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With the proposal of cloud computing, fog computing, and edge computing, various simulation operations are greatly guaranteed,
which bene�ts the multi-model operations of Matlab and CFD. �is paper established the 1-D �ow network model and
12 cm∗ 8 cm 3-steady-state PEMFC model. Based on the experiment, the intake �ow distribution of the cathode anode of 80 cells
is simulated to obtain the maximum and minimum intake �ow cell. �e 3-D and steady-state single-cell model is used to calculate
the cell’s performance, and the performance di�erence between the two cells is improved by optimizing the size structure of the
single cell. �e results show that the best version of the cell was obtained when the values of the width and depth were 1.1 mm and
0.8 mm, and the power density di�erence between the two cells decreased from 5.7% to 2.1%. �e voltage di�erence at
1000mA·cm− 2 current density decreases from 0.065 to 0.035V after optimization. �e intake �ow extreme di�erence of the
reactor improved signi�cantly, and Cv was reduced by 48.7%.

1. Introduction

Proton exchange membrane fuel cell (PEMFC) has become
one of the ideal energy sources in the 21st century based on
the advantages of high speci�c power, zero emission, and
low operating noise. Due to the limited output power of
individual PEMFC, fuel cells are usually connected in series
to form fuel cell stacks to meet the practical power re-
quirements. �e reactants provided by the stack manifold
�ow through the fuel cell in multiple channels in a complex
�ow network in the fuel cell stack. �e reactant �ow and
pressure distribution may di�er between di�erent cells, and
a single cell’s heat and water management strategy is
challenging to achieve. �is will cause the overall perfor-
mance of the fuel cell stack to decrease [1]. �erefore, it is
essential for the study of reactor equilibrium.

Generally, the layout of the intake manifold of the fuel
cell stack is Z-shaped and U-shaped. In the actual work
process, no matter what kind of layout, there is a speci�c
di�erence in the intake air�ow reaching the entrance of
every single cell due to the intake loss. What is worse, this
di�erence intensi�es as the power of the stack increases (the
number of cells increases). Finally, the di�erence in the

intake air�ow between the monomers will a�ect their
electrochemical performance. �e durability and imple-
mentation of the stack will be directly related to the per-
formance of the monomer, which is a typical “bucket e�ect”
[2]. At present, to accelerate the commercialization of fuel
cells, many domestic and foreign scholars have done a lot of
research on the consistency of the stack. For the consistency
of the stack, the industry generally uses the voltage di�erence
coe¦cient (Cv) to express [3]. �e factors that a�ect the
consistency of the stack are usually gas pressure, gas mass
�ows [4], control methods such as purge mode [5, 6], cell
voltage detection level [1, 7], and other factors.

In summary, the research on the consistency of the stack
is focused on how to improve its consistency through external
factors. Because of this, this article will start from the opti-
mization of the �ow �eld size of the single cell and combine it
with the data on the air�ow distribution of the stack com-
posed of 80 single cells. Take the highest air intake monomer
and the lowest air intake monomer as a comparison, optimize
the size of the �ow �eld, and minimize the electrochemical
performance di�erences between the two to improve the
consistency of the stack. In addition, the industry’s approach
to optimizing the size of a single unit mainly starts from the

Hindawi
Scientific Programming
Volume 2022, Article ID 9242940, 12 pages
https://doi.org/10.1155/2022/9242940

mailto:202073040@yangtzeu.edu.cn
https://orcid.org/0000-0001-5554-5831
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9242940


aspects of length [8, 9], depth [10, 11], width [12], and cross-
sectional shape [13, 14]. Since the stack size of the article has
been fixed and the cell adopts the cathode and anode straight
flow field, the article will optimize the cell performance from
the width and depth of the flow field.

2. Models and Parameters

,e paper includes two models: 1-D fuel cell stack and 3-D
and steady-state fuel cell monomer straight flow field model.
,e model and relevant parameters are as follows.

