
emissivity is markedly dependent on temperature. Thus c' = 0.92 when T = 873~ and with in- 
crease in temperature falls to 0.82 when T = I173~ The quantity E% is 0.75-0.90 in the 
range % = 1.2-2.2 Dm, which corresponds to maximum absorption by the skin of humans. 

NOTATION 

E, radiation density; Kc, calibration constant; e, electromotive force (emf); Qr, radia- 
tive component of total heat emission; Qt, total heat emission; n = (Qr/Qt)'100%, radiant 
efficiency; I~, radiation intensity in a given direction, W/stere; I~, radiation intensity 
in the normal direction; ~, angle measured from the perpendicular to the heat-emitting sur- 
face; h, height of heater installation; 00, Stefan--Boltzmann constant; T, temperature; Fe, 
effective area of heat-emitting surface of heater; qo, specific heat load; P, gas pressure; 
E, emissivity (~ , in a given direction; 8• in the normal direction; ~ , spectral emissivity; 
e', integral emissivity); %, wavelength. 
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MEASUREMENT OF THE WAVE PARAMETERS OF LIQUID FILM FLOW BY 

THE METHOD OF LOCAL ELECTRICAL CONDUCTIVITY 

A. D. Sergeev, L. P. Kholpanov, N. A. Nikolaev, 
V. A. Malyusov, and N. M. Zhavoronkov 

UDC 532.62 

A method of measuring the wave parameters of a liquid film is described which dif- 
fers from those known earlier in that it permits the simultaneous determination of 
the phase velocity, length, and amplitude of the waves and provides a greater 
volumeof information. 

Knowledge of the hydrodynamic laws of liquid film flow (thickness of the film and phase 
velocity, length, and amplitude of the waves) is necessary for the calculation Of technologi- 
cal processes in different fields of engineering [I, 2]. A number of methods exist for their 
measurement [3-7], each of which has its drawbacks, and not one of these methods permits the 
simultaneous measurement of all the hydrodynamic parameters. 

These drawbacks can be avoided with the use of the method of local electrical conductiv- 
ity, which consists in the direct recording of the instantaneous values of the strength of 
the current passing through the liquid film between two electrodes located in the immediate 
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Fig. i. Diagram of measurement of wave parameters of a li- 
quid film. a: i) Working electrodes; 2) power supply; 3) 
potentiometer; 4) amplifier; 5) UIP-I stabilized power sup- 
ply; 6) N-700 loop oscillograph; 7) rectifier; 8) reference 
milliammeter; 9) calibration cell; i0) micrometer screw; b: 
oscillogram. 
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Fig. 2. Diagram of direct-current amplifier. 

co I I _~-- 
~,o , S v  

o AI o - - /  
o - - 2  

Q - - 5  

I .v ---;-7 

Fig.  3. Comparison of expe r imen ta l  da ta  on the  
phase v e l o c i t y  of waves.  Data of [6] wi th  gas v e l -  
o c i t y  W, m/sec :  i )  14; 2) 27; 3) 41; 4) da t a  of  
[7] with W = 30 m/sec; data of [ii] with W, m/sec: 
5) 19; 6) 30; 7) 42. q, m3/m-h. 

vicinity of one another and embedded flush with the wall�9 The shape of the electrodes and the 
material from which they are made can be varied [8-10]. Depending on the objectives of the 
experimental studies the diameter of the electrodes can vary from 0.i to 3 mm and the distance 
between them from 2 to 12 mm. For example, an electrode diameter of 0.2-0.3 mm and a distance 
between them of 2-3 mm can be recommended for measuring the fine structure of the surface 
layer of a liquid film less than 0.3 mm thick, while pickups with an electrode diameter of 
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0.8-1.2 mm and a distance between them of 4-5 mm can be recommended for measuring the wave 
parameters of "thick" films more than 0.3 mm thick. 

A schematic diagram of the measurement of the wave parameters of a liquid film is pre- 
sented in Fig. la. The strength of the current between the electrodes depends on the thick- 
ness of the liquid layer above the electrodes. The galvanometer of a loop oscillograph in- 
cluded in the circuit records on photographic paper a periodic curve (Fig. ib) for which the 
frequency of the peaks corresponds to the frequency of passage of the wave crests above the 
electrodes, while the deviation of the beam from the null line corresponds to the thickness 
of the liquid film at the given time. 

To eliminate the effect of the process of electrolysis the voltage supplied to the elec- 
trodes must be less than the dissociation voltage. Since a liquid with a low conductivity is 
most often used in the studies, the current strength in the circuit is low and the signal 
must be amplified in order to record it on the loop oscillograph. One version of a direct- 
current amplification circuit which permits the amplification of both the constant and the 
variable components of the current is shown in Fig. 2. 

