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The structural optimization of the proton exchange membrane fuel cell (PEMFC) flow channel can 

significantly enhance the mass transfer of the reactant gas and improve PEMFC output performance. In 

this work, a three-dimensional PEMFC geometry model was developed. The effects of baffle shapes on 

the mass transfer of reactant gas and output performance of PEMFC were investigated by adding three 

kinds of conventional baffles and six kinds of combined baffles in the flow channel. The results are as 

follows: The baffles added in the flow channel could increase the pressure drop, enhance the mass 

transfer of the reactant gas, and significantly increase the reactant gas concentration in the gas diffusion 

layer (GDL) and the current density in the membrane. When the operating voltage was 0.45 V, the current 

density and power density of PEMFC with combined It-Re baffles were 2.346 A·cm-2 and 1.056 W·cm-

2, respectively, and both improved by 21.8 % compared with that without baffles. 
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1. INTRODUCTION 

 

A proton exchange membrane fuel cell (PEMFC) is an energy conversion device that can directly 

convert electrochemical energy into electrical energy [1]. PEMFC has been regarded as a potential 

alternative power source for automobiles owing to its high conversion efficiency, high power density, 

zero emission, and short start-up time [2]. The key components of PEMFC are the proton exchange 

membrane (MEM), catalytic layer (CL), gas diffusion layer (GDL), and bipolar plate (BP) [3]. The flow 

channels on both sides of the BP can help the reactant gas transfer to the CL and participate in the 

electrochemical reaction. Therefore, the structural optimization of the flow channel is beneficial for 

enhancing the mass transfer of the reactant gas and the electrochemical response [4, 5]. 

The shape of the flow channel determines the distribution of the reactant gas, making this an 

important field of research [6]. Traditional flow channels include straight flow channels, serpentine flow 

channels, and interlaced flow channels. Among them, the serpentine and interlaced flow channels can 
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enhance the mass transfer of the reactant gas compared with straight flow channels [7, 8]. However, the 

serpentine and interlaced flow channels tend to increase the pressure drop and are not conducive to 

transporting the reactant gas [9]. Recently, many researchers have designed a series of optimized 

schemes for straight, serpentine, and interlaced flow channels to enhance the mass transfer of the reactant 

gas and improve the PEMFC output performance [10]. In addition, many new types of flow channels 

have been developed. Kerkoub et al. [11] investigated the effect of the width of the channel and rib on 

the PEMFC performance. It was found that increasing the rib width or decreasing the flow channel width 

was beneficial for improving the uniformity of the current density distribution. Liu et al. [12] optimized 

the corners of the serpentine flow channel and reported an enhanced diffusion rate of the reactant gas, 

with the peak power density increased by 5.89% compared with the conventional serpentine flow 

channel. Trogadas et al. [13] developed a PEMFC model with a lung-vein flow field which could 

enhance the mass transfer of the reactant gas and increase the utilization of the reactant gas 

simultaneously. Huang et al. [14] designed a blood-vein flow field and studied its impact on the PEMFC 

performance by simulation and experiment, and reported that the output performance increased by 

30.03% compared with the serpentine flow field. Azarafza et al. [15] found that the peak power density 

of the PEMFC with the metal foam flow field was increased by 50% compared with the parallel flow 

field. 

Furthermore, studies have shown that the mass transfer of the reactant gas from the flow channel 

to the GDL and CL can be enhanced by adding baffles in the flow channel, which reduces the voltage 

loss caused by the mass transfer polarization [16]. The influence of shape, height, number, and 

arrangement of baffles on the PEMFC performance has been investigated [17]. Khazaee et al. [18] added 

triangular and rectangular baffles in the flow channel and found that the oxygen concentration in the 

flow channel increased significantly behind the baffles. Ghanbarian et al. [19] added rectangular, 

circular, and trapezoidal baffles in the flow channel and the trapezoidal baffle effectively improved the 

power density of the PEMFC. Lin et al. [20] found that the performance of the PEMFC with rectangular 

baffles was 30% greater than that without baffles. In addition, semi-elliptical or quarter-elliptical baffles 

effectively increased the diffusion area of the oxygen. The angles of a trapezoidal baffle also impact the 

flow rate, concentration, and pressure drop of the reactant gas [21]. The PEMFC output performance 

was the highest when the angle of the trapezoidal baffle was 60°. Yin et al. [22] investigated the effect 

of the number of rectangular baffles and height on the reactant gas's velocity, pressure, and concentration 

distribution. The effective output power of the PEMFC with five baffles and each of a height of 80% of 

the flow channel, was increased by 9.39 % compared with that without baffles. Xu et al. [23] found that 

the trapezoidal cross-section baffles enhanced the PEMFC performance. The power density of the 

