51T A HL R Bt RO
ANSYS-Fluent

2% 17
ANSYS Inc.




2018 ANSYS, Inc. October 19, 2018 ANSYS Confidential



o PRPBLER Al EL R
* Fluent PEMFCHY Yy BRAERY
- BEp

2 © 2018 ANSYS, Inc. October 19, 2018 ANSYS Confidential



— PEMFC, Proton Exchange Membrane Fuel
Cells

— DMFC, Direct Methanol Fuel Cell

BB B - PEMFC

Electric Circuit
(40% - 80% efficiency)

gt > 00 <— ongencae —PAFC, Phosphoric Acid Fuel Cell
rcreen o) — AFC, Alkaline Fuel Cell
s Net> Heat (85 C) —SOFC, Solid Oxide Fuel Cell

— MCFC, Molten Carbonate Fuel Cell

Unused hydrogen <;—— (%) > Air + Water output

gas outpul recirculated (S)A‘I'he platinum cat;lvst (5) Positively charged ions H+
splits Hydrogen (H,) into combine with O, at the
Pozll'rf-":'Ch?l'BEdT:’"S H* o e cathode, forming water (H,0)

: andelectronsan. The ydrogen (H;) fuelis that flows out of the cell.
y \tavel trough am external | | POT0uS MEAllowsnly || channeled through the
ircuitf theanodeto H* ions to pass through to anode plate &5 /
P \, crouicrom g the cathode. %7'
Gas Catalyst \ Gas the cathode, creating an y

electrical current.

electrode diffusion

Oxygen gas from

Hydrogen gas from
serpintine flow field
finds a pathway to
catalyst ayer

Carbon nanoparticles

3 © 2018 ANSYS, Inc.

Platinum catalyst
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air in serpintine flow
field finds a pathway]

(1) Oxygen (0,) is
channelled through the

Pathrways of elsctron
canduction

© catalyst ayer anode plate
Pathway of water
from catalyst layer
7
(6) Hydrogen (H,)

in excess flows
out of the cell
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Dehydration Humidified Flooding
Sianifi drop in cel jal, Drop in cell voltage.
. leading to power loss. Normal power output based on set Significant reduction in performance and lifetime.
Instant and jion i ing conditions.
performance n: O::Ino-tenn_degadanmm operating T
Rausion i ol pesl Electro-chemical active surface area (ECSA).
Reduction in the transport rate of reactants.
Catalyst layer - -— Cvon = = =
corosion, corrosion and degradation of catalyst layers.
Anode More intense at the cell inlet -— Fuel starvation.
Increase in mass transport losses.
Cathode Lower cathode over-potential -— Partial drop in pressure of gas.
Cathode overvoltage.
Reducad pore size, poor diffusivity of gases, thus increasing the
concentration and surface over-potential of the fuel cell.
GDL (Gas Oxygen gas access to cathode Blockage of pores, degradation.
Diffusion - catalyst layer and better cell .
Layer) performance. Reactant starvation.
Dissolution and diffusion of reactant gases into the liquid water
flood.
Dry cell operations over-lengthy High proton conductivity Oxygen concentration decreases.
penod of time can lead to imeversible -
damage to the membrane. Non-uniform current density distribution.
Shrink in pores leading to low back
MEA diffusion rates. Drying of the proton | y.;nenance of mechanical
conducting membrane. of the PEMFC. B -
- - Suctivity. Corrosion degradation of electrodes.
Increased ionic resistance and ohmic
losses.
Increase in voltage loss.

Table 1: Effects of water on the performance of PEFCs [30-34].

A Review of Computational Fluid Dynamics Simulations on PEFC Performance, Chen Y1*, Enearu OL1, Montalvao D2
and Sutharssan T1, Journal of Applied Mechanical Engineering




* Schmittinger & Vahidifff 22531, AR AR BB T

100°CHy, ERMAFERAFRER/ B LRI RIS KR8
— BRI R FT S
- BT E RS TR

* WanghRIBFZERI, 1EEERIHEN,

- LA K cod &

- WEHLFRR

- HTFREFGHRGEARNIER, FIEKE
BN HBR



CFDRI N FH

AR
KEH
PEE
AL RE

WATEN



K

R LA

« R17/5, ANSYS-FluentIN THFLE

i

,

E

o

WL

%.