2.1. 1-D Fuel Cell Stack Model

2.1.1. Computational Domain of 1-D Model. ,e compu-
tational domain of the one-dimensional model is mainly
used to represent the flow distribution of individual units in
a stack, which is a schematic diagram of simplified stack flow
network configuration. Figure 1 shows the current research
situation of the fuel cell stack, including the inlet, outlet,
manifold, and gas flow channel of the fuel cell stack. In this
diagram, the reactants are supplied and transported at the
reactor inlet of the top manifold. In this figure, the reactants
are supplied at the stack inlet of the top manifold and
transported along the top manifold while being assigned to
the cell channel.,e remaining reactants and products of the
electrochemical reaction are discharged into the bottom
manifold at the channel outlet and then removed from the
fuel cell stack at the fuel cell stack outlet. Traffic network
construction and analysis are based on controlling the
volume, the i circuit shown in Figure 1. Each loop has six
branches (control volume), and the top branch is a segment
of the top manifold connecting adjacent units. ,e bottom
branch is a segment of the base manifold. Each channel is
divided into two branches of the same length. Branches in
the circulation are numbered clockwise from the top
manifold branches. Furthermore, branches in the circulation
are numbered clockwise from the full manifold branches.

In this model, the pressure, velocity, and components are
assumed to be uniform on each loop branch. ,e reaction
points indicated by the symbol ⊗ are located in the middle
of the channel, where property parameters such as pressure
and flow velocity are the mean of the anterior segment and
terminal channel branches. Since the mass transfer of the
electrochemical reaction is considered to occur in the re-
action center, the interface connecting the various branches
and the different branches is represented by nodes with 4
nodes per cycle. ,e parameters of the reactor model are
shown in Table 1.

2.1.2. Governing Equation of 1-D Model. ,e mathematical
model of the 1-D model mainly includes the mass conser-
vation model and the momentum conservation model, as
detailed in the literature, and the specific equations are
shown in Table 2.

,e meanings of the corresponding letters in Table 2 are
shown in Table 3.

2.2. 3-D Fuel Cell CFD Model

2.2.1. Computational Domain of 3-D Model. ,e physical
model of the 3-D model is mainly a 12 cm∗ 8 cm straight
flow field PEMFC single cell model, as shown in Figure 2,
and model parameters are shown in Table 4.

2.2.2. Assumptions of 3-D Model. ,is article model carries
out the following assumptions:

(1) ,e PEMFC is operating at a steady state.
(2) ,e gas flow in the FF is regarded as the laminar of an

ideal gas and the incompressible flow.
(3) All gases cannot pass through the proton exchange

membrane.
(4) ,e gravity effect is neglected.
(5) Both the GDL and CL are assumed to be homoge-

neous and isotropic.
(6) ,e PEMFC model is applied in a fuel cell.

2.2.3. Governing Equation of 3-D Model. ,e 3-D model
mainly includes mass conservation equation, momentum
conservation equation, energy conservation equation,
component conservation equation, electrochemical equa-
tion, diffusion equation of gas components in porous me-
dium, and transport equation for liquid water. ,e specific
equations are shown in Table 5.

,e meanings of the corresponding source items and the
letters in Table 5 are shown in Tables 6 and 7, respectively.

2.3. Validation of the Model

2.3.1. 1-D Model Validation. Figure 3 shows the compar-
ison of the pressure drop of the numerical analysis and
experimental results [15] at the anode of the PEM fuel cell
stack under the same operating conditions. In Figure 3, (a)
and (b) are the contrasts of the stoichiometric ratios of 1.2
and 1.5, respectively. ,e results show that the pressure
drop obtained by the numerical method is in good
agreement with the experimental results in anodic stoi-
chiometry. Consequently, the correctness of the model is
demonstrated.