PEMFC was increased by 4.347% when the length of upper side of the flow channel was 1.234 mm, 

lower side was 1.8 mm, and the distance of the baffle to the inlet was 9.5 mm. Wang et al. [24] found 

that trapezoidal baffles with a staggered arrangement could enhance the mass transfer of the reactant gas 

more effectively than with a parallel arrangement; the peak power of the PEMFC was increased by 

2.54 %. Wang et al. [25] investigated the arrangement of rectangular baffles in the three-serpentine flow 

field. The distribution uniformity in the reactant gas concentration was improved by adding rectangular 

baffles near the exit of the flow field. The current density was the maximum when baffles were added to 

the whole serpentine flow field. 
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New designs of baffles have also been reported. Wan et al. [26] designed a flow channel with an 

M-shaped long baffle, which showed a peak power density increased by 21.3 % compared to a 

semicircular plate flow channel. Liu et al. [27] designed a bionic finned baffle that could effectively 

remove water droplets from the GDL surface and prevent their accumulation. Zhang et al. [28] added 

wedge baffles to the flow channel. The results showed that increasing the volume of the wedge baffles 

could effectively reduce the oxygen concentration at the exit of the flow channel and improve the power 

density. Chen et al. [29] developed a two-dimensional PEMFC model and designed a streamlined baffle. 

The simulation results show that the streamlined baffles added to the flow channel reduced the reactant 

gas pressure drop and helped discharge the liquid water. 

As highlighted above, adding baffles to the flow channel can enhance the mass transfer of the 

reactant gas and improve the output performance of the PEMFC. Researchers have investigated the 

influence of structure parameters (such as height, length, angle, etc.) and the arrangement of baffles on 

PEMFC performance. Based on conventional baffle shapes (such as rectangle, trapezoid, inverted 

trapezoid, etc.), a combined baffle design method is proposed in this paper. The development of the 

PEMFC model included introducing a straight flow channel, baffle models, governing equations, 

boundary conditions, and meshing methods. Finally, the impact of combined baffles on the pressure drop 

and concentration distribution of the reactant gas, current density distribution, polarization, and power 

density curves were simulated and analyzed. 

 

 

2. OPERATION PRINCIPLE 

Hydrogen and oxygen enter the anode and cathode flow channels of the PEMFC, respectively 

and go through the GDL to the CL. The electrochemical reactions mainly occur in the CL. The basic 

working principle of a PEMFC is shown in Figure 1. The electrochemical reaction equation of the 

PEMFC is shown below. 

                                                      2H 2H 2e                                                         (1) 

                                                 
2 2

1
O 2H 2e H O

2

                                                       (2) 

                                                     
2 2 2

1
H O H O

2
                                                        (3) 

 
Figure 1. The basic operational principle of PEMFC. 
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3. MODEL DEVELOPMENT 

3.1. Geometric model 

As shown in Figure 2, a three-dimensional PEMFC geometry model containing the flow channel, 

GDL, CL, and MEM, was developed. 

 

 

 
 

Figure 2. The straight flow channel model of PEMFC. 

 

The conventional rectangular, trapezoidal, inverted trapezoidal, and circular baffle shapes were 

considered. First, three conventional baffles (rectangular, trapezoidal, and inverted trapezoidal) were 

added to the flow channel. Then, six different combined baffles were designed based on the three 

conventional baffles. The combined baffle can be divided into the top and bottom parts, composed of 

different conventional baffles. The specific design schemes of the combined baffle are shown in Table 

1. The geometric models of the conventional baffles and the combined baffles are shown in Figure. 3. 

Additionally, the cross-sectional area of the three conventional baffles and the six combined baffles are 

both 1 mm2, and the volume is 1 mm3. The geometric and operating parameters of the PEMFC model 

are shown in Table 2. 

