal-wave fins in cathode channel.
It can be seen that the fluctuation of the variation curve about the mass faction of liquid water is
milder with the reduction of wavelength. However, it is still can be found that the mass faction of
liquid water is decreased with the reduction of wavelength. This means that for the channel with

gradient sinusoidal-wave fins, a small wavelength is desired for better water removal.
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4. Conclusions

In this study, a PEMFC with gradient sinusoidal-wave fins in cathode channel is designed.
Additionally, effects of the geometrical parameters of gradient sinusoidal-wave fins on the
membrane current density, cathode gas velocity, and the mass fraction of oxygen and liquid water
are analyzed and discussed. The main conclusions are summarized as follows:

(1) Among the three channels such as conventional channel, channel with sinusoidal-wave fins
and channel with gradient sinusoidal-wave fins, the PEMFC with gradient sinusoidal-wave fins in
cathode channel can achieve higher power density and more uniform membrane current density.
This is due to that the gas velocity in cathode channel with gradient sinusoidal-wave fins is

significantly increased, leading to better oxygen transport and liquid water removal.
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(2) With the increment of growth rate of waveform depth, the PEMFC with gradient
sinusoidal-wave fins in cathode channel can achieve higher power density and more uniform
membrane current density, and better oxygen transport and liquid water removal.

(3) As the wavelength decreases, the PEMFC with gradient sinusoidal-wave fins in cathode
channel can achieve higher power density and more uniform membrane current density, and better
oxygen transport and liquid water removal.

(4) Considering the electricity generation performance, membrane current density, and mass
fraction of oxygen and liquid water, the optimum waveform depth growth rate and wavelength of
the gradient sinusoidal-wave fins is 0.035 and 2.5 mm, respectively. At 0.5 V, the maximum power
density of the PEMFC with gradient sinusoidal-wave fins is 5.3 % higher than that of the PEMFC
with conventional channel.
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