Vorticity Transport in Turbulent Flows

Vorticity Equations

The Navier-Stokes and continuity equations are given as
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The Navier-Stokes equation may be restated as
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where the vector identity
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isused, and vorticity is defines as
?2=N"u
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Taking curl of the Navier-Stokes equation given by (3), we find the vorticity

transport equation. That is
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Here the vector identity
N°N"u=NN>u- N2 =-K?u
isused. Noting that

N“ (2 u)=uN? - ?2:Nu+?(N>u)- u(N:?)
=u>N? - 2 xNu

Equation (6) may be restated as
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ﬁ+u>4\l? =72 sNu+nN?*? (9)
or
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where d is the deformation rate tensor.

During aturbulent motion u and ? become random functions of space and time,
and they may be decomposed into a mean and fluctuating parts. i.e.,

u=U+u¢, U, =u;, ut=0, (11)

2 =0+2(,0=?,2¢=0, (12)

where U and O are the mean quantitiesand u' and ?' are the fluctuating parts. Aswas
noted before, abar on the top of the letter stands for the (time) averaged quantity.

Substituting (11) and (12) into Equation (10) after averaging we find the mean
vorticity transport equation. That is
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Subtracting (13) from (10) leads to the equation for the vorticity fluctuation field. That is
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Equation (14) may be used to derive the mean square vorticity or dissipation rate
transport equations.
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Vorticity Energy Equations

Mean Flow
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where

T (V\/i wilu 93) = transport by turbulence velocity-vorticity interaction
X .
J

utlwfliM = gradient production of fluctuating vorticity
o ﬂXJ

WW.D; = stretching of vorticity by mean shear flow
Wwe¢ = stretching of turbulence vorticity by turbulence deformation rate

7 o
—WW < = viscous transport (diffusion
"N &2 sport )
ﬂW W = dissipation of mean vorticity
‘HX,- X,
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Fluctuating Flow
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where

}Mﬂﬂ gradient production of fluctuating vorticity

J

li( Wvﬂ?vﬂ) = diffusion of turbulence vorticity by turbulence
2 9,

wi@v]ﬂdigi = production of turbulence vorticity by turbulent stretching
wiviD = production of turbulence vorticity by mean shear flow stretching

W w¢1¢ production by mixed turbulence-mean flow stretching

2
‘ﬂ ﬂﬂ géwmvﬂ:— diffusion by viscosity
X, TX;
- Mﬂ— = dissipation destruction
ix; 1x;



