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Abstract: The design of bipolar plates is critical for improving the performance of proton exchange
membrane fuel cells (PEMFCs). In this research, a new additional outlet based on a PEMFC’s parallel
flow field was proposed, and three different positions of outlet were designed on the target side of
gas flowing in parallel channels. The results revealed that the additional outlets are able to increase
the gas speed through channels near the additional outlets, which results in a lower water saturation
and a more uniform distribution of oxygen concentration at the interface between the catalyst layer
(CL) and gas diffusion layer (GDL). With the variation of the outlet position in the target side, it was
found that the additional outlet set in the middle of the target side exhibits the highest increase of
peak power density, namely, 13%. Furthermore, the optimal position of the additional outlet was
proved to be suitable for PEMFCs with various active surface areas, indicating the universality of the
present results in the study.

Keywords: PEMFC; parallel flow field; the additional outlet; water saturation; oxygen concentration;
peak power density

Highlights

An additional outlet in parallel flow field is recommended to enhance the performance
of PEMFC.

The additional outlet can meliorate oxygen concentration distribution in the flow field
and increase the gas velocity in the flow channels near it.

The best position of the additional outlet is in the middle of the target side in the
parallel flow fields with different areas.

1. Introduction

PEMFCs have attracted worldwide attention, because of their high energy conversion
efficiency, environmental friendliness, and fast start−up. The design of bipolar plates has
an important influence on the reactant gas distribution of fuel cells. Not only can a suitable
flow field improve fuel cell performance, but it can also reduce water flooding and improve
fuel efficiency [1–6].

There are many studies related to the flow field design of PEMFCs by virtue of both
experiments and numerical simulations. By raising the gas flow rate in the channel, Kuo
et al. [7] devised a waveform gas flow channel for PEMFC to improve the catalytic reaction
performance in the catalyst layer. Thitakamol et al. [8] experimentally investigated a new
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mid-baffle interdigitated flow field. They found that when the cathode reactant was air, the
cell power output with the intermediate baffle staggered flow field was approximately 1.2 to
1.3 times higher than that of the conventional cell. Shen et al. [9] analyzed the performance
of PEMFC in the flow channel under different blocking conditions via simulation and
experiment. It was found that the effective mass transfer coefficient of the flow field
was clearly improved by adding a baffle block; thus, the performance of the PEMFC was
improved. Previous studies discussed the improvement of mass transfer of the gas in a
single channel. Nevertheless, the assumption that the mass flow rates in every channel are
equal is prescribed, which is not consistent with the cases in reality.

The uniform distribution of reactants is an important element to be considered in the
design of fuel cell parallel channel structure [10–18]. Researchers have mainly divided
parallel pattern into four types: consecutive [19], cascade [20,21], ladder [22,23], and
baffled−type [24] distributors. Bejan et al. [25] developed the cascade structure of the
flow channel to attain uniform flow distribution. Soroush Dabiri et al. [26] designed a
new distributor (small cylindrical obstacles) that is capable of being utilized in PEMFCs
to make the channel flow more uniform. In [27], the authors achieved a uniform flow
distribution through a bifurcation cascade of the flow channels and gave a good design
of the bifurcation zone. However, the structures of proposed distributors are generally
complex. Utilizing this approach also makes the bipolar plate processing more difficult
and has a higher cost.

At present, few studies have focused on the design of flow field inlet and outlet
structure. In order to study the oxygen concentration distribution of the cathode, Xiong
et al. [28] analyzed the different widths of the inlet distribution channel and the outlet
manifold of a Z-type flow field. The results showed that the oxygen distribution in the
cathode is more uniform with an increase of the outlet manifold width. Moreover, the
uniformity of the oxygen distribution can be enhanced with the help of the oblique inlet
manifold and proper distribution of the flow channel. However, the aforementioned
research did not study the distribution of liquid water in the flow field, and it is not clear
whether the water flooding problem can be solved [29–31].

