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I N T E R A C T I O N  O F  L I G H T  W I T H  A T U R B U L E N T  L I Q U I D  

I .  G .  S h e k r i l a d z e  UDC 535.36 

A pape r  [11 recen t ly  published in a scient i f ic  journal  summed  up a recent ly  conducted set  of 
s tudies  [2, 4] on the optics of he terogeneous  media .  A number  of fundamental  s t a tements  of 
these  studies requi re  examinat ion.  

w I. Turbulent pressure pulsations, reducingto, by means of density pulsations, fluctuations of the 
refractive index r, according to [I-4], are the basic factors resulting in scattering of light by a turbulent 
flow of a transparent liquid not undergoing external heat exchange. 

These authors [I-4] were apparently not aware of the fact that the approach they adopted to the analy- 
sis of the phenomenon had already been used by other researchers and had been criticized in terms of the 
lack of theoretical correspondence to the actual conditions of a turbulent atmosphere. We may suggest 
that  an analys is  of the previous  [5] data  may  have convinced these  authors  of the inapplicabil i ty of this ap-  
p roach  for  the case of turbulent  flow of a dropping liquid they had cons idered .  

w It was  a s s u m e d  [1-4] that  in a liquid, "in p a r t i c u l a r ,  i so the rma l  conditions may  occur  as  light 
pa s se s  into the ocean and that  turbulence will mani fes t  i t se l f  in t e r m s  of the effect  of p r e s s u r e  pulsat ions ,  
as if the l a t t e r  were  low" [1]. Unfortunately,  no grounds were  given [1-4] for  this disputable thes i s  r e g a r d -  
ing the substant ia l  role  of com pre s s i b i l i t y  as light in te rac t s  with a liquid. 

Resul ts  a re  given below of e s t i m a t e s  of the degree  of i so the rmic i ty  in a turbulent  liquid flow, such 
that  the effect ive compres s ib i l i t y  assoc ia ted  with p r e s s u r e  pulsat ions predomina te  ove r  the effect  of t e m -  
pe r a tu r e  pulsa t ions .  The dependence [1-4] 

P '  ~ <p~ (u} u', (2.1) 

where  <p >and <u> are  the mean densi t ies  and veloci t ies  and P '  and u '  are  p r e s s u r e  and veloci ty* pu lsa -  
t ions,  was the bas i s  of the e s t i m a t e s .  

It  is a s sumed  [6] that  u '  is 4%of the mean liquid veloci ty  in the tube.  

Resul ts  of the es t ima te  show that it is n e c e s s a r y  for  the flow to become  i so the rma l  to within 10 -5 ~ 
in o r d e r  to ensure  that  p r e s s u r e  pulsat ions will p redomina te  in the c h a r a c t e r i s t i c  case  examined by these  

* Apparent ly  the p re sence  of only the component  u '  in the dependence was due to the fact that  the pulsat ing 
ve loc i ty  components  in a n e a r - a x i a l  region of the turbulent  flow in a tube are equal; P '  and u '  denote the 
r o o t - m e a n - s q u a r e  values  of the co r respond ing  pulsa t ions .  
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e x p e r i m e n t s  [1-4] (flow of wa t e r  with t e m p e r a t u r e  20~ and ve loc i ty  1 m / s e c ) .  I so the rmic i t y  to within 
10-~~ was requ i red  in expe r imen t s  using ethyl  alcohol and F r e o n - l l 3  ( tempera ture  20~ veloci ty  0.4 
m/sec). 

It  is s imul taneous ly  n e c e s s a r y  to take into account the highly impor tant  c i r cums tance  that  the s t an-  
d a r d d e v i a t i o n o f t h e  velocity: pulsat ion co r r e sponds  to eddies of compa ra t i ve ly  grea t  sca le ,  and that  only 
turbulent  eddies of leas t  scale  may  par t ic ipa te  in light sca t te r ing;  s ince the amplitude of the ve loc i ty  pu l sa -  
t ions substant ia l ly  falls  with dec reas ing  turbulence  scale  [6, 7], we may  conclude that  as a resul t  the i so -  
t h e r m i c i t y  conditions mus t  be even more  s t r ingent  by a fac tor  of 10-20. 

