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A Study on a new control method of throttle valve
to prevent water hammer phenomenon
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Abstract Water hammer occurs when the fluid flow is suddenly changed in a pipeline carrying an
incompressible fluid. Under such conditions, the stability of a large or important pipe is secured by
attaching air chamber and surge tank devices to control or block the pipe. But, these water hammer
relief devices are expensive, and several pipelines cannot use these devices due to restrictions on their
installation. Usually, water hammer occurs when the valve installed to control the fluid on the pipeline
is operated in a way that the flow velocity changes rapidly at a section even with a low opening degree.
Hence, this study aimed to minimize the water hammer in the pipeline by controlling the water hammer
generated when the valve installed in the pipeline is operated. In this study, the pressure rise range was
suppressed by implementing a multi-stage control method. This method calculates and overlaps the
water hammer cycles of the rising and falling surges that occur during sudden valve control and links
the valve opening and pressure changes. In the end, this paper verified the effectiveness of the proposed

method through simulations and experiments.
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Fig. 1. Electric control valve for water treatment
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Fig. 2. Water hammer phenomenon in time domain
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Fig. 3. Water hammer in throttle valve control using
pressure sensor
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Fig. 5. Flow characteristics of throttle valve control
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A Estel =2 A A224d Al12%, 2021
2.5 $ZH 0| A QL oF 1.5~2 keffom’® AL QJelasEs o
SAAol] fRAS BB o) weel e o 8 KIS BN ) Bt AA got A
2 Aolsl BrAlT} Qe AIAo] ofst thk AmAe] up Ol F B2 ARl o]FolA= Al SsklT.
4g vl A STk 94 Aol 54 Aoilsg e 1297 @ol WA Y R oA 2 A9 5
TR GT BYAQ Wa AFPRoR On-Off @ % 2RI 10 90}, 422t iR B o
A S5 1) Buo Azd] ne B f geasy P AAED S el W wd A 40971
£ 2450 oh ol Alo] e pAAolg g (T SEREE B3 30 %o 20 %= A 5
Mol o] 4 e ) g Wae 2gsgon & 0.65 kaf/em’™A 2.7~3.1 kef/em’2 A5 A&
AR B 24 Ao] 1% A AT} o] ofg wap  TUOMAT OFF 4R A= /A Al 15 kgf/em* A%
Zre Hlmslgth NS o] FHE Fig 107 gow = HOPHETR 20 %elA 10 %= sidE= 22 St
ezt WE Awg Holeg £Us] dat dolg & 15 kef/emOIA 3.7~4 kef/em’2 A5stelom A
AZ Agstel BANES Berstglon, Ago] Akgn 17 kef/emBER Wobde Aow & £ it ol
QFEALAS] 27 W9 0~20 kef/emlols), mue) A BEZF Ak m 71 = Askglel 5~0.8 kef/em™Ab
E&2 0~100 %A BASiT) Fig 1€ 540l 4 OFF WHEH 15 kef/em’S RA3he 2& e &
Y BHoE BEge] 2 WH F 20 mold sty WHT 531 AVRmeIA Tt AofE £ U 4 &
o oM 2AFo] s1se Fusx oo wmumo]  °© wOMIA @ES SsHlT.
On-Off HrAlS # 83t d&Aoj= A5ttt o] Fig. 132 4491 75& A8t Aoz % 944
T2 olEwiElE slolsly] 98] On-Off odom =z = LEete] Adddes ZEHA 27 2HS S
Aol 7158 e kS Ao T AL HEZalo|uH 100~30 %/Ee= d5F0 g I3 &4 & ALA oS
£ B AA oF 58~108] A} wpeR] 9o o O =R 30 %elst FE o OS5 85
Agow e W 239 7o) g W Awg wojy 1 5 AR U AN ALeS el A9 Sl
= x5k HEE AAsie] Ssigith A e HER

Actuator

Pressure sensor + Actuator + Pump

& EiE
Fig. 10. Configuration of Experimental equipment for
water hammer control

pressure sensor

Data Logger

Fig. 11. Experimental testing for water hammer
control

872

Z 95AIZ1S] BIAE HlolH F 8% B Jtw H
SZo] qigjon o] Wl WH w3 A] Y W3l e &
Qletgict. WE &3] A] 30 % /RA=7HA] SEHEPt glo
o 25 %= AN FPol AAs] A5str] Alzts
o] 5~10 %=l o 1 kef/em™ =R Yo A
S ZAog YERT ol WirT} wad o g #ig)
grol 3~1.5 kgf/em® Aol 2 AJ539tt.

o4 & 9F 10x7F 3~1.5 kgf/cmz/\}ol":“—' Justt
1.5 kgf/em’E §A51= Ag dolstgirt.

TR SO b I

Fig. 12. Pipeline pressure at continuous control
closing



LMo e Ao WA et A7

H £ mm-gfd
| 80 | Open rate 5.0
60/l Pressue (4.0
3.0

FTI |
40

il
2|]]

A =
WWI‘U

u ‘05 101% é]uza ﬁuu'u
;.

355 5% 1% 0AZ T TED 5 Thn Thn s uen Sup wes Ses Db wes b Som Sen nem Sem em &

e e |

Fig. 13. Pipeline pressure at multi-stage control
closing

2.6 N0 Mg Zut

7] AR Aaks Bl 2 o4E Aol Mo s
3kgf/em?, 17 1 kgf/cm®]H, A€ 4l e o]y
2 A4S Aoloks oS BAg AT A A4F ds
AAIgES 1 kef/em®, H &Y 53 AR 0.2
kgf/cm’ltt. & 103] AHAY ¥ & 49 A= &
AAE, Hd s 9 o g o] BatghS Table 13}
Zt.

3. 28

£ eRe $opEd 448 8o 5% A
Fest @S Aofshs e AEIIA. s
A GYBE Aol A2WE P B Ak 4
B2 B UE Aw Aolg FRA%L H5e HEt]
a4 SRSk,

X,

:(o

Table 1. Experimental result of water hammer control

Water hammer| Water hammer \mprovemen
Pressure control control ptr e
not applied applied a
Pipeline inlet 2 2 -
pressure (A) 1.4 kef/cm 1.5 kef/em (input data)
Maximum rising 2 2
pressure (B) 4.1 kef/cm' 3.1 kegf/cm’
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(B-A)
Maximum down 2 2
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(A-0)
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