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Boiling propagation of water on a smooth film heater surface
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Abstract

Boiling propagation of water is investigated experimentally at atmospheric pressure using a small platinum film heater having a sur-
face smoothness of nanometer order. The test water is highly superheated up to approximately 140 K before the inception of boiling on
the stepwise powered heater. Boiling is triggered at the prescribed wall superheat before spontaneous inception by generating a boiling
bubble at a local section of the heater. The behavior of the propagating bubble is revealed by stroboscopic photography. The propaga-
tion takes place at wall superheats larger than approximately 50 K, and the propagation velocity increases significantly with wall super-
heat up to 24 m/s. The propagating front is followed by prompt collapse of the bubble at the tail, resulting in rapid migration of the
boiling region. The measured propagation velocity is compared with the value predicted using an analytical model reported in the lit-
erature, and reasonable agreement is shown over the entire range of the wall superheat.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Boiling propagation; Water; Small film heater; Bubble behavior; Propagation velocity
1. Introduction

When a highly-wetting liquid is heated on a solid sur-
face, the wall superheat can reach the order of several tens
of Kelvins before boiling incipience, and as soon as a few
nucleation sites are activated, the boiling region extends
quickly over the entire heated surface. For example, on a
stepwise powered foil heater in saturated liquid nitrogen
at atmospheric pressure, an initial bubble, which is gener-
ated at high wall superheat near the homogeneous nucle-
ation temperature, grows into a hemispherical shape and
simultaneously grows along the heated surface, resulting
in a shape similar to a straw hat [1]. The bottom part con-
tinues to grow at an almost constant rate until its leading
tip reaches the end of the heater length, whereas the growth
of the hemispherical portion ceases when it extends to the
heater width. A similar phenomenon has also been
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doi:10.1016/j.ijheatmasstransfer.2006.01.001

* Corresponding author. Tel./fax: +81 45 339 4009.
E-mail address: okuyama@ynu.ac.jp (K. Okuyama).
observed for other highly-wetting liquids, such as organic
liquids [2–4], refrigerants [5–7] and a mixture of water
and organic additives [8], as well as cryogenic liquids [9–
11], on fine wires [2,4,9–11], films [6,8], foil heaters [5],
metal tubes [3] and metal plates [7]. The bubble growth rate
has a strong non-linear dependence on the wall superheat
while being less dependent on the wall heat flux, and is also
affected by the surface roughness, ranging from several tens
of cm/s to several tens of m/s [1,3,7]. In refrigerant R113
boiling on a metal plate surface, the growth of the bottom
part of the bubble was found to occur by the successive
activation of bubble nuclei in the non-boiling region adja-
cent to the preceding nucleated bubbles and coalescence of
these bubbles to give an increasingly larger bubble spread-
ing out along the heated surface [7]. Since successive activa-
tion of the nuclei along the surface can be regarded as a
kind of propagation phenomenon with respect to boiling
nucleation, the above-described peculiar configuration
has been referred to as boiling propagation or boiling front
propagation. The distortion of the temperature field in the
superheated liquid due to the growth of the preceding

mailto:okuyama@ynu.ac.jp


Nomenclature

cp specific heat, J/(kg K)
h heat transfer coefficient in liquid phase at the

propagating front, W/(m2 K)
i enthalpy, J/kg
j evaporative mass flux, kg/(m2 s)
P system pressure, Pa
Q power per unit heater surface area, W/m2

Qav time-averaged power per unit heater surface
area, W/m2

qf wall heat flux to liquid, W/m2

r2 radius of curvature of liquid–vapor interface at
the propagating front, m

Tw heater surface temperature, �C
Tl liquid temperature, �C
DTsat wall superheat, K
DTsat,p wall superheat at the onset of boiling propaga-

tion, K

DTsat,trig wall superheat at triggering, K
t time elapsed after onset of heating, s
vf liquid velocity at infinity, m/s
Vp,av average velocity of boiling propagation, m/s
d film thickness, m
q density, kg/m3

r surface tension, N/m

Subscripts

0 liquid phase at propagating front
1 vapor phase at propagating front
1 infinity

Superscripts
00 vapor
0 liquid
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bubble may affect the induction of boiling in the adjacent
region. However, the mechanism of the propagation has
not yet been clarified.

