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Polarization curve Polarization curve for 1 fuel cell (65°C)
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Anoda (Hydrogen Oxidation Reaction, HOR):

2H, - 4H" + 4e”

Katoda (Oxygen Reduction Reaction, ORR):

O, +4H" + 4e~ - Z2H,0

Celkova reakce:
ZHZ + 02 - ZHZO
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0

Entropy (YVkgrmol-k)

0

,'"(at /RT)

Model

Electrochemistry
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3_ref (A/m2)

A 0000

Paramaters

Cathode

1 ref (A/m2)
10

C_ref (kmol/md)
l

Con. Exponent
1

Exch, Coeft, (3)
1

Exch. Coeff. (¢)
1

Std, S2ate €0 (V)
1.22384

Entropy (Jkgmol-k)
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Std. State EO(V)
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10000

C_ref (kmol/m3)
1

Con. Exponent
1

Exch. Coeff.(a)
1

Exch. Coeff.(c)
1

Std. State EQ(V)
0

Entropy (j/kgmol-k)
0

Cathode

J_ref (A/m2)
10

C_ref (kmol/m3}
1

Con. Exponent
1

Exch. Coeff. (a)
1

Exch. Coeff. (c)
1

Std. State EO (V)

1.22884

Entropy (j/kgmol-k)
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Parameter Name

Symbol Unit

Range (Dakota)

Parameter Name

Symbol

Unit

Range (Dakota)

Reference current density (anode)
Reference current density (cathode)
Reference molar concentration Ha (anode)
Reference molar concentration Oz (cathode
Concentration exponent (anode)
Concentration exponent (cathode)

Transfer coefficient (anode)
Transfer coeflicient (anode)
Transfer coefficient (cathode)
Transfer coefficient (cathode)
Reversible potential (anode)
Reversible potential (cathode)
Entropy (anode)

Entropy (cathode)

Leakage current density
Standard temperature
Standard pressure

Exponent Diffusion gas
Exponent J,

Exponent relative permeability
Exponent liquid coverage
Liq.-Dissolved Phase

Liquid density

Liquid thermal conductivity
Gas-dissolved Phase

Osmotic drag coefficient

E¢. water content at a=|
Eq. water content at s=1|
GDL (anode) porosity

GDL (anode) permeability

GDL (anode) hydrophobic contact angle
GDL (anode) water removal coef.

GDL (anode) Leverett coeff. o
GDL (anode) Leverett coeff. b
GDL (anode) Leverett coeff, ¢

GDL (anode) condensation coell,
GDL (anode) evaporation coefl.

CL (anode) porosity
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‘Iu-f,.‘m A / “l:
"rc f,ent ‘\,“'lu-

vel.an kmol/m?

'V'rvl.c:\l kmol, lll3
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J/kmolK
J/kmolK
A ,"m")
K
Pa

“td
I, kg /m3
iy W/ mK
7 qll

Nosmn
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Ay

€
N
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1000, 10000, 20000
1, 10, 20
0.05. 1
0.01.1

0.3, 065, 1.0
0.3. 0.65, 1.0
0.3. 0.65, 1.0
0.3, 0.65, 1.0
0.3. 0.65. 1.0
0.3, 0.65, 1.0
]

1.229
130000
-326G60

0.25. 05, 1, 1.5
952

0.6

0.25. 0.5. 0.75

0.5, 1. 1.5

9.4

168

0.4, 0.75, 0.9

10~ |3‘ 10° Il. 10=?
90, 110, 135
1E-05, 5E-05, 1E-04
LALT

2.12

1.263

1E406, 1E40x8, 115+10
LE+06G. 1E4+0x%, 1E+10

0.4, 0.75, 0.9

CL {(anode) permeability

CL (anode) surface /volume ratio

CL (anode) hydrophobic contact angle
CL (anode) activation energy for Joof

CL (anode) reference temperature for Joq
CL (anode) Leverett coeff. a

CL (anode) Leverett coeff. b

CL (anode) Leverett coefl, ¢

CL (anode) condensation coeff.

CL (anode) evaporation coefl.

Membrane equivalent weight

Membrane protonic conduction coetl
Membrane protonic conduction exponent
Membrane water diffusivity coeff.
Membrane permeability

GDL (cathode) porosity

GDL (cathode) permeability

GDL (cathode) hydrophobic contact angle
GDL (cathode) water removal coef

GDL (cathode) Leverett coeff. a

GDL (cathode) Leverett coeff. b

GDL (cathode) Leverett coeff. ¢

GDL (eathode) condensation coeff,

GDL (cathode) evaporation coeff.

