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Abstract

The two-dimensional liquid jet of a power-law fluid is considered. The problem is formulated in terms of
the components of fluid velocity which satisfy the continuity equation and the momentum boundary layer
equation for a power-law fluid. The multiplier method is used to investigate the conservation laws for the
system of partial differential equations and a conserved vector and the corresponding conserved quantity
for the two-dimensional liquid jet is derived. The Lie point symmetries of the system of partial differential
equations are calculated. A linear combination of the Lie point symmetries is associated with the conserved
vector for the liquid jet to obtain the associated Lie point symmetry which is used to generate the invariant
solution. An analytical solution in parametric form for the liquid jet is derived. It is found that a solution
for the liquid jet exists only for 1/2 < n < ∞ where n is the power law exponent. The profile of the free
surface and the thickness of the liquid jet are compared for a shear thinning fluid with 1/2 < n < 1, a
Newtonian fluid with n = 1 and a shear thickening fluid with 1 < n <∞.
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1. Introduction

In this paper we investigate the analytical solution of a two-dimensional liquid jet of a power-law fluid.
A liquid jet is formed when a two-dimensional jet of liquid strikes a plane boundary at right angles and
spreads over its surface. A liquid jet has a free surface with a kinematic condition and a stress boundary
condition. It is different from a two-dimensional wall jet. A wall jet is formed, for example, when a sluice
gate separating two sections of a canal is slightly raised and water flows into the section with the lower water
level [1]. The velocity along the jet tends to zero at the outer edge of the wall jet.

Non-Newtonian fluids behave differently from Newtonian fluids because of the nonlinear relationship
between the shear stress and strain-rate. A commonly studied non-Newtonian fluid is the power-law fluid.
Power-law fluids are sometimes described as generalised Newtonian fluids because the stress is prescribed
as a function of a power of the shear rate. They are classified as shear thinning, Newtonian and shear
thickening fluids. Due to the relative simplicity of the power-law model, it is used in many engineering
applications such as the extraction of crude oil from petroleum products.

The governing equations for shear thinning fluids were first derived by Schowalter [2], and later solved
numerically for both shear thinning and shear thickening fluids by Acrivos [3]. Denier and Dabrowski [4]
obtained a similarity solution for the boundary layer equations of a power-law fluid.

Schlichting [5, 6] was the first to apply boundary layer theory to jet flows. He considered the two-
dimensional free jet of a Newtonian fluid and solved the problem numerically. Bickely [7] obtained an

∗Corresponding author
Email address: avnishmagan@gmail.com (A.B. Magan )

Preprint submitted to Elsevier May 5, 2017



Download	English	Version:

https://daneshyari.com/en/article/5016531

Download	Persian	Version:

https://daneshyari.com/article/5016531

Daneshyari.com

https://daneshyari.com/en/article/5016531
https://daneshyari.com/article/5016531
https://daneshyari.com/

