
USE OF A LASER AS LIGHT SOURCE FOR AN INTERFERENCE 

STUDY OF TEMPERATURE AND CONCENTRATION FIELDS 

IN LIQUIDS 

A. I. Narbekov, P. A. Norden, 

and A. G. Ustanov 
UDC 536.2.083 

The advantages of using a laser as a light source in an IAB-451 shadow instrument, used as 

a two-beam diffractioninterferometer for studying temperature and studying temperature 

and concentration fields in liquids, are reported. 

The IAB-451 shadow instrument  is widely used to study gas -dynamicphenomena ,  combustion,  and 
heat and mass  t r ans fe r  in gases .  This instrument is used much less frequently for studying such p roces se s  
in liquids [1, 2], but it has --:ide capabilit ies here,  especial ly when it is converted (in a simple manner)  
into a two-beam diffraction in te r fe rometer  [3]. This is done by replacing the slit 3rid knife edge in the focal 
planes of objectives L 1 and L 2 of the instrument (Fig. 1) by t ransparent  diffraction grat ings R t and R2, and 
by placing a field diaphragm D with two windows in the object plane. This diaphragm is used to form the 
two-beam interference field. Without going into detail on the operation of the two-beam diffraction in te r -  
f e rome te r ,  which was descr ibed in [3], we will show that the most  suitable modification of this instrument  
is that in which the diaphragm windows are  placed in a row. In this case the interference field has the 
maximum possible br ightness and size.  The width of the f ie ld-diaphragm windows should be related to the 
grat ing spacing d n by 

b =  - - .  f)~ (1) 
d, 

The object is placed at one of the diaphragm windows, and the light pass ing through the other window forms 
the re fe rence  beam. 

In our exper iments ,  the object was a liquid in a euvette placed at one of the diaphragm windows. The 
path difference between the two beams became so large that an interference pat tern could not be obtained 
af ter  the cuvette was inser ted (when an ordinary light source ,  e.g. ,  a DRSh-250 m e r c u r y  lamp, was used), 
so a compensat ing cuvette equal in size to the working cuvette and filled with the same liquid had to be 
placed in the reference  beam. The compensating cuvette must  be separated by a distance b [given by Eq. 
(1)] f rom the working cuvette,  and the liquid it contains must  be under the same physical  conditions (at the 
same tempera ture  and, if a solution, at the same concentrat ion,  etc.) .  In this case ,  any tempera ture ,  con-  
centrat ion,  or  other  per turbat ions  in the test liquid cause interference changes in the image of the cuvette 
(when the in te r fe romete r  is adjusted to an infinite band width), or they displace and deform the interference 
fr inges existing p r io r  to the per turbat ion in the test  liquid (adjustment for finite band width). A compensa t -  
ing cuvette is also required for  other interference setups used to study liquids [4]. 

A compensating cuvette is not neces sa ry  when a l a se r  is used as light source ,  since its highly mono-  
chromat ic  radiation makes the size of the path difference between the two in te r fe romete r  beams incon- 
sequential .  This is an important  advantage, for  it s implifies the construct ion of the experimental  apparatus.  
In addition, the in te r fe rograms  obtained with a l a se r  are of higher quality than those obtained with an o rd i -  
na ry  light source and an interference f i l ter .  Finally,  in a calculation of the in te r fe rograms  obtained with 
an ordinary  light source and an interference f i l ter ,  some average wavelength k (averaged over  the t r ans -  
miss ion  band of the filter) must  be used; this introduces a definite e r r o r  into the experimental  resu l t s .  

Kirov Chemical Engineering Institute, Kazan. Transla ted f rom Inzhenerno-Fiz icheski i  Zhurnal ,  Vol. 
16, No. 1. pp. 136-139, January ,  1969. Original ar t ic le  submitted January  5, 1968. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article c a n n o t  be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

104 



L D ! 

L 2 

Z3 

F i g .  1. D i a g r a m  of the t w o - b e a m  d i f f r a c t i o n  i n t e r f e r e -  
m e t e r  b a s e d  on the IAB-451  shadow i n s t r u m e n t .  

