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A Study on the Torque Characteristics of Butterfly
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ABSTRACT

This study has investigated hydrodynamic of torque characteristics for disc of butterfly valve
that is used in control for fire-protection water. The free-streamline theory is applied to predict
hydrodynamic of torque characteristics. The torque characteristics of disc are corrected for the
angles of attack of valve disc and surrounding velocity of flow by theoretical torque equation, and
correction equation is added. The torque characteristics of disc are investigated for the ratio of
hub thickness to the valve diameter. The result of prediction are shown to be successful as that
show typical torque characteristics of butterfly valve. Since the velocity distribution around the
disc is confirmed in a visualization, it is confirmed that the free-streamline theory can be used to
predict the torque characteristics of disc.
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LN B

N2 B ZRN £3E84 Aogo A

HEEetol WEE stolzeiele] MAHo] F19]
£l gEAlel] AgHE MY 3 e o
£ ¥ugur A3 3As PRY oY A =8
#4077 whEel AelEnes Fayol
Z7p32 Ytk oA ol RZ HESelel WHE F
AE, 2opaulsh 2o Ay ols HF ol
53 e RANE 92 AHgo] F7T Yk Ha
ARFAE ARl A AP 5FE PA

"E-mail: dm2526@hanmail.net

33

4 vEEete] WHE ARG v AEY A
AES AT S 22" Ao FYd U=
B8k, Sl AN Algtstal Sle vE S
ol MEE SAHQ =k ZlEHo] AR U
Aol o] o5k AEFS =Eka dAY Bl
2EEE B 7Y AFsaL e AXelo

HEZTo] WHE fia o] BYY 558 &
AEAEE 2 vt 3N, WE =Y Ao wet 8
He] $AEArE A sy, A, BE A" )
2 & EAS Y8E 5, AN, F32des & o
A M= 2B FAREGA % WH 2™ B¢



W
e

< E 4 Y} o8 215 vEEge]| ¥
ez Zaa2e &4 AFGE LA 4
Eelo| WB 9] AFFaAe et 7| dA-pt?
HHo] A o5 Rlow o|E3 <] HYo] B
3132, 2 Obata 5¥0] FA 4P L ALsIRA
o5& AIFTrE AlF3tAct.

wEA] 2B ApedMs e wEEee] MHE Y
7] @A wESete] BEY Ay SAENE
3k taze] EaSAC s d7sidith va=
£ Af-fA(free-streamline)?] F-AGE3 ooz
2e Fudlz FHPe, txze BEasHL
Ogawa¥7} Ao 2HE & EF BAANAN Azt
3 &&o o3k A& £ Bl a3 Ea
542 WBo EFo|gd UiAg Mrztad FHSE
EE HASINE, 2R o] FUIECh a9 T
o} A7 H(/Dyel dis] EIEAHE &S # 4
Toll A FAEH 94 EABA L &I, 9o
ZE42 HEETo] HEM Yehles EAY AY
2l YeVE RAFo2A Axks AHTHoln T
& Aok A EH 99 &9 E Aol A o
O[HZEH A t23E AL 5 e dAY]
3 dlo[EE =34t}

1o o

=

2

(e T [ A . A

2. Oj239| FAE S5Y

2.1 E3549| ol

ta3e] fAAS 54 WHxR dad B3
2 x39n. &, BEAA IFE vAe Ede 7
HEA(Ty), ABEA(T), Mold "HEEA(T,), 4+
o] B9 E(To® TS, ol 4H9] 712 ¥F
7t Eze] 4a3 E3E AYsked AE-Ech @
H 359 5L 0|8 Ede] FAovHE &
AR % FolM ¥ S Fstd A3 Ak ul
ojf wldE=el AHES, A¢de] EWY Ede
elEgto] WiHel 3 uhoae] Zof Y 283}
2, FYEEAE QEE g WFeE Ay e
ot 2as WHe 2Yea To B dHEA
T U3 4os ¥AEn

T.=Tp + T, +Tg - Ty @

T°=Tb+Ts+Td+Th (2)

4 O @28 ey niaEzd NYEL, 3
49 299 Eas A2 448 5 Uz, § Ho=
28 $EaE 4 @3 20| Yerd & 9o,

GF3lA - 2883 A6H A2 E, 2002 H

o157 - ues

T,-T,
To= =5 @
2.2 ESNF
4 (3 FYEAE EASHIEL 3 7 ¢
2 JepiE 2 @9 6)2 JeRd 4 ks

C, = __T}.‘_2_§ @)
(172)pU"D
T T C
Cq = h3 = s = fs ®)
APD®  {(1/2)pUD
¢= 2 ©
2°Y

