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CHEMCAD Fuel Cell Model

1.0 INTRODUCTION

A fuel cell is an electrochemical device which brings together hydrogen and oxygen, or air
in the midst of a catalyst to produce electricity, heat and water. (Fig. 2) or (Fig. 2a) The
single cell fixture consists a single electrolyte sandwiched between electrodes. This inner
sandwich is then placed in-between current collectors which usually serve as the poles of the
cell. A fuel cell generates current by transforming (usually by using the catalyst in the
electrodes) hydrogen gas into a mixture of hydrogen ions and electrons on the anode side of
the cell. Because of the insulating nature of the electrolyte, the anions transfer through the
electrolyte to the cathode side of the cell while the electrons are conducted to the current
collectors and through a load to do work. The electrons then travel to the cathode side
current collector where they disperse onto the electrodes to combine with incoming
hydrogen anions, oxygen, or air in the presence of a catalyst to form water completing the
circuit.

CHEMCAD FUEL CELL SIMULATION
20 THEORY

1 Faraday = 96487 coulomb / mol. cell where coulomb =amp sec
1 mol/sec = 3.6 kmol/h = 96487 amp/cell

Fuel cell reaction H» +%Oz =H,0

The number of Faradays that must pass through a circuit when one mol of a substance is
produced or consumed is a whole number; for example at the anode two Faradays produce 1 mol
of H; as shown below:

2H"+2e"=H>
Total circuit resistance R =Ri*+Ra
Total circuit current | =Uo/R
Internal cell voltage Ui=Ril
External voltage Ua=Uo— Ui
Power N =Ual
Cell Power Neell = Uo/Ucell
Mol conversion cell MH =(3.6 /96487 1 /2 ) Neen =1.866E-05 1 Neen
Mol reaction MR =(nh20)o — (NH20),

30f6

MNL 500, Issued February 2009, by J.E.Edwards of P&I Design Ltd.



CHEMCAD Fuel Cell Model

3.0 CHEMCAD MODEL

Excel UnitOp has been configured using Visual Basic to calculate the operational

characteristics of a fuel cell circuit using the above theory.

=l=ix|
=15 %

Tl fe [t Wew Fomst CdkFlowshest Themoftisics] gpecfcstions Bun Resgts Bt Quipt Sgng Dook Window el

Fuel Cell Simulation

The fuel cell UnitOp calculates the mol conversion for the
eaction and fuel cell in accordance with Faradays law
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Power control Mol conversion control
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Adjust total voltage until Adjust Stream 1 Total mol rate until
Fuel cell mol conversion = reaction mol conversion

Fuel cell power = 96500

40f6
MNL 500, Issued February 2009, by J.E.Edwards of P&I Design Ltd.



CHEMCAD Fuel Cell Model

3.0

CHEMCAD Model (Cont.)

- Stoichiometric Reactor (REALC) -
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- Brennstoffzelle -

Brennstoffzelle (Fuel Cell)

—Reaktor

Companent |0 |-|
InStrearn (D I‘] g

DutStreamID#lg mi
Molumzatz HeaktDrID.D‘l 8333 [Ernaldh] 11

Malumsatz Zelle |1-80114 [Kmol#h] 2

—Brennstoffzelle

IEI m [Ohm] 4

=7

Lo

|aa 2544 [¥]5
[0 [Ohm] &

55539.2 (] 7

I |E|E!2.544 [A]8
Miel |E|E=.2544

Hog o8

Ucel |'|_1

[v]3

—Hirweize
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uspec index = var index + 1 Help Cancel | ok
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40 MODEL VALIDATION CHECK

Input data required are Uo, Ucen, Ri and R,

Example for

Uo=108.08 volts, Ue = 1.1 volts, R; =0.01 ohm, and R, = 0.1 ohm

I =108.08/(0.1 + 0.01) = 982.54 amp
U,=108.08 — (0.01x982.54) = 98.254 volt
N=98.254 x 982.54 = 96538 watt

Neen = 108.08 / 1.1 = 98.254

MH = 1.866E-05 x 982.54 x 98.254 = 1.801
MR =0.01833
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