Under highly subcooled conditions, the propagating
bubble on a small heater surface grows as if a single bubble
is migrating rapidly along the heater length, because the
growth at the preceding portion is followed by collapse
due to condensation [8]. Therefore, if boiling propagation
is initiated from one end of the heater in a microchannel,
of which both the height and width are approximately
equal to those of the coalesced bubble, then the advancing
growth of the bubble along the heated surface and the sub-
sequent collapse thereof may cause a net liquid transport
toward the propagating direction. Moreover, the repetition
of boiling propagation at a prescribed frequency may
enable continuous liquid transport by a single heater
placed on a straight microchannel without any structure,
such as nozzles or diffusers, which were used in many pre-
vious studies on micropumps using boiling bubbles. In
previous studies [8,12], the authors demonstrated that boil-
ing propagation repeated in the prescribed direction on a
film heater placed along a U-shaped microchannel can pro-
vide continuous liquid transport. The configuration of
propagation, propagation velocity and allowable repetition
frequency were also investigated under pool boiling condi-
tions at atmospheric pressure. The ink used in thermal ink-
jet printers, which is a relatively highly-wetting aqueous
solution, was used as the test liquid, because prompt bub-
ble collapse after the termination of heating is essential for
the repetition of boiling propagation at higher frequencies,
and, printer ink is responsive to heating repetition at high
frequencies of approximately 10,000 Hz.

High incipient boiling wall superheat can be attained,
even for water, by (a) increasing the heat load quickly,
(b) heating at reduced ambient pressure, and/or (c) apply-
ing a heater having a very smooth surface. As for cases (a)
and (b), which have been used extensively for water in con-
ventional studies, the peculiar bubble growth similar to
those in highly-wetting liquids was only observed under
reduced (subatmospheric) pressure conditions [13]. More
recent studies have been concerned with the phenomenon
arising under the situation of case (c) or the situation of
combining of cases (a) and (c), particularly as this regards
application to micro-electro-mechanical systems (MEMS).
In the present study, boiling propagation of water at atmo-
spheric pressure is investigated using the small platinum
film heater described in previous studies [8,12], the surface
of which is smooth enough for liquid to be highly super-
heated before boiling incipience. Boiling is initiated on
the heater immersed in a liquid pool and powered stepwise
at an arbitrary prescribed wall superheat, which is lower
than the wall superheat at spontaneous inception of boil-
ing, by generating a triggering bubble at one end of the
heater. The detailed bubble behavior during propagation,
especially around the front of the propagating bubble, is
revealed by stroboscopic photography through a micro-
scope. The propagation velocity is compared with the pre-
diction obtained by an analytical model reported in the
literature, in which non-equilibrium evaporation during
the disintegration of highly superheated liquid is consid-
ered to sustain the propagation.

2. Experimental apparatus and procedures

Fig. 1 shows a sketch of the test film heater. The film
heater is produced by the evaporation deposition of tita-
nium and platinum films, having thicknesses of 0.05 and
0.20 lm, respectively, onto a quartz glass substrate. The
width and effective length of the heating section were 0.20
and 2 mm, respectively. Non-uniformity in the film thick-
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Fig. 1. Sketch of the test film heater.
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ness over the effective length was less than ±2%, as deter-
mined by laser interferometry. The film surface was
scanned by an atomic force microscope (AFM) at several
locations. Fig. 2 shows the typical result of the AFM
image. Although there is an unevenness of approximately
15 nm in height for each 50 nm along the surface, the sur-
face is smooth and cavities by which to entrap gas or vapor
as potential bubble nuclei are not likely to exist. The simi-
lar images were also obtained at different locations. Two
voltage taps are prepared at both ends of the heating sec-
tion, separated by a distance of 2 mm, to enable measure-
ment of the average heater temperature by resistance
thermometry during heating. The heater was exposed to
a temperature of 350 �C for 13 h in a thermostatic bath
before the boiling experiment in order to ensure that the
temperature–resistance relationship of the composite film
would be stable. The test specimen and composing materi-
als were cleaned with trichloroethylene prior to setting up
Fig. 2. Test platinum film surface scanned by atomic force microscope
(AFM).
the test section. After setup, the test section was immersed
in a small test-liquid-filled vessel with the heater surface
facing the observation window. As the test liquid, commer-
cially available distilled water of reagent grade, which was
degassed by boiling for 3 h before the experiment, was
used. The heater surface was also degassed simultaneously
by boiling the test liquid by supplying a small pulse current
in a short period at 1 Hz. After cooling the system, the
experiment was conducted at atmospheric pressure and
room temperature under pool boiling conditions.

