Dissipation integral method
for turbulent boundary layers

PD Dr.-Ing. habil. M. H. Buschmann
Institute of Fluid Mechanics, University of Dresden, Germany

May , 2004
Kingston - Meeting



Outline

L ooking for a calculation procedure for three-dimensional
fully turbulent boundary layers

robust and applicable for engineering applications

they should not compete with LES or other approaches

TULA Posprozessor
TU-Dresden 2004




Combining an old anew idea

Warme umgesetzt wird und 20 mechanisch verloren geht, folgt nun dus dem allgemMETEN BHETELE:
satz bei Bericksichtivung der iblichen Grenzschichtvernachlissigungen noch eine weitere ge-
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where U, is the local free-stream velocity.
The mean continuity equation is
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where W is the mean velocity component normal to the
wall. Note that two-dimensional mean flow is being as-
sumed. ,

The mean momentum equation is
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Wieghardt, K,: Uber einen
Energiesatz zur Berechnung
laminarer Grenzschichten,
ZAMM 1948, pp. 231 ff.
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logarithmic law profile all the way to the wall.
Substituting (4) and (5) into (6) and making use of
relations derived from the logarithmic law of the wall and
momentum integral equation we obtain, after much alge-
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Here
S=Uy/U,= 2/C; (9)

where C is the local skin friction coefficient, given by
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Boundary layer eguations
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Step 1:

Step 2

Two stepsto obtain the integral equations

Continuity equation and the momentum equations are multiplied with weighting functions.
To obtain the general dissipation integral equations these weighting functions have to be
chosen as power functions of the mean velocity profiles

I ntegr ation of the momentum equation ver susthe wall normal coor dinate.
Theintegration boundaries are thewall and the outer edge of the boundary layer.
The velocity component perpendicular to the wall iseliminated using the continuity.

X-component y-component
continuity equation y (k+1) ylk+1)
(k+1) (k+1)

momentum equations uk v




General form of dissipation integral equations
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Dissipation integral equations of interest

Momentum balance 19d, 19d,
in x-direction +

h, Tx h, Ty
(Momentum balance
in y-direction)
Balance of kinetic 11D, 11D,
energy in x-direction +

h Tx h, Ty

(Balance of kinetic
energy in y-direction)
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Two-dimensional case

k=0

momentum balance
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Dissipationintegral for two-dimensional case
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Momentum balance
in s-direction

(momentum balance in n-direction,

balance of kinetic energy in
s-direction,

balance of kinetic energy in
n-direction,

additional equations)
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Three-dimensional case
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Dissipationintegral for three-dimensional case




Two-dimensional test case
IDENT 2100 - G. B. Schubauer, P. S. Klebanoff
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Two-dimensional test case
Backward facing Step - M. D. Driver, H. L. Seegmiller
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Sixteen two-dimensional test cases
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c: ... wall skin friction at the last position of test case m ... number of experimental points

V(Rey) V(Rey) V(H12) W(c)

Al 4.6 % 4.7 % 2.7% 8.5%

A2 5.0% 4.9 % 2.6 % 8.2%
k, e - model’ 36 -58 %
k,w - model 4.0-6.0 %

*D. C. Wilcox: AIAA-Journal, vol. 31, 1993




Olcmen, Simpsor
An experimental study of a

three-dimensional pressure-

driven turbulent boundary z

layer, JFM 290 1995 technical
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Summary and open issues
The general form of dissipation integral algorithmsfor three-dimensional
turbulent boundary layersisderived
The approach can be used for engineering applications

The two-dimensional problem can beimproved by using an inverse
formulation

Thethree-dimensional problem can beimproved by using profileswhich are
mor “universal” and using an inver se formulation
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