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An optical method for studying fluctuations of the index of refraction of liquids 
and gases is described. The apparatus is described and experimental values of the 
coefficient of anisotropy and the magnitude of the temperature fluctuations for sea- 
water are presented. 

It is known that the variation of the physical properties of a medium affecting its ih- 
dex of refraction leads to fluctuations of the parameters of radiation propagating in the 
medium. 

By measuring the statistical characteristics of radiation, information can be obtained 
on the limits of applicability of underwater holographic viewing systems. Knowing the sta- 
tistical characteristics of the radiation one can judge the changes of physical properties 
of the medium and its structure [I]. 

Optical research methods based on measurements of fluctuations of the amplitude and 
phase of vibrations have been rather widely employed, but few experimental papers have ap- 
peared on the determination of the properties of optically transparent media by recording 
the angle of arrival of the radiation. This results from the considerable technical dif- 
ficulties encountered in determining the angle of arrival of a beam. 

The apparatus for measuring the angle of arrival of radiation and its fluctuations con- 
sists of a gas laser (~ = 0.63 ~), a sensor, and measuring apparatus (Fig. I). The laser, 
placed in a positioning device, was mounted on one arm of an L-shaped bracket. The radia- 
tion was propagated along the axis of a tube rigidly attached to the bracket and designed to 
shield against the undesirable effect of the rough water surface on the beam. The beam then 
fell on a mirror which diverted it along the other arm of the bracket and directed it into 
the window of the sensor located on this arm. 

1 

Fig. i. Block diagram of 
experimental arrangement: 
i) L-shaped bracket; 2) 
shielding tube; 3) LG-56 
gas laser; 4) mirror; 5) 
measuring sensor; 6) re- 
cording apparatus. 

A. V. Lykov Institute of Heat and Mass Transfer, Academy of Sciences of the Belorussian 
SSR, Minsk. Pacific Ocean Oceanological Institute DVNTs, Academy of Sciences of the USSR~ 
Vladivostok. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 32, No. 4, pp. 602-606, 
April, 1977. Original article submitted March 25, 1976. 

This material is protected by  copyright registered in the name o f  Plenum Publishing Corporation, 227 West 1 7th Street, New York, N. Y. 
10011. No part o f  thispublication may be reproduced, stored in a retrieval system, or transmitted, in any form or by  any means, electronic, 
mechanical, photocopying, microfilming, recording or otherwise, wi thout  written permission o f  the publisher. A copy  o f  this article is 
available f rom the publisher for  $ Z 50. 

375 



2 $ / 4 7 

I / , / \  \ i . .  

IKII! 1 ' 

v,/////////, ,.,. ... ;,. '""///////>''////// "(~ 

I{l}ilii!ili'.',i!i!id ~ 3 
/ 

/ 
"4 / "4 

J 
Fig. 2. Construction of sensor. 

The bracket was ~mmersed in water in such a way that the beam from the mirror to the 
sensor was propagated horizontally. By rotating the bracket about its vertl cal arm a definite 
orientation of the beam in the horizontal plane was achieved. The maximum depth of submer- 
sion of the sensor was limited to 5 m, mainly by the length of the laser power-supply cable. 
The construction of the sensor is shown schematically in Fig. 2. It consists of a housing i 
with an optical glass window 2. The laser power supply and its connections to the measuring 
apparatus are made through a hermetic joint 3. A position-sensitive photoresistor (PSPR) 7 
on rails 4 inside the sensor housing in the focal plane of the cylindrical lens 5 can be dis- 
placed 0.125 mm in the plane perpendicular to the radiation by one turn of knob 6. 

The fluctuations of the bright line formed by the cylindrical lens are transformed into 
an electric signal by the PSPR. The error of transformation is no more than 5% in the pres- 
ent case. 

Since in general for a small load resistance (R l ~ 5 m~) the sensor reacts also to a 
change in illumination [2], it was necessary to calibrate it by a fixed displacement of the 
PSPR. 

Since the base length of the beam was short (L = 2 m), additional errors in determining 
the magnitude of the fluctuations of the angle of arrival of the beam could arise for a change 
in the oscillation mode of the laser or because of appreciable fluctuations in the transpar- 
ency of the sea water. To eliminate the possibility of such errors the sensor was calibrated 
before each series of experiments. 

The experiments were performed in "Hero" bay in the Sea of Japan in the evening at depths 
of 0.5, i, and 1.5 m in a slight sea and in complete calm. 

The results obtained are shown in Table 1 and Figs. 3 and 4. The table shows that in a 
slight sea the fluctuations of the angle of arrival are quite anisotropic. If the coeffi- 
cient of anisotropy is expressed in the form [3] 

<~> 

~= < ~----5- ' 
it can be seen from Fig. 3 that in our case the coefficient of anisotropy increased mono- 
tonically with increasing depth. It can be assumed, however, that at a certain depth y 
reaches a maximum and then decreases. Thus the depth of propagation of surface waves can 
be determined from the form of the experimental relation y = f(Z). 

Figure 4 illustrates the dependence of the magnitude of the fluctuations of the angle 
of-arrlval on the depth of submersion. It is clear that anlncrease in depth leads to a de- 
crease in the magnitude of the fluctuations. 

