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INTRODUC TION 

Turbulence s t i l l  r emains  the least  understood and most  in teres t ing field of fluid 
mechanics .  The interact ion of sound and turbulent flow thus presents  a problem for 
which one cannot hope at the present  t ime to obtain a complete analytical  solution, 
s incebes ides  our ignorance about the s t ruc ture  of turbulent flow in general  the added 
feature  of a non- l inear  interact ion between the two fields enters .  Consequently the 
need for analytical  exper iments  in the field is obvious. Experimentat ion in aerody-  
namic acoust ics  is anything but easy,  not because of any insurmountable difficult ies 
with the measur ing  technique but ra ther  because it is quite difficult to set  up a clean 
and s implep rob lem,  f ree  of paras i t ic  effects,  and in additionto decide what the rea l ly  
important  quantities to be measured  are.  Experimental  studies of turbulence,  even 
in the absence of interact ion with sound, have given ample evidence of these difficulties.  

In the following we will i l lus t ra te  some very  s imple  s imi la r i ty  considerat ions with 
exper imental  resul t s  obtained at GALCIT in the course  of a study of aerodynamic 
noise sponsored by the NACA. 

The exper imental  r esu l t s  which will be used for i l lustrat ion have been obtained 
by Wil lmarth (1), Weyers (2), and Naras imha and Mollo-Chris tensen.  Wil lmarth 
(1) measured  power spec t r a ldens i t i e s  and space - t ime  cor re la t ions  of p r e s su re  fluc- 
tuations on the wall under a turbulent boundary layer .  Weyers (2) measured  the 
p r e s su re  fluctuations on the wall and in the emitted sound field of a pipe with ex t remely  
thin walls with turbulent flow inside. Naras imha and Mol lo-Chr is tensen  measured  
noise f rom subsonic j ets. 

In all  these exper iments ,  great  ca re  was taken to avoid paras i t ic  effects,  such 
as noise f rom unknown sources ,  diffraction,  and scat ter ing.  

PARAMETERS OF THE PROBLEM 

In the study of turbulence-produced sound, the fluctuating p r e s su re  p(~,  t ) is 
measured.  Its s ta t i s t ica l  p roper t ies  de termine  the s t ruc tu re  of the sound field and 
its re la t ion to  the or iginal  turbulence. The s imples t  and most  important quantities to 
be measured  a re  the mean-square  p r e s s u r e  p2(~. t)  and the power spec t ra l  density 
~(~,R). These a re  re la ted by 

- f  p2 = ~D doJ. 
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The  f luid p r o p e r t i e s  and  the  s o u n d - p r o d u c i n g  t u r b u l e n t  f i e ld  a r e  s p e c i f i e d  by a 
s e t  of p a r a m e t e r s  wh ich  invo lve  a t  l e a s t  t he  fo l lowing:  d e n s i t y  p ,  v i s c o s i t y  v,  and 
v e l o c i t y  of sound  a; a c h a r a c t e r i s t i c  f low v e l o c i t y  U and  a c h a r a c t e r i s t i c  l e n g t h  D. 
One can  of c o u r s e  th ink  up m a n y  o t h e r ,  p a r a s i t i c ,  p a r a m e t e r s ,  s u c h  a s :  t he  d i m e n -  
s i on  of the  p r e s s u r e  t r a n s d u c e r ,  t he  t u r b u l e n c e  l e v e l  and  t he  sound  l e v e l  of t he  s t r e a m  
used ,  the  cu tof f  f r e q u e n c i e s  of the  r e c o r d i n g  e q u i p m e n t ,  t he  l e n g t h  of t i m e  a v e r a g i n g ,  
the  d i m e n s i o n  of the  r e c e i v i n g  vo l um e .  

Indeed ,  a v e r y  i m p o r t a n t  and  in s o m e  c a s e s  d e c i s i v e  p a r t  of a n  e x p e r i m e n t a l  s t u d y  
of a e r o d y n a m i c  n o i s e  l i e s  wi th  the  i d e n t i f i c a t i o n  and  e l i m i n a t i o n  of a s  m a n y  p a r a s i t i c  
p a r a m e t e r s  a s  p o s s i b l e •  T h i s  i s  obv ious  fo r  any  e x p e r i m e n t ;  i t  i s  e m p h a s i z e d  h e r e  
fo r  the  c a s e  of a e r o d y n a m i c  n o i s e  s i n c e  t he  n a t u r e  of t he  p r o b l e m ,  n a m e l y  t he  s tudy  
of a r a n d o m  wave f i e ld  of s m a l l  i n t e n s i t y  w i thou t  a p r i o r i  k n o w l e d g e  of wha t  to  expec t ,  
of ten  m a k e s  i t  v e r y  d i f f i cu l t  to  know w h e t h e r  one  h a s  s u c c e e d e d  in  m e a s u r i n g  what  
was  i n t ended  o r  not.  

