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A Numerical Analysis on Flow and Strength of Ball Valve

for petrochemistry
Chung Seub Yi“, Hwi Won Jeong, Sung Cheol Jang, Tae Hee Naml,
Jung Ho Park, So Nam Yun?

1Samw0n Tech co.,LTD, 586-1 Gadongri, Hallimmyeon, Gimhae, Korea
ZKIMM, 104 Shinsung—-Rho, Yuseong-gu, Daejeon, Korea

ABSTRACT: This study have goal with reverse engineering for petrochemistry of high pressure ball valve for localization. Ball valve
for development accomplished with flow analysis based on provision of ANSI B16.34, ANSI B16.10, ANSI B16.25 In order to
localize the petrochemistry high pressure control valve. Numerical simulation using CFD(Computational Fluid Dynamic) in order to
predict a mass flow rate and a flow coefficient form flow dynamic point of view. The working fluid assumed the water(H,0). The
valve inlet and outlet setup a pressure boundary condition. The outlet pressure was fixed by atmospheric pressure and calculated inlet
velocity 5m/s. CFD solver used STAR-CCM+ which is commercial code. The result shows change of mass flow rate according to
opening and closing angle of valve. Flow decrease observed open valve that equal percentage flow paten which is general inclination
of ball valve. The structural analysis used ANSYS which is a commercial code. Stress analysis result of internal pressure in valve
showed lower than yield strength. This is expect to need more detail design and verification for stem and seat structure.
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Fig. 1 Ball Valve parts for reverse engineering.
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Fig. 2 3D modeling parts of ball Valve by reverse
engineering.
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Fig. 3 2D drawing of ball Valve by reverse
engineering.

Table. 1 Material of Valve parts

Part name Material

Body ASTM A105
Closure ASTM A105

Ball ASTM A105+ENP

Seat ring ASTM A105+ENP
Seat insert MC-Nylon
Gland AISA 1020
Trunnion AISA 1020
Adapter plate AISI 1045
Mounting plate AISI 1045

ASTM A479-316
ASTM A479-316

Grounding pin

Grounding spring

Seat spring Inconel X750
Gland bearing PTFE+316SS
Trunnion bearing PTFE+316SS
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Fig. 4 Boundary condition and FEM modeling.

Table. 2 Material properties

Properties Value
Tensile Strength 515[MPa]
Yield Strength 310[MPa]

Young's Modulus 20.6E4[MPa]
Poisson's Ratio 0.3

32 7|- OHA'I 74]!_'. al _E_A‘l
Fig. 5= Valveo] AAA &9 X3 ¥99

A7 HoFe Aoz HU$HLE Seat r1ng°ﬂ

A wAEtEd SE S 661 MPa= ER T,

sk Hol¥ 9= Balle] ¢h=oll <]3l] 0.0507mm ‘:’E‘

g ASs FAT + ATk

R

il

a 0 :

) stress ) displacement
Fig. 5 Stress and dlsplacement results of ball Valve.

(a) closure (b) body
Fig. 6 Stress distributions of closure and body.

(a) seat insert (b) seat ring
Fig. 7 Stress distributions of seat insert and seat ring.

(a) ball
Fig. 7 Stress distributions of ball and stem.

(b) stem
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Fig. 9 Stress distributions of gland and trunnion.
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Table. 3 Maximum stress of each parts.

Part description Maximum stress[MPal]

Ball 72.75

Body 21.17
Closure 48.69
Seatring 89.54
Stem 68.18
Seat insert 105.73
Gland 9.60
Trunnion 8.89

%! e

= Ao= UrE‘rL&E} Table 3L w4 F
Z+ B3 AHY @ oW, AAHo=
ASTM Al05E 7|Foz2 AL o
250MPa ®t} vt B ¥E Hola Qith
Ao A4w Ball Valved A%

& Aoz wuwd.

odt
Jz
N
N
Mooz Mot mle oL

4. Ball Valve =34

x
T
i
a

o

N

R
\

41 w3l

2

Ball Valve?] 7#Z=d mE {554 &4
8171 8] 48 CFD =9l STAR-COM+E A}
§3tol Adte sdsen, Ball Valved 2h&-+
H02 7Fgstdnh. 1 olfr= WH JdA|

Ao AU 45 HO0E 7838t 714 ¢
54& Fotetr] wiitoltt. Hgk WH Closures

o7 SIF5FS Wy wid HAe oF Hudl
75()mm—e— Extrude Layer MeshE ABAAIA 44
of &5 dm/sE YA FdEE AR 71
st ‘EU} =79 A5 wEHAEe oF 10w
1500mm Extrude Layer MeshE AAA|Z 1L,
FEo] 100% FEHE o=z AAYGY. B
ALtel AbgE AlLte] AR&¥l AA= Polyhedral
2 FAsH e oF 90wl = Fig. 103 Zu

=

¢

il

:10
o

(a) 3D modeling (b) modified for CFD

(¢) CFD modeling

(d) volume mesh

Fig. 10 CFD Modeling and mesh for ball Valve.
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