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Modeling and characteristics analysis of fluid—induced vibration
of ball valve under complex boundary conditions

SUN Yan', YIN Sha-sha', JIN Guo—yong®, JIN Miao®, SUN Kai-lang®, YE Tian—gui’
(1. Nuclear Power Institute of China, Chengdu 610218, China; 2. College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: Flow—induced vibration of valves is the main source of vibration and noise in pipeline system. The
characteristics of flow—induced vibration of liquid valves are important for analyzing vibration and noise in
pipeline system, designing and establishing low—noise system. By taking ball valve as the research object, a
three—way spring and beam element model was used to simulate the elasticity bolt connection of ball valve in-
let and outlet flange end face. Constrained boundary conditions of valves under actual working conditions
were established though correcting constrained boundary stiffness with measured dry—humid modal results.
Based on Finite Element Method (FEM) and Computational Fluid Dynamics (CFD) theory, the flow=induced
vibration analysis model of ball valves was established to research the flow field and fluid-induced vibration
characteristics and the correlative influence law of ball valve under variable opening and mass flow condi-

tions. The results show that the three—way spring and beam element model can better simulate the actual in-
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stallation boundary conditions of ball valve in water pipe. With the decrease of ball valve opening or the in-
level at each measuring point increases.

][l

552955 2 1
crease of mass flow rate, the disturbance of flow field becomes more obvious, and the vibration acceleration
Key words: ball valve; fluid—induced vibration; constraint boundary; dry—wet modal
0 5]

BRI i A % R e B PR T, 0 2 B TR AR A AL T % RE A U T
PRA % R G0, JL T ZNRE el o BC s T W AR A SO sl O ™ RIS % R SR S BRas AT
Hh, H T RS AR B BELASA A5 R A AR T g 3 B 25 Sl A2 A, ANBU™ A TR R, 1 T4
RS K T EL A T 3 Jhk 8 2= 5 BRI PR 28 K ZUAIR 2l 26 DU 52 o g 91 L5 RS €, ULt

et B R L AU AEF B T A R 3 57 IR T 5 | R Sl TR , T TR A (8 R I 3 IR sl A P T 5 0
TERBII AL 8 I R GE AR S P B AR B Bt il R S B0 TR

i R LA R, DR 07 12 AN3E T BAT S 2R A M BRI IR B A o BRSSP Al BE LR Sl 38 R
LIRrSs o 4iic

1T ] P 12 00 R Bt AR sl e M RO IFSE 2 2T BE A0 vk SEa s MBI R D 2. Big
AT IEBRIREEFI I 3 1~ F 5 3ELLMARAR L R 5 BRI R . Wiggert SR FHRFIELRIL K it

O I T BN BT R S A B A AT BRAR A RS A Al R R AR T BRI S 2

T LA AR A8 AR 2l 7 A AN [ ASB0 B AR AR AR IR TO A AR R e A 1 (i AR ARk . 5

WL AR UL 75 55 IR R 254 i S B ahs  (ELRE I 0 U Jle o HE AT BB o Chern 557X 5256 Bk
W EAT 1 U BELARR I 0 A PR U Sl R M S BT, 5 SR R I« BRI A0 e RO S T A G, T 5
K TR IR ZRAAEARXS T BE BRI, [FRE S TFEEAT )G Cho SEMXTBR IR 115 1 PR REHEAT T HIFSE
SROMIERT T ER I AR S FNBE S S50, 20 A 1 BRI 19 A0 A R O S 32 T Bl o AR, BEA TR
TR 5 71 % (Computational Fluid Dynamics , CFD) 5 5 09 & R | 16l N A5 35 38 3 Fluent , CFX 45
TR A X BRI AR Sl A T R B A o TR 2 A S W A T FL B R 2 SO 25 1), Al
FH k= i it AU T BR TR oA A8 BB A AT T AR BEARI . 5 RS TR 27 B Y X S O1R: T
PEXTERIB SR TT T RIS, & BLBR I T B2 A 2000, 3K IR N 2 208 BT e i 21 -