It i s  t h e r e f o r e  e s p e c i a l l y  i m p o r t a n t  to c h e c k  the  s i m i l a r i t y  p r o p e r t i e s  of the  
e x p e r i m e n t a l  da ta  b e f o r e  any  d e t a i l e d  c o n c l u s i o n s  c a n  be  d r a w n .  

DIMENSIONAL ANALYSIS 

If i t  i s  a s s u m e d  t h a t  the  p r o b l e m  is  de f ined  in  the  m i n i m u m  n u m b e r  of p a r a m e t e r s  
l i s t e d ,  d i m e n s i o n a l  a n a l y s i s  y i e ld s  fo r  the  f o r m  of p2 and  eCo0: 

p2 = p2u4 f(R/D; Re, m~) 

w h e r e  Re = UD/, and  Ma = U/a a r e  R e y n o l d s  n u m b e r  and  M a c h  n u m b e r .  F o r  t he  p o w e r  
s p e c t r a l  d e n s i t y  i t  fo l lows:  

~p(co,R) = p2U3D g(P~/D, wD/U; Re, Ma)• 

Any m e a s u r e m e n t  which  c a n n o t  be  r e p r e s e n t e d  in  t h i s  f o r m  m u s t  b e  i n f l u e n c e d  by  a t  
l e a s t  one  a d d i t i o n a l  p a r a m e t e r ,  and  the  a b o v e  r e l a t i o n s  c a n  t h e n  b e  u s e d  to e l i m i n a t e  
s u c h  a p a r a m e t e r  by  a l i m i t i n g  p r o c e d u r e .  

As  e x a m p l e s ,  m e a s u r e m e n t s  by  W e y e r s  (2) and  W i l l m a r t h  (1) wi l l  b e  c i t ed .  
F i g u r e s  1 and  2 t a k e n  f r o m  W e y e r s '  p a p e r  d e m o n s t r a t e  t h e  s i m i l a r i t y  r e l a t i o n s  in  
i n t e n s i t y  and  s p e c t r u m .  F i g u r e  3 shows  a p lo t  of s p e c t r a  o f w a l l - p r e s s u r e f l u c t u a t i o n s  
u n d e r  a t u r b u l e n t  b o u n d a r y  l a y e r  o b t a i n e d  by  W i l l m a r t h  (1), i n  wh ich  t h e  r a t i o  of the  
d i a m e t e r  of the  p r J e s s u r e  t r a n s d u c e r  d to  the  b o u n d a r y  l a y e r  t h i c k n e s s  ~* i s  the  
p a r a m e t e r  wh ich  i s  d i f f e r e n t  f o r  t he  d i f f e r e n t  s p e c t r a .  T h e  e f fec t  of  a f i n i t e  t r a n s -  
d u c e r  s i z e  c a n  t hus  be  e s t i m a t e d ,  and e l i m i n a t e d  by  a n  e x t r a p o l a t i o n  to  d/~*----~0. 

I n b o t h  s e t s  of m e a s u r e m e n t s  the  i n f l u e n c e  of R e y n o l d s  n u m b e r  and  M a c h  n u m b e r  
w e r e  found to be  s m a l l ;  t h i s  a g r e e s  wi th  t he  e x p e c t a t i o n  t h a t  t he  t u r b u l e n c e  a t  not  too  
h igh  M a c h  n u m b e r s  i s  u n a f f e c t e d  by c o m p r e s s i b i l i t y  and  t h a t  a t  s u f f i c i e n t l y  h igh  
Reyno lds  n u m b e r  no v i s c o u s  e f f ec t s  r e m a i n .  