CL (cathode) porosity

'L (cathode) permeability

'I. {cathode) surface/volume ratio

‘L. (cathode) hvdrophobic contact angle

'L {cathode) activation energy for J, ¢

'L (cathode) reference temperature for Jy.¢
'L (cathode) product of Os solubility
, (cathode) catalyst particle radius

(cathode) ionomer resistance
'L, {cathode) Leverett coeff, a
{cathode) Leverett coeff. b

(cathode) Leverett coofl, ¢
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10-13_ 1011 109

10000, 200000, 1000000

90, 110. 135

SE+06, 3.3IE+06, 1.2E+07
Ja8

1.417

2.12

1.263

LE4+06. 1E+08, 11E+10
[IE406. 1E+08, 1E+10

=00, 1100, 1250

0.5,-1,.2

0.5 1,2

0] 32

10-13,10-11 10-9

0.4, 0.75. 0.9

10-13_10-11 10-9

90, 110. 135

LEE-05, 5E-05, 1E-04

1417

2.12

1.26G3

LE+06, 1E+08, 1E+10
LE406. 1E4+08, 1E+10

0.4. 0.75. 0.9

0= _10-11 10-9

LO000, 200000, 1000000

90, 110, 135

SE+06. 3. 314E+06. 1.2E+07
343

1E-9, 1E-58, 1E-T

LE-9, 5E-8, 1E-R

50, 100, 300

A17

2.12

1.263

LE+06, 1E+058. 1E+10
LE406, 1E4058, 1E+10
GUx.2




Parameter Name

Reversible potential (anode)
Reversible potential (cathode)
Entropy (anode)

|':l||rup\‘ (cathode)

Leakage current density

Stancard temperature

Standard pressure

Liquid density

l.iqhi(l thermal conductivity

Eq. water content at a = |

l’:ll. walter content at s = |

GDL (anode) Loverett coetficient a
GDL (anode) Leverett coefficient b
GDL (anode) Leverett coefficient «
C'L, (anode) reference temperature for Jo.¢
CL (anode) Leverett coeflicient o
CL (anode) Leverott coofficient b
CL (anode) Leverett coefficient ¢

Membrane permeability

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

CL (eathode) reference temperature for Joof
CL (cathode) Leverett coefficient a
Cl. (eathode) Levorett coeflicient b
CL (cathode)

Coolant density

Leverett coefficient «

Unit
v
v
) J/kmolK
A Sear J/kmol KK
Doak A/m?
To K
Po 'a
" kg/m*
k; W/ mK

[0, cat
u
b
¢

e

Fixed Value / Range

0

1.229

= 1300400
326060
0
20815
101325
Q82
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Parameter Name

Reference current density (anode)

Reference curvent density (cathode)
Reference molar concentration Ha (anode)
Reference molar concentration Oy (cathode)
Cloncentration exponent (anode)
Concentration exponent (cathode)
Transport coethicient (anoxde)

lransport coefficient (cathode)

Exponent: ditfusion gas

Exponent: J, .

Exponent: relative permeability

Exponent: liquid coverage

Exponent: liquid-dissolved phase

Exponcnt: gas-dissolved phios

Osmotic drag coeflicient

GDL/CL porosity

GDL/CL absolute permeability

GDL/CL hydrophobic contact angls

Water removal coefficient (GDL/CL)
Condensation rate coeflicient (GDL/CL)
Evaporation mte cooflicient (GDL/CL)
Catalyvst layer sarface-to-volume ratio (anode)
Activation enorgy for J

Membrane equivalent weigin

Membrane protonic conduction coefliciom
Membrane protonic conduction exponent
Membrane water diffusivity coefficient
Cathode CL product of O2 solubility and diffusivity
Cathode CL catalyst particle radins
Cathode CL jonomer resistance

Symbol Unit

ol an A/m?
J A/m?

rof cat
.rrl.:m
C .r~-Y.| ne
.'.\l’l

Teat

anode
Aeathade

L

Yod

Tosm

I8
f,
@

C 1/m
I'., J/kmol
W kg / kmol
(III' m
TN
Kalls

kmaol /m?
kmol /m?

