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Abstract. In this paper, the importance of non-Newtonian effects of a lubricant flow through a
T-shaped microchannel with a moving lead are investigated. The lubricant flow isrepresented by
Navier-Stokes equation for viscous, incompressible and steady fluid flows.Non-Newtonian
characteristics are simulated by FENE-P constitutive equation. Finite Volume method was used
to solve the case numerically. PSD distribution for Reynolds number Re=0.01 and Weissenberg
number We =1 were compared with Newtonian case. Clear numerical evidence of a higher
stresses for non-Newtonian case is discussed.

1. Introduction

The study of effects emerging in convergent lubrication flow in branched channel are still of value.
Lubricants are widely used in modern technology to reduce friction in moving mechanisms (motors,
bearings, gears), and to reduce friction in the machining of structural and other materials on machines
(turning, milling, grinding, etc.). Depending on usage purposes they may be solid, liquid, gaseous [1].

In this paper the liquid non-Newtonian lubricant flow is considered. Lubricant flow characterized by
negligible width of layer in comparison to its length and small inertial effects (Re<<1) [2-4]. Due to
such peculiarity the ability of macromolecules to change its configuration may have significant impact
on the flow’s picture.

Combination of above-mentioned aspects may lead to some negative effect such as a symmetry-
breaking situation in the flow through a narrow branched symmetrical channel [5-8]. This may lead to
some negative consequences [9-12]. To describe the non-Newtonian behavior of lubricant flow the
rheological FENE-P model was chosen. This model predicts viscosity anomaly, elasticity and the
depending on a shear rate the longitudinal viscosity.

The aim of the present paper is to analyze a structure of non-Newtonian viscoelastic lubricant flow
through a planar T-shaped channel with a moving wall. At the present paper all the calculations were
carried out using the OpenFoam source - CFD (Computational Fluid Dynamics) software package that
based on FVM (Finite Volume Method) [13-17].
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2. Mathematical model

2.1. Equation

To simulate an isothermal laminar creeping flow the mass conversation equation and the momentum
equation need to be solved [18]:

p(%+\7-§\7}=—@p+?-?, (1)

V-v=0. 2)
The fluid total extra-stress is the sum of solvent and polymer stress contribution:
T=1"+7". (3)
Newtonian stress contribution is defined:
5 =2n°D, (4)

where D =%(W+(W)T) [18,19].

In accordance to the FENE-P model the polymer stress contributions can be written in the following
form:
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After averaging procedure, the following non-dimensional parameters are obtained [17]
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where We is Weissenberg’s number, Re is Reynold’s number, P is retardation coefficient, L
represents macromolecules conformation.

2.2. Initial and boundary conditions
Schematic representation of the channel and non-uniform mesh are sketched on a figurel. The length of
the channels was set to 15 channel’s width for the formation of the velocity profile at the inlet flow and
to establish the outlet flow. The represented mesh is non-uniform mesh with refinements near the central
zone.

The imposed boundary conditions are:
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S1: velocity and pressure are constant: U = , V=0 (8)
a‘tp p an
S2: steady-flow conditions: U=0, V=const, p=0, x - W __W_Q )
OX oX OX
S3: moving wall conditions: U=U,,,, V=0 (10)
S4: velocity and pressure are constant: U =0, V =const, % =0 (11)
Initial conditions: Uu=0, V=0 (12)
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Figure 1. Schematic representation of channel with refined mesh.

Initially, the problem was solving as unsteady task, stationary solution was obtained by setting
t — 0. The governing equations were solved by means of finite volume method (FVM). The orthogonal
mesh is used for discretization of computational domain with refinement near the corners and used the
linear interpolation scheme. To verify the obtained results the modeling was made for different meshes.

3. Results
The most important modeling parameters are the fixed Reynolds number Re=0.01, retardation
coefficient f=0.01, Weissenberg number We=1 and stretching ratio L*=50 and 100.

Figure 2. PSD isolines for non-Newtonian ( L*= 50 (a) and 100(b)) and Newtonian fluid (c) models.
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From figure 2 one can see comparison of PSD (principle stress difference ( 5, — ¢, )) distribution in

a T-shaped channel for the cases of We=0,01 (Newtonian-like fluid) and We=1. The pictures emerging
for We=0.01 (Newtonian-like fluid) and We=1 are very similar, nevertheless influence of viscous and
elastic forces for We=1 leads to the visible changes of fluid behavior. From figure 2 (a) and (b) a small
circulation zone occurs near the corner, which is absent for Newtonian case. Zones with higher values
of PSD are also zones with better orientation of macromolecules [17]. As the branched zone is the only
place where non-Newtonian effects may manifest themselves the distribution presented on figure 3
should also be discussed.
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From figure 3 one can see that Newtonian case is almost planar. This result is fully predictable, as
Newtonian fluid has no macromolecules, thus PSD does not reflect any conformation characteristics.
As for non-Newtonian case, there is a visible peak at the branched zone and this peak is in direct

correlation with L2,

4. Summary

In this article non-Newtonian lubricant flow modelled by the FENE-P model through the T-shaped
channel is considered in detail. Special attention is paid to the influence of the fluid flow properties to
the stress values at the branched area. Presented effects of the viscoelastic fluid flows are associated
with the interaction of macromolecules of the dissolved polymer and the solvent stream in the main
stream flow. The changing of the flow direction leads to changes the conformation of macromolecules
associated with their stretching and orientation in the flow. This non-equilibrium configuration, in turn,
leads to change in normal stress that also affecting on the flow patterns. The presence of elasticity is

characterized by two parameters: We and L®. The combination of these numbers specially affects to the
flow behavior. For various values of the macromolecule "unraveling" degree at We=0.01 the flow
pattern will be similar to Newtonian fluid. When Weissenberg number We=1, numerical simulation of

viscoelastic fluid flow at L?=50 will exhibit a circulation zones formation and higher stress values at

branched zone. An increase in L2 parameter values up to 100 leads to the greater peak of stress values
at the branched zone in comparison with Newtonian case.
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