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Final PRHYDE Webinar (Hybrid event)| 22nd September 2022 

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 (ZBT)

13:10 CET Introduction to PRHYDE Vincent Mattelaer (Toyota Europe)

13:25 CET WP3 ðProtocol concept development Claus due Sinding (NEL)

Steve Mathison (FirstElement Fuel)

14:45 CET Break (15 mins) 

15:00 CET WP5 ðExperimental validation Antonio Ruiz (Nikola)

15:30 CET WP4 ðModelling and validation Fouad Ammouri (Air Liquide)

16:00 CET
Summary of key results and outlook

Claus Due Sinding (NEL), Nick Hart (ITM), 

Steve Mathison (FirstElement Fuel)

16:20 CET Questions / Discussion All

16:55 CET Closing remarks Martin Zerta (LBST)

17:00 CET ********* End of Webinar *********

17:15 CET éLab tour (for visitors in Duisburg) Christian Spitta (ZBT)
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WP4 ðModeling
Fouad Ammouri (Air Liquide)

Final PRHYDE Webinar | 22nd September 2022 
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Purpose for physical modeling

4

ÁThe objective of modeling is to be the basis for defining HD refueling protocol 

Á It uses 2 approaches: 

- 0D/1D modeling

-Computational Fluid Dynamics (CFD) 3D modeling

ÁBefore using modeling results, need for validation

ÁModeling validation using experimental data on different tank sizes and refueling conditions
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0D/1D modeling
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Á0D/1D modeling approach is based on mass and energy balance equations applied on the gas and on tank walls

Á0D modeling for the gas and 1D modeling for the tank walls

Á It calculates volume average gas temperature, surface average wall temperature at different thicknesses and gas mass inside the tank in 

function of time during refueling

Á Its major advantage: computing time = few minutes

Á0D/1D modeling can be used for parametric study and for defining refueling protocols

ÁHowever, it cannot calculate local variables then cannot be used to estimate maximal local gas and wall temperatures when 

thermal stratifications occur
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CFD 3D modeling

6

ÁCFD 3D modeling is based on Navier-Stokes equations and some specific turbulence models

ÁIts major advantage: calculates local 3D variables like temperatures (gas and tank walls), gas velocities etcé,  inside the tank

and can estimate the thermal stratification occurrence in the gas volume and temperature gradients when using an appropriate 

turbulence modeling

ÁHowever for one refueling case, CFD 3D modeling takes many weeks to be calculated 

ÁDue to its very high computing time, CFD 3D modeling for gas tank fillings cannot be used neither for parametric study nor for 

defining the different conditions for refueling protocols
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0D/1D models used
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ÁSOFIL (Air Liquide)

ÁHyFill(Engie)

ÁH2FillS (NREL)



02/2020

F. Ammouri, A. Charolais, E. Vyazmina     ǋ R&D Paris

Prhyde WP3

THIS  DOCUMENT  IS  ǋJOUFSOBM AIR LIQUIDE, A WORLD  LEADER IN GASES, TECHNOLOGIES AND SERVICES FOR INDUSTRY AND HEALTH 

SOFIL: software to estimate gas temperature & mass when 
filling / defueling gas tanks for safety & energy optimization

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

Validated during 
HyTransfer project

- On experimental fillings and CFD 
results
- For horizontal tanks type III/IV

Major benefits
- Quick computations (~ min)
- Precise

Simulation assumptions
- 0D-gas
- 1D-wall
- 2D-piping discretization

Stations

Filling Centers

Storage tanks

H2, O2, Ar,...

Mass & energy balance equations

SOFIL

Filling

Defueling

Refuelling 

protocols

Metallic or composite cylinder

Pressure ramp rate

Precooling  T°

Final pressure
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0D/1D models used: HyFill(Engie)
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ÁHyFilldeveloped on Matlab/Simulink allows to simulate the fast filling and emptying of hydrogen tanks in order to predict the 

final temperature reached by the hydrogen. HyFillis a pseudo-1D model. It considers that the gas temperature is uniform at 

each instant in the tank. The heat transfer between the gas and the outside is modeled by the unsteady 1D cylindrical 

conduction equation. 

ÁMass and energybalance equations(0D):

Á

ά ά

ά Ὤ ά Ὤ ὗ

ὤὙὝ

ÁUnsteady state 1D conduction equation for the heat in the tank walls
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0D/1D models used: H2FillS (NREL)
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Á Mass and energy balances are calculated with the assumption that tank volume does not increase with the pressure rise. 

The governing equations for the mass and energy balances:

Á ά ά

Á άό ά Ὤ ὃ ‌ ȿὝ Ὕ

ÁUnsteady heat conduction equation and boundary conditions are applied to obtain the temperature distribution in the wall:

Á ὥ

Á ‗ ‌ Ὕ ȿὝ

Á ‗ ‌ ȿὝ Ὕ
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Validation for 0D/1D models
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ÁValidation 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 III H35 tank at ZBT

- 165 L type IV H70 tank at Nikola
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Validation for 0D/1D models: 240 L type IV H70 tank at ZBT
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Validation for 0D/1D models: 350 L type IV H50 tank at ZBT 
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Validation for 0D/1D models: 322 L type III H35 tank at ZBT
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Validation for 0D/1D models: 165 L type IV H70 tank at Nikola
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CFD 3D model (Ansys/Fluent) on 165 L type IV H70 tank
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Test #2 Test #14
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Validation for CFD 3D model for 165L type IV H70 tank
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Reynolds Stress turbulence Model (RSM)

k-w SST turbulence model with an additional 

production term ðthe SAS term ðin the ɥ equation


