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Fig.1 Pressure envelope of unprotected

pipeline under accident shutdown
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Fig.2 Change curve of starting point pressure of water

extraction pipeline without protection under accident shutdown
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Table 2 Calculation results of different closing laws of check valve

T 5 b B 5% A R I 5 S /m BARIE FI B /m KRR I(r min™) Pttt 120 s & Lk ft i UK I3 FE S B/
11 35 K% 30%+30 s 751.56 HEA -2100 50
12 35 K% 10%+30 s 766.42 Tt -1900 75
13 35 K% 5%+30 s 871.9 A -680 85
14 3s A%k 988.2 A T A% 280
15 25 K% 30%+30 s 749.46 HEA -2050 25
16 25 K% 10%+30 s 765.51 at!a -1870 80
17 25 K% 5%+30 5 853.9 A -570 115
18 25 &K 868.1 It pREE 260
19 B /K I A1 R 28 109%+30 s 836 tavia -710 205
1.10 I 7K LT 41 9K 28 5%+30 s 825.3 Rt ia Tl 180
1.1 B K LI 41 K 28 3%+30 s 824.5 Rt ia Tl 210
1.12 Wi 7K Itk A 811.9 Kk Totsli 220

M1 2 T, AN AR e R B L [m] % R, X
FESRKE 2 Bk BT U RB 37 R, 2k o
JESRE/KEETCIAH bR, A AL S A DAL (] iR Ak 4 17K
IR TK 750~1 000 m J5 A& R R Ik IR 1Y o
EAREARIL PTG MR SRS U, R H
PR G RKEE, ARSI 3 E k. Y
WA U O ARKE, P — I T, R
R BIREEATB KR 2, X K BEN &
SCEA I A ) DR DI RE, LB B AR A,
FLARAS T HIR B s U (i 2 R BERE L DA%
P B T s A0 1 HL 78 24 SRR FELIE IR RE A7 25 0
TEVEIUMHE IR B E Bk G KEETCRE N 7T AR 2
R, AEER SRR A ERY R, BEE KRt E k(e
57— B BOR DT BB, 15 T e, B2k
TR G, KRB AR, 5 P KR 34
P AEE I JE Y, 1RTD 38— B BOR T RE R AE
5% LAWY, BREE—Br BOYREKIUE A, T BE K i
AR, 25— BeR AT EEDN 1 JE T s I A I
BRI HME
23 REZ=SH (Fx2)

TRESEECH, N T B R G PEAK R 77, HeR
TE, AW AR T KR BT B R B
WL E, EARBHARER, WA L ora K. %
W B R S ORI, AR EREN AT ST R R
W A L P e s K R 2 R U, DA KT 33 s 2R
PN P 7 AL R B T, ER I MR Sk b ] I B T g
(R KL i B TR 5 KB o 2 P R WiE IR [ T H

58

IR, 23S HE N ) AR SRR — 20 45, M1
TR AR IEAR o & 2 7 L0 T A0 8 o 7 A 1 3 30
B3P 4

231 BRI FAHAA

=

{E A T 5 AL IS 9 % A PR 1 2 06 R A
HoRA TR, TR R AR R, AWK

i R REIE T4 S I, X AR KIS BER T &
SEFRIEHL, W 4 B,

HY

%

ct i TQS
N
_>QU P

B4 Z2AHRETER
Fig.4 Principle diagram of air tank
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Table 6 Parameters of water hammer protection scheme
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Table 5 Calculation results of different initial charging pressures
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Application of Air Tank in Water Hammer Protection of High Head Pumping
Station under Complex Terrain Condition in Plateau Mountainous Area

LI Lingling", TONG Baolin', LIU Zhiyong? GU Shixiang""
(1. Yunnan Institute of Water & Hydropower Engineering Investigation, Design and Research, Kunming 650051, China;
2. Wuhan University, Wuhan 430072, China)

Abstract: [Objective] To explore the application effect of air tank in water hammer protection of high-lift
pumping station under complex terrain conditions in plateau mountainous areas. [ Method] Combined with a water
supply project in Yunnan Province, the calculation model of the pumping station system was established based on the
characteristic line method, and the simulation calculation of the hydraulic transition process under various working
conditions was carried out. The effects of water hammer protection measures were compared and analyzed under the
working conditions of no protection of check valve refusing to operate, joint protection of check valve and
waterproof hammer air valve, and joint protection of check valve and air tank set at different positions. The
protective effect of air tank on negative water hammer of high-lift pumping station under complex terrain conditions
in plateau mountainous areas was discussed. [Result] The joint protection of air tank and pump outlet
quick-closing check valve in the back section of the pipeline can prevent the pump from reversing under the accident
shutdown, and there is no negative pressure along the line, and the maximum pressure rise ratio is 1.2 times, which
meets the requirements of Design Code for Pumping Station. [ Conclusion] Under the complex terrain conditions in
plateau mountainous areas, the air tank in the high-lift pumping station is set at the source or upstream of the
negative water hammer, which can fundamentally protect the water hammer.

Key words: high-lift pump station; complex terrain; air tank; water hammer of cavities collapsing; negative water
hammer protection measures
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