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Protocol for heavy-duty

Hydrogen refuelling

CET Timing (approx.)  Topic Responsible
12:45 CET Join webinar (Note: webinar will start at 13:00 CET) Moderation: Martin Zerta (LBST)
13:00 CET Welcome Martin Zerta (LBST) and Christian Spitta
13:10 CET Introduction to PRHYDE Vincent Mattelaer (Toyota Europe)
13:25 CET WP33 Protocol concept development Claus due Sinding (NEL)

Steve Mathison (FirstElement Fuel)
14:45 CET Break (15 mins)
15:00 CET WP53 Experimental validation Antonio Ruiz (Nikola)
15:30 CET WP40 Modelling and validation Fouad Ammouri (Air Liquide)
16:00 CET Summary of key results and outlook g{:\ljz hDAl;?hiSsjggl?lgir(sTIEEI:)rﬁgﬁi:I:I;t (ITA
16:20 CET Questions / Discussion All
16:55 CET Closing remarks Martin Zerta (LBST)
17:00 CET Freekkkek End of Webinar ek
17: 15 CET é Labtour (for visitors in Duisburg) Christian Spitta (ZBT)

Final dissemination webi2a of September 2022 WWW.PRHYDE;eIA



Final PRHYDE Webinar"f &&ptember 2022

WP40 Modeling

Fouad Ammouri (Air Liquide)

WWW.PRHYDE.GIA



. . =
Purpose for physical modeling W=t PRHYDE

Hydrogen refuelling

The objective of modeling is to be the basis for defining HD refueling protocol
It uses 2 approaches:
- 0D/1D modeling
- Computational Fluid Dynamics (CFD) 3D modeling

Before using modeling results, need for validation

Modeling validation using experimental data on different tank sizes and refueling conditions
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Hydrogen refuelling

0D/1D modeling W Y

0D/1D modeling approach is based on mass and energy balance equations applied on the gas and on tank walls

0D modeling for the gas and 1D modeling for the tank walls

It calculates volume average gas temperature, surface average wall temperature at different thicknesseshataniais n
function of time during refueling

Its major advantage: computing time = few minutes
0D/1D modeling can be used for parametric study and for defining refueling protocols

However, it cannot calculate local variables then cannot be used to estimate maximal local gas and wall temperatur
thermal stratifications occur
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. =
CFD 3D modeling w =t PRHYDE

Hydrogen refuelling

CFD 3D modeling is basedammeiStokes equations and some specific turbulence models

| ts major advantage: <calcul ates | ocal 3D vari ablaak
and can estimate the thermal stratification occurrence in the gas volume and temperature gradients when using an
turbulence modeling

However for one refueling €4s8,3D modeling takes many weéeke calculated

Due to its very high computing time, CFD 3D modeling for gas tank fillings cannot be used neither for parametric st
defining the different conditions for refueling protocols

6
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0D/1D models used “”_E!?R,,H!D E

Hydrogen refuelling

SOFIL (Air Liguide)
HyFil(Engig
H2FillS (NREL)
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SOFIL software to estimate gas temperature & mass when

filling / defueling gas tanks for safety & energy optimization

W !
-!- In-house software @ R&D Air Liquide since 2010

Stations

Filling

Defueling
Filling Centers

”*

Refuelling
protqcols

Pressure ramp rate
Storage tanks

Precooling T°

4
Mass & energy balance equations 2
Final pressure

@ AirlLiquide

creative oxygen

Validated during
HyTransfer project

- On experimental fillings and CFD
results
- For horizontal tanks type 111/1V

Major benefits
- Quick computations (~ min)
- Precise

Simulation assumptions
- OD-gas

- 1D-wall
- 2D-piping discretization



0D/1D models usadyFill[Engid w = PRHYDE

Hydrogen refuelling

HyFildeveloped dvatlalsimulink allows to simulate the fast filling and emptying of hydrogen tanks in orde
final temperature reached by the hydiggdls.a pseudbD model. It considers that the gas temperature is ur
each instant in the tank. The heat transfer between the gas and the outside is modeled by the unsteady
conduction equation.

Mass andnergyalancequationfD):

( — a a

{— a Q a 10Q U
- QY"Y

\

Unsteady state 1D conduction equation for the heat in the tank walls
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0D/1D models used: H2FillS (NREL) w = PRHYDE

Hydrogen refuelling

Mass and energy balances are calculated with the assumption that tank volume does not increase with
The governing equations for the mass and energy balances:

—@)
—@Go & Q 6 | Y s Y

Unsteady heat conduction equation and boundary conditions are applied to obtain the temperature distri
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Hydrogen refuelling

Validation for OD/1D models wi=! PRHYDE

Validation for different tank sizes and refueling conditions:

240 L type IV H70 tank at ZBT

350 L type IV H50 tank at ZBT

322 L type lll H35 tank at ZBT

165 L type IV H70 tank at Nikola

11
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Validation for OD/1D mode&ld40 L type IV H70 tank at ZB& PRHYDE

Protocol for heavy-duty

Hydrogen refuelling )

Mean absolute temperature difference
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Validation for OD/1D mode&dS0 L type IV H50 tank at ZB& PRHYDE

Protocol for heavy-duty

Hydrogen refuelling )

Mean absolute temperature difference
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Validation for OD/1D mode&l22 L type Il H35 tank at ZB& PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

Mean absolute temperature difference
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Validation for 0D/1D moddl&5 L type IV H70 tank at Nikola y, &= PRHYDE

Protocol for heavy-duty
Hydrogen refuelling

Mean absolute temperature difference
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CFD 3D modehsysFluent) ori65 L type IV H/70 tank  w./=

Temperature [°C]
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Protocol for heavy-duty
Hydrogen refuelling

Horizontal Temperature stratification

>

"Colder zone

“.... Hotter zone

Recirculation of the cold jet

at the front of the tank
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Low mixing due to
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Hydrogen refuelling

Validation for CFD 3D model for 165L type IV H70 taﬁﬁﬂﬁﬂlﬁﬂ

k-w SST turbulence modath an additional

production termdthe SASterdi n t he Uy e g u a Rdy#lds Stress turbulence Model (RSM) j
E.e
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