F i g .  2. I n t e r f e r o g r a m  of  f r e e  t h e r m a l  convec t i on  in a v e r t i c a l  l a y e r  
of d i s t i l l e d  w a t e r .  

F i g .  3. I n t e r f e r o g r a m  of  t h e r m a l  d i f fu s ion  of an  aqueous  so lu t i on  of  
e t h a n o l .  

F i g .  4. I n t e r f e r o g r a m s  of the t e m p e r a t u r e  
f i e l d  in a h o r i z o n t a l  l a y e r  of  d i s t i l l e d  w a -  
t e r .  

The  i n t e r f e r o g r a m s  ob t a ined  with a l a s e r  a r e  f r e e  of th i s  
d i s a d v a n t a g e  b e c a u s e  of the h igh ly  m o n o c h r o m a t i c  r a d i a -  
t ion of the l a s e r .  

In a s tudy  of the t e m p e r a t u r e  and c o n c e n t r a t i o n  f i e ld s  
in l i qu ids  wi th  the IAB-451  i n s t r u m e n t  u s e d  a s  a d i f f r a c -  
t ion  i n t e r f e r o m e t e r ,  we u s e d  a n  L G - 2 4 M  gas  l a s e r  a s  l igh t  
s o u r c e  [5]; wi th  a l e n s  L 3 of  s h o r t  foca l  l eng th ,  the b e a m  
f r o m  th i s  l a s e r  can  be  f o c u s e d  on the p l ane  of the  d i f f r a c -  
t ion  g r a t i n g  R 1 (F ig .  1). 

A s  an e x a m p l e  of the i n t e r f e r o g r a m  ob ta ined  wi th  the 
IAB-451  i n s t r u m e n t  wi th  a l a s e r  l i gh t  s o u r c e ,  we  show in 
F i g .  2 an i n t e r f e r o g r a m  of f r e e  t h e r m a l  c o n v e c t i o n  in 
d i s t i l l e d  w a t e r  in a c e l l  b e t w e e n  whose  v e r t i c a l  w a l l s  a 
t e m p e r a t u r e  d i f f e r e n c e  i s  m a i n t a i n e d .  F i g u r e  3 shows  an  

i n t e r f e r o g r a m  of the t h e r m a l  d i f fu s ion  in an  aqueous  so lu t i on  of e thano l  in a h o r i z o n t a l  c e l l  u n d e r  the i n -  
f luence  of a v e r t i c a l  t e m p e r a t u r e  g r a d i e n t  (dur ing the s e p a r a t i o n ,  the  n u m b e r  of i n t e r f e r e n c e  f r i n g e s  i n -  
c r e a s e s ) .  
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Figure  4 shows i n t e r f e r o g r a m s  of the t empe ra tu r e  field in a hor izonta l  l a y e r  of dist i l led wa te r  (the 
l a y e r  was  100 m m  long and 5.7 m m  thick, and the light beam passed  30 m m  through the layer ) .  The t e m -  
p e r a t u r e  field was calculated f r o m  the fo rmula  [4] 

A T  = m)Jl  dn - - .  (2) 
dT 

Figure 4a corresponds to Ra = 1380 = 1380 and a temperature difference of AT = 0.56 ~ between the layer 
boundaries; Fig. 4b corresponds to Ra = 1500 and AT = 0.64~ and Fig. 4c corresponds to Ra = 1840 and 
AT = 0.75 ~ The distortion of the interference fringes in Fig. 4c indicates disruption of the linear tempera- 
ture profile within the liquid layer and thus the transition from conduction to convection. 

In conclusion, we note that this procedure of using a two-beam diffraction interferometer (based on 
the IAB-451 instrument) with a laser as light source may be useful for measuring temperature and con- 
centration fields in studies of transfer processes in dropping liquids. 
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N O T A T I O N  

width of one d iaphragm window; 
local  length of the object ive L2; 
gra t ing  spacing; 
wavelength of the light used; 
t e m p e r a t u r e  di f ference between the boundaries  of the liquid l a y e r s ;  
num be r  of in te r fe rence  f r inges ;  
d is tance the light beam p a s s e s  through the l aye r ;  
t e m p e r a t u r e  coefficient  of the r e f r ac t ive  index of the liquid; 
Rayleigh number .  
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