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Abstract

Introduction: Transient currents occurs when cavitation change with time, and water
hammer impact is one of these phenomena. Since the ram impact phenomenon is a transient
and damping phenomenon, it can therefore be called a non-continuous damping current,
which occurs between two flow regimes. In this study, in order to investigate the ram impact
phenomenon along with cavitation, a flow model in pipes in two-dimensional (quasi-two-
dimensional) space has been developed. This numerical modeling has been done in a
cylindrical coordinate system and the finite element numerical solution method has been
used to solve the equations. This model has been used to calculate the shear stress between
different layers of the flow, for each type of flow (quiet or turbulent) of its own relations. In
this modeling, the continuity equation is explicitly solved and the momentum equation is
implicitly solved. In order to find the best model, Araya laboratory conditions were modeled
in both ANSYS and Fluent models and the output results were considered as the basis for
selecting the best model. The output results indicate that the model built in Fluent is closest
to the laboratory results.

Methodology: A numerical model of ram shock is the solution of simplified Navira-Stokes
equations in the space of a tube and a cavitation model involves solving two-phase equations
with shock and ram equations which are continuous. For numerical solution of both ram
impact and cavitation models, the finite difference numerical solution method has been used.
In these equations, the variable u is a function of r, x and t, while H is a function of t, x, so
this model is a quasi-two-dimensional model. Wardi and Wang (1991) showed that for both
slow and turbulent currents, the maximum radial velocity is between 10 and 20 um / s. Along
the pipe, the normal stress value at all points is assumed to be equal to the pressure head, so
the values or, ox and 60 are assumed to be equal to zero.

Results and Discussion: In FLUENT, a moving mesh model is used to simulate valve
closure. The relationships between wave velocity and compressibility (based on the bulk
modulus) of the fluid are in the form of programs in the C programming language called
ANSYS, and the Wall Function method is used to simulate the viscous substrate. The
geometry provided in ANSYS is exactly the same as the geometry provided in FLUENT. To
perform the same modeling in both codes, the type and number of equal geometry meshes
have been selected and the independence of the answers to the geometry meshing has been
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investigated. The boundary condition in ANSYS is similar to the boundary condition in
FLUENT, in that a constant pressure boundary condition is applied at the inlet and outlet of
the pipe and a wall boundary condition (zero velocity components) is applied to the walls.
At the inlet constant pressure equal to 2.65 meters of water column and at the outlet constant
atmospheric pressure is applied. With the gradual closing of the valve for a period of 1.085
seconds, the output boundary condition becomes the boundary condition of the wall after
this time. Continuous lines are experimental values obtained from the experiment, and
dashed lines are values that have been calculated from the classical theory of ram impact
based on the assumption that the coefficient of friction is constant. As can be seen, the
FLUENT results are better than the classical ram results, but the pressure wave in the
FLUENT is consumed slightly earlier than it actually is. This means that the coefficient of
friction for the ram impact in the Wall Function model is higher than the actual value. it is
possible.

Conclusion: Transient conditions are created due to sudden changes in a hydraulic system.
These changes are usually due to changes in flow by valves, turbines, etc. and cause sudden
changes in pressure in pipelines. This increase or decrease in pressure can damage the pipes
of hydraulic systems valves. Two-dimensionality of the model and consequently
segmentation of the pipe section. To different layers and separate calculation of each layer,
the modeling is closer to the real state of the phenomenon and as a result the results are more
realistic. The two-dimensionality of the model and as a result of dividing the pipe cross
section into different layers and calculating each layer separately, has brought the modeling
closer to the real state of the phenomenon (compared to one-dimensional models) and as a
result the results are more realistic. Also, the performed modelings show that omitting the
radial velocity component of the fluid in the pipes has no effect on the accuracy of the
problem.
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Table 2 Sensitivity analysis on meshing along the length
of the pipe (x) for the pressure head at the end of the pipe in
turbulent flow
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Table 4 Test plan for votes and related data

Initial value parameter
0/0165 M Primary flow
2/65™ Water height in tank
0/0223 Friction coefficient
0/62 Primary place of tap
1125ms Wave speed
999/1 Water density
1/06x10-3 m%'s Viscosity
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Table 3 Sensitivity analysis on meshing along the radius
of the pipe for the pressure head at the end of the pipe in
turbulent flow mode

Number of network lines along the
. length of the pipe
10 25 50

0.10 46.77 40.66 35.87
0.20 46.61 40.89 36.27
0.30 -45.76 -38.83 -33.58
0.40 -45.73 -39.67 -34.68
0.50 45.27 38.11 33.04
0.60 45.33 39.29 34.84
0.70 -44.41 -36.66 -30.43
0.80 -44.46 -38.21 -33.42
0.90 43.89 35.74 28.38
1.00 44.06 37.67 33.26
1.10 -42.54 -33.68 -23.58
1.20 -43.15 -36.52 -31.78
1.30 19.27 13.24 6.15
1.40 42,72 35.80 31.28
1.50 6.30 7.78 11.63
1.60 -41.77 -34.49 -29.55
1.70 -32.25 -27.90 -26.66
1.80 41.35 33.63 28.62
1.90 41.83 35.71 31.88
2.00 -40.36 -32.15 -26.39
2.10 -41.11 -34.68 -30.73
2.20 40.13 31.26 24.80
2.30 40.69 34.04 30.34
2.40 -39.00 -29.45 -21.53
2.50 -39.86 -32.87 -29.00
2.60 38.76 28.32 18.50
2.70 39.52 32.18 28.45
2.80 -38.63 -27.03 -13.71
2.90 -38.59 -30.80 -26.87
3.00 26.85 15.37 3.54
3.10 38.28 30.00 26.04
3.20 -4.35 2.05 9.85
3.30 -37.42 -28.56 -24.16
3.40 -17.73 -17.17 -20.23
3.50 36.89 27.41 22.81
3.60 36.74 30.35 27.65
3.70 -36.08 -25.87 -20.41
3.80 -37.21 -30.19 -26.87
3.90 35.55 24.51 18.35
4.00 36.89 29.49 26.33
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Fig. 11 The results are plotted for two adjacent locations of the valve and the middle of the pipe. (As can be seen, the results
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