ME 639 = Turbulence Ceison

Chaos = Turnulencs ke

From Cnaos
to Turoulence

Goodarz Ahmadi
Department of Mechamieal and Aeromautical Engineering
Clarksom University
ME 639-Turbulence P®ﬁs<ﬂ@m9 NY ﬂ369@55727 G. Ahmadi

Outline
> Double Diffusive Convection
» Thermal Convection
» Isotropic Turbulence
» Bifurcation
» Turbulence

(s o e i Mg €

S. A. Abu-Zaid and G. Ahmadi,
Appl. Math. Modeling, Vol. 13 (1989)

Fluid Layer heat from below with a

salt concentration gradient
S

ME 639-Turbulence G. Ahmadi

ME 639-Turbulence G. Ahmadi

(s Dol e oo . s

Governing Equations

po(atu +u-Vu)= —V(p - po)"' g(p— po)+ p\’vzu

i&tTﬁLu.VT =1, VT

I@t8+u-VS =1 V°S

gp = poll—a(T T, )+B(S-S,))

ME 639-Turbulence G. Ahmadi




Chis il e @@mw”@m o Gvisen

Chzos =

Stream Function DI:>§ u= z \|l 0,0 <V )

T, = AT(l—z +6(x,2,t))
S-S, =AS(1-z+2(x,2,1))

Nondimensional Governing Equations
lo vy +ily. viy)|=R;0,6-R0,5+V'y

{0.0+3(y.0)=0,y+V?6

_ 2
ME 639-Turbulence atz: * \](\V’ 2) _ axw + TV 2 G. Ahmadi

Jacobian Il > J(y,0)=0,y0,0-0,y0,0

Thermal Rayleigh Number Solutal Rayleigh Number

3
gaATd® gBATd
Rg =

KV KgV

Prandtl Number “
% _ K
c=—o S
Ky Ko

ME 639-Turbulence G. Ahmadi

M@@]@H Motions ek

M@M@@U@ns ke

(2p)2 &sm Tsm nz X(t
T

0= 2(—}2 cos%sin 2nz Y(t*)—lsin 2nz Z(t*)

T

1. .
—;sm 21z V(t )

jz cos%xsin nz U(t*)

ME 639-Turbulence G. Ahmadi

g (-X+rY-rU)

§V = a(— KV +XU)

ME 639-Turbulence G. Ahmadi




Modal Ainplitudes

Clarkson

University

rr=10

=
*

!

# E'\/VW‘——/—\J“‘\/“\M
R )

. E.\/W\N\/\/\.-

R AVAV AW R VAV AV NP NSNS

wirh

3

No Noise

\N\/\/\/\/\/\N z,
+ With Noise

* WW%M

AVAVA VAV N NN

- w ] L
time

ME 639-Turbulence

J
LI— w = CY

time

G. Ahmadi

Modal Amplitudes

Clarkson

University

ME 639-Turbulence

LU 1]
. .

With

3

N\ MAMMMMAANSM

Noise

-

=
time

G. Ahmadi

Clarkson

University

ry=40

Ph@@@ Plane

i

t 4 4 5 6 0o o o &

**l with Noise

zm

Yy O
xit)

ME 639-Turbulence

G. Ahmadi
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(McLaughlin and Orszag, JFM, 1982)

Governing Equations

ov

—=V><m—V7c+Pr(V2V+k9)
ot

§+V°V9= Raw +V?20

ME 639-Turbulence

G. Ahmadi




Chiaotic Tnaril W@chon Chrkoen Chaotic Thaival Corvaction ©sse

Vorticity

Fourier—ChebysheV Series

Pressure
Head

iz T 3 S e o)

\m\< M|nl< Ly p=0

Rayleigh

-
e fyzd= %% Samapoe” VG
Prandtl <::> kkkkkk v \m\< Mnf<> L\ p=0

Number Pr:;

ME 639-Turbulence

G. Ahmadi ME 639-Turbulence

G. Ahmadi

Chaotic Tharial Convaction St Two-D Turhulence e

(G. Ahmadi and V.W. Goldschmidt,
Developments in Mechanics Vol. 6, 1971)
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G.IL Taylor & von Karman (1937)

“Turbulence is an irregular motion
which in general makes its appearance
in fluids, gaseous or liquid, when they
flow past solid surfaces or even when
neighboring streams of the same fluid
flow past or over one another.”
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Hinze (1959)

“Turbulent fluid motion is an irregular
condition of flow in which the various
quantities show a random variation
with time and space coordinates, so
that statistically distinct average values
can be discerned.”
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