2.3.2. 3-D Model Validation. To ensure the accuracy and
scientificity of the simulation results, it is necessary to verify
the selected model mentally, and the comparison between
the experiment and the simulated polarization curve is se-
lected as the verification method. To ensure the accuracy of
the trial validation effect of the selected model, the exper-
iment is consistent with the critical parameters in the
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Figure 1: Geometric model of flow channel.

Table 1: Stack model parameters.

Parameter Unit Value
Cell number Stretch 80
Intake manifold length cm 12
Intake manifold width cm 10
Intake pressure of cathode MPa 0.2
Intake pressure of anode MPa 0.2
Air power viscosity Pa·s− 1 2.06e − 5
Hydrodynamic viscosity Pa·s− 1 1.12e − 5
Flow channel section length mm 1
Flow channel section width mm 1
GDL thickness um 235
Catalytic layer thickness um 6
Membrane thickness um 18
Channel length cm 12
Current density mA·cm− 1 1000
Cathodic stoichiometric ratio Initial 2.5
Anodic stoichiometric ratio 2.5
,e cathode flow channel form Straight
,e anode flow channel form Straight
Intake manifold structure Z
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simulation. Figure 2 shows the 16-channel straight flow field
PEMFC used in the model simulation and experiment.
Figure 4 shows the experimental schematic (the size pa-
rameters and operating parameters of the single cell in the

experiment are shown in Table 8), and Figure 5 shows the
polarization curve comparison of simulation and experi-
ment. It can be seen from Figure 6 that the experimental
results are consistent with the simulation results, and the

Table 2: Mass conservation and energy conservation equations of 1-D model.

Description Equations

Inlet molar flow rate _N
stack
H2 ,in � SanNcellJAcell/2F

_N
stack
O2 ,in � ScaNcellJAcell/4F

Total inlet molar
quality _N

stack
in,an � _N

stack
H2 ,in · P

stack
in,an/P

stack
in,an − Psat,in

_N
stack
in,ca � _N

stack
Air,in · P

stack
in,ca /P

stack
in,ca − Psat,in

Psat � e(77.3450+0.0057·T− (7325.0/T))/T8.2

Reaction
consumption Δ _Nr � i�speciesΔ _N

i

r

Total molar
consumption Δ _N

H2
r � − (JAcell/2F)Δ _Nr � Δ _N

H2
r + _N

H2O
drag

Molar fraction of
water Y

H2O
out,an � Psat,out/Pstack

out,an

Outlet molar flow
rate

_N
stack
H2 ,out � (San − 1)NcellJAcell/2F

_N
stack
O2 ,out � (Sca − 1)NcellJAcell/4F

Flow rate of water
_N
stack
H2O,in � _N

stack
in,an · Psat,in/Pstack

in,an
_N
stack
H2O,out � T

H2O
out,an · _N

stack
H2 ,out/(1 − Y

H2O
out,an)

Water drag _N
stack
H2O,drag � _N

stack
H2O,in − _N

stack
H2O,out

,e amount of
water drag _N

H2O
drag � _N

stack
H2O,drag/Ncell

Cathode water
produced Δ _N

O2
r � − (JAcell/4F)

Δ _N
H2O
r � JAcell/2FAmount of total

molar mass change Δ _N
ca

� Δ _N
O2
r + Δ _N

H2O
r + Δ _N

H2O
drag

,e flow directions
and molar flow rates
for each segment

_Ni− 1,3 � θi− 1,2
_Ni− 1,2 + Δ _Ni− 1/θi− 1,3

_Ni,1 � θi− 1,1
_Ni− 1,1 + _N

stack
inlet − θi− 1,2

_Ni− 1,2/θi,1
_Ni,4 � θi− 1,3

_Ni− 1,3 − θi− 1,4
_Ni− 1,4 − _N

stack
outlet/θi,4Total pressure drop


Nbranch
j�1 θi,jΔPi,j � 0(i � 1, 2, , . . . , Nloop)ΔPi,j � ΔPf,i,j + ΔPm,i,jΔPf,i,j � Cf,i,jLi,j/Dj,i,jρi,jV

