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We examine the dynamics of the formation and separation of vapor bubbles on 
the discharge of a vapor into an underheated fluid. The results of this an- 
alytical study are compared against experimental data. 

The direct contact between the vapor phase and a fluid underheated to saturation temp- 
erature occurs in a variety of engineering processes. It assumes particular attention in 
contemporary thermal power engineering. Under conditions of surface boiling of liquids, the 
intensity with which the vapor phase is removed from the heating surface and the value of 
the critical heat-flux density are determined by the dynamics of the formation of vapor bub- 
bles and the rate at which they condense in the region of the underheated core of the liquid 
below. Vapor-phase condensation in the underheated liquid determines the operational effi- 
ciency of systems designed to localize emergency situations at an atomic power plant. 

Let us examine the equation for the equilibrium of a vapor bubble, subjected at ~he in- 
stant of separation from the nozzle orifice to the action of the following forces: the buoy- 
ancy force Fg = ~db~(p ' - p")g/6, hydrodynamic vapor pressure F D = ~p"v02d02/4, surfa,'~e ten- 
sion F o = zd0o , and the force of liquid inertia F b = d(mu)/d~, the latter ascribed to the 
change in the rate of bubble surface growth over time. 

A significantly unique feature of the mechanism involved in the formation of the vapor 
bubbles under the conditions being examined here is the simultaneous presence of two oppo- 
sitely-directed radial velocities of bubble-surface displacement within the volume of the 
liquid; the growth of the bubbles is due to the influx of vapor through the nozzle orifice 
and its simultaneous condensation. The velocity of bubble-boundary displacement in the pos- 
itive direction (growth) is determined by the expression 

-~ i 4~R 2" (1) 

Analysis of the solutions for the rate of bubble growth [I-4] within the volume of a 
super-heated liquid and the rate of condensation within the volume of an underheated [iquid 
[5-9] demonstrates that these processes are described in analogous fashion and are distin- 
guished only by direction [i0]. Under the conditions of the present problem, the vap)r bub- 
ble condenses during the period of its formation at the nozzle surface. In this connection, 
it is assumed that the rate of bubble condensation is determined by the expression 
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Here 2/~ <_ ~ <_ 8/~ [6, 8, 9] .  

The r e s u l t i n g  v e l o c i t y  of  b u b b l e - s u r f a c e  boundary d i sp l acemen t  i s  equa l  to  

( ) ( )  o "dR _ Fo g - - J a ' .  ( 3 )  d__RR = dR + ~ 4~R* R 

When the resulting velocity of bubble-surface displacement is equal to 0, a detachment-free 
regime of vapor injection into the liquid layer sets in. The existence of such a regime has 
been established experimentally [ii, 12] in the boiling of various liquids under conditions 
of underheating. We assume the following liquid mass (proportional to bubble volume [13]), 

Astrakhan Technical Institute of the Fishing Industry and Economy. Translated from In- 
zhenerno-Fizicheskii Zhurnal, Vol. 57, No. 6, pp. 929-932, December, 1989. Original article 
submitted July 6, 1988. 

0022-0841/89/5701-1443512.50 �9 1990 Plenum Publishing Corporation 1443 



whose motion is governed by the radial velocity of bubble-surface displacement during the 
bubble formation stage: 

m = sm4~p'R'/3. 
(4) 

With consideration of (3) and (4), the expression for the inertial force of the liquid has 
the form 

"3 emP'R~ 4~R z R '4~/~ -- " (5) 

or, after a number of transformations 

= ~xsra p'v~=d______~. __ ~r~e____m 9'a'vodg Ja 2 __8=~em p,a,= ja~. (6) 
Fi 48 d i 2 d i 3 

For the instant of vapor-bubble separation from the orifice we have 
r 2 4 ~xd~. ~x . 2.2 ~Srn Pvodo 

