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Water Hammer Protection of Water Supply Pipeline and Its Optimization in
High Mountain Scenic Area with Large Height Difference
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Abstract;  Water supply pipeline in high mountain scenic area has the characteristics of large
height difference, great fluctuation at the ends and easy occurrence of cavities collapsing water hammer
due to power loss and shutdown of pumps. To solve these problems, feasible protective measures of water
hammer were explored. Hydraulic control butterfly valve was firstly installed at the outlet of the pump,
and the closing time and the closing degree in two stages were optimized by orthogonal experiment. At the
same time, a compound air valve was set at high position of the pipeline to simulate the instantaneous
hydraulic process. When the inflow and outflow apertures were 15 mm and 5 mm respectively, the
positive pressure of the water hammer was reduced by 158.98 mH,0, the maximum negative pressure of
the highest point of the pipeline was —57.0 kPa, and the air volume was minimized. The best protective
effect was obtained by reasonably arranging the position of the compound air valve and only setting three
air valves. After the optimization, 20" seamless steel pipe with a wall thickness of 4. 5 mm could bear the
water hammer pressure generated by the water supply pipeline with a height difference of 262 m.
Key words: high mountain scenic area; water supply pipeline with large height difference;

water hammer protection; closing valve in two stages; compound air valve
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Fig.1 Longitudinal section diagram of water supply pipeline
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Fig.2  Changing curve of unprotected pump water hammer

pressure and maximum gas volume
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Tab.1 Results and range analysis of two-stage closed valve by

orthogonal experiments

F5 | HEA M= B HEC | FRKK/m
1 1 1 1 1158.19
2 1 2 2 1 001.46
3 1 3 3 1 016.99
4 1 4 4 997.24
5 2 1 2 1124.50
6 2 2 1 997.34
7 2 3 4 997.05
8 2 4 3 1 001.28
9 3 1 3 1075.18

10 3 2 4 996. 85

11 3 3 1 996. 88

12 3 4 2 996. 94

13 4 1 4 996. 89

14 4 2 3 996. 87

15 4 3 2 996. 85

16 4 4 1 996. 83
El 1043.470| 1 088.690 | 1 037.310
%2 1 030.043 998.130 | 1029.938
Ez 1016.463| 1001.943 | 1 022.580
a 996. 860 998.073 997.008

R 46.610 90.617 40.302
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Fig.3 Changing curve of water hammer protection pressure

and maximum gas volume by hydraulic control butterfly valve
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Tab.2  Simulation results of air valve inlet aperture
AVEAL | I -1 RORTE | J=20 BNE | 1-20 %
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Fig.4 Changing curve of water hammer protection pressure
and maximum gas volume by compound air valve and

hydraulic control butterfly valve
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