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Abstract

Flow fields are a primary component of polymer electrolyte membrane fuel cells (PEMFCs), the components supplying fuel
cells with reactant gases, such as hydrogen and oxygen. However, the flow fields of fuel cells are limited by the nonuniform
poor distribution of reactant gases, unintended pressure drop across channels, and poor water management, among other
issues. Thus, relevant designs must focus on obtaining the lowest possible pressure drop while attaining the best possible
distribution of reactant gases, further improving cell performance. In this work, the impact of novel bioinspired flow field
designs on PEMFC performance was investigated. Three flow field configurations, namely, sunflower-inspired flow field
(SUFF), flower of life-inspired flow field (FLFF), and palm frond-inspired flow field (PAFF), were designed, as inspired by
the shape of the sunflower (i.e., flower of life and palm frond). Results revealed that the optimal operating conditions for
the fuel cell were 1 L/min and 1.1 bar. The bioinspired configurations significantly affected PEMFC performance at a low
voltage (<0.645 V), but the impact was negligible at a high voltage (>0.645 V). Furthermore, the ohmic loss region and
the concentration loss region were both significantly improved by the bioinspired designs. The maximum power density was
significantly increased for SUFF, FLFF, PAFF1, and PAFF2 by 16.84%, 6.07%, 6.32%, and 10.40%, respectively.

Keywords Fuel cell - Bipolar plate - Flow field - Flow channel - Bioinspired

Introduction

Environmental pollution caused by the rampant use of fos-
sil fuels is considered a persistent global problem [1]. The
depletion of fossil fuel stocks is another issue [2]. Conse-
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quently, clean energy production has become crucial and
urgent [3], with fuel cells becoming widely available for this
purpose. Fuel cells operate analogously to batteries except
that the former do not require recharging [4]. Among many
fuel cell types, the polymer electrolyte membrane (PEM) is
the most desired because of its high electrical efficiency and
uncomplicated design [5, 6]. Its design parameters, such as
membrane electrode assembly, flow channels, endplates, and
current collectors, are used for water and thermal manage-
ment and control of polymer electrolyte membrane fuel cell
(PEMFC) performance [7, 8]. The generation of cathode
water is also influenced by this flow field design. In particu-
lar, flow channels are used to effectively maintain water at a
proper level and subsequently control flooding, hotspots, and
dehydration, further avoiding a decrease in cell performance.
Past studies have focused on improving flow channel design
to similarly enhance PEMFC performance. Straight-flow
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channels have been investigated through different modifica-
tions, such as channel blockage, channel traps, and ribbed
flow channels [9-11]. The serpentine flow field (SFF) has
also been modified using sinusoidal wavy channels, multi-
pass channels, and porous inserts in channels [12-18] to
enhance water management and cell power performance.
Similarly, the parallel flow field has also undergone modifi-
cations, such as by using single- and double-in/out mecha-
nisms for parallel flow fields, micro-distributor channels, and
Z-type, U-type, U-Z-type, and zigzag channels, to prevent
the maldistribution of reactants, achieve acceptable current
distribution, and increase cell power [19-28]. Meanwhile,
nature-inspired flow field configurations, such as lung-, tree-,
and leaf-inspired designs, have been investigated to enhance
the output power of PEMFCs [29-39]. Unconventional flow
fields have also been tested on fuel cells to uniformly dis-
tribute the reactant and current by using honeycomb-, blood
vessel-, and cuttlefish-inspired designs and intersect—flow
channels [40-42]. Baffles (plain nickel foam) have been
positioned in parallel flow channels where the channels and
ribs on the cathode side have been entirely superseded, and
the porosity of nickel metal foam was 80%. The concentra-
tions of oxygen were increased by the inclusion of the metal
foam. Also, the high porosity value for metal foam led to
improved current density [43]. Porous carbon inserts were
placed with a uniform arrangement and staggered arrange-
ment in the serpentine flow channel to improve PEMFC
performance and liquid water management, where water
was taken up by the porous inserts and transported to chan-
nels via the lateral sides after passing through the interfacial
area of the GDL and rib [44]. The PEMFC with a three-
dimensional fine-mesh flow field was thoroughly examined,
and the distribution of liquid water in the three-dimensional
flow field was qualitatively analyzed. It has been encoun-
tered that the 3-D fine mesh design can aid in removing
liquid water from PEMFCs while particularly enhancing the
supply of the reactants from the channels to electrodes [45].
In other work, three configurations inspired by the Fibonacci
sequence were investigated. The Fibonacci-inspired configu-
rations enhance the peak power density and current density.
Furthermore, the ohmic losses region has been enhanced
with the Fibonacci design [46]. Also, parallel configuration
and serpentine configuration have been merged to obtain a
hybrid design. This design improves the performance of fuel
cell by achieving a uniform distribution of gas, temperature,
and current. But it produces high pressure drop [47]. Many
flow field designs were meticulously reviewed and classified
into a multitude of different types, showcasing a comprehen-
sive analysis of the impact of the configuration, dimensions,
and geometric characteristics of the flow channel on the per-
formance of the fuel cell [48]. On this basis, novel flow field
configurations inspired by the shape of the sunflower, flower
of life, and palm frond called sunflower-inspired flow field
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Fig.2 Diagram of the test apparatus

