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Abstract: In this modern era, the demand for efficient and environmentally friendly energy sources
is increasing. One technology with significant potential to meet this demand is the Proton Exchange
Membrane Fuel Cell (PEMFC). This study aims to investigate the influence of channel width and
depth variations in parallel bipolar plate designs on PEMFC performance. Computational Fluid Dy-
namics (CFD) was employed to analyze hydrogen flow distribution and pressure across various
design variations. The results demonstrate that channel width and depth significantly affect pres-
sure distribution and flow velocity, which in turn influence the efficiency of the PEMFC system.
Increasing channel width generally reduces maximum pressure, while deeper channels help to dis-
tribute pressure more evenly across the bipolar plate. Optimized channel width and depth can en-
hance PEMFC operational performance by reducing pressure drop and promoting uniform flow
distribution.
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1. Introduction

Hydrogen, as an abundant element in the universe, plays a crucial role in
decarbonization efforts. Its potential as an environmentally friendly energy source can
reduce carbon emissions and replace fossil fuels[1]. Technologies like fuel cells, which
utilize hydrogen and oxygen to generate electricity, enable clean energy utilization in

various applications, including electric vehicles, power plants, and spacecraft[2—4].

Proton Exchange Membrane Fuel Cells (PEMFCs) are widely employed in
vehicles[5]. These devices comprise Membrane Electrode Assemblies (MEA), Gas
Diffusion Layers (GDL), and bipolar plates[6]. Among these components, bipolar plates
play a critical role in PEMFC stacks, including separating the cathode and anode,

distributing reactant gases, and conducting electrons[7].

The flow field design on bipolar plates ensures uniform distribution of reactant gases,
provides structural support for the MEA, and facilitates water and heat management. An
appropriate flow field design can enhance PEMFC performance and reduce costs by up
to 50%[8].

Parallel flow field designs are commonly used due to their ease of fabrication, cost-

effectiveness, and lower pressure drop compared to other designs. However, this type
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exhibits relatively low velocity and uneven reactant gas distribution (maldistribution),
leading to a high risk of water accumulation[9,10]. This issue disrupts gas distribution

along the flow field, ultimately hindering PEMFC performance.

Previous research has proposed modifications and analyzed the causes of flow
maldistribution in parallel designs using geometric variations. Some studies highlight the
importance of inlet and outlet orientation, which can result in preferential flow and cell
malfunction. Additionally, these studies emphasize the significance of barrier or rib
positioning and rib shape in bipolar plate channels[11-13]. Other research indicates that
the location of inlets and outlets at the ends of parallel plates can lead to low channel

velocities and inadequate water removal[14].

Numerous studies have explored adaptive and varied designs to address current
bipolar plate limitations and optimize PEMFC performance and efficiency. However,
research specifically investigating the impact of bipolar plate modifications on parallel
designs, considering channel width and depth to enhance flow rate and minimize
hydrogen pressure drop in PEMFCs, remains limited. Consequently, further research in

this area is crucial in Indonesia.

This research gap is particularly crucial for Indonesia, a country with abundant
renewable energy resources and a growing interest in fuel cell technology. Developing
efficient and cost-effective PEMFCs can contribute significantly to Indonesia's efforts to

reduce reliance on fossil fuels and transition towards cleaner energy sources.

This study explores various approaches to overcome the limitations of conventional
parallel designs. One approach involves geometric modifications combining parallel and
serpentine characteristics, along with adaptations in dimensional variations. The aim is to
investigate how channel width and depth influence flow within geometrically modified
parallel bipolar plates. The methodology includes Computational Fluid Dynamics (CFD)
using Ansys Fluent Simulation to model gas flow into the modified bipolar plate design,
considering variations in channel depth and width. The objective is to predict locations of
flow rate and pressure drop, as well as interactions with the resulting flow patterns.
Subsequently, design variations will be analyzed and compared to evaluate their impact
on gas flow distribution and pressure drop, ensuring uniform reactant gas distribution
and reducing water accumulation. This research aims to investigate the influence of
channel width and depth variations in parallel bipolar plate designs on PEMFC

performance.

2. Materials and Experiment Methods

This study modifies the parallel flow field design on PEMFC bipolar plates to achieve
uniform hydrogen gas distribution and optimal flow velocity. The modifications investi-

gated involve variations in channel width and depth, as detailed in Table 1.
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Table 1. Modified Parallel Flow Field Designs

Code Channel width (mm) Channel Depth (mm)
PRL1 0.5 0.6
PRL2 0.5 0.7
PRL3 0.5 0.9
PRL4 0.7 0.6
PRL5 0.7 0.7
PRL6 0.7 0.9
PRL7 1 0.6
PRLS8 1 0.7
PRL9 1 0.9

The 3D designs were created using SolidWorks software. Subsequently, design vari-

ations were simulated using Ansys Fluent R2 2024 to analyze the influence of channel

depth and width on flow velocity, pressure drop, and hydrogen gas distribution.

