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Water hammer control based on self-operated control valve

LI Zhi-peng'® . ZHANG Cheng-chao'"* ,REN Yu-hao' ,PENG Feng',YAN Jie’

(1. School of Energy and Power Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Innovation Valve Co. , Ltd. , Tongling 244000, China; 3. Hunan Province Extra Large Caliber Power
Station Valve Engineering Research Center, Changsha 410007, China)

Abstract: For the pump-stopping water hammer of the pressure pipeline system of the pump
station, the self-operated control valve can effectively weaken the pressure rise of the pipe-
line caused by the pump-stopping water hammer, but cannot eliminate the negative pressure
in the pipeline. In order to make the negative pressure of the pipeline reach the standard, a
real project was taken as an example to compare and analyze the water hammer protection
schemes of self-operated control valve by using the numerical simulation method of
HAMMER software. In the simulation, the self-operated control valve was the basis, and
the air valve and the one-way surge tank were combined to protective the water hammer
equipments, which made the positive pressure and negative pressure of the water hammer in
the pipeline to reach the standard. The simulation results show that self-operated control
valve plus air valve can replace the function of one-way surge tank in the pipeline system,
the water hammer protection scheme can ensure the safety of the pipeline system, reduce
the capital investment in the protection of pump-stopping water hammer.
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Y5 B #9:2020-01-08

ELTA:WmaELSV LI H(2017KG2182)

BIREE FEM Q62— B, 2m EIL AR H T RS, 32 N F 0 A 8l Jy T8 240 3 sh 398 05 1] 19 B 58 .
E-mail : 1379448 @163. com



56 kU ® I XFFRCERAF K

2020 % 12 A

A ¥ 5 7K 5 G BR J5 BB % i#E 1T 5B ) Bk
S5 T I R 11 RR 5 G PRI 1) e R 458 K 20 A 48 Tl
XA LLRR B K 22 5 88 A K B A B A5 IR Y
I T T K 2 RR AE I S B T A PR AR

5 5K R 23 3 B B R 7 b o ROK B 5
xR G AL A T8 1 & 2 H B BRI . 2k
5215 A5 FHBUE BN D vk o A8 T L K 2 3 452 42 UK
) AT TR SE, XA T AR G R SRR ROE
2 i Yk I 1 S0 T 14 Ak B A A T ) R AT
TOAT O T AR A R, RE K N A
8 TR IE B K A8 TE b ) BT U IR A K, X K A
STESIRHEAT T A S A BT B A UK S K R
FE B v T B S A ) A, R A AR T
K HE B K TR R o6 1 K R 1 R K I S
KTREPH L TR LT T 0. R
AU IE T R Y 22 E A AL AR X B R OK R 1 B
POHEAT T AR AR 5T JF RE T K BE B OB 09 B 9T 7
[

“hy B 1k 5 2 A A ) S AR A R K S R A T T
PR IR 388 2 AE KA H e A2 1k i, 1 ) o
ot g T 0k [ ) — A, BRIk T oK R B
BAIE A HE R SE . Tzquierdo 451 Jung
22071 Dhandayudhdhapani™ & Kim™ 43 93z A
[F) B0 30 Xof 7K B 4 5 £ 1 1 S Bk AT T Ak
Leila 250030 o8 7K HR B34S (14 2 i B 2 X0 25 3 i
MIRORBEAT T HIF5E, B2 M1 BE 488 PR3 % 25 <R By
PO 52, Moghaddas 25 38 3 [ 3 I 5t
BRI gE T 28 AU 2 R I G K R B P Y o
PO ZE . W A T E A A T S A A T
DAV A b A5 401 2 S A 7K g e 9 e R b i i HE R
Rk 23 SO HEHE R B B S o s KR
KR B 3 OR AT 2 S, A S AT LA Ik T
A AR R TS B KR A B RN KRB KR f
Wor o AEL G 2R s I A B S A 3R] RE 2 TR IR 3L TR
KRN T M BEIR . 5 AL BT P A A
R R v N R S W N (A 7 N N 9 2
DU ZE S0 T B o I R B A KRR B 4 THTRUR
B AR A2 I BR 4] AR B A B L HL
TEA R I A7 AE 5 B ORI 45 0] 3L, R F) T 4 9 4
B AR R A R R AR TR K R Bl B
HRE LR TRRKMER, ERTIFZHX

