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Abstract

Abstract

In the pipeline system, the transient flow caused by the sudden closing of the valve or the
sudden start and stop of the pump and its induced transient flow with column separation will
cause a sharp pressure rise and pressure drop in the pipeline system. Repeatedly oscillating
pressure fluctuations can cause pipeline rupture, which seriously threatens the safe operation of
the water pipeline system. With the increasing application of polymer pipelines with
viscoelastic mechanical properties in urban water supply systems and various long-distance
water delivery projects, the traditional numerical models based on the classical elastic pipeline
transient flow theory can no longer satisfy engineering requirements for the accuracy of
simulation in viscoelastic pipelines. In order to improve the calculation accuracy, the
constitutive properties of the viscoelastic pipeline need to be considered in the model, and the
parameters in the model need to be selected correctly during the simulation process. Therefore,
in this paper, a model of transient flow with column separation in viscoelastic pipeline is
established, and the friction model and parameter selection of the established model are studied,
which provides a theoretical basis for accurate calculation of gas-liquid two-phase transient
flow in viscoelastic pipeline.

Based on the constitutive equation of viscoelastic pipeline and the basic assumption of
transient flow with column separation, this paper firstly combines quasi-two-dimensional
friction models to establish quasi-two-dimensional viscoelastic pipeline cavitation models. The
constitutive characteristics of the viscoelastic pipeline are described by the Kelvin-Voigt model,
the cavitation model uses the discrete vapor cavity model. Secondly, a one-dimensional quasi-
steady-state friction model and a non-steady-state friction model are used for cavitation model
of the viscoelastic pipeline, the simulation results of cavitation models in elastic pipelines with
different friction models are compared and analyzed, and the effect of friction model on the
pressure fluctuation of transient flow with column separation in elastic pipelines is clarified.
The results show that the influence of the friction model on the accuracy of transient flow
calculations in elastic pipelines increases with the severity of cavitation. When the cavitation is
serious, the quasi-two-dimensional friction model is introduced to improve the accuracy of
numerical results, and the relative error between the model and experimental data is reduced
from 19%~23% to 2%~9.8%. Besides eliminating the unrealistic pressure peaks, the prediction
accuracy of cavity formation and collapse time is improved.

Then, the influence law of pipe wall friction and pipe wall viscoelasticity on the pressure
fluctuation of gas-liquid two-phase transient flow in viscoelastic pipelines is analyzed, and the

comparison and analysis of only considering the effect of the pipe wall, only considering the
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Abstract

viscoelastic effect of the pipe wall, and considering both Influence of joint action on the
calculation results of pressure fluctuation of transient flow with column separation in a
viscoelastic pipeline. The results show that the calculated results are more accurate when only
the wall viscoelasticity is taken into account than when only the wall friction is taken into
account. The relative errors with the first pressure wave after cavity collapse are 11.5% and
22.2% respectively The result of one-dimensional model is more accurate than that of quasi-
two-dimensional model, and the maximum relative error is only 10.4% .

Finally, parameter sensitivity analysis is carried out for the cavitation models of elastic
pipeline and viscoelastic pipeline respectively. The results show that for the quasi-two-
dimensional elastic pipeline cavitation model, the radial grid number has little effect on the
calculation of the pressure peak, and the selection of the axial grid number is not affected by
the quasi-two-dimensional friction model used. The influence of the one-dimensional friction
model is only related to the assumptions of the model itself; for the cavitation model of the
viscoelastic pipeline, the cavitation model using the one-dimensional friction model is not
sensitive to the selection of grid number and weighting coefficients. The calculation results
obtained with different parameters are in good agreement with the experimental data as a
whole. The cavitation model combined with the quasi-two-dimensional model is very sensitive
to the selection of parameters, especially the number of grids, which affects both the
calculation of the pressure wave peak and the prediction of the cavity duration. The relative
error decreases from 8.3% to 1.9% as the grid number increases.

In summary, the mathematical model established in this paper can cover the basic
characteristics of transient flow with column separation in viscoelastic pipes. The accurate
simulation results can be obtained by selecting the friction model and model parameters
according to different initial conditions, which provides a theoretical basis for pipeline system
design and water hammer protection in engineering.

Keywords viscoelastic pipe; transient flow; transient flow with column separation;

quasi-two-dimensional friction model; parametric analysis
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