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Results of an experimental study of the effect of an inhomogeneous electric field 
on heat transfer of a droplet in the spheroidal state are offered. A comparison 
with theoretical data is made. 

The decrease in heat transfer of a burning surface with a liquid freely flowing from it 
is related to formation of a vapor layer separating the spheroidal droplet from the cooling 
surface [i]. The heat-transfer coefficient is then inversely proportional to the thickness 
of this layer. In turn, the thickness of the vapor layer depends on the force acting on the 
liquid spheroid. The additional pressure below the droplet connected with this force may be 
approximated by the formula 

AP 4 F-n. (1) 
~D 2 

Using Eq. (i) to calculate the heat-transfer coefficient [i], we obtain 

4 ' l F . n  I ( 2 )  c~=A  V 

The coefficient A is determined by evaporation conditions and is independent of the forces 
acting on the droplet (this formula is valid for F'D < 0). 

The nature of F may vary: gravitational force, electric and magnetic forces, or a com- 
bination of these forces. In the experiments described herein, F was composed of the weight 
of the droplet and the force exerted on the droplet by an inhomogeneous electric field. From 
conditions of dimensionality it follows that 

f = b U  z. (3) 

The vector b is dependent on the geometry of the electrodes creating the field, the form of 
the droplet, and the properties of the droplet material. 

For the case described by Eq. (3), we obtain from Eq. (2) 

-- A ~ /  1 +  U 2 �9 ( 4 )  
G.n 

Comparing,the coefficients of heat transfer with and without the field, we arrive at the ex- 
pression 

ao - " q ~ =  , 1 +  G . n  " 

From Eq. (5) it is evident that ~ is independent of surface temperature. 
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Fig. i. Diagram of experimental apparatus. 
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Flg ,  2. R e l a t i v e  h e a t - t r a n s f e r  c o e f f i c i e n t  
versus e lec t rode  v o l t a g e  D (kV).  

Equation (5) was verified with the apparatus depicted in Fig. i. Calibrated droplets 
of distilled water were deposited by dropper i on the surface of an 8-mm-thick quartz plate 
2. The inhomogeneous electric field was created by copper electrodes 3. The latter served 
simultaneously to heat the quartz plate. Heating was produced by filament 4. In all experi- 
ments electrode temperature was maintained constant and above the second critical point. 
Droplet charge on the electrodes was eliminated by the construction of the apparatus. 

The quantity directly measured in the experiments was the time necessary for complete 
evaporation of a droplet of constant diameter (about 2.5 mm). Measurements were performed 
alternately at U = 0 and U # 0. For each value of electrode voltage, 10-15 measurements were 
taken. So that the electric field would not affect the volume of the spheroidal droplets, 
the voltage on electrodes 3 was switched on after detachment of the drop from the dropper I. 

Results of the measurements are presented in Fig. 2. The abscissa shows values of U, 
while the ordinate indicates the ratio of evaporation time without the field to evaporation 
with the field. As is well known [i], this ratio is equal to ~. Points on the curve indicate 
mean values, with vertical lines indicating mean square deviations. The solid llne is the 
curve obtained from Eq. (5) for Ibon/G.nl = 0.692 (kV) -2. 

Figure 2 indicates that in the region up to i kV the agreement between experiment and 
theory is good. The reduction in growth of ~ observed at higher voltages (U > I kV) can 
evidently be explained by deformation of the droplet by the field. This may be reflected 
theoretically by the dependence of h on the dimensionless complex eU=/~D. 

The direction of the electric field (the sign of U) had no effect on the results. 

NOTATION 

AP, excess pressure under the spheroid; F, force acting on the spheroid; n, unit vector 
externally normal to boiling surface; D, spheroid diameter; a, heat-transfer coefficient in 
external field; f, additional force acting on the spheroid; b, constant vector; U, electrode 
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voltage, kV; G, weight of spheroid; ~o, heat-transfer coefficient in the absence of field; 
~, ratio of times for complete evaporation without and with fields (or inverse ratio of correspond- 
ing heat-transfer coefficients); E, liquid dielectric constant; o, surface tension of liquid. 

i. 
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REYNOLDS ANALOGY FOR BOILING 

I. P. Vishnev UDC 536.423.1 

A Reynolds analogy for boiling is proposed and a generalized heat-transfer equa- 
tion for bubble boiling in tubes and in a large volume is presented. 

Contemporary knowledge of heat transfer and hydrodynamics for bubble boiling of liquids 
is based mainly on theoretical and experimental investigations of the boiling process in a 
large volume. The general correlations developed by Soviet investigators (Kruzhilin, 
Kutateladze, Tolubinskii, Borishanskii, et al.), can be used to design complex vaporizing 
equipment for boiling a liquid in a large volume. In most contemporary heat exchangers, 
boiling does not occur in a large volume, but in tubes and channels. However, there are as 
yet no well-founded reliable general formulas to calculate the boiling process in tubes with 
natural and forced flow circulation. The available correlations for boiling in a large vol- 
ume are not suitable for calculating boiling in tubes, since they do not contain the neces- 
sary parameters and conditions to account for the characteristic general and special pro- 
cesses. The analogy of the Reynolds number Re* does not take into account all the special 
hydrodynamic features of the process of boiling in tubes. 

We recall that the parameter 

R e -  wdo (1) 
V 

was proposed by Reynolds to describe the motion of a single-phase medium in tubes; here the 
velocity w is the ratio of the mass flow to the area of the flow or the tube, f: w = V/f 
(m~/h/m 2 = m/h). 

To describe motion of a two-phase fluid with boiling, Kichigin has proposed [i] a Rey- 
nolds analogy 

Re*_ q/Lpv [ ~ l ~ 
v g ( P - - P v )  (2) 

In  Eq. (2 ) ,  which d i f f e r s  a p p r e c i a b l y  from Eq. (1 ) ,  the  v e l o c i t y  a p p e a r s  on ly  as  the  
mass f low r a t e  V = q/LPv [ ( k c a l / ( m a ' h ) ) ( k g / k c a l ) ( m 3 / k g )  = m/h] ,  u s u a l l y  c a l l e d  t h e  v a p o r -  
formation rate, and there is no cross section f of the moving flow. Therefore, for the pro- 
cess in tubes, Re* accounts only for the effect of the vapor-formation rate and cannot account 
for the effect of velocity of motion of the vapor--liquid flow. Under operating conditions, 
with constant specific heat flux along a vertical tube with lateral circulation of a boiling 
flow, the vapor-formation rate and Re* wfll be constant at each tube section, while the rate 
of vapor motion will increase along the tube because of the increase of vapor-content at suc- 
cessive sections, and the absolute velocity of motion of the two-phase boiling flow will in- 

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 32, No. 5, pp. 789-799, May, 1977. 
Original article submitted May 12, 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  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 art~'cle is 
available f rom the publisher for  $ Z 50. 

505 


