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The  s t r u c t u r e  of t u r b u l e n c e  in a x i s y m m e t r i c  w a k e s  behind  a s p h e r e  and behind  a body of r e v o l u t i o n  
with an  8 : i span ,  a r o u n d  which  an i n c o m p r e s s i b l e  f luid s t r e a m s  a t  a c o n s t a n t  v e l o c i t y  U~ i s  i n v e s t i g a t e d  e x -  
p e r i m e n t a l l y .  The  t e s t s  w e r e  p e r f o r m e d  in a l o w - t u r b u l e n c e  wind tunne l  a t  a R e y n o l d s  n u m b e r  R e = U ~ D / v  
= 104 (D is  the  d i a m e t e r  of the  m i d d l e  sec t ion )  a t  s u f f i c i e n t l y  long  r a n g e s  f r o m  the  s t r e a m l i n e d  b o d i e s ,  
w h e r e  the  flow m o d e  in the  w a k e  b e c o m e s  c o m p l e t e l y  s e l f - s i m i l a r .  

It h a s  been  shown in [1] tha t  the  t u r b u l e n c e  c h a r a c t e r i s t i c s  in a s e l f - s i m i l a r  wake ,  d e t e r m i n e d  by the  
l a r g e - s c a l e  mot ion  c o m p o n e n t s ,  depend  not  only on the  body d r a g  and the  f r e e - s t r e a m  v e l o c i t y  but a l s o  
d i r e c t l y  on the  body shape .  The  i n f l uence  of the  body s h a p e  on the v a r i o u s  c o m p o n e n t s  of t he  t u r b u l e n c e  
e n e r g y  b a l a n c e  in the  w a k e  i s  i l l u s t r a t e d  h e r e i n .  

1. A t h c r m o a n e m o m e t e r  a p p a r a t u s  of the  f i r m  "DISA E l e k t r o n i k "  and a s p e c t r u m  a n a l y z e r  of t he  f o r m  
" B r u l l e  and K i e r "  w e r e  used  in the  r e s e a r c h .  A d d i t i o n a l  i n f o r m a t i o n  about  the  t e s t  c o n d i t i o n s  i s  c o n t a i n e d  
in [1]. The  e x p e r i m e n t a l  r e s u l t s  ob t a ined  p e r m i t  e s t i m a t i o n  of the  v a r i o u s  m e m b e r s  of the  t u r b u l e n c e  e n -  
e rgy  b a l a n c e  equat ion  in a wake  

<( )) -,  ~e t a , : ~ : + w ~  , :, -' < " ~ ' > T - -  ~ ( 1 . 1 )  U~ Ox =----~-OV-r r u 2 ' p 

H e r e  a c y l i n d r i c a l  c o o r d i n a t e  s y s t e m  x, r ,  #0, c oup l e d  to the  body is  u s e d  (the x a x i s  c o i n c i d e s  with the  
w a k e  ax i s  of s y m m e t r y  and i s  d i r e c t e d  d o w n s t r e a m ,  the  o r i g i n  i s  a t  the  body t r a i l i n g  edge) ,  U 1 = U ~ - U  i s  
the  d e f i c i t  of the  a v e r a g e  l ong i t ud ina l  v e l o c i t y  U in the  w s k e ;  u, v, w a r e  the  a x i a l ,  r a d i a l ,  and t a ngen t i a l  
p u l s a t i n g  ve loc i t y  c o m p o n e n t s ;  e = 1/2 ( (uZ)+ ( v  z) + (we))  is  the t u r b u l e n c e  e n e r g y  p e r  uni t  m a s s  of f lu id ;  

is  the r a t e  of d i s s i p a t i o n  of th is  e n e r g y  into hea t ,  p i s  the p r e s s u r e ;  P i s  the f luid d e n s i t y ;  and the a n g u l a r  
p a r e n t h e s e s  deno t e  a v e r a g i n g .  