2
i,j/2

,e calculation of
Reynolds number Cf,i,j �

C1 · Re− 1
i,jRei,j ≤ 2 × 103

0.316Re− 1/4
i,j 4 × 103 <Rei,j ≤ 10

5
⎧⎨

⎩ Rei,j � ρi,jVi,jDh,i,j/μi,j

,e molar flow
representation

ΔPi � 
Nbranch
j�1 θi,j[r1,i,j

_N
n1,i,j

i,j + (r2,i,j + r3,i,j)
_N

n2,i,j

i,j ] � 0(i � 1, 2, 3, . . . , Nloop),

r1,i,j �
0.032Li,jμi,jRT/D

4
h,i,jPi,j

1.3560 × 10− 6
Li,jμ

0.25
i,j ρ0.75

i,j (RT)
1.75/D4.75

h,i,jP
1.75
i,j

⎧⎨

⎩

Table 3: Meanings of symbols.

Symbol Meaning Symbol Meaning
_N Molar flow rate in Inlet of the stack
_Nr Reactant consumption rate out Outlet of the stack

Ncell Number of cells an Anode
Acell Active cell area ca Cathode
S Stoichiometry sat Saturation
J Current density drag Dragged molecules
P Pressure H2 Hydrogen
T Temperature O2 Oxygen
Y Molar fraction H2O Water
C Wall friction coefficient branch Number of segments in a loop
ρ Density μ Viscosity
V Flow velocity r Flow resistance coefficient
Dh Hydraulic diameter R Universal gas constant
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Figure 2: Geometric model of flow channel.

Table 4: Parameters of the model.

Symbol Parameters Value
L Flow field length/m 0.032
W_ch Flow field width/m 0.032
H_gdl GDL thickness/m 3.80e − 04
H_gdl GDL thickness/m 3.80e − 04
H_electrode Porous electrode thickness/m 5.00e − 05
H_membrane Membrane thickness/m 1.00e − 04
RHa Relative humidity of anode 0.8
RHc Relative humidity of cathode 0.8
P_sat Saturated vapor pressure/Pa According to calculate
P_a Anode pressure/Pa 2.5e5
P_c Cathode pressure/Pa 2.5e5
MH2 Hydrogen molar mass/kg·mol− 1 0.002
MH2O Water molar mass/kg·mol− 1 0.018
MO2 Oxygen molar mass/kg·mol− 1 0.032
MN2 Nitrogen molar mass/kg·mol− 1 0.028
xH2Oa_in Anode water vapor pressure/Pa RHa∗P_sat/P_a
xH2_in Anode hydrogen pressure/Pa 1-xH2Oa_in
xH2Oc_in Cathode water vapor pressure/Pa RHc∗P_sat/P_c
xO2_in Cathode oxygen pressure/Pa 0.21∗ (1-xH2Oc_in)
xN2_in Cathode nitrogen pressure/Pa 0.79∗ (1-xH2Oc_in)
D_H2_H2O H2-H2O binary diffusion coefficient/m2·s− 1 1.11e − 4 (calculated)
D_N2_H2O N2-H2O binary diffusion coefficient/m2·s− 1 3.09e − 5 (calculated)
D_O2_N2 O2-N2 binary diffusion coefficient/m2·s− 1 2.89e − 5 (calculated)
D_O2_H2O O2-H2O binary diffusion coefficient/m2·s− 1 3.41e − 5 (calculated)
mu_anode Anode viscosity/Pa·s 1.19e − 05
mu_cathode Cathode viscosity/Pa·s 2.46e − 05
kappa_gdl GDL permeability/m2 1e − 12
kappa_cl Permeability (porous electrode)/m2 1e − 13
sigma_gdl GDL electric conductivity/S·m− 1 5000
sigma_cl CL electric conductivity/S·m− 1 5000
sigma_m Membrane electric conductivity/S·m− 1 2
eps_gdl GDL porosity 0.3
eps_cl Porous electrodes porosity 1-eps_gdl-eps_l
eps_l Electrolyte phase volume fraction 0.2
eps_i Ionomer volume fraction 0.27
cH2_ref Hydrogen reference concentration/mol·m3 56.4
cO2_ref Oxygen reference concentration/mol·m3 3.39
stoich_a Anode stoichiometry 1.5
stoich_c Cathode stoichiometry 3
T Cell temperature/K 343.15
V_cell Cell voltage/V 0.9
i_cell Current density/A·cm2 According to calculate
A_cl Catalytic layer area/m2 W_ch∗ L
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experimental results can verify the accuracy and feasibility of
numerical simulation.

