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Numerical Analysis of Flows in Butterfly Valves to
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ABSTRACT

A three-dimensional numerical analysis was carried out on incompressible flows in butterfly valves by
using commercial FLUENT/UNS code. Characteristics of complex flows including cavitation effect were
investigated for different valve disk angles. The butterfly-valves that had different disk angles and different
disk shapes were compared with each other in detal. This study focused on the flow analysis in the
conventional butterfly valve and the newly designed butterfly valve in order to prevent cavitation. The
newly designed valve shows great improvement on performance and endurance.
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Fig. 1 Schematic diagram of (a) the conventional butterfly valve
disk and (b) the newly designed butterfly valve disk
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{a) Front (b} Back
Fig. 2 Photographs of the newly designed butterfly valve disk

A

(a} The conventional butterfly valve

{o) The newly designed butterfly valve
Fig. 3 Grid configuration
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Fig. 4 Variation of stalic pressure distribution along the pipe
wall for the corwentional butterfly valve and for the
newly designed butterfly valve (10 degree}
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The conventional butterfly valve
The newly designed butterfly valve
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Fig. 5 Variation of static pressure distribution along the pipe
wall for the conventional butterfly valve and for the
newly designed butterfiy vaive {15 degree)
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The conventional butterfly valve
The newly designed butterfly valve
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Fig. 6 Variation of static pressure distribution along the pipe
wall for the conventional butterfly valve and for the
newly designed butterfly valve (20 degree)
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Fig. 8 Damaged disk surfaces for the conventional butterfly valve (Photographing by Shin jin precision industrial)
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The conventional butterfly valve
- The newly designed butterfly valve
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Fig. 7 Variation of static pressure distribution along the pipe
wall for the conventional butterfly valve and for the
newly designed butterfly valve (30 degree)
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Fig. 9 Variation of the cavitation number according to the change
of disk angle for the conventional butterfly valve and for
the newly designed butterfly vaive
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Fig. 10 Variation of the total vapor mass according to the change
of disk angle for the conventional butterfly valve and for
the newly designed butterfly valve
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Fig. 11 Variation of the pressure drop according to the change
of disk angle for the conventional butterfly valve and for
the newly designed butterfly valve

4.4 J|EWBEQ} MZ2 WBe9| 4y Hlm

e, TEEAe] glE v 4EA fAdE Aadn
Wtz gode] B ARe WadN QA4 &
Fgo] TE= 2AE wgy) M 7jEe WBRg
A Foe] kAL & Ao Jlhdn aed AR
& MRyt FEANE EQ0Y 28 fEATY 7
27 e [ $ke] oY 2yt 2oi5A Hukh

Fig. 112 7]£9) W89 fzs WB 7 Feko] ¢
A 4po) Fhe e T Atk FUe fke] BEC

= g

2)
= 7H4 St AZg WHL E MERY RE O
A 9 AmelA st At 458 ¢ =
Azg Bzt Asdor fFeAge) e A8 ¢

o] =3

AR

2
>
[l
e
©,
il
>

22 el freAde /A Aem
7NN AR FEAge AT grm el fEA

o dofuA] ef T A 7T 0% o) Fo A
1€ Mg AR 4 FEE e o 459

FAINHME M7A, M1=. 2004

Hodgte 7)Ee] dWidel 2 wEEde] e
iR 58 A§ZE=ade FLUENT INC. Ak
FLUENT/UNSE ol&3lo] glastglon, 3349 #5

A4 B TR 2e ARE A,

T2 O

o |
B
o
e
o

O
o
)
frd
7

El
o
i
=
=
i
O

o oo K1 2 rff o
e |
-4
o

1) 8814l 3|2, 1994, FA71A, A5, pp. 168~
179.

(2) Young, FR, 1989, Cavitation, McGraw-Hill, Lon~-
don, pp. 187~310.

(3) Addy, AL, Morris, M.J. and Dutton, J.C., 1935, “An
Investigation of Compressible Flow Characteristics
of Butterfly Valve” ASME Journal of Fluids
Engineering, Vol. 107, Dec., pp. 512~517.

(4) Kim, R H, and Huang, C., 1996, “Three-Dimensional
Analysis of Partially Open Butterfly Valve Flows,”
ASME Journal of Fluids Engineering, Vol. 118
Sep., pp. H562~568.

(5) Bom, K, 1983, “Performance of Butterfly Valves
as a Flow Controller,” ASME Journal of Fluids
Engineering, Vol. 110, pp. 16~19.

(6) Morris, M.J. and Dutton, J.C., 1989, “Aerodynamics
Torque Characteristics of Butterfly Valves in
Compressible Flow,” ASME Journal of Fluids
Engineering, Vol. 111, pp. 92~399.

15



=805

Ho

(7) Shim, EB and Chang, K.S., 1994, “Three-
Dimensional Vortex Flow Past a Tilting Disc
Valve Using a Segregated Finite Element scheme,”
Computational Fluid Dynamics Journal, Vol. 3,

16

A

e M
(= |

pp. 205~222.
(8) Hinze, J.O., 1975, Turbulence, McGraw-Hill, Inc.
9) 8589 59 9, 1999, F-AAE, FHxH.
(10) FLUENT, 1998, User's Guide, Fluent Inc.

FHIAME M7, A1E, 2004



