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Abstract. This study uses a 3-D, isothermal numerical model with isotropic gas
diffusion layer (GDL) property to examine how thermal contact resistance (TCR)
and porous medium thickness (PMT) between GDL and BP, channel, and various
heat transfer coefficients affect the temperature profile and performance of a single
PEM fuel cell. The expected plate and cathode electrode temperature changes are
compared to experimental findings to calculate the appropriate thermal contact
resistance. According to numerical results, TCR and PMT improve cell perfor-
mance and temperature distribution. 1.5 °C is underestimated by 0.4 V. TCR and
PMT affect mass transport and electrode heat. We find that the generated heat
cannot be removed entirely when natural air convection is used to cool the PEM
fuel cell; however, when liquidwater is used, the heat removed ability significantly
increases the real expectations of a single PEM fuel cell, and the water must be
heated to a proper value that is greater than 70 °C for the cases that were studied.
This finding was made after comparing the temperature distribution of various
heat transfer coefficients.

Keywords: PEM fuel cell · Temperature distribution · Thermal contact
resistance · Porous medium thickness

1 Introduction

Due to energy shortages and fossil fuel pollution, alternative energy sources are essential.
Due to its high power density and minimal emissions, the PEM fuel cell has garnered
international attention in recent years. PEMFC quickly converts fuel chemical energy
into electricity, unlike heat engines. It can generate power at 40–60% efficiency without
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theCarnot cycle. PEMFC is environmentally safe because it produces justwater and heat.
PEMFC is a leading choice for distributed power production, portable power sources, and
hybrid vehicles due to its benefits [1–3]. PEMFC commercialization requires a model to
estimate total performance. Designers can optimize operational settings after assessing
PEMFC performance. Fuel cells feature multiple physicochemical processes, which
complicates normal modelling. Analytical and mechanistic fuel cell models require
knowledge of process parameters and physical phenomena [4].

Based on their simulation, Ge et al. [5] found that the cathode catalyst layer (CCL)
reached temperatures 12 degrees Celsius greater than the flow channel. Two-dimensional
(2D)models developedbyBurheimet al. [6] showed thatmoisture significantlymitigated
the previously observed large temperature difference between the inside and exterior. Cao
et al. [7] created 3D models to examine the thermal contact resistance (TCR) between
the gas diffusion backer (GDB) and the bipolar plate (BP), which is typically ignored in
most studies [6–9]. The data showed that a voltage of 0.6Vwas used to estimate a current
of 1.5 °C, which was an excess by a factor of 0.3. The transmission of energy via phase
change heat and diffusion is typically overlooked in these simplistic models. Common
heat-generating sources in PEMFC include the reversible and irreversible heat released
by electrode reactions, Joule heating caused by electron/proton conduction, and the phase
change heat of water [5]. Energy can be transferred through three different mechanisms:
conduction due to a temperature gradient, convection due to the bulk motion of a fluid,
and diffusive transport in interdiffusion mixtures [3, 5].

Furthermore, because to the fast changing of loads in the application, automotive
PEMFCs are complicated systems. The interior temperature is highly influenced by
reaction response time, phase shift, heat conduction, and other factors [13, 14]. As a
result, transient models are more precise than steady-state thermal models. However,
compared to studies on steady-state heat transfer, those on sudden heat transmission are
extremely scarce. In their two-phase, three-dimensional transient model, Wu et al. [13]
demonstrated the formation of a “cold spot” at CCL as a result of the evaporation of
liquid water. To examine how temperatures evolve during PEMFC startup, Wu et al.
[14] employed a quasi-2D numerical model. Most importantly, previous studies often
disregarded the thermal contact resistance (TCR) between the GDL and the collector rib.
However, a number of studies have shown that contact resistance is an issue that can’t
be ignored. The temperature distribution inside a PEMFC was studied by Bapat and
Thynell [15], They investigated thermal contact conductance and anisotropic thermal
conductivity using a two-dimensional single-phase model. Nitta et al. [16] examined
GDL and graphite’s thermal contact resistance, they reported that the bulk resistance
of GDL is similar to the contact resistance of GDL and graphite collector throughout a
range of compressive pressures. The thermal contact resistance is the principal resistance
of the overall thermal resistance, as shown by recent research by Sadeghi et al. [17] into
the thermal contact resistance GDL at different compressive pressures.