 

 

Table 1. Combined Baffles Schemes 

 

Top shapes 

Bottom shapes 

Rectangular 

(Re) 

Trapezoidal 

(Tr) 

Inverted 

trapezoidal (It) 

Rectangular (Re) Re Tr-Re It-Re 

Trapezoidal (Tr) Re-Tr Tr It-Tr 

Inverted 

trapezoidal (It) 
Re-It Tr-It It 
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Figure 3. Geometric models of the baffles. 

 

 

Table 2. Geometric and Operating Parameters of the PEMFC model 

 

Parameters (Symbol) 
Value 

(Unit) 
Parameters (Symbol) 

Value 

(Unit) 

Channel height (Hch) 1 mm GDL porosity (ε) 0.35 

Channel width (Wth) 1 mm GDL conductivity (σgdl) 5000 S/m 

Channel length (L) 50 mm Operating temperature (T) 353.15 K 

Rib width (Wrib) 2 mm Reference pressure (pref) 101325 Pa 

GDL thickness (Hgdl) 2 mm Operating voltage (Vcell) 0.95 V 

CL thickness (Hcl) 0.01 mm Anode transfer coefficient 0.5 

MEM thickness (Hmem) 0.05 mm Cathode transfer coefficient 1 

Baffle height (Hbaf) 0.5 mm 
Anode stoichiometric ratio 

(ζa) 
1 

Baffles interval (Lbaf) 6.0 mm 
Cathode stoichiometric ratio 

(ζc) 
1 

Top shape height (Ht) 0.25 mm 
Anode relative humidity 

(RHin,a) 
100 

Bottom shape height 

(Hb) 
0.25 mm 

Cathode relative humidity 

(RHin,c) 
100 

 

3.2. Model assumptions 

The main assumptions used in the model are listed as follows [30, 31]: 

(1) The PEMFC is in stable working condition. 

(2) The ideal gas law is used. 

(3) The reactant gas flow state is laminar flow. 

(4) The liquid water in the flow field is neglected. 
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(5) The porous media material is isotropic. 

(6) The effect of gravity is ignored. 

 

3.3. Governing equations  

The governing equations are shown below [32, 33]. 

Mass conservation equation: 

  massu S                                                         (4) 

Where ρ is the density of reactant gas, u is the velocity vector of reactant gas, and Smass is the 

mass source term. 

Momentum conservation equation: 

    momuu p u S                                                    (5) 

Where p is the pressure of reactant gas, μ is the dynamic viscosity coefficient of reactant gas, and 

Smom is the momentum source term. 

Component conservation equation:  

   k ki iuc D c S                                                    (6) 

Where ck is the concentration of the component, Di is the effective diffusion coefficient of the 

component, and Si is the component source term. 

Energy conservation equation: 

   p eff Qc uT k T S                                                  (7) 

Where cp is the specific heat capacity at constant pressure, keff is the effective thermal 

conductivity, and SQ is the energy source term. 

Electric charge conservation equation: 

 s s s 0Φ S                                                       (8) 

 m m m 0Φ S                                                      (9) 

Where σs and σm are the conductivities of the solid phase and membrane phase, Φs and Φm are 

the potentials of the solid phase and membrane phase, and Ss and Sm are the source terms of the solid 

phase potential and membrane phase potential, respectively. 

Butler-Volmer equation: 

2H a a
a ref,a a a

ref

exp F exp F
R R

p
j j

p T T

 
 

    
      

    
                                   (10) 

2 2

2

H O Oc c
c ref,c c c

ref ref

exp F exp F
R R

p p
j j

p T p T

 
 

      
              

                              (11) 

Where jref,a and jref,c are the reference exchange current densities of anode and cathode, pH2, pO2, 

and pH2O are the partial pressures of hydrogen, oxygen, and water vapor, respectively, pref is the reference 

pressure, αa and αc are the transfer coefficients of anode and cathode, ηa and ηc are the activation 

overvoltages of anode and cathode, R is the ideal gas constant, T is the reaction temperature, and F is 

Faraday's constant. 

a s m=Φ Φ                                                          (12) 

c s m o=Φ Φ U                                                        (13) 
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Where Uo is the thermodynamic equilibrium potential. 

