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Abstract: The asymptotic stage of vapor bubble growth around heated particle in liquid

is con-sidered. This problem is connected with vapor explosions which occur particularly in

the cooling systems of nuclear-power stations, when, as result of some accident, the heated

particles of the nuclear fuel settle in the water. This leads to the explosive boiling of the

liquid and to a rapid increase of the pressure. In the present work the simple formula for the

asymptotic stage of bubble growth rate around heated particle is obtained.
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1. Basic equations

Formulation of the problem of vapor explosion at the micro scale is done in [1].
Numerical simulation of the dynamics of two-phase bubble containing a heated
particle was done in [2]. Let us consider the growth of vapor shell around
heated particle due to evaporation of the surrounding liquid. We assume that
the particle is spherical and processes of heat and mass transfer around the
particle we will study in the frame of spherically symmetry. The origin of
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spherical system is located at the center of the particle. Estimates show that
temperature inside the particle is practically uniform. Then we can write the
following equation describing the process of cooling of heated particle
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Here subscripts d and V are corresponding to the parameters of particle and
vapor; Rd is radius of the particle, c is the heat capacity, ρ is the density, T is
the temperature, λ is the heat conductivity. For asymptotic stage of vapor layer
growth around the heated particle the quazi-steady temperature distribution
will be realized:
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Here r is radial coordinate, R is the radius of the vapor shell, TV R is the vapor
temperature at the external surface of the vapor layer.

The evaporation process is taking place at the surface. For simplification
we assume that the liquid is at the saturation temperature TV R = TS . The
subscript S corresponds to the parameters at the saturation.

Let us substitute (1.2) to the equation (1.1). Taking into account that at
the asymptotic stage of vapor bubble growth R >> Rd we will get

dTd

dt
= −

3λV

cdρdR
2
d

(Td − TS) (1.3)

Assuming that temperature of liquid and thermophysical parameters of the
particle and vapor are constants we can solve equation equation (1.3). Solution
will have a form:

Td − TS = (Td0 − TS)e
−At, A =

3λV

cdρdR
2
d

(1.4)

Here Td0 is the initial temperature of the particle. Boundary condition at the
external surface of the vapor layer have form [3]

r = R : qR = jl, qR = −λV
∂TV
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Here l is latent heat of evaporation, j is rate of phase change per unit surface.
Calculating the heat flux to the surface of vapor bubble from the heated

particle using formulas (1.2) and (1.4) we obtain

qR = λV (Td − TS)
Rd

R2
= λV

Rd

R2
(Td0 − TS)e

−At, (1.6)
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Mass balance equation for the vapor layer has a form:

dm

dt
= 4πR2j (1.7)

m = 4π

R
∫

Rd

ρV r
2dr (1.8)

We assume that the vapor can be described by the equation of state for ideal
gas [3]

pV = ρV (r, t)BTV (r, t)/µV (1.9)

Here ρ is the pressure, µ is the molecular mass, B - the gas constant. We
assume that the pressure inside the vapor shell is uniform pV = pV (t). This
is correct when the velocity of the bubble surface is much less then the sound
speed in the vapor [3]. Let us substitute (1.5), (1.6), (1.8) and (1.9) to the
equation (1.7). Then we will get
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Let us substitute to (1.10) vapor temperature distribution (1.2) and integrate.
Then we will obtain
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Ja =
cdρd(Td0 − TS)

lρV (R)

For asymptotic stage of vapor bubble growth when R >> Rd the first term
in the left side of equation (1.11) is dominant. In this case

R

Rd
=

[

Ja(1− e−At)
]1/3

(1.12)

We can see from this formula that radius of vapor shell is approaching asymp-
totically to the value RdJa

1/3.
For A << 1 the time is short and we can neglect the effect of cooling of the

particle. The formula (1.12) is simplified.

R

Rd
= (JaAt)1/3 (1.13)
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2. Conclusion

The simple analytical expressions describing asymptotic stage of vapor shell
growth around heated solid particle in the liquid are is obtained.
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