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Transport in PEMFCs

Timeline Barriers Addressed

* Project Start Date: 10/5/2009 e Performance

* Project End Date: 10/31/2013 * Water Transport within Stack

* Percent Complete: 80% * System Thermal and Water Management
¢ Start-Up and Shut Down

Budget Technical Targets

o Cold Start-up Times

* Total Project Funding e Specific Power Density

— DOE Shate $2.66M *  Stack Power Density

— Cost Share $678K (20%) o Stack Efficiency
* TFunding Received in FY10: $915K Partners
* TFunding Received in FY11: §786K « University of South Carolina
* TFunding Received in FY12: $400K * Virginia Tech
e Planned Funding in FY13: $560K * Tech Etch

e AvCarb
This presentation does not contain any proprietary, confidential, 2
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Approach: Team and Tasks

Objective: Improve Understanding/Correlation Between
Material Properties and Model Equations

%
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AvCarb’

Generate model

Supply model relevant transport
numbers

Stress the model by developing
different materials with different
transport properties

Determine sensitivity of fuel cell
performance to different factors

Guide research

Milestone Plan Complete Actual Complete
. . . i 000 .
Basc?hne PFSA model, with overall re.sults correlating within +-20 /.0 of each oth'er N 4/15/2011 4/1/2011
Design the new apparatus for extending the range of electroosmotic drag and diffusivity.
Extend Model to a variety of membranes, catalyst content, GDM’s, and flow fields. The
model should be able demonstrate prediction of the actual data within +-20% of the 8/15/2012 90%
experimental results.
This presentation does not contain any proprietary, confidential, 3
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Techniques Materials Modeling
Year New technique generation for static and Baseline hydrocarbon PEM Set-Up of Model
dynamig Qiffusion, EODC, through pl.ane generated and down selected | {Jse of Baseline materials for
1 conductivity confirmation with Baseline Baseline Gas diffusion Media | Testing Model Sensitivity
materials. Delivered Testing
Current Distribution Board Demonstration | First Etched Plates
Year Techniques applied to alternative Scale-up of Baseline PEM Performance and water balance

materials.

2 Diffusivity apparatus used to characterize

alternative diffusion media (33%).

Integration of catalysts

Modification of diffusion
media

Alternative Plates & Design

modeled and confirmed with
baseline materials and
hydrocarbon PEM. (50%)

Alternative diffusion media
tested.

of larger plates.
Year Low Temperature Studies Pelivery-ofLarge PEMs Modeling extended to larger
Current Distributionboard | cells.
3 for-largerplate Effect of coolant/heat transfer.
(Period 2) Fabrieatronof-baroerphte Model confirmation with
and-current-distribution-beard | current distribution and water

balance.

Work on larger cells abandoned in favor of using GM “open source” hardware

This presentation does not contain any proprietary, confidential,
or otherwise restricted information
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Relevance: Use of Modeling in Fuel Cell Development is
Widespread. Agreement on Fundamentals 1s not

2.0 77— —C  Nafion 112, 80°C
—@— Nafion 117, 80°C

1: Fuller et al (Nafion 117, 25°C)
—&— 2: Zawodzinski et al (Nafion 117, 30°C)
3: Aotani et al (Nafion 115, 70°C)
4: Ge et al (Nafion 117, 30°C)
—il— VT 6FPAEB-BPSH100 7k-7k, 1.55IEC
—{}+— VT 6FPAEB-BPSH100 14k-14k, 1.55IEC
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0.0

Diffusion Coefficient (cm2 sTX 106)

30.00

25.00

Fuller, et. al.

20.00

e

Zawodzinski, et. al. /

15.00

10.00

N

/ )< Our Data White,/et. al.

p}x /

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
0 2 4 6 8 10 12 Average Water Content (1)
Lambda (nH,0/SO;H)

T.A. Zawodzinski, M. Neeman, L.O. Sillerud and S. Gottesfeld, J. Phys.
NOTHING EVEN RESEMBIING CONSENSUS ON Chenm., 95, 6040 (1990)

T.F. Fuller, Ph.D. Thesis, University of California, Berkeley, CA (1992)
THESE FUNDAMENTAL’S T.V. Nguyen and R.E. White, J. Electrochem. Soc., 140, 2178 (1993)
Systematic approach of generating and developing various g?;ifj;‘;e‘:jtgch°ﬁ7°f; 157'1“(/[2"33‘8?“” AJ. Becker and J.W. Weidner, J.
materials with better characterization methods is needed

Nafion is a registered trademark of E. I. DuPont de Nemours and Company.
This presentation does not contain any proprietary, confidential, 5
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Relevance:
PEM Development Modeling

* Hundreds of PEMs developed for e  Need to make sure we know how
fuel cells changes in transport numbers effect
— Would like to come up with fuel cell performance

design rules for PEMs

* Transport numbers and model are
— How does size/degree of Phase

. used to confirm each other
separation affect L
 How sensitive 1s fuel cell

* Conductivity .
performance to these different

« EODC
* Water Diffusivity parameters?
* Gas Permeability * What should we be working on?
— Similar Study done by Gross ef al
for side-chain polymers
This presentation does not contain any proprietary, confidential, 6

or otherwise restricted information
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Achievements: Copolymer Membrane Design

6FPAEB-BPS100

KOS,

Sample

JR-143-2

JR-143-3

JR-143-4

7.7 76 75 7.4 73

Block Copolymer BlockLength IEC (meq/g)*
6FK-BPSH 8K — 8K 1.45
6FPAEB-BPSH 13K — 13K 1.63
6FBPS0-BPSH 10K — 10K 1.47

~~ OO OO Q D

Ho_,s

‘Water Uptake
©o)°
21
37

35

(s}

GFPAEB-BPSH

6FK-BPSH

6FBPS0-BPSH

6

Matrix 2: Varied Oligomer Categories/Properties

Conductivity

(S/cm)*®
0.10

Polymer

6FPAEB-BPSHI00 7k-7k
OFPAEB-BPSHI00 1 5k-15k
OFPAEB-BPSHI100 10k-18k
GFPAEB-BPSHI100 7k-7k
OFPAEB-BPSHI00 1 5k-15k
OFPAEB-BPSHI100 10k-18k

3k-3k

This presentation does not contain any proprietary, confidential,
or otherwise restricted information

Thermal Treatment
Temperature (°C)

110
110
110
220
220
220

V7 - A—TechEtch—H;

DOE Hydrogen Program

IEC (meq/g)

1.55
1.55
201
1.55
1.55
201
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New Technique: Simultaneous Water Uptake and Diffusivity
Extended to Sub-Ambient Conditions

water reservoir.

