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Abstract: Butterfly valves are widely used in industrial field, and under certain working conditions, strong
unstable flow will occur in the butterfly valve and cause vibration in pipeline system. By taking the connecting
pipe of the medium and low pressure cylinder of a 600 MW heating unit as the research object, the mechanism of
unstable flow in the butterfly valve and the vibration of the connecting pipe was revealed through the combination
of field measurement and steady numerical simulation. Then, based on the flow pattern optimization, a new type
of butterfly valve with valve plate and diversion structure was designed, and the unsteady numerical simulation of
the maximum vibration condition of the original butterfly valve and the optimized butterfly valve was carried out.
The results show that, after adding the flow-guiding structure to the valve plate, most of the main steam
flow moves along the middle of the steam inlet pipe of the low-pressure cylinder. This can effectively weaken
the exciting force generated by unstable flow and suppress the vibration of the connecting pipe. The new

butterfly valve proposed can be applied to suppress the vibration of the pipeline system with small opening of the
butterfly valve.
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Fig.1 Flow domain model of the connecting pipe and
structure of the original butterfly valve
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Tab.1 The inlet and outlet boundary conditions for five
working conditions

WRIFR  ECUAE D WO R
Ui 9 MPa IREEIC MPa (th?)
1 5 0.7250 367.35 0.198 8 482.8
2 10 0.7070 363.63 0.364 6 482.8
3 15 0.7375 367.95 0.484 9 362.2
4 20 0.7130 366.52 0.5735 2423
5 40 0.7200 372.28 0.687 8 108.2
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Fig.4 Test results of vibration of butterfly valve A at
different opening degrees
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Fig.5 Test results of vibration of butterfly valve B at
different opening degrees
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Fig.6 Flow field and pressure field of butterfly valve A at different opening degrees

COONO0a 0
o+ttt

52 10°

X eXeXeReXeNeNe)
A4ttt

15°

7 X8 B ARFETRIASE NS
Fig.7 Flow field and pressure field of butterfly valve B at different opening degrees

http://rlfd.cbpt.cnki.net




122 kA% &

ez //rr.ﬂ\\\\\z\xr [ \&\x\ W == "\\\‘Q\\w‘,!:{” T T T N |
@%mm) © /(s ) ! s ) ) > /(s
§748.09 1485.56 §431.79 n314.26 = pl63.26 N
1561.07 1364:17 1324.06 | l1236:05 i (1122.45
§374. 04 H242.78)) 121633 H157.83 i §81.63
187.02: Hm 397 10861 79.62 40.82
o o 7 iy iy
59 10° 15° 20° 40°

8 WRiE A REIFFE LRFIARE R EE
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Fig.10 Schematic diagram of the optimized flow-guiding
structure of the valve plate

2.3 [RIAIRIEFFE 10LIRIEE B RIAEEZRM
DN T 60 I R R IE P 5 ) 0 38 3 B B £ 1 )

TR, 8 e fa Y i G e ) ) 322 3 ﬁﬁ?%f*

MRS KT (BRRITE 109 JElE NARE

ANFEE O AR B 7, 3N TIZ R I EUE .
Fe AL 5 AR T8 A BE A h 77 - LS A SRR WY, R B T O IR

http://rlfd.cbpt.cnki.net




71 *

VT 55 R 51 A I AR GRS A LEE KA 1 it 123

(10~15 Hz) #R3h. Kk, EFE 0.01 s fR47 1 Ak
SE RIS R, DL IR 5E  BE T . R 3 TR
WO 50K 1 34 2 A P B T 1) 0 R

Tk A O YRR IR A R I B A R U
77, B 11 45T RFE IR IRIARORTSE IR 5 4 R T
ERETENEE (ERJE) X 3AMIE X Y. Z 77
AT B TE B T8 (AR 2. % AR bR N 0 7
F] WL 1.