The expe r imen ta l  tube was t he rm os t a t i c a l l y  control led  in these  expe r imen t s  to within 10-2~ [1], and 
i so the rmic i t y  to within 10-3~ was ensured  in only one exper iment ,  the t e m p e r a t u r e  here  being control led  
in the flow i t se l f  in t e r m s  of d i sp lacement  of  the bands* [3]. Consequently,  it is no longer  n e c e s s a r y  to 
speak  of insur ing comparab i l i t y  [1-4] between theory  and exper iment .  

The diss ipat ion p r o c e s s  occur r ing  in a turbulent  flow is nonuniform with r e spec t  to t ime  and space 
and imposes  theo re t i ca l  cons t ra in t s  against  achieving i so the rmie i ty  of the requi red  o rde r .  One conclusion 
[5] as to the theo re t i ca l  inadequacy of this  approach for  analyzing optical  phenomena in a turbulent  a tmo-  
sphere  is no less  just i f ied fo r  the ca se  of a turbulent  liquid. 

w 3. The turbulence  intensi ty  components  a r e  roughly equal [6 ] in the n e a r - a x i a l  region of flow in a 
tube (all the e x p e r i m e n t s  [1-4] r e f e r  to this  region).  This  fact allows us to approx imate ly  descr ibe  the 
re la t ion  between the s tandard  deviation of the stat ic  p r e s s u r e  pulsat ions and veloci ty  by the well-known 
dependence [5-7] 

P '  ~ pu". (3.1) 

Unfortunately,  no just i f icat ion was given in [1-4] for  Eq. (2.1), which ove r s t a t e s  P '  in compar i son  
with Eq. (3.1) by nea r ly  a f ac to r  of 100. 

w 4. Substantial  light s ea t t e r ingonf low inhomogenei t ies  in the direct ion of the no rma l  to the p r i m a r y  
radia t ion has  been de te rmined  [1-4]. S imi la r  light sca t t e r ing  in the la te ra l  d i rec t ion  occurs  in the p r e s -  
ence of sca le  i r r e g u l a r i t i e s  not iceably l ess  than the wave l eng th  of the incoming light [8]. Consequently,  
l inear  scale  i r r e g u l a r i t i e s  not iceably l ess  than 0.5 tt o c c u r r e d  in the liquid flow in these  expe r imen t s  
[1-4]. It can be uniquely proved that  an admixture  of foreign pa r t i c l e s  play the role  of s i m i l a r  inhomogenei-  
t i e s  in these  expe r imen t s  [1-4]. Fo r  th is  purpose  we may r e f e r  to expe r imen ta l  studies of the s t ruc tu re  of 
a turbulent  wa te r  flow using a hydrodynamica l  mic roscope  [9, 10]. 

According to these  s tudies ,  the l inear  scale  of the smal les t  eddies,  under  conditions p rac t i ca l ly  coin-  
ciding with the expe r imen ta l  conditions [1-4], amounts to at leas t  s e v e r a l  hundred mic rons .  Since the scale 
of the tagged pa r t i c l e s  introduced into the flow must  be many  t imes  l e ss ,  these  dimensions are of t h e o r e t i -  
ca l  impor tance  for  the method [9] as a whole. That is,  the min imal  sca le  of the eddies p resen ted  above 
al lows us to use  tagged pa r t i c l e s  m e a s u r i n g  10-30 # in d i ame te r .  

Thus the sca t t e r ing  de te rmined  in these  expe r imen t s  [1-4] cannot be re la ted  to pure ly  turbulent  flow 
inhomogenei t ies .  It was due to the p r e s ence  of an admixture  in the flow and turbulence played the role only 
of a mixing fac tor .  On the whole, however ,  re l iable  data on the in teract ion of light with a s im i l a r  turbulent  
liquid flow can be found in [11], which was a comprehens ive  and carefu l ly  conducted (both f r o m  the point of 
view of techniques and f r o m  the point of view of the in te rpre ta t ion  of the exper imen ta l  resul ts)  study of 
opt ical  phenomena s ta t i s t i ca l ly  reproduced  in [1-4] with l e s s e r  c la r i ty .  

