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ABSTRACT 
 

The characteristics of homogeneous boiling in ethanol subjected to rapid heating with a 

linearly increasing boundary temperature condition have been studied by applying a 

macroscopic model based on analytical solution of 1-D semi-infinite heat conduction in 

association with molecular theory of homogeneous nucleation boiling. In this model, a finite 

control volume or cluster at the liquid boundary is considered where energy is stored due to 

external heating while some energy is consumed because of bubble nucleation and 

subsequent growth. The corresponding energy balance equation in the liquid cluster is 

obtained by considering these two competing parallel processes. A particular state has been 

defined as the boiling explosion condition when massive scale vaporization causes the liquid 

sensible energy to decrease i.e. the instantaneous rate of boiling heat consumption at a 

moment exceeds the external energy deposition within the liquid cluster. Two different length 

scales for the size of liquid cluster has been adopted- (i) size of a critical vapor embryo and 

(ii) thermal penetration depth. For ethanol heating with initial and boundary conditions 

identical to those reported in the literature, the present study shows that the model can predict 

the timing of the boiling explosion condition with reasonable agreement if the size of liquid 

cluster is considered to be that of a critical vapor embryo at maximum liquid superheat. Then 

for different boundary heating rates, boiling explosion time and temperature for ethanol are 

obtained. The obtained times of boiling explosion vary almost in inverse order of heating 

rate, while boiling explosion temperatures vary about 9
0
C over the entire range of heating 

rates. These results have been compared with the theoretical explosion condition obtained 

from molecular dynamics and pseudo-atomic model study as reported in the literature. It has 

been found that, the time and temperature at which explosive boiling in ethanol occurs; vary 

with the degree of liquid subcooling. Therefore, these parameters are not sufficient to 

describe the explosive boiling phenomena as a unique state regardless of heating method and 

parameter. To find a unique criterion for explosive boiling, an energy approach is taken in 

this study. Using this approach, for a given initial temperature, it has been found that, for a 

given liquid initial temperature (25
0
C), when cumulative energy density reaches 3.2810

8
 - 

3.4410
8
 J / m

3
 for ethanol, explosive boiling will occur irrespective of liquid boundary 

heating conditions. Therefore, a unique criterion is found in the form of cumulative energy 

density near the boundary for the occurrence of explosive boiling in the liquid. 
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NOMENCLATURE 

Aslv Hamaker Constant  
b Boundary Heating Rate K/s 
cp Specific Heat J/kg.K 
E Cumulative Energy Deposited in The Liquid J/m2 

*E  Cumulative Energy Density in The Liquid J/m3 
hc Thickness of Stable Liquid Layer m 
hp Critical Distance of Maximum Supersaturation m 
J Nucleation Event Rate m-3s-1 

L Latent Heat of Vaporization J/kg 
M Molecular Weight Kg/kmol 
m Relative Energy Density Factor  
P0 Bulk Liquid Pressure Pa 
Ps Saturation Pressure Pa 
qc Energy Consumption Rate in The Cluster W/m2 
qd Energy Deposition Rate in The Cluster W/m2 

qmax,max Upper Limit of Evaporative Heat Flux W/m2 

q*
l-v 

Heat Flux Across Liquid-Vapor Interface at The 
Boiling Explosion W/m2 

qw Boundary Heat Flux W/m2 
R Universal Gas Constant J/kg.K 

r(t,t’) Bubble Radius at Time t, Generated at t’ m 
rc Radius of Critical Vapor Embryo m 
T Temperature K 
T0 Liquid Initial Temperature 0C 
Ti Solid-Liquid Interface Temperature 0C 

Tavg Average Temperature in The Liquid Cluster K 
T*

avg Maximum Cluster Temperature K 
t Time s 
t* Time of Boiling Explosion s 
xe Liquid Cluster SIze m 

Greek 
 Thermal Diffusivity m2/s 
 Vapor Generation Rate kg/m3.s 
*

th Thermal Penetration Depth m 
 Modified Fourier Number t

x
4

 

 Thermal Conductivity W/m.K 
 Density kg/m3 

 Surface Tension N/m 
Subscript/Superscript 

l Liquid  
s Solid  
v Vapor  
* State of Boiling Explosion  
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