Within the scope of this research, we make use of a three-dimensional isothermal
numerical model that takes into account the fully isotropic properties of the gas diffusion
layer to investigate the temperature distribution and the mechanism for heat transfer that
takes place within a PEMFC. The optimal values of the PMT and the TCR between
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Fig. 1. Diagrammatic representation of the geometry, structure, and computational domain of a
single PEMFC cell.

the gas diffusion layer and the current collector rib are determined by comparing the
numerically predicted temperature difference between the cathode plate and electrode to
the experimental value. This allows for the calculation of the PMT and the TCR between
the gas diffusion layer and the current collector rib. After this, subsequent simulations
with varying rib and channel widths are performed to analyse channel geometry’s effect
on the temperature distribution and cell performances.
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2 Numerical Model Descriptions

2.1 Assumption

The fuel cell is a complicated system in the process of electrochemical reactions, with
numerous factors and surrounding activities influencing the change of fuel cell perfor-
mance and characteristics. Several hypotheses are developed for the model in order to
simplify the equation for simulation analysis.

1. The fuel cell performs in steady-state configuration.
2. All gases are viewed as ideal gases.
3. The fuel cell’s flow is laminar.
4. Gases have an incompressible flow.
5. The temperature change is disregarded, and the temperature is fixed at 70°C.
6. All textures in the membrane and GDL are uniformly porous and isotropic.

2.2 Geometric Model

In this section, we create a numerical model of a single-channel PEMFC in three dimen-
sions. The SpaceClaim component constructs the spatial representation. Figure 1 depicts
the five components that make up the PEMFC topologies. These components are the
proton exchange membrane, the catalyst layers, the gas diffusion layers, the flow chan-
nels, and the current collectors. Table 1 summarizes the specific geometric parameters
that are consistent with the experimental instance of Wang et al. [18]. The majority of
PEMFCs use this design. As a result of its simplicity of design, CFD computation time
and effort may be reduced, allowing the task to center onmodeling thermal contact resis-
tance with or without its use. If the SIMPLEC solver proves useful for this simple model,
it could be expanded to cover more complex PEMFCmodels. Hydrogen is continuously
pumped via the PEM fuel cell’s anode flow channel. Hydrogen is converted into protons
and electrons at the CL after going through the GDL. Protons from positive hydrogen
permeate through the membrane to the cathode, while electrons from the anode move to
the related load via the external circuit. The preceding action results in the production
of electrical current.

2.3 Conservation Equations

This section provides a brief summary of the numerical model applied for this inquiry.
This model is based on a two-phase model created by literatures [22, 23] that can accom-
modate isotropic transport processes in gas diffusion layers. The cell is believed to be
in a steady state, the gas mixing of reacting gas is great, the gas flow is laminar, and the
liquid saturation in the gas channel can be disregarded due to the comparatively high
velocity in the flow channel. All of these factors point to the cell being in a steady state.



Numerical Investigation of Polymer Exchange Membrane Fuel Cell 193

Table 1. Geometric parameters for conventional PEMFC [19].

No. Parameters Value (mm)

1 Channel height 1.0

2 Channel width 1.0

3 Channel length 40.0

4 Rib width 1.0

5 Cell width 2.0

6 GDL thickness 0.3

7 CL thickness 0.0129

8 Membrane thickness 0.108

As shown below, a generic convection diffusion equation can explain the conserva-
tion equations of momentum, energy, mass, species, and charges.