Using Eq. (i), which relates the magnitude of the fluctuations of the angle of arrival 
and the index of refraction [4], 

e (1) 
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Fig. 3. Dependence of coefficient of anisotropy y on 
depth of submersion Z, m. 

Fig. 4. Dependence of magnitude of fluctuations of 
angle of arrival of radiation /~-~on depth of sub- 
mersion: i) parallel to wave; 2) perpendicular to 
wave; Z, m; #~r~-, rad. 

TABLE i. Experimental Values of Fluctua- 
tions of Angle of Arrival of Laser Beam 

Depth of 
submersion 
Z, m 

0,5 

1 

1,5 

I r 

, tad V d  2) .1o~, - 1 0 ~ ,  e 2 

7,6 6,7 

5 3,6 
0,87 0,87 

4 2,6 

Note 

J 
I slight sea 

slight sea 
c a l m  

slight sea 

and knowing the correlation distance R, the magnitude of the fluctuations of the index of re- 
fraction can be determined from the known value of <E2>. Taking R = 0.5 m for the correla- 
tion distance [5], we obtain ~<~2> = 1.4.10_s. From data in [6] the index of refraction of 
water for radiation of wavelength X = 0.63 p is n = 1.3314. Assuming that the fluctuations 
of the angle of arrival result solely from temperature fluctuations, and using Eq. (2) in ac- 
cord with [6], 

dn 
---10 -4 deg -I ~0:985, 
dT (2) 

we find for ~ = 7.6-10 -3 rad, which is the maximum value in our experiments, the corre- 
sponding magnitude of the temperature fluctuations ~ = 1.5.10 -s deg. 

Thus, knowing the statistical characteristics of the parameters of the radiation propa- 
gating in an inhomogeneous medium, the structure of the medium and the variation of its phys- 
ical parameters can be determined. Using the optical method described, based on measure- 
ments of the statistical characteristics of the fluctuations of the angle of arrival of a 
beam, such physical parameters of the medium as temperature fluctuations, index of refrac- 
tion, coefficient of anisotropy, correlation distance, etc. can be determined with suffi- 
ciently high accuracy. 

It should be noted that the component variations of the index of refraction of biologi- 
cal material moving as a result of convective displacement in the surface layer of the medium 
can also contribute to the value of the angle of arrival and its fluctuations in our experi' 
ments. 

NOTATION 

X, wavelength; Rl, load resistance of measuring sensor; L, base length of beam; y, co- 
efficient of anisotropy; ~ and d~2>, mangnitudes of fluctuations of the angle of arrival of 
beam propagating perpendicular to and parallel to a wave, respectively; Z depth of submersion 
of measuring sensor; ~ magnitude of fluctuations of index of refraction; R, correlation 
distance; n, index of refraction; T, temperature; ~ magnitude of temperature fluctua- 
tions. 
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A METHOD FOR CALCULATING HEAT CAPACITY AND THERMAL 

CONDUCTIVITY OF LIQUIDS 

L. P. Filippov UDC 536.2.083 

Methods employing easily obtainable empirical data are described for calculation of 
heat capacity, speed of sound, and thermal conductivity of liquids. 

The methods proposed in this study for calculation of thermophysical properties are 
based on the theory of thermodynamic similarity. Use of thermodynamic similarity principles 
for description of the thermal properties of liquids and gases reveals a number of important 
principles and makes it possible to develop effective methods for computation of a large num- 
ber of properties [i, 2]. One of the most important principles is the one-parameter law of 
corresponding states for the class of normal, nonassociated substances, i.e., the existence 
of one and only one dimensionless parameter (the defining criterion) that characterizes the 
individuality of the substance in the dimensionless equation of state [I]. 

The basis for description of thermal properties using thermodynamic similarity theory 
is the so-called expanded law of corresponding states [3], according to which the differences 
between values of the thermodynamic properties under given conditions and the same values for 
the ideal gas state at the same temperature must obey the rules ofthermodynamic similarity. 
In the case of heat capacity, on the saturation line the expanded law of corresponding states 
for normal substances should have the form 

Cp = C~ + ACp (T, A), 

Co = C~ + AC~ (z, A), (1) 

where  CD and C v a r e  t he  molar  h e a t  c a p a c i t i e s  on the  s a t u r a t i o n  l i n e  ( f o r  the  l i q u i d  or  vapor  
b r a n c h ) ]  C~ and C$ a r e  t he  c o r r e s p o n d i n g  v a l u e s  in  the  i d e a l  gas s t a t e )  and ACp and ACv a r e  
the  c o n f i g u r a t i o n  h e a t  c a p a c i t i e s ,  which must be i d e n t i c a l  f u n c t i o n s  o f  the  d imens ion l e s s  
t e m p e r a t u r e  T = T/Tar  and the  d e f i n i n g  c r i t e r i o n  A f o r  the  e n t i r e  c l a s s  of  m a t e r i a l s  con-  
s i d e r e d .  

The functions ACp(Y, A) and ACv(T , A) for the liquid state were studied using available 
data on 60 materials and are presented in Table i. [numerator, ACp; denominator, ACv, J/ 
(mole-~ 

For practical calculation of configuration heat capacity it is not obligatory to know 
explicitly the critical temperature and parameter A. Methods may be used to determine these 
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