
acoustic effects in a liquid during boiling and bubbling are the result of pressure pulses, 
which promote different states of the bubble-formation process. The bursts of damped acoustic 
oscillations in a liquid are the result of the action of a single pressure pulse. 

NOTATION 

Po, density of gas; Y = Cp/Cv, ratio of heat capacities at constant pressure and con- 
stant volume; P:, density of liquid; a, radius of bubble; D = 3pc2/dpc, damping factor of 
pulsating bubble oscillations due to acoustic radiation; m~ = 3pc/d=p, resonance frequency of 
bubble oscillations; ~(~), quantity characterizing damping of bubble oscillations due to ab- 
sorption and radiation; C, sound velocity in liquid; N~, number of resonant bubbles; Qt, 
scattering cross section of resonant bubbles; A, Z, m, experimentally determined coefficients. 
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PROPERTIES OF ADSORPTION MICROLAYERS AND THE KINETICS 

OF BUBBLE GROWTH ON A SOLID SURFACE 

V. F. Stepanchuk* and M. L. Guris UDC 536.423 

The article contains an analysis of the kinetics of the growth of a vapor bubble on 
a solid surface in dependence on the thermophysical and capillary properties of the 
microlayer, which makes it possible to determine the parameters of the microlayer 
on the basis of experimental data on the kinetics of boiling. 

Investigation of the kinetics of the growth of vapor bubbles at present is in one way 
or another brought into connection with the evaporation of a microlayer [1-7]. The physical 
nature of the microlayer and the regularities determining the growth of a vapor bubble have 
not been sufficiently studied. 

The authors of [8] substantiated the existence of liquid microfilm of adsorptional origin 
under the bubble and presented functional correlations between the parameters nf the bubble 
and of the adsorption microlayer. It was established that the shape of the surface bubble is 
determined by the properties of the adsorption film forming upon its origin, by its splitting 

*Deceased. 

Belenergoremnaladka, Minsk. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 45, 
No. I, pp. 92-95, July, 1983. Original article submitted April 2, 1982. 

0022-0841~83/4501- 0785507.50 �9 1984 Plenum Publishing Corporation 785 



i 

4> fa 

" i 

0 41 

/ / / / / / / / / / / / / / / / I . Y / / /  

Fig. i. Theoretical model: 
vapor bubble in equilibrium 
with a liquid microlayer on 
a solid substrate. 

C 
pressure P(h) = Ch -n, and by its surface tension ~=--h-n+i+o. The so-called "angle of 

#Z-- I 
contact" is determined by the equation cos O=o/~. Since the available experimental data in 
the literature concerning adsorption films relate only to a very narrow range of their ex- 
istence and do not permit a quantitative analysis of the regularities of the boiling process, 
we present below a quantitative evaluation of the properties of the microlayer by processing 
information on the kinetics of bubble growth on the surface of a solid. 

The present analysis repeats methodologically Labuntsov's work [9]. 

The theoretical model is complemented by a microfilm determining the shape of the bubble 
and the conditions of heat exchange (see Fig. i). Instead of the measured averaged tempera- 
ture head wall--vapor we use its instantaneous value in accordance with the method of [4-6]. 
We examine a vapor bubble growing on the surface of a solid semiinfinite body with uniform 
initial temperature. The bubble is separated from the solid surface by a quasiequilibrium ad- 
sorption film. 

With the growth of the bubble, the vapor pressure and the splitting pressure of the 
layer decrease, and the thickness h of the film increases. Evaporation proceeds both from 
the plane and from the spherical surface of the bubble immersed in the temperature gradient 
layer. The heat-exchange equation may be written in the form 

r9 . dV = Iqds" 
dT s (i) 

The right-hand side may be interpreted in the following manner: 

j qds-- (Tn--T,) Z, ~R2 (1_ cos. a) + 2 I" ~R 

After substitution R= 2--2~Ltz"; cos~ - ~ [8] and after integration 
C __C h l _ ~ §  ~ 

n- - I  

2o" (Z 2~ I O2h 4''-3 ] 

t "-U h..-, 
n 1 + ~h'-I 

we transform (i) into 

-i- 2~h ~ in h + A / 
2h J 

dm:rg"dV/ t (Tr , - -Ts )  - F  
~2h4n--3 

�9 c ). 1 ~-2~'2h'~lnh~-A}]2h" (2) 