(7)  6 (O' -- p') g + - 4  p v0 a0 = nd06 ~ 48 d i 

~ s m  p'voa'dg Ja 2 
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Equat ion (7) can be reduced  to  d i m ens i on l e s s  form: 

Lb+ F r , - -  6We - -  16~smktJa ~ U -5 3~smk~ JaiL 8rap' Fr, = O. (8) 
8p" 

For t h e  c o n d i t i o n s  o f  vapor i n j e c t i o n  in to  t he  s a t u r a t e d - l i q u i d  l a y e r  (Ja  = O) Eq. (8) as-  
sumes the  form 

LS-5 ( ~ F r * - - 6 W e )  L ~ -  " 8mP"Fr* = O" 8p" (9) 

Equation (9) was initially derived in an examination of the regimes encountered in the form- 
ation of gas bubbles within a liquid layer, and this equation was confirmed through the re- 
sults of direct measurements [13, 14]. 

Under the conditions of the present problem, the values for the proportionality factor 
e m, as well as the methods for its direct determination, are unknown. In order to determine 
this coefficient on the basis of Eq. (8), we made use of experimental data on the detachment 
dimensions of the vapor bubbles within the volume of an underheated liquid for a variety of 
geometric, physical and regime parameters in a "vapor-liquid" system [15]. 

The coefficient 8 in Eq. (8) was assumed to be equal to 1.592. The experimental mater- 
ial [15] corresponded to the following range of changes in the generalized variables: Ja = 
1.5-150; Fr, = 4.7-12.8; We = 0.06-0.44; k I = (0.3-5.5)'10-8; k 2 = (0.3-7.2)'10 -3. 

The found values for the coefficient e m were represented as functions of the above-cit- 
ed generalized variables. Processing of the experimental data enabled us to obtain a theor- 
etical equation in the form 

s ~--54.6 (W-~ae),.,5 m-- �9 (10) 

The regression equation was presented in logarithmic form. The coefficients in Eq. (i0) 
were determined from a system of normal equations by the method of least squares, with a re- 
gression-equation correlation ratio of 0.83. The calculations were performed by Engineer 
U. M. Brumshtein on an ES-I035 computer with a specially compiled program. 

NOTATION 
p,,Vo 2 O 

, modified Froude number; We ~ Weber number; Fr,. ~ (p, _ p,,)gd0 (p, _ p,,)gd02 , 

Ja 
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p"r , Jacobi number; k I ~ . (O, _ p,,)gdo ~ ; k 2 ~ (p, _ p,,)gdo 2 , dimension- 
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less parameters; L ~ db/d 0 and d b, detachment dimensions of the bubble; d o , diameter of noz- 
zle orifice; p' and p", densities of liquid and vapor; v 0, vapor velocity in nozzle orifice; 
a, coefficient of liquid surface tension; a' , coefficient of thermal diffusivity for the 
liquid; Cp', liquid heat capacity; r, heat of vapor formation; AT = T s - T~, temperature 
head; T s, saturation temperature; Ts liquid temperature; R, instantaneous bubble radius; 
V0, volumetric vapor blow rate; <, time; g, gravitational acceleration. 
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LAMINAR FLOW REGIME OF A CONDENSATE IN A HORIZONTAL ANNULAR CHANNEL 

L. L. Vasil'ev and M. I. Rabetskii UDC 536.248 

We present a method for calculating the angle of the rivulet level in the lam- 
inar regime encountered in condensation in an annular channel. The theoreti- 
cal results are compared to the experimental data derived in studying the hy- 
drodynamic and heat exchange in heat-exchange installations of a new type, 
namely, vapor-dynamic thermosiphons. 

Heating tubes and thermosiphons are finding ever-increasing application in the develop- 
ment of contemporary technological processes involving the exploitation of heat from low-po- 
tential sources, in the development of cooling systems for equipment subjected to thermal 
stresses, for radioelectronic installations, and in the exploitation of secondary and alter- 
native energy sources. 
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