pressure transducer

8
oven \
[ N212 at 80°C
| - membrane 6 — r lalid! [l—-ﬂ-
— [
pulse valve <« membrane 5 r
chamber
N — | _g 4 [] f— I —chamber
Q —~manual valve o I— I I — ante-chamber
& T 3 l !
2 — I-
3-way valve _l
1
water trap vacuum pump 0
12 0 500 1000 1500 2000 2500 3000 3500 4000
t (s)
1.0 0.6
: 10l
x 08 - N212 at 30°C N
g . |
3 06 exp o ™ |
= simu | wﬁz—
- 04 - e
fo03 - M‘ 1
o2 | N i
D \ =N ‘ Ante-chamber ’
00 - : : - i . Chamber
0 30 60 90 120 150 0.1 \ :E—'
Time (seconds) L_E_
e o 1000 2000 3000 4000 5000 6000 TDIUD
Time (s)
This presentation does not contain any proprietary, confidential, 8
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[ ]
Achievements:
[ ] [ ] [ ] [ ] [ ]
New Technique: Simultaneous Water Uptake and Diffusivity
10 - 10.00 - Nafon 11280 °C) WBPSH-GFPAEB Tk-TK (80°C) |
- + Nafion 112 (55 °C) ABPSH-BFPAEB 7k-7K (55 °C)
9 - Nafion 112 (30 °C) @ BPSH-6FPAEB 7k-7K (30 °C)
oy | 7 Nafion 112 (12°C) + BPSH-6FPAEB 7k-7K (12 °C)
G - NAFION‘I12(BO ) m BPSH-6FPAEB: 7K-7K (80 ° C) ! 174 sl | Tl jPa
- ~NAFION 112 (55 °C) 4 BPSH-BFPAEB: TK-TK (55° C) i L .-‘ 6—-. .’::_,_/7./ ]
O 7 - ONAFION112(20°C) # BPSH-6FPAEB: 7K-7K (30 °C) L oLl A 2 o 7 .
= NAF|0N112(12 C) +BPSH-6FPAEB: 7K-7K (12 °C) A/ é ‘; 1.00 - _,l”r 1'_%1 B -1
2 ' A LK /o . . it
2 : e
g’ ) s i e 4
£ A’ 4 5 T~
g = ,a—.—_h { “4\‘\
§ " ] A 5 e -2-—\_!'{:: b ~~— A}
£ ) B ~N Ta0——
3 — _ .- 8 _»
b . E 0.10 %\f- __ 5
o ”
2 \,x__,/‘
1
0 0.01 — |
0 10 20 30 40 50 60 70 80 90 100 0 1 2 3 4 5 6 7 8 9
Relative Humidity(%) Lambda (mol H,0/mol SO;)

BPSH-6FPAEB Membranes show nearly identical water uptake with little temperature dependence
Water Diffusivity is ~ 'z that of Nafion® regardless of temperature.

This presentation does not contain any proprietary, confidential, 9
or otherwise restricted information
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Achievements: Water Diffusivity of Various Membranes

Lambda (mol H,0/mol SO,)

10

9

: : : : 3.5 i I
': | i f f
BIVEIONHZEOCI— | 0 | | e ONafion 112
® BRSH-6FPAEB 7k-7K, 110°C, [EC: 1.5~ | ©BPSH-6FPAEB 7k-7K, 110 °C, IEC:1.55 [ |
m BPSH-6FPAEB 7k-7K, 220 °C, IEC: 1.55 . 3.0 m BPSH-6FPAEB 7k-7K, 220 °C, IEC: 1.55
4BPSH.GFPAEB 15K-15K, 110 °C, IEC: 1.65 ABPSH6FPAEB 15k-15K, 110 °C [EC: 155 |-
+ BPSH-6FPAEB 10k-18K, 110 °C, IEC: 2.01 - = > BPSH-BFPAEB 10k-18K, 110 °C, IEC: 2.01
P w - T e s
] ] / 74 - .----,--..r
/| X & 7
| / ,i ;' - ﬂi' / \ i
S 7 - S I / X i
| E Do
Wbl S 20 / e
P2 s P e
Sk S - e S
TJir/; )/ [ . e /. : "=‘...,_ ...........
/-,:./l- ' “:‘ 15 a7 A - <
| | & & -y Lo ey
R A = W i
f 2 KL BER .. W .
L= /ur// /‘_1 .......... - "_ ......................................
| 1.0 — A ?ﬁ ___';':'In__c___r__@as;mg__Pha_s;_e:':':_:i':
.l. SasaraEear T
] ; T e e YRR e e o B e P e
: ; 0.5 i i : i i
10 20 30 40 50 60 70 8 90 100 0 1 2 3 4 5 6 7 8 9
Relative Humidity(%) Lambda (mol H,0/mol SO;)
* Morphology does not affect water uptake at low RH
* Phase separation on a smaller scale results in lower diffusivity.
Annealing increases phase separation and diffusivity
This presentation does not contain any proprietary, confidential, 10
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Achievements: New Technique: EODC

aturator n
Water Reservoir Satu or Ove

i H,+H,0

H, Pump Oven

Pressure RH Meter
Transducer »

Insulated

Micro-flow Meter Heat Pipe

Membran
Saturator

Pressure Controller

H,
—

This presentation does not contain any proprietary, confidential,

5

H,0/H*
H,-2e—2H* | |— 2H*+2e—> H,
H, Pump Cell

RH Meter

A K
Pressure Proportional
Transducer Valve

Vacuum Pum[5|_D<—

Water Trap

DOE Hydrogen Program

Water/H, inlet ratio
controlled by
controlling saturator
temperature and H,
pressure

If ratio is too high,
not enough water is

dragged across and
cell floods and fails

If ratio is too low,
membrane dries out
and cell fails

At Water/H, =
2*EODC Cell
operates in quasi-
stable state

All gas/gas diffusion is eliminated

or otherwise restricted information
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Correlation EODC to Copolymer Structure
TK-TK 15K-15K

1.0

O~ Nafion 112 )

--&--6FPAEB-BPSH 10k-18k, 2.01IEC, 220 °C Treated

--#---6FPAEB-BPSH 10k-18k, 2.011EC, 110 °C Treated

~l—6FPAEB-BPSH 15k-15k, 1.551EC, 110 °C Treated

O 8 i --#-- 6FPAEB-BPSH 7k-7k, 1.55 IEC, 220 °C Treated T
* - £- 6FPAEB-BPSH 7k-7k, 1.55IEC, 110 °C Treated i

EODC

6FPAEB-BPS100 7k-7k

6FPAEB-BPS100 11k-11k
6FPAEB-BPS100 15k-15k
6FPAEB35

o0 00

reasing Phase
baration

Intesnity (a.u.)