∇ • (ρ̃Uφ) = ∇ • (
�φ∇φ

) + Sφ (1)

whereφ is the general variable to be defined,�φ is the coefficient of generalized diffusion

of φ,
∼
ρ is the nominal density, and Sφ is the variable’s source term φ. Table 2 lists the

expressions of φ,
∼
ρ, and �φ for several equations.

Furthermore, the liquid water transport equation in a porous electrode may be
expressed as,

∇ •
(

ρ1
ηg

η1

κrl

κrg
ug

)
= ∇ • (ρ1Dc∇S) − S1 (2)

where s is the saturation of liquid water and Dc is the diffusivity of s, which is linked to
capillary pressure as,

Dc = −KK1

η1

dpc
ds

(3)

And the expression for dissolved water transport through a membrane is,

∇ • (Dw∇Cw) − ∇ •
(
nd

i

F

)
= Sd (4)

whereCw is the water content in the membrane phase, nd andDw are the electro-osmotic
drag coefficients, and diffusion, respectively.
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Fig. 2. Algorithm of computational solution

Table 2. φ,
∼
ρ , �∅ of various governing equations [7].

Mass Momentum Energy Species Charges

φ 1 U T Yi ϕs, ϕmem
∼
ρ ρmix ρmix/ ε

2
eff ρmix ρmix 0

�∅ 0 μmix/ εeff
λeff
Cp

ρmix D
eff
i σ sol, σmem
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2.4 Boundary Condition and Numerical Procedure

Mass-flow inlet and pressure outlet describe the input and output boundaries of the
channel, respectively. Use this formula to get the inlet velocities [19]:

uina = ζa
imax
2F

AMEA
1

ωin
H2

RT in
a

pina

1

Ach
(5)

uinc = ζc
imax
4F

AMEA
1

ωin
O2

RT in
c

pinc

1

Ach
(6)

where ζ is the ratio of stoichiometric, F is the Faraday constant (96,487 °C mol−1), R is
the gas constant (8,314 J mol-1 K), and imax is the maximum average of current density,
respectively. AMEA and Ach represent the geometrical area of the MEA and the cross-
sectional area of the channel, respectively. ω is the mass fraction of the inlet species,
which may be determined by using the inlet temperature T, pressure p, and relative
humidity RH. At the inlet border, in addition to the inlet velocity, here are the values
reported for the gas mixture’s temperature and mass fraction:

YH2 = YH2,in,YO2 = YO2,in,YH2O
= YH2O ,in,Tin = Tcell (7)

where YH2,in, YO2,in, and YH2O,in can be easily determined using the molar fraction,
and thewater vapormolar fraction, XH2O;may be calculated from the gas inlet humidity
as,

XH2O,a = RHaPsat

Pa
,XH2O,c = RHcPsat

Pc
(8)

The molar fraction of hydrogen, XH2, and molar fraction of oxygen, XO2, are then
computed since pure hydrogen and oxygen are utilized.

XH2 = 1 − XH2O,a,XO2 = 1 − XH2O,c, (9)

Gas outlet: At the outlet boundary, the fully matured assumption is used [22].

∂φ

∂X
= 0 (10)

Anode and cathode outer surface: As given in Fig. 1, for electron transmission, the
anode and cathode outer surfaces are connected to the outer circuit. The temperature and
electronic potential are set in step one.

ϕs,a = 0, ϕs,c = Vcell,T = Tw = Tcell (11)

The adiabatic condition is used for the protonic potential,

∂ϕm

∂Z
= 0 (12)

Periodic structure across y-direction: The symmetry requirement is used at the
surface of the y-outer direction because the structure along y-direction is periodic.

v = 0,
∂u

∂y
= 0,

∂W

∂y
= 0,

∂φ

∂y
= 0 (13)
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Table 3. Complementary equation and definitions.