(SUFF), flower of life-inspired flow field (FLFF), and palm
frond-inspired flow field (PAFF), respectively, are recom-
mended in this study.

Experimental setup

The test apparatus was composed of a PEMFC, oxygen and
hydrogen vessels, a digital multimeter, pressure gauges, pipe-
lines, flow meters, pressure regulators, and several electrical
resistors (Fig. 1). The parts of the test apparatus are shown in
Fig. 2. The type of fuel cell used in this study was PEM, which
operates on oxygen and hydrogen (model: HEM-15, DuPont),
with a weight of 0.4 kg. The PEMFC is shown in Fig. 3. The
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size of the cell components is listed in Table 1. Both oxygen
and hydrogen vessels were installed with a pressure gauge for
discharging pressure gases. The purity level of the oxygen and
hydrogen gases was 99%. Two pressure regulators for hydro-
gen and oxygen mounted on the test panel were used to control
the pressure of gases entering the PEMFC, thus preventing
membrane rupture; they were also used to calibrate pressure
gauges. The hydrogen and oxygen gas flow that entered the
PEMFC was measured using a single-phase flow and nonpul-
sating rotameter. The rotameter was lightweight and intuitive
to read, with an accuracy of +6%, a working temperature of
55 °C, and a working pressure of 0.4 MPa. The flow meter was
mounted vertically on the test panel to achieve precise read-
ings and adapted to the required flow rate by using a control
valve. Then, a multimeter was utilized to measure different
electrical properties. The multimeter was operated manually,
with a relative humidity of 75%, a maximum reading of 3999,
and an operating temperature range from 0 to 40 °C. Resistors
were utilized to adjust the current of the PEMFC by varying
its load. Then, different electrical resistors were connected in
parallel and in series to obtain various resistance values. In
particular, ceramic cement resistors with specifications of 0.22
Q,5W, 24 g, and + 5% tolerance were used. The seated pipes
were completely deflated prior to their connection and opera-
tion with the fuel cells. Practical experiments were executed
to investigate the effects of varying pressures and flow rates
on the performance of fuel cell and obtain the optimum oper-
ating conditions. The obtained optimal operating conditions
were subsequently utilized to examine the effect of flow fields
within the fuel cell with various loads.

Flow field design and manufacturing

The steps of designing and manufacturing the different flow
fields can be described as follows: in the first stage, the
dimensions and shapes of the selected elements, namely,