Fig. 3 shows a schematic diagram of the experimental
apparatus. A rectangular pulse heating signal from a pulse
generator was amplified by a power amplifier. The film
heater was powered stepwise for a short duration by the
current from the amplifier (see the ‘‘Main’’ circuit in
Fig. 3). The voltage difference between the two voltage taps
and the voltage difference corresponding to the heating cur-
rent at a standard resistance inserted in the heating circuit
were recorded using a digital oscilloscope and the heating
power was calculated. The power decreases slightly with
time before boiling incipience as the heater temperature,
and consequently, the electrical resistance, increase due to
the heat generation. The average heater temperature
between the taps in the heating section was obtained by ref-
erencing the measured electrical resistance to a calibration
curve, which was carefully obtained in the temperature
range of interest using a thermostatic bath. A standard plat-
inum resistance thermometer was attached securely to the
specimen in the bath. In order to confirm the accuracy of
the temperature measurement during the stepwise heating,
one-dimensional transient heat conduction calculations
Fig. 3. Schematic diagram of the experimental apparatus.
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for a liquid-heater-quartz glass system were carried out
assuming the properties of liquid water. The temperature
difference across the heater film thickness was less than
0.1 K, even at the maximum heating power. The measured
average temperature can therefore be regarded as the aver-
age surface temperature, and also as the temperature of the
liquid in contact with the heater surface. The uncertainty in
the measurement of the average heater temperature was
estimated to be within ±7 K. This is attributed to the uncer-
tainty in measuring the voltage difference and current
(±6 K) and the uncertainty in expressing the resistance as
a function of temperature by a polynomial (±1 K). The
local film temperature difference due to the non-uniformity
of the film thickness is estimated to be within ±14 K. In
addition to the liquid temperature or superheat at the
heated surface, the heat flux qf transferred to the fluid (the
wall heat flux) is an important parameter in characterizing
the transient boiling phenomena during the stepwise heat-
ing. The wall heat flux can be obtained by subtracting from
the heating power per unit heating area the conduction heat
flux qqg transferred to the quartz substrate and the heat stor-
age rate in the heater film, following the energy balance
equation:

qf tð Þ ¼ Q tð Þ � qqg tð Þ � ðcpqdÞPt þ ðcpqdÞTi

� � dT w

dt
; ð1Þ

where qqg was calculated from the numerical solution of the
one-dimensional transient heat conduction equation for a
semi-infinite medium (quartz glass) by using the measured
time sequence of the film temperature as a boundary con-
dition. The time-averaged value of the wall heat flux to
the liquid from the onset of heating to boiling incipience
was estimated to be approximately 52% of the heating
power for water.

The boiling process on the heater was photographed
through a microscope at ·25 magnification using a 35-
mm camera and 10-ns pulse stroboscopic lighting. The
timing of the lighting (one flash per stepwise heating) was
adjusted using a delay unit triggered by the onset of heat-
ing. As described in detail in the following paragraph, boil-
ing on the heater was triggered at the prescribed timing
during the stepwise heating in all experiments except for
the measurement of the wall superheat at the spontaneous
inception of boiling without triggering. The time sequence
from bubble generation to collapse was recorded by chang-
ing the timing of the lighting. An ISO 3200 film was used
and sensitized during development so as to be equivalent
to ISO 25000. This observation system provided sufficiently
high resolution to observe clearly the boiling propagation
process on the heater surface at a high speed of over
10 m/s. A high-speed video camera, with a frame rate of
18,000 frames/s and an exposure period per frame of
5 ls, and a 150-W metal halide lamp were used to measure
the time of boiling incipience and the propagation velocity
during the stepwise heating without triggering boiling,
although the resolution was not sufficient. The video
recording was triggered by starting the stepwise heating.
In order to capture clearly the boiling sequence using the
current photographic observation system, the boiling phe-
nomena are required to take place with high reproducibil-
ity under prescribed conditions for each stepwise heating.
In addition, it is desirable that the wall superheat at the
inception of boiling can be adjusted to an arbitrary pre-
scribed value as the experimental parameter. Therefore, a
special technique was used in the present study. For each
stepwise heating period, a boiling bubble was rapidly
generated at the converged fine tip (having an area of
0.1 mm · 0.1 mm) (see triggering heater section in Fig. 1)
of the voltage tap at the prescribed end of the heater via
an additional short, intense (approximately 100 MW/m2)
pulse (of width 0.1 ms) supplied from an alternative heat-
ing circuit (see the triggering circuit in Fig. 3). Boiling on
the heater was triggered by this bubble. The timing of the
triggering, that is, the duration from the onset of heating
the entire heater surface to the triggering at the tap, was
set such that boiling and/or propagation were initiated
on the heater when its average temperature during the step-
wise heating approached a prescribed wall superheat before
the spontaneous inception of boiling. The duration was
determined from the measured time variation of the heater
temperature during stepwise heating. Each stepwise heating
power was turned off immediately after the completion of
the propagation over the heater length.

