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Abstract

Aiming at the influence of valve closing mode and fork angle on pipe water hammer pressure and
hydraulic characteristics in Xinlongkou Hydropower Station, this thesis carries out a systematic research and
calculation. Using Bently Hammer water hammer calculation software combined with CFD numerical
simulation technology, two-dimensional calculation and analysis of pipeline water hammer pressure under
different valve closing conditions, and further use of three-dimensional water hammer simulation to explore
the number of valves, distance and diameter of the three factors on the pipeline pressure transient changes in
the front and rear ends of the valves, and at the same time on the flow characteristics of the different turnpike
angle was analyzed. At the same time, the flow field characteristics under different fork angles are analyzed,
and the design of the fork pipe structure is optimized.

The results show that the choice of valve closing procedure has a decisive influence on the change of
water hammer pressure: the shorter the valve closing time is, the larger the extreme value of water hammer
pressure is, and the extreme value of pressure usually occurs at the end of the valve; prolonging the valve
closing time effectively reduces the extreme value and the number of peaks, and the pressure fluctuation
tends to stabilize around 30 seconds; compared with the one-phase linear closure, the two-phase linear closure
of the water hammer pressure is higher than the 8% -14.1%. Compared with one-stage linear shutdown, two-
stage linear shutdown is 8-14.1% higher. Therefore, it is recommended to use one-stage linear closure of
more than 9 seconds or a valve closing strategy of 60% fast closure and 40% slow closure in practical projects
to achieve a balance between efficiency and safety when unloading the power plant.

The main factor affecting the variation of transient flow at the front and rear ends of the turnpike valves
is the number of valves, followed by the valve diameter and the distance between the valves. Larger diameter
valves lead to delayed appearance of water hammer wave peak and larger pressure fluctuations, while smaller
diameter valves make the wave peak appear earlier; therefore, in actual operation, it is recommended to
prioritize the closure of small-diameter valves in order to significantly reduce the local pressure loss and
water hammer pressure, so as to enhance the operational efficiency and safety of the water transmission
system.

For the impact of the angle of the fork pipe on the change of the flow pattern at the fork pipe, the
calculation results show that the larger the angle of the fork pipe, the smaller the local head loss, the more
uniform the flow distribution, the smaller the pressure fluctuation. In the fork angle of 120 °, the pipe
bifurcation of the local head loss is the smallest (large-diameter unit fork fork at 13.27 m, small-diameter

unit fork fork at 1.49 m), the flow field is more uniform, effectively reducing the local turbulence and vortex



phenomena, while reducing the extreme value of water hammer pressure and its impact on the piping system.
Although further increasing the angle of the bifurcation pipe can further reduce the head loss, it will
significantly increase the project cost and construction difficulty. Considering the comprehensive
construction cost and construction difficulty, 120° is the optimal design angle.

This thesis reveals the impact of different valve closing procedures on water hammer pressure, and
through three-dimensional water hammer calculations to clarify the fork angle, valve diameter, valve distance
and the number of the role of the pipeline flow pattern, verifying the reasonableness of the 120 © angle of the
fork in the engineering practice; the use of two-dimensional and three-dimensional combination of the water
hammer calculation method, to achieve the balance between the calculation accuracy and the cost of time for
the optimization of the design and safe operation of similar multi-branch pipeline project provides technical
support and also provides a reference basis for further research on the hydrodynamic characteristics of multi-
branch pipeline systems. It provides technical support for the optimization design and safe operation of
similar multi-branch pipeline projects, and also provides a reference basis for further research on the
hydrodynamic characteristics of multi-branch pipeline systems.

Key words: pressure pipeline; water hammer pressure; numerical calculation; branch pipe; structural

optimization
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