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Hydrogen (H,)

Trillions of tons of underground

hydrogen discovered, which

could power Earth for 1,000 years - . _ O
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Water (H,0)

Membrane (Eletolyse layer) Hidden Hidden
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Section view B-8
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Combined Polarization Curve: Voltage and Power Density
Nedstack FCS 8-XXL
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Anode

(Hydrogen Oxidation Reaction)

2H, > 4H* + 4e™

Cathode

(Oxygen Reduction Reaction)

O,+4H"+4e™ > 2H,0

et cooling H:O

Whole system

2H, + 0, > 2H,0

LSDLO 0254

MEM 0.051

o

CFD simulation

= a

O 4H* 46 — 2H,0
N

Gas Channel (all')

Section view B-B
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Cooling Channel(s)
- Anode Collector
- Anode Gas Diffusion Layer (Electrode)

Anode Micro Porous Layer (MPL)
Anode Catalyst Layer (TPB)

Cathode Catalyst Layer (TPB)
Cathode Micro Porous Layer (MPL)

Cathode Gas Diffusion Layer (Electrode)

Cathode Collector
—— Cooling Channel(s)
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- Setup
@ General
=) D Models
dubphase (OM

(%) Energy tOn)
_: Viscous (Laminac)
®  Radiaion (Off)
7 2 Heat Exchanger (Off)
g, Specws (Species Transpor

o I Dwscrete Phase (Of)
s ddication & Meking (C
*7 Virtsal Blade Model (Off)
£ Acowstics (Of)
4‘4 Structare (O#f)
é Eulenian Wall Fém (Off)
[L‘I] Potential/Electrochemistry
8 s Fuel Cot (On)

CFD model

! PEM Fuel Cell Model

' Enable FEMFC

Model Parameters Anode Electrolyte

Options

v Joule Heating
Reaction Heating
Electrochemistry Sources
Butler-Volmer Rate
Multicomponent Diffusion
Anisotropic E-Cond. in GDL/MPL
Effective P-Cond. in MEA
Use Half-Cell Potentials
Cathode Particle Model
Liquid Phase
Compute Liquid in Channels
Include Dynamic Head
Knudsen Diffusion
Temperature Dependent Jref

M2 Crossover

W-Diff Model
® Wu

Wang

Cathode Electrical Tabs Advanced

Automatic Settings
| F-Cycle for All Equations

Electrical System Setup Under-Relaxation Factors

® SetUpinB.C. Panels  Lid-Vap. Source

Specify Total Voltage
Specify Total Current

0.2

Disv'd-Vap./Lig. Source
0.2

Osmotic Drag Source
1

GDL Liquid Removal

0.5

B33 (~eoty | [ Reset | [ cancel | e |

Customized UDFs

-

VSB TECHNICAL

] UNIVERSITY
OF OSTRAVA

Reports
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CFED model — equations of state
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B 200 Fuel Cet Model

v Enadle FEMFC

amFn_ RT_

tlectrochemistry
Anode
3_ref (AJen2)
10000
C_ref (kmol/md)
|
Con. Egonent
> 1
Eech, Coefl{a)
1
Exch. Coeff(c)
1
Std. State E0(V)
0
Entropy (Ykgmol-k)
0

“ (e :J::{l"’ at /R +e ::::”’-uf/RT)

Model Paramaters

Electrochemistry
Anode
J_ref (A/m2)

1
Con, Exponent

Exch. Coefi{c)

Std. State EO(V)
0

Entropy (Wkgmol-k)

e— (214 ,."uxn /RT) Moel Farameters

Cathode
) _ref (A/m2)
10

C_ref (mol/m))

1

Con. Exponent
1

Exch, Coeft. (3)
1

Exch, Coeft. (¢)
1

Std, Ste £0 (V)

1.22884

Entropy (Ykgmol-k)

163300

Cathode

3_ref (A/m2)
10

C_ref (kmol/m3)
1

Con, Exponent

Std. Swate £0 (V)
1.22884

Entropy (ykgmol-k)

B PEM Fuel Cell Model

v Enable PEMFC

Model Parameters

Electrochemistry
Anode
3_ref (A/m2)
10000
C_ref (kmol/m3)
1
Con. Exponent
1
Exch. Coeff.(a)
1
Exch. Coeff.(c)
1
Std. State EO(V)
0
Entropy (j/kgmol-k)
0

Lig.-Disv'ed Phase

0.5

Liquid Density

. Thermal Cond.