The steps involved in conducting the CFD simulations using Ansys Fluent are as fol-

lows:

o

Open Ansys 2024 software within the Workbench 2024 application.

Set the unit system to comply with International Standard units.

Select the Ansys Fluent feature.

Import the 3D design, created in STEP format, into the Geometry interface.

Utilize the "extract volume" setting on the imported 3D design to define the hydrogen
flow channels for analysis.

Generate a mesh for the channel geometry

Once the mesh exhibits a structured visual representation and adequately captures
critical regions, the subsequent step involves setting up the simulation. This stage en-
compasses specifying the fluid flow type, fluid material properties, boundary condi-

tions, initialization parameters, and running the simulation.

Data analysis in this study employs Computational Fluid Dynamics (CFD). CFD en-

ables in-depth analysis of fluid flow, including pressure distribution and flow velocity,

within the parallel bipolar plate design.
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3. Results and Discussion
3.1. Determining Hydraulic Diameter and Reynolds Number

Hydraulic diameter and Reynolds number are crucial parameters in characterizing
fluid flow behavior within the bipolar plate channels. The hydraulic diameter (Dh) repre-
sents the effective cross-sectional area available for flow, while the Reynolds number (Re)

predicts the flow regime (laminar or turbulent).

The hydraulic diameter for rectangular channels is calculated using the formula:

Dy = — ey
Dy, =hydraulic diameter
a  =The Channel width
b =The Channel depth
The Reynolds number is determined by:
Re=(0*v*Dh)/u ()

where:

e is the density of hydrogen gas

v is the flow velocity
Dh is the hydraulic diameter
u is the dynamic viscosity of hydrogen gas

The Reynolds number will be derived based on the properties of the fluid under in-
vestigation. In this study, the properties of hydrogen gas were obtained from the Ansys

software, as depicted in Figure 1.
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Figure 1. Hydrogen Gas Properties in Ansys Software

Table 2. Calculated hydraulic diameter and Reynolds number for all variables

Code hydraulic diameter (mm) Reynolds number
PRL1 0.545 63.5

PRL2 0.583 67.91

PRL3 0.642 74.84

PRL4 0.646 75.19

PRL5 0.7 81.37
PRL6 0.788 91.43

PRL7 0.75 87.19

PRL8 0.824 95.67

PRL9 0.947 109.86

The calculation of hydraulic diameter and Reynolds number are presented in Table

2. Based on the obtained Reynolds numbers and the criteria outlined in Table 2, the type

of flow that needs to be incorporated into the CFD analysis is laminar flow, as all calcu-

lated Reynolds numbers are below 2000.
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3.2. Hydrogen Flow Pressure Analysis using Computational Fluid Dynamics (CED) Simulation

This section presents the findings obtained from the CFD simulations conducted us-
ing Ansys Fluent. The analysis focuses on the impact of channel width and depth varia-
tions on key parameters such as hydrogen flow pressure and velocity within the modified
bipolar plate designs. Figure 2 illustrates the influence of channel width and depth varia-

tions on hydrogen flow pressure in this study.
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Figure 2. The hydrogen pressure distribution for all design variations using Ansys Simulation (a)
PRL1, (b) PRL2, (c) PRL3, (d) PRL4, (e)PRLS5, (f)PRLS6, (g)PRL7, (h) PRLS, (i) PRL9

The CFD simulation results presented in Figure 2. demonstrate that variations in
channel width and depth significantly influence the pressure drop within the modified
parallel bipolar plates. The maximum pressure, initially at 263 Pa for a 0.5 mm channel
width, decreases drastically with increasing channel width, reaching a minimum of 214
Pa after the addition of depth. This pressure drop is also observed in designs with 0.7 mm
and 1 mm channel widths. A similar trend is evident with increasing channel width,
where the initial maximum pressure of 264 Pa at 0.5 mm width decreases to 237 Pa at 0.7

mm width and further reduces to 206 Pa at 1 mm width.

Furthermore, the simulation results reveal that design variations impact the pressure
distribution across different channel sections. Channels with multiple bends exhibit a
more consistent pressure profile compared to those with fewer bends, as observed in the
0.7 mm and 1 mm width designs. The 1 mm wide channel only shows blue regions (low
pressure) near the outlet, whereas in the 0.7 mm design, the low-pressure area is more

extensive and extends towards the center.

