ADVANCED FLUID MECHANICS
Master of Science in Computational Mechanics/Numerical Methods
Fall Semester 2018
Homework 2: Navier-Stokes and Boundary Layer
Due date: December 19, 2018
Groups of two

1. Consider the steady laminar flow through the annular space formed by two coaxial tubes. The
radius of the outer tube is Ry and the radius of the inner tube is Rs. The flow is along the

. oo e . d o
axis of the tubes and maintained by a constant pressurce gradient —12, where the z direction
: dz
is taken along the axis of the tuboes.

Fluid B9 ke
S '----'---"------------------.-7-;- T\ R
YISEX | :

L Fuid. w

a) Write down the equations governing the flow motion. Clearly show the simplifications
that can be done.

bh) State proper boundary conditions to be able to solve the problem.

d
¢) Compute the velocity at any point of the fluid in terms of the pressure gradient -—]2

the fluid viscosity £ and the tubes radii R; and Rs. Determine the radius at which thc
maximum velocity is rcached.

d
d) Compute the volume flow rate. Express it in terms of of the pressure gradient d—p, the
T

R
fluid viscosity p, the outer tube radius Ry and the ratio & = EZ
1
¢) Consider volume flow for the limit case & — 0. Doecs the rclation of (d) reduce to the -

formula for Poiseuille flow in a circular pipe of radius R;7 Discuss your answer.

2. Usc the Karman-Pohlhausen approximation to compute the boundary layer solution for an
uniform flow over a flat plate. Assume a quadratic polynomial form for the velocity profile:

)

and use the following boundary conditions:

u=0aty=0
u—U,g——Oaty—rﬁ

Compare this solution with Blasius exact solution.
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