;

FluentH 57 733 #t

October 19, 2018

© 2018 ANSYS, Inc.



M

bl

LKL

o BREHERALIES K BB AL

ANSYS FluentdJFrHEThEE

(— S YIGE T k
/S (D

\— (Z5 y
i b (R

— H IR AR TS
— 2D (PEMFCPIAFIERI K HIEELE)




B Rl

« RERWERIALLE SRR PEMFC BT E /92 W

PSR :
o AL T — mode B IMEAR TR, BE. 4
IR/

o EIRTY — 2 AR E A IR R IE, BES A

* MEAFHREY — fRIPIMEA F Y BRI R Fn 7K BB 5]

* ZHITFRZAHTTARE - B 2 FLEO SR BUE P RIS/
SERITEDh

o BIRZFFEAE! ( Thin Film Multiphase submodel ) - ]
PR S EE PR AS KB TR S

T e ]
et Tt
e e
ety e T e
FrTd
e
» e



11

© 2018 ANSYS, Inc.

October 19, 2018

ANSYS Confidential



PEMFCIELE — B Im AL

QT

A EL AR

( Membrane

Electrode
Assembly,

MEA )

++4 WD2




A1

EYHUE (GDL)
iBLE]

AR

e

SSSSSSSS fidentia

i A1 E

BFAk



ANSYS-Fluent PEMFCAEER
. BRIRFTRARH S

Regions of relevance for different equations

Liquid | Water
Relevant Equations Flow | Energy Species Water | Content Potentials
Volume Solid phase| Membrane
Region H, 0, | H,0 |Fraction| (&) dsor T
Cooling Channels v v
Anode Current Collector v v
Anode (H2) Gas Channel v v v
Anode GDL v | v |V v
Anode Catalyst Layer v v v v v
Membrane v v v
Cathode Catalyst Layer v v v v v v v
Cathode GDL v | vV v |V | Y v
Cathode (02) Gas Channel| ¥ | v 4 vV
Cathode Current Collector 4 v
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8@soi Py =0 0l =0
AR — - 5
— [ ] [ Cooling Channel(s)
[Gas Channel le)l - ] Anode Collector
- Anode Gas Diffusion Layer (Electrode)
= Anode Micro Porous Layer (MPL)
2H® — 4H"+4e” -~— Anode Catalyst Layer (TPB)
lll' Electrolyte Membrane lu t
0.+4H"+4e” — 2H.0 <+—]—— Cathode Catalyst Layer (TPB)
- Cathode Micro Porous Layer (MPL)
— Cathode Gas Diffusion Layer
* Electric Sub-Model PP p— Cathode Collector
[ ] I ] [_=}—}—— Cooling Channel(s)

- *%T W‘j/l\EEud%' @ gy = Veall :r 2:”‘ = constant

- EMERE (BHEEENe-HIHLT)
- [EAEEZEE (MEANH+RYESE)

v : (O-solvqbsol) .B Rsol = O

o = electrical conductivity (1/ohm-m)
¢ = electric potential (volts)
R = volumetric transfer current (A4/m?)

v ) (O' 111e111v¢111e1n) . Rmem = 0
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o H{bFEA
— EFButler-Volmer T2+ ER,,, F1 R,

& _a.F

& Ma Ma
o h2 V7 RT RT
Ran i ]a,ref( ) (e —€ )
R o
h2,ref
& F 7, _a.F .
- o2 7 RT RT ™
R .] c,ref ( ) ( € + € )
C()2 ref
j., Vvolumetric reference exchange . . e
current density a the transfer coefficient,
¢, local species molar concentration and subscripts a and ¢ indicate the

anode and the cathode side,

¢, Itsreference value, respectively. ;
| respectively

7 concentration dependence,
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