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Abstract— The Polymer Electrolyte Fuel Cell (PEFC) is 

becoming an interesting power source in various fields, from 

portable units to large stationary power systems. Such fuel 

cells require pure hydrogen and which can be provided by the 

electrolysis of water. PEM based Electrolyser has many 

advantages and provides fuel cell grade hydrogen. The scale 

up of flow field geometry from the lab scale single cell to 

bench scale stack gives performance losses due to fluid 

dynamic changes due to the scaling up. CFD analysis will be 

of helpful to prevent the reduction of performance in the 

stack. The performance of the cell also depends on the bipolar 

plate material and the compactness of the stack. Stress 

analysis using software may be useful to improve the 

performance of the stack. In the present work the effect of 

flow plate geometry, width, and thickness on the economical 

fabrication, utilization and fluid flow through the plate were 

studied. The   effect of shape of the fluid flow channels on the 

performance of the electrolyzers and the pressure losses in the 

fluid flow channels were studied using CFD software. 

Titanium, Aluminum, Copper and Stainless Steel were 

considered as bipolar plates for the study. The dimension of 

the current lead plates with the above materials for 1Nm3/hr 

capacity Electrolyser is designed and the suitability of the 

materials was analyzed. Stress analysis for the Electrolyser 

with various current lead plates were carried out using Ansys 

software. 

Key words: Hydrogen, Electrolyser, Computational Fluid 

Dynamics (CFD), Proton Exchange Memrane (PEM) 

I. INTRODUCTION 

The fossil fuels will be in short supply and the world must 

turn to other basic energy source and seek other means to 

carry energy sources to end use. Hydrogen and electricity are 

the obvious technological choices. Because neither electricity 

nor hydrogen is the best for all application, the most likely 

long-term energy economy will be mixed hydrogen/electric. 

 Hydrogen is the most abundant substance in our 

universe, and the third most common element on our planet. 

Only a very small trace of hydrogen exists in air (less than 1 

part per million). The bulk of hydrogen on the earth is in the 

reacted form as a constituent of water, hydrates, 

hydrocarbons, and organic (living) matter. Actually, water is 

"burned hydrogen" or "hydrogen ash”. It is an energy carrier, 

not an energy source, meaning that it stores and delivers 

energy in a usable form. In its pure form (H2), it is a colorless 

and odorless gas. However, since it combines easily with 

other elements, hydrogen is rarely found by itself in nature 

and is usually found as a part of other compounds, including 

fossil fuels, plant material, and water. Water is the by-product 

resulting from operating a vehicle on hydrogen. In more 

technical terms, then, water is a lower energy form of 

hydrogen. To turn water back into a fuel, energy must be 

pumped into the water causing it to dissociate, freeing the 

hydrogen. For this reason, we do not consider hydrogen to be 

a source of energy. Today hydrogen is made mainly from 

natural gas, but some is made from petroleum fractions and 

some from electrolysis. 

 Hydrogen Production by Electrolysis  

Hydrogen can be produced using a variety of domestic energy 

resources - fossil fuels, such as coal and natural gas, with 

carbon capture and sequestration; renewable, such as 

biomass, and renewable energy technologies, including solar, 

wind, geothermal, and hydropower; and nuclear power. 

Hydrogen is produced via electrolysis by passing electricity 

through two electrodes in water. The water molecule is split 

and produces oxygen at the anode and hydrogen at the 

cathode.  

 These units can be either unipolar (or) bipolar. The 

unipolar electrolyser assembly has current lead plate 

connected in parallel. A polymer membrane is placed 

between the cathode and anode current lead plate. Sides of 

the polymer membrane catalyst are coated and meshes are 

placed in both sides. The polymer membrane separates the 

hydrogen and oxygen as the gasses are produced but it allows 

the transfer of cations. The bipolar design assembly is a 

parallel plate type as a unipolar electrolyser. 

 
 The polymer allows the H+ ion to transfer from the 

anode side of the membrane to the cathode side where it 

forms hydrogen. The polymer membrane also serves to 
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separate the hydrogen and oxygen gasses as oxygen is 

produced at the anode on one side of the membrane and 

hydrogen is produced on the opposite side of the membrane. 