Range (Dakota)

1000, 10000, 20000

1. 10, 20
0.05, 1
0ol 1l

0.3,
).:
0
0.
1
1

2 8

0.2,

065, 1.0
065, 1.0
L 0.65. 1.0

g
) »

2 3
2.5, 3.5

|
I, L8

0,25, 0.5, |

0,25 0.5, 0.75

0.5,
0.4,

1E-16, 11-12
110, 135
1E-05, 515-05

1E406, 1E4

RN
0.5,
0.5,
0.1,

1E-08

=04

U8, 1E410
1E+06, 1E+0%, 1E+10
1OO00, 200000, 100X
SE4+06, 3 314E+06, 1.2E4+07

1106, 1250

1.2
1, 2

1E-9, 1E-8, 1E-7

1E.

50, 100, 300

SE-8, 1E-5




voltage [V]

voltage [V]

0,02

PEMFC min - high effect

0,05

0,1
current density [A/cm2]

0,15

PEMFC min - low effect

0,04 0,06 0,08
current density [A/cm2]

—@—J_ref_an
—@—J_ref_cat
—@— C_ref _cat
~—0— gama_an_cat
—@— alfa_catode
—@— exp_gama_gd
- @ = EXPERIMENT

C_ref_an
alfa_anode
—@— exp_rs
—@— exp_gama_j
—@—exp_b
—@— exp_theta
—@— exp_gama_lId
—@— exp_eta_osm
water_removal
—@— gama_c
gama_e
KwDw
—@— radius_part
—@&— R_ion
- @ = EXPERIMENT

voltage [V]

voltage [V]

PEMFC max - high effect

0,1 0,15
current density [A/cm2]

PEMFC max - low effect

0,04 0,06 0,08
current density [A/cm2]

—@—J_ref_an
—@— ] ref_cat
—@— C_ref cat
——@— gama_an_cat
—@— alfa_catode
—@— exp_gama_gd
— @ = EXPERIMENT

C_ref_an
alfa_anode
—@— exp_rs
—@— exp_gama_j
—@—exp_b
—@— exp_theta
—@— exp_gama_ld
—@— exp_eta_osm
water_removal
~—@— gama_c
gama_e
KwDw
—@— radius_part
—@—R_ion
- @ = EXPERIMENT

Polarization curve for PEMFC (65°C) parameter
beta_mem

A Ul Datasheet 10kW

ohmic
= B= |J| Datasheet 10kW

e=l== operating start
e=li== operating end

—*— CFD_3

beta_mem=1
—#— CFD_3

beta_mem=0.5
—#— CFD_3

beta_mem=2

0,55

o0 0,1 0,2 03 04 05 06 07 08 09 1,0 1,1 1,2
I[A/cm2]

Polarization curve for PEMFC (65°C) parameter omega_i

Ul Datasheet 10kW
ohmic
= B= Ul Datasheet 10kW
el operating start
e=l=== operating end
—4— CFD_3 omega_i=1
N~ —=— CFD_3omega_i=0.5

—#— CFD_3 omega_i=2

0,55
0,0 0,1 0,2 03 04 05 06 0,7 08 09 1,0 1,1 1,2

I[A/cm2]




AI: DEFINICE ULOHY

Nalézt sadu parametru P odpovidajici
volt-ampéroveé charakteristice

{(U;,1;)} proj € {1,2,3}

Vytvorit nahradni model (surrogate model) pro
odhad P s pomoci gradientni optimalizace.

fo:P XU > I,

f@:I—)P.




ZEUS

AI: NAVRH RESENTI

Krok 1: Training procedure

 Ocisteni a transformace dat _

MLP
* Normalizace hodnot P, U, I tak, aby byly v konkrétnim rozsahu (a, b).
* Odstraneni odlehlych hodnot fo
 Rozdéleni dat na trénovaci a testovaci
B oL

Krok 2:
* Definice vhodné architektury modelu: Vicevrstvy perceptron.

* Experimenty s:
v , O=0—-A—
e poctem skrytych vrstev 90

e aktivacnimi funkcemi
e normalizacemi vrstev
 hodnotami dropoutu

Krok 3: Trénink nahradniho modelu:

* V\ybér vhodné optimalizaCni metody (AdamW).

* Vybér vhodného planovace rychlosti uceni (cyklicka rychlost uceni).
 Monitoring ztratové funkce
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AI: ODHAD PARAMETRU

Optimization procedure

f .
:

{plrﬁEJ "'rﬁk}

Parameter clipping

Inverse transform

p=171(P)
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