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Crank Nicolson discrete form of pipeline water hammer equation and its engineering application

LI Na', JIN Sheng!, DING Wetye', WANG Y our qing?
(1. School of H ydraulic Engineering, Dalian University of Technology, Dalian 116024, China;
2. Operation Management Center of Soutlrto-N orth Water Diversion of Beijing, Beijing 110195, China)
Abstract: In order to simulate the hydraulic transition process in the pipeline, a new model of hydraulic calculation of pressure
pipe was established. The finite volume method was used to conduct the spatial and t em poral integrations for the one dimensiorr
al equation of water hammer pressure pipe ,the implicit Crank Nicolson scheme of central difference of time was used to treat
the partial differential items, and the discrete format of water hammer equations with the second order accuracy and uncondit iorr
al stability was obtained. The example with analytic solutions was used to verify the method accuracy. Through the simulation of
opening and closing processes of Huinanzhuang pum ping station of the Soutlr to North W ater Diversion Project in Beijing, pres
sure fluctuation can be predicted, therefore early response measures can be proposed to reduce the occurrence probability of wa
ter hammer and the adverse effects of pressure fluctuation, and the trainset conditions can be changed into normal operation. T he
method has good engineering application.
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Fig. 1 Partition of control volume
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Fig.2 Schematic diagram of the model verification
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Fig.3 Pressure head traces at x= 995 m
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Fig. 4 Pressure head traces at x= 500 m
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Fig.5 Pressure head tracesatx= 5 m
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Fig.6 The Middle Route Project of Soutlrte North Water

Diversion Project in Beijing
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8 PCCP (HDo+ 191.598)
Fig. 8 Water level process at the most unfavorable point
(HDo+ 191.598) of PCCP pipe
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Tab.1 Calculation results for all working conditions
g RIRR RRXM RWEE  PCCP HK S/ m o AR Eﬁk%f M EETRER e e
WfE/s B/ s BT s Al /M J& A%/ m Al BoMy K/ m
1 200 200 200 119.20 49. 52 53.33 65. 87 - 3.81 59.43 1. 11
2 200 200 300 121. 60 47.9 53.33 68.27 - 5.38 59. 43 1.15
3 200 200 400 124.70 49.29 53.33 71.37 - 4.04 59. 43 1.20
4 250 250 200 119. 06 49.57 53.33 65.73 -3.76 59. 43 1.11
5 250 250 300 118.70 49. 51 53.33 65.37 - 3.82 59.43 1. 10
6 250 250 400 113. 46 50. 09 53.33 60. 13 - 3.24 59. 43 1.01
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