Although many of the new kinds of flow fields above have achieved a sufficient supply
of reactant, uniform distribution of reactant, and excellent distribution of liquid water,
their manufacturing processes are so complicated that they cost too much. Therefore, a
much more easily realized additional outlet is proposed in the study. Furthermore, it could
improve the velocity and concentration distributions through the whole flow field, which
is beneficial to enhancing the performance of fuel cells. Thus, this study investigates the
influence of an additional outlet position on the performance of a PEMFC, so as to acquire
the optimized position of the additional outlet. Moreover, in order to verify the universality
of the result, the optimized position of the additional outlet is tested in PEMFCs with
various activation areas.

2. Fuel Cell Model Development
2.1. Computed Field and Assumptions

The computed field of PEMFC 3D models includes anode and cathode bipolar plates
(BPs), a flow channel, anode and cathode gas diffusion layers (GDLs), catalyst layers (CLs),
and a membrane, as shown in Figure 1.
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Figure 1. Schematics of (A) PEMFC, (B) the conventional outlet pattern, (C,D) the additional outlet 

pattern at the flow field plate. 

Figure 1. Schematics of (A) PEMFC, (B) the conventional outlet pattern, (C,D) the additional outlet
pattern at the flow field plate.
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Table 1 shows the geometric parameters of PEMFC.

Table 1. The geometric parameters of each geometric component.

Parameters Values

BP length, width, height (mm) 30, 30, 1.5
Rib length, width (mm) 30, 1

Channel length, width, height (mm) 30, 1, 1
GDL thickness (m) 3 × 10−4

CL thickness (m) 1.29 × 10−5

Membrane thickness (m) 1.08 × 10−4

The additional location h (mm) 0/7/15/23

In order to simplify the PEMFC model, the following assumptions were made:

(1) The PEMFC operation is stable;
(2) Gravity is ignored;
(3) The physical property of GDLs and CLs can be considered as isotropic;
(4) The flow is considered laminar and the gas is assumed to be an ideal gas;
(5) Neither anode nor cathode reaction gas can penetrate the membrane.

2.2. Governing Equations

For the PEMFC module, we used the Fuel Cell and Electrolysis Model in ANSYS
Fluent 2019R2. Figure 2 shows the computational grids in the simulation. Table 2 lists the
operational conditions and Table 3 lists the solving zones of the governing equations.
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Figure 2. Computational grids in the simulation.

Table 2. The operating conditions.

Parameters Values Ref.

Cell temperature(K) 338 [9]
Anode inlet temperature(K) 338 [9]

Cathode inlet temperature (K) 338 [9]
Operating pressure (Pa) 101,325 [9]

Stoichiometric proportion at the anode 1.5 [9]
Stoichiometric proportion at the cathode 2.5 [9]

Faraday’s constant (C mol−1) 96,487.0
Porosity of GDL 0.4 Assumed
Porosity of CL 0.5 Assumed

Open circuit voltage (V) 0.95 [9]
Contact angle (◦) of CL and GDL 135 Assumed
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Table 3. The solving zones of the governing equations.

Conservation Equations Solved Zones

Mass conservation equation Channels, GDLs, CLs
Momentum conservation equation Channels, GDLs, CLs

Gas species equation Channels, GDLs, CLs
Liquid water equation GDLs, CLs

Electronic charge equation BPs, GDLs, CLs
Ionic charge equation CLs, Membrane

Energy conservation equation BPs, Channels, GDLs, CLs, Membrane

The governing equations are as follows (related symbols can be referred to in the
ANSYS Fluent® software manual [32]).

