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e |ntroduction
e Simulation detail

e FC applications
— 2D MEA model
— 3D single cell model
— FC Stack simulation

e LED applications
e Summary
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How fuel cell works vt

*Bipolar plate (graphite): ~10000 um

electron conduction

«Gas channel : ~1000 um

gas transport
Catalyst layer o «GDL (Carbon cloth/paper): ~250 um
Catalyst layer electron conduction and gas/water transp

«CL (Pt, Carbon, Nafion): ~10 pm
electron conduction, gas/water transport

proton conduction and chemical reaction

Membrane (Nafion): ~100 um
Over all: H,+0,? H,0 proton conduction and water transport
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p' %4 Complex species transport v
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p %4  Governing equations v

e Conservation of species:  Conservation of energy:

~

N(' Deff,OZNCOZ) - Soz N(— keff NT) =S

N(’ D HZNCHZ) = Siz

~

N( DeffvaC ):S

wv

N( Enf;“;\f;n DHNE;fOeffNI )k N( SﬁNf electrolyte) — S
N(- 1, Dg,Ns) - N(r, -2 m Npg) S

e Conservation of potential:
- N(S SN i ): S,
B IQI(S Peff NJ electrolyte) = Sp
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p o4 Source terms

Source AGDL ACL PEM CCL CGDL
Terms
So; Mol/(m3s) j. 1 4F 0
Sy, mol/(m3s) 0 - jal 2F
S,y mol/(m3s) |- S/M, 0| S/My-9 - S /M0 |- S/My,0
S, mol/(m3s) xalrz_\“/ﬂv(l B DI PR
S (kg/mss) S S e S
S, (A/m?3) 0 - i, - . 0
S, (A/m?) ja 0 Je
3 | 2 2 | 2 it - 12 2
SrWM) | s, fible rsong G || s,
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p %4  Transport parameters s

D., =D, ,, =1.055" 10"*(T/333)*"(101325/ P)
D, ., =0.2982" 10 *(T/333)""(101325/ P)

DJ, =0.2652" 10™*(T /333)"7 (101325/ P)

Doy nafion = 317 107" exp(- 2768/ T))

DI(—)IZO nafion _31 10 I ( 028I 1)6(-2436”) O<I <3
D} 2o ration = 4177 10781 (161e" +1)e"*®'" 3£ £17

Hg‘;‘ﬁm =1.33" 10° exp(- 666/ T)
1
= (0.514] - 0.326) exp(1268 | 31
= ( ) exp( ( 303 T))

s { =0.1879 exp(1268(- 1 )) | <1

©

p
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p-od Kinetic parameters
h :j solid-j electroltye_j 0
ref _ :re EaCt 1 1 l;' — 1 ref chFu
Jo; 'o;‘mK(S/V)oexpe (343' ?)H kh 4|:Ccr)e2f JOC pg RT
. Eact N
joo -uoc\mK<S/V)oexp§ ‘(oD S = KeyDPest, :DPO
u
jo = e (o2 Sex p(a—) exp(- ahF)“ s =k, ope 9XwMuz s g
P’ 8 H
P
- _aF 02
ST

f = ragg)g \/ K, / [Dgf;,eff (1- eq )J

x =[3 coth(¥ )- 1]/(Z 2)
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p B4  Simulation flow chart — wezime

v'COMSOL geometry tools 00

Model geometry v'Import from CAD files —~

v'Constant

Parameters input .
P v'Subdomain expresses

TT

v'Direct (UMFPACK)
v'Stationary/parametrics
v’ Adaptive mesh refinement

Solve equations

v'COMSOL postprocessing tools

Post processing v'Export according to your own need

B
{
{
[

TT
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ﬂ}‘ Challenges & solutions

e Convergence
— Mainly due to coupled equations (8) and lots of
variable dependent parameters.

v’ Appropriate value of initial value
v'Using RESTART to solve equations step by step

e Mesh

— Finer or coarser mesh are both possible to solve the
problem
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p %4 Models used in COMSOL i

e Chemical Engineering Module
— Mass Transport = Convection and Diffusion (4)
— Energy Transport - Convection and Conduction(1)

e AC/DC Module
— Conductive Media DC (2)

e COMSOL Multiphysics Module
— PDE, Coefficient Form(1)
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Examples solved by COMSOL
- PEMFC & SOFC
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e Simulation domain  channel
Gas
_.Channel__
Cathode GDL: 200um Cathode GDL
Electrolyte: 50um Anode CL
Anode CL: 10um Anode GDL

Anode GDL 200um




pr O O,/H, consumption
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p B4  Water (vapor & liquid) e

0.8V 0.6V
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0.8V 0.6V

_ Saturation

0.3V
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!‘{9‘ Temp./water content plot

0.8V 0.6V 0.3V
L | T H,0/S03




CorASOL
FALLTIPHYESICS

A

pt o4

v'Performance curve
v'Operation condition
v’ Parameter sensitivity

Voltage (V)
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Validation with exp
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Yuan-Ze University
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p %4  Operation conditions v

eTemperature effect  ePressure effect

1.2 1.2r
]_ i _P=1_|:]au-n
1
0.8 i
i 0.8
= 3
%t 0.6
z 0t z
04f oalk
0.2r 0.2 0zf
D-...I...l...J. L e o 0 o o s 0 5 i D-....I....I....J. Lo be e o 0 s ol gy ﬂ-....l....l....l....l i
O 02 04 06 08 12 1 0 02 04 06 08 1 12 14 L 0 0.5 1 1.5 2 25

