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
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N° N u=NNxu- N2u=-N?u
isused. Noting that

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

Equation (6) may be restated as
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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+uq, U, =u,, ut=0, (11)

?=0+?2(0=?,7?¢C

0, (12)

where U and O arethe mean quantitiesand u' and ?' are the fluctuating parts. Aswas
noted before, a bar 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
gl 104 o) 1 —— W,
—+U, _g— WW += -—Wwﬂu + ubvt— + WWD,
fit ix; £2 g X fix; ——
stretchingof vorticity
ConvectiveTransport transportby turbulexce gradient production by mean shearflow
of meanVortidty velocity-vorticityinteraction of fluctuating vorticity
2 ..
— ael o W W
+  Wwid¢  +n l c-WW - n——
stretchingof vorticity
by mean shear flow viscousdiffusion dissipatian of mean vorticity
where

1 (W wilu ¢) = transport by turbulence velocity-vorticity interaction

X,

uMﬂZM = gradient production of fluctuating vorticity
o ﬂxj
WWD, = stretching of vorticity by mean shear flow

Wwi¢ = stretching of turbulence vorticity by turbulence deformation rate

1"

n WW = viscous transport (diffusion)
0 62 ' g
1]W W = dissipation of mean vorticity
‘HX i Ix;
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Fluctuating Flow
ﬁ_+uji%wwl—j?=-—ug,vgﬂ_li(—uw)+ wividg + WD,
It ix; £2 @ x;, 21, N f

productionof turbulene vorticity  productionof turbulence vorticity
gradient production  diffusionof turbulence by turbul et stretching by mean shear flow stretching
of fluctuating vorticity vorticityby turbulece
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+ W, wiidl¢ +n ¢ Wi
productionby mixed
turbulence-mean flowstretching diffusionby viscosty dissipatian destructian

where

- ugwi(f'% = gradient production of fluctuating vorticity
X .
J
1
2

wiv@d¢ = production of turbulence vorticity by turbulent stretching

q e .
‘H_xj (u}bvﬂ?v{l) = diffusion of turbulence vorticity by turbulence

wiviD = production of turbulence vorticity by mean shear flow stretching

W,w@¢ = production by mixed turbulence-mean flow stretching

R
I 22 wawe? = diffusion by viscosity

n
fix;9x; e2 )
- nMM = dissipation destruction
ix; 1,



