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Tab.1 Inlet exhaust flow and inlet exhaust coefficient

under different differential pressure

Properties
Volume 6.779¢-003 m?

Centroid X -33152e-011m
= Centroid Y 010074 m

Centroid Z -4.1157e-002m

Statistics

Nodes 87150

Elements 459704

Mesh Metric None
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Fig. 1

Establishment of air valve model and grid parameters

% GNE BRUBE R RN e R

/kPa #%/Pa /(m’+h™hH  /(m®-hThH E
1 98 325 470. 86 1125.08 0. 42
2 99 525 630. 48 1575.15 0. 40
3 99 825 771. 48 1.910. 00 0. 40
4 100 125 885.73 2 183.76 0.41
5 100 325 1031.07 2 417.70 0.43
6 100 525 587.14 2 622. 86 0.22
7 100 825 627.48 2 805. 87 0.22
8 101 025 667. 86 2971.11 0.22
9 101 225 709. 63 3121.67 0.23
10 101 425 743,51 3 259. 82 0.23
11 101 625 926. 54 3 387.30 0.27
—1 101 825 391. 89 1 146. 27 0. 34
—2 102025 552,15 1612.38 0. 34
—3 102 225 662.57 1 964.06 0. 34
—4 102 425 756. 95 2 255,49 0. 34
—5 102 625 866. 3 2 507.76 0.35
—6 102 825 962.73 2731.73 0.35
—7 103025 1017. 85 2 933.91 0.35
—8 103 225 1118.71 3 118.52 0.36
—9 103 325 1146. 14 3 288.54 0. 35
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Fig.2 Relationship between differential pressure and mass flow
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Fig.3 Relationship between exhaust coefficient and
pressure difference inside and outside the pipe in

mass exhaust stage and throttling exhaust stage
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Fig. 4 Relationship between intake coefficient and
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Fig. 5 Schematic diagram of pump station
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Fig. 6 On envelope along pipeline pressure
1 I LA A 5 28 I R R ROk
43 HHESEHHAR

BEXS PG LU 2R — GRS FEAE SO 0+20 B R
Ak 2 5 2= SR F 9 0 HE R Bk L s R
SERECRHBIE 0. 55) 5 KA E 3.4 it gh &5 i
HER R BOM L HEAT HED 20 & L o3 BT i R 2L 45 18 Y
TR S B AR L SR WS 2. miER 2 AT E I,
iAW )E, 2R BCR 3 &
[ U (€ A< = Qi S (1S B2 7 S
9 —7.79 m BEARE] T —0. 1 m, JE Fy ¥ il 76 45 3
WA, EE N IE R T2 R G 25T .
R B S HER B R E SRR 2. 31 m, R 3l
SHEARERRIES ETHT 3.7 m, BIRE K,
DT FEHE R BOR 3 A EAR B TR & (E
SEAN R 22 K DR A S B K B 5 L 23 RO
PEHER R BV R B 21 .
®2 TEHARERBSEEENKKL

Tab.2 Flow coefficient and pressure head of air valve
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Fig.7 Pressure variation diagram of dynamic exhaust

and intake coefficient
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Structural Strength and Modal Analysis of Large Hydraulic Radial Gates in Service
HU Yao-ying' ,CHEN Bao-jia'* ,CHEN Fa-fa'”*,XIAO Wen-rong' , XIAO Neng-qi' , LIU Qiang'

(1. Hubei Key Laboratory of Construction and Hydropower Engineering, China Three Gorges University, Yichang 443002,
China; 2. The State Key Laboratory of Mechanical Transmission , Chongqing University, Chongging 400030, China)
Abstract: To ensure the safe and stable operation of large radial gate in service, taking the hydraulic radial gate of

Gezhouba Project as an example, the finite element analysis software was used to analyze the static strength and modal to
obtain the maximum stress concentration point and deformation of the gate under the design head condition. The vibration
intensity of the gate was judged according to the natural frequency, vibration model and maximum deformation displace-
ment. The results show that the deviation between the total design water pressure of the gate and the theoretical calcula-
tion is 4. 7%, which is located in the 5% error control range. The overall maximum stress of the radial gate is 373. 86
MPa and the deformation is 12. 938 mm, meeting the design requirements of the specification. The bottom of the panel
exists local stress concentration, the overall vibration deformation of the gate is less than 0. 508 mm, and the vibration in-
tensity is small. Only low-order frequencies appear in the high-energy region of the pulsating pressure of the water flow,
and the possibility of resonance is small.
Key words: radial gate; static analysis; modal analysis; vibration strength
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Numerical Simulation of Dynamic Air Inlet and Exhaust Coefficient

of Air Valve Based on Waterproof Hammer
YUAN Ming-ze, WU Jian-hua, GUO Xiao-xiao, LIU Jin-hao, GENG Zi-jian
(College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In the hydraulic transition calculation of long-distance water transmission pipeline, the intake and exhaust
coefficient of air valve is mostly constant. In order to explore the influence of the intake and exhaust coefficient of water
hammer air valve on the change of pipeline pressure, the DN100 water hammer air valve was simulated by FLUENT soft-
ware to obtain the mass flow at —9 kPa —11 kPa, and the dynamic intake and exhaust coefficient curves with different
pressure differences were established. Taking Xishan primary water lift pump station as an example. dynamic value and
fixed value were adopted for air valve inlet and exhaust coefficient respectively (mean value 0. 55) to calculate and com-
pare the transition process. The numerical simulation results show that the improved dynamic inlet and exhaust coeffi-
cient of the air valve has little impact on the negative pressure of the pipeline and great impact on the positive pressure.
The improved dynamic inlet and exhaust coefficient effectively reduces the pressure fluctuation in the pipeline. In the ac-
tual operation of the pump station, it is necessary to pay attention to the positive pressure change of the pipeline, and
strengthen protection. The calculation of water hammer prevention should be based on the measured data of air valve inlet
and exhaust. The research results can provide some references for the hydraulic transition calculation of air valve in the
operation of pump station.

Key words: water hammer air valve; throttle plug; dynamic intake and exhaust coefficient; hydraulic calculation model





