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Boundary Layer-
Momentum Integral

Outline
* Momentum Integral Method
 Momentum Integral for Flat Plate
 Momentum Integral with
Pressure Gradient
» Walz Approximation
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Conservation of Mass
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Mge =p[ (U, —u)dy =pU,8"
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pj udy +my. —pj Udy=0
0 0

Integral lethod farkses

Outlets Inlets

h h
p[ udy+mg.U, —p[ U2dy =-D
0 0

h
D= pj u(U, —u)dy = pU?0
0

von Karman de g
Momentum ’ :> T = pU2 et von Karman
Integral w 0 dx
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Integral llethod ¢k

Procedure
* Assume a velocity profile that
satisfies the boundary conditions.
» Evaluate wall shear stress and 6.
* Use Momentum Integral and find &
» Evaluate Boundary Layer
parameters 0, 3, Cr, Cp.

Integral llethod ks

With Pressure Gradient

ou U du &
U—+v—=U—+v—
oXx oy dx oy
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The middle term can be restate as

hoou_  rho(uv) h oV, h OU
Jova—ydy_ 0a—ydy—J‘Oua—ydy—Uv|y:h +J‘0u&dy
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ou ov _ tau
8_X 5_0 = Oaxdy
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Rearranging
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Integral llethod ¢k

j(U—u)dyzu(s*
0

ju(U —u)dy =U?%@
0

Integral llethod ks

Karman — Pohlhausen Method

092, 2045 W P
dx dx p

Multiplying by 6/vU

do
Uuog— .
—dx+(2+5_)e_d_U:TW9
1% 0 v dx U
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Integral Yo dx dx
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Let
2 2
7 9 k.9 du_,du
v v dx dx
Then
U9 _Frk)=229 _204+9 K
dx uJ 0
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Integral lethod farkses

Walz Approximation

F(K)~a-bK a=0.47, b=6
Then
U d—Zza—bK
dx
Or
U OI—Z:a—bZd—U
dx dx
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Let 2
Y =UZ :UQ

|4

Then dy N (b-1) dU v =
dx U dx

Solution, multiplying by Ub-!

%(Yu b1y =au®? 1::} Y =

bl( )j U™ (x,)dx,
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Therefore U &> 0.47 IX

Tl MO

Example

For a flat plate U= U, e

2 5
u,o :0.47):LJb }::) 9-=0686 |2 0:0.664\/‘/—7
v Uy U, U,
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Boundary Layer Sess

Integral lethod Garksen
Example
For U= u,x™ 0 47 \/ 0.47 v
5m +1\U (x) Sm+1
m=0.5 6= 0.336& - 0.336\/‘/31/2
m=1 6= 0.28\/UV())(() -0.28 \E
m=2 0=0.207 J VX _0.207 \/Z
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Concluding Remarks
 Momentum Integral Method

Flat Plate Flows

Boundary Layer with Pressure
Gradient

Momentum Integral Method with
Pressure Gradient

Walz Approximation
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