The source terms of the governing equations are shown in Table 3. 

 

 

Table 3. Source Terms 

 

Source 

terms 
Expression 

Compon

ents 

Source 

terms 
Expression 

Componen

ts 

Smass 

2mass HS S  
anode 

CL 

SQ 

2 2

a a m m s sQS j Φ Φ        anode CL 

2mass OS S  
cathode 

CL 
2

s sQS Φ   
anode 

GDL 

2mass H OS S  
cathode 

CL 
2

m mQS Φ   MEM 

Smom 

momS u
K


   

anode 

CL 
2 20

c c c m m s s

dU

dT
QS j j T Φ Φ         cathode 

CL 

momS u
K


   

anode 

GDL 
2

s sQS Φ   
cathode 

GDL 

momS u
K


   

cathode 

CL 
Sm 

m cS j  anode CL 

momS u
K


   

cathode 

GDL m cS j   
cathode 

CL 

momS u u u
K


    flow 

channel 

Si 

2 2

a
H H

2F

j
S M   anode CL 

Ss 
s a S j   

anode 

CL 2 2

c
O O

4F

j
S M   

cathode 

CL 

s cS j  
cathode 

CL 2 2

c
H O H O

2F

j
S M  

cathode 

CL 

 

3.4. Boundary conditions 

The inlet of the PEMFC flow channel is set to a velocity boundary. The inlet velocities of the 

anode and cathode are: 

2ref H

ref ch

in,a

R

2F
a

I Tx

p
u

A
                                                     (14) 

2ref O

ref ch

in,c

R

2F
c

I Tx

p
u

A
                                                     (15) 

Where uin,a and uin,c are the inlet velocities of the anode and cathode, ζa and ζc are the 

stoichiometric ratios of the anode and cathode, respectively, Iref is the current operating density used for 

the gas flow calculation, xH2 and xO2 are the molar fractions of the inlet hydrogen and the molar fraction 

of inlet oxygen, Ach, is the cross-sectional area of the flow channel. 

The PEMFC flow channel outlet is set to the following pressure boundary: 

out,a 0p                                                            (16) 

out,c 0p                                                            (17) 
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Where pout,a and pout,c are the outlet pressures of the anode and cathode. 

 

3.5. Mesh independence verification 

Five meshing schemes were applied to mesh the PEMFC model with the straight flow channel. 

The polarization curves of different meshing schemes were simulated under the same operating 

parameters. The current density and relative errors under different meshing schemes were also 

calculated, as shown in Table 4, at an operating voltage of 0.45 V. Table 4 shows that the current density 

decreases with the increase in the mesh number. The relative errors of the current density under different 

mesh schemes are 0.42 %, 0.58 %, 0.14 % and 0.14 %, respectively, and all the relative errors meet the 

simulation accuracy requirements. Therefore, Mesh 3 was adopted in the PEMFC geometry model to 

ensure the accuracy of the calculation results and reduce the calculation load. 

 

 

Table 4. Mesh independence verification 

 

Schemes Mesh number Current density Relative error 

Mesh 1 99983 1.9459 A/cm2 - 

Mesh 2 135557 1.9367 A/cm2 0.42 % 

Mesh 3 223658 1.9254 A/cm2 0.58 % 

Mesh 4 293968 1.9227 A/cm2 0.14 % 

Mesh 5 478226 1.9205 A/cm2 0.14 % 

 

3.6. Model validation 
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Figure 4. Model validation: (a) comparison of polarization curves for straight flow channel and (b) 

comparison of polarization curves for straight flow channel with trapezoidal baffles. 
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In this paper, the straight flow channel and the straight flow channel with trapezoidal baffles 

were developed according to [34] and [24], respectively. 

The polarization curves were also compared, as shown in Figure 4. The simulation data at each 

operating voltage is consistent with literature, which verifies the validity of the geometric model of the 

PEMFC. 