SR, ARET RS 0 7 i MSE R 05 7 ik BUE DT B ki G BT, [R5 A A 1
SRIFAMERE 5y THEZ , 22N Il R BRI R Bk sh AR £ 2B e Xy g A v, dnfaise
BRI 0 S 00 52 R S S PR TARIR S N A SR AR B T BRI T Bk 3 B
T BT HERTE

it

F o AR SRR ARS8 H 100 3k 22 iy T (14 R A 3 0 A At 7 = 1) 5838 15 2 BT RS B DR AR AL 35K 1R -5 4 1 1) S B

FETARIRZS T, BRIt 113k 22 3 e o WA 55 SO B R Gt AT I 428 AR SO I 0 B Y £ B
WA o LASISIN B D REE , SR FH i S8 TE AN W e e = ] SRR I 2, 4 0 B AR ST IR AR

REAL T B R G, JF AR 57 58 B A B R ST DR LM 75 8 7 bR R 5 4 s R S A Y S i B o

S B F R TR SV B PR, 0 AR 00 A 5, DT S o U BR IR , O
IR PR S ST X RIS i A R 2 DR SR s AT 5
1 RERMEREIL

] AL A% 5 T DAY TR 22 ) 7 4 I TR 2 1 A 30 S b S ORI 45 TR AL, AR A1 Skalak!' 2



F24 P ESE: SR B T RS BRI R R Bl - 323

Y Kl B 7 R (A R AL T AR RS AS BT R 5y 7 LR AR E W IR AT O A A 1 ik sl
A3 e T T R A PR 3 T 7 3 B8R AR 30, by T3 [ 5 TR AR IR 8 S 2 B SR Al A4 U a2
B A UL RV A AR 5 ik s (R R

N T T A A AR ] AR S IR 3 R AL, SR A T IR S R i) Bk s 2 B R e

A
F(1)=-Mi - C% - Kx (1)
I AL B 4 sl e T i DAy
Mz + Cs+Kax=F() 2)
B IR EFAAI O R AL 9 BRI R S7 P 3T A
(M, +M,)i+(C,+C)i+ (K +K)x=0 (3)

2, MM G350 Ay T A 35 A8 OB ) S5 2 46 B , €0 €, 53591 1A 45 K AR R Iom 14 BELJE 6 P L K FTK,
39 g PR PR R B0 ) O B R R, Ay R A B T A7 6 1) i

BETT AR T A 55 R P45 K 2 TR0 FSC Y 3l g 2 PR R G, P it IR 5 iR s 5 e L AR
i IHe 7 A TOOT BRI 5 5 O RE T ) U IR S e A TR A AT

2 IR REBIREN

AR SC LA ZERE 5 BE 1) K TG IR /K 45 [ R 55 DN 125 BRIBA A S0 52, S A6 LR UE T S0KG B 114 B Ak
SR SRR AN O B AR I AR SR 2 00 U S B 1 K PR T B A /N DB ek R S A

]2 BRARAT BT
Fig.1 Structural model of ball valve Fig.2 Finite element model of ball valve

SR el 25 5 TR 1K R It SR S BT 0 1 4 SR SN, R R R A ik 2 A P A 3
FERAF N4 T 52 PR TARIRES T (i R 5. BRItk AR SGE ik DL 25 3R 58 B 3K 1 11535 A
P ST DA el B A5 A ) R

(1) W BRI 25 49 A7 FR IO A AR L () M4 R S 8 R o SRR 6 R 3 B4, DRt 3k 8 245 44 A7
R TCAE R SR P Solid4s S2RRAIC , 1% 20 ELA R AN je RS N H7 DL % K AR TR 2k | REfS At il
JEBR B ZE MRS BT S HR S o3 BT B SR o SRS BRI A4 L T A0k 45 1 R S A 10 B (R 5 44 J
SRR B T 7850 kg/m?, 4 [N HE 2.1x10" Pa, JHFA LK 0.3,

(2) WEAHPMNFAFFMHEA . LB TAERE T BRIBSE 0175 22 2550 1 1842 5 SR K
P& R G AT, T LAAE BRI 101 3 2% ity 7 A9 SR A P Ak, ST = 1) 55 BL5T Combine 14 5 2 HALT
Beam 188 SRAR UL S0 BRURAR 74 42 o 3 o 37 Jo] 1) 159 5 43 A 1Y) 8 A = 1) L 35 B G 20 S AU IK ) 5 R A 4
A BB Al R B = S BT S T RRIRVE S A A AR LR 5 2 U0 ) W R