Cathode

J_ref (A/m2)
10

C_ref (kmol/m3)
1

Con. Exponent
1

Exch. Coeff. (a)
1

Exch. Coeff. (c)
1

Std. State EO0 (V)
1.22884

Entropy (j/kgmol-k)
163300

kq

Electrolyte Cathode

Electrical Tabs Advanced Customized UDFs Reports

Liquid Phase Other Parameters
Global Expon't Diff_gas Gas-Disv'ed Phase
1_leak (A/m2) 25 0.5
0 Expon't J_ref Mod. Coef. OSM_drag
Std. Temp. for UO(K) 25 1
298.15 Expon't K_rel Eq. W. Cont. at a=1
Std. Press. for UO(Pa) 3 9.2
100000 Expon't Liq_coverage Eq. W. Cont. at s=1
1 16.8
Liq.-Disv'ed Phase N2 Crossover Factor
0.5 0.001
Liquid Density
982
Liq. Thermal Cond.
0.6
Liq. Diff. in Chan.
1e-05
V_lig/V_gas in Chan.
0.005

p
Sgd =(1- MYgaM . —l—("eq —A)

N’.H:O EW

P
Sia = SE)'MMW H, s (Aeq - A)

° Fw

kerr = Jaut (1 — )[ekgas + (1 — E)ksoiia]
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Parameter Name Symbol Unit Range (Dakota)

Reference current density (anode) Rl A/m? 1000, 10000, 20000
Reference curvent density (cathode) o e LoD, 10
Crefan  kmol/m?  0.05, 1

rermeability K m2 10-13_10-11 109 Reference molar concentration Oy (eathode) Gt cas kmol/m®  0.01. 1
I ;

Parameter Name Symbol Unit Range (Dakota) Parameter Name Symbol Unit Range (Dakota) L T IR e it
wIeTrence NOLAT Colcentration 2 (AhNOae )

Reference current density (anode) ok ik A/m? 1000, 10000, 20000 CL {anode)

Reference current density (eathode) Jrot ent A/m? 1, 10, 20 +) surface /volume ratio ¢ 1/m 10000, 200000, 1000000
Reference molar concentration Hy (anode) Cliel:an kimol/m?  0.05, 1 ') hydrophobic contact angle [/ 90, 110, 135

Reference molar concentration Oz (cathode Clref cat kmol/m? 001, 1 2 (anode) activation energy for Jeor E; J/kmol SE406, 3.31E+06, 1.2E+07 Transport coefficient (cathode) Oicibinie 0.3, 0,65, 1.0
Concentration exponent (anode) 7 0.3, 0.65, 1.0 . 'L (anode) reference tomperature for Jo ¢ 10.0n K 33K Exponent: diffusion gas Ts 1.5. 2.5. 3.5

Cloncentration exponent (anode) g N 0.3, 065 1.0
Concentration exponent (cathode) cat 0.3, 0.65. 1.0
Transport coefficient (anocde) Oy node 0.3, 0.65, 1.0

Concentration exponent (cathode) fea 0.3, 0.65, 1.0 'L (anode) Leverett coeff. a a L417 Exponent: J,oq 1 1.5, 2.5, 3.5
Transfer coefficient (anode) 0.3, 0.65. 1.0 < "L (anode) Leverett coeff. b b 2.12 Exponent: relative permeability b 2,34
Leverett coeff, ¢ c 1.26G3 Exponent: liquid coverage I 0.2 1. 1.8
Exponent: liquid-dissolved phase d 0.25 05,1, 1.5

0,25, 05, 075

I'ransfer coeflicient (anode) 0.3, 0,65, 1.0 (nnode)
I'ransfer coefficient (cathode) 0.3, 0.65, 1.0 'L (anode) condensation coeff. Yo LE4+06. 1E4+08, 1E+10
I'ransfer coefficient (cathode) 0.3, 0.65, 1.0 'L (anode) evaporation coeff Ye LE4+06, 1E+058, 1E+10 %

i L Osmotic drag coeflicient osm 0.5 1, 1.5
Reversible potential (anode) \ 0 Membrane equivalent weight EW kg/kmol 800, 1100, 1250 GDL/CL porosity 0.4, 0.75. 0.9
GDL/CL absolute permeability 4 1E-16, 1E-12, 1E-08

Exponent: gns-dissolved plis Yod

Reversible potential (cathode) Y 1.229 Membrane protonic conduction coefi. R 0.5, 1
Entropy (anode) J/kmolK 130000 : Membrane protonic conduction exponent Wi 0.5, 1 GDL/CL hydrophobic contact angle 090, 110, 125

