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Abstract- The polymer electrolyte membrane fuel cells one of the amazing energy sources and also its have incredible 

properties. The studies are purely theoretical based and compare with few other models, and experimental results. It is reported 

in several studies. The PEM fuel cell can be used as energy source in future, but for future energy source, few modifications are 

require, like enhance PEMFCs performance and decrease its cost. In overall investigation a three dimensional steady state model 

are used for study the pin-type flow field using with the membrane thickness 0.054mm and water transport coefficient 

1.15cm
2
/sec. The parallel and serpentine membranes analysis data are used to compare with the pin-type membrane data, 

whereas compare with experimental data. The experimental data provide good approximation with pin-type, parallel and 

serpentine flow field. Therefore theoretical study is much useful when the experimental data are not available. So the theoretical 

data of PEM fuel cells are much necessary for design a new PEM fuel. The computation fluid dynamic (CFD) tool are used to 

monitoring its statically performance, where as the CFD software are amazing tool and used to analysis and simulation the data. 

Overall study approaches to enhance the performance of PEMFCs, decreasing its cost and make it reliable as retail use. 

 

Keywords- PEMFC; Mathematical model; Flow field design; Electrochemical reaction; Membrane; Computational fluid 

dynamics. 

 

1. Introduction  
 

The proton exchange membrane fuel cells (PEMFCs) are 

one of the efficient sources of energy [1]. In this scenario, 

the chemical fuels directly convert in to electrical energy, 

where as the atmospheric hydrogen is used as a fuel. It is 

eco-friendly, used in wild areas; military application, space 

operation and electric vehicles [2]. There are some other 

advantages like high efficiency, low in weight, easy to 

transportation and portable etc. Its incredible properties refer 

it, as a future energy sources [3-5].Due to increasing energy 

demand day to day, only conventional energy sources will 

not be able to fully meet our needs at future as it is limited. 

Now we have to focus on other sources of energy apart from 

the conventional energy sources, and PEM fuel cells can be a 

better energy source because these sputum precedent 

properties. The studies of PEM fuel cells much important for 

future energy power sources. Its present approach is not 

sufficient. Therefore should be more modification in its 

present state [6]. 

 

The three dimensional model is one of the most important 

tool to be solved the membrane problem before successful 

designing the membrane and Proton Exchange Membrane 

fuel cells (PEMFC). The membrane is major component of 

fuel cells. Those are heart of any fuel cells. There are many 

models to analyse the fuel cell statically but three 

dimensional are much accurate and attach with real problem. 

A three dimensional CFD model is propose to design a 

membrane and analysed its performance under different flow 

channels, where as the parallel and serpentine membranes 

data are used to comparing the data corresponding to pin-

type membrane. The experiments validate data for uniform 

depth and step-wise depth flow channels and, single-path 

and multi-path flow channels are given in ref [7]. 

The experimental performances of PEM fuel cells are 

investigated from gas flow field design with 20W power 

were used [8]. C. Suarez et al. suggested the PEMFCs with 

experimental performance using novel bio inspired channels 

design from CFD, analysed effect and researching flow field 

designs with its enhanced performance [9]. A.R. Vijay Babu, 

P.M. Kumar and G.S. Rao are studied the parametric 

analysis of PEMFCs to enhance its performance under 

fabrication of membrane electrode assembly at 40% Pt/C 

loading. These PEMFCs are in fuel cell based electric 

vehicle and perform an experiment under different 

parameters such as, cell temperatures, oxygen and hydrogen 

flow rates and humidification temperatures in both 

electrodes. The performance of fuel cell vehicle is 

investigated with load tests and the vehicle continuously run 

without any auxiliary power supply support [10].  
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A 1KW PEMFC with self-humidifying stack are 

investigated by zero-dimensional mathematical model and 

Matlab Simulink tools zero used to data simulation. A new 

mathematical equation are predicted with instead of pure 

oxygen used in the concentration losses and its impact in air 

to supply PEM fuel cell with output voltage, and the current 

is drawn from it [11]. L. Placca and R. Kouta analysis the 

effect of fault tree for degradation process modeling on 

proton exchange membrane fuel cell. Here the fault tree 

modeling is used to discuss two main reasons. First reason 

show the effects on the global degradation of the fuel cell 

and second one show the causal relations of the degradation 

mechanisms [12]. M. Chandran, K. Palaniswamy, N.B. 

Karthik Babu and O. Das are investigated the performances 

of polymer electrolyte membrane fuel cell under fixed 

influence current rate as 0.1, 0.3, and 0.25 A/cm
2
/s for 0.2, 

0.6, and 1.0 A/cm
2
respectively. Two similar cells are used 

the active 25 cm
2
 was tested under two different load step for 

the same dynamic load cycle. In this investigation the total 

degradation is found in those studies the performance as 

20.67% and 10.72% in tow different dynamic load cycles 

respectively [13].  