These  drawbacks  were  due not only to a lack of knowledge of advances in th is  na r row region of sc ience,  
but also because  ce r ta in  fundamental  s t a tements  of the optics ofnonhomogeneous  media  and turbulence theory 
r ema ined  outside the field of vis ion of the authors .  Of course ,  we must  note that these  a r t i c les  [1-4] also 
indicated that  the opinions of the authors on the phenomena they studied had undergone a noticeable evolu-  
t ion. Thus,  while [2] cons idered  only the influence of p r e s s u r e  pulsat ions,  [3] additionally introduced t e m -  
pe ra tu re  pulsat ions in the initial dependences,  while [1] spoke also of fluctuations in the concentrat ion of 
foreign impur i t i e s .  However ,  such an evolution was not to be found inthe final analyt ical  computat ions and in 
the in terpre ta t ion  of the exper imen ta l  data. 

*It  was not c l e a r l y  s ta ted in [3] which bands were displaced nor  was the manner  in which t e m p e r a t u r e  was 
control led  in the flow concre te ly  specif ied.  Since i so the rmic i ty  to such a high accuracy  must  be control led 
not on the average  along any line, but for  a distinct,  e x t r e m e l y  smal l  flow volume,  the scale  of this volume 
and the technique of the opt ical  m e a s u r e m e n t s  are  of substant ia l  in te res t .  
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S T A B I L I T Y  O F  T R A N S O N I C  T W O - P H A S E  F L O W  

A.  V .  K a l i n i n  UDC 532.529+532.52 

The nature  of a s ingular  point in the s tabi l i ty  of one-d imens iona l  t r anson ic  flow of a v a p o r - d r o p  
mix ture  in a channel of va r i ab le  c ro s s  sect ion is cons idered  within the f r a m e w o r k  of a two-lquid 
hydrodynamiea l  model .  It is shown that  the s ingular  point in the case  of any lags of the drops  p r e -  
s e r v e s  the nature  of a saddle inherent  to homogeneous gas flow, shift ing only towards  the divergent  
par t  of the channel if the content of condensed phase is not too high. Here the t rans i t ion  of subsonic 
two-phase  flow into supersonic  flow is stable and the predominance  of drop agglomera t ion  over  
f ragmenta t ion  and the posi t ive cu rva tu re  of the channel prof i le  a re  s tabi l izing f ac to r s .  The saddle 
nature  of the s ingular i ty  is poss ib le  only if the lag of the drops is not too high in the case  of flows 
with a higher  content of condensed phase .  In the opposite case ,  the point at which the speed of sound 
is at tained loses  the nature  of a saddle point. 

A phys ica l  model  and c losed s y s t e m  of equations for  the hydrodynamics  of a c o a r s e - d i s p e r s i o n  v a p o r -  
drop mix ture ,  taking into account the ef fec ts  of re la t ive  motion and heat and m a s s  t r a n s f e r  between the phases ,  
and including seven f i r s t - o r d e r  quas i l inea r  different ia l  equations (conservat ion equations) and ten final equa-  
t ions (four equations of s tate,  four t r a n s f e r  equations,  and two c losure  equations) has been proposed  [1, 2]: 

It was p roved  that  all the c h a r a c t e r i s t i c  veloci t ies  of this  type of one-d imens iona l  nonsteady flow of a 
two-phase  med ium are  rea l ,  and that  the s y s t e m  of equations of one-d imens iona l  nonsteady flow sa t i s f ies  evolu-  
t ion conditions, and c o r r e c t l y  s ta tes  the p rob l e m with the initial  data. F r o m  this  point of view, the model of 
a two-phase  medium can be cons idered  phys ica l ly  just if ied.  

Two of the six different  c h a r a c t e r i s t i c  veloci t ies  may  change sign, pass ing  through zero .  The exis tence 
of vanishing veloci ty  cha r ac t e r i s t i c  of one -d imens iona l  nonsteady flow is due to the occu r rence  of s ingular  
points for  the s y s t e m  of equations of the co r respond ing  s teady flow [3]. Flow in the neighborhood of a s ingular  
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