We h a v e  not  i n v e s t i g a t e d  the  n e a r  f i e ld  of a j e t  o r  wake ,  f o r  w h i c h  s i m i l a r  r e l a -  
t i ons  a r e  bound to hold.  H o w e v e r ,  in  m e a s u r e m e n t s  of t he  f a r  f i e ld  i t  b e c o m e s  qu i te  
obv ious  t h a t  m i c r o p h o n e  s i z e  and  o r i e n t a t i o n  c a n  c a u s e  v e r y  l a r g e  d e v i a t i o n s  f r o m  
the  p r o p e r  s i m i l a r i t y  l aws  due to d i f f r a c t i o n  e f f ec t s .  
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Si_,nilarity R e l a t i o n s  in A e r o d y n a m i c  N o i s e  M e a s u r e m e n t s  
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SIMILARITY 

If we s u p p l e m e n t  t he  b o o k k e e p i n g  of d i m e n s i o n a l  a n a l y s i s  wi th  s o m e  i n s i g h t  in to  
the  p h y s i c s  of t he  p r o b l e m ,  s u c h  a s  c a n  b e  o b t a i n e d  f r o m  g e n e r a l  c o n s e r v a t i o n  l aws  
o r  the  d i f f e r e n t i a l  e q u a t i o n s  of t he  p r o b l e m ,  one  can  a t t e m p t  to  r e d u c e  the  n u m b e r  of 
v a r i a b l e s  f u r t h e r  s p e c i f y i n g  the  f o r m s  of p--~ and  ~ m o r e  c lo se ly .  One m a y  a l so  t u r n  
the  p r o c e s s  a r o u n d  and  d i s c u s s  t he  p h y s i c a l  m e c h a n i s m  which  m u s t  b e  i nvo lved  to 
g ive  a c e r t a i n  e x p e r i m e n t a l l y  o b t a i n e d  s i m i l a r i t y  law. 
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r / d  = liE. 

In the  f a r  f i e ld  of a l i m i t e d - s i z e  e m i t t e r , t h e  i n t e n s i t y  m u s t  fa l l  off a s  1 / r  2, c o n -  
s e q u e n t l y  i t  fo l lows  t ha t  

p"-~ = p~U 4 D 2 -~ f(8; Ma, Re)  
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F i g .  3 - P o w e r  s p e c t r a  of  t h e  f l u c t u a t i n g  w a l l  p r e s s u r e  i n  a 
t u r b u l e n t  b o u n d a r y  l a y e r  

and 

o3(  ) ~p = p 2 U 3  - ~  g , B ; Ma, Re 

w h e r e  the  v e c t o r  R h a s  b e e n  r e p l a c e d  by i t s  m a g n i t u d e  r and  i t s  i n c l i n a t i o n  8 to the  
j e t  ax i s .  

To go beyond  t h i s  s t a g e ,  m o r e  and  m o r e  d e t a i l e d  p h y s i c a l  m o d e l s  m u s t  be  adop ted ,  
o r  e l s e  the  e m p h a s i s  i s  t h r o w n  e n t i r e l y  on the  m e a s u r e m e n t s  p e r  se .  F o r  e x a m p l e ,  
if  t he  e m i t t e r  c o n t a i n s  t r a v e l l i n g  s o u r c e s ,  t he  c o m b i n a t i o n  Ma cos ~ wil l  be  c h a r a c t e r -  
i s t i c ,  r a t h e r  t han  Ma and  ~ by  t h e m s e l v e s .  

INTERPRETATION OF JET NOISE 

While  the  m e a s u r e m e n t s  of w a l l - p r e s s u r e  f l u c t u a t i o n s  u n d e r  a t u r b u l e n t  b o u n d a r y  
l a y e r  and  t u r b u l e n t  p ipe  f low a r e  m e a s u r e m e n t s  of n o i s e  f r o m  a p r a c t i c a l l y  h o m o g e n o u s  
s u r f a c e  e m i t t e r ,  j e t  n o i s e  is  e m i t t e d  f r o m  h igh ly  n o n h o m o g e n o u s  t u r b u l e n c e  which  
o c c u p i e s  a s m a l l  r eg ion .  
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S i m i l a r i t y  R e l a t i o n s  in  A e r o d y n a m i c  Noise  M e a s u r e m e n t s  

