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Introduction & goals

* |Incompressible fluids described by the Navier-Stokes equations * Inthe present study, investigation of the dependence of the
acceleration from the velocity on a (localized) boundary subject

* Friction at the boundary can be described by the Navier-slip . _ -
to the Navier-slip conditions

boundary conditions with friction parameter 3
* Relations between components of acceleration derived with

* Often, friction related to the dependence of the acceleration _
analytical tools

from the velocity as for drag force F, = -6 zu/Rv or resistance
force [Fo[= CApv?/2 * Analytical findings probed with FEM fluid simulations as

implemented in COMSOL Multiphysics®
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* Application of Navier-slip boundary conditions (with parameter [3):
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Figure 1: Channel-like 2D-geometry with an obstacle with * Equations probed with FEM simulations with 2D-geometry from Figure 1
. . . . L. o . . o o _ _ 3 _
different curvatures k=-1/R subject to the Navier-slip conditions and fluid with high viscosity of p = 100 Paes, p = 1000 kg/m?, u;, = 2.. 20
at the center of the lower boundary:. m/s,3=2..18 m/s
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* Analytical result confirmed with FEM simulations (see Figure 2). & X < A Nt v N\
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* Fortangential acceleration: E S0 || a(R)=[1+4p/(p-BR)}a (=), R =20 mm
E = | § - at(R)z|l+4u/(p-B-R)|-at(oo). R =8 mm
 (Absolute) acceleration enhanced on a curved boundary with 3% B 10 15 20 4000 5 10 15 2
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respect to a plane boundary.

* FEM results show larger change of tangential acceleration than  Figure 2: Computed dependence of the normal acceleration a,, on the tangential

obtained with analytical approximation (see Figure 2). velocity u, for Navier-slip conditions on a boundary with the curvature k=-1/R for
different R (dots) compared with the analytical formulaa, =1/R e u? (left) and

* Consequently, friction, as related to tangential acceleration, Comparison of the averaged tangential accelerations a,(u,) (solid lines for R=>o to R
enhanced on a curved boundary with respect to a plane = 8 mm) with the analytical approximation (dashed lines for R=20mmand R=8
boundary. mm; for § = 10 m/s) (right).
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