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THERMAL STAGE OF GROWTH OF ”TWO PHASE” BUBBLE
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Abstract: The thermal regime of vapor bubble growth around spherical solid
heated particle in a liquid is studied. Such problems arise at different kind of
accidents, followed by a vapor explosion.
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1. Introduction

The study of large scale vapor explosions is a very complex task. The difficulties
here are related to the influence on the process of a large number of factors in
the complex. Because of the big number of defining parameters capabilities of
the physical modeling are limited. So, the creation of mathematical models
of the process reflecting its characteristic features is actual. This opens up
opportunities for creation of scientific methods for predicting the consequences
of accidents causing vapor explosions.Review of papers devoted to this problem,
is given in [1].

In the present paper we consider a single aspect of the problem at the micro-
level. A formula is derived that describe the variation of the thickness of the
vapor layer in time.
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In a similar statement the dynamics of a vapor layer around a spherical
particle in a shock wave was studied numerically in [2].

2. The Formulation of the Problem and Basic Equations

Suppose that a hot particle get into the cold liquid. This can occur, for example,
in case of accidents at nuclear power plants, when melted nuclear fuel get into
the cooling system of a nuclear reactor. We introduce a spherical coordinate
system centered at the center of the particle. We assume that the process
of heat and mass transfer around the particle is spherically symmetric.During
contact of hot particle with cold liquid a film boiling begins on the surface of
the particle. This process accompanied by the growth of the vapor shell around
the particle [3].

Consider the asymptotic stage of vapor shell growth when in and around
the shell is established steady-state distribution of temperature [2[. Such a
temperature distribution around the solid particle heated to temperature T0 >

Ts(p) has the form

Tv = (T0 − Ts)
r0

R− r0

(

R

r
− 1

)

+ Ts, r0 < r < R

Tl = (Ts − T∞)
R

r
+ T∞, r > R (1)

Here T is temperature. The subscripts ν and l attributed to the parameters
of vapor and liquid respectively. Indices s and ∞ classified accordingly to the
parameters on the saturated line and far away from the particle. R is the radius
of the vapor shell, r0 is the radius of the particle, r− spherical Euler coordinate
, p is the pressure.

The problem under consideration belongs to the class of Stefan type since
it includes a moving boundary at which the phase transition takes a place.

We write the boundary conditions on the surface of the vapor shell [3],[4]

r = R(t) : λl

∂T1

∂r
− λv

∂Tv

λr
= jl, Tv = Tl = Ts (2)

Here λ is the coefficient of thermal conductivity, j is the rate of phase transition
from a unit of surface, l is the latent heat of evaporation.

If, for simplicity, we assume that the growth of the shell is determined by the
evaporation of the liquid only, the rate of phase transitions can be associated
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with the rate of growth of the shell’s radius:

j = ρv
dR

dt
(3)

where ρv is the vapor density.
Calculating the heat fluxes at the interface from (1) the boundary condition

(2) using (3) can be written in the form:

−λl

Ts − T∞

R
+ λv

(T0 − Ts)r0
(R− r0)R

= pv l
dR

dt
(4)

It is shown in [2] that at significant intervals of time the temperature of the
heated particle is changing very slowly due to its high thermal capacity.

On the asymptotic stage of growth of vapor shell inertial effects are not
significant . So, the pressure in the system is also changing slowly. Therefore,
for simplicity, we can take:

T0 = const, Ts(p) = const

Let us assume, for simplicity, that the thermophysical parameters of the phases
are also constants. Then equation (4) is an ordinary differential equation of the
first order with respect to the radius of the shell. we rewrite it as:

dR

dt
=

α

R
+

β

R(R− r0)

α = −
λl(Ts − T∞)

lρv
, β =

λv(T0 − Ts)r0
lρv

(5)

Equation (5) is equation with separable variables. Therefore, we rewrite it as:

dt =
R(R− r0)dR

α(R − r0) + β
(6)

Integrating equation (6) we obtain the dependence of the radius of the shell
from time in implicit form:

R2 −R2
0

2α
−

β

α2
(R−R0)−

β

α2
R∗ ln

∣

∣

∣

∣

R−R∗

R0 −R∗

∣

∣

∣

∣

= t, R∗ = −
β

α
+ r0 (7)

here R0 is the value of the radius of the shell at time t = 0. Qualitative analysis
of solution (7) shows that it has a singularity at R = R∗. Solution tends to this
value asymptotically.
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If the initial radius of the vapor shell R0 is less than R∗, then the vapor
shell radius is increasing to this critical value R∗ . If, on the contrary, the initial
radius of the shell is greater than R∗, then the vapor condenses in the shell and
its radius decreases to the value R∗.

The physical explanation for this behavior is the following:
If R = R∗ the heat fluxes from the vapor and liquid phases to the interphase

surface are balanced. Thus

r = R : λl

∂T1

∂r
= λv

∂Tv

∂r
(8)

Therefore according to the boundary condition (2) j = 0 : (dR
dt

= 0). So, the
equilibrium condition is implemented.

The value of the critical radius R∗ can be rewritten as

R∗ = r0

[

1 +
λν

λl

(T0 − Ts)

(Ts − T∞)

]

(9)

The fact that the solution tends asymptotically to this state is demonstrating
the stability of this state.

Review of the recent publications on the dynamics of bubbles is given in
[6].

3. Conclusion

The process of growth of a vapor shell around the heated particle in thermal
quasi-stationary regime was studied. A formula describing the variation of the
radius of the vapor shell in time is obtained. It is shown that under assumption
of the constancy of the temperature of the heated particle the radius of the
vapor shell asymptotically approaches to a certain equilibrium value.
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