
C O N C E R N I N G  T H E  G E N E R A L  E Q U A T I O N S  

O F  T U R B U L E N C E  

A.  A.  B a r a n o v  a n d  V .  L .  K o l p a s h c h i k o v  UDC 532.517.4 

Genera l  equations of  turbulent  flow a re  der ived for  a fluid with l a rge  gradients  of dr i f t  ve -  
loci t ies .  

1. In o rde r  to de s c r i be  the turbulent  flow of a liquid or  a gas ,  one usual ly  begins with the Nav ie r  
- S t o k e s  equations.  We note, however ,  that  these  equations have a definite r ange  of appl icabi l i ty  and cannot 
a lways be used as a bas is  for der iv ing  the equations of turbulence.  This is the case ,  for  example ,  when 
the gradients  of dr i f t  ve loci t ies  of molecules  in a liquid or a gaseous  s t r e a m  v a r y  apprec iab ly  over  the 
c h a r a c t e r i s t i c  hydrodynamic  dimension of the container .  It then becomes  n e c e s s a r y  to modify the equa-  
t ions of hydrodynamics .  Such a genera l iza t ion  was made by Predvodi te lev  [1]. The equations of hydro -  
dynamics  which he has der ived desc r ibe  such complex  hydrodynamic  si tuations as may  a r i s e ,  for  ex-  
ample ,  in a s t r e a m  of r a r e f i ed  gas ,  in a s t r e a m  n e a r  s u r f a c e s ,  and in s t e l l a r  s y s t e m s .  

The s y s t e m  of hydrodynamic  equations which has been der ived  in [1] for  a viscous  incompress ib l e  
fluid is 

[ Ov= av~ ] = ap a~v~ 
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and the continuity equation does not change: 

0% = 0. (2) 
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P a r a m e t e r  fl in (1), which c h a r a c t e r i z e s  the deviation f rom ideal continuity, can be e x p r e s s e d  in 
t e r m s  of the Knudsen n u m b e r  and the Mach number  

Kn M. (3) 

Star t ing f rom the genera l  equations of hydrodynamics  (1) and (2), we will der ive  the equations of turbulent  
fluid flow accord ing  to Reynolds [2, 3]. 

2. We will consider  [2, 3] the component  u of instantaneous veloci ty  to consis t  of the ave rage  ve -  
loc i ty  component  u and the turbulent  pulsa t ing veloci ty  component  u ' ,  so that 

u--u§ v=v+v', w=~,+w'. (4) 

Then, averag ing  in accordance  with Reynolds '  ru les ,  we obtain a s y s t e m  of Reynolds equations for  the 
genera l  equations of hydrodynamics :  
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Letting parameter  fl be equal t o z e r o  in (5), we obtain the classical Reynolds system of turbulent-flow 
equations based on the Navler-Stokes equations: 
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A comparison between systems (5) and (7) shows that the difference between the right-hand sides of the 
turbulent-flow equations derived here  and those the classical equations consists of a change in the Rey- 
nolds tensor of turbulent s t resses .  The additional components of this tensor are proportional to the 
parameter  ft. In the applications mentioned here these additional components may be quite significant. 
The problem of closing system (5), (6) is complex and calls for a separate analysis. 
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