 PEM (Polymer Electrolyte Membrane) electrolysis 

unit is the newest of the technologies. The detail of unit is 

given in Figure 1. 
The PEM system reactions at the electrodes are 

Hydrogen Production at the Cathode  

2 H
+ 

+ 2e
-

→ H2           (1) 

Oxygen Production at the Anode  

H2O → ½ O2 + 2 H
+ 

+ 2e
-      

  (2) 

 

 Cell Assembly 

The Proton Exchange Membrane (PEM) act as the solid 

electrolyte which is coated with   Platinum on Cathode and 

Iridium on Anode as catalyst.  Micron thickness meshes are 

used to enhance the conductivity for electrical connection.  

(Grooved Titanium plates are used both anode and cathode 

side for to distribute the water and as well as collect the gas.)  

The complete setup is assembled with proper torque using 

stainless steel end plates and bolt and nuts. The water supply 

is fed to the cell through the nozzle from the reservoir and the 

water, which is coming out with O2 and H2, is collected and 

diverted back to the reservoir 

 The MEA contain of catalyst and polymer 

membrane. The catalyst is coated on both sides of the 

polymer membrane, in between the catalyst and membrane 

only the reaction-taking place. In the anode side the water 

split in to two H plus ion, half oxygen and two electron. The 

H plus ions can penetrate through the polymer membrane to 

the cathode side and join with electron to produce hydrogen. 

The polymer membrane permits only the cations to other side. 

Figure shows the catalyst and membrane  

II. MEMBRANE ELECTRODE ASSEMBLY (MEA) 

 

 

 Current lead plate and bipolar plate: 

Current lead plate is made up titanium material. The size of 

the current plate is 240 X 310 X 3 (mm) in that working area 

(or) flow channel area is only 200 X 250 (mm). The current 

is through the plate. The purpose of current lead plate is to 

supply water and current to the electrolysis process. To 

supply water groove (or) flow channel is taken in the current 

lead plate. 

 Bipolar plates are devices used to distribute water on 

the anode-side or oxidizer on the cathode of PEM hydrogen 

generator. The case analyzed in this study corresponds to the 

flow distribution on the anode-side of a hydrogen-fueled 

PEM single cell. 

 Parameter of the design 

Boundary size   -240x310 mm 

Working area    -200x250 mm 

Slot width          -2 mm 

Depth                 -1 mm 

Thickness          -3 mm 

 The requirements listed below are the 5Kw 

hydrogen generator of monopolar type.  

1) Number of monopolar cell is 5 

2) Current lead plate 10 in number 

3) Polymer membrane coated with catalyst is 5 in number 

4) Gasket 20 in number 

5) Mesh 20 in number 

III. MATERIALS FOR CURRENT LEAD PLATE 

The material is most important for the current lead plate. On 

current lead plate the water and current flow to the process. 

So CLP play one of the major roles in the PEM cell. Selecting 

the material is more important for the CLP. The material 

should have good chemical properties, electrical properties, 

corrosion resistance and good mechanical strength. In general 

current lead plates are of different materials. They are 

aluminum, copper, graphite, Zinc, titanium, stainless steel 

etc., The PEM cell should have less weight, compact in 

design and easy to fabrication. The material should not be 

porous. It should be a solid material. In the present study the 

materials taken are Aluminum, Copper, Stainless Steel and 

Titanium.  

 The following materials are taken for the study and 

select the most suitable material for CLP  

1) Aluminum 

2) Copper 

3) Stainless Steel and  

4) Titanium 

Materials 

Densit

y kg 

/m3 

Coefficient

s (k3) 

Tensile 

strengt

Young’

s 
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h t  

Mpa 

modulu

s in Gpa 

Aluminu

m 
2705 3.1 62-95 54-69 

Copper 8940 2.5 
221-

455 
103-124 

Stainless 

steel 
7800 1.3 

515-

625 
190-210 

Titanium 4500 0.8 
850-

1035 
105-120 

1) Aluminum 

The outstanding characteristics of aluminum are high thermal 

and electrical conductivity. The density of aluminum is about 

2.705 g/cc. considering the cost and strength to weight ratio 

of aluminum is lower than the other metals. The corrosion 

resistance of the aluminum depends on the formation of a thin 

oxide layer (or) passive layer on the surface of the material 

when expose to the normal atmosphere 

2) Copper  

The outstanding characteristics of copper are high thermal 

and electrical conductivity like the aluminum material has. 

