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ABSTRACT

The cause of waterhammer phenomenon due to valve closing which is installed on pipeline is clarified in this study. Also

if waterhammer phenomenon occurs on simple pipeline, expensive facilities like pressure relief valve is adapted to protect

pipeline from waterhammer so far. But this study shows that waterhammer phenomenon can be suppressed by just simple

modification of valve control sequence, and this technique is verified by simulation and site experiment.
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Table 1 Inherent flow coefficient of butterfly valve (D=400mm)
Opening(°) K y (m?/hr)
0 5.00E+10 0
10 800 224
20 120 578
30 35 1,070
40 155 1,608
50 5.1 2,303
60 1.7 4,8%

70 0.68 7677
80 0.34 10,856
90 0.17 15,353

Table 2 Inherent & effective flow coefficient of butterfly valve

Opening(°) G, G (L=1km) | ¢ (L="5km) | C, (L= 10kn)

0 1 0.63 0.63 0.63

10 224 21713 195.36 175.57
20 578 48551 329.09 254.23
30 1,070 686.61 374.97 273.68
40 1,608 78217 38850 27881
50 2,803 852.79 396.34 281.66
60 4,855 880.39 399.01 282.62
70 7677 889.20 399.82 282.90
80 10,856 892.20 400.09 283.00
90 15,353 893.71 400.22 283.05
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Fig. 2 Inherent & effective flow coefficient of butterfly valve
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Table 3 Loss coefficient of butterfly valve (A company, D=400mm)

Opening Experiment Opening Calculated
) K ) e
9 1963.6437 5 14299.937
18 249.5246 10 1543.099
27 68.6386 20 166,515
36 28.4344 30 45.272
45 12.4168 40 17.969
54 6.4309 50 8775
63 3.8789 60 4.8%
72 2.5608 70 2.977
81 1.6550 80 1.939
90 1.5455 90 1.328

2 Aojetaat 3 B¢ 4 2HE Av=05m/s o|c}. u}
A B 13} A § v =05m/s0lch, o] $4S B4
a7] gial 12 safetolof 3 W fmi 4] (3)0mRE
K=29407} =},

FUT G4} 7o) weZetoluel s Aztafutch
taa, AE, Teln Bl ARl kY T
o] Table 13} 22 2 428 AHEE 4 fick I ArbrL
AEFSLIL K-watero| s AEe Wm0l fw 2AA5E
Table 379} ZTh © o] Tableo| A AgE At A4 AJF o
2 et e EAA0lAL, AN K2 AdATE 2
2= EAASE e 22 2O SRR R A
oltt.

K, =—1.395LN (0)+6.4005 )

Ky =20407}F E7] 99t ME s A (NE2FE o
o) 8 4= e, o714 Felslofof o He K& AHER

oAl WE Ak o= AR,
log (&;)=1log (2,940)=3.4683

_ 6.4005— K, _ 6.4005—3.4683

LN (6)= — 355 135 210w

7] A=

il

Az HAA7IE

§ = 21019 _go-

wEba] WHE o] w2 FFAFSE 50 mE AgHsH] ¢
oF W= o] 12} g4 MEe 9=82" 7} Hc},

. Hi5ty

=

3.3 2x} Y mME AlESt7| flst |RXAZH AE

WENE §=82" oA A&ste] t% st 4] (1)
ufe} S A A7 Ayste] 257F SokeHA ddk, ey
B Ao o2 $FAS5S 50 mE A|gkstolop & Favt
Qo Hu & Fig, 10 wpet GEuprt ohat 7ol 194-83k= Al
Zb ts] Bt o] MEIEE FR|gc)

2L 2%20,000
=T 00 0

40%00= B 12} FHHfof whel EAGE A AT Ag:
Ao A HiAl=|o] WiH o mgrgich WiHof maeh AASAlX]
£ WHOA] gkatE]o] SFAR|7L Eo] o]foll= AFGAA]
of g 5T FUS 2719 =FASE 50 m7F A
st o]2 ALK oz mashH Fig, 33 )

WBE 12} Hajsta iyt 19455kt A8 = Al
7k 40% Fofl= SPFAAZE SRR o] A7kl v A]
BAEE FHldetd AsARet sPFAIR7E 2 e o] o] 2
Ao T Fig. 49 ol 402 & FFAALS AH=0m S
2 A 4= et

Fig. 49X AH L F5HA, AH= PFAA], 18|
AH= B E oAR gl of A5 R|et sEARI7E 2
FElo] A BAshe FHSEE UERICE

Head Change
60

40

20

30 100 150 200

(3 1o o n T

-20

-40

-60

time(s)

Fi

g. 3 Head change resulting from sudden valve closing
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Table 4 Inlet valve data

Closing time | Loss Coe. | Elevation
(s) (K) (m)
Gate 400 70 0.27 24.5

Valve Type| Dia.(mm)
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Fig. 6 Head change due to inlet valve closing(experiment)
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Table 5 Two step valve closing condition

1’st Closing ; 2'nd Closing
Type osing . osing )
time(s) Opening (s) time(s) Opening
Gate 66.5 1-0.05 | 66.5~87 | 87~90.5 | 0.05—0
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5 LA
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Fig. 8 Transient simulation result due to inlet valve’s 2'nd closing
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