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A flow impressed by a positive pressure gradient can separate

l.e.: flow in a diffuser
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0(X) U(Xy) streamline

recirculation
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the recirculation zone usually is larger than the boundary layer
— the friction force are no longer limited to a thin layer

— boundary layer approximation is no longer valid

The separation point still can be computed with the Karman-Pohlhausen
method

Boundary conditions for the separation point

1. no-slip (Stokes) for % =0—u=0v=0 (up = uy)

2. boundary leayer edge Sl su=U

0
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3. pressure distribution is unknown — wall equation is not possible

. . 0
but the separation condition holds 7u =0
Y ou
4.2 >1— —=10
0 0y
continous transition from the boundary layer to the outer flow
2
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5=1—-—5=0
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frictionless flow



sequence of the separation A“\

The pressure in the separated region cannot reach the value of the
frictionless flow (circular cylinder)

= Increase of drag (pressure drag)
Strong decrease of the lift for aerofoils (Stall)
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prevention of separation A“\

1. Enforcing of laminar-turbulent transition

e trip wire

e Roughness on the surface

e for airfoils: “Vortex Generator”
turbulent flow:
due to the mixing, more energy is the vicinity of the wall

=- a turbulent boundary layer can overcome a lerger pressure
gradient than a laminar boundary layer
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2. Moving wall

e avoids the generation of the boundary layer

e No velocity difference between wall and frictionless outer flow
(no-slip)

e diffult to handle for curved bodies

e Experimental investigation of an aerofoil with an endless con-
veyor on the upper side:

Angle of attack until ca. a = 55°
maximum lift coefficient: ¢, ~ 3.5
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2. moving wall
dp

e different form of separation u,, # ug; 7, >0
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criterion for separation u = 0; 6—“ = (0 not at the wall
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suction of the boundary layer A“\

A grid of flat plates is flown against with the velocity u,.. A part of
the boundary layer is sucked up. The sucking velocity v 4 is such that
the velocity at the boundary layer equals the incoming velocity. The
flow is laminar.

Determine

ne relation between v 4 and 9,

t
the distribution of the boundary layer thickness §(x)
the sucking velocity v 4(x)

i

ne drag coefficient of one plate

. u
given: u—z%; Uoo; L; H; m; p
O
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a) balance for an infinitesimal element
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A areas are the same
Definition of d;
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H/2 H/2
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volume balance for the element

o (g _ 51(:1:)> F g+ %) . (g 5z + d@)

Remark: dueto v(x, H/2) = 0: no volume
flux across the symmetry plane
y=H/2

v4(x),d1(x) with Taylor expansion:

d
UA<:C+d7x): ’UA(ZIZ’)—I—%CZTCC—‘,—---

01(z +dz) = 51(I>+C£Z—(Ed:€+---



suction of the boundary layer
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— introduce in volume balance

dv 4 d do
—u%Jr vodr + v/x dr = —}@1 — Uoo—l dx
dr 2 da

O(dz?)

d 01
= VA = —UOO%

b) Distribution of the boundary layer §(x)
von Karman-Pohlhausen for boundary layer with suction

Integration von vg—z fromy=0toy =20
T(y=0)  wvalz)

- 200+ 01) = —
d:c+uoo d:c< 2+91) pu%o i Uoo
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Determination of 99(d) and 61(6)

)
52:/i <1_i>dy
Uso Uso
0

Linear function for the velocity profile LY
Uso O

Transformation of the independent variable
x Y dy *
=52 g = dy g

1
52:/L (1_L>5d77*
Uso Uso
0



suction of the boundary layer
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09 2

:32/77*—77* dn* =
0

the same for 9
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Determination of the 7(y = 0):

. 7(y = 0) ou 1 n 0(u/uso) Uso
iIn general — — I
° PUZ, Yoy puds T puls 9(y/8) O
from Ansatz for the profile Ou/uco) =1 = Ty j 0) _
(9(y/5) PU PUcc0
Plug into Karman-Pohlhausen
ddy _ dspds _ 1ds
de  dd dvr  6dx

dy _ dsd5 _ 1o
dx do dx 2dx
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U

2 1
= Z5ds = 1 gy = 282 = r + C
3 0 Uoo 3 0 Uoo
initial condition for o
r=0= 0z) =0 = C=0

1
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c) sucking velocity v 4
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d) Definition of ¢,

N b ]

spud, LB

Cw =

Pressure forces dont influence the drag.
The drag results from the friction forces on the surface.
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L
/ T, +7w,) Bdr  B:Width of the plate
0

The flow is symmetric to the plate = 7, = 7w, = Tw
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