0 2 4 6 8 10 01
Lambda (nH,0/SO;H)

T T
0.1 1
q(nm)

* All hydrocarbon membranes exhibit lower EODC than Nafion®

* Higher thermal annealing, block lengths and IEC seem to increase EODC

This presentation does not contain any proprietary, confidential, 12
or otherwise restricted information
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Relating EODC to Block Chemistry

1.0 _ ke C o ) @

~-O--Nafion 112

—m--6FBPS0-BPSH 10k-10K, 1.63 IEC
_m GFK-BPSH 8k-8k, 1.45 IEC

0.8 - £ 6FPAEB-BPSH 7k-7K, 1.63 IEC

4,

I

6FBPS0O-BPSH

0.6 -

EODC

HFEBPSO-BPSH

Increasmg p—
Hydrophob1c1ty ‘
6FPAEB-BPSII
Differences | |
4 6 8 10
Lambda (nH,0/SO;H)
This presentation does not contain any proprietary, confidential, 13
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Polarization Curves: (co-current flow: 80°C, 1.5/2.0 stoich, H/Air: GDL - EP40T)

Nafion®
1 T T T 1
—6—95/95 %RH 101 kPa (Air)
0.8 =#=iR corrected 0.8
== HFR
0.6 e CFD 0.6
>
0.4 - 0.4
0.2 - u Wiater film thickness 0.2
0 T 0
0 400 800 1200 1600
Current density (mA/cm?)

1 T T T - 1
—6—50/50 %RH 101 kPa (Air)
=#=iR corrected

0.8 - —@—HFR 0.8
= CFD
0.6 - 0.6
>
0.4 0.4
0.2 0.2
0 T T T 0
0 400 800 1200 1600

Current density (mA/cm?)

Hydrocarbon (VT) membrane

1
—6—95/95 %RH 101 kPa (Air)
=#=iR corrected
0.8 B—HFR - 0.8
= e CFD
g 0.6 - 0.6
] >
i m 0.4 - 04
T
= 0.2 02
o0
E 0 0
0 400 800 1200 1600
Current density (mA/cm?)
1 T T T 1
—o—750/50 %RH 101 kPa (Air)
—=iR corrected
0.8 HER - 0.8
&~ e CFD
g E 0.6 - - 0.6
& - >
; 0.4 - - 0.4
>
)3 0.2 - - 0.2
O T T T 0
0 400 800 1200 1600

Current density (mA/cm?)

This presentation does not contain any proprietary, confidential,
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HFR (Q:cm?)

HFR (Q-cm?)

HC’s Lower
EODC leads
to less
flooding
80% more
H,O
delivered to
cathode
(model and
experimental
validation)

14
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Water Balance Measurement Under Different Conditions
Experimental vs. CFD (VT membrane)

Water Balance experiment and
(Future) numerical result of new MEA

Fuel el (80°C, 1.5/2.0 stoich H ,/O,)

Thermocouple

Water balance shows the transport of water
inside fuel cell. For different operating

water trap bottle | | €OdItions and membranes, the water
transport inside fuel cell will also be different.

Flexible tube
Humidity
Chamber

; Anode Water Balance (mg/sec) Cathode Water Balance (mg/sec) Cross
Alem? RH Water Water out Cross to | Water Gen. Water | Cross from | error
in Cathode in out Anode (%)
EXP 1.2 80/80 1.40 0.071 1.32 0.95 | 2.80 4.82 1.25 5
CFD 1.2 80/80 1.40 0.055 1.34 0.95 | 2.80 5.10 1.36 1.5
EXP 0.8 100/100 | 1.27 1.42 -0.15 0.85 | 1.86 2.44 -0.17 11
CFD 0.8 100/100 | 1.28 1.44 -0.16 0.85 | 1.86 2.54 -0.17 6
This presentation does not contain any proprietary, confidential, 15
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Water Balance Measurement Under Different Conditions
Water Balance experiment of VI MEA 6FPAEB-BPSH
80°C, 1.5/ 2.0 stoich H,/ Atr)

; Anode Water Balance (mg/sec) Cathode Water Balance (mg/sec) error

Ao RH | Water Water out Cross to | Water Gen. Water | Cross from %)

cm n Cathode n out Anode °

(| EXP 0.4 |[75225| 0.75 0.22 0.53 0.59 | 0.93 2.01 0.49 7.5

CFD 04 |[7525( 0.75 0.23 0.52 0.59 | 0.93 2.03 0.51 2.0

— EXP 0.4 |50/50( 042 0.29 0.13 1.35 | 093 2.42 0.14 7.1

E:IZ;;“C“ CFD | 0.4 |[50/50| 042 0.29 0.13 1.35 | 0.93 | 2.40 0.12 8.3
EXP 0.4 |9595( 1.10 0.86 0.25 3.51 | 0.93 4.73 0.29 13.7

~| CcFD 0.4 |9595( 1.10 0.90 0.20 3.51 | 0.93 4.66 0.22 9.0

EXP 0.6 |[7525| 1.12 0.33 0.79 0.88 | 140 [ 3.09 0.81 2.5

CFD 0.6 |[7525| 1.12 0.31 0.81 0.88 | 140 | 3.13 0.85 4.7

| EXP 0.8 |50/50( 0.85 0.55 0.30 270 | 1.87 | 4.88 0.31 3.2

CFD 0.8 |50/50( 0.85 0.58 0.27 2770 | 1.87 | 4.85 0.28 3.5

High current _ EXP 0.8 |9595( 221 1.68 0.53 7.03 | 1.87 | 9.44 0.54 1.8
density CFD 0.8 |[9595| 2.21 1.66 0.55 7.03 | 1.87 | 9.45 0.55 0.0
EXP 1.2 | 9595 3.32 1.99 1.34 10.55 | 2.80 | 14.60 1.25 7.5

u CFD 1.2 | 9595 3.32 2.01 1.31 10.55 | 2.80 | 14.72 1.37 4.4

WIDE AGREEMENT BETWEEN CFD MODEIL AND EXP RESULTS
This presentation does not contain any proprietary, confidential, 16
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Local Distributions of Current Density & Water Transport
on the Membrane Surface at low inlet RH at 0.4 A/cm?