3. Experimental results and discussion

Figs. 4 and 5 show photographs just subsequent to boil-
ing incipience of distilled water and the corresponding time
traces of the wall superheat, respectively, at the stepwise
power of Qav = 12.5 MW/m2. The time traces of the heat-
ing power Q and the heat flux qf transferred to the fluid
were also shown in Fig. 5. Here, Qav, t, Tw and DTsat

denote the time averaged stepwise power from the onset
of heating to boiling incipience, the time elapsed after the
onset of heating, the heater surface temperature and the
wall superheat, respectively. Wall superheat was defined
as the temperature difference between the wall temperature
and the saturation temperature of water at atmospheric
pressure. The average rate of the heater temperature
increase up to boiling incipience was approximately
105 K/s, and the wall superheat at boiling incipience with-
out triggering ranged from approximately 115–140 K,
which is still considerably lower than the superheat corre-
sponding to homogeneous nucleation (approximately
200 K). Three cases of wall superheat at triggering for boil-
ing initiation, DTsat,trig = 70, 90 and 110 K, which are lower
than that of the spontaneous inception, are shown in the
figures. The triggering bubble was generated by the addi-
tional heating pulse at the narrow tip of the voltage tap
at the left end of the heater when the heater temperature
increased up to the prescribed high wall superheat. As soon
as boiling was induced on the heater surface adjacent to the
tap, boiling propagated quickly toward the opposite end of
the effectively heated region. The activation of bubble



Fig. 4. Boiling propagation of distilled water triggered on a platinum film heater powered stepwise under pool boiling conditions (T‘ = 25 �C,
Qav = 12.5 MW/m2).
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nuclei in the non-boiling region adjacent to the preceding
nucleated bubbles and rapid coalescence growth exceeding
the heater width can be observed clearly (see frames (4) and
(5) at DTsat,trig = 90 K). The propagation is followed by the
prompt collapse of the bubble at the tail, resulting in rapid
migration of the boiling area along the heated surface. The
migrating boiling area and the propagation velocity tend to
increase as the wall superheat at the triggering is increased.
The distorted contour of the boiling area and the awkward
migration, as seen in Fig. 4(a) and (b), may be due to the
irregular induction of nucleation around the propagating
front. As the boiling area approaches the opposite end,
the wall superheat decreases significantly due to the aug-
mented heat transfer, to approach that of steady-state boil-
ing (approximately 30–40 K). (During the triggering pulse
period, the heater temperature cannot be measured because
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of the superposition of the triggering current to the ‘‘Main’’
circuit.) The heat flux to the fluid exceeds temporarily the
heating power. A similar configuration was observed in
the range of DTsat,trig from 40 to 110 K. The configuration
of the boiling propagation does not appear to differ greatly
from those for highly-wetting liquids observed in conven-
tional studies [1–7] or from those for ethyl alcohol and
ink-jet printer ink examined using the same platinum film
heater by the authors in previous reports [8,12].

Without triggering, the incipient boiling wall superheat
for water was higher than 110 K. Such high incipient super-
heat, which corresponds to a critical bubble radius smaller
than 70 nm according to the Laplace equation and the
Clausius–Clapeyron equation, may be due to the signifi-
cant smoothness of the current film heater surface as pro-
duced by evaporation deposition. As described in the
preceding section, boiling propagation at atmospheric pres-
sure has not yet been reported for water. The boiling sur-
faces in conventional studies, using wires, foils, plates or
blocks of metals, have roughness due to mechanical
machining or polishing, and in these cases, the incipient
boiling wall superheat is not high enough for water. The
current film surface has sufficient smoothness to cause
incipient boiling superheat to adequately induce boiling
propagation even in water. The boiling propagation may
not be limited to highly-wetting liquids, but may also occur
for other liquids if the surface conditions of the solid can
enable the incipient boiling superheat to be much higher
than the superheat at steady-state boiling.