3. Analysis of the Consistence of Intake
Flow Rate

Figures 7(a) and 7(b) are, respectively, the iterative situations
of the model during the calculation of the 1-D model. It can
be seen from this figure that the cathode and anode converge

within the 10000th step, which shows that the calculation
model has good convergence and effectiveness. Figure 8
shows the distribution of intake airflow of every single
cathode and anode. ,e uneven intake flow distribution of
each monomer is both cathode and anode. Among them, the
maximum monomer intake flow rate at the anode is
2.87∗10− 5m3·s− 1, the minimum is 2.35∗10− 5m3·s− 1, and
the difference in intake flow rate is 0.52∗10− 5m3·s− 1. ,e
maximum monomer intake flow rate of the cathode is

Table 5: Conservation equations of 3-D model.

Description Equations
Mass conservation equation zρ/zt + ∇ · (ρ u

→
) � Sm

Momentum conservation equation (z(ρ u
→

)/zt) + ∇ · (ρ u
→

u
→

) � ∇ · (μ∇ u
→

) + S
u

→

Material conservation equation (z(ρYi)/zt) + ∇ · (ρ u
→

Y) � ∇ · (Di∇Yi) + SYi

Energy conservation equation (z(ρT)/zt) + ∇ · (ρ u
→

T) � ∇ · (k/cp∇T) + ST

Proton conservation equation
∇ · (σeff∇φH+ ) + SφH+

� 0

SφH+
�

jaanodeCL
jccathodeCL



Electron conservation equation
∇ · (κeff∇φe− ) + Sφe−

� 0

Sφe−
�

− jaanodeCL
− jccathodeCL



ja and jc [16]
ja � ai0,a(CH2

/CH2 ,ref)
1/2((αa + αc/RT)Fη)

jc � − ai0,c exp[− 16456((1/T) − (1/353.15))](CO2
/CO2,ref

)exp(− (αcF/RT)η)

Diffusion equations of gas components in porous media Di � ε1.5(1 − s)rs D0
i (P0/P)cp (T/T0)

rt

Transmission equation for liquid water (z(ερls)/zt) + ∇ · (ρlvls) � rw

Table 7: Symbols and meanings.

Symbol Meaning Symbol Meaning
ρ Density/(kg·m− 3) i0 Exchange current density/(A·m2)
ψ Solving variables C Volume molar concentration/(mol·dm− 2)
t Time/s Cref Reference molar concentration/(mol·dm− 2)
u
→ Velocity vector/(m·s− 1) α Conversion rate of the electrochemical reactions
Γ Generalized diffusion coefficient/(m2·s− 1) U Activation potential/V
κ ,ermal conductivity/(W·m− 1 K− 1) T Temperature/K
σ Proton conduction rate/(S·m− 1) Di Coefficient of diffusion
k Electron conductivity/(S·m− 1) nd Proton number/electron number
μ Viscosity coefficient/(kg·m− 1·s− 1) ε ,e initial diffusion coefficient of the components
KGDL ,e permeability of the GDL/(m2·s) Di

0 ,e initial diffusion coefficient of the i components
KCL Permeation of the catalytic layer (CL)/(m2·s) rs Saturation index
Mi Chemical expression rp Pressure factor
Si Stoichiometric coefficients of each component rt Temperature exponent
n ,e number of electrons ρl ,e density of water (kg·m− 3)
F Faraday constant/96 485°C/mol rw Condensation rate of water
a Active reaction area/m2 s Phase saturation of water

Table 6: Expressions for source terms.