Current density { Alcm”) Current density (Pn.-'-:mlj Current density LMmzjl




COoOMSOL
MMULTIPHISICS

Uil
M Yuan-Ze University

INCREASE
CL performance

REDUCE
CL cost

v'Ptloading
v"Nafion content

v'Pt/C wt%

v'Support material

v'CL thickness

v'Alternative catalyst material
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p B4  Different CL design v

Non-uniform composition of Pt/C ratio

3Pt/C: 80wt%

CGDL

1Pt/C: 40wt%

MEM

Mem(Nafion)

AGDL

MEA structure

Gas diffusion layer

N
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Case studied

«Cathode: 1.0 mg/cm?

«Anode: 0.5 mg/cm?

MEA# |1 |2 |3 |4
Pt/C |0 (0.1 |02 |04
80wt

Pt/C |10 |09 |08 |0.6
40wt

Total (1.0 |10 |1.0 |1.0
unit: mg/cm?

Content of Pt/C 80wt% increase?

MEA# |1 2 3 |4
Pt/C |0 [0.05(0.1 |0.2
80wt

Pt/C |05 |045(04 |0.3
40wt

Total |05 |05 [05 |05
unit: mg/cm¢
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p'%4 Experimental validation =i

1.2 1.2
[ mmm———- Exp - MEAI I — Sim-MEAI
1 e — Exp - MEA2 1 Sim - MEA2
i;’ ------- Exp - MEA3 Sim - MEA3

Sim - MEA4
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w =y u

EPU,E) [T :‘?i'::h“;:?:__"::‘“'\'“ 0.6 N

;'_‘E @ 06V f “:i‘-‘:\\: \ E i N
0.4 Improve8~9% AN 0.45 )

\\ - \ /

0.2F \ 0.2F /‘-"'
0_| P | I 0- 1 . | I
0 02 04 06 08 I 12 \4 0 02 04 0 08 1, 1.2 14
Current density (A/em®) Curr ensity (A/em’)

Treffd 3E9MmeL H&%Qﬁéﬁﬁ%ﬂ%@&ﬁﬁ&%ﬂ%ﬂucew
MEA3>MEAL>MEA2>M

Experimental data: T. F. Yang et al, 2010, JPS Vol. 195 pp. 7359




CorAS0OL
MAULTIPHS

p %4 Key parameters in CL model =

e \When Pt/C wt% changes... ..
— Porosity
— CL tiniokeess
— Volume firssttoonod ftHieéBfadroim kyglgglenaterate
— Volume fraction of the Pt/C in agglomerate
— Thickness of tine Nafiiom cover om tie ag

n__
/A
B ;

0

glomeraie

— Effective ssuffiacado/onivnmtiatio
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pod Dominate factors

Effective surface/volume ratio
L (activation ? region)

_/

~.0.8F :

=0 CL thickness

500.6 - (mass transfer ? region)
S

~0.4F

~ Volume fraction of the
0 2 Nafion in agglomerate
. (Ohmic ? region)
0_...|...|...|...|...|...|...
0 02 04 06 08 1, 12 14
Current density (A/cm”)
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ﬂ{@‘ffects of different CL sub-layer== H

«Sub-layer with Pt/C 40wt%  <Sub-layer with Pt/C 80wt%
2

1 : 1.2 i
- MEAL - MEA2
1 F MEA2 MEA3
i MEA3 MEA4
L MEA4
~0.8 \ 0.8 .
Eﬂ[} -s»:— ;m
~04f “0.4f \
0.2F 0.2F
T R R Y S B o s P S s 8 WY A BT SRR
Current density (A/em”) Current density (A/cm®)
MEAI>MEA2>MEA3>MEA4 MEAI<MEA2<MEA3<MEA4
-0.1 -0.04 -0.09 +0.167 +0.057 +0.057

7~ A/cm?  A/cm? A/cm? A/cm?  A/cm? A/cm?
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e Operation temperature can be raised to ~180°C
e No water management is required

e Higher electrode kinetics

e Acid doping level Is Important

e Best CL composition is unknomag
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pod Temp. distribution

Cross-flow

Temperature distribution is
highly non-uniform on the
electrolyte
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N FC stack simulation vz

s inIet :

/ Flow dlstrlbutlon

16 serpentine flow fleld
v'Pressure drop In flow channels

DPChanneI '_)).th|_m| Zed Val ue
DR

Inlet_ Header

. /Ws\sure drop

51 (hlgh/ Iow mlet ﬂow rate)

outlet .
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P ressure d ro p Yuan-ze University

:
High flow rate DP ~ 155Pa Low flow rate DP ~ 63Pa
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p %4  Flow distributor effect  vw=twes
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Flow distribution

Current

Density(A/ cmn2)
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Heat transfer in LED ~ vetwess
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e COMSOL Multiphysics 1s good at complex
coupling problems

— Different models can be integrated easily
— Friendly user input interface

e It has been shown that modeling/simulation of
fuel cells (component, single cell or stack) &
LED Is feasible.
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Thanks for your attention!

Modeling and Simulation Lab | Green Technology Research Center
Yuan-Ze University, Taiwan
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