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Abstract

Aiming at the noise problem of steam ball valves in engineering practice, this paper adopts the
acoustic solid coupling numerical simulation method to study the structural modal characteristics
of ball valves and the radiation vibration noise response of valve bodies and pipes. The research
results show that the flow field generated in the pipeline behind the valve is the most turbulent,
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and the impact of high-speed jets on the valve body pipeline is the most severe, resulting in higher
vibration and noise. The first two vibration modes of the valve body pipeline are the twisting of
the front and rear pipe sections along the longitudinal direction of the pipeline, while the third
and fourth vibration modes are the twisting of the front and rear pipe sections along the trans-
verse direction of the pipeline and the slight vibration of the valve body flange components. The
vibration acceleration of the valve body pipeline in the axial direction is mainly due to the higher
sound pressure level value on the outlet flange, while in the longitudinal direction, it is due to the
higher sound pressure level value on the inlet flange. In addition, the opening degree of the ball
valve has a small impact on the valve sound pressure spectrum characteristics, mainly reflected in
the change in peak value, with the maximum sound pressure level being 76.5 dB at 3000 Hz at
80% opening degree.
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Table 1. Valve body pipe structure model parameters
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Figure 1. Grid of the flow channel
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Figure 2. Grid independent verification
2. MR XML

HFRIAEER IR AN, R B8 I KORMEAS 2RI RENS S 2138, [N D 1 PR B i s (3 sl g
i3RI FE IR e, DRI ERIRE . OB N 3 X N D4R A 5 A5t E R I KAE B

DOI: 10.12677/ijfd.2023.112003 30 TARS) S


https://doi.org/10.12677/ijfd.2023.112003

JEE, o

JERI MR A5 BN %, BT AR Z AR P AR G5 K IR R 23, T 0 T 00 0 ) A A At DU R 5 R A
WA ) 73, (RIS T U PR 430 A7 AN TRV B 25 4 A U BEAT RO RS I AR ], RS Rl 4] 1 B, 45 0T R i
BEATTOORVERAE,  DAZRVER IR IT A B i s AR oI e, 1 2 IR E SRR SR S R, %
LAY 650 7 W

4.2. RIHHEEE

FRSRERIA A EE N NOES 2 MPa, K 1.7 MPa, # IR 489.614 K. N EBIR BN
TN, WRAETE N k-0 B, BESTHREONRS T ERSUE 4 R, R LES #HTit5&,
MUNE Y 0.2s, WHEIEK N5 %107 s,

4.3. GHRTSRE

HHE TN EE RS RGN, A B RS R R B E R, AR, e iRk
SRR, ARG IR S EAA IR . mfEsEbrd e b, A S5 RGN R B SR NI kA
AR, A PR RGNS R AL, A EATE R A SR A AR A R s i AR R
BEAT BRI TR BT, O TIRFUL S5 R GRS R, A 0BRSS BEAT S 704, DA e LB
MR RPN IS, & 2 WVERRGNARFMESH.

Table 2. Pipeline system parameters
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Figure 3. Structural grid, acoustics grid, field grid
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Table 3. Valve body pipeline modal natural frequency
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Figure 4. Structural mode of vibration in the first four stages
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Figure 5. Typical working condition of valve (2 MPa), vibration acceleration spectrum diagram of inlet flange
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Figure 6. Vibration acceleration spectrum diagram at different structures of ball valve
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Figure 7. Response curve of sound pressure level under different opening degrees
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