Fig.3 PEMFC
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Table 1 Component size of the PEMFC
Parameters Values Units
Endplate length 87 mm
Endplate thickness 5 mm
Endplate width 87 mm
Bipolar plate thickness 2 mm
Channel width 2 mm
Channel height 1 mm
Rib width 25 mm

the catalyst layer and flow channels, were identified. Then,
the bioinspired configurations were drawn onto the bipo-
lar plates. The engineering configurations of the different
flow fields were designed using SolidWorks. In the second
stage, the designs were exported to HSM-Works for creat-
ing G-codes, and the results were inputted into the CNC
machine. The C-TEK CNC milling machine used in this
study could complete the entire process of groove process-
ing, milling, and drilling (Fig. 4). In particular, the CNC
milling machine was used to fabricate the bipolar plates
and drill the flow channels. In the last stage, the fabricated
aluminum plate was manually cleaned, and all filings were
removed. Aluminum with a density of 2500 kg/m> was used
to fabricate the bipolar plate because of its corrosion resist-
ance, light weight, ease of manufacturability, thin-plate
structure, and sufficient electrical and thermal conductivity
[49]. The following four bioinspired designs of flow fields
were developed and fabricated in addition to the basic SFF:
SUFF, FLFF, PAFF1, and PAFF2.

Fig.4 C-TEK CNC milling machine
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The SFF is a widely used design for flow fields in
PEMEFCs. Thus, this conventional design was used for
comparison with the novel bioinspired flow field configu-
rations proposed in this experimental study. In terms of
design, the SFF has a long and continuous channel, with
a width of 2 mm, a depth of 1 mm, and a rib width of
approximately 2.5 mm. The outlet and inlet diameters of
the flow field plate were 5 mm. Figure 5 shows the design
of the SFF before and after manufacturing based on the
dimensional diagram. The constructal law, a fundamental
principle in physics, demonstrates the notion that flow
systems experience a continuous process of evolution,
optimizing their designs to facilitate improved access for
the currents that traverse them. The phenomena of design
generation and development exemplify as natural mecha-
nisms that aim to improve the pathways through which the
currents flow [50]. Accordingly, bioinspired flow field
configurations have been designed. Sunflower is a com-
mon plant; it has a peg root and a cylindrical unbranched
stem covered with numerous fluffs, as shown in Fig. 6.
On the basis of the fluff shape of the sunflower head, a
flow channel (SUFF) was designed. This design consisted
of an entrance with a diameter of 5 mm that was con-
nected to 12 straight channels with a width of 1.18 mm
distributed in all directions regularly. Then, the channels
were connected to a grid with a width of 1 mm. The outlet
diameter was 5 mm. The design resembling the sunflower
flower is shown in Fig. 7. The flower of life has been
regarded as a geometric symbol that includes a primary
large circle with overlapping circles [51], such as that
shown in Fig. 8. On the basis of the flower life shape, the
flower life flow channel was designed (i.e., FLFF, Fig. 9).
Here, the hexagonal part was cut out and designed in the
form of flow channels with an inlet and outlet of 2.5 mm.
The main channel was divided into two secondary chan-
nels by a rib with two sharply tapered ends. The width of
the secondary channel was 2 mm, and the inlet and outlet

Fig.6 Sunflower (Helianthus annuus)

diameters were 5 mm. The diameter of the external circle
was 58.6. Palm fronds are the branched leaves of palm
trees; they have a feathery shape and a rough texture.
Palm fronds differ from tree leaves in that the former are
separated from each other (Fig. 10). On the basis of the
frond shape, flow channels (i.e., PAFF) were designed in
this study. In particular, two different types of flow fields
(i.e., PAFF1 and PAFF2) were developed. The first design
had a straight main channel with a width of 2 mm con-
nected to branch channels, while the second design had a
tapered main channel connected to branch channels. The
width of the starting point of the channel was 3.87 mm,
gradually narrowing until it reached a width of 2.35 mm.
The width of the subchannels in both types was 2 mm,
and the width of the rib was 2 mm. The inlet and outlet
diameters of the two designs were 5 mm. The diameter of
the external circle was 58.6. Figures 11 and 12 show the
PAFF1 and PAFF2 designs, respectively.