These findings align with previous research. Wilberforce et al.[15] using a 5 x 5 cm?
active area, observed a more stable pressure profile with gradual pressure drop in a par-
allel design incorporating serpentine adaptations. Similarly, Rosli et al.[16] demonstrated
that bends or serpentine features in bipolar plate designs effectively reduce pressure and
provide a more uniform pressure distribution. Their study showed that designs with
bends have contour values below 1, indicating that water in the gas diffusion layer re-
mains in vapor form, effectively mitigating flooding issues in parallel bipolar plates. Hu
et al. [17] also showed that serpentine bend adaptations result in uniform pressure distri-

bution and significantly enhance power density.
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These findings align with previous research, particularly regarding the influence of
bends within the flow channels. As demonstrated by previous research[15-17], channel
bends can significantly affect pressure distribution. In the CFD simulations conducted
here, the addition of bends also maintained a more stable pressure profile and distributed
pressure more evenly, reducing the risk of flow maldistribution. The observed decrease
in pressure with increasing channel width aligns with Chowdhury et al.[18], who investi-
gated the influence of channel and land width using 19 variations and found a similar

pressure reduction trend with increasing channel width.

3.3. Hydrogen Velocity Analysis using Computational Fluid Dynamics (CFD) Simulation

Figure 3 shows the influence of channel width and depth variations on hydrogen

velocity.
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Figure 3. The hydrogen pressure distribution for all design variations using Ansys Simulation (a)
PRL1, (b) PRL2, (c) PRL3, (d) PRL4, (€)PRL5, (f)PRL6, (g)PRL?7, (h) PRLS, (i) PRL9

The CFD simulations illustrated in Figure 3. present results that are inversely related
to the pressure values. While the pressure values obtained from the simulations decrease
with increasing channel width, the CFD simulation results for hydrogen flow velocity

show an increase.

At a width of 0.5 mm, the maximum hydrogen flow velocity is initially 22.7 m/s. This
velocity increases to 23.9 m/s and reaches a peak of 24.9 m/s as the channel depth in-
creases. A similar trend is observed in designs with widths of 0.7 mm and 1 mm. At a
channel width of 0.7 mm, the maximum velocity obtained is 25.3 m/s, which increases
with the addition of channel depth, peaking at 27.1 m/s. Meanwhile, at a width of 1 mm,
the maximum velocity starts at 23.3 m/s but increases with the addition of depth, reaching
a high of 25.2 m/s. Furthermore, increasing the channel width also shows a trend of in-
creasing flow velocity. However, this does not apply when the channel width increases

from 0.7 mm to 1 mm.

The CFD results also demonstrate the influence of hydrogen flow velocity on reactant
gas distribution. At a channel width of 0.5 mm, the reactants are distributed evenly, but
the gas flow velocity is very slow. At a channel width of 0.7 mm, the flow velocity in-
creases, leading to improved reactant flow. However, this does not hold true for a channel
width of 1 mm. Instead, a width of 1 mm results in uneven flow distribution (maldistri-

bution) with flow concentration only in certain areas.

These findings are consistent with previous studies. Wang et al.[19] investigated the
effect of outlet and inlet constriction and showed that areas with high pressure result in
low gas flow velocity, and vice versa. Their design demonstrated increased gas flow ve-
locity upon entering a small, low-pressure inlet. Liu et al.[20] studied the development of

conventional designs by adding constrictions to parallel channels and showed that the
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pressure drop in sub-channels initially decreases and then increases with increasing dis-
tance. This study illustrated that pressure drop variation in sub-channels is a major con-
tributor to flow maldistribution. Their design, incorporating micro-distributors, aimed to
prevent excessive pressure drop in complex parallel channels and avoid excessively high
pressure at the gas inlet path in the cathode. Flow maldistribution still occurred at sizes
of 0.8 mm and 0.6 mm, while sizes of 0.4 mm and 0.2 mm showed significant pressure
increases, reducing excessive pressure drop and improving flow distribution. Zhang et al.
[21] conducted research on flow optimization in parallel designs and showed that increas-
ing the number of branches in parallel channels leads to a decrease in the resulting flow

velocity.

This study's results align with these previous findings. The CFD simulation results
for larger channel widths and the associated pressure drop, which are closely related to
flow distribution, show similarities to the findings of previous research[19,20], who iden-
tified high pressure and pressure drop as key factors in flow maldistribution in narrow
and complex channel designs. Additionally, the observed increase in hydrogen flow ve-
locity with increasing channel depth in this study mirrors the results of Zhang et al.[21],
who observed a decrease in flow velocity with an increase in the number of branches in

parallel channels.
4. Conclusions

Channel width and depth significantly influence the pressure distribution and hy-
drogen velocity in PEMFCs. Wider channel widths tend to decrease the maximum pres-
sure, while deeper channel depths promote a more uniform pressure distribution across
the bipolar plate. This suggests that optimizing both parameters is crucial for reducing

pressure drop and achieving a more stable hydrogen flow rate
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