The density of copper is about 8.94 g/cc. The tensile strength 

material is higher than the aluminum. Even though the copper 

has good thermal and electrical conductivity it has moderate 

mechanical strength. The material forms copper oxide (Green 

color) on the surface when it reacts with moist air (or) water. 

The copper oxide may affect the main reaction in the cell. 

3) Stainless Steel 

The outstanding characteristics of stainless steel are good 

strength to weight ratio and moderate thermal and electrical 

conductivity. The density of stainless steel is about 7.8 g/cc. 

It is slightly less than the copper but that can also increase the 

overall weight of the cell. The materials general corrosion is 

very less in water but pitting corrosion is predominant. The 

pitting corrosion may develop holes on the grain and grain 

boundaries of the material. If hole is formed on material the 

gas may escape through the hole. 

IV. CALCULATION OF STRESS ON THE PLATE  

The bolt size of M10 is taken for the experimental work and 

torque is applied on it. 

To find axial force 

Torque x 2∏ = force  x  pitch 

PITCH OF M10 BOLT IS 1.5 MM 

FORCE = (10 * 2∏) / (1.5E-3) = 41888 N 

 Force to be applied for Gasket 

After the 10 Nm torque there is less compression in the 

gasket. The gap of more than 0.5 mm should be maintain 

between the CLP and polymer membrane. Finally the torque 

taken is 10 Nm relative to force taken is 41888N 

 Force due to Water Pressure 

The cell is operating at one bar pressure. This pressure may 

act in the CLP to push upwards. The force offer from the 

pressure can be calculated using formula 

 Force = Pressure  x Pressure acting area   

The pressure acting area is shown in figure 16 

Force   = 1e5 x 0.2x0.25 

Force  = 5000N 

 In the CLP two forces are acting one is bolt force 

and other is water force. In that bolt force is more, for 

calculation prepossess bolt force is taken. 

       

 The thickness of current lead plate can be calculate 

by using this formula  

t = k3 
)(*

**
22 ba

Fba

t 
 

a = 0.24 m 

b = 0.31 m shown in figure 17 

F = 41888 N  

 Thickness For Aluminum Material Plate 

t = 3.1 
)31.024.0(*662

10*1050*31.0*24.0
22 e

 

t = 0.0560 m 

t = 56 mm 

 Thickness For Copper Material Plate 

t = 2.5 
)31.024.0(*6212

10*1050*31.0*24.0
22 e

 

t = 0.0244 m 

t = 24.4 mm 

 Thickness For Stainless Steel Material Plate 

t = 1.3 
)31.024.0(*6515

10*1050*31.0*24.0
22 e

 

t = 8.15e-3 m 

t = 8.15 mm 

 Thickness For Titanium Material Plate 

t = 0.8 
)31.024.0(*6850

10*1050*31.0*24.0
22 e

 

t = 3.9e-3 m 

t = 3.9 mm ~ 4 mm 

 Volume and Mass: 

The total number of plates is 6  

Volume = area x thickness 

Mass     = Density x Total volume   

Density is taken from table 3  

 Volume of aluminum plates 

Volume = 0.24 x 0.31 x 0.056 

  = 4.1664e-3 m3 

Total volume = 4.1664e-3 * 6 

           = 0.0249984 m3 

Mass of aluminum plates = (density * total volume) kg      = 

2705* 0.0249984 

             = 67.62 kg  

 Volume of copper plates 

Volume = 0.24 x 0.31 x 0.024 

  = 1.7856e-3 m3 
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Total volume = 1.7856e-3 * 6 

           = 0.0107136 m3 

Materials 

Thicknes

s of CLP 

in mm 

Monopola

r type cell 

mass in 

kg 

Bipola

r type 

mass 

in kg 

Reductio

n in mass 

[8] 

monopola

r to 

bipolar in 

kg 

Aluminu

m 
56 112.7 67.62 45.08 

Copper 24.4 159.63 95.77 63.86 

Stainless 

steel 
8.15 47.29 28.377 18.913 

Titanium 4 13.392 8.0352 5.3568 

Mass of copper plates = (density * total volume) kg  

   = 8940* 0.0107136 

   = 95.77 kg  

 Volume of Stainless steel plates 

Volume = 0.24 x 0.31 x 0.00815 

  = 6.0636e-4 m3 

Total volume = 6.0636e-4 * 6 

           = 3.63816e-3 m3 

Mass of Stainless steel plates =  (density * total volume) kg  

                      =   7800* 3.63816e-3 

                    =  28.377 kg  

Volume of Titanium plates 

Volume = 0.24 x 0.31 x 0.004 

  = 2.976e-4 m3 

Total volume = 2.976e-4 * 6 

           = 1.7856e-3 m3 

Mass of Titanium plates = (density * total volume) kg  

  = 4500* 1.7856e-3 

  =   8.0352 kg  

 Properties: 