6.50

©

Fig.5 SFF
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Fig.7 SUFF

Design and manufacture of endplates

Inlet and outlet holes were drilled into the endplates to
match their corresponding holes in the previously manu-
factured flow fields while the endplates were being built.
In the first step, the engineering details of the different
endplates were drawn in SolidWorks. Then, for the pur-
pose of generating G-codes, the endplate drawings were
inputted into HSM-Works. Finally, the resulting G-codes
were inputted into the C-TEK CNC milling machine for
fabrication. The last stage entailed manually cleaning the
endplate and removing any filings. The designed end-
plate was constructed from aluminum (Fig. 13). Gaskets
were manufactured on the basis of the configurations and
dimensions of the endplates and flow channels mentioned
above. In general, gaskets in PEMFCs provide insula-
tion and prevent leakages. Here, the gaskets were cre-
ated using the commonly manufactured plastic material

Fig.9 FLEF
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polyethylene. The gasket used in this study is shown in
Fig. 14.

Fig. 10 Palm frond

Results and discussion

The experimental results were executed to investigate the
effects of varying pressures and flow rates on fuel cell
performance and obtain the optimum operating condi-
tions. The relationship between current density and
hydrogen flow rate at 0.1 Q and 1 bar is demonstrated in
Fig. 15. The results indicate that the increase in current

density is proportional to the hydrogen flow rate until it
approaches 1 L/min, where the increase in current den-
sity is insignificant. The empirical correlations between
the current density and hydrogen flow rate of PEMFC are
obtained by applying the progression analysis. The gener-
ated equation for SFF is the polynomial Eq. 4th order for
the optimal curve fitting.

I =3.2576 14 — 12.005 3 + 15.955 2 — 8.8845  + 2.0478
o))
dl

== 13.0304 m® — 36.015 m®> + 31.91 m — 8.8845  (2)

At maximum current density (% =0)

13.0304 in® — 36.015 in®> + 31.91 m — 8.8845 = 0
 =1.150 L/min

I = 0.370A/cm2 maximum current density

The highest level of current density attainable for SFF is
0.370 A/cm? when the flow rate is at 1.150 L/min. Furthermore,
a set of empirical correlations were developed by applying iden-
tical methodologies on the other designs, as outlined in Table 2,
while maintaining identical pressure and resistance conditions.
The utilization of the PAFF2 design resulted in the attainment
of the highest current density for the PEM fuel cell. This out-
come was due to the augmentation of the active area, which
consequently led to an increase in the flow rate. As a result, the
current density experienced a corresponding increase. Addi-
tionally, another contributing factor to this achievement is the
effective distribution of hydrogen throughout the flow chan-
nels. The anticipated explanation for the increase in current
density is that increasing the amount of hydrogen leads to an
augmentation in the electrons released from the catalyst layer at

Fig. 11 PAFF1
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Fig. 12 PAFF2

Fig. 13 Endplates for A SUFF, B FLFF1, C PAFF1, and D PAFF2

the anode. Thus, it increases until it reaches a maximum value.
The maximum current density value depends on the active area
limited by each flow channel design.

Figure 16 illustrates the relationship between the hydrogen
pressure and voltage generated from PEM fuel cell at 1 L/min
for different flow field designs. The findings suggest that the
rise in voltage in a fuel cell is directly related to the hydrogen

pressure until it reaches a value of approximately 1.1 bar, at
which point the increase in voltage becomes marginal. The
empirical correlations between the voltage and hydrogen
pressure of (PEMFC) for used configurations are obtained
through the application of progression analysis. The equation
generated for the (SFF) is a sixth-order polynomial equation,
which ensures optimal curve fitting.

@ Springer
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Fig. 14 Gaskets for A SUFF, B FLFF1, C PAFF1, and D PAFF2

