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Abstract: Hydrogen energy as an alternative source of energy has been receiving tremendous support around the
world, and research is being actively conducted accordingly. However, most of the studies focus on hydrogen
storage tanks and only are few studies on interpreting the hydrogen filling system itself. In this study, with
reference to SAE J2601, a hydrogen fueling protocol, a simulation model was developed that can confirm the
behavior of the vehicle's internal tank during hydrogen fueling. With respect to factors such as fuel supply
temperature, ambient temperature, and pressure increase rate, the developed model can check the change of
temperature and pressure in the tank and the state of hydrogen charging during hydrogen fueling. The validity of
the developed simulation model was confirmed by comparing the simulation results with the experimental results
presented in SAE J2601.

715 MH g : gravitational acceleration [(N-s)/m’]
Gr : Grashof number
A area [m’] h : specific enthalpy [J/kg]
a : constant that corrects for attractive potential of L : total thickness of the wall [m]
molecules n : mass flow [kg/s]
b  : constant that corrects for volume Nu : Nusselt number
C,, : mass flow parameter Q : heat [W]
C, : specific heat [J/(kgK)] P : pressure [MPa]
C, : dischange coefficient Pr : Prandtl number
D : diameter [m] R gas constant [J/(kgK)]
e : molar Helmholtz energy Ra : Rayleigh number

T : temperature [C]

t : time [s]
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x : thickness [m]

Z . compressibility factor
z : height [m]
o convective coefficient [W/(m*K)]
B : volumetric expansion coefficient [1/K]
A thermal conductivity [W/(m'K)]
©: absolute viscosity [(N-s)/m’]
p : density [kg/m’]
Subscripts
a :air
¢ critical

dn : downstream

g : gas

forced : forced convection
free : free convection

in : inlet

1 layer

NASA : National Aeronautics and space administration
out : outlet

res : residual

s supply

up : upstream

w : wall
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Table 1 Physical parameters of vehicle pipe

Geometry Units Vehicle
Internal gas volume m’ 0.2:10”
Total external length mm 5538

External diameter mm 10

Internal diameter mm 1.3

Wall thickness mm 5

mass kg 4
Material Properties

Density kg/m’ 7900
Thermal conductivity W/m/K Inf
Specific heat capacity J/kg/K 659

Table 2 Physical parameters of hose

Geometry Units Vehicle

Weight kg/m 0.33

External diameter mm 13
Internal diameter mm 6.4
Length m 3
Absolute roughness um 300~4000
Layer of wire - 4
Material Properties
Polymer (P, Inner tube)

Density kg/m’ 1410
Thermal conductivity W/m/K 0.23
Specific heat capacity J/kg/K 1470

Steel wire (Reinforcement)

Density kg/m’ 6100
Thermal conductivity W/m/K 31
Specific heat capacity J/kg/K 502

Polyamide (PA, Cover)

Density kg/m® 1130
Thermal conductivity W/m/K 0.25
Specific heat capacity J/kg/K 1590

Table 3 Physical parameters of tank

Geometry Units Vehicle

Volume m’ 0.11
Inner wall surface area m’ 1.4

Inner diameter m 0.477
Stored hydrogen mass kg 4.7
Liner thickness mm 5
CFRP thickness mm 35
Material Properties
Type IV tank (Liner)

Density kg/m’ 946
Thermal conductivity W/m/K 0.49
Specific heat capacity J/kg/K 2050

Type IV tank (CFRP)

Density kg/m’ 1580

Thermal conductivity W/m/K 0.7
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Table 4 Boundary conditions used to derive from

Fig. 3 ~ Fig. 5
Variable Units Value
Ambient temperature T 0
Initial pressure of tank MPa 2.15
T I
Supply time S 76.5
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