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Causes for the divergence of theoret ic  es t imates  and observable  effects on the attenuation 
of a l a se r  beam in a pure turbulent fluid obtained using a complex of devices at the Inst i tu-  
te of Theoret ical  Phys ics ,  Siberian Division, Academy of Sciences of the USSR, are  analyzed.  

Similitude cri teria relating the attenuation of a laser beam in a pure turbulent medium to its thermo- 
dynamic p a r a m e t e r s  has been t reated in [1]. The rat io between the kinematic v iscos i ty  coefficient  and the 
thermal  diffusivity coefficient of the fluid [2] mus t  be added to these c r i t e r i a  under nonsimilitude scat ter ing 
of the heat f rom turbulent fr ict ion.  Several  of the bes t  devices with which the passage  of light through a 
disturbed fluid has been studied have been descr ibed [3, 4]. The experimental  conditions were  such that 
flow was assumed to be i so thermic  to the extent that turbulent fluctuations were  low. Distilled water  and 
doubly distilled water  were used in those experiments  using water .  The observed effects in a number  of 
cases  were substantially above the possible theoret ic  es t imates  and substantial ly diverged in different types 
of devices with comparable  p a r a m e t e r s .  

A complex of experimental  hydrooptical  devices has been built  at the Institute of Theoret ica l  Phys ics ,  
Siberian Division, Academy of Sciences of the USSR, in which previous experimental  schemes [3, 4] have 
been repeated.  An external re fe rence  beam was introduced into a device together with the passage  of a 
l a se r  beam along the axis of a pipe filled with a fluid flow. The intensity of the beam passing through the 
fluid was continuously compared  to the intensity of the re fe rence  beam. Both light beams were formed by 
separat ion of the radiation f rom a single l ase r  and the e r r o r  due to the instability of the radiation source  
was excluded in comparing the measuremen t s .  The p r e s s u r e  in the continuous-flow and discontinuous-flow 
tanks in the device with an in te r fe romete r  were equated ei ther  through a small  connective passage to the 
middle of the channels,  or  in t e rms  of the indices of the p r e s s u r e  gauges connected to each of the indepen- 
dent tanks. 

Exper iments  with an in te r fe romete r  revea led  a smal l  broadening and b lur r ing  of the in terference 
fringes s imi la r  to that observed in experiments  with the passage of a laser  beam through a turbulent at-  
mosphere .  No shift in the fr inges,  which had been observed [4] under a descr ibed experimental  scheme,  
occur red  within the measuremen t  precis ion.  

Attenuation of the beam in devices with passage  of a l a se r  beam through a fluid travell ing through 
a pipe depended both on the dimensions of the device and on the method of fluid del ivery.  Total optical 
puri ty of water ,  even after  taking careful  measures  to clean the device and the water ,  never theless  could 
not be obtained, but the observed effects were significantly lower than in [4]. The passage  of both bubbles, 
apparently of cavitations origin, and of solid mic roscop ic  par t ic les  could be observed here  in the t r ans -  
parent  channel. 

Let  us i l lustrate  these observat ions by severa l  resul ts  obtained by passing light through a slit  be-  
tween coaxial disks.  A disturbance was c rea ted  by rotat ing one of the disks.  The device was a copy of 
that descr ibed in [3]. Disturbances were  introduced every  3, 10, and 60 sec.  An increase  in the intensity 
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Fig.  1 

of s ca t t e r ed  l ight for  any fluid c la r i f ica t ion  t imes  
was obse rved  in our  expe r imen t s .  This i nc rea se  
reached  35-55% for  doubly dis t i l led water  and 5- 
2 5 ~ f o r  dis t i l led wate r .  In [3] s ca t t e r ed  light began 
to inc rease  only a f te r  3-4  h of c la r i f ica t ion .  

Resul t s  a re  given in Fig. 1 of our  expe r imen t s  
and of expe r imen t s  desc r ibed  in [3] on the depen-  
dence of the sca t t e r ing  intensi ty of a l a s e r  b e a m  on 
t ime  following the d is turbance  of a fluidbY a rota t ing 
disk [AI z is the va r ia t ion  in the photoelec t r ic  cu r r en t  
during the d is turbance  (in pe rcen tage  of the initial 
cur rent ) ,  At h is fluid c la r i f ica t ion  t ime (in h), and 
z is the t ime at  which the d is turbance was in t ro -  
duced]. 

We may  a s sume  that  the d ivergences  in these  
exper imen t s  a re  explained by the influence of solid 
pa r t i c l e s  of var ious  d imensions .  I t  is highly p rob-  

able that c o a r s e r p a r t i c l e s ,  that  p r ac t i ca l l y  did not undergo Brownian motion,  se t t led  re la t ive ly  eas i ly  in 
the quiescent  water ,  and were  rapidly  mixed during hydrodynamic  d is turbances ,  appeared  in our  expe r i -  
men t s .  A signif icant  number  of pa r t i c l e s  that  underwent  Browaian motion were  apparent ly  p resen t  in other  
expe r imen t s  [3]. 

This  is p robab ly  m o r e  the case  in that  the cha r ac t e r i s t i c  Reynolds number  of the flow was less  than 
the c r i t i ca l  in expe r imen t s  with a rotat ing disk.  

A l o n g - t e r m  p r o g r a m  of hydroopt ical  invest igat ions using a complex of tes t ing units is cu r ren t ly  un- 
derway at the Inst i tute  of Theore t i ca l  Phys ics ,  Siberian Division, Academy of Sciences of the USSR and at 
the Georgian Polytechnic  Inst i tute .  

N~ Ao Rubtsov,  A~ V. Korabel 'n ikov,  V. A~ Bazanov (Novosibirsk),  D. I. Avaliani,  and D. I. Nikuradze 
(Tbilisi) a re  par t i c ipa t ing  in this p r o g r a m .  

L I T E R A T U R E  C I T E D  

1. S~ So Kutateladze,  Boundary  L a y e r  Turbulence  [in Russian],  Nauka, Novos ib i r sk  (1973). 
2. I~ A. Kunin and A. M~ Vaisman,  "Severa l  sca le  effects  in continua," in: The Phys ic s  of Heat and P h y s -  

ical  Hydrodynamics  [in Russian]  Nauka, Novos ib i r sk  (1974). 
3. V~ M. Sysak and A. M. Trokhan,  "Var ia t ion  of light sca t t e r ing  with c h a r a c t e r i s t i c  t ime  by a hydrous 

medium as it  is hydrodynamica l ly  dis turbed,"  Zh~ Pr ik l .  Mekh. Tekh.  Fiz . ,  No. 2, 181-184 (1972). 
4~ D~ I. Avaliani  and S. S~ Kutateladze,  " In te rac t ion  of light with turbulent  fluid flow," Zh. P r ik l .  Mekh. 

Tekh.  Fiz~ No. 4, 115-123 (1973). 

424 