In a previous report [12], top- and side-view photo-
graphs of boiling for the ink-jet printer ink on the platinum
film heater of the present experiment were taken under the
same conditions of heating power and wall superheat at the
triggering as those for distilled water in Fig. 4. The printer
ink, having a surface tension of 43 mN/m (at room temper-
ature), which is much lower than that of pure water, and
the main ingredients, consisting of water (>80%), ethylene
glycol and isopropyl alcohol, were supplied without adding
dye to visualize the boiling bubbles. The configuration of
the propagation was unexpectedly similar to that for dis-
tilled water (shown in Fig. 4), i.e., rapid propagation along
the heated surface and subsequent collapse of the bubble at
the tail, resulting in rapid migration of the boiling area.
The propagation velocity was slightly lower than that of
water at the same wall superheat and increased with the
wall superheat in manner similar to that of water. The side
view showed that the front of the propagating bubble of
approximately 0.2 mm in height was smooth and wedge-
like, whereas the collapsing rear end showed significant
distortion and/or fluctuation [12].

Fig. 6 shows the average propagation velocity Vp,av for
distilled water plotted with respect to wall superheat at the
onset of propagation DTsat,p as measured by changing the
wall superheat at DTsat,trig. The propagation velocities
without triggering are also plotted in the figure. The aver-
age propagation velocity is defined as the propagation dis-
tance divided by the corresponding period from the onset
of propagation to the arrival of the propagating front to
the end of the heating section. Under triggering, boiling
propagation occurred with a slight delay after the genera-
tion of the triggering bubble for DTsat,trig lower than
approximately 80 K. Therefore, DTsat,trig is not always
equal to DTsat,p. The delay may depend on the process of
the activation or site-seeding for the bubble nucleus in
the heater region by the bubble generated in the adjacent
triggering heater section. DTsat,p which represents the wall
superheat at propagation was chosen as the abscissa in
the figure. When the propagation started during the trig-
gering pulse period, DTsat,p was obtained by interpolation
between the temperatures before and after the triggering
pulse. The propagation occurred only at wall superheats
larger than approximately 50 K, and Vp,av increased signi-
ficantly with the increase in DTsat,p, to approach the veloc-
ity for the case without triggering bubbling. The velocity
was less dependent on the stepwise heating power, and
was therefore less dependent on the wall heat flux to fluid,
except at superheats lower than 80 K. The larger average
velocity at the higher heating power at lower superheats
is due to the significant increase in the heater temperature
in the non-boiling region during the propagation and the
resulting increase in the propagation velocity. The existence
of the threshold value for wall superheat, below which
propagation does not occur, and the significant increase
in the propagation velocity with wall superheat above this
threshold are similar to the results for highly-wetting liq-
uids [1,7,14]. The advance of the propagating front was
somewhat awkward at DTsat,p below 90 K and became
smoother (with constant velocity) at high wall superheats
over 100 K. For several organic liquids, the propagating
front is reported to change from slow to fast propagation
at a particular wall superheat, resulting in a jump in the
propagation velocity [14,15]. Although the propagation
velocity increases monotonously with the wall superheat
for water in the present experiment, there may be two
different modes for boiling propagation, i.e., (a) distinct
activation of bubble nuclei in the region adjacent to the



Fig. 7. Liquid and vapor flow around the front of the propagating bubble.
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propagating front and coalescent growth of nucleated bub-
bles and (b) smooth advance of the propagating front
along the heated surface.

For the smooth advance of the propagating front, sev-
eral models have been proposed in order to predict the
propagation velocity [3,16–18]. Avksentyuk [3,16,17]
assumed that the recoil force corresponding to the evapora-
tive momentum flux emerging from the liquid–vapor inter-
face due to the disintegration of the superheated liquid
layer balances the dynamic pressure arising in the liquid
phase at the front of the propagation layer advancing along
the heated surface. A moving coordinate system was intro-
duced as shown in Fig. 7, where the propagating front is
motionless and liquid flows from the right to the front
and vapor moves to the left from the evaporation surface.
The equations of mass, momentum and energy flux conser-
vations through the evaporation surface at the propagating
front are expressed as

j ¼ q00v0 ¼ q001v1; ð2Þ

p0 þ q00v2
0 ¼ p1 þ q001v2

1 �
r0

r2

; ð3Þ

and

jði1 � i0Þ ¼ hðT w � T 0Þ; ð4Þ
respectively, where j is the evaporative mass flux, q is the
density, r is the surface tension, i is the enthalpy, and h

is the heat transfer coefficient at the propagating front in
the liquid phase. In addition, the single prime denotes a
liquid and the double prime denotes a vapor. The subscript
‘‘0’’ refers to the values at the liquid–vapor interface in the
liquid, and the subscript ‘‘1’’ refers to the values in vapor
on the outer border of the Knudsen layer at the liquid–
vapor interface.