324 FAA 12

PR T ) U PR TAE NE  RIE , IR S 1 ) — ) ik
174 2 DIBEHUBR 1R 45 A SRS B R 5

(3) RN FAE IETE AW E & = 17§ NI . BT
PRI B2 0T B A 3, TR O B TR A 45 5 5 S g A )
b AT o LA SISO Ay 5 0, AN 7 b 3 B I Y A
S5 BT EE 55 S A 1 15 221K T 8% I, i mT#f a e X
MR SE B30 RSB G IE 3 0 i B 3
FIi7R o

(4) 7EWET A0 A R @ 2k I8 E Wi B 10 B8 %
Hypermesh 4% 1 U146 | Ansys PR5E T #E47 25 21 WA, B e &
H edb A8 SO DA BEAT G 22 RS S BdR a5 . FERE
DA T O M R B A L, B 0 8 2D BT SR TR & BT 2R A,
3D HLIT R DU TR A%, PR BB 913 938, BR [ 45 #4  FR
TR 2 FR o
2.1 Bk R EHIEEE RIER S

5529 %5 2 1Y)
R 2 7
< BREME
v
*‘%§§ﬁ< LIRS

TERBN T

K3 ZAGH A S HGHIE IE R
Fig. 3 Flowchart of complex boundary pa-

rameter inversion correction method

S PR A 25 TR R 45 K0 T 11 A )R S AR Ao R MRS 25 93 BT T LA 30 BOK 1 35 g  HC [ A At 3e 4k
AR PRI, DATI TS0 45 44 52 B R A K 3l TR 4 TR iR sl 17, LRI 15 25 7 AR R B4
PSS 23 WUV 75 2% PN B D P PO S o T DA 0 S 5 T A A T 0 T 5 2 (R R 1 3

12222 et — e R Ak, R TI R2 ME) B K 1 1 2] A 4

ARSCR A e AT A 2 DK, 308 o 3 e e el A 445 4 5 | 2 o R 4 5l i 57 L R BB V7 ) £ 326 PRy
B, e 2 1o X AT bR 8 £ B A A R R [ A AR R T A R AR RS R . SR
PULSE 5 250 120 22 ¢ , I 0 -4 00 3 X 00 3 s S A, ol HC R A 0 e o o Wt ) 3R AR 4R A
H1 TS BRBR IR S5 G A7 R85 20 1o LA L2 F80 A, FR A 1 D00 s ) 2 i, DR g A 2 1 g v Bk
SERR T LA PR 310, BR IR I A K I IR Jo P A & 4 s

T

P4 BRI 545 B0 7R 1A

Fig.4 Diagram of modal measuring points and site test of ball valve
[ ERF R FHAT BROCIE XA I 2R 48 P A BRI S A T 07 F0TFAR, ohy 17 5L A9 W 2 JC 05 A5 3, 7 s
A TR ) LA 5 SC YA LU BT , SR T R S8 T D5 VL AN IR b e s B 1 g, — L
AR TR RS A5 SR I AR A 25 SR AR 25 /N T 89 , T 7 A 93 8 I 2 K4l D Ay o ) 249 oA 30 57

FZRGR A TR EAR ST T

F 1N ERI TR ST B MBI 0 HEAE 2R, 36 2 Dy 3R IR AR 2 0y -5 IR X L 28 28, mT L)
KB A5 ELA R R R 22 BRTE SR — B IR A A AR DR, HAt 80T A R ) & s HL



524 P AR IR BT T WA R R B IR Sl - 325

5 I AR ELR2E R 7.32% , SR A FLIR 22K 7.46% , BAE TR SR E 2 o

F1 TERESEFMERIRE R2 BERSEFMERIRE
Tab.1 Comparison of natural frequency and Tab. 2 Comparison of natural frequency and
error for dry mode error for wet mode
Lo CINTRGSEA MR TERSES , SCMVEARSEA  ITERAESES
(514 wE 115 WE
B IHz LESLD B/ Hy e
1 37 36 2.70% 1 36 35 2.78%
2 82 76 7.32% 2 67 72 7.46%
3 91 90 1.10% 3 88 89 1.14%
4 287 280 2.44% 4 286 279 2.45%
5 377 386 2.39% 5 376 384 2.13%
6 498 490 1.61% 6 496 489 1.41%

56 2K I IS I R E 0 ELAE R AT LSS R A 2 BRI T ) g A W (R
WML PR, X, Z )5 m R BRI D s Jr ], Y Oy ] D 3 ), X 5 ) A Ti&ﬁﬁﬁﬁ%&
R w5 A BRITTH A A A I R G P BRI B TR LS IR AL, i KT LIRS
VO AR BRI Y 5 I R BN, A5 R £ X 5 I AR Bl S OSBRI 5 Z U5 )
SEE

x3 KL REGSH
Tab.3 Boundary condition parameters of ball valve
(DA XJ51/(N-m™) Y7/ (N-m™) ZJ51/(N-m™)
#H 5.5x10° 2.0x10° 5.5x10°
A 5.0x10° 1.5%10° 5.0x10°