Y. B0 0 Ty W T - T
FHRS IR J7 42 A B0 R 0
R 2 K R B B AT D B
5 9577 T UK 9L X8 36 R A 0 K I
DA E A

i A 8 25 0 K R B 47 8 6 04 75 4
S 3R 0 K 06 4 9 R LR 02
PR T 5 AR 1 E1 0 o B SR 4
JURI K B 2 46 06 45 B 07 % WL — SR TR
1 HAMMER # P 3§ 1 1 i ) 1 2k P B
I ST VB BT » B W5 38 T 1 90 3 1
K R 4 5

1 BhEHIEHGEER

T AERE AU T B8 b ok 2 RS Bl A BT, H
HITX [ 7 5 1 1 e 5 R F) 0T 5 i /0, A B
F5 Z AR DL P i B 0% DA e 1R AR D g ol
1] ) K 2 B

BT I TR K kK AH L HR /D
SHTTR A RE 0 (O S o BT AT A i U im AR
A, FEBHA K. AH MHEARH .

AH:CvQ,Z,U‘U‘ . @)
¢

S, = o 2

C T ogAl (2)

K. C, AT R G Q. /K E B E it
wm,m’/s;v=Q/Q, NKEMWMMME, m"/s; ¢
FIRTTRH R EG A, PR A, m® .

Al 53 B pR B R s B 4 o IR A AT B 2
1 G KR £ B2 O

((9:zf 9:4 <t PRGN BE
1

! (3)

0:¢1+$(t*t1 ) st <2<ty 1L EB:°

0=+ @, =90 t=t1,, 584 KM
Kb 6 RIRT a2 C, WA, LAGE (5 FH 3T 5 AL
5. M >0+, B A IR HIRAL T 58 256
PR ZS SRR 3 B R 0, A T 4 I A 5 4
SR I Y 7K Sk - R A
F,=(Cp—Cy)—2B.,Q, +H, (B +
v (A, +A2) —C.Qv|v|=0, €D



17 A% 4 M

EEM,F AT A HEH R K 87

FEAT IR B AN o B P RS R A K Sk A
FRATS SR B L B

H,+H—H,=H,. (5

K. H, HAKEADmEN KK, m; H HKE

TAEBR . ms H, TR EBR  ms Hy KR

Hyvlwv|

tﬂmﬁﬁgﬁ7k§<,mo /H\:'T' H/: T2 ,H()%:l

11 58 4 I B B K Sk 2k
S 2 (5) MK ZE A T o 45 18 AU A 5 M
i T A5 7K IR A A5 2 B 1 K Sk ST T R
Cp, —Cum, — (B1Qp, .ns — B2Qp,.1 )+
, ) HO‘U‘T"
H, @ +v") (Ao +Ax)————=0,
(6)
i 3h i B AT A AR JHE K LA 7 By
A 715 i ) AR A R E L B
G dw
4g dr °
K. GH NKEMF P& kg m* s g NHET
P EE . m/s" s M HAVETE K EOLA WA T
FEON » msw AUKANER ML, rad/s .
IR s ALy e nl il T A 3
B +0*) (By +Bix)+m, —
G, N, =
S00 M 2B =B =0 . (8)
AH:f=N/N, ;v=Q/Q, ; Bo=M/M, ;¢ NI
IR I E
A7 (O 5 BT B Ao, 98 )5 Bk
LD 24D BIVRE SR A 1 I 1A O 28 1 10 Y 7K Sk
k.

