MA3609 Fluid Dynamics:
Boundary Layer Equations

Dr Oliver Kerr

November 23, 2009

Dr Oliver Kerr MA3609 Fluid Dynamics: Boundary Layer Equations



This presentatation uses sound and automatic page transitions.

For sound you will obviously need speakers, headphones or
earphones. Using Acrobat Reader under Windows seems to work
fine. With Linux you will need Acrobat Reader and RealPlayer
installed. | have no knowledge of Apple computers.

For the automatic transitions you will need to be in Full Screen
Mode.

This is my first attempt at doing something like this, so it is not
perfect by any means.
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Basic Idea
Introduction Full Equations
Boundary layer equations

Boundary layers are thin regions in high Reynolds number flows
where the essentially inviscid exterior flow adjusts to the no-slip
boundary condition on a body.
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Basic Idea
Introduction Full Equations

Boundary layer equations

Full equations for an incompressible flow.

Continuity equation:
ou  ov  ow
ox 9y 0z
Navier-Stokes equation:
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Basic Idea
Introduction Full Equations

Boundary layer equations

Approximations: 1) Flow 2-D in x—y plane and z-independent.
Continuity equation:
ou  ov  ow
ox 9y 0z
Navier-Stokes equation:
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Basic Idea
Introduction Full Equations

Boundary layer equations

Approximations: 2) Time independent.

Continuity equation:

ox 0Oy N

Navier-Stokes equation:
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Basic Idea
Introduction Full Equations

Boundary layer equations

Approximations: 3) y derivatives bigger than x derivatives.

Continuity equation:

ox 0Oy N
Navier-Stokes equation:
du, du o 10p (Pu Ou
Yox dy - pox Ox2  Oy?
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Basic Idea
Introduction Full Equations

Boundary layer equations

Approximations: 4) u much bigger than v.

Continuity equation:

ox 0Oy N

Navier-Stokes equation:
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Basic Idea
Introduction Full Equations

Boundary layer equations

If P(x) is the pressure just outside the boundary layer then the
equations reduce to

ou, ov
ox 0Oy
8u 1 dP 0%u
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Basic Idea
Introduction Full Equations

Boundary layer equations

If U(x) is the x-component of the velocity just outside the

boundary layer then

_1dP_,dv
pdx  dx
and so the equations become
0
u @ 0
ox 0Oy

U u_du R
Ox 8y dx 8 y?

The boundary conditions are

u=v=0 at y=0, and u—U(x) as y— oc.
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