The amplifier is two-stage with a galvanic connection between the stages. To compensate 
for excess bias on the grid of tube T2 of the cathode circuit the latter includes a stabili- 
tron tube T3. The gain is regulated by a potentiometer and the null setting is also accom- 
plished with a potentiometer. The galvanometer of the N-700 loop oscillograph is connected 
to the cathode circuit of tube T2, since the galvanometer insulation is designed for only 
300 V. 

For the measurement of the phase velocity of the waves one must use several pairs of 
electrodes arranged successively one after another along the length of the tube. The distance 
between these pairs is 3-5 mm. Because of the motion of the waves along the surface of the 
liquid film the oscillograms recorded by each pair of electrodes are shifted in phase rela- 
tive to one another. From the size of this shift one can determine the phase velocity of the 
waves, 

H Hu 
= = . (i) 

l 

The length of the waves is determined from the equation 

= _ - (2) 

T I U 

The amplitude of the waves is determined as 

-- amax--amin �9 (3) 

area x "@ ami n 

The difficulty in the measurement of the instantaneous values of the thickness of a ].i- 
quid film consists in the absence of an analytical connection between the current strength in 
the circuit and the film thickness [8]. In this connection the relationship between the devi- 
ation of the beam from the null line on the oscillogram (Fig. ib) and the film thickness is 
established by calibration using a calibration cell which consists of two parallel plates be- 
tween which the test liquid is pumped. One of the plates was moveable and was moved with a 
micrometer screw. Electrodes were set in the stationary plate, accurately reproducing the 

geometry of the working electrodes. 

The method of local electrical conductivity was used to measure the wave parameters of a 
water film moving together with an air stream in a wide range of loads on the liquid and the 
gas [11-13]. The studies showed that the wave parameters of the liquid film have a statisti- 
cal nature, with the distribution law for these quantities being close to a normal distribu- 
tion. The results df measurements of the phase velocity of the waves were compared with the 
data of other authors ~6, 7] (Fig, 3) obtained under similar conditions by the method of 
motion-picture photography. The comparison showed their good agreement. 

The method of measuring the wave parameters of a liquid film which was discussed permits 
the determination of the phase velocity, length, and amplitude of the waves with free drain- 

age of the liquid film and in two-phase flows. 
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NOTATION 

~, phase velocity of wave; z, time of passage of a wave crest from one pickup to the 
other; rl, time of passage of two successive waves over a pickup; H, distance between pairs 
of electrodes; u, rate of advance of photographic paper of oscillograph;~, displacement on 
oscillogram of wave profiles obtained from different pickups; b, distance between crests of 
two successive waves on one oscillogram obtained from one pickup; amax, amin, film thickness 
at crests and troughs of waves, respectively. 
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LOGARITHMIC EQUATIONS FOR THE RESISTANCE OF TURBULENT 

FRICTION FOR A VISCOUS LIQUID ~ND POLYMER SOLUTIONS 

V. A. Gorodtsov UDC 532.517.4 

It is shown that resistance equations of the Prandtl type for the flow of a vis- 
cous liquid and polymer solutions in the mode of minimal resistance in pipes and 
near a plate can be approximated with sufficient accuracy by simpler logarithmic 
equations. 

Flow of a Viscous Liquid in Smooth Pipes 

It is well known [i] that in a steady developed turbulent stream near a wall there exists 
a region of flow with an average velocity distribution close to logarithmic, and in accordance 
with the asymptotics (as Re * ~) there exists the logarithmic resistance law (thePrandtl equa- 
tion) 

1 / t / ) T =  a lg (Re 1 / s  ' b (1) 

I t  t u r n s  o u t  t h a t  t h e  e q u a t i o n  g i v e s  s a t i s f a c t o r y  a c c u r a c y  in  t h e  e n t i r e  r a n g e  o f  Rey n o ld s  
numbers  4 .103  < Re < 107 o f  p r a c t i c a l  i n t e r e s t  i f  one s e t s  

a ~ 2 . 0 ;  b ~ - - 0 . 8 .  (2) 

Institute of Problems of Mechanics, Academy of Sciences of the USSR, Moscow. 
from Inzhenerno-Fizicheskii Zhurnal, Vol. 29, No. 5, pp. 847-852, November, 1975. 
article submitted June 24, 1974. 

Translated 
Original 

This material is protected by  copyright registered in the name o,f Plenum Publishing Corporation, 227 West 1 7th Street, New York, IV. Y. 
10011. No part o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any.form or by  any means, electronic, 
mechanical, photocopying,  microfilming, recording or otherwise, without  written permission o f  the publisher. A copy o f  this article is 
available ̀ from the publisher for  $Z50 .  

1403 


