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3 recent  analysis( ') has shown t h a t  the evolut ion of a s c a l a r  

co r r e l a t i on  i n  a homogeneous turbulent  f l u i d  i n  the  absence of 

molecular d i f fus ion  can be represented by 

where f (E, t) is  the  cor re la t ion  a t  time t and q(r,t/$,,O) e. i s  the 

p robab i l i t y  t h a t  two f l u i d  p a r t i c l e s  separa ted  by a vector d is tance  1 
I 

a t  time ze ro  w i l l  be separated by a vector  m a t  time t. 

Unfortunately information about q(r, t/r, ,0) in r ea l i z ab l e  

tu rbu len t  flows is  extremely meagre and c e r t a i n l y  t he r e  is  no 5n- 

formation about the  whole range of separa t ions  roe L Certa in  at tempts  (1?(2) 
, 

have been made t o  use t he  asymptotic behaviior i n  time of t h i s  Lagran- 
) 
I .  

gian func t ion  but  i n  both cases the region near t h e  o r ig in  is too 1 
I 

awkard, For example Roberts ('I is  i n t e r e s t e d  in the small time ap- 
. I  

proximation when the  f l u i d  point can be assumed t o  move with the  I 

I 

Buler ian ve loc j t y  a t  t h e  point  over t h e  time of i n t e r e s t ,  For t h e  

v e l o c i t y  field he made a Gaussian assumpltion and obtained I 
1 ' 

Without considering the  d e t a i l s  of t h i s  r e s u l t  i t  i s  evident  %hat  

q(O,t/%,0) is i n  general nonzero for ro # 0. Continuum theory of 



course r e j e c t s  such a not ion  and ins tead  w e  should demand 

and Lim q(f,t/l;p,0) = ((st) 
r03 0 
h 

where d ( r , t )  i s  the  Dirac de l ta  funct ion.  Pur ther  f o r  q( r , t / tg ,0)  

t~ be a l e g i t i m a t e  p r o b a b i l i t y  d e n s i t y  w e  r e q u i r e  

and 1 '  q(r2t/rg,0)dr = 1 

To ob ta in  a  simply In tegrable  f u n c t i o n  s a t i s f y i n g  condit ions 

(2) and (3) we add an assuniption which, i n  d e t a i l ,  is  unreasonable 

but  probably n o t  s o  v i o l e n t  a s  t o  compromise t h e  s p e c t r a l  evolu t ion  

s e r i o u s l y .  Namely we consider q as  a  funct ion  only  of the  magnitudes 

of r and r . This i s  evident ly  n o t  t r u e  i n  genera l  but Ba tche lo r t s  
h -0 

quas i  asymptotic assumption(') amounts t o  something s i m i l a r  a f t e r  a 
I 

time of order  (2)f the  Kolmogoroff time sca le .  
e 

A wel l  behaved func t ion  which s a t i s f i e s  a l l  t he  above condi- 

t i o n s  can be w r i t t e n  

Here we n o t j c e  a f u r t h e r  disadvantage and t h a t  is  the  symmetry 

i n  r and ro a proper ty  which we do n o t  a n t i c i p a t e .  However, both 
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course r e j e c t s  such a not ion  and i n s t e a d  we should demand i I 

4 

(21 
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and Lim q(r, t /%,o) - = &(st) I I 

where 6(r,t) is  the  Dirac de l ta  funct ion .  Fur ther  f o r  q ( ~ t / r g , O )  

"i be a legitimate p r o b a b i l i t y  d e n s i t y  we requ i re  

and 

To obta in  a  simply i n t e g r a b l e  f u n c t i o n  s a t i s f y i n g  condit ions 

(2) and (3)  we add an assumption which, i n  d e t a i l ,  i s  unreasonable 

but  probably n o t  so  v i o l e n t  a s  t o  compromise the  s p e c t r a l  evolut ion 

ser ious ly .  Namely we consider  q a s  a  func t ion  only of the magnitudes 

of r and r . This i s  ev iden t ly  n o t  t r u e  i n  genera l  but Batchelor t s  
rc -0 

quas i  a synp to t i c  assumption(') amounts t o  something s i m i l a r  a f t e r  a 
a 

time of order  (Y )2 ,  the Kolmogoroff time sca le .  
e 

A well  behaved func t ion  which s a t i s f i e s  a l l  t he  above condi- 

t i o n s  can be w r i t t e n  

Here we n o t i c e  a f u r t h e r  disadvantage and t h a t  is  the  symmetry 

i n  r and ro a property which we do n o t  a n t i c i p a t e .  However, both 



the s m a l l  r behavior and the l a rge  r behavior seem t o  be crudely 

correc t .  Quadratic funct ions  of r would have been p re fe rab le  but 

we were unable t o  a r r i v e  a t  a  simple expression s a t i s f y i n g  a l l  the 

necessary conditions.  We note i n  pass ing  t h a t  g ( t )  should be a 
l a  

1 1 ,  monotonically decreasing funct ion of t which i s  i n f i n i t e  i n i t i a l l y  j 1 1  

I I 1  

and zero asymptotically.  Furthermore the  time sca le  should be o($,) I t i ,  
I 
I { 

where X i s  the turbulence microscale and v '  t he  roo t  mea,n square 

turbulence ve loc i ty .  

Numerical ca lcu la t ion  of equation ( f )  f o r  the cases  g ( t )  = 6,3,1 

% - T 

and -001 and f o r  f(ro,O) = e L" have been c a r r i e d  out with the r e s u l t s  

a s  graphed i n  Figure 1. 

(3) t h a t  molecular d i f f u s i o n  up t o  It has a l s o  been es tabl i shed  

terms O(t) can be included i n  the decay evolut ion and t h a t  the  

appropriate  i n t e g r a l  r e l a t i o n  w i t h  which t o  replace  (1) is,  i f  k is  

the d i f f u s i o n  c o e f f i c i e n t  

2 - - 
L~ 

o r  using f(r,,O) = e and the previous assumptions on q 
2 

I 0  

( 6 )  

t hese  two cont r ibut ions  and i t  i s  found t h a t ,  i n i t i a l l y  a t  l e a s t ,  

molecular d i f fus ion  tends t o  r e in fo rce  the  tu rbu len t  d i f f u s i o n  e f f e c t  
I i 
1 11 
, :  q on the s c a l a r  spectrum. I l 9 i l  

Thus the f i r s t  con t r ibu t ion  of molecular d i f f u s i o n  can be determined 

by examining the second and t h i r d  term of Equation (6). 

I n  Figure 2(a & b) p l o t s  have been made of t h e  r e s u l t a n t  of 

I i 
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