H. Rezk et al. are studies and identifying optimal operating 

parameters for enhance the performance of PEMFC and the 

same strategy is used for modeling and optimization stages. 

An experimental datasets is utilized in creating the model for 

adaptive network-based fuzzy inference system. The most 

important parameters is used to enhance the performance 

fuel cell, the parameters provide the best values of fuel 

pressure, oxidant pressure, fuel flow rate, and oxidant flow 

rate corresponding to max power. The obtained results 

demonstrated corresponding the values are 0.017 as well as 

0.0262 respectively for treating and testing phases. The 

coefficient of determination values is 0.9921 as well as 

0.9622 respectively for treating coupled with testing phases. 

The optimal parameters are 1.0 bar, 0.8 bar, 117.03 mL/min, 

150.0 mL/min respectively fuel pressure, oxidant pressure, 

fuel flow rate, and oxidant flow rate with max power. The 

output power of PEMFC has been increased from 0.587 W 

using experimental works to 0.92 W [14]. 

 

2. Analysis method 
 

The PEMFC investigate under three dimensional steady 

states model. The mass, momentum, energy and species 

equations are used to finding the solution of electrochemical 

and membrane equation. 

 

2.1 Model assumption 

The computational studies of PEM fuel cells are based on 

following assumptions: 

 The pin type flow field of thickness 0.054 mm are used 

to investigate the PEM fuel cell. 

 The PEM fuel cells are investigated under 333K and 

353K temperature. 

 Under this study the value of water transport coefficient 

for fuel cells is taken1.15 cm
2
/sec. 

 The limiting current are used in this configuration is 

1.2A. 

2.2 Computational model 

Three dimensional computational models are used to 

theoretically analysis the PEM fuel cells and enhance its 

performance after simulate it, the CFD tool are used to 

design the cell components and statically running conditions 

are analysed from CFD software [15]. There are three 

subcategories of 3D computational models: (i) Flow or 

Transport model, (ii) Membrane model and (iii) 

Electrochemical model.  

 

2.2.1 Transport or Flow Sub-model 

The transport equations in term of mass, momentum, energy 

and species can be written as follows [16]: 

Continuity:     

  ∇. (ρv) = Sm            (1) 

Momentum:     

1

ε2 ∇. (ρvv) = −∇p +
1

ε
∇. (μ∇v) + ρg + Smom    (2) 

Species:      

∇. (ρvYi) = −∇. Ji + Si       (3) 

Energy: 

∇. (ρcpvT) = ∇. (keff∇T) + Sh      (4) 

The detail descriptions about transport/flow sub model must 

see ref. [17]. 

 

2.2.2 Membrane Sub-model 

The water transport of a membrane is depended on two 

important phenomena such as, (i) electro-osmotic drug and 

(ii) back diffusion. In detailed information about the 

phenomenon must see ref. [17, 18]. The net water transport 

across flow field/membrane can be written as: 

 α = nd − F. Dw.
(Cw,c−Cw,a)

I.tcat.tmem
        (5) 

2.2.2.1 Water content 

The electro-osmotic drag and diffusion coefficients are 

calculated form activities of the gas, the gas transport from 

anode to cathode side are written as [19]: 

  𝑎 =
𝑃𝐻2𝑂

𝑃𝑠𝑎𝑡
        (6) 

The membrane conductivity is written as: 

λ = {
0.043 + 17.81a − 39.85a2 + 36a3, 0 < 𝑎 ≤ 1

14 + 1.4(a − 1),   1 < 𝑎 ≤ 3                                      
}(7) 

2.2.2.2 Proton conductivity  

The proton conductivity of membrane is also the function of 

water content and cell temperature are written as [20]: 

σmem = [0.5139λ − 0.326] exp [1268 (
1

303
−

1

T
)]         (8) 
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2.2.3 Electrochemical Sub-model 

The identical cell voltage of fuel cells can be described from 

Nernst flow field equation as follows [21]: 

 E = E0 +
RT

2F
ln (

PH2PO2
0.5

PH2O
)        (9) 

The cell voltage also knows as output voltage. In a PEM fuel 

cell, there are few losses such as, activation, ohmic and 

concentration losses due to inherent voltage losses (internal 

currents and cross-over losses). Therefore open circuit 

voltage 𝑉𝑂𝐶 is also less than reversible voltage. So the cell 

voltage can be written as follows [22]: 

Cell voltage     

Vcell = Voc − Vact − Vohm − Vconc    (10) 

Activation losses  

  Vact =
RT

αcF
ln (

i

io,c
)     (11) 

Ohmic losses  

  Vohm = (Rcell +
tmem

σmem
)     (12) 

Concentration losses  

  Vconc =
RT

nF
ln (1 −

i

ilim
)     (13) 