V_y=0.66V 05600
0.5371
0.5143
04914
0.4686
04457
n4zzs

04000 Current density

03771
0aora (A/cm?)
0.3086
0.2857

0.2629
0.2400

Operating condition:

Anode Stoich. = 1.5 Cathode Stoich. = 2.0

AT
Anode RH = 75% Cathode RH = 25%

——] NRE212 HYdrocabe_ﬂ ( V l ) =l Tcell = 80°C System pressure = 101kPa =

loog = 0.4 Afcm?
AVG=0.024 AVG=0.02

0.1700
0.1561
0.1421
0.1282

Water flux across
membrane (mg/cm?-s)

0.1143

0.1004

0.8643E-01 VT membrane shows
0.7250E-01 . -

0.5657E-01 slightly lower

0.4464E-01 performance but more
0.3071E-01

0.1679E-01 uniformity in
0.2857€-02 distributions of both
-0.1107E-01

-0.25006-01 | current density and

water (ransport across
At dry condition: no liquid water is presented in fuel cell membrane.
This presentation does not contain any proprietary, confidential, 17
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Local Distributions of Water Content in Membrane & Liquid Water
on Cathode MEA/GDL Interface at high inlet RH at 0.6 A/cm?

AVG=06.36

i Hl
JHH mn

ulllHHHi“IHh.

AVG=6.72

g

|)

T

V7 —_A—TechEtch—

|

11.64
. 11.11
10.59

10.06

) (mol H,0/mol SO;)

9.530

5475

membrane.

so0a | VI membrane sustains
7848 | more water than Nafion®

6.892
6.365
2.838
5.310
4.762
4.255

—— NRE212

Hydrocarbon (VT)

il H"mmwlwmmmlh. '

Cross section

Obverating condition:

Anode Stoich. = 1.5
Anode RH = 100%

Tcell = 80°C
ieg = 0.6 A/cm?

Cathode Stoich. = 2.0

Cathode RH =

50%

System pressure = 101kPa

0.1300E-D2
0.1764E-02
0.1629E-02
0.1433E-02

0.1357E-02

Liquid water(kg/kg)

0.1221E-02

0.1086E-02

0.9500E-03

|
]
-
|

0.8143E-03
0.6756E-03
0.5429E-03
04071E-03
0.2714E-03
0.1357E-03
0.0000

significant.

Liquid water is presented
in both Nafion® and V1

membranes but not

This presentation does not contain any proprietary, confidential,
or otherwise restricted information
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Local Distributions of Temperature and Liquid Water at High RH

Cathode Cross Section
T, = 358K T,,= 3574K Temperature (K)

358.59
3561
397.7
3274
357.0
356.6
356.2
3359
35999
355.1
354.5
3544
354.0
3533.7
3593.3

Bipolar plate Bipolar plate

The highest temperature occurs at MEA/GDL intetface petpendicular to
the flow channel. The temperature gradient across GDL ~ 3°C

NRE212 Hydrocarbon (VT)

Liquid Water (kg/kg)

0.9360E-03
0.9313E-03
0.6677E-03
0.6036E-03
0.7394E-03
0.6753E-03
0.6111E-03
0.3470E-03
0.4525E-03
0.4187E-03
0.3546E-03
0.2304E-03
0.2263E-03
0.1621E-03
0.9500E-04

N I e . .

Due to the lower temperature in VI membrane than Nafion® membrane,
more liquid water is present in VI membrane but not significant.

This presentation does not contain any proprietary, confidential, 19
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Effect of Inlet Humidity on Current Density at Different Potentials
(80 °C, 1.5/2.0 stoich H,/Air : Memrbrane — NRE212: GDL — EP40T)

r\
L’

1000 100 Using to

900 || :g:zz 90 probe/characterize

800 | —a-0.7v 80 etficiency of

200 L] = =-0.5V(CFD) o diffusion media to
== 0.6V(CFD) remove liquid

00 | ==-07v(cFD) 0

water

50

Error (%)

500 / \
4 \
400 / 40 Will try to relate to

300 / 20 porosity,
pd % hydrophobicity
200 20

Current Density (mA/cm?)

I'd Y McMullin Number
100 , W 10
0 —— S— \ \ / \ 0
0 20 40 60 80 100 120
Anode/Cathode RH (%)
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Effect of Inlet RH on CDD (A/cm?) on MEA Sutface
at Veell = 0.6V (80°C, 1.5/2.0 stoich H,/Air : Membrane — NRE212: GDL — EP40T)

1.100

1.021

0.9429
0.6643
0.7857
0.7071
0.6286
0.5500
04714

0.3929
03143 Model does a

0.1571

0.7857E-01 gOOd ]Ob Of

0.0000

handling flooding

75%/75% RH 85%/85% RH 95%/95% RH

min
The effect of inlet humidity on liquid water film thickness (micron) on cathode MEA surface by assu &

accumulation of

0.4700E-03
0.4364E-03

0.4029E-03 water film.
0.3693E-03

0.3357E-03

0.3021E-03

0.2686E-03

0.2350E-03

0.2014E-03

0.1679E-03

| 01343E-03

0.1007E-03

0.6714E-04

0.3357E-04

0.0000

75%/75% RH 85%/85% RH 95%/95% RH
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Summary
d Membrane design and development (VA Tech) & Characterization (Giner):

o Membranes with similar charge densities but different
" Chemiustries (different hydrophobicity of the non-functional block)
" Morphologies
> Block length
> Annealing
o Increased hydrophobicity of the non-functional group, longer block lengths and
annealing all lead to a more distinct separation of phases, on a larger length scale
" Increases conductivity at low RH

" Increases diffusivity
= Increases EODC

d Transport Modeling, GDI. & Current Distribution Board Characterization
(USC & Giner):
o Model successfully predicts:
" Dry, Wet Conditions. Hydrocarbon and PESA membranes
" Performance and Water Balance

" [ncreased flooding for PES A membranes compared to hydrocarbon membranes

This presentation does not contain any proprietary, confidential, 22
or otherwise restricted information
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Future Work

o Emphasis on Saturated Conditions
o Diffusion Media
o Membrane Transport Properties

a Electrode Effects
o High Current Density at Low Catalyst Loading
o Flooding of NSTT layers

This presentation does not contain any proprietary, confidential, 23
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Technical Back Up Slides

* Not Discussed:
— Current Distribution Boards
— Verification of Model with GM Open Data
— Diffusion Media

This presentation does not contain any proprietary, confidential, 24
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Achievement: Model Verification:

Distributions of current density and temperature of 50-cm? GM-Down-the-Channel flow-field compared with
www.pemfcdata.prg
(1o = 1.5 A/cm?, counter-current flow: 50/60%RH, 150/150kPa, 80°C, 1.5/2.0 stoich)

rediction

q Data are also validated with
. www.pemfcdata.org
< 0.8 | provided by GM.
8 06 \
c
9
S 04 -
°
O 02 -
e L : —&— GM-Down-the-Channel: USC-Experiment
— —{JSC€ [edlCtlon —— GM-Down-the-Channel: Modeling
_ === 0.0

0 200 400 600 800 1000 1200 1400 1600

[==]
=

Degrees c

| Temperature Distribution

[

www.pemfcdata.orq

Current density (mA/cm?)