Fig. 15 The relationship
between current density and
flow rate
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Table 2 The empirical correlations of current
Design Empirical correlation My I max
(L/min) (Alem?)
SFF 1=3.2576 m* — 12.005 m®+ 15.955 m?*— 8.8845 m+2.0478 ... @)) 1.150 0.370
FLFF 1=-1.6667 1’ +10.379 m* —23.78 r® +25.302 m>— 12.411 m+2.5537 ... (3) 1.146 0.377
SUFF 1=2.2348 m*—8.1843 m> + 10.695 m?—5.7256 m+ 1.3603 ... “4) 1.156 0.381
PAFF1 1=2.7273 m*—10.04 >+ 13.286 m*>—7.3194 m+1.7223 ... 5) 1.156 0.376
PAFF2 I=—27.778 m+149.17 t’ — 326.53 ti* +371.96 1 — 232.18 m?+75.47 i —9.725 ... (6) 1.201 0.392
Fig. 16 The relationship
between the pressure and volt- BEG —e—SFF
age
085 —e— SUFF
0.34 —e— FLFF
Hift —e— PAFF1
= —e— PAFF2
L 082
8 -+ Paly.
[s]
S 081 (SFF)
Poly.
0.8 (SUFF)
Poly.
(FLFF)
0.79 Poly.
(PAFF1)
o7g —— 1 — 1 1 1 e Poly.
0.6 0.7 0.8 05 1 1.1 1.2 13 (PAFF2)

V =7.6389P6 — 39.824P5 4 84.754P4

av

Hydrogen pressure (bar)

3

—94.224P3 + 57.63P2 — 18.247P + 3.112 ©) +115.26P — 18247 =0
P=1.136 bar

o =45.8334P° — 199.12P* + 339.016P° @ V =0.84496 V maximum voltage

At maximum voltage (d_V = 0)
dp

—282.672P% + 115.26P — 18.24

45.8334P° — 199.12P* + 339.016P3 — 282.672P

The maximum achievable voltage value for SFF reaches

0.844 V at 1.136 bar. Moreover, a set of empirical correla-

tions was formulated through the application of identical
methodologies on other configurations, as explicitly depicted

in Table 3. The utilization of the PAFF2 design resulted in

Table 3 The empirical correlations of voltage

Design Empirical correlation P V max
(bar) %)
SFF V =7.6389P° — 39.824P° 4 84.754P* — 94.224P3 + 57.63P> — 18.247P+3.112 ... (7) 1.136 0.84496
FLFF V =6.9444P° — 35.096P° + 72.249P* — 77.625x> + 45.939P> — 14.106P+2.538 ... (9) 1.20 0. 8487
SUFF V =6.9444P° — 34.135P% 4 68.162P* — 70.784P3 4+ 40.307P> — 11.831P+2.1788 ... (10) 1.167 0. 8464
PAFF1 V =6.9444P° — 35.096P° 4 72.249P* — 77.625x> + 45.939P> — 14.106P+2.539 ... (11) 1.20 0. 8487
PAFF2 V= —3.4722P%+ 17.933P° — 38.072P* + 42.328P> — 25.922P? 4+ 8.3799P — 0.329 ... (12) 1.1586 0. 8517
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the achievement of the highest voltage for the PEM fuel cell.
The expected reason for the increase in voltage of the fuel
cell is that increasing pressure reduces the activation energy,
which in turn leads to a decrease in voltage loss. However,
the increase in cell voltage is limited because the activation
energy depends primarily on the type of catalyst.

Thus, the operating conditions used in the experiments to
test the bioinspired configurations on the PEMFC and con-
trast them with the SFF configuration were 1 L/min and 1.1
bar. Figure 17 shows the polarization curve of the basic SFF
design with respect to the SUFF design in terms of current
density and voltage. In general, the current density increased

Fig. 17 Polarization curve of
SUFF
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as the voltage decreased at a constant pressure and flow rate
because of the ohmic losses in the PEMFCs. The polariza-
tion curve also presents three regions for concentration loss,
ohmic loss, and activation loss. The activation loss region
was negligibly affected by the SUFF design. The voltages
required to reach the activation energy and start the reaction
for SFF and SUFF were 0.185 and 0.182 V, respectively.
The ohmic loss curve is divided into two regions. The volt-
age increased marginally in the first region and then crossed
over to the other region at 0.645 V. This phenomenon cor-
responded to a significant increase in voltage as the pressure
decreased further on the anode side. Meanwhile, the current

—8—SFF —8— SUFF

Activation Polarization

Ohm;
mj
c Polarizat,- on

Concentration
Polarization

03 04 05 06 07 08 09 1 11 12
Current density (A/cm?)
——SFF —e—SUFF

03 04 05 06 07 08 09 1 11 12
Current density (A/cm?)