 

 

4. RESULTS AND DISCUSSION 

4.1. Comparison of oxygen pressure distribution 

Figure 5 shows the comparison of the oxygen pressure with different shape baffles added to the 

flow channel at an operating voltage of 0.45 V. Figure 5 shows that the oxygen pressure gradually 

decreased from the inlet to the outlet, in the flow channel without baffles, since oxygen is continuously 

consumed in the electrochemical reaction. The oxygen pressure near the outlet decreased significantly 

when baffles were added to the flow channel due to the increase in the flow resistance for the reactant 

gas. That is similar to the results of Yin et al. [22] that more baffles induce more severe blocking effects 

and flow resistance, which increases the pressure drop. 

 

 
 

Figure 5. Oxygen pressure distribution when different shape baffles are added in the flow channel. 
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Figure 6. Oxygen pressure drops when different shape baffles are added. 

 

Figure 6 compares the oxygen pressure drop in the flow channel with differently shaped baffles, 

at an operating voltage of 0.45 V. The oxygen pressure drop increased significantly when baffles were 
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added to the flow channel. Without baffles, the oxygen pressure drop was 3694 Pa. However, when 

baffles were added to the flow channel, the smallest and largest oxygen pressure drops were 4596 Pa 

and 5060 Pa. The combined baffle shape, Re-It, and the combined baffle shape, Tr-Re, were added. In 

addition, the oxygen pressure drop was higher when the upper shape of the combined baffle was 

rectangular. 

 

4.2. Comparison of oxygen mole fraction distribution 

Figure 7 shows the comparison of the oxygen mole fraction in the GDL with differently shaped 

baffles added in the flow channel, with an operating voltage of 0.45 V. Figure 8 shows that without the 

baffle, the oxygen concentration in the GDL decreased gradually along the flow direction. The oxygen 

concentration in the GDL, where the ribs were in contact, as almost zero. When the baffles were added, 

oxygen accumulation areas appeared and the oxygen concentration was significantly increased in the 

GDL, which helped enhance the mass transfer of the reactant gas. This pattern is generally consistent 

with the study of Yin et al. In addition, Yin et al. [35] also found that the number of oxygen aggregation 

areas increases with the increase of baffle number. 

Figure 8 shows the average mole fraction of oxygen in the GDL with differently shaped baffles, 

at an operating voltage of 0.45 V. Figure 9 shows that without the baffle, the average mole fraction of 

oxygen in the GDL was 0.0575. The average mole fraction of oxygen in the GDL increased when baffles 

were added. The smallest and largest average mole fractions of oxygen were 0.0729 and 0.0812 when 

the baffle shapes were Tr-Re and It-Re, respectively. 

 

 

 
 

 

Figure 7. Oxygen mole fraction distribution when different shape baffles are added in the flow channel. 
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Figure 8. Average oxygen mole fractions when different shape baffles are added in the flow channel. 

 

4.3. Comparison of the current density distribution 

Figure 9 shows the MEM current density with differently shaped baffles added to the flow 

channel, at a working voltage of 0.45 V. Figure 10 shows that without baffles, the MEM current density 

decreased uniformly along the flow direction, the mass transfer of the reactant gas in the GDL below the 

rib was severely hindered due to the high resistance caused by the rib. The baffles added in the flow 

channel could increase the oxygen concentration in the GDL below the ribs and improve the current 

density of MEM below the baffles. Therefore, adding baffles in the flow channel can enhance the mass 

transfer of the reactant gas. Comparing with the structure designed by Cai et al. [36] it can be determined 

that the maximum current density occurs at the inlet of the channel because the concentration of reactant 

is highest at the beginning, and the addition of the baffle leads to the higher and more uniform current 

density distribution. 

 
 

 
 

Figure 9. Membrane current density distribution with different shape baffles added in the flow channel. 

