ME 639 - Turbulence Ssen
Probability Density Function

(pdf) Turbulence Models

Goodarz Ahmadi

Department of Mechanical and Aeronautical Engineering
Clarksom University
Potsdam, NY 13699-5725

ME 639-Turbulence G. Ahmadi

Lundgen’s per Formulation Seisen

Fine Grain pdf | 7= |5 = (u(x,t)-U)

pdf Turbulence odels Garksen

Outline

» Definitions of fine grain pdf and pdf

» Derivation of pdf transport equation
from the Navier-Stokes

» Lungren and Chung Models

» Chapman Enskog Procedure and
Constitutive Equations

» Model Predictions

» Comparison with Experimental Data

ME 639-Turbulence G. Ahmadi

pdf ::> f(U,x,t)=<3u—-U)>=<3J >

03 03 ou; 03 ou;
Navier-Stokes g

ou,, ou_ 1P o%u, ou,

ot ou, ot ou, ot
— I:O

+U, =———+vV
ot OX; pOX;  OX;0X, OX

ME 639-Turbulence G. Ahmadi

Lundgen's pt Formulation Gavksen

03 83 ou, 1aP o,
= -u, -tV
Yox; pox;  Oxox,

ot au,

0 [ auij as[ auij 03 ou, o3 ou3)
-—=l-u = u =-u = =——1

3
aU | iax, )Tl M )T e iax T ax

03 0, - 0 [~ 0P 0 |~ 0%u;
B9 w3)= 3| D) |-v || 32U
ot 0x; U\ ox;\p oy, OX;0X;

i

ME 639-Turbulence

G. Ahmadi




of o _ o L0

= 3
ot lox, U, ox,

P 0 . 0%,
—|=|>v—<3I—L>
p ou, OX0X;

R
ot 8

ou, ox,

i<5(u—u)i

2
(PJ>—va<6(u—U) oy
au,

p OX ;0

Second Order pdf

f,(U,, U, X, %,, t) =< 8(u(

Xl’t)_ Ul)S(u(Xz't)_ U2)>

ME 639-Turbulence

G. Ahmadi

’ 2
§+u.ﬂ=jdx'as(x’x) o* 0

ot ox, W ox,  ox.ox, U, v

. 0
—vlim !

LY
X=x OXOX TV OU,

£,(U, U, x,x', t)u, UL dU’

f,(U, U, x, X', t)du’

ME 639-Turbulence

G. Ahmadi

ﬂ+Uj ai +K, g _ ¢ <8(u- U)i(i)>
ot lox, ey, au, oX,
2nn0
v <s(u-u)2U
, OX ;OX;
B azu_l 1 65 Ui =Ui —UI
Lox0x;  poX P'_p_p
ME 639-Turbulence G. Ahmadi

of of of
ot ox; ou,

—+U,—+K,—= B(f, —T) +B —

o lu-ur

03 0 (P
—<——|— [>=B(f, - f =
<6Ui6Xi[p)> B(f—f)| |

3k
2k

_(8

v <3Vl >~ —[3V(Ui —u_i)f

ME 639-Turbulence

+£kj
dt

_
b™=7

G. Ahmadi




Chung Node! [FoierPlnch Equaton) eeksen

o3 o (P ) —\1 2k &
<ol o PP S

ME 639-Turbulence

G. Ahmadi

Chapman-Ensiiog (pproximatio

Clarkson

University

Solution for pdf %

foflg_3Vr 3’ 5 ﬁak+30idiici
I 2k |4k 2)kox, 2k

ME 639-Turbulence

G. Ahmadi

Equations or Balance Sasen

Multiplying pdf equation by 1, ¢ and c?/2
and integration over the velocity space yield:
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Couetle Flows s
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Conclusions =

= pdf transport equation contains
all order moments.

= pdf transport equation can be
derived form the Navier-Stokes
Eq.

= Lungren and Chung closures
models give reasonable results for
simple flows.
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