(al) TSR (a2) VAR (a3) FZUGPRIY
(a) ZB—Br 0T ViR o))
——
o
oeot3.2961
g
B 228936
S 2 itoiss
(b1) A YRE (b2) ME*H@L (b3) FHGHRAY

(b) 5 B PF X A2 2l



326 MR 12 F29EH 2

— T
o
e e
B :’~053lgl SMN="513-04
12993 SMX=237E-
L EEEEESS—m T S——— B — - I
+ L TSR 3) SR PR
(cl) THZSPRAY c2) ISR ¢ 5 14
\ .
(¢) S =B Yk sh
—
BMX =L 13915 DMx:sxsE—n;
53695 463543 M _ 316738 2 169033~ 90 093190 "™ 153677 smeos 7 oseos “TTP cvsonts T voortd 100803
+ ! d R d3) S2EHR
(d1) THIZSIRR 2) AR A i 4 7Y
——
LAVGY
s
> —.155057 " -.081444 " —.007631 " 066181 ° 139994 i ASTE04 = 128804 2120 Sie "‘ So1e04

(el) THIZSHRA (e2) MRS IR Y (e3) SHIRTY
(e) 2 TLB BT Y 442 3

NCDAL SOLUTICN MODAL SOLUTION
s STEP=1
5UB=15
FREQ-489.9 FREQ=488.516
= (ave) 7 e
RSYS=0
4083 ooy
SN 8¢
S =.25685 SNIX-625E.04 2 I
2T rer6m9 0% 051553001 ogases T2 e P70 peessa PREOT parion _— - = - 111805 s A0 _— R4

(f1) THLEARA (£2) MRALAEARAY (f3) FeHARA
(5) HSBr R PFIT 2% sh
K5 BRIGIPERTS B FIRBES T IR Y
Fig.5 First six calculated mode shapes under dry and wet modes of the ball vale
22 HKBARFERRERE TRIAFFES
TR 1 PR LA 5 i A A TR 222 T ) 0 L 5 KT B R P 2 R iy 1z A 25 AR 2 I, 7 4R



524 P ESE: SR B T RS BRI R R Bl - 327

FEERIAE R AR VR T B ER SR , & e/ 2R 7 4% 00 T RN 2 7 @i Fluent X
BRI A7 00 FCTEARE , 23 AN [ 35K 8 O 2 % B 3 ek P B 00 2 i B R ) Y A R
TRBAR SRR T 5T 28 5E SLA

% SR BN AR WS oR A L A2, O T RE RS i R BIR 38 Ml B w25 3t 7oK A O HE R, 7E BRI

LA 51D 1 FE 9 TR B DA 31376 50 2 R
H S 40 < 1 4y 10D 6 20/BF B LA GBR )t 11357 _

RBERS FE /3T s, D N B Bt AR o TR0 UE 4% TG —
oeHEr AL B, BRI HORIEL S 3 530, B Fig.6 Flow filjl; ciﬁ:ﬁfjffihe ball valve
S 7 BRI AR ) A% R ECR 287 .
6 M ER I i AR A

A RS o 11.33 ke/s B FRE LR A L, 10 BRI # K8 0 MPa, 2% 5 /1
1.2 MPa, £ Fluent AT TG, SR AR N-S A RE, R UE TSRS 0 B, Al Ak B2 AR 16 /N T
1, >R SST k- ARSI S 5 1 FH K B4 (large eddy simulation, LES) THRABE& . BRIX
WRLLCS R 5 50 £ 82 Ry 0022 90° , PRI 73 311350 3K IR 35 oy 18°.36° . 54° LA K 720, % LU &1 7 Jlt s AN [] F J32
T T 2 PR R B« B T I R A I A A A T AR AT A 1 T 9 T X B 0
s T BE /N U7 T R A i S IR B S A sh A . S5 1R 8 IR B I N T
Rz AT TR R 18°5 36°mT, I Py 3 I 1A FRAN /I , 7 RS ASE AW o 7 o i B3 v T i 45 )
PR A7 AR SR S B B YDA T ol A5 RS 7 8 11 BRI 20 L A2 2% OS5 11 P A S4° 5 720, 38 97 1
FRCHRIIE A, 168 B S /> , (SO F s A0 5 o 22 30 5% A DA % s PR FR A 2658/ N BT i 3

