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Abstract - In the hydrogen filling process, hydrogen flows by the pressure difference between the supply
pressure at a filling station and a storage tank in the vehicle, and the flow rate depends on the pressure
difference. Therefore, it is essential to consider the pressure drop of hydrogen occurring during the filling proc-
ess, and the efficiency of the hydrogen filling process can be improved through its analysis.

In this study, the pressure drop was analyzed for a hose, a nozzle/receptacle coupling, a pipe, and a valve in
a filling line. The pressure drops through hose and pipe, the nozzle,receptacle coupling, and the valve were cal-
culated by using a equation for a straight conduit, a flow nozzle formula, and a gas flow respectively. In addi-
tion, as a result of comprehensive analysis of the pressure drop effect occurring in each component, it was
found that the factor that has the greatest influence on the pressure drop in the entire filling line is the pressure
drop through the valve. This study can be used to develop a model of the hydrogen filling process by analyzing
hydrogen flow including hydrogen filling in the future.
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Table 1. Hydrogen refueling station (HRS) cla-
ssification by fuel delivery temperature
categories per pressure classes [3]

Pressure
Temperature

35 MPa 70 MPa

H70-T40

-40 C to 33 C H35-T40 HI0-T40D
33 C to 26 C H35-T30 H70-T30
26 C to -175 C H35-T20 H70-T20
-40 C to 26 C - H70-T30D
40 C to -175 C - H70-T20D

Fa

-Ey g
w5 ®
21 %E(p)a} HAE(p)ol SA3HA AHgEH
o2 o] A4l o, 5 st 2 BEAge A

‘ﬂﬂﬂwmhﬂ%mRﬂMLW‘

mol/LQ} uPaso|th 2()dll AHe-E= Al ghE2

Table 29 YER AT

Table 2. Coefficients of Eq. (1) for hydrogen den-
sity and viscosity[13]

P [mol/L] u [ #Pass]
() 1.22604E+01 4.43973E+00
aq -1.79281E-01 -2.54194E-02
Qs 1.02937E-03 3.88441E-04
as -2.90490E-06 -1.46520E-06
Ay 4.03358E-09 2.61578E-09
as -2.20656E-12 -1.82785E-12
Qy 1.46962E+00 2.03992E-01
a -6.43678E-03 -1.82222E-03
Aoy 1.18840E-05 7.19879E-06
asy -7.23047E-09 -1.36045E-08
ayq -1.29223E-12 9.94388E-12
Qo -1.51406E-02 1.06892E-03
(e 7.48869E-05 -4.12956E-06
Aoy -1.31934E-07 9.34365E-09
(e 7.68085E-11 -71.24722E-12
Qo3 6.59177E-05 -8.83595E-06
a3 -2.62691E-07 5.08461E-09
Qo 2.69539E-10 -3.70674E-12
Aoy -9.85005E-08 7.12976E-08
ayy 2.54693E-10 -2.27399E-11
Qs -2.37334E-11 -1.99217E-10
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Table 4. Conditions for friction factor estimation

26

Friction factor

25

24

Blasius

| o

22
0 10 20 30 40 50 60 70 80 920

Pressure [MPa]

Fig. 1. Friction factor with A, pressure at 26T,
60g/s, 6.83mm

25

Ttem Values Remark
Mass flow Light and heavy
rate 60 gis, 120 gfs duty fueling

Temperatur -40C, -33C, T40, T30,
emperatute 26T, -17.5C T20, TI0,
6.83mm, 9.25mm, 1/8, 1/4, 3/8, 1/2
12.52mm, 15.80mm inch Sch. 40
Diameter
5.46mm, 7.67mm, 1/8, 1/4, 3/8, 1/2
10.74mm, 13.87mm inch Sch. 80
Pressure Increasing up to 90 MPa
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Fig. 2. Pressure drop per length with /A, pressure
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Fig. 3. Pressure drop per length with A, pres-
sure and mass flow rate at (a) 40C and

(b) -17.5C by Chen eq.
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Fig. 7. Pressure drop with /4, pressure at various

Temperatures.
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: Polynomial coefficients

: Coefficient factor
: Static volume specific heat

= a0,

: Internal orifice diameter under operating con-
ditions [m]

: Diameter of duct [m]

: Friction factor

: Mass flux [g/m>s]
: Gas relative density
: Length of duct [m]

: Mass flow rate [g/s]

: Pressure [MPa]
: Primary absolute pressure [MPa]

SINVINAQSY

: Secondary absolute pressure [MPa]
A P: Pressure drop [MPa]
Qy : Gas flow rate in standard conditions [m?®/h]
Re :Reynolds number
t  :Fluid temperature [C]
: Temperature [K]
v :Linear velocity of flow [m/s]

2|4 2X1

0 : Diameter ratio of nozzle diameter to hose diameter
¢ : Expansion coefficient

1 @ Viscosity [ «Pa-s]

p : Density of fluid [mol/L]
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