Parameters Expressions

GDL intrinsic
permeability [23]

K
R2

= ε
(
ε−εp

)α+2

8(lnε)2(1−ε)α
[
(α+1)ε−εp

]2

Coefficient of GDL
effective mass diffusion
[26, 27]

Deff = f (ε)Di,bulk ,Di,bulk = D0
i (p0/p)

1.0(T/T0)
1.5,

Through plane:
f (ε)th = 1 − 2.76εcosh(3ε − 1.92)[3(1 − ε)/(3 − ε)],
In plane: f (ε)in = 1 − 1.72εcosh(2.07ε − 2.11)[3(1 − ε)/(3 − ε)]

GDL effective thermal
conductivity [26]

Through plane: ktheff /ks =
1 − 0.963(1 − ε)−0.008exp[0.881(1 − ε)][3ε/(3 − (1 − ε))],

In plane: ktheff /ks =
1 − 0.977(1 − ε)−0.009exp[0.344(1 − ε)][3ε/(3 − (1 − ε))]

Electrochemical kinetics
[21, 27]

Ra = θAsia,ref
(

Ch
Ch,ref

)1/2{
exp

[
αaF
RT ηa

]
− exp

[
− (1−αa)F

RT ηa

]}

Rc = θAsic,ref
Co

Co,ref

{
exp

[
αcF
RT ηc

]
− exp

[
− (1−αc)F

RT ηc

]}

Over-potential ηa = φs − φm,ηc = Voc − φs + φm

Open circuit voltage
[21]

Voc = 1.23 − 0.9 × 10−3 + 2.3RT4F log
(
p2apc

)

Membrane electrical
conductivity [28]

σmem = (0.5193 − 0.326)exp
[
1268

(
1

303 − 1
T

)]

GDL effective electrical
conductivity [28]

Through plane: σ th
eff /ks =

1 − 0.962(1 − ε)−0.007exp[0.889(1 − ε)][3ε/(3 − (1 − ε))],

In plane: σ th
eff /σs =

1 − 0.962(1 − ε)−0.016exp[0.367(1 − ε)][3ε/(3 − (1 − ε))]

Capillary pressure [29] pc = (
ε
K

)0.5
σJ (s), J (s) =

⎧
⎨

⎩

cosθc
[
1.417(1 − s) − 2.212(1 − s)2 + 1.236(1 − s)3

]
θc < 90◦

cosθc
[
1.417s − 2.212s2 + 1.236s3

]
θc > 90◦

Water saturation
pressure [21]

Log10Psat =
−2.1794 + 0.02953T − 9.1837 × 10−5T2 + 1.4454 × 10−7T3

Relative permeability
[21]

Krl = S3,Krg = (1 − S)3

(continued)
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Table 3. (continued)

Parameters Expressions

Membrane water
diffusion coefficient [28]

Dw = 2.1 × 10−7exp(−2346/T )Cw

Coefficient of
electro-osmotic drag
[30]

nd = 2.5
22

Equilibrium membrane
water content [30]

e =
{
1.41 + 22.3aH2O − 18.8a2H2O

− 16.2a3H2O
, 0 ≤ aH2O ≤ 1

10.1 + 2.94(aH2O − 1)1 < aH2O ≤ 3

Wate vapor activity [30] aH2O = xwp
psat

+ 2s

2.5 Grid Independent Test and Validation Model

To solve the aforesaid problem, an in-house computer algorithm based on the finite
volume approach is applied. Because of the wide variance in thickness of various layers,
a hexahedral grid is employed in the Z direction, while uniform grids are utilized in the
X and Y directions, as shown in This section provides a brief summary of the numerical
model applied for this inquiry. This model is based on a two-phase model created by
literatures [22, 23] that can accommodate isotropic transport processes in gas diffusion
layers. The cell is believed to be in a steady state, the gas mixing of reacting gas is great,
the gas flow is laminar, and the liquid saturation in the gas channel can be disregarded
due to the comparatively high velocity in the flow channel. All of these factors point to
the cell being in a steady state (Table 4).

