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Abstract: Hydrogen energy is the clean energy source of the future. Ultra-high-pressure hydrogen is used in
hydrogen stations, with its parts being developed. On the other hand, ultra-high-pressure ball valve, which is one of
its parts, depends on overseas, with the level of domestic research on this being only about 10% of advanced
technology research on this abroad. In this study, the shape of an ultra-high-pressure ball valve for a hydrogen
station was designed to improve its structural strength. The valve body was designed according to distance between
both processed body holes along inlet and outlet ports. The designed vale body was then analyzed using ANSYS
to check whether points with stress were concentrated. In addition, the valve with improved body was analyzed to

confirm that the valve satisfied the design condition.

7l 49 o : equivalent stress [MPa]
01, 04, 05 : principle stress [MPa]
G, : flow coefficient [gal/min] Opom - Nominal stress [MPa]
G, : specific gravity
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P, : inlet pressure [MPa]
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x : displacement between body holes processed on
both sides [mm]

Y : yield stress [MPa]

z : AP/P
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Connector

Ball
Fig. 1 Section diagram of designed

Fig. 2 Section diagram of designed valve
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(a) Omm (b) 4mm
(c) 8mm (d) 11mm

Fig. 3 Examples of body shape design according
to machining displacement z
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Table 1 Design specifications

Design Design Orifice c
pressure temperature size !
. 2.21x10™
105 MPa 40T 9.52 mm 3 0
m’/s

e QAW (finite element
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Table 2 Material property of body

Young’s Poisson’s Tensile yield
modulus ratio strength

Al182

F316 195 GPa 0.3 205 MPa
32 ol 21 H &= &4 J|E)

Fig. 4= WH vt 9 58 HJF< EAsr] #lst
of Wuel o BHe wA AAG Aol FANT
BH HiY 571 58S YERALE Fig. 4914 Wek =
712 160MPa°|t}.

A: Static Structural
Equivalent Stress 3
Type: Equivalent (von-Mises) Stress (Average Across Bodies)
Unit: MPa

Time: 1

2021-04-13 2F 1012

12515 Max
11821
107.27
9833
88391
80452
71.513

82 574

53 835

44 606
35757
26818
17.878
89398
0.00073423 Min

(@ z : Omm
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A: Static Structural
Equivalent Stress 3
Type: Equivalent (von-Mises) Stress (Average Across Bodies)
Unit: MPa

Tirne: 1

2021-04-15 27T 1058

100.68 Max
9z.483
B86.208
79106
71915
B64.724
57.532
50.341
4315
35.958
28.767
21.575
14.2384
71928
0.0014476 Min

(b) z : 4mm

A: Static Structural
Equivalent Stress 3
Type: Equivalent (von-Mises) Stress (Average Across Bodiesy
Unit MPa

Tirme: 1

2021-04-15 2§ 1055

125.87 Max
111.89

27.001

830915

69.929

55.044

41.858

27.872

13.086
0.00074143 Min

(¢) =z : 8mm

A: Static Structural
Equivalent Stress 3
Type: Equivalent (von-Mises) Stress (Average Across Bodies)
Unit: MPa

Tirne: 1

2021-04-15 28 1055

137.8 Max
12248

10718

91 868

76557

61246

45935

30623

15312
0.0013767 Min

(d) x : 1lmm
Fig. 4 Examples of structural analysis results for
designed body shapes
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Fig. 42| (b)= Fig. 39] (b)oll YERA &AFo], Fig.
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Fig. 42] (c)= Fig. 39 (c)oll YR &Ao) 11, Fig.
20 YJERA 27} SmmEA] Hit] oFde] 7hEE E A
o]9] kAol 8mmel F/Folth olwf Hoj 57 &Y
< 125.87MPa°|t},
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Table 3 Nominal stress and stress concentration
factor on examples of Fig. 4

Nominal Stress concentration
Case
stress factor
z : Omm 60.06 MPa 2.08
z : 4mm 60.59 MPa 1.66
T : 8mm 60.64 MPa 2.07
z : 11lmm 69.85 MPa 1.97
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27} omm¥ ® FHIFATT 7P FHok & 27t
4mm¥ w SHo] 7 A HFHAJL, 27t
0mm¥ o 71 gol HFHAJE ojw gHo] §
o] JSETE MEITS TSA A IHE
99]\]:]_.12)
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Fig. 5 Effect of internal pressure and machining

displacement a2 on the behavior of
maximum stress
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Fig. 7 Flow area modeling

Table 4 Boundary conditions for flow coefficient

analysis
Parameter Value Unit
Temperature 313.15 K
Inlet pressure( ;) 105 MPa
Outlet pressure( P,) 103 MPa
P, — P, 2 MPa
Wall condition No slip wall