Mass conservation equation

∂(ερ)

∂t
+∇

(
ερ
→
u
)
= Sm (1)

Momentum conservation equation

∂
(

ερ
→
u
)

∂t
+∇

(
ερ
→
u u

)
= −ε∇p +∇

(
εµ∇→u

)
+ Su (2)

Energy conservation equation

∂
(
ερcpT

)
∂t

+∇
(
ερcp

→
u T

)
= ∇·

(
ke f f∇T

)
+ SQ (3)

Species conservation equation

∂(εck)

∂t
+∇

(
ε
→
u ck

)
= ∇·

(
De f f

k ∇ck

)
+ Sk (4)

2.3. Numerical Procedures

Figure 3 shows the grids used for simulation. Due to the simplicity of physical
geometry, structural grids were adopted.
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The grid independence was tested with five different meshes: the number of elements
were 176,889, 353,778, 707,556, 1,415,112, and 2,830,224, respectively. As shown in Figure 3,
the relative error of the simulation results of the grids with 707,556 and 2,830,224 elements
was less than 2%. Therefore, the grids with 707,556 elements were used for PEMFC
simulation [33].

2.4. Model Validation

In order to verify the correctness of the model, the simulation consequences were
compared with the experimental results in [34]. The comparison between numerical results
and experimental results is demonstrated in Figure 4. As we can see from Figure 4, the sim-
ulation data is close to the experimental data, the relative error between the experimental
and numerical results is 3–5%, and the simulation results have credibility.
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Figure 4. Comparison between the predicted and measured I−V curves and I-P curves of a PEMFC
with parallel flow field.

3. Results and Discussion

A 3D multiphase fuel cell model was established, the effect of an additional outlet
position on the distribution of the parallel flow field was calculated, and the double outlet
model and single outlet model were compared.

3.1. Overall Cell Performance

The polarization and power density curves for the conventional parallel flow field
(CPFF) pattern and various additional outlet flow field (AOFF) patterns are shown in
Figure 5, respectively. The performance of the AOFF patterns was better than that of the
CPFF pattern when the voltage was between 0.65 V and 0.4 V. However, with the further
increase of current density, the AOFF patterns showed a significantly better performance. In
short, the cell performance follows the order h−15 mm > h−23 mm > h−7 mm > Base. The
maximum power density occurred for the cell of the AOFF−h = 15 mm, which increased
by about 13% in comparison with that of the CPFF pattern. These differences in the cell
performance are explained below
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3.2. Mass Fraction of Oxygen and Water Saturation

Figures 6 and 7 show the mass fraction of oxygen and the saturation of water at
the cathode CL–GDL interface for the CPFF pattern and AOFF patterns at Vcell = 0.5 V,
respectively. The oxygen distributions in the AOFF patterns were more uniform than that
in the CPFF pattern, and the water saturations were lower, especially under the additional
outlet which was set in the middle of the target side (as shown in Figure 1). By including the
additional outlet, the oxygen concentration in the flow passage near the additional outlet
could be improved, so that a more uniform concentration distribution of oxygen could be
obtained. Furthermore, the water saturation in the inlet area was also reduced. It is worth
noting that these trends changed with the variation of the additional outlet location. This
will be further discussed in Section 3.3. Moreover, as shown in Figure 6, the concentration
distribution of oxygen in the middle part of the CPFF flow field is low. When adding
the additional outlet, the oxygen concentration of the flow field was significantly raised,
especially in the flow channels near the additional outlet. In conclusion, the AOFF patterns
are more beneficial to improving local oxygen concentration than the CPFF pattern.
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patterns at Vcell = 0.5 V.
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3.3. Gas Flow Rate in Each Channel

Figure 8 shows the gas flow rate in each channel with voltage equal to 0.5 V for
the case of the CPFF and the AOFF with h = 15 mm. The gas flow rate in the channels
near the additional outlet was significantly increased. The average gas flow rate of the
CPFF was 0.66 m/s. The average gas flow rate of the AOFF (h = 15 mm) was 0.95 m/s.
Compared with CPFF, the gas flow rate in the AOFF flow field increased by about 43.9%.
Since the standard deviation can reflect the fluctuation of the value, we measured the flow
distribution in each channel in the flow field through standard deviation. The standard
deviation of the gas flow rate in all channels in the CPFF was 0.79, and that in thee AOFF
was 0.45. The standard deviation of the latter was smaller than that of the former, so the
flow distribution in the AOFF was more uniform.
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Figure 8. The chart of gas flow rate in each cathode channel for the CPFF pattern and the AOFF
pattern at Vcell = 0.5 V.



