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Abstract. In this article, the effect of cross-sectional geometry on the flow behaviour of hy-
drogen in a polymer electrolyte membrane fuel cell is studied using a steady state computational
model. Three geometric shapes: semi circular, triangular and rectangular are considered in this
study. The results show that the triangular geometry has the highest velocity and pressure drop
in the channel, while the lowest is by the rectangular geometry. The velocity profiles of all three
geometries are found to be parabolic in the fully developed region, with the triangular geometry
having the centroid at 113rd of the base height and hence the maximum velocity shifts to that
line. The turbulent kinetic energy values are found to be highest at the inlet and saturates at fully
developed regions. From this analysis, a rectangular section (or) a semicircular section is having
uniform flow distribution and less turbulence and is suitable for the fuel cell flow applications.

Keywords: Fluid flow, Turbulent kinetic energy, Pressure drop, Velocity distribution, Geometric
Effects.

1 Introduction

Proton exchange membrane fuel cells are a promising technology for clean and efficient power
generation. Essentially, they convert the chemical energy of the reactant gases into electrical energy,
without combustion. These fuel cells are useful in a variety of applications like stationary power
generation, mobile

One of the key challenges in the development of proton exchange membrane fuel cells is the
design of flow channels. The flow channels must be designed to accommodate a high flow rate of
gases to the electrodes while minimising the pressure drop and turbulence [1]. The cross-sectional
geometry of the flow channel is an important factor that affects the behaviour of the gases. In this
article, we investigate the effect of cross sectional geometry on the flow behaviour of the hydrogen

ICSETPSD 2023, November 17-18, Coimbatore, India
Copyright © 2024 EAI
DOI 10.4108/eai.17-11-2023.2342862



across three different geometries: semi circular, triangular and rectangular. In this study, we com-
pare the velocities, pressure and turbulent kinetic energy profiles for these three geometries. The
effect of cross-sectional geometry on the flow behaviour of the fluids has been extensively studied
in the literature. Certain studies investigated the effect of channel geometry on the pressure drop in
PEMFCs and established that the pressure drop was inversely proportional to hydraulic diameter [2].
These studies concluded that the pressure drop was higher for the sharp comers as well. Another
study investigated the effect of geometry on the mass transport for PEMFCs. They found that the
mass transport for the channel with larger aspect ratio was higher [3]. The mass transport was lower
at the sharp comers as well. Other studies investigated the effect of geometry on the flow distribution
and heat transfer in PEMFCs [4]. They found that the flow distribution was more uniform and heat
transfer was effective for channels with larger aspect ratio. On the other hand, the flow uniformity
and heat transfer were reduced at the sharp comers as well.

2 Methodology

2.1 Numerical Details

The CFD simulations were performed using ANSYS Fluent 2023 Student Version. The com-
putational domain was a I 00 mm long channel, with different cross-sectional areas, respectively
accommodating to the particular geometry. In this study, three geometrical sections (semi-circular,
triangular and rectangular) are considered and the dimensions are tabulated below (Table 1). Mesh-
ing is performed using patch conformance with tetrahedrons. The minimum element size is param-
eterized for the grid independence study. The value of converging velocity is used to perform the
mesh number test. The mesh element size is maintained the same for other sections as well. The
results of grid independence are tabulated below (Table 2). From this, 1e-4 m is selected as the mesh
element size for the study.

Table 1: Dimensions of the Geometry

Serial Name of the Length of the Width of the Depth of the
Number Geometry channel (mm) channel(mm) channel(mm)

1 Semi-circular 100 2 1
2 Triangular 100 2 1
3 Rectangular 100 2 1

During the solution procedure, the following conservation relations are taken into considera-
tion:

i) Continuity equation:

∂ρ

∂ t
+∇ · (ρu) = 0 (1)



Table 2: Grid-Independence Test

Serial Geometry Minimum mesh Number of Velocity
Number element size (m) elements (m/s)

l

Semi-circular

1.04e-4 8,26,497 1.3026
2 l.02e-4 8,39,494 1.3026
3 l.00e-4 8,88,531 1.3026
4 0.98e-4 9,37,495 1.3026

∂ρu
∂ t

+∇ ·
(

ρ.u
⊗

u
)
=−∇ρ +∆ · τ +ρg (2)

ii) Navier Stokes equation:
SST - kw model is used to capture the turbulence effect for this low Reynolds flow study [5]

as advised from literature. The fluid under study is hydrogen. The properties are tabulated in the
table below (Table 3). The simulation is run using an iterative solver for studying the steady state
characteristics of the system. The pressure and velocity plots were analysed to determine the flow
behaviour of hydrogen in the three geometries.