This equation cannot be integrated immediately. An approximate solution is obtained 
when the law of the mean is used: the denominator on the right-hand side of the equation is 
averaged with respect to h. This enables us to determine the temperature head (TH--Ts) with 
the aid of the solution of Carslow and Jager, approximated in [5] by the relation 

T -- Ts 
T~ -- T~ = 

y 2 (3) 

6 is in our case the mean film thickness for the given bubble radius. 
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TABLE i. Parameters of the Growth of a Vapor Bubble on a 
Steel Substrate with Water Pressure P = 1.013 bar 

i N/re. a T--r~, see / l 

1.10-4 
3,49.10-a 
5,34- 10 -4 
7.9.10-4 

1.10-a 

10-70,773 7,615-10-z 1118 
2,27.10-610,77851 7,56-10 -2 337 

1,5:10 -4 0,78 7,546- 10 ..2 220 
2,15- 10-6 0,798 17,376-10 -2 149 
2,75- 10-6 0,782 7,526.10 -2 118 

145 
96,5 
64,3 
52,4 

20 5,81 3,5- 10 -4 
5,38 8,7.10 -4 
4,8 2,6-10 -3 
4,25 5.10-a 

3,5.10 -4 
8,7.10-4 

2,54.1 O- ,'~ 
5.10-:~ 

If we substitute (3) into (2) and integrate, we obtain the solution 

2 1/~ ~ ln(1 + a l / T )  --  rfl"(h--h~ 1 { 2d' ]3h3., ,(2_3cos O ~_cos30.) L2 
- - - Y  t c / -~ a= ~~ "~--C (T - -  G)  #'~ 

:C  2 + 2 L 2 - - h ~ - I  l n A - - l n 2 - - 1 n h +  , 
( 4 n _  2) ( n _ _ ~  + ~5,,_, ) n + l  n - -  l ,,,oj 

where 

a ~  V "3 -~  - - "  

The object of the calculation is to determine the characteristic of the adsorption layer, 
i.e., the values of C and n corresponding to the experimentally measured growth rates of the 
bubbles. Thereby we also find the initial temperature gradient (T--T s) and the instantaneous 
temperature heads wall--vapor (T[ -- Ts)| The constants C and n are chosen on the basis of the 
conditions of equilibrium between the bubbles and the microlayer, matched with the experimen- 
tal data on the kinetics of bubble growth~ 

All the theoretical values are chosen and corrected in the process of calculating sev- 
eral experimental points of the curve T = f(R), until complete coincidence is attained. In 
the investigations we used the experimental data of [i0]. The constants in the equations of 
splitting pressure and of surface tension of the layer thus determined were C = 2.54.10 -4 and 
n = 1.02. The calculated values of (T -- T s) and (TN -- Ts) are given in Table i. 

NOTATION 

C, n, constants; o, m, surface tension of the liquid bulk and of the layer; T~, surface 
temperature; Ts, saturation temperature; T, initial wall temperature; %1, %2, thermal conduc- 
tivity of the metal and of the microlayer, respectively; a:, thermal diffusivity of the metal 
of the wall; ~e, experimentally determined time of bubble growth; Zp, calculated time of 
bubble growth. 

LITERATURE CITED 

i. M. G. Cooper and A. P. Lloyd, "Transient local heat flux in nucleate boiling," in: Proc. 
3rd Int. Heat Transfer Conf. 3, Chicago (1966), pp. 193-203. 

2. M. G. Cooper and A. P. Lloyd, "The microlayer in nucleate pool boiling," Int. J. Heat 
Mass Transfer, 12, No. 8, 895-913 (1969). 

3. M. G. Cooper, "The microlayer and bubble growth in nucleate pool boiling," Int. J. Heat 
Mass Transfer, 12, No. 8, 915-933 (1969). 

4. V. A. Grigor'ev, Yu. M. Pavlov, and E. V. Ametistov, "Investigation of the bubble growth 
rate upon boiling of nitrogen on heating surfaces made of different metals," Teplofiz. 
Vys. Temp., 9, No. 3, 597-599 (1971). 