Processes 2021, 9, 2061 9 of 13

3.4. Application in Different Areas of Parallel Flow Fields

To verify the universality of the application of the additional outlet, different areas
of parallel flow fields were considered. The simulation took 4.5 cm2 (3 cm × 1.5 cm)
and 18 cm2 (3 cm × 6 cm) fuel cell parallel flow fields into consideration, and the height,
width, and length of the rib and channel were 1 mm, 1 mm, and 30 mm, respectively. The
additional outlet was added in AOFF2 and AOFF3, as shown in Figure 9. The h2 was 3, 7.5,
or 12 mm and the h3 was 15, 30, or 45 mm.
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Figure 9. Schematics of (a,b) the additional outlet pattern at the flow field plate.

Figure 10 shows the performance comparison between the CPFF2 pattern and AOFF3
patterns. The performance of the AOFF patterns was better than that of the CPFF patterns.
Furthermore, by comparing AOFF2 with AOFF3, when the number of channels was small,
the performance of the additional outlet flow field showed only a trivial change.
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Figures 11 and 12 show the mass fraction of oxygen and the saturation of water at the
cathode CL–GDL interface for the CPFF2/CPFF3 pattern and AOFF2/CPFF3 patterns at
Vcell = 0.5 V, respectively. The results are the same as those in Section 3.2 (Mass Fraction
of Oxygen and Saturation of Water): the additional outlet can increase oxygen concen-
tration and decrease water saturation in the flow field. The influence of the additional
outlet flow field on fuel cell performance was changed with different additional outlet
positions. Figure 11 shows that the oxygen concentration at the cathode CL–GDL interface
near the additional outlet was increased. The oxygen concentration of AOFF3 increased
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most significantly. Figure 12 shows that the water saturations in AOFF2/AOFF3 were
generally reduced.

Compared with the AOFF2 flow field with less flow channels, the change of the
additional outlet position in the AOFF3 flow field had a more obvious influence on the fuel
cell performance. The oxygen concentration and current density were improved the most
when the additional outlet was set in the middle of the target side. In AOFF2, when the h2
was 7.5 mm, the peak power density increased by about 20%. In AOFF3, when the h3 was
30 mm, the peak power density increased by about 18.6%.
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Table 4 shows the comparison of specific performance parameters of AOFF2, AOFF3,
and CPFF.

Table 4. The comparison of specific performance parameters.

Patterns Current Density (0.4 V)(A/cm2) Mean Oxygen Mass Fraction Mean Water Saturation

CPFF2−Base 0.97 0.028 0.292
AOFF2−h2 = 12 1.18 0.039 0.265
AOFF2−h2 = 7.5 1.2 0.042 0.264
AOFF2−h2 = 3 1.21 0.041 0.263
CPFF3−Base 1.01 0.032 0.292

AOFF3−h3 = 45 1.12 0.038 0.264
AOFF3−h3 = 30 1.19 0.043 0.272
AOFF3−h3 = 15 1.17 0.042 0.283

4. Conclusions

This work proposed an additional outlet flow field to enhance the gas velocity in the
channels and the concentration of oxygen under ribs in PEMFCs. Influences of the location
of the additional outlet on oxygen distribution, saturation, and velocity distribution were
numerically investigated via a 3D multiphase PEMFC model. Influences of the additional
outlet’s position in different flow fields’ areas were considered in the model. The main
conclusions are as follows:

(1) Adding the additional outlet in the flow field is an effective way to improve the mass
transfer and performance of the PEMFC, because the additional outlet can improve
the distribution of oxygen concentration in the flow field and increase the gas velocity
in the flow channels near it. In the 9 cm2 (3 cm × 3 cm) parallel flow field, the best
choice is to set the additional outlet in the middle of the target side, which results in
an increase of the peak power density of about 13%.