 Material         -Titanium 

 Density        -4,620.0 kg/m³ 

 Poisson's Ratio -0.33 

 TensileYieldStrength -9.3×108 Pa 

 CompressiveYieldStrength- 9.3×108 Pa 

 TensileUltimateStrength-1.07×109 Pa 

 Young's Modulus  -9.6×1010 N/m2 

 Thermal Expansion-9.4×10-6 1/°C 

 Resistivity        -1.7×10-6 Ohm-m 

 
Fig. 3:  Plate meshing 

 Boundaryfsize(m)-0.28*0.3* 3.0×10-3  

 Mass (kg)   - 1.4 

 Volume (m³)-3.03×10-4 

 Nodes-60951 

 Elements-31061 

 Shape- Tetrahedrons  

 Flow analysis: 

The fluid flow channels are typically rectangular in cross 

section, even though other configuration such as trapezoidal, 

triangular, semi circular. The flow channel dimensions range 

from 1 to 2 mm width and depth as low limit for reasonable 

fluid pressure loss due to friction losses There is no flow 

separation for the flow with Re <50 which is dominated by 

viscous forces. It mainly depends upon the bend, under 

laminar flow condition, and aspect ratio. When the 

rectangular cross section, the channel size and the gas flow 

rate are small laminar flow, cavitations is occurred inside of 

the flow channel it depend strongly on the Reynolds number 

under laminar flow condition.  

 
 where p is pressure, ρ is density, Ru is the gas 

constant, M is the molecular mass and T is temperature. By 

using the fluent  software (CFD) to analyses the flow module. 

V. COMPUTATIONAL FLUID DYNAMICS (CFD)  

It is defined as the computational technology that enables you 

to study the dynamics of things that flow or Computational 

Fluid Dynamics (CFD) is the analysis of systems involving 

fluid flow, heat transfer and associated phenomena such as 

chemical reactions by means of computer-based simulation. 

 CFD is a sophisticated analysis technique. It will 

predict what will happen, quantitatively, when fluids flow, 

often with the complications of: 

 Simultaneous flow of heat 

 Mass transfer (e.g. perspiration, dissolution) 

 Phase change (e.g. melting, freezing, boiling) 

 Chemical reaction (e.g. combustion, rusting) 

 Mechanical movement (e.g. pistons, fans, impeller 

turning) 

 Stresses in and displacement of immersed or surrounding 

solids. 

 Analytical Solution for Laminar Flow 

Problem description 

Fluid type   :  water 

Density  (ρ)  : 972 kg/m
3

 

Velocity (V)    :0.002m/s 

Dynamic viscosity (


) : 3.54 e –4 Ns/m2 

Diameter of the channel (D): 2 mm 

Length of the channel  (L): 200 mm 

1) Solution 

Reynolds Number (Re): 

Re =   


 DV
**

 

http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Gas_constant
http://en.wikipedia.org/wiki/Gas_constant
http://en.wikipedia.org/wiki/Molecular_mass
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Re = 12. 

So the flow is considered to be laminar flow. 

By applying Bernolius Eqaution:  

P1              V1
2                   P2          V2

2 

----- + -------  + Z1   =  ------ + -------+ Z2 + HL 

g         2g                  g         2g 

Reference book : Fluid Mechanics And Machainary By R. K 

Jain.  

Input parameters : 

P1= Input pressure , in Pa 

  = density of fluid, 972 kg/m3 

V1  = input velocity of  fluid,  0.002  m/s   

Z1    = datum head in m. 

P2= Input pressure, in Pa 

Z2    = datum head in m.  

Here the Velocity remain constant V1 = V2. 

Datum head      Z1 =  Z2 .  

Therefore Loss of head due to friction (HL)  : 

                 4 f LV2        kV2 

     HL   =   ------- +      -----              

                   2Dg            2g 

f = friction factor from moody chart (0.008) 

L= Length of the channel [ (200*56)+ (.65*56)]*6 

L= 693.8 cm 

k = 0.5 from reference book  

Number of  channel = 56  

Diameter of channel = 0.2 cm  

Length in x direction = 200 cm 

Length in y direction   = 0.65  cm  

Velocity of input flow  = 0.002 m/s.  