Table 3: Properties of hydrogen used for flow simulation

Density (kg/m3) 0.08189
Viscosity (kg/ms) 8.411 e-6

2.2 Model Validation

In order to ensure that the model accurately models the physical system of interest, we validate
with velocity obtained from analytical calculations.

Q = Av (3)

m̂
ρ

=
πr2

2 · v
(4)

v = 1.298 m/s
The average velocity as is estimated by the simulation for a circular mesh is 1.3 m/s. This

difference is due the weighted average of velocity taken at the outlet, taking into effect the boundary
layer development. Since the problem is quite simple, this model validation is applicable for further
studies undertaken in this article.



3 RESULTS AND DISCUSSIONS

3.1 Effect of geometry on velocity:

The velocity profiles for all the three geometries are shown in figure 1. The triangular geom-
etry has the highest maximum velocity, followed by the semi circular geometry and the rectangular
geometry. The maximum velocity of the triangular geometry is 4.4 m/s, compared to 2.6 m/s for the
semi-circular geometry and 2.0 m/s for the rectangular geometry.

Fig. 1. Distribution of velocity as a function of geometry in flow channels at fully developed regions. (a) Semi
circular geometry (b) Triangular geometry and (c) Rectangular geometry

The velocity profile along the z-length for fully developed flow is a characteristic feature of
fluid flow in channels and pipes. In fully developed flow, the velocity profile remains constant
along the z-length, indicating that the flow is no longer influenced by the entrance conditions. The
velocity profile for fully developed flow is typically parabolic in shape, with the maximum velocity
occurring at the centre of the channel or pipe and decreasing towards the walls. On the entry, due to
sudden involvement to boundary layer as fluid starts to enter the channel, turbulent profiles (figure
2) are predominant with respect to the symmetry of the geometry as shown in the figure below. The
velocities for semi-circular, triangular and rectangular regions are 1.3 m/s, 2.05 m/s and 1.01 m/s
respectively. The figure below (figure 3) illustrates the parabolic velocity profile for the channel at
fully developed region. The velocities for semi-circular, triangular and rectangular regions are 2.5
m/s, 4.2 m/s and 1.8 m/s respectively.

Fig. 2. Distribution of velocity at the entry region in flow channels (a) Semi-circular geometry (b) Triangular
geometry and (c) Rectangular geometry



Fig. 3. Distribution of velocity at the fully developed region in flow channels (a) Semi-circular geometry (b)
Triangular geometry and (c) Rectangular geometry

The development of the velocity profile from the entrance to the fully developed region is a
result of the interaction between inertia and viscous forces. As the fluid enters the channel or pipe,
it experiences a sudden change in velocity, which creates a boundary layer near the walls. The
boundary layer is a thin layer of fluid where viscous forces are dominant and the velocity is reduced.
As the fluid travels downstream, the boundary layer grows thicker and the velocity profile gradually
develops until it reaches a fully developed state.

Fig. 4. Distribution of velocity along z-direction - Entrance to fully developed region. (a) Semi-circular geom-
etry (b) Triangular geometry and (c) Rectangular geometry

The length of the entrance region required for the flow to become fully developed depends on
the Reynolds number of the flow. The Reynolds number is a dimensionless parameter that charac-
terizes the ratio of inertial forces to viscous forces in a flow. For low Reynolds number flows, the
entrance region is relatively short, while for high Reynolds number flows, the entrance region can
be quite long. In this case, all three geometries show a similar entrance length of 2 mm, illustrated
from the above figure (figure 4).

3.2 Effect of geometry on pressure:

Pressure plots are used to visualize the pressure distribution in the fluid flow. Pressure in a flow
domain varies with respect to location and the instantaneous velocity. Navier Stokes equations are
simultaneously solved for iteration until 1e-3 of residue, for pressure plot generation. The pressure



drop in fluid flow relates to the energy loss in fluid due to friction against the walls of the channels.
The triangular geometry has the highest pressure drop because it has the largest surface area of
contact with the fluid. In addition to the surface area, the shape of the geometry also affects the
pressure drop: the sharp edge of a triangular flow geometry creates a high flow separation, thus
leading to high pressure drop. The pressure plots for the three geometries are shown in the figure
below (figure 5). The triangular geometry has the highest pressure drop, followed by the semi-
circular geometry and the rectangular geometry. The pressure drop for the triangular geometry
is 67.1 Pa, compared to 23.7 Pa for the semi-circular geometry and 15.4 Pa for the rectangular
geometry.