The  e x p e r i m e n t a l  r e s u l t s  p r e s e n t e d  be low r e f e r  to the  s e c t i o n  x / D  -- 100. A s  h a s  been  shown in [1], 
the  f low in the  wake  i s  c o m p l e t e l y  s e l f - s i m i l a r  at  such a d i s t a n c e  f r o m  the  b o d i e s  u n d e r  c o n s i d e r a t i o n .  
Th i s  m e a n s  tha t  the  s t a t i s t i c a l  c h a r a c t e r i s t i c s  of t u r b u l e n c e ,  which  a r e  d e t e r m i n e d  by the  l a r g e - s c a l e  m o -  
t ion c o m p o n e n t s  can  be  r e p r e s e n t e d  a s  

l..~, -- Vch (r//c)' - <.% ~ Uc~./~, (r . '2. -- <ur> : t;r '-'/~z (r / I~) (1.2) 

etc.  The  c h a r a c t e r i s t i c  s c a l e s  of the  v e l o c i t y  Uc and the  length  lc in Eq. (1.2) depend  only on the c o o r d i n -  
a t e  x and a r e  g iven  by 

u : ,  u~ t(x . . . .  ) 'V :.~-Sl-'.,, z = 1 : ~  [(~'-- x,)l/7-fizsr~ 

w h e r e  x 0 = c o n s t  i s  the  v i r t u a l  o r i g i n  of the  s e l f - s i m i l a r  wake ,  and  Cx i s  the  d r a g  c o e f f i c i e n t  d e t e r m i n e d  by  
us ing  the  c h a r a c t e r i s t i c  body a r e a  S. T h e  quant i ty  x 0 in t h e s e  i n v e s t i g a t i o n s  w a s  d e t e r m i n e d  by the  r e s u l t s  
of m e a s u r i n g  U 1 on the  w a k e  a x i s  and t u r n e d  out  to be  z e r o  in both the  c a s e s  u n d e r  c o n s i d e r a t i o n .  

It f o l l ows  f r o m  Eq. (1.1) tha t  the  d i m e n s i o n l e s s  s p e c i f i c  d i s s i p a t i o n  azc / t:r 3 d e p e n d s  only on r / l c .  
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2. Presen ted  in Fig. 1 a re  s e l f - s imi l a r  turbulence energy profi les in the wakes behind an elongated 
body (curve 1) and behind a sphere  (curve 2). The left side of Eq. (1.1), descr ib ing the convective t r ans -  
port  of turbulence energy, can be found f rom this profile.  The f i r s t  member  in the r ight side of Eq. (1.1) 
cha rac t e r i ze s  the turbulent diffusion of this energy. Since the cor re la t ion  (vp) therein cannot be mea-  
sured successful ly,  the diffusion member  of Eq. (1.1) is usually est imated in experimental  investigations 
as the difference between the remaining te rms .  The generat ion of turbulence energy can be computed from 
the prof i les  of U 1 and (uv) presented in [1]. 

As a rule the approximation 

e ~ e,l = 15v <(O.loz)2) ( 2 . 1 )  

is USed in an experimental  determination of the specific dissipation of the turbulence energy ( ( 0 u / 0 x )  2) by 
assuming the flow to be locally isotropic.  The var iance E(k) was found herein by the resul ts  of measuring 
the spec t rum densit ies E(k) of the fluctuations of the u-components  of the velocity from the formula 

[ Ou '~-".> = ~ E (k) k ~- dk 
t. Ox ] 1  

O 

where k = 27rf/U is the wave number (f is the fluctuation frequency in Hertz).  The distribution of the quan- 
tity ~1 = t5v <(0u/0~?> over  the t r ansve r se  section of the wake is presented in Fig. 2 (curve 1 cor responds  
to the elongated body,  and curve  2 to the sphere). 