Entropy (cathode) Se: J/kmolK 32660 - Membrane water diffusivity coeff. A 0.1, 1 Water removal coefficient (GDL/CL) 1E-05. 5E-05, 1E-04
Leakage current density A/m? 0 5e Membrane permeability N o 10-13,10-11 10-9 20 Condensation rate coeflicient (GDL/CL) LE406, 1E408, 1E410
Standard temperature K 208,15 GDL (cathode) porosity . 0.4, 0.75, 0.9 Evaporation rate coofficient (GDL/CL) Ye IE+06, 1E+08, 1E+10
Standard pressure Pa 101325 5 GDL (cathode) permeability K : 10-13 10-11 10-9 (\":fl\l.:?' I"\:” .A"’\”‘_““ ',” volume ratio:(kaode) F ] lk'“ I .Il"i'::’ ':‘"‘::; _lA“':‘m';“_:r 07
Exponent Diffusion gas B, y 3 GDL (cathode) hydrophobic contact angle (I : 90, 110, 135 x;‘,':.,A';..:'.II,' ‘-::nli:‘z-l-.-.x':'r '“',::::-m EW ';L, I;‘::::-I \'H. I;M', 1250 ot ‘
Exponent J, g 1.5, 2.5, 3.! § GDL (cathode) water removal coef “ 11E-05. 5E-05, 1E-04 Membrane protonic conduction coofficient 3 0.5, 1.

mem

-1

S'S ®

B
Exponent relative permeability 2 3. 4 5% GDL (cathode) Leverett coeff. a a 1417 Membrane protonic conduction exponent Wi 0.3, 1,2

Exponent liquid coverage 0.2, 1. 1.} GDL (cathode) Leverett coeflf, b 2.12 Membrane water diffusivity coefficiont m 0.1, 1.2
Lic.-Dissolved Phase “td .25. 05,1, 1.5 GDL (cathode) Leverett coeff. ¢ . 1.263 Cathode CL product of O2 solubility and diffusivity KD, Y 1E-9, 1E-5, 1E-7
Liquid density " kg/m3 982 GDL (eathode) condensation coeff, Yo LE06G, 1E<08, 1E+-10 (:"”“"l‘ ‘:L catalyst particle radius s _“': 9, "l:"‘- 1E-8
Liquid thermal conductivity Ky W/mK 0.6 GDL (cathode) evaporation coeff. e LE4+06, 1TE+08, 1E+10 Cathotlo Cl-Knomer resistance Rion o9 100300
Gas-dissolved Phase Tod 0.25, 0.5, 0.75 (cathode) porosity 0.4, 0.75, 0.9

2

. (cathode) permeability : m= 10-13, 10~ 109

T

[V TV SV TV I SV |
SR Y SO [

(

Osmotic drag coefficient Moo ws 0.5 1. 1.5 (
E¢. water content at a Aa 9.2 (
Fq. water content at s=1 A 16.8 (
GDL (anode) porosity € 0.4, 0.75. 09 (
GDL (anode) permeability K 2 10-13 10-11 109 ¢
GDL (anode) hydrophobic contact angle 0. 90, 110, 135 (
GDL (anode) water removal coef. = | 1E-05, 5E-05, 1E-04 7 C
(

(

(

(

(

C

(

(cathode) surface/volume ratio I/m 1OOO0D, 200000, 1000000 arlable

(cathode) h\'alrnphnlni( contact angle . a0, 110, 135

S uy (AR il _. n ERAOE R AIAPLOR 1 IR ()7
cathode) activation energy for J, ¢ 2 J/kmol SE+06. 3.314E+06, 1.2E+07 Parameter Name Symbol Fixed Value / Range

s (cathode) reference temperature for Jo¢ K 313

+ (l'.‘lllllul('l l‘lu(lln'l of ()‘_) solubility m=/s LE-9, 1E-R, 1E-7 Reversible pote ntial (anode) ’-““"‘ v 0

IE-9. 5E-8. 1E-8 y Reversible |.-m'llli:|| {(cathode Up cat \'/ 1.229

. Entropy (anode) ASy J/kmolK  -130000

Entropy (cathode) ASear J/kmolK 32660
Leakage current density Neak A/m? 0
Standard temperature To K 208.15
Standard pressur Po Pa 101325

