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Three-dimensional mathematical model
of industrial scale HT PEM fuel cell stack
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WPG6: Degradation modeling

Task 6.1: Mathematical modeling of single HT-PEM cell

Task 6.2: Dynamic modeling of single HT-PEM fuel cells stack

Task 6.3: Implementation of Pt catalyst degradation into HT-PEM
fuel cells stack model

Progress of the Task 6.2:
= 2D model - parallel channels: stationary = dynamic = non-isothermal
= 3D model - parallel channels: stationary = dynamic
= 3D model - real - inhouse: stationary = dynamic
= 3D model - for publication: stationary

Objective of this presentation:
Stationary isothermal 3D model of stack with serpentine flow field
(geometry for publication)

R. Kodym et al. Electrochimica Acta, 2015, Vol. 179, p. 538-555, doi:10.1016/j.electacta.2015.01.039
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HT-PEM fuel cell

PEM FC: Polymer Electrolyte Membrane Fuel Cell
= Electrolyte: ion selective membrane - PBI doped by H5;PO,
= Electrodes: Pt/C
= Temperature:160 °C
= Main reactions:
2H, @ 4H"+4 e (HOR)
O, +4H*+4e < 2H,0 (ORR)

Main advantages of HT PEM FC
= Higher rate of electrode reactions
= More effective utilization of waste heat

= Lower sensitivity to catalyst poisons (CO)
= Simpler water management

UNIVERSITY OF
J"’HI 0[1’36'° NEXT/ENERGY _@_ Danish Power Systems® "!!e! Oel-Waerme -Institut ( El SENHUTH ) g::g&sETRYAND TECHNOLOGY
rachungazentrum for CALDAIE

8-April-2016 engineering GmbH gy




HT-PEM fuel cell stack

Bipolar plate

Stack of cells http://knowledge.electrochem.org

Plate-and-trame set-up
= Reduction of the investment cost
= Flexible process intensification/scale-up

Potential obstacles of large-scale systems
= Local inhomogeneity of the media, charge and heat distribution

Consequences
= Reduced process performance, efficiency and life-time
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Mathematical modeling

Powerful tool in optimization of stack parameters
= System geometry and construction

= QOperational parameters

= Important saving in time and costs

Main obstacles

= High number of phase interfaces, often stiff behavior

= Extreme increase in the computational power demands and
computational time

Aim of this work:

= Development of alternative model approach - acceptable hardware
computational demands

= 3D model of HT PEM FC stack of industrial scale
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Mathematical modeling concept

Basic idea and assumptions

= High number of the cells - system appears continuous from macroscopic
point of view

= Multiple layers/interfaces substituted by several overlapping continuums
= Uniform radial distribution of physical quantity in each system layer

Main advantages
= Significantly reduced computational demands

= Allows description of complex industrial size units — local distribution of
physical quantities
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Model system geometry

Three dimensional (3D) model

Coordinate system:
= x: parallel to membrane

= y: parallel to membrane

= z: normal to membrane

Flow field: 5-fold serpentine
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Model system geometry

Anode
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Assumptions and simplifications

Stationary and isothermal condition

Ideal gasses
Neglected species transport limitation in GDLs and CLs
Constant overvoltage in CLs along z-coordinate

Considered reactions (100 % faradaic efficiency):
= ORR: O, +4Ht*+4e « 2H,0
= HOR: 2H* +2e <« H,
= HOR assumed to be considerably faster in comparison to ORR
= overvoltage on the anode neglected
Permeability of the channels: Hagen-Poiseuille type equation

Viscosity and diffusivity: gas kinetic theory
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ORR kinetics

Butler-Volmer type kinetic equation

2
((Vu,0 Pe (1 — Borr)NORRF )
— | €Xp NORR
4 — 20 pFEf,Hzo RT
JORRV = JORR,V } >
()’02 Pc) exp | ﬁORRnORRFn ]
L \Prefo, RT  TORR
o _ 0.9 .
= Kinetic parameters: x  experiment

fit from experimental data

= Volume exchange current density:
JorrRy = JOrRA - Qrpp = 1.5-10°Am™3

= Symmetry coefficient: Byrr = 0.25

U-I curve — comparison of experimental data for single
cell and model for 10 cells stack

Dapozol® G55, Batch no.: INH-13-002, ID: MEA-13-498;
active area 25 cm?; dry gases, temperature 160 °C 0 2000 4000 6000 8000
Time — 49t day (after activation and before degradation)

i[Am™]
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Governing equations

Mass balance (connected mass balances over channels and GDL)

P
-V (chc) + Sm,c =0 Ve = _‘u_VTpc
C

Material balances of each species (O,, N,, H,0)

~V-(Jo,) + So, =0

P
=V (n,) + Sy, =0 Ji = 2= (=DcVTy1 + vey;)
Yw =1—=Yo0, —¥n,
d
/625 chn {Uocy +77}\
B Charge balance Ceg(p
. Jz j=—Gg- .
V.j=0 0 =jorrRv — = dy
WC] \ a¢ )
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Connected mass balances
over channels and GDL

Mass balances (in this case no reaction is considered)

= Inchannels: V- (vip.) +S&. =0
dl dl V- (chc) =0
= In GDL: v (vEp) + 58 =0
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Input parameters
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Pressure of cathode gas stream
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< 1800
% 1600
-
% ‘\ g 1400
/ o ‘ '
‘ -~ = = 1200
% ‘\ ; ' ? :
— = — DB 1000
02 | /" ‘\.5 !\ , > '/
' 800
0.15 ! ' ’ [~ /
- -
il S % 0.6
0.1 _R L=
5, 22— 55
0.05 L ' 0.4
0 <Is;/ 200
0.2
0.1
0.05 0.1 Z [m]
y [m] ¢ o
Current load: 0.3 A cm™
Input parameters: 100 cells, 180 cm?/cell, Uy, = 0.9 V/cell, T =433 K, P, = 101 325 Pa, y‘ﬂz =1,
y‘gz =0.21, y”,\‘12 =0.79, )‘Hz =1.2, )\02 =2
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Molar fraction of oxygen
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Cell averaged overpotential
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Local current density
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Local current density (referred to current load)
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Conclusion

3D model of HT PEM FC stack was successfully proposed and
implemented in COMSOL Multiphysics®

Enable visualization of local physical properties in the system

Macrohomogeneous approach
= Viable for modeling of FC stack

= Physically (qualitatively) correct - the results correspond with
expectations

In progress:
= Implementation of heat balance
= Work on task 6.3 - evaluation of kinetic data

Future prospects:
= Implementation of degradation reactions into the model
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Thank you
for your attention!
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