(2) In addition, this study proved that the best position of the additional outlet is in the
middle of the target side through testing in the parallel flow fields with different
areas. Moreover, the peak power density increased by about 20% in the 4.5 cm2

(3 cm × 1.5 cm) parallel flow field and 18.6% in the 18 cm2 (3 cm × 6 cm) parallel
flow field.



Processes 2021, 9, 2061 12 of 13

Author Contributions: Conceptualization, C.L. and Y.Z.; methodology, Y.Z.; investigation, Y.Z., C.L.
and S.L.; resources, M.W. and Y.C.; data curation, C.Y.; writing—original draft preparation, Y.Z.;
writing—review and editing, Z.W. and Z.T.; project administration, Z.W.; funding acquisition, W.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China, grant
number 51976055, 52076072 and 52090062; Science and Technology Innovation Program of Hu-
nan Province, grant number 2020RC4040 and 2021GK2017; Excellent Youth Foundation of Hunan
Province Scientific Committee, grant number 2018JJ1011; National Natural Science Foundation of
Hunan Province, grant number 2021JJ30302; Key scientific research project of Hunan Education
Department, grant number 20A216.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Shyu, J.-C.; Hung, S.-H. Flow Field Effect on the Performance of Direct Formic Acid Membraneless Fuel Cells: A Numerical Study.

Processes 2021, 9, 746. [CrossRef]
2. Huang, B.; Jian, Q.; Luo, L.; Bai, X. Research on the in−plane temperature distribution in a PEMFC stack integrated with

flat−plate heat pipe under different startup strategies and inclination angles. Appl. Therm. Eng. 2020, 179, 115741. [CrossRef]
3. Xie, Q.; Zheng, M. CFD Simulation and Performance Investigation on a Novel Bionic Spider−Web−Type Flow Field for PEM

Fuel Cells. Processes 2021, 9, 1526. [CrossRef]
4. Yang, C.; Wan, Z.; Chen, X.; Kong, X.; Wang, X. Geometry optimization of a novel M−like flow field in a proton exchange

membrane fuel cell. Energy Convers. Manag. 2021, 228, 113651. [CrossRef]
5. Zw, A.; Wq, A.; Chen, Y.B.; Hy, A.; Xi, C.A.; Th, A. Optimal design of a novel M−like channel in bipolar plates of proton exchange

membrane fuel cell based on minimum entropy generation. Energy Convers. Manag. 2020, 205, 112386.
6. Chen, X.; Chen, Y.; Liu, Q.; Xua, J.; Liu, Q.; Li, W.; Zhang, Y.; Wan, Z.; Wang, X. Performance study on a stepped flow field design

for bipolar plate in PEMFC. Energy Rep. 2021, 7, 336–347. [CrossRef]
7. Kuo, J.K.; Yen, T.H.; Chen, C.K. Three−dimensional numerical analysis of PEM fuel cells with straight and wave−like gas flow

fields channels. J. Power Sources 2008, 177, 96–103. [CrossRef]
8. Thitakamol, V.; Therdthianwong, A.; Therdthianwong, S. Mid−baffle interdigitated flow fields for proton exchange membrane

fuel cells. Int. J. Hydrogen Energy 2011, 36, 3614–3622. [CrossRef]
9. Shen, J.; Tu, Z.; Chan, S.H. Enhancement of mass transfer in a proton exchange membrane fuel cell with blockage in the flow

channel. Appl. Therm. Eng. 2019, 149, 1408–1418. [CrossRef]
10. Wang, Y.; Yue, L.; Wang, S. New design of a cathode flow−field with a sub−channel to improve the polymer electrolyte membrane

fuel cell performance. J. Power Sources 2017, 344, 32–38. [CrossRef]
11. Do, K.H.; Kim, T.; Han, Y.S.; Choi, B.I.; Kim, M. Investigation on flow distribution of the fuel supply nozzle in the annular