B3,

Velocity Velocity 7
Contour 1 A Contour 1

9.221E+000 : | 5.076E+000 "

8.299E+000 4.569E+000

7.377E+000 ’ AN 4.061E+000

8.455E+000 (F oot \ 3.553E+000

5.533E+000| 4 3.046E+000

4 611E+000 | 2 538E+000

3.688E+000 / 2.031E+000

2.766E+000 b 1.523E+000

1.844E+000 ‘ 7 1.015E+000

9.221E-001 5.076E-001

0.000E+000 0.000E+000
[m s™1] [m s-1]

(a) 18° (b) 36°

Yolosh, y, Comour Z 7

2.712E+000 1.751E+000

2.441E+000 1.576E+000 |

2.170E+000 l 1.401E+000

1.899E+000 1.225E+000

1.627E+000 1.050E+000

1.356E+000 8.753E-001

1.085E+000 7.003E-001

8.136E-001 5.252E-001

5.424E-001 3.501E-001

2.712E-001 1.751E-001

0.000E+000 0.000E+000
[m s*-1] J [m s*-1]

(¢) 54° (d) 72°

K7 AFDFE T EEZ =K

Fig.7 Velocity contour under different opening degrees



328

P g 2

$20 &5 24

Eddy VISGOSIly

Contour 1
3.159E-001
2.848E-001
2.537E-001
2.226E-001
1.915E-001
1.605E-001
1.294E-001
9.829E-002
6.720E-002
3.612E-002
5.038E-003

[Pas]

(a) 18°

Eddy Vscosny
9 499E-001
8.551E-001
7.602E-001
6.653E-001
5.705E-001
4.756E-001
3.808E-001
2.859E-001
1.910E-001
9.619E-002
1.327E-003

[Pas]

(¢) 54°

Eddy Viscosity
Contour 1

1.329E-001
1.200E-001
1.071E-001
9.420E-002
8.130E-002
6.841E-002
5.551E-002
4,262E-002
2.973E-002
1.683E-002

3.938E-003
[Pas]

(b) 36°

Ea0 isoostty
8.189E-001
7.374E-001
6.558E-001
5.742E-001
4,927E-001
4 111E-001
3.295E-001
2.480E-001
1.664E-001
8.485E-002

3.290E-003
[Pas]

(d) 72°

K8 ARIJFEE T i =K
Fig.8 Vorticity contour under different opening degrees
e SN D AR PN LS P SURY SR <A 2 A 0P WA NATIE Y ;%1 N ¢ Y PN R R 1o i N 2
o i G v ", 388 U T AR ) 9/ R R M BELBS: 1 A R0 80, S B AL B A A T BE 1 O AR
HH BRI, o0 5 | BR I PR e B A T BN R 22—

Pressure
Contour 1

8.098E+004
7.152E+004
6.206E+004
5.261E+004
4.315E+004
3.370E+004
2.424E+004
1.479E+004
5.329E+003
-4.127E+003

-1.358E+004
[Pa]

(a) 18°

Pressure
Contour 1

3.758E+003
3.266E+003
2.775E+003
2.284E+003
1.793E+003
1.301E+008 |
8.103E+002
3.191E+002
-1.721E+002
-6.634E+002

-1.155E+003
[Pa]

(c) 54°

Pressure
Contour 1

1.756E+004
1.530E+004
1.305E+004
1.080E+004
8.545E+003
6.291E+003
4.038E+003
1.785E+003
-4 685E+002
-2.722E+003

-4.975E+003
[Pa]

(b) 36°

Pressure
Contour 1

7.768E+002
6.676E+002
5.585E+002
4.493E+002
3.401E+002
2.309E+002
1.217E+002

1.255E+001

-9.663E+001
-2.058E+002

-3.150E+002
[Pa]

(d) 72°

Ko ARDFE TR =R

Fig.9 Pressure contour under different opening degrees

TRAFFERIITRE Ny 54048 e

SRR

W, WS AN [R) o

XF R N T B R o 3X

A3 135 B BRI A A T B R RO 11.33 ke/s . 20.94 kg/s 31.42 kg/s DL 2 41.83 kg/s. HIEE 10 5& 11