The accuracy  of the approximation (2.1) can be estimated by means of the known integral  relation [2] 

d ~v c~ 

Uc~"~x f [ UfZ ' ' - - I  erdr 0 \ - - - ~ - e ) r d r =  0 

which becomes when the se l f - s imi la r i ty  of the U 1, e, and e profi les a re  taken into account 

3 ' t (U'2 - i e  rd ..... ~ erdr 
Utile2 0 \ 2 (2.2) 

The right side of Eq. (2.2), computed from the experimental  profi les of ( (0u /0x)  2) turned out to be 
less  than the left side by approximately 30% in both the cases  considered.  This d iscrepancy is small.  The 
value of the integral  of the dissipative term turned out to be still more  reduced in [3] (plane jet), [4] (wake 
behind a c i r cu l a r  disk), and [5] (wake behind a sphere), in which the approximation (2.1) was used. 

The left side of Eq. (2.2), computed f rom experimental  resul ts ,  has the same value 0.05 in the wake 
behind the sphere  and in the wake behind the elongated body of revolution. It hence follows, in par t icular ,  
that despite the essential difference in the relationship between U~/2 and e in the wakes behind the considered 
bodies of different shape, the dimensionless kinetic energy flux 

o o  
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in a s e l f - s i m i l a r  a x i s y m m e t r i c  wake is  the un ive r sa l  function (x-x0)/~rCx S, independently of the body shape.  

3. Shown in Fig .  3 is  the d i s t r ibu t ion  of va r ious  m e m b e r s  of Eq. (1.1) mul t ip l ied  by l c /Uc  3 over  the 
wake c r o s s - s e c t i o n  (1 is convect ion,  2 is  diffusion, 3 is  genera t ion ,  4 is  d i ss ipa t ion ,  a is  the e longated body, 
and b is  the sphere) ,  t I e re ,  as  in [3], the expe r imen ta l  values  e, = 15, <!~ / 0z)~>, mul t ip l ied  by a constant  
c o r r e c t i o n  fac tor  in o r d e r  to sa t i s fy  Eq~ (2.2), were  used  as  the d i s s ipa t i on  ~. Such a method of in t roducing  
the c o r r e c t i o n  i s  not r i g o r o u s ,  but i t  a s s u r e s  that  the i n t eg ra l  of the diffusion m e m b e r  in Eq. (2.2) ove r  
the wake t r a n s v e r s e  sec t ion  would be z e r o .  

It is  seen from Fig.  3 that the convec t ive  turbulent  energy t r a n s p o r t  in a x i s y m m e t r i e  wakes  turns  out 
to be subs tant ia l ,  and in c o n t r a s t  to d i v e r s e  n e a r - w a l l  turbulent  flows the zone in which the m e m b e r s  r e -  
spons ib le  for  turbulent  energy genera t ion  and d i s s ipa t ion  would be cons ide rab ly  g r e a t e r  in absolu te  value 
than the remain ing  t e r m s  in Eq. (1.1) i s  not i so la ted  success fu l ly .  Let us note the d i f ferent  r e l a t i ve  con-  
t r ibut ion  of the m e m b e r  ( u v )  0U1/0 r  to the turbulent  energy balance  in the c a s e s  of the elongated body and 
the sphere .  The ra t io  between the energy f luxes 

c~ c~ 

9 V'1~ J =  . n U ~  f T rdr/2~Ucr ! erdr 
0 0 

which is  a constant  in the s e l f - s i m i l a r  wake, can be compared .  This  quantity depends e s sen t i a l ly  on t h e  
body shape and equals 1.5 and 0.2 in the wakes  behind an elongated body and the sphere ,  r e s p e c t i v e l y .  

The r e l a t i ve ly  sma l l  value of J in the wake behind the sphe re  does not mcan that this  flow is  a l m o s t  
s h e a r - f r e e  in s t ruc tu re .  The maximum value IR[ma x of the c o r r e l a t i o n  coef f ic ien t  R = (uv)~(av> 2 (v 2) in 
the t r a n s v e r s e  sect ion of a s e l f - s i m i l a r  wake behind a sphe re  turned out to be 0.50, i .e . ,  it is  somewhat  
g r e a t e r  than the value IRImax = 0 .42 -0 .45 ,  c h a r a c t e r i s t i c  for  turbulent  shea r  flows in tubes,  boundary l a y -  
e r s ,  etc. In the wake behind an elongated body of revolut ion IRImax = 0.53. 
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