combustor of a micro gas turbine. Energy 2017, 126, 361–373. [CrossRef]
12. Afshari, E.; Mosharaf−Dehkordi, M.; Rajabian, H. An investigation of the PEM fuel cells performance with partially restricted

cathode flow channels and metal foam as a flow distributor. Energy 2017, 118, 705–715. [CrossRef]
13. Bahiraei, M.; Heshmatian, S. Optimizing energy efficiency of a specific liquid block operated with nanofluids for utilization in

electronics cooling: A decision−making based approach. Energy Convers. Manag. 2017, 154, 180–190. [CrossRef]
14. Jiang, Y.; Xu, Y.; Zhang, S.; Chetehouna, K.; Gascoin, N.; Qin, J.; Bao, W. Parametric study on the distribution of flow rate and heat

sink utilization in cooling channels of advanced aero−engines. Energy 2017, 138, 1056–1068. [CrossRef]
15. Bahiraei, M.; Heshmatian, S. Application of a novel biological nanofluid in a liquid block heat sink for cooling of an electronic

processor: Thermal performance and irreversibility considerations. Energy Convers. Manag. 2017, 149, 155–167. [CrossRef]
16. Khodabandeh, E.; Abbassi, A. Performance optimization of water−Al2O3 nanofluid flow and heat transfer in trapezoidal cooling

microchannel using constructal theory and two phase Eulerian−Lagrangian approach. Powder Technol. 2018, 323, 103–114.
[CrossRef]

17. Weng, F.; Cheng, C.; Lee, C.; Chang, C. Analysis of thermal balance in high−temperature proton exchange membrane fuel cells
with short stacks via in situ monitoring with a flexible micro sensor. Int. J. Hydrogen Energy 2014, 39, 13681–13686. [CrossRef]

18. Subramaniam, S.; Gukan, R. Comparison of perforated and serpentine flow fields on the performance of proton exchange
membrane fuel cell. J. Energy Inst. 2017, 90, 363–371. [CrossRef]

19. Pistoresi, C.; Fan, Y.; Luo, L. Numerical study on the improvement of flow distribution uniformity among parallel mini−channels.
Chem. Eng. Process. 2015, 95, 63–71. [CrossRef]

http://doi.org/10.3390/pr9050746
http://doi.org/10.1016/j.applthermaleng.2020.115741
http://doi.org/10.3390/pr9091526
http://doi.org/10.1016/j.enconman.2020.113651
http://doi.org/10.1016/j.egyr.2021.01.003
http://doi.org/10.1016/j.jpowsour.2007.11.065
http://doi.org/10.1016/j.ijhydene.2010.12.060
http://doi.org/10.1016/j.applthermaleng.2018.12.138
http://doi.org/10.1016/j.jpowsour.2017.01.075
http://doi.org/10.1016/j.energy.2017.03.036
http://doi.org/10.1016/j.energy.2016.10.101
http://doi.org/10.1016/j.enconman.2017.10.055
http://doi.org/10.1016/j.energy.2017.07.091
http://doi.org/10.1016/j.enconman.2017.07.020
http://doi.org/10.1016/j.powtec.2017.09.046
http://doi.org/10.1016/j.ijhydene.2014.04.026
http://doi.org/10.1016/j.joei.2016.04.006
http://doi.org/10.1016/j.cep.2015.05.014


Processes 2021, 9, 2061 13 of 13

20. Fan, Z.; Zhou, X.; Luo, L. Experimental investigation of the flow distribution of a 2−dimensional constructal distributor.
Exp. Therm. Fluid Sci. 2008, 33, 77–83. [CrossRef]

21. Damian−Ascencio, C.E.; Saldana−Robles, A.; Hernandez−Guerrero, A.; Cano−Andrade, S. Numerical modeling of a proton
exchange membrane fuel cell with tree−like flow field channels based on an entropy generation analysis. Energy 2017, 133,
306–316. [CrossRef]