The grid independence test is carried out using five alternative grid systems. The
quantity of five grids is 496,000, 512,000, 544,000, 560,000 and 592,000 respectively,
as findings are described in Table 6. Finally, taking into account the balance of precision
and economics grid system is used in this work. The solid walls are believed to have
zero fluxes and no slide. The potential is 0 V at the anode terminal. There is a 0.90 V to
0.40V spread (within a 0.05V range) at the cathode terminal. Pressure-velocity coupling
is solved using the SIMPLEC algorithm, and interpolation functions are calculated using
the second-order upwind method. In contrast to the more relaxed convergence criterion
of 10E-3 for the other equations, the energy equation requires a value of 10E-6 for
convergence. Table 5 summarizes the specifics of the operational settings (Fig. 3).
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Table 4. Governing equation of source term in different region [31].

Equation Source terms

Mass In GDL: Sm = Sh + S0 + Sw, lnCL : Sm = St

Momentum In GDL: CL : Su = −μgug
KKrg

− ∇pg,

In GC: Su = −∇pg

Species In ACL: Sh = −
(
Ra
2F

)
Mh, InCCL : SO = −

(
Rc
4F

)
MO

Potential In CL: Sw = −
(
Rc
2F

)
Mw + Sd + Sl, InGDL : Sw = Sl

In ACL: Sφ,s = −Ra, InCCL : Sφ,s = −Rc

Energy In CL: ST = i
(
η + T dE

dT

)
+ I2

σs
+ Slhfg, InGDL : ST =

I2
σs

+ Slhfg, InMEM : ST = I2
σmem

Liquid saturation In CL: GDL: Sl = Apore
ShcDw

d
(1 − s)(ρw − ρsat)q +

Apore
ShcDw

d
s(ρw − ρsat)(1 − q)

Dissolved water In ACL: Sd,a = −γa
(
Cw,a − a∗

w,a
)

In CCL: Sd,c = −γd
(
Cw,c − a∗

w,c
) + Rc/2F

To validate the computational model findings, the simulated polarization curves are
compared with experimental and simulation data fromWang et al. [18] and Li et al. [19],
as shown in Fig. 2. For model validation, four operating conditions at varying operating
temperatures and pressures are employed. Table 3 lists the other operational parameters
utilized to produce the polarization curves. The model is validated by confirming that
the findings of three polarization curves under varying operational conditions are in
reasonable agreement with those of the experiments. It’s worth noticing that the model
outperforms the experiments when the current density is large. This is due to the fact
that the CFD analysis relied on a single-phase model, which has its own shortcomings
when applied to estimating PEM fuel cell performance under high current density.



Numerical Investigation of Polymer Exchange Membrane Fuel Cell 199

Table 5. Operating parameters for validation [19].

No. Parameters Value

1 Operating pressure 1 atm

2 Operating temperature 70 °C

3 Open-circuit voltage 0.95 V

4 Cathode reference current density 5210 A m−2

5 Anode reference current density 9 × 108 A m−2

6 Relative humidity of inlet gases 100%

7 Anode fuel H2 (20%) and H2O (80%)

8 Cathode fuel O2 (18.5%) and H2O (22%)

9 GDL porosity 0.4

10 CL porosity 0.5

11 Membrane porosity 0.25

12 Ratio of anode stoichiometric 3

13 Ratio of Cathode stoichiometric 3

14 H2 reference concentration 54.7 mol m−3

15 O2 reference concentration 3.39 mol m−3

16 Anode concentration exponent 0.5

17 Cathode concentration exponent 1

18 H2 reference diffusivity 3.9 × 10–5 m2 s−1

19 O2 reference diffusivity 2.275 × 10–5 m2 s−1

20 H2O reference diffusivity 3.9 × 10–5 m2 s−1

21 Other species reference diffusivity 5.2 × 10–5 m2 s−1

Table 6. Grid independence test results.