Source items CL GDL Membrane Bipolar plate Flow field
Sm SYH2/O2

+ SYH2O
0 0 0 0

S
u

→ − (μ/KGDL) u
→ − (μ/KCL) u

→ 0 0 0
SYH2/O2

− (Misij/nF) 0 0 0 0
SYH2O

− MH2O[(sij/nF) − ∇ · ((nd/F) i
→

e)]
0 − ∇ · ((nd/F) i

→
e) 0 0

ST j(η + TdU0/dT) + ( i
→2

e /keffe ) + ( i
→2

s /σeffe ) i
→2

s /σeffe i
→2

e /keffe
i

→2
s /σeffe 0

SφH+
− j 0 — 0 0

Sφe−
j — 0 — —
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6.87∗10− 5m3·s− 1, the minimum is 5.51∗ 10− 5m3·s− 1, and
the difference in intake flow rate is 1.27∗10− 5m3·s− 1. ,e
difference in the intake flow rate of the single cell will cause a
difference in the performance of the single cell, which will
eventually affect the overall performance of the stack. Based
on this, the article further optimizes the size of the flow
channel to improve the performance of the minimum intake
flow rate monomer, thereby enhancing the consistency of
the stack.

4. Size Optimization of Monomer Cell

,e molecules of the above inlet flow conditions were
substituted into the 3D model as boundary conditions for
further numerical analysis, and the polarization curves at the
highest and lowest inlet flows were obtained, as shown in
Figure 9. As shown in Figure 9, the performance difference
between the two monomers is noticeable due to the dif-
ference in intake flow rate. Moreover, the maximum power
density of the maximum intake flow rate monomer is 5.7%
higher than that of the minimum intake flow rate monomer.
At a current density of 1000mA·cm− 2, the voltage difference
between the two is 0.065V.

Figure 10 shows the optimization results of channel
depth and width. In order to improve the performance of
monomer under the minimum intake flow, the width and
depth of the channel are optimized in this section, and
the width (0.8, 0.85, . . ., 1.15,1.2 mm) and depth (0.8,
0.85, . . ., 1.15, 1.2 mm) are selected with different size
combination; the current density under 0.2V voltage
changes with size parameters. ,e result shows that the
current density changes accordingly with the width and
depth size, and the current density reaches the maximum
when the width and depth are 1.1 mm and 0.8 mm,
respectively.

Figure 11 shows the performance comparison between
the lowest intake flow rate monomer and the highest intake
flow rate monomer after the channel size optimization. As
can be seen from the figure, the power density difference
between the two monomers is reduced from 5.7% to 2.1%,
and the voltage difference is reduced from 0.065V to 0.035V
at a current density of 1000mA·cm− 2 after optimization.

According to the optimization of the channel size, the
channel size is substituted into the 1-D model, and the
distribution diagram of the cathode and anode intake flow
rate is obtained. Compared with Figures 12 and 8, it is
evident that the intake flow equilibrium of the 80 monomers
is significantly improved after the channel size optimization.
Specifically speaking, the range of anode flow rate decreased
from 0.52∗10− 5m3·s− 1 to 0.27∗10− 5m3·s− 1 and that of
cathode flow rate decreased from 1.27∗10− 5m3·s− 1 to
0.58∗10− 5m3·s− 1. ,e improvement of the consistency of
intake flow rate will improve the voltage consistency of the
stack.