USC data matches published data very well, both with performance and model results

This presentation does not contain any proprietary, confidential, 25
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CFD comparison with pemfcdata.org at different operating conditions
Teell = 60C, RH = 95%/95%, P = Teell = 60C, RH = 50%/50%, P =
150kPa/150kPa. Stoich = 1.5/2.0 150kPa/150kPa. Stoich = 1.5/2.0
0.9 0.9
038 - 0.8 -
= 07 1 __07-
=06 - 2 05
'..g 05 - '% 05 - m pemfcdata
% 0.4 - ® pemfcdata § 0.4 - B Numerical
Q -
§ 03 1 ® Numerical 303
02 - 0.2 -
0.1 - 01 -
0 0 -
01 0.4 0.1 0.4
Current density (A/cm?) Current density (A/cm?)
Tcell = 80C, RH = 50%/50%, P =
100kPa/150kPa. Stoich = 1.5/2.0
0.9
o8 USC’s CFD predictions compare well
_ 0.7 - . .
Z 06 | with published data from
£ 05 - H pemfcdata
‘§ 04 B Numerical pemﬁ:da tZ.Ofg
% 03 -
© 02
0.1 -
0
01 0.4
Current density (A/cm?)
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Local distributions of current density and temperature on membrane surface at I, = 0.4 A/lcm?
Teen = 60C, RH = 95%/95%, P = 150kPa/150kPa. Stoich = 1.5/2.0

Current Distribution

N 045
04 NE
E
0.35
pe -
i — —
E gl =
SE
— = prediction
Temperature Distnibution
- .
H 60 2
Pwww.pemfcd °
59
. ' 27
1 on 5
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Local distributions of current density and temperature on membrane surface at I,,, = 1.5 A/lcm?
Teen = 60C, RH = 95%/95%, P = 150kPa/150kPa. Stoich = 1.5/2.0

cell =
Current Distnbution
- E 1 -B
1.6 =4
E

14 ZF
I l I www. peHda ta.orq 12
—_——— ]
-_______._._ e —
- _— - ’—_—"-_ — .
e ———————__ — —
——— - — —_
——— = . =
s S——— on —
I = — —————. e S ————_= o

Temperature Distnbution

; = 'll-“'“'"u-u-'

[5y] [ay]
= Ra FEN
Degrees ©

[ Iy
[ 2]

|||||l
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Achievements: New Materials: Diffusion Media

AvCarb added to the

program recently

Started with Toray
Materials
— Variable Wet-Proofing
— Microporous Layer

AvCarb will provide

more custom materials

Want to generate
differences in:
—  MacMullin Number
e Porosity
e Tortuosity

— Hydrophobicity

This presentation does not contain any proprietary, confidential,

*Tortuosity

— Ratio of the actual path
length through the pores to
the shortest linear distance
between two points.

*Porosity

— Ratio of void volume (volume
of pores) to the total volume.

*MacMullin Number

— Function of tortuosity and
pososity.

or otherwise restricted information
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Achievements: Design of Gas Diffusion Media

Baseline Material at start

MPL 1 i -
of program was loray
MPL 2 F060

Carbon Substrate

The new design of GDLs have
been modified from standard
AvCarb GDLs by adding two
micro porous layers. Each set
has been treated with two

Substrate Diffusivity MPL 1/MPL2
Modification| (carbon particle size)

P50 Low Small/Large , ,
EPA40 8 different methods in order to
P75 High Latge/Small provide two different values of
diffusivity.
Total of 12 new papers generated
5 characterized ex-situ to date
This presentation does not contain any proprietary, confidential, 30
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AvCarb GDLs Status

S sets of 12 assignhed new design of GDLs with two different micro
porous layers

Substrate Diffusivity MPL 1 MPL 2 # of Samples MacMullin No.
P50 low {=0.15) Small Large 5
P50 low (=0.15) Large Small 2 2.63
P50 high (>0.25) Smaill Large 5
P50 high {=0.25) Large Small 2 2.16
EP40 low {=0.25) Small Large 5
EP40 low {=0.25) Large Small 5
EP40 high (>0.35) Smaill Large 5
EP40 high (=0.35) Large Small 2 2.34
P75 low {=0.20) Smaill Large 5
P75 low (=0.20) Large Small 2 2.26
P75 high {<0.3) Smaill Large 5
P75 high {=0.3) Large Small 2 1.88

V7 - A—TechEtch—H;

DOE Hydrogen Program

The new design of GDLs have been modified from standard Ballard GDLs by
adding two micro porous layers. Each set has been treated with two different
methods in order to provide two different values of diffusivity.

This presentation does not contain any proprietary, confidential,
or otherwise restricted information
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Achievements: Design of Gas Diffusion Media
Comparison of Mercury pore size distributions of new design GDLs

Baseline Substrates Modified Substrates
2 ﬁﬁ"ﬁ 2.5
4 3 __EP40T —P50T_baseline
| —P50T
3.5 2 —P50_Low
—P75T
3 —P50_High

EP40T has largest
pore volume,
concentrated at 50 um

1.5

N

1

Cumulative Intrusion Volume (mL/g)

Cumulaé/e Intrusion Volume (mL/g)

‘umulativg pore volume
0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 1 10 100 1000

Pare Size Diameter (1m) Pore Size Diameter (um)

14 _07
o0
1.2 —EP40T Eo.s | | —P50T_baseline
—P50T ¢ —P50_Low
Vol —prst 505 _ . .
5 —P50_High Modification greatly
0.8 c 04
2 reduces volume of
0.6 Zo3
o tia] pore volume large pores
@
0.2 5 0.1
o LU L] £ .
0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 1 10 100 1000
Pore Size Diameter (um) Pore Size Diameter (um)