240 BN AR RS BRI B 8 - 329

FrR AN TR TS s i 1 T I PR ) B8 2 PRl 5 i 2 PR T 2 < B o O M5 1l PR A gt R
TR, WA TG 3 e 1 P o7 B RO MR D Jo e A M 41.83 keg/s I A B A 11 9 B v oM 9.776 m/s,ﬂ
FEIZA A H B S A it O TP, LT (I B e e A BG ROTT R . Be R i R B a  AEA
B R —BOPE i A O I PN R R e RN IR AN S e [ P R s A
PLE o BRI BE T WA It 32 AR (0 X T8 i DA S e Rk 32 3 A1 7 8 E A 4 %F 52 i, 5% LU AR [] I 2 ] —
Jo & it f A L A R AR BHIER

Eddy Viscosity
Contour 1

[Pas]

Eddy VISCOSI[V
Contour 1

[Pas]

Velogity Velocity N

Contour 1 Contour 1
2.712E+000 4.897E+000
2.441E+000 4.408E+000
2.170E+000 l 3.918E+000
1.899E+000 3.428E+000
1.627E+000 2.938E+000
1.356E+000 2.449E+000
1.085E+000 1.959E+000
8.136E-001 1.469E+000
5.424F-001 7 9.795E-001
2.712E-001 4.897E-001
0.000E+000 j 0.000E+000

[m sh1] [msh-1]

(a) 11.33 kg/s

Velocity &
Contour 1
7.388E+000
6.649E+000 |
5.911E+000 '
5.172E+000
4.433E+000
3.694E+000
2.955E+000
2.218E+000
1.478E+000
7.388E-001
0.000E+000
[m s*-1]

(c) 31.42 kg/s

(b) 20.94 kg/s

Veloci " |
Conluutry1 {

9.776E+000
8.798E+000
7.821E+000
6.843E+000
5.866E+000
4.888E+000
3.910E+000
2.933E+000
1.955E+000
9.776E-001

0.000E+000
[m s*-1]

(d) 41.83 kg/s

K10 A [ B i i ]

Fig.10 Velocity contour under different mass flow rates

9.499E-001
8.551E-001
7.602E-001
6.653E-001
5.705E-001
4.756E-001
3.808E-001
2.859E-001
1.910E-001
9.619E-002
1.327E-003

(a) 11.33 kg/s

2.850E+000
2.565E+000
2.280E+000
1.996E+000
1.7 11E+00!

1.427E+00

1.142E+000
8.572E-001
5.726E-001
2.879E-001
3.285E-003

(¢) 31.42 kg/s

Eddy V:scosny
1 966E+000
1.770E+000
1.574E+000
1.377E+000;
1.181E+001
9.843E-001
7.878E-001
5.914E-001
3.950E-001
1.986E-001
2.191E-003

[Pa s]

Eddy \hscosuly

Contour 1
4.181E+000
3.763E+000
3.346E+000
2.928E+000
2.510E+001
2.093E+001
1.875E+000'
1.257E+000
8.397E-001
4.221E-001
4.455E-003

[Pas]

(b) 20.94 kg/s

(d) 41.83 kg/s

RV NCII e RN

Fig.11 Vorticity contour under different mass flows



330 MR 12 F29EH 2

LEE N2 BRI R B - (1) A RS H 58T RN 45 A4 R 7 B, A7 A 5K T AR A IR
Fie X3, LA A0 B Ak )k B2 JEE 55 T T B AR o 0t iy — T T e (o7 Ak 52 B i 28 s IR XY
ol U AL MR 1) BT U0 g S5 RS T VR T, 55— D T HR I S A SRR AS BB 1 R DX AR A7 D ST S BRI
(2) TEMEA D OEE IT 1) B 285 R R TR B, A7 A — > TR 5/ g T X, 3 S ph T e T A g A
PR RE L5 S A BELR VS S5 B A i S ) 3, sl B4 TR I S REFT 5 9

Eomiourt oy
3.758E+003 1.272F+004
3.266E+003 1.101E+004
2.775E+003 9.304E+003
2.284E+003 7.596E+003
1.793E+003 5.888E+003
1.301E+003 4. 181E+003 |
8.103E+002 2.473E+003
3.191E+002 7.654E+002
-1.721E+002 -9.423E+002
-6.634E+002 -2 650E+003
-1.155E+003 4.358E+003

[Pa] [Pa]