No. Grid number Average current density/
A cm−2 (Vcell = 0.60 V)

Time consumed for 100 iteration (s)

1 496,000 0.74918 758

2 512,000 0.76787 792

3 544,000 0.72785 1052

4 560,000 0.75763 1102

5 592,000 0.73686 1193
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Fig. 3. (a)Grid independency test for the current density atV= 0.60V, (b) The polarization curves
comparison between numerical results of present studywith simulation [19] and experiment values
[18].

3 Results and Discussion

In this part, the temperature distribution in the PEMFC is carefully analyzed using numer-
ical findings under different operating situations. First, we discuss how the heat transfer
process is affected by the contact resistance and porous medium thickness between the
GDL and the collector rib. Next, we look into how changing the width of the channels or
the ratio of ribs to channels affects the efficiency of the cells. The final section presents
temperature distributions under various heat dissipation scenarios.
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3.1 The Influence of Thermal Contact Resistance and Porous Medium Thickness
on Temperature Gradient

PEMFC contact surfaces have thermal contact resistance and porous medium thickness.
Because the MEA is usually created using a hot press technique, it is often thought
that the contact resistance between the GDL and catalyst coated membrane (CCM) is
modest enough to ignore and only the contact resistance and porous medium thickness
between the GDL and collector are considered. According to Nitta et al. [16], GDL
and graphite collector thermal contact resistance ranges from 0.3 to 22.5 × 10–4 m2

KW−1 under varied compression pressures. Sadeghifar et al. [32] found that the thermal
contact resistance between GDL and iron surface ranges from 1.0 × 10–4 m2 KW−1

and 8.0 × 10–4 m2 KW−1 depending on the type of GDL and compression force. This
study measured GDL-collector thermal contact resistance from 0 to 3.75 × 10–4 m2

KW−1. Figure 4 shows temperature distributions without thermal contact resistances

Fig. 4. Temperature distributions at plane-xy with different cell voltages (a) 0.4 V, (b) 0.5 V, (c)
0.6 V, (d) 0.7 V, (e) 0.8 V, and (f) 0.9 Vwithout considering TCR and PMT (operating temperature,
T = 70 °C; operating pressure, P = 1 atm; anode gas: hydrogen; cathode gas: oxygen).
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and Fig. 5 with thermal contact resistances and porous medium thickness for output
voltages from 0.4 to 0.9 V. The channel temperature rises with distance from the rib.
Since porous GDL has a very low velocity, heat conduction removes electrode heat from
the rib region. Additionally, TCR and PMT values raise maximum cell temperature.
TCR and PMT between the GDL and collector rib enhance heat transfer resistance and
make porous electrode heat dissipation harder. As TCR and PMT grow, the current
collector temperature becomes more uniform and the temperature decrease across the
GDL/collector rib increases. The TCR and PMT prevent heat dissipation.

Figure 4 illustrates temperature profiles with and without TCR and PMT at the
XY-Plane along the Y-Axis. The oxygen reduction process generates most of the heat,
therefore the highest temperature lies near the cathode catalyst layer. As the output cell
voltage lowers, the cell generates more heat, raising the maximum temperature. Figure 5
shows how TCR affects PEMFC temperature profile. Ignoring the TCR and PMT can
lower the MEA’s temperature. The highest temperature difference between these two

Fig. 5. Temperature distributions at plane-xy with different cell voltages (a) 0.4 V, (b) 0.5 V, (c)
0.6 V, (d) 0.7 V, (e) 0.8 V, and (f) 0.9 V with considering TCR and PMT (operating temperature,
T = 70 °C; operating pressure, P = 1 atm; anode gas: hydrogen; cathode gas: oxygen).
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Fig. 6. Temperature distributions at isoview with different cell voltages (a) 0.4 V, (b) 0.5 V, (c)
0.6 V, (d) 0.7 V, (e) 0.8 V, and (f) 0.9 Vwithout considering TCR and PMT (operating temperature,
T = 70 °C; operating pressure, P = 1 atm; anode gas: hydrogen; cathode gas: oxygen).