32
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AvCarb GDLs Status T

Baseline performance at Teell = 80°C MEA = Gore™ 57, Serpentine 000 —-P73Diff:High |
r—— - P75 Diff: Low
Substrate Diffusivity MPL1 MPL2 Macmullin# Status 0.0 ~PTDIE Low 8
P50 Low (<0.15) Large Small 2.63 Done —~P50.Diff: High
P50 High (>0.25) Large Small 2.18 Done 0791 ~<P50.Diff: Low ’
EP40 High (>0.25) Large Small 2.34 Done 0.60 - EP40DIff High 6 &
P75 Low (<0.20) Large Small 2.14 Done > 0.50 s B
P75 High (<0.30) Large Small 1.92 Done =
0.40 - 1 B
1.00 10
e e 030 - 3
0.90 "% Condition: 100/50%RH ' 75’”‘:- High | 4 .
" . 8- P75 Diff: Low 0.20 2
; th 5 PSI i B
050 - —&— P50 Diff: High -~ 8 B o & PohshtEhblRXx
T~ —=—P50,Diff: Low 010 !
0.70 : DL W g Condition: 75/25%RH
EP40.Diff: High 0.00 - o
0.60 s = 0 500 1000 1500 2000
' g Current density (mA/em2)
> 050 - 5 &
- 1.00 10
0.40 4=z \ —e—P75 Diff: High
0.90 9
030 - -3 : ~=-P75Diff: Low
0.80 4 M 8
020 - . —4—P50,Diff: High
0.70 - - 7
0.10 BB @o ok DERROEEMC ORI L) —PSO.DIME Low
0.60 - EP40Diff High = ¢ E
0.00 - : : ) 3
0 500 1000 1500 2000 = 0.50 4 5 E
Current density (mA/em2) ﬁ
0.40 - 4 E
8
*  EP40,Diff high shows the highest 030 > § & A AAEE 3
performance for all three cases 020 - € 2
* P75 Diff: low shows the lowest 0.10 - 1
111 . 1)
performance for all three cases 0o | Condition: 25/25 %RH Lo
. . . 0 500 1000 1500 2000
*  Both P50, Dift: high and Dift: low Curvent density (mA/cm2) 33
show similar performance
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AvCarb GDLs Status 100 ; ; : 10
. Condition: 75/25%RH —+—P75.Diff: High
CFD compatrison at T, ;= 80°C e wrrspitiov 7
) 0.80 ——P75.Diff: High(CFD) - 8
MEA = Gore™ 57, Serpentine cell e
. . . . 0.70 ~—P735 Diff: Low(CFD) | 7
GDL.: P75 Diffusivity low and High » -
1.00 ' ‘ ‘ 10 > 0.50 5 §
——P75,Diff: High <
0.9 "\ Condition: 100/50%RH —8-P75 Diff: Low -9 0.40 s B
0.80 - ——P75,Diff: High(CFD) [ 8 0.30 3
it 0.20 2
0.70 - P75 Diff: Low(CFD) | - “ © 0o o5 oD eo
0.10 |
0.60 P
s 0.00 : . _ 0
> 0.50 - L5 E 0 200 400 600 800 1000 1200 1400
E Current density (mA/em2)
0.40 - 4 B
100 | 10
0.30 - -3 0.90 —e—P75.Diff: High o
0.20 - -2 0.80 —8-P75 Diff: Low 8
0.10 _ﬁ e} = o< O <0 OEO@EaCSe L 0.70 —— P75.Difl: High(CFD) | 7
0.00 : : : . : : 0 0.60 TN #—— P75.Difl: Low(CFD) = 6 E
0 200 400 600 800 1000 1200 1400 X §
Current density (mA/ecm2) =~ 020 . =
0.40 | -
S ]

. . .. . 030 3
Using data of pore size disttibution 1% % o o gwmoeme |
information and McMullin Number from . ,

. i . . : Condition: 25/25 %RH
GDL characterization, CFD predictions are 000 | — 0
R R 0 200 400 600 800 1000 1200 1400
able to compare well with experimental data. Carvent Seusty ()
This presentation does not contain any proprietary, confidential, 34
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AvCarb GDLs Status T ———
. —_ 0.90 - —_ iff: High 9
CFD comparison at Tcell = 8(°C - oD g
080 | % L8
MEA = Gore™ 57, Serpentine cell oo | |
GDL: EP40 Diffusivity High ] <
3
100 . . 10 > 0.50 - s E
| EP40,Diff High _ g
0.90 - Condition: 100/50%RH  _pp4g pifr: High(CFD) 9 401 e t=
0.80 - g 0.30 1 » |3
020 - 2
0.70 - -7 | Condition: 75/25%RH
0.10 1 1
0.60 | 6 E 000 1 . . . | o
) 0 500 1000 1500 2000
= 0.50 - -3 5 Current density (mA/cm2)
040 L4 B
1.00 10
030 - 3 ] EP40.Diff: High
0.90 —EP40,Diff: High(CFD) 9
020 - -2 _— ,
0.10 | F1 0.70 7
0.00 : : : 0 0.60 6 F
0 500 1000 1500 2000 g
Current density (mA/cm2) el 2 5
0.40 : L4 :-E
Using data of pore size disttibution e N
. . . 0.20 2
information and McMullin Number from GDL g ,
0.10 Condition: 25/25 %RH 1
characterization, CFD predictions are able to i | Lo
. . 0 500 1000 1500 2000
compare well with experimental data. Carrent densiy (mAem2)
This presentation does not contain any proprietary, confidential, 35
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Water balance measurement under different conditions
Experimental vs. CFD ( Nafion® membrane)

Ice bath
(Future)

Thermocouple 2 »L .

Humidity
Chamber

Fuel cell
_—“ g

» Flexible tube

Water trap bottle

Water Balance experiment and
numerical result of the parallel
Channel flow-field
80°C, 1.5/ 2.0 stoich H,/ Air)

Water balance shows the transport of water
inside fuel cell. For different operating
condition the water transport inside fuel cell

will be different.

; Anode Water Balance (mg/sec) Cathode Water Balance (mg/sec) error
Alem? RH | Water Water out Cross to | Water Ger. Water | Cross from %)
cm in Cathode in out Anode °
EXP 0.4 |25225( 0.37 0.42 -0.20 1.15 | 1.87 2.81 -0.21 4.6
CFD 0.4 |[2525| 0.37 0.52 -0.15 1.15 | 1.87 2.85 -0.17 10
EXP 0.4 |7525| 1.50 0.55 0.94 1.15 | 1.87 3.79 0.91 3.8
CFD 04 |7525| 1.50 0.53 0.97 1.15 [ 1.87 | 4.00 0.98 1
EXP 0.6 |7525| 225 0.87 1.38 1.70 | 2.80 5.80 1.30 5.9
CFD 0.6 |7525| 225 0.81 1.44 1.70 | 2.80 6.00 1.50 4 5
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Current density (mA/cm?)