,e 80-stack intake flow data before and after the
channel size optimization are replaced into the 3-Dmodel to
obtain the voltage of each monomer in the stack at
1000mA·cm− 2. As shown in Figure 13, after the optimiza-
tion of channel size, the voltage consistency of the stack has
been significantly improved.

,e voltage difference coefficient is further used to an-
alyze the performance of the stack, the voltage difference
coefficient Cv represents the consistency of the cell voltage of
the stack, and the calculation formula is

Cv � 100 ×
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Figure 4: Experimental and simulation models. (a) Simulation cell. (b) Experimental cell.

Table 8: PEMFC experiment parameters.

Parameter Value
GDL porosity 0.4
GDL thickness/m 380e − 6
Porous electrode thickness/m 50e − 6
Membrane thickness/m 100e − 6
Catalytic layer porosity 0.3
Gas back pressure/MPa Atmospheric pressure
Anode transfer coefficient 0.5
Cathode transfer coefficient 1
Cell effective area/cm2 96
O2 flow rate/ml·min− 1 889
H2 flow rate/ml·min− 1 536
Cell temperature/K 343.15
Gas temperature/K 348.15
Dewpoint temperature/K 343.15

Single cell

Fuel cell test platform

Counterbalance valve

H2

N2

Air

H2
flowmeter

Air
flowmeter Humidifier

Figure 5: Experimental schematic diagram.
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where Vi is the cell voltage, V is the average output voltage of
the stack, and n is the number of cells.

According to formula (1), Cv changes from 7.21 to 3.70
after optimizing channel size, and Cv is reduced by 48.7%.

5. Conclusion

,e article establishes a 1-D flow network model of 80 cell
stacks and a three-dimensional steady-state model of a
12 cm∗ 8 cm PEMFC cell, the performance of the fuel cell is
optimized, and the conclusions are as follows.

Experiments were used to verify the accuracy of the 1-D
flow network model and the 3-D steady-state model. ,e
convergence of the 1-D model is good. Both the cathode and
anode reach confluence within 10,000 steps.

,e flow rate distribution of the anode and cathode of
the stack is uneven, and the maximum monomer airflow of
the anode is 2.87∗10− 5m3·s− 1. ,e minimum is
2.35∗10− 5m3·s− 1, and the intake flow rate difference is
0.52∗10− 5m3·s− 1. ,e maximum monomer intake flow rate
of the cathode is 6.87∗10− 5m3·s− 1, the minimum is
5.51∗ 10− 5m3·s− 1, and the difference in air intake flow is
1.27∗10− 5m3·s− 1.

,e maximum and minimum intake flow rates obtained
from the 1-D model are used as the 3-D model’s boundary
conditions to calculate the single-cell performance under
different intake flow rate conditions. Optimize its perfor-
mance by changing the minimum intake flow rate mono-
mer’s width, depth, and other size parameters. When the
width and depth are 1.1mm and 0.8mm, respectively, the

2.7

2.65

2.6

2.55

×10-5

2.5

2.45

2.4
2010 30 50 60 70 8040

Cell number

Si
ng

le
 ce

ll 
in

le
t v

ol
um

e fl
ow

 ra
te

 Q
/ (

m
3 /s

)A

(a)

6.4

6.3

6.2

6.1

6

5.9

5.8

5.7

×10-5

10 20 30 50 60 70 8040
Cell number

Si
ng

le
 ce

ll 
in

le
t v

ol
um

e fl
ow

 ra
te

 Q
/ (

m
3 /s

)

(b)

Figure 12: Optimized air intake flow distribution. (a) Anode. (b) Cathode.
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monomer performance is the best, and the electrochemical
performance is improved.

After the optimization, the extreme difference in the
intake flow rate between anode and anode of the stack has
been significantly reduced. ,e consistency of the stack
voltage has been considerably improved, and Cv has been
reduced by 48.7%.
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