 

4.4. Comparison of polarization and power density curves 

Figure 10(a) shows the polarization curves of PEMFC with differently shaped baffles added to 

the flow channel. The output performance of PEMFC was significantly improved after adding baffles, 
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as shown in Figure 10(a). When the operating voltage was 0.45 V, the current density of PEMFC without 

baffles was 1.925 A·cm-2. The current density was 2.346 A·cm-2 when the It-Re baffles were added, 

which increased by 21.8 % compared with that without. Figure 10(b) compares the power density curves 

with differently shaped baffles added to the flow channel. The power density was significantly increased 

when baffles were added, as shown in Figure. 10(b). Without baffles, the peak power density of the 

PEMFC was 0.867 W·cm-2 and with the It-Re baffles, it was 1.056 W·cm-2, which is an increase by 

21.8 %. Similarly, Perng et al. [21] added trapezoidal baffles in the flow channel and concluded that the 

trapezoidal baffles coerced more reactant gas to permeate the GDL, and thus promoted the chemical 

reaction on the catalyst, which significantly improved the current and power density of fuel cell. 
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Figure 10. Comparison of PEMFC performance with different shape baffles added in the flow channel: 

(a) polarization curves and (b) power density curves. 

 

4.5. Comparison of polarization curves of similar models 

Figure 11 shows the comparison of the polarization curves with similar models when adding the 

It-Re baffle in the flow channel. Ghanbarian et al. [37], Dong et al. [38] and Yin et al. [22] developed 

asymmetric trapezoidal baffle, semi-elliptical baffle and symmetric trapezoidal baffle, respectively. 

These three baffle designs were applied to the straight flow channel model developed in this paper, and 

the performance of PEMFC was compared to the straight flow channel with It-Re baffles. The 

comparison of the polarization curves is shown in Figure 11, and the geometric parameters of the baffle 

are listed in Table 5. 
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Figure 11. Comparison of PEMFC performance of similar models. 

 

 

Table 5. Geometric Parameters of the Baffles 

 

Baffles 
Length 

(mm) 

High 

(mm) 

Width 

(mm) 

Windward 

angle (°) 

Leeward 

angle (°) 

Long half 

shaft 

(mm) 

Short half 

shaft 

(mm) 

Asymmetric 

trapezoidal 

baffle 

1 0.5 1 45 90 - - 

Symmetric 

trapezoidal 

baffle 

2 0.5 1 45 45 - - 

Semi-

elliptical 

baffle 

2 0.5 1 - - 1 0.5 

It is evident from Figure 11 that adding the It-Re baffle proposed in this paper within the straight 

flow channel can effectively improve the output performance of the PEMFC compared with the other 

three literature-optimized baffles. When the operating voltage is 0.25 V, the current density of PEMFC 

with It-Re baffles in the straight flow channel increases by 3.36%, 4.64%, and 2.42% compared to the 

asymmetric trapezoidal baffle, semi-elliptical baffle, and symmetric trapezoidal baffle. 

 

 

5. CONCLUSIONS 

A three-dimensional PEMFC model with a straight flow channel, gas diffusion layer, catalytic 

layer, and proton exchange membrane, was established in this paper. Three kinds of conventional baffles 

and six different combined baffles were added to the flow channel, and the impact of the baffle shapes 

on the PEMFC performance was investigated. The conclusions of this study are listed as follows. 

(1) The reactant gas pressure drop was increased by adding baffles to the flow channel. The 

largest oxygen pressure drop was 5060 Pa with the Tr-Re baffles. 
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(2) The reactant gas concentration in the GDL was significantly enhanced by adding baffles. The 

smallest and largest average mole fractions of oxygen were 0.0729 and 0.0812 when the baffle shapes 

were Tr-Re and It-Re, respectively. 

(3) Compared with the flow channel without baffles, the MEM current density distribution was 

more uniform when the baffles were added. In particular, adding baffles in the flow channel significantly 

increased the MEM current density corresponding to the rib. 

(4) The output performance of the PEMFC was improved by adding baffles in the flow channel. 

When the combined baffle, It-Re, was added, the current density and power density of the PEMFC were 

2.346 A·cm-2 and 1.056 W·cm-2, respectively, and both improved by 21.8 % compared with that without 

baffles. 

(5) When the operating voltage is 0.25 V, the current density of PEMFC is increased by 3.36%, 

4.64%, and 2.42% when adding It-Re baffles in the flow channel compared to the asymmetric trapezoidal 

baffles, semi-elliptical baffles, and symmetric trapezoidal baffles proposed in the literatures. 
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