The pressure drop calculation for laminar flow  

 p            V 1
2         4 f LV2    kV2 

 ---- = -------------- +  ------- + --------    

 g           2g                 2Dg         2g 

Sub the value in the above equation. 

 p         0.0022       4* 0.008* 693.8*0.0022      0.5*0.0022 

 ---- = -----------   +  -----------------------------  + --------------   

 g           2g                    2*0.002*9.81                    2g 

 Therefore the solution gives  

p = 8208.2 Pa.    

VI. RESULTS & DISCUSSIONS 

 Boundary Condition:  

In the flow channel the mass flow rate are considered are inlet 

flow and the outlet pressure is zero. To find the pressure drop 

in the channel. 

 Water details: 

1) Density: 972 kg/m3 

2) Viscosity: 3.54e-04 Ns/ m2 

3) Operating Temperature: 80 degree C 

4) Mass Flow Inlet: 425 ml/min 

5) Pressure outlet: 0 Pascal  

6) Stationary Wall: no slip  

 Model assumptions: 

The following assumptions are made: 

1) In compressed fluid flow  

2) Steady state 

3) Isothermal process. 

4) All gases are treated as ideal gases. 

 Consider revisions to the numerical or physical 

model parameters, if necessary,  

 Step 1 of the solution process requires a geometry 

modeler and grid generator. You can use GAMBIT or a 

separate CAD system for geometry modeling and grid 

generation. You can also use TGrid to generate volume grids 

from surface grids imported from GAMBIT or a CAD 

package. Alternatively, you can use supported CAD packages 

to generate volume grids for import into FLUENT. 

1) Modeling in gambit 

2) Meshing in gambit 

3) Importing mesh to fluent 

4) Applying Fluid Models, Domain Properties, Boundary 

conditions and Solver control parameters. 

5) Solving for governing equations. 

6) Examine and save the results. 

7) Repeat the procedure for all configurations. 

8) Find out the best configuration that giving better results. 

9) Improving the mesh for that configuration to reduce the 

meshing error and to get the mesh independent results 

 Simulation of Rectangular End Caps Flow Channel. 

The pressure distributions of laminar flow in the channel are 

as shown in figure. The inlet mass flow rate of 425 ml/ min 

of laminar flow is given to the flow channel to find the 

pressure drop. The pressure haraterisics of the channel is 

solved by using FLUENT 6.1 version software. The pressure 

drop can be obtained near the sharp bend to form eddies.  

1) Counter Plots 1:   

 
2) Velocity Vectors :1 
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3) Graph: 1 

 

 Simulation of Curved End Caps for Flow Channels: 

The pressure distributions of laminar flow in the channel are 

as shown in figure. The inlet mass flow rate of 425 ml/ min 

of laminar flow is given to the flow channel to find the 

pressure drop. The pressure characteristics of the channel is 

solved by using FLUENT 6.1 version software. The pressure 

drop can be reduced inside the flow path for smooth flow of 

water inside the corner fig (5.2). 

1) Velocity vector: 2 

 
2) Graph: 2 

 

 Analysis Results: 

1) The pressure drop inside the serpentine flow channel 

with rectangular end caps= 1.94e4 pascal. 

2) The pressure drop inside the serpentine flow channel 

with curved end caps= 1.85 e4 pascal. 

VII. CONCLUSIONS 

Titanium is the suitable material for bipolar plate due its high 

strength to weight ratio, higher corrosion resistance and easy 

fabrication.Ansys software used to analyze the stress in the 1 

Nm3 Per Hour H2 Cell Stack. 

 Stress Analysis  

1) Higher stress value is at the fasteners, 

2) At the center of the stack the stress value is less, 

3) Modification is necessary for uniform stress distribution 

 CFD Analysis 

CFD simulation has been conducted for the rectangular and 

the 180-degree bend with the curvature to reduce the pressure 

losses inside the stack.The Eddies are formed on the sharp 

corner it prevent the flow of water inside the stack. 

The pressure drop inside the serpentine flow channel with 

 The pressure drop inside the serpentine flow channel 

with curved end caps= 1.85 e4 pascal. 
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