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CONTEXT




'1/ Context

Fuel cell durability and efficiency are fundamental topics to make the technology competitive.

2030 2050
~
‘ % ‘ U.S. Dept. of Energy
targets (Heavy Duty)
SR 68% peak eff. 72% peak eff.
20,000 hours 25,000 hours 30,000 hours
(Heavy Duty)

To achieve these goals, one of the keys is the hydrogen recirculation system. It has to:

Supply sufficient gas quantity on the whole flow field

Ensure water management

Sustain defined operating conditions (Pressure, Temperature, Current...)
Be compact and energy efficient
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'1/ Context

Area of study: focus on anode loop

1) Recirculation is needed to raise the
anode stoichiometric ratio & ensure

water management.

2) Ejector (venturi):
€ Compact, passive.
/A Sizing adapted to stack power

range.

3) Purge
- Necessity to purge N2 and H20.

COOLING



Recirculation loop system
modeling




'2/ Recirculation loop system modeling

System presentation: model features

High_ = U Purgg_|Valve

Pressure
Supply ~ Water_Trap

Air_Loop

Key features:

» Multispecies: H20 and N2 crossover
prediction, impact on recirculation
performance.

« Thermal behavior, condensation.
« Geometry and purge dynamics.

Key outputs:

« Stoichiometry, gas composition and
humidity, stack flow rate.
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2/ Recirculation loop
system modeling

Stack calibration

Correlation:
Anode pressure loss: maximum error of

11 mbar.

N2 Crossover: maximum error of 15%

Friction Multiplier

[Friction_Multiplier]|...

Discharge Coefficient

[Discharge_CneﬂE

Mitrogen Crossover Rate Multiplier [N_Crnssnver_MuIt]E

Anode pressure loss calibration
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N2 Crossover calibration

N2 Crossover vs Temperature
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'2/ Recirculation loop system modeling

Ejector modeling workflow

3) GT-SUITE
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Architecture exploration




'3/ Architecture exploration

Ejector size choice

Anode Stoichiometry
=~ Ejector n®1 == Ejector n°2 —f— Ejector n®3

Optimal

stoichiometry

Anode Stoichiometry

| | | | |
0 max
current [A]

@ Anode Stoichiometric Ratio =
H?2 Flow Rate at Stack Inlet
H2 Consumption

—> Ejector sizing will define the idle power
of the system.

- Ejector n°2 has a good trade-off
between low and high power.

Idle (minimum) | Optimal power
power range

Ejector n°1 Reference Reference
Ejector n°2 +14% +5%
Ejector n°3 + 50% -9%
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'3/Architecture exploration

Staichiometric Fatio

Purge calibration (1/2): sensitivity study

Anode Stoichiometric Ratio
vs. Purge Factor
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FPurge Factor

The purge strategy is a trade-off:

N2 Mal Frac Stacl Out

Purge factor = overconsumption
factor due to H2 loss at the purge

N2 Mole Fraction Stack out
vs. Purge Factor
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Furge Factor

- High purge factor to limit N2 concentration / raise the stoichiometry.

- Low purge to avoid rejecting H2 and to lower the consumption.
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'3/Architecture exploration

Purge calibration (2/2): optimization result

Stoichiometric Fatio

Anode Stoichiometric Ratio
——Initial Furge Setup —¢— Optimized Purge
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Purge factor = overconsumption
factor due to H2 loss at the purge

Purge Factor
——Initial Purge Setup —¢-Optimized Furge

*

1
1
i

s,

'\_\

e e —.

1@

max

current [A]

Once the stoichiometric ratio criteria is met, consumption is optimized ().
Maximum power is calibrated to reach the optimal stoichiometry ().
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Conclusion




'4/ Conclusion

Key results:
= Good correlation of the model with test data.

» Virtual system architecture and calibration to reach performance
and durability targets.

Next steps:
= Added complexity.
= QOther system architecture exploration.

Thank you for listening!

?
A FAURECIA MICHELIN MYDROGEN COMPANY




SYMBIO

A FAURECIA MICHELIN HYDROGEN COMPANY

BUILDING
A POSITIVE
FUTURE

symbio.one m n B



