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Table 1. Summary of simulation information with different
turbulence models
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Viscosity density
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Air 1.789x107° 1.225
Water 0.001003 998.2

Table 2. Fluid specifications
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Abstract

Water distribution networks (WDN), which normally consist of various constituents such as tanks, pipes,
pumps, and valves are vital components of urban infrastructure systems due to their significant role in
providing water as a fundamental daily requirement. One of the key elements in the design of WDNs is the
transient flows, where pressure and velocity changes over time are very fast. The Water Column Separation
phenomenon is one of the transient flow regimes, which is created under conditions such as the sudden
closing of the valve or the shutdown of the pump in the water supply network. Hard pressure fluctuations and
damages caused by the mentioned phenomenon require identifying and providing a solution to prevent it. In
the past research, the introduction of water column separation and its analysis with the help of solving
numerical equations have been discussed. For this purpose, in this article, an attempt has been made to
numerically simulate the desired phenomenon in a Loop system by using ANSYS Fluent software and the
Effect of the inlet velocity on the pressures created due to the Water Column Separation was investigated.
For software validation, the Loop system provided by Wang et al. (2017) was selected. After the validation
of the software, the possibility of Water Column Separation in the network was investigated. The output of
the software indicated that due to the sudden closing of the valve, the pressure in the network decreases to
negative pressure, which is much lower than the water vapor pressure. This decrease in pressure actually
shows the change of the liquid phase to water vapor and the creation of two-phase flow. After opening the
valve again, the negative pressures are removed and a strong pressure increase is observed. This maximum
pressure is actually the destructive pressure of the water column separation phenomenon that can cause the
failure of pipes and connections and financial and life losses in the water supply network. The results of this
section indicate the occurrence of the water column separation phenomenon in the annular network. In the
following, to investigate the effect of changes in the velocity flow on the Water Column Separation
phenomenon, simulation was performed at different velocities between 0.3-2 m/s. In the simulations
performed, only the velocity changes and the other of the parameters have a fixed value. This action is done
with the aim of eliminating the possible influence of the rest of the parameters on the results of the
simulations. Checking the simulation results indicated the occurrence of Water Column Separation in the
Intended Network. Also, the results indicated that with the increase of the input velocity, the maximum value
of the pressure in the network increases and its minimum value decreases. In such a way that with a 12%
increase in the input velocity, the maximum pressure value changes by 11.8% and the minimum value by
14.26%. In general, it can be said that by controlling the velocity as an effective factor in the pressure
fluctuations of the Water Column Separation, this phenomenon and the resulting damages are prevented.

Keywords: Transient Flow, Water Column Separation, Velocity, Loop System, CFD.
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