It  i s  u s u a l l y  a t t e m p t e d  to i n t e r p r e t  m e a s u r e m e n t s  of j e t  n o i s e  in  t e r m s  of t he  
c o n c e p t s  i n t r o d u c e d  by  L igh th i l l  (3) i n h i s  now f a m o u s  p a p e r .  I t  m a y  s t i l l  b e t r u e  t h a t  
t h i s  is  s t i l l  too a m b i t i o u s  an  u n d e r t a k i n g ,  s i n c e  a t r u e  c o m p a r i s o n  wi th  L i g h t h i l l ' s  
t h e o r y  d e m a n d s  a d e t a i l e d  knowledge  of the  f low f ie ld  f a r  beyond  what  ha s  so  f a r  b e e n  
ob ta ined .  L i g h t h i l l ' s  t h e o r y  a t t e m p t s  to d e t e r m i n e  the  o v e r a l l  sound  f ie ld  of a t u r b u l e n t  
f low in t e r m s  of e l e m e n t a r y ,  c h a r a c t e r i s t i c  sound  s o u r c e s ,  t he  q u a d r u p o l e  f i e ld  of 
t u r b u l e n c e .  B e t w e e n  such  an  a p p r o a c h  and  the  s t i l l  c o m p a r a t i v e l y  c r u d e  m e a s u r e -  
m e n t s ,  one m a y  wel l  i n t e r p o s e  a m o r e  na ive  and  r e s t r i c t e d  i n t e r p r e t a t i o n ,  in  wh ich  
fo r  e x a m p l e  the  j e t  i s  c o n s i d e r e d  as  an  ax i a l l y  s y m m e t r i c  l ine  e m i t t e r ,  a s  f a r  a s  the  
f a r  f i e ld  is  c o n c e r n e d .  The  g r o s s  f e a t u r e s  of t h i s  e m i t t e r  c an  be  d e t e r m i n e d  f r o m  
e x p e r i m e n t .  An a p p l i c a t i o n  of t h i s  i n t e r m e d i a t e  a p p r o a c h  wil l  be  g iven  in the  f o r t h -  
c o m i n g  p a p e r  by M o l l o - C h r i s t e n s e n  and  N a r a s i m h a ;  a few f e a t u r e s  wi l l  be  i l l u s t r a t e d  
h e r e .  

The  m o s t  s u r p r i s i n g  r e s u l t  of ou r  m e a s u r e m e n t s  of j e t  n o i s e  was  the  m a r k e d  
Reyno lds  n u m b e r  i n f l u e n c e  bo th  on i n t e n s i t y  and  s p e c t r u m .  T h i s  we b e l i e v e  can  only  
be  exp l a ined  in t e r m s  of t r a n s i t i o n  to t u r b u l e n c e  in  the  f r e e  s h e a r  l a y e r .  S ince  a 
t u r b u l e n t  f low i n d u c e s  m o r e  inf lux t h a n  a l a m i n a r  s h e a r  l a y e r ,  one m a y  i n t e r p r e t  t he  
c o r r e s p o n d i n g  sound f ie ld  a s  p r o d u c e d  by  a s o u r c e  on the  ax i s  i t  t he  t r a n s i t i o n  i s  
a x i a l l y  s y m m e t r i c .  If the  t r a n s i t i o n  i s  a n t i s y m m e t r i c  abou t  the  j e t  a x i s ,  t he  j e t  i s  
wh ipp ing  a r o u n d ,  one can  d e s c r i b e  the  sound  e m i s s i o n  as  t ha t  due to d ipo le s  p e r p e n -  
d i c u l a r  to the  ax i s .  If t he  whipp ing  of the  j e t  i s  s t r o n g l y  a n t i c o r r e l a t e d  a long  the  j e t  
ax i s  fo r  o n e - h a l f  w a v e l e n g t h ,  the  f ie ld  wi l l  be  t h a t  of a l a t e r a l  quad rupo le .  

In p a r t ,  e m i t t e d  sound  m a y  have  w a v e l e n g t h s  c o m p a r a b l e  to  the  s i z e  of t he  
e m i t t e r ,  and  to d e t e r m i n e  the  s p e c t r a  one t hen  ha s  to  c o n s i d e r  the  a n t e n n a  p r o b l e m  
involved .  In any  c a s e  the  g r o s s  m o t i o n  of t r a n s i t i o n  and  i t s  i n f l u e n c e  upon the  sound  
f ie ld  i s  a f e a t u r e  wh ich  i s  r e l a t i v e l y  e a s i l y  t r a c t a b l e .  

