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Wall bounded flows

Chaotic motion ...

... production, dissipation and transport of turbulent energy!
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Difficult to consider both spaces concurrently ...
But essential!

For instance: Modeling (Large-eddies simulations)
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o How? Budget equation for (du;duy)
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(Oujouk): indefinite plane channel

(Ouidu)(Ye, e, 1y, r2) = (Uili) |y, +(Uitk) |y, _2Rui|yluk|y2(rx7 ry)
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(Oujouk): indefinite plane channel
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(Oujouk): indefinite plane channel

2Ru,—\y1 Uply, (rX7 rz)/

-
Cross— correlation

(Ouidur)(Ye, r, ry, rz) 7 (Uiti) ]y, +(uiui)ly,
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Coherent structures!



(Oujouk): indefinite plane channel
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(Oujouk): indefinite plane channel
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Budget equation for (du;duy)
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Budget equation for (du;0ux): Source &

aﬁbik,rj 8@%),-,(7(: L 5
or; oy, — Sk
ﬁk ik strain,ik ik

Production Pressure Strain Dissipation

e £(Ye,r) — Net production of (du;duy) at scale r and position Y.



Budget equation for (0u;du,): Scale flux ¢,
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Budget equation for (du;0uy): Physical flux ¢ .
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Turbulent channel (Re, = 200): (dudu) in r, = 0-space
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Budget equation for (du;0u,): Field lines
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Budget equation for (du;0u,): Field lines

S b b= (Yarn

Ye

Iz

Coherent structures
in the (du;duy) transfers! O
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Turbulent channel (Re, = 200): (dudu) in r, = 0-space
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Turbulent = : )in r, = O-space
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Turbulent channel (Re, =
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Turbulent channel (Re, =
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Conclusion

e Budget equation for (§u;duy)

e Exact Derivation

e Physical interpretation

e Link to coherent structures
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Conclusion

e Budget equation for (§u;duy)

e Exact Derivation

e Physical interpretation

e Link to coherent structures

e Turbulent channel (Re, = 200)

e Energy transfer towards the bulk of the flow

e Attached eddies o~ O N DZ
e Detached eddies %/////////////////////////////////////////////é

a-°
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e Consider (0udv)

(0udv) > (uv) (uv) — increase Cr

e Drag reduced flow

Highlight the main changes
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THANKS

for your kind attention!

for questions and suggestions:

alessandrol.chiarini@mail.polimi.it
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Backup slides

Something more ... e Budget equation for (u;ouy)
e (0vév)in r, = O-space
e (dwdw)in r, = O-space

e (—Judv)in r, = O-space
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Budget equation for (du;duy)

OPik,;  Oikc
o oY,

ik

18



Budget equation for

0 + 8¢ik,c

or; oY,
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e Flux of (du;dug) in the space of scales
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Budget equation for

ik, + g

ar, ay. i

e Flux of (u;duk) in the physical space

Gik,e = (v ouiduy)
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turbulent transport

1
+;<6P5uk>5l 2+ — <5P5U:>5k 2

pressure transport

v 0
“20y. (Ouiduyg)

%,_/

viscous diffusion

18



Budget equation for (du;duy)
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e Source term

du ) du
5,'/( :—<V*5Uk>5 <dy) 5,',1 —<V (5U,‘>5 <dy> (5;(71 +

production
dU dUu\"
<5v5uk>(dy> 5’1_<6V6ui><dy) Ok
production
1 Odu; 00 uy X
- 4 (¢t
+p<5”axk>+ <5 6X> 4ein)

X dissipation
pressure strain

18



Turbulent channel (Re, = 200): (0vdv) in r, = O-space
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Turbulent
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Turbulent channel (Re, = 200): (0vdv) in r, = O-space

Why the wall-normal attached plane is shifted towards larger Y, ?

(Townsend 1976)
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Turbulent channel (Re, = 200): (dwdw) in r, = 0-space
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Turbulent channel (Re, = 200):
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Turbulent channel (Re, = 200): (—dudv) in r, = O-space
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Turbulent channel (Re, = 200): (—dudv) in r, = O-space
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Anticorrelation !!
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Turbulent channel (Re, = 200): (—dudv) in r, = O-space
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Turbulent channel (Re, = 200): (—dudv) in r, = O-space
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Turbulent channel (Re, = 200): (—dudv) in r, = O-space
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