Fig. 5. Distribution of pressure drop along the length of the channel (a) Semi-circular geometry (b) Triangular
geometry and (c) Rectangular geometry

3.3 Effect of geometry on turbulent kinetic energy:

Turbulent kinetic energy measures the average kinetic energy of the eddies in a turbulent flow.
This is a very the walls of the channels. Here, the velocity is reduced, and turbulence is high, as
shown in the figure below (figure 6). At the entrance the TKE values for semi circular, triangular,
rectangular geometry for the given important factor that affects the flow behaviour, heat transfer and
mass transfer in fluid flow. At inlet, the TKE values are at the highest due to sudden change in
velocity; this disturbance creates boundary layer near boundary gives 0.0065 m2s−2, 0.016 m2s−2

and 0.004 m2s−2 respectively.
As we move away from the entrance to the fully developed region, the boundary layer thickens,

and turbulence intensity reduces. In the fully developed region (figure 7), the flow is no longer
influenced by the entrance condition or the parabolic velocity profile. However, the TKE values are
still non-zero due to the interaction of flow with eddies. In the fully developed region, the TKE
values for semi-circular, triangular, rectangular geometry for the given boundary gives 2e-10 m2s−2,
3.Se-10 m2s−2 and 2.4e-11 m2s−2 respectively.

The triangular geometry has the highest TKE values at both the inlet and the fully developed
region because it has the sharpest comers. The sharp comers create areas of high flow separation,
which can increase the turbulence intensity and TKE values. The semi-circular and rectangular
geometries, on the other hand, have smoother walls and less flow separation, which contributes to
their lower TKE values.



Fig. 6. Distribution of turbulent kinetic energy at the inlet of the channel (a) Semi-circular geometry (b) Trian-
gular geometry and (c) Rectangular geometry

Fig. 7. Distribution of turbulent kinetic energy at the fully developed region of the channel (a) Semi-circular
geometry (b) Triangular geometry and (c) Rectangular geometry

4 CONCLUSIONS

The study’s findings demonstrate that the cross-substantial impact on the flow behaviour of
hydrogen in a PEMFC. This implies that the shape of the channels can significantly influence how
hydrogen flows through the channels, thus affecting the performance of the fuel cell.

4.1 Triangular Geometry: Highest Velocity and Pressure Drop

The triangular geometry exhibited the highest maximum velocity and pressure drop among
the three geometries examined. This suggests that hydrogen triangular channels compared to semi-
circular or rectangular channels. This could be attributed to the triangular geometry’s sharp comers,
which can induce flow separation and turbulence, leading to increased pressure drop.

4.2 Parabolic Velocity Profiles

The velocity profiles for all three geometries were found to be parabolic in the fully developed
region. This indicates that the velocity distribution across the channel becomes more uniform as the
flow progresses downstream. The triangular geometry, however, exhibited a shift in the maximum



velocity towards the centroid, which is located at 1/3 of the base height. This deviation from the
typical parabolic profile could be due to the triangular geometry’s unique shape and the influence of
its comers.

4.3 Highest TKE Values at Inlet and Lowest in Fully Developed Region

The TKE values were found to be highest at the inlet and lowest in the fully developed region
for all three geometries. This trend indicates that turbulence is most intense at the beginning of the
flow path due to the sudden change in velocity as the fluid enters the channel. As the flow progresses
downstream, the turbulence intensity decreases, leading to lower TKE values.

4.4 Implications for PEMFC Design

The findings of this study have important implications for the design of PEMFCs. The choice
of cross sectional geometry for the flow channels can significantly impact the flow behaviour of
hydrogen and, consequently, the overall performance of the fuel cell. Triangular channels, while
exhibiting higher maximum velocity and pressure drop, could be advantageous in applications where
rapid hydrogen transport is crucial. However, for applications requiring lower pressure losses and
reduced turbulence, semi circular or rectangular channels might be more suitable.

Overall, this study provides valuable insights into the relationship between cross-sectional ge-
ometry and flow behaviour in PEMFCs. By understanding these relationships, engineers can opti-
mize flow channel design to improve PEMFC performance and efficiency.

Table 4: LIST OF ABBREVIATIONS

Abbreviation/ Symbol Explanation/ Units

PEMFC Polymer/Proton Electrolyte/Exchange Membrane
TKE!k Turbulent Kinetic Energy/ m2s−2

ρ Density/ kgm−3

u Velocity Tensor/ ms−1

∇ Divergence
g Acceleration due to gravity/ ms−2

p Pressure/ Nm−2

τ Time/ s
T Shear Stress/ Nm−2⊗

Cross Product
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