An e x a m p l e  of the  e f fec t  of Reyno lds  n u m b e r  on the  sound  f i e ld  i s  shown  in Fig.  
4, w h e r e  s p e c t r a  f r o m  two j e t s  f r o m  g e o m e t r i c a l l y  s i m i l a r  n o z z l e s  of two d i a m e t e r s  
a r e  shown,  wi th  a R e y n o l d s  n u m b e r  f a c t o r  i nc luded  in the  s p e c t r a .  In Fig.  5, 
s i m i l a r l y ,  we show s p e c t r a  m e a s u r e d  a t  ~ = 40 °,  a t  t h r e e  M a c h  n u m b e r s ,  and  two 
n o z z l e  d i a m e t e r s .  In add i t i on  to a R e y n o l d s  n u m b e r  c o r r e c t i o n ,  we have  a t t e m p t e d  
to inc lude  a f a c t o r  to  a c c o u n t  fo r  the  p o s s i b i l i t y  of s o u r c e  convec t ion .  The  s a m e  
s p e c t r a ,  wi thou t  the  Reyno lds  n u m b e r  c o r r e c t i o n ,  a r e  shown  in Fig.  6. As  can  be  
s e e n ,  t h e r e  a p p e a r s  to be  a s t r o n g  R e y n o l d s  n u m b e r  dependence .  F i n a l l y ,  in  Fig.  7, 
s o m e  s p e c t r a  ob t a ined  a t  8 = 25 ° a r e  shown.  

C ONC LUSI ONS 

It s e e m s  to be  i m p e r a t i v e  to u t i l i z e  d i m e n s i o n a l  a n a l y s i s  and  s i m i l a r i t y  r e l a t i o n s  
to the  ex ten t  p o s s i b l e  in  e x p e r i m e n t s  on a e r o d y n a m i c  no i se .  Only  by  t h i s  a p p r o a c h  
can  one iden t i fy  and  e l i m i n a t e  s p u r i o u s  e f fec t s ;  a l s o ,  i t  a p p e a r s  to be  the  only p o s s i b l e  
f r a m e w o r k  for  a n a l y s i s  of e x p e r i m e n t a l  r e s u l t s  and  s y n t h e s i s  of p o s s i b l e  m e c h a n i s m s  
of e m i s s i o n ,  in  s h o r t ,  fo r  u n d e r s t a n d i n g .  
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DISCUSSION 

M. S t r a s b e r g  (David T a y l o r  Model  B a s i n )  

At the  David  T a y l o r  Model  B a s i n  we have  p e r f o r m e d  m e a s u r e m e n t s  of p r e s s u r e  
f l u c t u a t i o n s .  F o r  t h o s e  m e a s u r e m e n t s  i nvo lv ing  e s s e n t i a l l y  i n c o m p r e s s i b l e  flow, 
tha t  i s ,  p r e s s u r e  f l u c t u a t i o n s  in the  n e a r  f i e ld  (at d i s t a n c e s  f r o m  the  s o u r c e  tha t  a r e  
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E. M o l l o - C h r i s t e n s e n  and  H. W. L i e p m a n n  

l e s s  t han  a q u a r t e r  w a v e l e n g t h  of w h a t e v e r  f r e q u e n c y  i s  of i n t e r e s t ) ,  we h a v e  found 
tha t  s i m i l a r i t y  i s  m a i n t a i n e d .  T h e s e  i nc l ude  the  n e a r  f i e ld  of a t u r b u l e n t  j e t  a t  low 
M a c h  n u m b e r s  and  the  p r e s s u r e  f l u c t u a t i o n s  in  t he  wake  of a c y l i n d e r .  In t h o s e  
c a s e s ,  s i m i l a r i t y  w a s  m a i n t a i n e d ,  tha t  i s ,  w h e n  we p l o t t e d  a n o n - d i m e n s i o n a l ,  s p e c t r a l  
d e n s i t y  v e r s u s  a S t roudha l  n u m b e r ,  we would  get  a s p e c t r a l  c u r v e  t ha t  app l i ed  a t  a l l  
v e l o c i t i e s .  We w e r e  not  s u r p r i s e d  by t h i s .  We would  h a v e  b e e n  m o r e  s u r p r i s e d  if 
t h i s  h a d n ' t  b e e n  the  c a s e .  

