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Turbulent motion

KRevnoIds number - measure of the ratio of inertia and viscosity forces acting in liquid. \
———
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UL L - characteristic Re < Rey,, — laminar flow _’_,
Re = — size scale
U - characteristic —
v velocity scale Re > Rey, — turbulence Qz
\_ —~
/Prandtl number — indicates domination of thermal/molecular or momentum diffusivity\
v v — kinematic viscosity small — heat/molecules diffuse
Pr = E a — thermal/molecular faster than \/e|ocity
diffusivity
\_ turbulence — turbulent Prandtl number )
Our case
v" Fully developed turbulence Y Re — oo

v’ Effective values of diffusion coefficients v Pr — universal constant
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Fluid flow

. . . N
» Stochastic Navier — Stokes (NS) equation Vo - kinematic viscosity;
P — pressure,
atvi = VOAUi — (vjaj)vi + aiP +fi v; - velocity.
\ Incompressible: d;v; = 0 )

Transverse external random force

v' Gaussian distribution; v' Zero mean value; v Correlation function:

I / 1 M TN o —ik (X=X
[ (fl-(t,x)fj(t,x))=5(t—t)(2n)d fdkPij(k)e th(x x)df(k) }
Transverse projection operator: "Pumping” function:
kik;
Pl](k) = 511 — % df = gOv03k4_d—28

Physical value ¢ = 2.
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Passive scalar fielo

v" Physical meanings : temperature, concentration of admixture particles etc,;
v" Passive: no influence on solution of NS equation.

] ] \
» Turbulent mixing: Vo - kinematic viscosity;
Uo — inverse Prandtl
0cp = Volgdp — (v- V)¢ bt
- @ - scalar field.
\ // \\
coefficient of molecular coefficient of thermal
diffusion conductivity
Model QFT Results
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Equivalent QFT model

Model with doubled y  Of the same nature
. v, > D=1V, 0, 5
number of fields: v W, as v, ¢

Corresponding action:
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1
S(P) = Ev’va' + V' [=0;v + vodv — (V- V)V] + @'[—0,0 + vougdep — (v - V)]

Propagators: Vertices:
1 ) Vi(k) = ik;
4P R) = - . - ) :
lwy + VoUok ® J
P, (k) v, @
AV (k) = —Y +— :
ij (k) iy + Vok? Viji(k) = i( 83k, + Suk;)
AV (k) = goviPij(k) Vi Y Vi
i (k) = (iwy + vok?)(—iwy + vok?) v,
Model QFT Results
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Scalar field )

prey
> ) = [ dox [0 @) Vit - 47 (047 @ - k)

2 a/2
S; =
d
zqo'cp_ g@d-1) 1 S, F(i)
€ u(u + 1) 4d (Zn)d surface of d-dimensional
sphere
Model QFT Results
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Vector field )

D, Uew) = [ doy [dUhVia(e) Vasy (0 — OB HI83 - k)

z”’”_ g (d-1) 54
ij  &€8(d+2)(@2m)?
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Renormalization
Two poles should Two independent :
be eliminated ~*  renormalization constants: Zy, =1+ polesine

» Renormalized parameters: vy =VvZ, YJo = gMZSZg Ho = UZy

Z, =17, Z, =177 Z, =Z,Z7"

Renormalized action:

1 _
Sp(P) = EU’DFU’ + v'[-0,v+vZiAv — (v-)v] + o[-0 + uvZ,Ap — (v - 3) @)

~

forfennacgt.rsaﬁiozra?on 7z, =1-2 (d=1) _Sq 7. =1-9 (d—1) Sa
L= _1_9
constants: £ 8(d +2) 2m)? ’ e4d(u+1) 2m)¢
J

v' Infrared fixed point (g.,u4.): g« ~ & g+>0, u. = const
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Conclusion

v' Model with fully developed turbulence is studied by
means of quantum field theory;

v The experimental Prandtl number is found to be in a
range < 0.7..0.9 >. Further RG investigation of the model

allows to estimate it's value, which is in good agreement

with experiment =
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