79 £ Ce AF ovle] EAAFR, Cos
53 9uje EqASot 4 @)} GO pe ¥
Elkgm?®, Us f%m/s], DE t2329 AH[m], §
E ¢E2AAS, AP BE AFe] g} PalE
Ehich, dutdog WE AN ke o83t
AAE7) qE Cot BEAGA AgHOE AN
21=

3. E3I5Y9| olH

HE[Zgo] WHe] tiade fEd ey Hest
E EAZ mpo|me] BogRE FAEE fuzd ot
A a2 78 4 Aok BB HE A
9(dead water region)2. & 71§ A-F-F4 o9&
Al EaE d&shad AFEE F ok AA
FHog uo]¥ W WHEM] JFL v w YH=
WH £ F9o & FAE 7K Yok olF dFS
A WEFeto] WHA FAE 4 Qo). gEiA o
239 #ALee FAYs Eds WE Jixzte W
3lo} WEZWol £x¥sld W& nAo| o]Fo]H ok
g},

3.1 E30|=AI

A o84 fE5L tlaa EAIHEREH
A BeE AYe ) R 2AFI
o] 2ANM AF-HFAHL HHIANY A% HE B
AYZEE DAL, AL 3Rl E3EH.
Imai”7} complex velocity potential methodZ ©)-&
3] Hobdrlle] BEYYH S HRoz I EF2R
g EIGESAIFE NEZ of 52 A A
F



4318 wEjZTe] W g)Ame) EIEX #8) A7 35

31tsin2a
Cap = Cd4(4+1tsinon) ™
sEAIRE, AA| HEEelo] YR EaEAL o235}
7] 981 Hudie EX 4o 2RE mlo|x yi
X AFE 0|29 o] A AHH oo g} up
A 2] (7)) "B Izt {50 Ui BAo) 3
7 zZeiEojor g}®
3msin(w -20)
C,, = C,C
® Y+ msin(n— 20))°

0=n/2-a @

®

2 (8) (9)0lA o WHo A zlzo|T, o= H
waAfe] Mxzhe] 4g3itt C2 f-dl e E=
BAAFEA g2l AAsA "t

3.2 M=zt Aol 23t 23

T WHo] T3yt g9 Z4EZ v ), BA
f25E FEEds golZ Yo od 2=, o]
AL NxZte] A4S 7P, getr tiart
o 9L B o E3E o AXNEE § S A=
Zhol] oj8] BA o] o]FojMof itk Azt it 5
olx o] g MEzZte BT Uehd 4 9l
o= AL F5HY 4448202 2FHE bl Yo
BRLLE 4 (103 2oz 7HsH, Ace 4 1)
3 7ol Yk ¢ gioh

o = o + Ao (10)
Ao < C;+kCy an

A (ADelA & FEAFeZ, = AR Hidi)e
C 7% 401tk k& 4 5)9 2, G2 Reyleigh 4
2 25H o33 o] €& + Urh

27sinocos o
© = Tirsmo 12)

2 ADe HeRel e ACE A HE Sl
Wpel Yaae $AE JKT gl a8EE 4 1)
o H2ze] SAo] tie w4 gl F7hHolo} &
t}. @714 HAQAE WHAZ Dol e HBTA ¢
o) W= erd £ 317 4 (1499 2o B Aa
£ 4 (3% gol £ 4 Ak

Ao = Fy(C,+4Cy) a3)

p, - 028 a9

t 22
1+ (a)

3.3 =0l ojgt 23

Has AYRE 228 58 HEze] 7%
A S o 553, §5L R0 o8 ZolS
o £EE YR FrEE F54AY £X
U A szl sja) 2A4e] olfolro} drk A%
7e 23 £= Us 4 159 22, 4 ©9 ¢
4 (16)% 7o) vebd 4 9lek?

1

Ue = le — sing (5)
1 2

C, = [Fstna] (16)

4 16014 Fr= #5430 old WESAS) 3
£ wAs] % o2 FA9t F7e) HED)E
BRTh 4 (1500 JeRd e} ko] st A7e) 6]
7 AW W 2] e A $EEE £ 7
Ae & % .

4. XM W IaE

£ d7olMe Fig 13 Zo] 439l HusE
o] f23d) thal BEA5AHE vE FENG E=
542 Table 19] 3222 &3}t 28z 4
A welEgle] WHe| tjrd Bl 53 WEA A

~»~---—-——~——-—-—--~—»+2
!

D
(a) Round hub

e Sy

D
(b) Fiat hub
Fig. 1. Shape of disc.
Table 1. sj2)=4A
ARS-RA =
+ & V = 4m/s

© % P=1,205 kPa

Y&z 37 0.1m

7 Bl(t/D) 0.1~0.3
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Fig. 7. Velocity distribution at angle of attack 90°.
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