I would  l ike  to m e n t i o n  a c o n v e n i e n t  way f o r  e x p r e s s i n g  s p e c t r a l  d i s t r i b u t i o n s .  
It h a s  been  c o m m o n  to e x p r e s s  the  s p e c t r u m  in t e r m s  of s p e c t r a l  d e n s i t y ,  w h i c h  i s  
the  m e a n  s q u a r e  p r e s s u r e  in  a n a r r o w  band  d iv ided  by the  bandwid th ,  but  f o r  non°  
d i m e n s i o n a l  p a r a m e t e r s  one  m i g h t  c o n s i d e r  e x p r e s s i n g  t he  s p e c t r u m  in  a s l i gh t ly  
d i f f e r e n t  way as  the  m e a n  s q u a r e  p r e s s u r e  i t s e l f ,  w h i c h  r e m a i n s  p r o p o r t i o n a l  to the  
f r e q u e n c y .  T h i s  i s  j u s t  a m a t t e r  of c o n v e n i e n c e ,  the  a d v a n t a g e  b e i n g  t ha t  w h e n  go ing  
f r o m  one  s c a l e  to a n o t h e r  it i s  not  n e c e s s a r y  to c o r r e c t  f o r  t he  bandwid th .  The  
bandwid th  a u t o m a t i c a l l y  c h a n g e s  in the  r i g h t  way .  F o r  e x a m p l e ,  one  c a n  g ive  the  
m e a n  s q u a r e  p r e s s u r e  in  a ha l f  o c t a v e  band .  The  r e a s o n  I a m  s u g g e s t i n g  t h i s  i s  tha t  
I h a v e  s e e n  m a n y  c a s e s  w h e r e  p e o p l e  s c a l e  f r o m  one  d i m e n s i o n  to a n o t h e r ,  and  f o r g e t  
to c h a n g e  the  bandwid th  p r o p o r t i o n a l l y .  

E.  M o l l o - C h r i s t e n s e n  

In r e s P o n s e  to D r .  S t r a s b e r g ' s  r e m a r k  t h a t  s i m i l a r i t y  s h o u l d  be  e x p e c t e d  in 
ind iv idua l  m e a s u r e m e n t s ,  I would  l ike  to po in t  out  t ha t  i f  on ly  one  p a r a m e t e r  i s  v a r i e d  
it  may  be  e a s y  to o b t a i n  a p p a r e n t  s i m i l a r i t y ,  but no e v i d e n c e  h a s  b e e n  o b t a i n e d  tha t  
the  p h e n o m e n o n  i s  i n d e p e n d e n t  of the  v a r i a b l e s  wh ich  w e r e  not  c h a n g e d  d u r i n g  the  
e x p e r i m e n t .  

One h a s  not  d e m o n s t r a t e d  s i m i l a r i t y ,  f o r  e x a m p l e ,  w h e n  m e a s u r i n g  the  p r e s s u r e  
f l u c t u a t i o n s  in  a t u r b u l e n t  b o u n d a r y  l a y e r  if  a p a r t  of t he  o b s e r v e d  f l u c t u a t i o n s  cou ld  
be due to t u r b u l e n t  f low in the  t unne l .  Such p r e s s u r e  f l u c t u a t i o n s  would  p r o b a b l y  
s c a l e  w i th  v e l o c i t y  the  s a m e  way as  the  p r e s s u r e  f l u c t u a t i o n s  due  to b o u n d a r y  l a y e r  
t u r b u l e n c e .  T h u s ,  p a r a s i t i c  e f f e c t s  m a y  fo l low the  s a m e  s i m i l a r i t y  l aw a s  does  the  
p r o c e s s  one  i n t e n d e d  to o b s e r v e .  To avo id  t h i s ,  one  m u s t  e i t h e r  e l i m i n a t e  o r  c h a n g e  
the  wind  tunne l  t u r b u l e n c e .  I b e l i e v e  the  d i s a g r e e m e n t  b e t w e e n  t he  r e s u l t s  o b t a i n e d  
by Dr .  W i l l m a r t h  and  t h o s e  o b t a i n e d  by D r .  S t r a s b e r g  m a y  be  due  to the  f ac t  t ha t  
W i l l m a r t h ' s  m e a s u r e m e n t s  w e r e  p e r f o r m e d  wi th  v i r t u a l l y  z e r o  f r e e - s t r e a m  t u r b u -  
l e n c e ,  wh i l e  S t r a s b e r g ' s  w e r e  o b t a i n e d  in  a n  e x i s t i n g  wind  t u n n e l  w h e r e  t h e r e  a p p a r -  
en t ly  w a s  s o m e  f r e e - s t r e a m  t u r b u l e n c e ,  j udg ing  f r o m  the  d i f f e r e n c e  in s p e c t r a  and  
s p a c e - t i m e  c o v a r i a n c e  o b s e r v e d  in the  two i n v e s t i g a t i o n s .  

About  t h e . s u g g e s t i o n  t ha t  one  p lo t  c o n s t a n t - Q  s p e c t r a :  I fee l  i t  m a y  t ake  s o m e  
t i m e  to b e c o m e  a c c u s t o m e d  to the  r e l a t i o n  f o r  e x a m p l e ,  b e t w e e n  s u c h  s p e c t r a  and  
the  c o r r e l a t i o n  func t ion .  

* * * * * 
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