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Abstract

To study the artificially produced and actively controlled water hammer wave generated by hydraulic
vibration exciter, a mathematical model was established and an experimental system was designed to
verify it. Through the given partial differential equations, a computer code based on the method of
characteristics was developed to calculate transient pressure and flow velocity distributed along the pipe.
The numerical simulations showed that a simple harmonic motion rose at every cross section of the pipe.
Meanwhile, the excitation pressure and flow velocity at hydraulic cylinder increased as the rising
rotational frequency of vibration exciter. Moreover, measured data was basically consistent with the
numerical simulations. It indicated that the excitation parameters of hydraulic cylinder could be controlled
almost linearly via adjusting the rotational frequency of vibration exciter. So, this work is expected to
study vibration mechanism of a new hydraulic excitation system and play an experimental guiding role to
further research in future.

Key words Hydraulic excitation, Water hammer, Method of characteristics, Frequency

conversion, Vibration exciter, Experimental system
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Fig. 1 Schematic diagram of experimental apparatus
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Tab.1 Pressure head at different cross sections along the pipe at 20 Hz
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M) /s HEE
AT B IAT 2 W ie 3 Wrini 4 B IAT 5
0 3. 148 489 3.146 978 3. 145 467 3. 143 956 3.142 445 1..000 000 0
9.54929 x 10 ~3 3.146 978 3. 145 467 3. 143 956 3.142 445 3.223 032 0. 967 800 2
1.909 85 x 10 ~2 3. 145 466 3. 143954 3.142 443 3.223 062 3.303 047 0. 935 600 4
2.864 78 x 10 2 3. 145463 3. 142 441 3.223093 3.303 107 3.385454 0. 903 400 6
3.81971 x10 2 3.145 463 3.224 632 3.303 168 3.385 545 3.470279 0.8712008
Fz2 TURSFINE A 20 Hz BB E 7R E
Tab.2 Flow velocity at different cross sections along the pipe at 20 Hz
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Fig.3  Time-histories of pressure at the vibration exciter
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Fig.4 Time-histories of pressure at the hydraulic cylinder
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