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Abstract >> The purpose of this study was to propose a design that shows optimal
performance by changing the geometry of the internal flow path of the re-
ceptacle in order to prevent the decrease in flow rate and differential pressure
performance due to the application of the receptacle in the hydrogen charging
system. To achieve this, 3D computational fluid dynamics simulation was per-
formed for the receptacle, according to the geometry of the flow path inside the
receptacle. The pressure results at the inlet and outlet were measured the same
as both of N and H» in the experiment, and the flow rate of H, was 3.75 times
higher than that of N2. In addition, since the flow performance of the receptacle
improved under conditions where the flow path was widened, it was confirmed
that reducing the diameter of the poppet and the width of the guide are advanta-
geous for improving performance.

Key words : Cy(#i H S 2k 4), Hydrogen charging system($A &M A| A Hl), Pressure
distributions(& 2 £ 1), Receptacle(2| M E{ &), Velocity distributions

OA H
'IT—|TE)

A W77k A7) o HjEEE, of
S8 W AAH R SR FAS AeksHe

mlm

A7

_7;:_
B4 ARS oNUOR AgeHs WAL h  Alolrt'? ofo] meh TS AT AFAE Y

17

2023 The Korean Hydrogen and New Energy Society. All rights reserved.



18 TEVEAE 2ASHAALS 2HES0| HER $40) 12 95 A5 24
L]

A% 187 AgA) a7t B7leka
W] Bk ARAR TAE SaH7IAHER
(fuel cell electric vehicle)o] gt TAlo] =olx| 1L
oAt $2A7AEAE 245 UALOR A48
at7] 2ol ea Aol w2 7IEES a5,
Gk BA9 POl BhS FRHE Sl
FAL 7k 29 A gt =4 ®E) et
PR, $aFAALsgoR ogBe] feuy
ARAAL] 9ol FGFL v, o] st
Qe LEE AR 2AlE Sreceptacle)s 418510
ol=de LHYsH= Ao At e, TE A&

o Qs WS A F B TR AN

i
X
% o
lo
=
T
10
o
ofN
Ju
fru
Jo
(e}
%
N
X
o

lo
b F

o of i)
o
2
=)
a
=
J
Jo
U
1o
ot

& ox
©

12w ok
ol
e
2
[¢]
i)
1%
i,
2|
i
ol
ol

to |z ox flo

ol
Jo
offt

ox.
o2 g o
2 ot §2
ooz rlo st
2 1
£ oo
Aim ox. mT;
S
Wi
[ N
i =
o =)
S
N 2
i =
_Xg oln
NoE =B
on Jo r
to ol
ot m me off L

xR
k]
i)
|z
o

XEJEE
oo N
i

Mo |z 1o rr ale
Y
o3

= rlov

Les

O
o fe

M
ot x

QL

g‘L
lz %2
il
lll
<

- =

g
R
ol
B

o

-
1o

o
>
Jo

to mo %

2 1o
%
re
e
)
oo
ol
ol
s

2o
n
N
N
)
1o
o & o

oo
QL
4o K
oty o
N
M
oM.
gl'.
2
b
=

o
pacs
|o
.=
o

o & tb

£ Lo
oo

oz offl
£ dlo
oft o
%)
o
il

i)
e T
21!1

Jo
e

ox T &

I

o
oL o
Jo o
off r%
5 o
oF X2
o
©
i

fi
l
o,
U
o
o,

fot
ro
ol
o,
xR
K
M
12
o,
u o
lo |
Job oXx ©
r% ol
ol ol
2 oF
BRI
=

=)
i)
Sv
e
re
-
2,
>
(e o
4
B>
ofu
[
>
[>
util}
<

Aeue

actuator)

>~ O{N'
2
o
o
12
)
muly
o
=
T?-
i
it
offl

T

g 1o
ot
O
rE
o,
=
i=)
gl
Jo
off
o
off
&
Am
o
o
>
N
o)
>

lz |o

82 A|4(valve flow coefficient, Cy), & H3E
(pressure distributions), -3-2= F-3Z(velocity distributions)
£ B3l on, g5 cavitation)T} g, £
of &S WA= EF &F oldA|(turbulence ki-

netic energy)°l] ta £4-& 235k

\A
A4
o
+
B
=
>

RN [EPNE ]

tol
i
Ho
j10a]

2.1 2MEIZ 95 4

211 A" =A

'IL:_‘ = = JESR TS = h=
stRon, x84 22| validations sl 1Y
ok BlE 2] Ad 28 Ao ARE 71A19
A A A