5. V. A. Grigor'ev, Yu. M. Pavlov, E. V. Ametistov, and A. V. Klimenko, "Investigation of 
vapor bubble growth in boiling of cryogenic liquids," Izv. Vyssh. Uchebn. Zaved., 
Energ., Now 7, 79-84 (1974). 

6. V. A. Grigor'ev, Yu. M. Pavlov, E. V. Ametistov, et al., "Experimental investigation of 
the effect of the thermophysical properties of the material of the heating surface on 
the intensity of heat transfer in boiling," in: Transactions of the Moscow Power Insti- 
tute. Heat and Mass Exchange Processes and Apparatuses, Issue198, Moscow, pp. 3-20. 

787 



7. D. A. Labuntsov and V. V. Yagov, "On the growth rate of vapor bubbles in boiling," in: 
Transactions of the Moscow Power Institute. Heat and Mass Exchange Processes and Appa- 
ratuses, Issue 268, Moscow (1975), pp. 3-15. 

8. V. F. Stepanchuk and M. L. Guris, "The mechanism of boiling," Inzh.-Fiz. Zh., 36, No. 2, 
367 (1979); Deposited at VINITI, Reg. No. 2926-78 Dep. 

9. D. A. Labuntsov, "The mechanism of vapor bubble growth on a heating surface in boiling," 
Inzh.-Fiz. Zh., ~, No. 4, 33-39 (1963). 

I0. D. A. Labuntsov, B. A. Kol'chugin, V. S. Golovin, et al., "Investigation by slow-motion 
filming of bubble growth in boiling of saturated water in a wide range of change of 
pressures," Teplofiz. Vys. Temp., No. 3, 446-453 (1964). 

HEAT EXCHANGE IN BOILING OF THERMOLABILE SUSPENSIONS 

V. R. Kulinchenko, V. T. Garyazha, 
and B. G. Didushko 

UDC 664.126:536.242 

Results are presented from an experimental study of boiling of a sugar crystal sus- 
pension in an intercrystalline solution under conditions of free motion and reduced 
pressure. 

The intensity of heat transfer to boiling suspensions consisting of sugar crystals in an 
intercrystalline solution (massecuite) is described by more complex laws than the boiling of 
single-component systems. The amount of heat transfer to the massecuite is significantly 
lower than to the sugar solution or solute (water), and other conditions being equal, is de- 
pendent on the content of dry materials, thermal flux intensity, pressure, and thermophysical 
and boiling regime factors. The low value of a2 is related to the fact that massecuites are 
thermolabile suspensions, and the heat-exchange process in vacuum crystallizers occurs at re- 
duced pressures and low q values. 

At the present time a significant number of studies have been published on heat transfer 
and the vapor formation mechanism for unary and binary liquids and solutions of organic and 
inorganic origin, but such data do not provide a complete physical picture of the boiling of 
suspensions, and do not allow calculation of a2 in the design of vacuum crystallizers. For 
this purpose, the experimental equipment described in [i, 2] was used to obtain data under 
quasistationary conditions on the boiling of stable and metastable massecuites with concen- 
trations DM m = 73.6-92.4%, CR = 10-50%, p = 5.2-68.4 kPa, q = 2-100 kW/m 2. The pressure in 
each experiment was maintained constant, as were the parameters of the massecuite, while the 
thermal flux was varied, causing changes in ~2. The dependence of a2 on q obtained in this 
manner was not single-valued, indicating the existence of different heat exchange regimes -- 
convective, and undeveloped and developed bubble boiling. Since in convective heat exchange 
and undeveloped bubble boiling a2 is very unstable, the limits for commencement of developed 
bubble boiling were determined, these values indicating that with increase in the number of 
crystals in the massecuite the time for commencement of developed boiling is retarded, al- 
though the material in a layer adjacent to the wall is superheated by tens of degrees. This 
can be explained by an increase in effective viscosity, which leads to a decrease in the mo- 
bility of the massecuite mass. With increase in solid phase content the turbulization of the 
wall layer decreases, so that small vapor bubbles cannot overcome the increased hydrostatic 
pressure and their sphere of influence decreases in size. 

The curves shown in Fig. 1 permit determination of the limits of thermal flux regulation 
during the massecuite cooking period for optimum use of energy resources at a given pressure 
over the material. The figure shows that the more stable heat and mass transfer region lies 
in the area above a line indicating a specific sugar crystal content in the massecuite. 
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