lonics (2024) 30:4733-4747

4743

density in the concentration polarization region improved
owing to the enhanced water management at the cathode
side. In this area where the SUFF design was adopted, the
concentration polarization for the SFF and SUFF designs
started at 0.97 and 1.03 A/cm?, respectively. The maximum
current densities observed for the PEMFC in the SFF and
SUFF designs were 1.08 and 1.13 A/cm? respectively.
Figure 18 presents the power curves of the basic SFF and
SUFF designs in terms of the current and power densities.
The results confirm the higher power of the PEMFC for the
SUFF design compared with the SFF design. The maximum
power densities of the PEMFCs with the SUFF and SFF

Fig. 19 Polarization curve of
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designs were 0.412 and 0.3526 W/cm? at 1.03 and 0.86 A/
cm?, respectively. The improvement in peak power density
with the SUFF design was 16.84%. The design of the flow
field, inspired by the sunflower, matches the pin flow field
design which decreases the pressure drop [48], with some
positive differences in SUFF design that led to uniform
distribution in reactants. Figure 19 shows the polarization
curves of the FLFF and basic SFF designs. The FLFF design
clearly influenced the polarization at voltages of <0.645 V,
but the impact was much less at>0.645 V. Therefore, the
activation loss region was marginally enhanced by the FLFF
design. The voltage losses in the SFF and FLFF designs
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were 0.185 and 0.181 V, respectively. By contrast, the FLFF
design resulted in significant enhancement of both voltage
and current in the ohmic loss region compared with the
basic SFF design, which indicates decreasing pressure at
the anode side of the FLFF. Additionally, the concentration
loss region achieved a considerable improvement in the cur-
rent density, which indicates better water management at
the cathode side of the FLFF design. The concentration loss
regions for the SFF and FLFF designs corresponded to 0.97
and 0.994 A/cm?, respectively. Meanwhile, the maximum
current densities of the PEMFCs with the SFF and FLFF
designs were 1.08 and 1.13 A/cm?, respectively. Figure 20
shows the power curves of the FLFF and basic SFF designs.

Fig. 21 Polarization curves of
PAFF1 and PAFF2
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The FLFF design produced a higher cell power than the
SFF design. The maximum power densities of the FLFF
and SFF designs were 0.374 and 0.3526 W/cm? at 0.88
and 0.86 A/cm?, respectively. Therefore, the enhancement
of peak power for the FLFF design was 6.07%. The main
reason for the superiority of the flower of life flow field is
that the active area of FLFF is larger than that of SFF and
the streamlined design in the FLFF channels reduces pres-
sure drop. Figure 21 shows a comparison of the polariza-
tion curves of the PAFF and basic SFF designs. The voltage
losses in the activation polarization region for both PAFF
designs were 0.005 V lower than that for the SFF design.
Given the further reduced pressure drops at the anode sides
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of the PAFF designs, the voltage in the ohmic loss region
was higher than that of the SFF design. Additionally, the
reduction in mass transport losses at the cathode side of
the PAFF designs improved the current density in the con-
centration polarization region. The concentration losses of
the SFF, PAFF1, and PAFF2 designs were 0.97, 0.984, and
0.997 A/em?, respectively. The maximum current densities
of the PEMFCs with the SFF, PAFF1, and PAFF2 designs
were 1.08, 1.093, and 1.12 A/cm?, respectively. The power
curve trends indicate that the power produced by the PEMFC
with the PAFF designs is higher than that of PEMFC with
the SFF design (Fig. 22). The maximum power densities
of the PEMFCs with the SFF, PAFF1, and PAFF2 designs
were 0.3526, 0.3749, and 0.3893 W/cm? at 0.86, 0.984, and
0.889 A/cm?, respectively. The percentage increases in the
maximum powers of PAFF1 and PAFF2 were 6.32% and
10.40%, respectively. It is expected that the distinguishing
characteristic contributing to the improved performance of
the PAFF2 design in comparison to the PAFF1 design lies
in the inclusion of a main tapered channel within the second
configuration. This feature performs to force the reactants to
flow into the adjacent subchannels gradually, thereby facili-
tating the complete occupation of the empty channels which
provides a uniform distribution of the reactants. Overall, the
proposed bioinspired flow field design improved the perfor-
mance of the fuel cell.

