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Context

Single Double Triple

[FREEPIK]
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U Easily scalable (Same ingredients)

U Modular toppings (cheese, salad, steak...)


https://fr.freepik.com/vecteurs-premium/trois-tailles-differentes-burgers-du-hamburger-classique-au-tres-gros-burger-illustration-vectorielle-isolee_23448156.htm
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A Burger Analogy: Scalability in HDVs
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Can design knowledge from one application be transferred to others ?

Scaling laws

Modularizing
laws /

o= N I S - - pan e - - - -y,
- N I S S i S S S S S ..

Reference
component

Objective : Develop a generic method for scaling and modularizing laws using the EMR formalism that allow for
up- or down-sizing reference fuel cells for on-road HDVs.
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What is a PEM Fuel Cell?

Fuel cell is an electrochemical devices.

1
H, + 5 0, — H,0 + energy(electrical + thermal)

EMR’25, Lille, July 2025

Pump rel?gULJTa‘i::r | Load
Why PEMFC in Vehicles? ’
ygrogen ~ ~
High Efficiency tank
i
Operates at Low Temperatures Solid valve  — — — T Pump Purge valve
.. | b
- |
On-road zero Emissions i pump | 4 A\
Compressor : I'@ 2
= >
Cooler |
- I : Humidifier i i
I
| Fuel cell stack
|,  —
- [;E:]*‘ 1 = | ]
Back valve || I Water Hydrogen Cooler
T! separator Air — — — - Water

[Guo 2013]
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PEMFC Modeling Approaches

EMR’25, Lille, July 2025

Semi-
Empirical

Theoretical

Based on fundamental
physical laws

Specific phenomena,
Design

High accuracy

hard-to-obtain
parameters

[Labach 16]



https://theses.hal.science/tel-04250456v1/document

«Single fuel cell modeling »

from the PhD thesis of Loic Boulon
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Domains & Assumptions

Electric Part

Fluidic Part \

o
e
o @ 1

/ Fluidic Part

!
|

Cathode ElectroINnode

Electrochemical
Part
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Assumptions:

» Constant and uniform temperature

Liquid water formation

|deal gas behavior
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Fluidic Modeling

10

The fluidic behavior of a single fuel cell is modeled using an

electrical circuit analogy

C[H2 in QHzout
= o0 —

PHZ in PHzout
AP

qHZ in CIHzout

PHZ in PHzout

H, Flow consumption

R qC H2
d1Hz qp in T Raz u,
MWN—— —A\W
Y 4H,0ut
: : Can, —~
Hydraulic
Resistance
l_l_\
qd H2in qQH2
> P
sc H2
< —
Pr Psc H2
.1__
Qe H2
dH2 out Psc u2 T
B
AH2 out Psc n2 dH2 in - AeH2

EMR’25, Lille, July 2025

Electric
Part

Fluidic Part

porous

7
e £
| [
porous
Cathode Electrolvte \Anode

Electrochemical

Part
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Electrochemical Modeling

Electric . EMR’25, Lille, July 2025

Part R

JO. Nernst-Based Voltage Equation :
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Electrical Modeling

Ve = (P, T) = AV,

Capacitive effect (double-layer phenomenon)

ava(t) . Val(t
Ipac(t) = Cy dl()_l_ di(t)

dat

Ve= (Vg + V)

!

R¢

G2

Phz
9 H2in ref T

Pshz

YHz out Psc Hz

?

Psc Hz

.
Q
N
i

3

‘Pscm — 9qH2 in - 9cH2

QH2 out

902 in

$

qo2

Po2
9 02 in ref T

Psoz

Psc oz
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Psc o2 1

qo2 out

i
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Pscoz

o2 out
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Global EMR of a single cell
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Fluidic Part

49 H2in

Py

B

9 H2 in ref

Psp2

?

Electrochemical

9H2 out

9402 in

Po2
9 02 in ref

B

Pso2

i

902 out

GH2 N
<
Psc w2
-
<
A
GH2 out Psc 1z
< 7 < e H2
Psc y2 — 9H2 in - YecH2
9oz N
>
<
Psc 02
T
P
902 out SCo2
< y
Psc o2 ™ "402in - 9c02

T XASq pac

Tpac ref

Psc 12

Part

V (T, P)

A

Ipac

Electric Part

AV lpac

)e ve
lpac <

lpac

Ve

lpac

EMR’25, Lille, July 2025

Electric Part
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Model Fitting to Experimental Data

Specifications :

« Active area: 100 cm?

« Nominal current: 70 A

« Maximal current: 120 A

« Operating temperature: 60 °C

Missing parameters are obtained by fitting to experimental data. .
Fitting with nonlinear least squares method =

EMR’25, Lille, July 2025
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pELEs o Coed H

MATLAB 4\
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Global EMR of a stack 16
X EMR’25, Lille, July 2025
qH2 in = N qdH2 in
Pys = Pyy
Fluidic Part Electrochemical Electric Part
Part
q H2' in d H2 in
L VC v
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Conclusion & Perspectives
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Conclusion:

v The current EMR of the fuel cell model is based on the PhD thesis of Prof. Loic Boulon.
v" The model captures the main physical phenomena of fuel cells.

v It will serve as a basis for the next steps of our study.

Perspectives:
Reference
PA < Component > PA
r 1
iy, _ iy =4
pe : Reference
_i 2;? Component . =@

X, Reference component variables.

x% Scaled component variables.

[Aroua 2023]



Thanks for your attention !
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