3. Results and Discussion 

The pin-type membrane is used to investigate the designing 

of PEM fuel cell under different operating condition. The 

three dimensional steady state models are used to compute 

the data based on the given geometrical and operating 

parameters are listed in table 1.The three dimensional steady 

state models are used to investigate the PEM fuel cell 

according to data using from table 1. The equations 9 to 13 

are used to calculate the data and the calculated data are 

used to draw the figure. In overall study, the water transport 

coefficients taken into account 1.15cm
2
/sec and the pin-type 

flow field are used. The thickness of pin-type membrane is 

taken 0.054 mm and the cell is operated at 333K and 353K 

thermal temperature. The fig. 1illustrates the polarization 

curve and power density under 300K operating temperature 

using with pin-type membrane of 0.054 mm thickness and 

calculated data are compared with experimental data. The 

results show great agreement with experimental data. The 

fig. 2 also same as the fig. 1thatshow the polarization curve 

and power density with membrane thickness 0.054 mm but 

here comparison show between 333K and 353K operating 

temperature and with corresponding experimental data [22, 

23]. 

The computational data are calculated from three 

dimensional steady state equation for the parallel and p-type 

membrane under 300K and compared with experimental 

data. The fig. 3 show better justification between 

polarization and power density curve and provide great 

agreement with experimental data (show from dots) [21]. In 

this configuration the max current and power density are 

found 0.858A/cm
2
 and 0.715W/cm

2
 at 333K temperature. 

Similar at, 353K temperature the max current and power 

density are calculated 0.849A/cm
2
 and 0.676W/cm

2
. The fig. 

4 shows the polarization curve and power density using 

limiting current 1.2A, and with water transport coefficient 

0.5 and 1.15 cm
2
/sec at room temperature. The overall 

investigations are much useful to collect the more 

information under several operating mode. The collect 

information about a PEM fuel cell is used to enhance the 

performance of cell. 

 

 
Figure 1 Show the polarization curve and power density under membrane thickness 0.054mm at room temperature and compared with experimental data [21]. 
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Figure 2 Show the polarization curve and power density under membrane thickness 0.054 mm at 333K and 353K temperature and compared with experimental 

data [18, 19]. 

 

 
Figure 3 Show the polarization curve and power density under parallel (thickness 0.054 mm) and serpentine membrane (thickness 0.0254 mm) at room 

temperature and compared with experimental data [21]. 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0 0.2 0.4 0.6 0.8 1 1.2 1.4

α = 1.15 

P
o

w
e

r 
d

e
n

si
ty

 (
W

/c
m

²)
 

V
o

lt
ag

e
 (

V
) 

Current Denity (mA/cm²) 

  

Voltage (333K)

Voltage (353K)

Experimental voltage (333K)

Experimental voltage (353K)

Power density (333K)

Power Density (353K)

Experimental power density (333K)

Experimental power density (353K)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0 0.2 0.4 0.6 0.8 1 1.2 1.4

 α = 1.15 

P
o

w
e

r 
d

e
n

si
ty

 (
W

/c
m

²)
 

V
o

lt
ag

e
 (

V
) 

Current denity (A/cm²) 

Voltage (parallel membrane)

Voltage (p-type membrane)

Experimental Voltage [21]

Power Density (parallel membrane)

Power density (p-type membrane)

Experimental Power Density [21]



Int. J. Sci. Res. in Physics and Applied Sciences                                                                                       Vol.11, Issue.1, Feb 2023   

© 2023, IJSRPAS All Rights Reserved                                                                                                                                         5 

 
Figure 4 Show the polarization curve and power density under limiting current 1.2 A with taking water transport coefficient 0.5 and 1.15 cm2/sec at room 

temperature. 
 

Table 1 Geometric and operating parameters of fuel cells. 

Description     Symbol     Value 

Cell/electrode height (mm)    L     80, 90, 120 

Cell/electrode width (mm)    W     10, 12, 14 

Gas channel height (mm)     l     60, 80, 120 

Gas channel width (mm)     w     2 

Gas channel depth (mm)     d     1.2 

Rib width (mm)     s     1 

GDL porosity     εGDL     0.5 

Catalyst porosity     εCL     0.5 

Membrane thickness (mm)                     δMEM  0.054  

Open-circuit voltage (V)    Voc     0.95 

Operating temperature (K)    Tcell     333, 353 

Anode mass flow (kg/s)    qm,a     6 × 10-7 

Limiting current (A/cm2)    ilim     1.2

 

4. Conclusions 
 

The main goals of those studies are enhance the performance 

of PEM fuel cells. Also increasing its efficiency and 

decreasing cost. This is necessary to make the fuel cell more 

sustainable power sources in nearly future. The computational 

studies of PEM fuel cells are much useful for finding its 

statically performance data for analysis the PEMFCs under 

different operation. When experimental data do not available 

because the experimental setup of such large enough modes 

are not possible. Here the mathematical analysis of PEM fuel 

cells are used to enhance the performance of cell and also it 

can be used for designing a fuel cell after monitoring its 

statically performed from CFD software according to our 

requirement. Therefore the methods provide good approach to 

design a PEM fuel cell for new require application. 
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