In the realm of these findings, there is a significant point
to dissect: the marked increase in fuel cell performance
owing to the adoption of the bioinspired designs. This incre-
ment can be primarily attributed to the unique characteristics
of the bioinspired designs, specifically their design nature
that emulates the geometric progression. The design of
these flow fields influences the distribution of reactant gases
within the fuel cell, leading to the observed improvements
in performance. Beginning with the activation polarization
region, a minor improvement was seen with the utilization
of bioinspired designs. While this might seem trivial, even
a minute enhancement in this region can have consequential
benefits. This is because activation polarization losses origi-
nate from the inherent resistance to initiating the electro-
chemical reactions that produce power in the fuel cell. Thus,
a reduction in these losses implies that these reactions can
start more readily, leading to improved power output at the
lower end of the current—voltage curve. Going to the ohmic
polarization region, the implementation of bioinspired
designs led to a notable improvement. The enhanced volt-
age, revealing a decreased pressure drop at the anode side of
the bioinspired configurations, can be construed as the result
of an optimized gas flow pathway. This optimized pathway
is an outcome of decreased flow resistance, and the indi-
vidual spiral structure, thus undervaluing the energy losses
associated with the movement of reactants through the fuel
cell. Additionally, the improvement in the current density

of the concentration region across all novel configurations
reveals an enhancement in water management at the cathode
side. This is important since sufficient management of gener-
ated water in PEM fuel cells is challenging. A suboptimal
removal of generated water can restrain oxygen passes to the
catalyst sites, thereby decreasing the performance of the fuel
cell. Thus, this enhancement can lead to a considerable ele-
vation in performance at the higher end of the polarization
curve. It is also worth noting the substantial improvements in
peak power densities that were reached with the bioinspired
configurations, which demonstrated the best performance.
This result indicates that the geometric design principles,
inspired by the structure of Palm fronds and flower of life,
can be reliant to engineer optimal flow channels for PEMFC.
It is evidence of the possibility of nature-inspired design
techniques in the field of energy systems. The enhancements
imply that additional investigation and refinement of these
configurations may ultimately result in fuel cells with even
greater efficiency and performance.

Conclusion

The experimental results were executed to investigate the
effects of varying pressures and flow rates on fuel cell per-
formance. The results indicate that the increase in current
density is proportional to the hydrogen flow rate until it
approaches 1 L/min, where the increase in current density
is insignificant. The highest level of current density attain-
able for SFF is 0.370 A/cm? when the flow rate is at 1.150
L/min. Also, the findings indicate that the rise in voltage in
a fuel cell is directly related to the hydrogen pressure until
it reaches a value of approximately 1.1 bar, at which point
the increase in voltage becomes marginal. The maximum
achievable voltage value for SFF reaches 0.844 V at 1.136
bar. So, the experiments were conducted with optimal oper-
ating conditions to examine novel designs of flow channels
which were 1 L/min and 1.1 bar. The bioinspired designs
considerably impact PEMFC performance at low voltages
(lower than 0.645 V), while the influence is minor at high
voltages (higher than 0.645 V). The bioinspired configura-
tions narrowly positively affected the activation loss region
of the PEM fuel cell. Meanwhile, the ohmic loss region and
the concentration loss region were significantly enhanced
by the bioinspired designs. The concentration loss regions
of the SUFF, FLFF, PAFF1, and PAFF2 started at 1.03,
0.994, 0.984, and 0.997 A/cm? compared with 0.97 A/
cm? for SFF. Furthermore, the maximum power density
increased significantly by 16.84%, 6.07%, 6.32%, and
10.40% for SUFF, FLFF, PAFF1, and PAFF2, respectively.
The SUFF design attained the best performance and was
considered the optimal design.
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