Anode 25%RH, Cathode 25%RH
Average current density = 809 mA/cm?

1600
1400
1200
1000
800
600
400
200
0

Current density (mA/cm?)

. . . . DOE Hydrogen Program
Achievement: Model Verification: Serpentine
At potential=0.3V
1200 1400
1000 15, 1200
200 - E 1000 -
600 - g 8007
® Exp § 600 - ® Exp
400 1 = CFD :; 400 - = CFD
200 - g 200 -
0" “ o A ) 9 Q 5 0" N S o A % 9
N ~ > »
@“@&@“@&@“6&cﬁ‘@&cﬁ‘@&oo‘@io‘@&@“&g&i@\ @‘@\@“@&@“6&@‘“&@‘@\@“Q&@“@&@“&o&i@\

Anode 75%RH, Cathode 25%RH

Average current density = 1094 mA/cm?

S OO > s b A s

A A R S VAR Y
& & & &F F &

$ £ S
O’& O’é 0’6 O’6 O"g O’é O’6 O’&J O’&

X
X
&

QQ'

Anode 100%RH, Cathode 50%RH
Average current density = 1250 mA/cm?
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Numerical prediction and Experimental result of current density distributions for

different operating condition (Nafion® membrane)

Cathode 1500
inlet —t% éj_ Anode 1600 | Operating condition:
- "Exp Anode Stoich. = 1.5
|n|et node Stoich. = 1.
(.. scp || Anode RH = 100%
; Jhots S 1200 Cathode Stoich. = 2.0
3 4 = 3 Cathode RH = 50%
5 6 7 g 1000 Tcell = 80°C
7 8 057 £ 500 - System pressure = 136kPa
928.6 u
: i ne £ 600 - .
.G E High Current Wet
If i 2 400
|||]||||||||||||I||||||||||||[||| L
Average current dens1ty 200 4
= 1200 mA /cm?
0 .
SI S2 S3 S4 S5 S6 ST S8 SO S10
Cathode -
. Model Predicts Equally Well
inlet— 00 qHary
350
R AR AAAR A
i |||||||| —_ |
|I|”|m'] il I - C Low Current Dry
L | < Mty Ezso
£ 200 Operating condition:
£ Anode Stoich. = 1.5
= 150 Anode RH = 25%
E Cathode Stoich. = 2.0
o 100 Cathode RH = 25%
O T gy Tcell — 800(:
Average current dens1ty 50 - System pressure = 101kPa
= 294 mA/cm? y

S1 82 S3 84 S5 S6 ST S8 89 S10
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Polarization curves of VT MEA (update 01/14/2013)

6FPAEB-BPSH

(co-current flow: 80°C, 1.5/2.0 stoich, H,/Air)

@ - Ava”w%\\’?@ SOUTH CAROLINA= VT - ﬂ=kd'-£'d' . Hz

DOE Hydrogen Program

1 1 1 1
0.9 - 0.9 0.9 - 09
0.8 - - 0.8 0.8 - - 0.8
0.7 - - 0.7 0.7 - - 0.7
0.6 - 06 & 0.6 - 06 &
£ £
0.5 | —#—95/95%RH 150 kPa (Air - 05 & > 05 - . - 05 &
; /95 % (Air) = —+—100/50 %RH 5 PS (Air) =
~=iR corrected e . e
0.4 - - 04 0.4 - ==A=IiR corrected - 04 x
HR == HFR
0.3 | ==CFD - 0.3 0.3 - 0.3
= CFD
0.2 HFR(CFD) - 0.2 0.2 | ———HFR(CFD) - 0.2
. FI—I—I—I—I—I—I—.'.'.. - o1 0.1 ,l'."—-l=l=l==l-l"‘" -0t
0 T T T T 0 0 T T T 0
0 500 1000 1500 2000 0 500 1000 1500 2000
Current density (mA/cm?) Current density (mA/cm?)
95/95 %RH 150 kPa (Air) 100/50 %RH 5 PSI (Air)
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Polarization curves of VT MEA (update 01/14/2013)
6FPAEB-BPSH
(co-current flow: 80°C, 1.5/2.0 stoich, H,/Air)

1 . . . . . — 1 1 = == =95/95 %RH 150 kPa (Air)
09 —#—50/50%RH 150kPa (Ar) | A —— 95/95 %RH 101 kPa (Air)
: —#—iR corrected : ) — £+ -100/50 %RH 5 PSI (Air)
08 =HFR - 038 08 —— 100/50 %RH 101 kPa (Air)
—CiD — ~~-50/50 %RH 150 kPa (Air)
0.7 - ——HFR(CFD) - 07 0.7 7 —k— 50/50 %RH 101 kPa (Air)
06 - - 0.6 & 06 -
E
S
05 - - 05 & > 05 -
o
0.4 - - 04 F 0.4 -
R
03 - 03 03 - JNES
0.2 1 - 02 0.2 -
0.1 - - 0.1 0.1 -
0 T T T T T T 0 0 T T T 1
0 200 400 600 800 1000 1200 1400 0 500 1000 1500 2000
Current density (mA/cm?) Current density (mA/cm?)
o . . X .
50/50 %RH 150 kPa (Air) i-V polatization curve
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Backup Slides for
Model’s Input Parameters and
Output Variables
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:

