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External Flows

The boundary layer is the region near the surface where
'viscous effects are important. |

Viscous effects originate at the surface due to the no slip
condition and tend to diffuse away from the surface. However,
-~ the relatively strong momentum of the oncoming flow keeps the
“viscous effects close to the surface. Hence, the boundary layer
is relatively thin compared to the surface length. (0 << L)
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Since the boundary layer is relatively thin, it does not
significantly affect the flow outside the boundary layer which

~ can be considered inviscid.

Procedure for determining the flow field:

1) Neglect the boundary and solve for the whole flow
from inviscid equations. The pressure field is
determined.

2) Solve viscous equations for the flow in the boundary
layer. The shear stresses are then found.

This procedure works well for streamlined type objects with
~ high Reynolds number flow where there is no separation.




Boundary layer equations

Layer is thin 6 /L <<1

Near parallel flow v/u <<1

x-Momentum Eq. p—=——"+
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Pressure is approximately‘across the boundary layer since it is

thin and the flow is nearly parallel.
Op/dy=0—> p=p(x)—>dp/0x=dp/dx=dp,,,dx
dp/ dx is determined from the inviscid flow field solution.

Velocity changes relatively slow in the surface direction as
compared to across the boundary layer.
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Pressure gradient — =—pU . U(x) =inviscid ﬂow Vel()01ty
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Boundary conditions:  #(x,0)=0
v(x,0) =0
u(x,0) =U(x)




Blasius solution to boundary layer equations
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In general u = f(p,,u,U,d—,x,y)
x
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Dimensionless solution: — = f

Flat plate aligned with the flow: U=constant, gp— =— pU %g 0
x X

Flat plate: —_f ,OUx Y = f y |pUx
\u x x\ U

Dimensionless Velocity
" Profile for a Laminar Boundary Layer:
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u—->Uaty=6  6=5/JU/w=5x/,/Re,
Air U=10m/s, Re=10(1m)/1.5x107° = 6.67x10°, & = 6.1mm




Momentum integral equation
For flat plate boundary layer

U= constant — U o
P = constant e '—:
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Solution to momentum integral equation

Assume profile u=a+ by + )’
u(0)=0 — a=0

‘w(d)=U — bS+cé =U
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Shear force: F, = [z, wdx = 0.365pU" /—’u—w [x 7 2dx
0 pU o

F.=0.73pU*wL//Re; C,=1.46//Re;

Exact: ¢, =0.664/Re, Cp=1.328/Re;