scenarios is 1.5 °C when the output cell voltage is 0.4 V, and it climbs to 0.5 °C when
the cell voltage is 0.4 V. Figure 6 shows an iso-volume temperature distribution without
TCR or PMT. Finally, theMEA temperature profile differs between Fig. 8(a) and Fig (b).
Figures 8(a) and 8(b) show MEA’s “

V

” temperature profile (b). TCR and PMT between
collector rib and GDL create all motion phenomena. The TCR and PMT between the
rib and the GDL hinder heat dissipation, raising MEA temperature (Figs. 7 and 9).
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Fig. 7. Polarization curve and power density of difference cases (operating temperature, T =
70 °C; operating pressure = 1 atm, H2 mass flow-rate: 3 × 10–7 kg s−1, O2 mass flow-rate: 2 ×
10–6 kg s−1)

Fig. 8. Temperature profiles along Y-axis with different cell output voltage: (a) without (b) with
TCR and PMT
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Fig. 9. (a) Polarization and (b) power density curves with various cases (operating temperature,
T = 70 °C; operating pressure = 1 atm, H2 mass flow-rate: 3 × 10–7 kg s−1, O2 mass flow-rate:
2 × 10–6 kg s−1).

3.2 Water Mass Fraction

Figure 10 displays the iso-volume of water mass fraction profile for six distinct cell
voltages.At 0.4V cell voltage,water saturation is lower and current density is higher. The
porous electrode heats up to a higher temperature in both the TCR and PMT scenarios, as
shown in Fig. 6.As the electrode temperature rises, lesswater vapor condenses into liquid
water due to an increase in the water saturation pressure. This explains why PMT and
TCRhave lower saturation. Additionally, rising temperature encourages electrochemical
processes and transports oxygen through the GDL to the reaction site; likewise, falling
liquid water saturation in the case of TCR and PMT enhances oxygen transport. These
advantages contribute to enhanced cell performance in TCR and PMT conditions.

3.3 Pressure Drops
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Fig. 10. Iso-volume profiles of H2O mass fraction within the fuel cell without considering TCR
and PMT with different cell voltages (a) 0.4 V, (b) 0.5 V, (c) 0.6 V, (d) 0.7 V, (e) 0.8 V, and (f)
0.9 V.

4 Conclusions

In this research, we employed a numericalmodel of an isothermal fuel cell to examine the
temperature distribution of PEM fuel cells taking into account the impacts of temperature
coefficient of resistance (TCR) and potential mobility transition (PMT). The model’s
TCR and PMT were fine-tuned by comparing simulated and experimental findings for
temperature changes between the flow plate and the cathode electrode. The impact of
channel and rib widths, in addition to various cooling strategies, on heat dissipation and
PEM fuel cell performance was then investigated using numerical models in conjunction
with defined TCR and PMT. The numerical results and the explanation in the previous
section lead to the following inferences:

(1) The TCR and PMT have an effect that can’t be disregarded if we want to make
better predictions about cell performance and temperature distribution. The precise
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values of TCR and PMT for case 6 were calculated to be 0.1 m2 K W−1 and 3.5 ×
10–5 m.

(2) Both the peak and average temperatures inside the electrode are influenced by TCR
and PMT. Maximum cell temperature is underestimated by roughly 1.5 °C at 0.4 V
when the TCR and PMT are disregarded, and the temperature profile takes on a
“

V

” shape.
(3) The numerical investigations here, which take into account the TCR and the PMT,

are beneficial to oxygen transport and water removal and favour the uniform distri-
bution of oxygen and current densities within fuel cells. Furthermore, taking into
account the TCR and the PMT tends to reduce the dissolved water content within
the cathode catalyst layer and improve cell performance.
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