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H I G H L I G H T S

• A modified model is proposed to predict bubble growth rate in a wide range.

• The force-balance model is improved by present bubble growth rate model.

• The results of present model perform better than several other existed models.
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A B S T R A C T

Based on the assumption of superheated layer and experimental data from literature, a modified model for
bubble growth rate in saturated pool boiling is developed to cover a wide range of boiling conditions at pressures
from 0.00204MPa to 9.57MPa and Jakob numbers from 0.0904 to 2689. In this paper, the bubble growth rate is
non-dimensionalized to follow a power curve and the expression is modified as a function of growth exponent
and growth coefficient. According to the analysis of the available experimental data, the growth exponent of
bubble appears to change with the system pressure while the growth coefficient vary with the Jakob number. By
analyzing the relationships between bubble growth rate and system pressures and Jakob numbers, a modified
bubble growth rate model is developed in this paper. The predictions by present model agree better with the
experimental data than those by several other models. Based on the developed bubble growth rate model, the
force-balance model to predict the bubble departure diameter in nucleate pool boiling is accordingly modified in
this paper. The modified bubble departure diameter model predicts more than 90% of the experimental data
within±50%.

1. Introduction

Due to its high efficiency, nucleate boiling has been widely applied
in nuclear reactors, chemical reaction and so on [1–3]. The growth rate
and departure diameter of vapor bubble are two key issues in under-
standing the mechanism of nucleate boiling. Considering the heat dif-
fusion to be the motivation for bubble growth, there are several heat
transfer mechanisms, such as the microlayer between the base of the
bubble and heating wall, the superheated layer surrounding the bubble
and evaporation at the three-phase contact line when a dry patch forms
on the surface [4].

Plesset and Zwick [5] assumed a spherical bubble growing in su-
perheated liquid and its growth was controlled by inertia of the liquid,
surface tension and the vapor pressure. Zuber [6] extended the bubble
growth model to non-uniform temperature field. Han and Griffith [7,8]

considered the superheated layer to control bubble growth and divided
the process of bubble growth into three stages: waiting period, un-
binding period and departure period. Later, Cooper and Lloyd [9,10]
measured the fluctuation of wall temperature and inferred the existence
of a thin liquid layer called microlayer beneath the bubble. However,
the structure of microlayer was not observed directly due to the lim-
itation of experimental techniques. The shape and thickness of micro-
layer were assumed in theoretical models to determine the heat transfer
through microlayer and bubble growth rate [11,12]. Therefore, bubble
growth models considering both superheated layer and microlayer were
suggested by many researchers [13–15], while the portion of each heat
transfer mechanism contributed to bubble growth remains to be un-
clear. Although there are some debates on the contribution of heat
transfer, for instance, the debate between superheated layer sur-
rounding the bubble and microlayer beneath the bubble as mentioned
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above, the assumptions help us to have a deep understanding of heat
transfer mechanism in bubble growth and nucleate boiling.

With the development of advanced techniques such as the infrared
thermometry and laser interferometry, the existence of microlayer was
proved and the detailed structure of microlayer was observed during
the growth of vapor bubble [16–18]. The portion of heat transfer
through microlayer can be obtained by temperature distribution mea-
sured by infrared thermometry. However, Demiray [19] pointed that
only 12.5% of the energy required to produce the bubble came from the
microlayer and the rest came from the superheated layer surrounding

the bubble. Jung and Kim [16] estimated that the contribution of the
heat transferred through the liquid microlayer was less than 17% and
the fraction of the heat transferred through the dry spot area was
negligible. Therefore, it can be inferred that the growth of a single
bubble was primarily due to the superheated layer surrounding the
bubble. Based on the assumptions or available experimental data, sev-
eral previous models for bubble growth rate are proposed in Table 1.

From Table 1, we can see that most of bubble growth rates changing
with time follow power curve, where the growth exponent is 1/2 and
the coefficient is determined by Jakob number which is the ratio of the

Nomenclature

Ja Jakob number
R bubble radius (m)
P pressure (MPa)
T temperature (K)
f(Ja) bubble growth coefficient
n bubble growth exponent
t time (s)
r radial coordinate
u velocity (m/s)
a thermal diffusivity (m2/s)
k thermal conductivity (W/(m·K))
cp heat capacity (J/(kg·K))

Greek symbols

Δ difference
ρ density (kg/m3)
μ kinetic viscosity (Pa·s)

Subscripts

w wall

sat saturated
l liquid
v vapor
hfg latent heat (J/kg)
Fb buoyancy force (N)
Fsl shear lift force (N)
Fcp contact pressure force (N)
Fs surface tension (N)
Fdu growth force (N)
D diameter(m)
dw contact diameter (m)
U relative velocity (m/s)
V volume (m3)
H Height (m)
σ surface tension (N/m)
α contact angle (rad)
∞ infinite
b bubble
d departure
x x-direction
y y-direction

Table 1
Various models for bubble growth rate.

Author Growth model Consideration Application
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