28

Journal of Drive and Control 2021. 9

B
of
2L
B
ofo
B
K
e
e

Tl B Ao ek A

Fig. 8 Grid generation in the flow area

frE sAS S AR
9] 74 A S+(boundary layer)= L& 3}7] 93}
°]d(inflation)®] &t= 715 |83ty AASES A4
st o, o9 Az AMEA QA4S o833t
Az FHL H ElE(quality)”F 0.74, skewness=
044E 5 34E Hgstrlo] FE7t §lee g4

stk

Fig. 83} 2o] W3 ¥w
AF

2.3660+001

W

11111111

5 A Az dEE veRdTh oY
AFE vy oz A (4)9F o] gato]

C,=——|—= 4)

EWH7} b3 dRe W FF A 0= 2.56%
10*m* /s 2 Table 18] AA 242 221x10"m’/s=
e & 4 ATk

4.4 2

of ERAAE FAFALG BHDY JE Y
& AAR F YT 23} 27 3 LES we) JhEE
E(iel RO /13 Fvel F) Aole niy)
g WSl 72 A4 L #F A4e U
et

o) wRAA AA vhr] FaelAE Ut 20L
105-255MPa AfelolH WEAY W AT H3} 27
2 me} 7bEE & Abole] Welv} 4mmel v}
sHAFAG) 714 Aston,

] = o
) obd AleE HAa 1282 AT by d4e
2E g 28 482 4 AeE T Atk



Ao} - 4491

% 7]

o] AFE AU 7%
3 1 20203030040060) ¥ H
22wy

T AR Al
Aol oste] Y= A
Ol5H2tAH (CONFLICT OF INTEREST)

AR o] =B BHste] ol uA FE
7 glee HAFI,

=9 o7

References

1) K. W. Rhie et al.,
for hydrogen Station Dispenser”,

“Quatitative Safety Assessment

of the
Korean Hydrogen and New Energy Society, Vol.
17, No. 3, pp. 272-278, 2006.

2) D H. Weo et al., “A Study on FTA of Off-Site
Packaged Hydrogen Station”,
Hydrogen and New Energy Society, Vol. 31, No.
1, pp. 73-81, 2020

3) J. N. Park, “Status of Hydrogen Station Technology
and Policy”, KIC News, Vol. 21, No. 3, pp. 10-19,
2018.

4) K. H. Hwang et al,
Characteristics of Ultra High Pressure Hydrogen
Storage”, KIC News, Vol. 19, No. 5, 2019.

5) KS B ISO 19880-3, “Gaseous hydrogen —Fueling
Stations- Part3:Valves”, pp. 7~11, 2019.

6) D. S. Kim et al., 2006, “Thermal Stress and Flow
Analysis of a Cryogenic Ball Valve,” Journal of
Drive and Control, Vol. 3, No. 4, pp. 8~13.

Trans.

Trans. of Korean

“Solenoid Valve Response

7)

8)

9)

10)

11)

12)

13)

14)

15)

- AA4

C. K. Kim and J. Y. Yoon, “A Study on Structural
analysis of High-Pressure Pipeline Retainer-Type
Ball Valve by Pressure Testing of the Industrial
Standard”, The KSFM Journal of Fluid Machinery,
Vol. 18, No. 5, pp. 13~18, 2015.

H. P. Jeon, D. Y. Kim and J. C. Lee, 2014, “CFD
Analysis on the Flow Characteristics with Flow
Coefficient in a PFA Lined Ball
Different Opening Degrees,” The KSFM Journal of
Fluid Machinery, Vol. 17, No. 4, pp. 76~80.

S. Bagheriard, 1. F. Pariente
2013, “Failure analysis of a Large Ball Valve for

Valve for

and M. Guagliano,

Pipe-lines,” Egineering Failure Analysis, Vol. 32,
pp. 167~177.

William F. Riley et al.,
John Wiley & Sons,
244-245.

M. Endo and Y. Murakami, “Effects
Artificial Small Defect on Torsional
Strength of Steel”, Trans. ASME, Vol.
124~129, 1987.

L F Acevedo Roman, et al.,

“Mechanics of Materials”,
Inc., Fifth Edition, pp.
of an
Fatigue
109, pp.

“Numerical Study of
the Stress Concentration Ffactor in Geometries of
Machine Elements Using Ansys and Inventor”,
Journal of Physics, 2020

E. A. Jeong et al., "A Study on Dehumidification
Characteristics of Hollow Fiber Membrane Module
Unit Using Fluid-Solid

Journal of Drive and Control,

for Pneumatic Power
Interaction Analysis",
Vol.16, No.4, pp.65-73, 2019.

K. H. Han et al., "A Study on the Development of
Two-Phase Suitable
Spraying in Orchards", Journal
Control, Vol.17, No.4, pp.1-7, 2020.
ANSI/ISA-75.02.01-2008, “Control Valve Capacity

Test Procedures”, 2009.

Nozzle for Multi-purpose

of Drive and

29

CEezlojle-HEE 2021. 9