2000

1500 |

?

z IOOO-I ¢ "‘ ! T
B s TH :Lfkﬂ wﬂ J'Tﬂ 1 *‘M‘ t A
w500 [T RTe R ohall Maminor sl
5 [ !“F" ol |l 1| oA ‘ g
B 0 buere M 5 4l rﬂ\ e e t‘jﬁ
. b ’ ¥ T g e
= -so0 ‘ké;i‘#p‘vf"‘g#\ *F: 11“1 |
= 7|
S -1000 b | =

sool ! —I—Ifﬂ)i

- Iﬂ TG
-2000 1

0 010203040506070809 1.0
1N} [) /s
a) XJ7 R . 7%

X5 WA 71N

—a— A S
—— | i
. J'}nkaB
0 010203040506070809 10
”“ll/ﬁ
b) XJ7 A, BJE

1750 F T
T
750 [ "" e r -
500 F f " ? ‘?‘é? : I ‘- x .
nl i )

0 'i . y u}w. i
f‘- ""fr ¢ ‘:""PK-

-500F ﬂ“ il

Y7 AN J3/N
(3]
wn
O

—1500 == :g”;}%ffiiiiii

0 OAl OAZ 0.3 0.4 0.5 0.6 0.7 OAS 0.9 1.0
i [a) /s
o) Y5 AR . 5%

[ 1 WA

5000 ¢ RETS J""lfk!BJ’ri I
1 1)
3000 [y 4l | H_m
2000 - ‘ﬂ T‘ I ,‘.‘ ﬂ{‘
tﬁ" c‘ ' i

—2000
“3000 § ‘fhb‘hﬂ;l

\
{ [P 1" 3
i .

Y7 A4 SN
=
(=3
(=4

s
W
a
i

0 0.10.20.30.40.50.60.70.80.91.0
i [ /s
d) Y5 A, Bi

2500
2000F |
1500 |
1000

—u

1

e iul

ZJ1 ) ASFi /N

=
-
L=

—

| -
eI
il w % \ il’ Hlﬂi "
TR ol FIRSgE, ]
Of; IMUF{I’ t.:' .a:i-,".ﬁ .?
gkl
-1000} ”1 i ‘l | -
~1500p | _._Wﬁl
u —e— Pk
2500 .
0 0.102 0304050607 0809 L0
Ik E]/s

B
| ﬁ%&’ i
=500 [ J s {
: LR %
~2000 k
€) ZH7 MR . 1875

80
60} 1?
40+
20 Bhe
0 il
20
-40
-60
80

—-— d""!kaA)’n‘
I EBIE .

ZJ7 AP J1/N

0 0.10.20.30.40.50.60.70.809 1.0
I (] /s
0 ZJ7 A, BfE

B 11 FIARR 10 ENAREAERZ A EE N
Fig.11 The unbalance forces at different positions of the
original butterfly valve at 10=opening degree

F 245 TRFENLE 3 AT M IR 18Rk
WEUE(E . 3R 2 ITUAE H: RS2 AP &
FAERLE Z T, KR T E 352 5 0 B R bR T
VIR AR 7= A= A A R R DL s 5 P BE R 2 AMEC R AT
BHRIERE T2 AP IR EX 5 Y 7
TFi) 30K A 2 IR o ] ) 37 e ) 541 1 T gk 1o
B WERERAL B AE AR A BhAh, 75 X TR
5 Y J51a 2 ANERE A BERTSZ A ) oKk
11 400.0 N, #z/Jy 8 785.0 N, Lt MR T 32 ek
A5 47 3 500.0 N AR T2 FT 32 (1) i KA1 71
2770.0 N K132, X &R A BESZ 2 T30 K TH AR
BB S

%22 FRME SN A AR FEEH R REEE B N

Tab.2 The maximum values of peak-to-peak of unbalanced
forces in three directions at different positions

J71) IR 7 I A 5 I B 5
X 1350.0 27100 8785.0 10295.0
Y 995.0 2770.0 9870.0 11 400.0
z 3500.0 900.0 794 110.6
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Tab.4 The maximum values of peak unbalanced forces at
different positions before and after optimization
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