FARFEBATRER PN HES CER4EI B

11-567 Renormalization Group Analyses of Turbulence Problem
Shimizu Corporation , Wako Takanashi

1. Introduction

The statistical theory of turbulence is known as an approach to resolution of the
turbulence problem. In 1977, the technique of renormalization group analysis discussed in
this paper was introduced by Forster al. " to explain advection diffusion in turbulent
flow. Then, in 1986, Yakhot - Orszag®® structured a turbulent flow by renormalization
group analysis, and in 1989, simulation of turbulent flow by LES model obtained from
renormalization group analysis was tried by Yakhot e al.?. However, the turbulent flow
analysis obtained by Yakhot - Orszag(z)‘m ® was not a comrect one since there was an error
in expansion of the equation for turbulent flow. Structuring of a turbulent flow by
renormalization group analysis is done in this paper cofrecting the error in the theorization
of Yakhot - Orszag(z)‘ @

2. Fundamental Equation
The Navier - Stokes equation for wave number space will be as follows :
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Fuorthermore, 'k =(k ,0), ),:} , andy > -2 aré to be taken.

3. Formulation by Renormalization Group

The concept of renormalization group analysis is introduced in Eq. (1) to alter the
form of the equation. Divide velocity into higher than wave number and lower than wave
number . By repeatedly substituting velocity higher than wave anumber, and eliminziau:ing ,
the expanded equation by velocity lower than wave number is obtained. Cosidered the
second order term by the following integration , this integration is component higher than
wave number , physically , means inclusion of the influences of small eddies on large
eddies in turbulent flow . Renormalization is done using scale transformation. Rearranging
by substituting the scale transformation, the following result:

1184



TARFLPEATEERENRES (B4 £ 9 A)

o

/. A
Mj(&’)= Gr ROTLRS -z <A 4r(ﬁ’)sz«(#&)/mm(;J Vm (k=g ’)2—}[—%/ ———————— (6)
where ,
-------- 7
Gy (R) = [-iw +V(r)(£92_7 -/ (8)
fan=fc®es v T Eg;

Acr }\o_%(r)e’(""')V
Vir) = Ve e®-2r T (10)

External force f'(k') is given by a correlation such as the following:
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is obtained. Since fluctuation D, is not affected even when scale transformation is done
D'=D, can be used. Hence, from this, the scale parameter will be as follows:
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To sum up, the kolmogorov constant corrected formulation of the energy spectrum
E(k) may be written as follows:
Etry=Ce8F2°F (14)

(Ce=r.608) (15)
This kolmogorov constant C, is in the range (C, =1.3 to 2.3 ) which has been

determined through experiments .

4. Conclusion
Structuring of turbulent flow by renormalization group analysis was done correcting
the error in the theory of Yakhot - Orszag. It was thereby succeeded in theoretically
determining the constants of turbulent flow as a result.
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