. (cathode) condensation coell. LE+06, 1E4+05. 1E+10 Liquid density o kg/m*

, (cathode) evaporation coeff y IE406, IE<08, 1E410 ( Liguid thermal conductivity ky W/mK

roolant density d GOR .2 . "‘.q water content at a = |

Eq. water content at s = |

I
|
I
I
I

, (cathode) catalyst particle radius p m
GDL (anode) Leverett coeff. a LALT

GDL (anode) Leverett coeff, b 2.12

GDL (anode) Leverett coeff, ¢ 1.263

GDL (anode) condensation coeff . 1E406G, 1E408, 115410
GDL (anode) evaporation coefl. LE4+06, 1E+08, 1E+10
CL (anode) porosity 0.4, 0.75, 0.9

'L {c'.’lllhull'l l,n'\‘vl:']! coeff, a ]7

i |
b |
I
'L, (cathode) ionomer resistance 50, 100, 300
|
B |
|

1.4
. (cathode) Leverett coeff. b 2.12
. (cathode) Leverott cooff, « 1.263

I
I

GDL (anode) Leverett coefficient a
GDL (anode) Leverett coefficient b
GDL (anode) Leverett coefficient ¢
C'L. (anode) reference temperature for ./“f
CL (anode) Leverett coeflicient o

CL (anode) Loverett coofficient b
CL (anode) Leverett coefficient ¢
Membrane permeability

GDL (eathode) Leverett coofficiont o
GDL (cathode) Leverett coefficient b
GDL (eathode) Leverett coefficiont «

CL (eathode) reference temperature for Jo.¢
CL (cathode) Leverett coefficient a

CL (eathode) Loverett coeflicient b
(
(

LI

'L (eathode) Leverett coefficient «
‘volant density
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Find the set of
parameters P
corresponding to the
volt-ampere
-characteristic.

| Training Procedure

5 |

Operational | Operational

Start = —— ,  Limit
' Parameter Update

—g—9L
8=6-1-

{(Uj, N}
forje {1, 2, 3}.




- VSB TECHNICAL

o R=FRESH - _CFD results: Polarization curves [legracesToe:

OF OSTRAVA

»
e . o - ® ‘
. " . B SN - -
- N et . . 4 d B ‘e 0 . » e - - - .58 -
-

CFD Polarization Curves Compared with Nedstack FCS 8-XXL Reference Data

CFD simulations
Nedstack FCS 8-XXL =@
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INPUTS A composite model for the Current prediction task l OUTPUTS

An input The first A transfer The second A transfer The third A final output
voltage MLP block residual block MLP block residual block MLP block residual block MLP block current

parameters in: dim=26 in: dim=256 in: dim=256 in: dim=128 in: dim=128 in: dim=64 in: dim=64 dim =

dlm = 26 out: dim=256 out: dim=256 out: dim=128 out: dim=128 out: dim=64 out: dim=64 out: dim=1

idual block
MLP bloc k (M* (N+1l) params) Residua oc

MLP bloc k (M* (M+1l) params)

LayerNor m

M

Dropout

p=0.25
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* Random initialisation of param‘eters P (50 configurations)
* Gradient optimisation method (Adam: learning rate 1e-3) Inference Phase
* Selected-15 best predictions
* Verification by CFD simulation (ANSYS)
o 2 divergent configurations |
o 2 non-acceptableconfigurations :
o 3 acceptable configurations (difference < 3%)
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

DIVERGENT SOLUTION
RANK
12
15

CONFIGURATION

CONFIG_2
CONFIG_5
CONFIG_15
CONFIG_4
CONFIG_1
CONFIG_8
CONFIG_14
CONFIG_11
CONFIG_7
CONFIG_13
CONFIG_9
CONFIG_12
CONFIG_3
CONFIG_10
CONFIG_6

CONFIGURATION

CONFIG_12
CONFIG_6

ERRORI[%]
2,37
2,74
3,12
3,88
4,46
5,11
5,29
5,90
5,95
8,01
12,25

43,98
52,70
53,96
105,91

ERROR[%]
43,98
105,91

CFD simulation: Validation -

U gady Moo e o -
R o R

Polarization Curves - 15x CFD from cofigurations

06
1I[A/em2]
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o

—o—EXPERIMENT "!
——CONFIG_1
—o—CONFIG_2
—o—CONFIG_4
—o—CONFIG_S

CONFIG_15
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CFD simulation: Validation

Py '”., L
LW v “ ' .
" O

Polarization Curves - 5 Best CFD cofigurations

1,4
I[A/cm2]

«=o =EXPERIMENT
—e— CONFIG_1
—o— CONFIG_2
—e— CONFIG_4
—e— CONFIG_5
CONFIG_15
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