22. Saber, M.; Commenge, J.M.; Falk, L. Rapid design of channel multi−scale networks with minimum flow maldistribution. Chem.
Eng. Process. 2009, 48, 723–733. [CrossRef]

23. Commenge, J.M.; Saber, M.; Falk, L. Methodology for multi−scale design of isothermal laminar flow networks. Chem. Eng. J.
2011, 173, 541–551. [CrossRef]

24. Luo, L.; Wei, M.; Fan, Y. Heuristic shape optimization of baffled fluid distributor for uniform flow distribution. Chem. Eng. Sci.
2015, 123, 542–556. [CrossRef]

25. Bejan, A.; Lorente, S. Design with Constructal Theory; John Wiley & Sons: Hoboken, NJ, USA, 2008; p. 528. ISBN 978-0−471-99816-7.
26. Soroush, D.; Mohammadreza, H.; Mohammadfazel, R. Design of an innovative distributor to improve flow uniformity using

cylindrical obstacles in header of a fuel cell. Energy 2018, 152, 719–731.
27. Liu, H.; Li, P.; Wang, K. The flow downstream of a bifurcation of a flow channel for uniform flow distribution via cascade flow

channel bifurcations. Appl. Therm. Eng. 2015, 81, 114–127. [CrossRef]
28. Xiong, C.S.; Luo, M.J.; Chen, B. Effect of channel structure on oxygen distribution in cathode of fuel cells. Chi. J. Power Sources

2018, 42, 230–232.
29. Berning, T.; Djilali, N. Three−dimensional computational analysis of transport phenomena in a PEM fuel cell—A parametric

study. J. Power Sources 2003, 124, 440–452. [CrossRef]
30. Chen, H.C.; Pei, P.C.; Song, M.C. Lifetime prediction and the economic lifetime of Proton Exchange Membrane fuel cells.

Appl. Energy 2015, 142, 154–163. [CrossRef]
31. Wang, Y.; Chen, K.S.; Mishler, J.; Cho, S.C.; Adroher, X.C. A review of polymer electrolyte membrane fuel cells: Technology,

applications, and needs on fundamental research. Appl. Energy 2011, 88, 981–1007. [CrossRef]
32. ANSYS Fluent Advanced Add−On Modules; ANSYS, Inc.: Canonsburg, PA, USA, 2016.
33. Su, A.; Ferng, Y.M.; Shih, J.C. CFD investigating the effects of different operating conditions on the performance and the

characteristics of a high−temperature PEMFC. Energy 2010, 35, 16–27. [CrossRef]
34. Wang, L.; Attila, H.; Zhou, T.H.; Liu, H.T. A parametric study of PEM fuel cell performances. Int. J. Hydrogen Energy 2003, 28,

1263–1272. [CrossRef]

http://doi.org/10.1016/j.expthermflusci.2008.07.003
http://doi.org/10.1016/j.energy.2017.05.139
http://doi.org/10.1016/j.cep.2008.09.001
http://doi.org/10.1016/j.cej.2011.07.060
http://doi.org/10.1016/j.ces.2014.11.051
http://doi.org/10.1016/j.applthermaleng.2015.02.028
http://doi.org/10.1016/S0378-7753(03)00816-4
http://doi.org/10.1016/j.apenergy.2014.12.062
http://doi.org/10.1016/j.apenergy.2010.09.030
http://doi.org/10.1016/j.energy.2009.08.033
http://doi.org/10.1016/S0360-3199(02)00284-7

	Introduction 
	Fuel Cell Model Development 
	Computed Field and Assumptions 
	Governing Equations 
	Numerical Procedures 
	Model Validation 

	Results and Discussion 
	Overall Cell Performance 
	Mass Fraction of Oxygen and Water Saturation 
	Gas Flow Rate in Each Channel 
	Application in Different Areas of Parallel Flow Fields 

	Conclusions 
	References

