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* Cavitation

> Column Separation
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! Infinitesimal strain theory
2 Two-step variant of the Lax-Friedrichs
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Thermoplastics
Clay, Tar
Sludge

Paper pulp
Grease
Soap, Paint

Water
/ Gasoline

Motor cils

T (shear stress)

Beach sand
Starch in water

'\‘J (shear rate)
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! Pseudoplastic
? Dilatant
* Generalized Newtonian fluids
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! Thixotropic
2 Rheopectic
3 Antithixotropic
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non-linear
viscoelasticity

Weissenberg number
YA
viscometric flows
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", rubber-like elasticity

_--~"" linear viscoelasti¢ity
0 co

oA linear elasticity point
Deborah number

Newtonian point
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! Pipe restrained at upstream end only
2 Pipe restrained from axial movement
} Pipe with expansion joints

* Differential equations of motion

> Newton’s law
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! Quasi-Steady friction model
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Abstract

Nowadays viscoelastic fluids are used in engineering sciences, chemical and polymer
industries; study of the properties of these fluids is of interest for many researchers. In
this study, the behavior of these fluids is modeled in conditions such that the fluid
hammer phenomenon occurs in a pipe. Here, this phenomenon is called “viscoelastic
fluid hammer”. The main purpose of this study is to establish the governing equations
for viscoelastic transient flow in the pipe. Firstly, the properties and equations of the
viscoelastic fluid are explained and then the governing equations on the fluid hammer
phenomenon are rewritten generally. Since the occurrence of this phenomenon causes
the pipe wall to vibrate, it is also necessary to consider the effects of fluid structure
interaction. The system studied in this thesis consists of the valve, pipe and reservoir.
Oldroyd-B equations are used as constitutive equations for the relationship of stresses,
and the two-step variant of the Lax-Friedrichs (LxF) finite difference numerical method
is used for discretization of the equations. Subsequently, the governing non-dimensional
groups are computed. These groups are the Deborah, Reynolds and Mach numbers, and
the viscosity ratio. To investigate the effect of the viscoelasticity of the fluid in all cases,
viscoelastic fluid behavior is compared with the ideal fluid and Newtonian fluid (with
viscosity similar to the viscoelastic fluid) and the results are discussed. The results of
viscoelastic fluid hammer modeling showed that in a viscoelastic fluid, the effects of the
line packing phenomenon at the valve are more prominent. Also, it was determined that
the transient flow damping in a viscoelastic fluid is lower than in a Newtonian fluid, and
so attenuation time is longer compared to a Newtonian fluid. It was argued that this is
mainly related to the elastic properties of the viscoelastic fluid, such as the relaxation
time constant. The elastic properties play an important role in storing the potential
energy imposed on the fluid, whereas the viscous properties result in wasting of the
imposed energy. These opposing actions in a viscoelastic fluid cause the damping time
of the transient flow to become longer compared to a Newtonian fluid. As for the effects
of viscoelasticity on the fluid-structure interaction during the fluid hammer
phenomenon, results showed that the compound coupling and junction coupling have
the greatest effect on the pressure head, and Poisson coupling has the least effect. In the
definition of the boundary conditions for junction coupling, the valve is allowed to
vibrate; this causes the effect of junction coupling on the pressure head to be more

prominent. This coupling usually occurs at locations where the flow momentum


https://dictionary.abadis.ir/entofa/n/nowadays/

changes, such as at valves, junctions and so on. But in Poisson's case, the boundary
conditions imposed on the system are largely dependent on the structure; this means the
coupling effect on the system is minimal. On the other hand, coupling effects in a
viscoelastic fluid do not significantly impact the shear stresses in the fluid hammer
phenomenon. In a detailed comparison, the Poisson coupling and junction coupling

exhibit the lowest and maximum shear stresses, respectively.

Keywords: Viscoelastic fluid hammer, Oldryod-B model, Viscoelastic Fluid Structure

Interaction, Two-step variant of the Lax-Friedrichs (LxF), Poisson coupling.
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