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Analysis of Dynamic Characteristics of Gas liquid Flow During Water- filling Process in Pipeline
GUO Yong xin', WU Hao tong?, YANG Kar lin!, GUO Xir lei', WANG Tao'
(1. China Institute of Water Resources & H ydrop ower Research, State Key Laboratory
of Simulation and Regulation of Water Cycle in River Basin, Beijing 100038, China;

2. College of Water Conservancy and Hydropower Engineering, H ohai University, Nanjing 210098, China)
Abstract: T he water filling process in pipeline involves gas liquid tw o phase transient flow. A reasonable analysis and assessment
of the two phase dynamic characteristics is very important for the optimization design and safe operation of engineering project
and numerical simulation study. Based on the dimensional analysis and similarity theory, the similarity laws of the gas phase
model during the water filling process were established, and the dynamic similarity laws of the exhaust process in vents were
similar to the gravity similarity laws; stherefore the geometric proportion relationship of detained air bubbles in the pipeline in
the prototype and model was obtained. T he similarity laws of the gas phase model were applied to the hydraulic model test of
the culvert air vent on the West 4th Ring Road of Beijing in the South to- North Water Diversion Project, which provided the dy
namic parameters of gas liquid two- phase flow during the water filling process and the reasonable water filling flow rate in the
culvert. Furthermore, the effects of the detained air bubbles on the conveyance capacity were analyzed quantitatively and qualite
tively.
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Fig. 1 Schematic diagram of pipeline and air vents in the physical model
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Table 1 Measuring parameters and instruments
s LBl WA R
1 WRALHGE PR 0.05~ 2 50 0.05~ 10 m/s
2 WAALE RS 0~ 4 kPa
3 K E BB R 0.084 8~ 100 m3/ h
4 KR Rk 0~ 50 kPa
5 WPV AR 0~ 500 mm
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Table 2 Relationship between the maximum wind speed and

water filling flow rate at 4# air vent

FAKPHE/ (m3 e s1) 2,25 3.46 4.56 5.56 6.72 8.03

g/t 1.00  1.54 2.03 2.47 2.99 3.57

BRRH/ (me s')  4.96 7.13 9.35 11.38 12.57 16.32

b5 R 38 fe /NME L 1.00 1.44 1.89 2.29 2.53 3.29
2 4

Fig. 2 Wind speeds under different w ater filling

flow rates at 4# air vent
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Fig.3 Wind speed and wind pressure at 2# air vent
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Table 3 Geometric proportion relationship of detained air

bubbles in the prototype and model

J5 R 7Y
DI OKIE gRE ) KIE HXE A, % Z—:
/m Kk B/ Pa (%) /m Kk 98/ Pa (%)
15 6.972 169 651 31 0.418 105421 3 3293 14.88
2% 3.637 136968 19 0.218 103461 1 3787 15.59
35 7.853 178284 33 0.471 105941 3 3190 14.72
4% 8.526 184880 35 0.512 106343 3 3116 14.61
5% 8.779 187359 36 0.527 106490 3 3090 14.56
6'% 7.370 173551 32 0.442 105657 3 3245 14.81
75 6.555 165564 30 0.39 105176 3 3346 14.96
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