93l 20°C (293 K)&] HA2MN)=
dAEZY] Yt e 323
MPa, & 9122 236 MPa, 7| E8-2 100%E A4

2 Aol AR-E Y A= A1
= 93t 119 AH(high pressure chamber),
AL Q3 o8 A (pressure gauge), -39
3k ZgF [EFA o] 7](mass flow controller, MFC)
ARgsto] skl e, Fig 19] /=g F6

2
e %

ﬂ.llO 1% :(O
R

A
ox
dob o do g

MFC+= Bronkhorst A}Ruurlo, etherlands)2] EL-FLOW
Select F-113AC TElS AR5} 0w, Table 1S £3)
A Al el glck

2.2 3314 W

221 2F|5HM BHA U X7

-1 OO =X —
EH e paFAAAE A
U G2 Aol a2 95 A5t B4 e 24
317] 8 2 AEE9] A5 (actuator)

Pressure gauge

E—

Receptacle

Pressure gauge

Mass flow controller

High pressure chamber

Fig. 1. Schematic diagram of receptacle flow test

H 34 HM1s 20234 28



sto] A4S Meystgich Ajs Aol ARG-E W
B G29] gARS Fig 25 E3) sholst 4= glon,
HAE FAo| st AE= Table 2] UeRH At
E3t g 9

ool
o
RN <]
rO
of
ol
N

s . AYATE W
sl A7 Ak vmsigon, 47 Auet S
Cust §7F 2B Bolt HAATE Hstel 27

shlol #8steic

B Qo] 2AHAS 95 ARE AN AR
Fig 32 3 213 4= glow], 4%} o)24 HAE
$3) 44 2712 AFskch A% o2 A

¢

Table 1. Specification of MFC(EL-FLOW Select F-113AC)

b

YR - A7 Mew 19

foi

=

riow

27

Table 33} 2o} 57}2] Z718] ZAA}of sl 21345}31
T, 2% 27]0] WE CvE Fig 49} 2o ulmstol
size 22 AABRAE AR AR 9408t Ao 2
25 7HA|H, orthogonal quality®?} skewness7} Z}
Z} 0.8049} 0.1872 903t F4S BT

PR Ao HRE ZAL Table 42 £ &H¢lst
& qlon, MRS Bmale] Babye o4
A3} QY/ETe] ¢elL 323 MPa, 236 MPa

mlo m°"

Fig. 3. Simulation mesh of receptacle

Table 3. Mesh size for grid dependency test

Item Description Specification
. Stainless steel
Material (wetted parts) ammiess stee
Mechanical 316L
parts Pressure rating (MPa) 10
Ingress protection 1P40
Flow range Max. 1~200
(based on N2, LNPM)| Min. 8~1,600
A %) RD +0.5
ceurac
Measurement y (7o Fs 101
/control
system Repeatability (%) <0.2% RD
Operating temperature (°C) -10~70
Leak integrity, outboard <9x10°
(Mbar, 1/s He)
Z0mm >Putlet
- ; Iw ‘Hl 7.5mm ﬂ :)

- ]
Filter mesh Actuator

Fig. 2. Geometry of receptacle flow path

Table 2. Comparison case conditions of receptacle

Mesh size (mm) CV ()
Inlet & outlet pipe 0.12
Size 1 0.171
Operating part 0.08
) Inlet & outlet pipe 0.15
Size 2 0.174
Operating part 0.1
. Inlet & outlet pipe 0.16
Size 3 0.175
Operating part 0.12
. Inlet & outlet pipe 0.2
Size 4 0.189
Operating part 0.15
. Inlet & outlet pipe 0.25
Size 5 - 0.201
Operating part 0.2

Poppet guide Poppet
Guide width Poppet diameter
Case No. T ) ), sam)
1-1 1-2 2-1 2-2
Conditions 4.8 79 2.25 3.75
Base case 6.35 3
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Fig. 4. Grid dependency result of receptacle
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Contents Conditions
Material Nitrogen (N2), Hydrogen (Hz)
Initial temperature (K) 233,293
Inlet pressure (MPa) 3.23
Outlet pressure (MPa) 2.36
N2 0.01905 (1,000 L/min)
Inlet flow rate (kg/s) -
H, 0.005134 (3,750 L/min)

Table 5. Working fluid properties

Properties Nitrogen (N>) |Hydrogen (H,)
Density (kg/m’, @ 20°C) 1.138 0.08189
Specific gravity (-, @ 20°C) 0.967 0.07
Specific heat (W/kg-K) 1,040.67 14,283
Thermal conductivity (W/m-K) 0.0242 0.1672
Viscosity(kg/m-s) 1.663x10° | 8.411x10°
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Fig. 6. Measurement point of receptacle simulation results
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