(a) 11.33 kg/s (b) 20.94 kg/s

Pressure Pressure

Contour 1 Contour 1
2.880E+004 5.097E+004
2.484E+004 4.371E+004
2.087E+004 3.644E+004
1.690E+004 2.917E+004
1.293E+004 2.190E+004
8.967E+003 1.463E+004
5.000E+003 7.363E+003
1.033E+003 9.497E+001
2.934E+003 -7.173E+003
-6.901E+003 -1.444E+004
-1.087E+004 -2.171E+004

[Pa] [Pa]

(c) 31.42 kg/s (d) 41.83 kg/s

12 RIF G i R 2
Fig.12 Pressure contour under different mass flow rates
23 KB EFE TREBIRSN LW S HEXTEE
AR SCHET B (AR JEHIR I 454 A BR T 10 BR IR S SR Sh b AT R o . i St s BRI A4S A
FROTAERY , 56 TA7 BRAARFR R F RIA AL (LES) T8, 75 20 i (A FH A 1R 44 PN RE T L %) Bk sl i 07, s
TN 0.000 25 s, THEE 2L 00 2000 25, 6 fE SR AE B, % 2550 1107 5 H o 4 {8 55 70K
TR Nk B 28 A 7 S5 0 K AT R TTARAY 1= SR S5 A4 sf 38 1) ik s A8 2 A 7 P A B A8 46 (FFT) LA
A U B 28T T 5 35 J5 AR A PR T D kR A R I 3t 8500 sl 1, DR 9 43 BT F B LA Joit i
S I A K SR S R 1 S M LR '
R JRT BERE G K B B R G T B A A TR
AR AR A PN TITR 35K I 41 20 e 1z %) 0 s i a8 2 , S Bl ik
TR A R T K X KA I R G TN, R 1 1.2 MPa,
03285 A Fp ] 2 BRI T R 60°, AT VAL B R 31.42 k/s,
SR T P ) TR A oS W T 3o R P00 A s A 0 T LA % i
Vit (R R 00 1845 5, K 07 B4 SR 5 M AR A b
13 SR BRI 3100 107 A8 3000 8 4 A1 s 5 IR 00 1 A3k i A 10 i 0
0 A2 Sy R A e 00 5 A 3 AR i I el

el sz 3

R AR R BRI D S B AN T L2 R 1 S sl ) Pl 13 BRI AR R
JOL IR A SRS | 5 BRSO S iR 2%, 18T 14 T 7 73 3 W BRI Fig.13 Diagram of ball valve measuring points



F24 P ESE: SR B T RS BRI R R Bl - 331

NI i A AU T L2 R b 10 it 14 7 80 8l i o7 AR 3% 14 0 45 SE B A SRS L o P 2 4 TR, R Sl 17 s
PRI S 51 E5 AR ZETE 16.5% £ 47 o 1 L 14 AT 0, )5 B A5 3 6 19 3 o) 1o A0 33 1) S AR A £ s 34
W) I, T G e (S A A — o 2 5 s AR W) B e, A3 DRI P B 0 2 S R . 7B Lt
R — S TS R P KA B R G AL (25 T 5 R BE S5 R sl YR R LAk G 3 ) 1R i U B Sl i 4
A —E RS s 2 S AR5 U 8h R GUAF TR IR L IR 0, B — R AUt 37 B 4D A RE VA 2 I (A7 2R
&5 vh SRR B (14 Dk 21 13 728 Ak = 2 DR R AT E 2 1 (i b 8 SE B i SRS S Fluent T BUE T 45
SRAFAE D] 5 W02 PR Ry 35K IR Ay 52 5 vy, A o A 5 g A 1) 2 BB A AP AE — s T A 5 T PR sk
G AT B A0 = ) 555 W B S PR B A SR IR S AR AR —E R 2E . LA B SR UM 8
1T I B SHOEAWHE IEAS 200 1 FEA P RE S A A MBS0 BRI S PRag 47 00 B A9 e s L, AR
P AR SCHRE T B )k TR 5 D SR A Kl IR i 17 A R S T A
R4 KR Z N S HREN R S HRB R IRE
Tab.4 Test and simulation results comparison of total vibation level of ball valve at

different measuring points
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Fig.14 Test and simulation results comparison of vibration response of ball valve at different measuring points
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Fig.15 Test and simulation results comparison of vibration response of ball valve

at each measuring point in different valve openings
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at each measuring point in different mass flows
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