D)

2 E=BIS

R EK TR ELEKY 2 408 m, KK
EIERKZ 1 918 m,fi /K4 IE N DN300 JL4E 914 .
B NG NI K WA K E IR
iz 17, K R #E # KA 120 m, & W & H
200 m*/h, B F 3 A 1 485 r/min, EHLALE I
oM 630 kW,

2.1 FTKRERPIEREM

BOKEREIBAT 3 s JT AR s 452 1k T4 X

A A7 45 2 K Bl B 40 L LB HBL S (] 300 s, Z5 2R UL

Bl 1~3. A0 K B 37 5 il 09 1% 0 € 9K BT i
P9 A B TP R T TR R, R 4 A I 1Y B IR R
JIE UE FBRIBE —10 m. KA, 7E 3 A
TR B ZE VRS I o R A KR 43 B 9 B K ek, ™
HfeFFELE, KEEREZBIT 3 s AW, i
T H R FRELIE 7 s £ AW R 0. KK
6] R A3 KR AE 11,5 s oA T IR Rt |, o s
B AEE] 1 338 r/min, 30K X 7K 5 16 BB E
25 b AR A T K R B A i 1 TR S AR
B IE P2 A R 1 K R T R RS K DR I S
TRURA K R & AE KR R . B, TR SRR IR —
SE (14 7 47 415 i Ol (LTI /K 55 1 1Y 2 4B AT

280 1
260
240
220
& 200
B 180
160
140 —A 3H 5
120 —de/INK T BB
— R RIK Iy
100 — ke BT K I Y
80 L L L I
0 500 1 000 1 500 2 000
FE S /m
(a) Jo7K HE By 7w R A4
0.3
Z 02
= |
ﬁ 0.1 ‘\ I
0.0 il | “‘ ! h\ ]
0 500 1 000 1 500 2 000
5 /m
(b) TErK B 4 R B U
B 1 AAKiERPEMER
Fig. 1 Simulation results without water
hammer protection
300 1
200
=100
E o
= 100
-200 1

3 ‘ ‘ ‘
000 50 100 150 200

A [ /s
2 RAKAEEEEAE TN
Fig. 2 Change of pipeline flow without water

hammer protection



88 kI RKFFROERHAF R

2020 % 12 A

15007
1 0007
500¢
ot

B/ (r-min™)

-500
-1 000

-1 500

0 20 40 60 80 100 120

i 1) /s
3 RAKREHFRKEHEE TN
Fig. 3 Change of pump speed without water

hammer protection

2.2 i E B kAR B R AR L
73 1k 1] ]+ 25 SRR K R B A A L 45 R L (R
4, FRAETC K R b7 47 L 45 R 7E 2 S 1 KR 43
B A IE Y 8 J-15,]-59,)-72 Ab i E S S,
H#EK O EAN 40 mm, HFX O HAEHR 8 mm, ff
58 1k e AN S SRS A T RARIRAR K K
FEJ1I7K KR 273,47 m, e KOKHEE 10 1 648. 7 kPa,
M TKEIE® TAER I 1.3 £, A5 &R
TR, R E AR MR AS BA 18 OC ) RE , 7E K K W
JE R OC ] AR ] DL 1k K ARG (2 i T O
R RE Sk KRR R ) b R R L S T B A
BN, B REREE TSR HERETT
TR A S — /N B T 1 R T 4 KR A 4
IEL s R E R N NS B A N R CI N e S W 5
200 S35 A I AR G W A K R R AT A SR

— I
280 — /K T B
260 —ﬁ}xﬂ}ﬁiﬁ’&‘f .
— ke IB AT K I W

240
220
200
180
160
140
120
100

£/m

=N
G}

0 500 1 000 1 500 2 000
2 /m
B 4 ok g w AR K AR B AR A
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common check valve plus air valve
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check valve plus air valve plus one-way surge tank
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self-operated control valve plus air valve
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self-operated control valve plus one-way surge tank
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