Modeling Input Parameters

haterial Properties Forous Resistance Coefficients Write Operating Conditions Input File
: . . . . — Qperating Parametars
kdaterial 1: Anode Side Fluid Faorous kedia 1: Anode Side GO P 4
Initial Cell Violtage for all Cells (W) 0.7z
Density {rha} Icdea) gas 2896 gegmole alphia beta hembrane Thickness {mm ) I 0018
Viscosity {mud  multicomp 181e-05  kipves . Y Anode GDM Thickress () | 0 260
- — | _ Directi D+
Condustivity (k) multicomp | | 002637 Wim-K b= (e Cathode GDM Thickress (mm ["0.z80
Spec Heat (Ch)  constant 1006 Jim-K - Direction a 2.0e+07 Cell Temperature ¢ T an
Z- Direction ] 2 0e+07 Dry Membrane Density (gicm 30 2
) 07 Ecyuiv 'Wt. of Dry Membrane {gigmal} 1100
haterial 2: Cathode Side Fluid Farosity Factar (-} :
Effective Canductivity (Wim-K3 0.25 — Electrochemical and Kinetic Parameters —
Density {rho’ Ideal gas 25 .86 gigmoale
Viscosity (mu) R — 181e-05  kghnes Open Circuit Waltace (W) 0.4z
Conductivity (k3 m DOoETT | Wim-K _I User Cading far Porosity Oxwgen Exch Current Density (2mA20 00
Spoec Heat (T m 100& Jirn- i Hydrogen Exch Current Density (Am*2) | 5000
S Anode Transfer Coefficient (-3 2
Porous Media &: Cathode Side GOk Cathode Transfer Coefficient (-} 0717
Material 3: ME& Salid Hydrogen Inlet Mole Fraction (-3 0.763
alpha beta _
Deensity (rho’ SEEETR S00 K3 Oxygen Inlet Mole Fraction -3 0160
- #- Direction o 2.0e+07
Conductivity (k) constant 016 Wim-K _ (Other Parameters
_ Directi i] 2 0e+07
Spec Heat (Cp)  constant =00 -k - Dilfesiifat Ewaporation / Condensation Rate (i5) 1.0
Z- Direction o 2 Oe+07 Starting Iteration for Reacting Flow 50
Material 4: Bipolar Solid Plates Porasity Fastar {-) 07 No. of Cellsin Z-Di in the Anode GOM |5
. . Mo, of Cells in Z-Dir in the Cathode GO I 5
Density {rho’ constant 200 kg3 Effective Conductivity (Wi-H) 0.25
Mo, of Fuel Cells it the hodel I 1
Conductivity (k) constant 15.7 Wim-K
Average Cutrenit Density (a2 I 04
Spec Heat (Cpd constant =] Jkg-k _1 User Coding for Porosity
Auto-adiust Cell Woltage (WCEL) I
ARply | Apply | Wirite Operating Conditions hput File | -

This presentation does not contain any proprietary, confidential, 42
or otherwise restricted information



.\-\\tff_

)

c%

UNIVERSITY OF

1 SOUTH CAROLINA=

V7 — A—TechEtch—

H,

DOE Hydrogen Program

Modeling Input Parameters (Cont.)

Constitutive Eguation Panel [Adwvanced)

Input of Coeflicients of Parametric
Constitutive Equations

Water Diff.
Equatian

Electrical
Froperties

Iain
Equations

Overpat.
Equatian

MWermbirane Properties are a function of:
# Anode water activity

o Cathode water activity
Awerage between anode and cathode water

™ activities

" "Water Content in the Mermbrane {lambda)

Bl=| 0od3 ¢y BS5=[ 00 ¢
B2= | 1781 (-3  BB=| 140 ¢
B3= | 3885 ¢y BF=| 14 ¢

Bd= | 380 (-

— Electra-osmotic Drag Coefficient {n)

El = 0.05 (-1 Ei= 0.0 (-}
E2= | 0.00Z29 -} E4=|-3de-19 (-}

— Local Membrane Conductivity (sigma)
HO = on (8m) H3I= | 12680 (k)
Hi=| 0514 {Sm) H4=| 3030 (K
H2=| 0326  {5m)

Fieset to Defaults

Store Coefficients

Constitutive Equation Panel (Adwvanced)

Input of Coefficients of Parametric
Constitutive Equations

Electrical
Properties

Water Diff.
Ecjuation

Fain
Evjuations

Qrverpot.
Eqquation

~ Water Diffusion Coefficient (D)
GO=| 24160 (Ky Gl= 1le-10 {205y
G2=| 1le-10 {mA2rs)
G3= | 1.25-10 {m*2fs)
Gd=| 3030 (K

Constitutive Equation Panel [Advanced)

~ Membrane Water Content Range (ambodad

L= 167 ¢
2= 20 ¢
L= 30
L= 45 (3

Reset to Defaults

Store Coefficients |

Input of Coefficients of Parametric
Constitutive Equations

Water Diff.
Equation

Electrical
Froperties

Ilair
Equations

Owerpot.
Equation

Dwerpotential Equation Term Selection

W Term 1
W Term 2
W Term 3
W Term 4
| Term 3
| Term &

Term 1 and Term 5 cannot be selected at
the same time.

Term 2 and Term B cannot be selected at
the same time.

Please refer to the Methodology section
of the Tutarial Manual for a description
of the six terms involved.

Feszet to Defaults

Store Coefficients
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Modeling Outputs

Scalars Scalars Scalars

Active | Passive | Generic | Active | Passive | Generic | Active | Passive | Generic |
Active Scalars Passive Scalars Generic Scalars
Desctiption No. Mame Desctiption No. Name Description Mo, Name
Nitrogen Gas 1 M2 Current Density g cD Potential” 19 POTENTIAL
A B = = et Water Flux per Proton 9 ALPHA * Only used when Electron Transport is On
Crepgon e o 02 Kinetic Overpotential 10 KOP
s o el - i Anode Dverpotential " ADP
Water Vapor - Cathode 5 wve Cathode Overpotential 12 COP
Liquid Yeader - Anocie o LWA Membrane Conductivity 13 MC
Liuid Wader - Cathode 7 Lwe \Water Diffusivity 14  wbC

Water Content inside MEA 15 LAMEDA,

Anode Activity 16 A

Cathode Activity 17 CaA

ME&, Licuid Film Thickness 158 LFT

Local ME&A Vaoltage® 20 MEA_FPOTEMNT.

* Only used when Electron Transport is On

Apply | Apply I Apply |

This presentation does not contain any proprietary, confidential, 44
or otherwise restricted information



	Transport in PEMFCs
	Transport in PEMFCs
	Approach: Team and Tasks
	Approach &  Milestones
	Relevance:  Use of Modeling in Fuel Cell Development is Widespread.  Agreement on Fundamentals is not
	Relevance:  �PEM Development	                	Modeling        .
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Water Balance Measurement Under Different Conditions�Experimental vs. CFD (VT membrane)
	Water Balance Measurement Under Different Conditions
	Local Distributions of Current Density & Water Transport on the Membrane Surface at low inlet RH at 0.4 A/cm2
	Local Distributions of Water Content in Membrane & Liquid Water  on Cathode MEA/GDL Interface at high inlet RH at 0.6 A/cm2
	Local Distributions of Temperature and Liquid Water at High RH�Cathode Cross Section
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Future Work
	Technical Back Up Slides
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Achievements:  New Materials:  Diffusion Media
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Water balance measurement under different conditions�Experimental vs. CFD ( Nafion® membrane)
	Achievement:  Model Verification:  Serpentine�At potential=0.3V
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Reviewer Only Slides
	Response to Reviewer Comments
	Response to Reviewer Comments
	Publications/Presentations
	Publications/Presentations



