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Protocol for heavy-duty
Hydrogen refuelling

Objectives

Validate modeling software (SOFIL) on different tank sizes and pressur
(700 bar, 500 bar and 350 bar)

CFD modeling for treatment of cases with high thermal gradients

Use SOFIL software to define HD refueling protocol approaches
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'SOFIL: software to estimate gas _tempe_rat.ufe & _mas.s_whén _____

filling / defueling gas tanks for safety & energy optimization @airLiquide

creative oxygen

,

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

Validated during
HyTransfer project

Stations

- On experimental fillings and CFD
results

- ,Fi”ing = b . - For horizontal tanks type 111/1V
Defueling , : ﬁ : [ ﬁ

Major benefits

H2, 02, Ar,... N i s i

\ a . ' : j - Quick computations (~ min)

r : B | Filling Centers - Precise
\. : | | Crotocols

protgcols Simulation assumptions
- : ) - 0D-gas
- ; - 1D-wall
R Py : - 2D-piping discretization 4
o Pressure ramp rate :
Mass & energy balance equations . Precooling T° Storage tanks WW'PRHYDEil

Final pressure
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SOFIL validation on 700 bar, type 4, 165L, Nikola tank: presented in last w
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Hydrogen refuelling

CFD results with temperature gradients on 700 bar, type 4, 165L, Nikola te

Estimated| Test " Initial Pre:sure Ambient / Chu'nbe:r Dispenser Pn-woli:n; Dispenser Pn-m:ln; S L Bnd ol B8 Citoste
Date |Number (bar) Temperature (°C) ' | Temperature (°C) Tolerance (°C)
+Lomaplate 1 Iype 4 HI0 165] 2 15 Al +2..0 LCopnstant PRR .. R APa/min Q71005 SOC
LCGmpIete | Type 4, H70, 165L 20 50 40 +1/-0 Constant PRR - 8 MPa/min 97-100% SOC
Complete 3 Type 4, H70, 165L 20 E 40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC
Complete 4 Type 4, H70, 165L 20 -30 40 +7/-0 Constant PRR - 8 MPa/min 97-100% SOC

Nikola tank (165L - type IV)
Experiment results from June 2021

Boundary conditions for the CFD simulation from SOFIL:
- Inlet mass flow rate and temperature
- Ambient temperature
- Heat exchange with ambient air
- Half tank with symmetry 6
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Temperature °C]

Protocol for heavy-duty
Hydrogen refuelling

CFD results for test#2 with temperature gradients on 700 bar, type 4, 165L, Nikola tat

Temperature at the different probes from experiment

T Expected flow behaviour according to measurements
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& Tl front of the tank

No mixing at the end of the tank
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Hydrogen refuelling

CFD results for test#2 with temperature gradients on 700 bar, type 4, 165L, Nikola tat

Temperature field at 100s:

SAS turbulence model

RSM turbulence model
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Hydrogen refuelling

CFD results for test#2 with temperature gradients on 700 bar, type 4, 165L, Nikola tat
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