The motion equation for liquid was reduced to the Ber-
noulli’s equation under the non-viscous approximation.
Between the free flow and the propagating front, we there-
fore have

p0 þ
q00v2

0

2
¼ p1 þ

q01v2
f

2
. ð5Þ

Under the assumption that the vapor pressure force
is equal to the capillary force at the propagating front
[17], the main curvature radius at the front was determined
from

r2 ¼
r0

p1 � p1ð Þ . ð6Þ

From Eqs. (2), (3), (5) and (6), at q001 � q00, the propagation
velocity is given by

vf ¼ j

ffiffiffiffiffiffiffiffiffiffiffi
2

q001q
0
1

s
. ð7Þ

The theory of non-equilibrium evaporation from the
superheated liquid, which was derived from the kinetic the-
ory of gases, was employed for the estimation of the evap-
orative mass flux. The relation for j derived by Labuntsov
and Kryukov [19] was used. The heat transfer coefficient in
the liquid phase around the propagating front was approx-
imated as that in the vicinity of the stagnation point of a
cylinder, the radius of which is equal to the main curvature
radius of the propagating front, placed in a non-viscous
liquid. In the calculation, the value of the liquid tempera-
ture at the liquid–vapor interface T0 was assumed and then
corrected iteratively until the value of the propagation
velocity to satisfy all equations will be obtained. The solid
line in Fig. 6 represents the prediction by the model of
Avksentyuk [17]. Although the estimated values of velocity
are slightly lower than those measured at the same wall
superheat, the model expresses well the threshold and the
dependency of the measured velocity on the wall superheat
over the entire superheat range. The calculated heat trans-
fer coefficient in liquid phase h and evaporative mass flux j

at the propagation front are approximately 0.9, 4.8 and
12 MW/(m2 K) and 24, 150 and 450 kg/(m2 s) for the wall
superheats DTsat = 65, 100 and 145 K, respectively. The
theoretical values of the propagation velocity may change
somewhat depending on the relationships used to estimate
the evaporation mass flux in the non-equilibrium state and
on the relationships for the heat transfer coefficient in the
liquid phase. With the increase of 10% in h, the propaga-
tion velocity increases by 20% at DTsat = 90 K, and with
the increase of 10% in j, the propagation velocity increases
by 5% at the same wall superheat. The calculated tempera-
ture of the liquid–vapor interface at the propagating front
T0 is plotted with respect to the wall superheat in Fig. 8,
together with the wall temperature Tw, as a reference.
The wall superheat in the figure is the difference between
the wall temperature and the saturation temperature at
atmospheric pressure. Here, T0 is considerably lower than
the wall temperature and begins to increase significantly
with the wall superheat at approximately 55 K. The differ-
ence in T0 from the saturation temperature Tsat becomes
significant and comparable to the difference between Tw

and T0 at higher wall superheats. This implies that the
interfacial resistance for the evaporation associated with
the molecular kinetics may have a significant influence on
the evaporation rate, and therefore on the propagation
velocity, at higher wall superheats. Further examination
of the models is needed in order to further clarify the
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mechanism for sustaining propagation. In particular, it
is necessary (a) to clarify the relationship among the
vapor pressure outside the Knudsen layer, the evaporative
momentum flux, the capillary force and the saturation
vapor pressure on the liquid–vapor interface at the propa-
gating front, (b) to derive a more appropriate heat transfer
coefficient in the liquid phase, and (c) to take into account
the influence of liquid subcooling. The activation mecha-
nism of the bubble nucleus in the region adjacent to the
propagating front and its criteria should also be clarified.

4. Conclusions

The configuration of boiling propagation of distilled
water on a small platinum film heater has been investigated
at atmospheric pressure. Boiling was initiated on a stepwise
powered heater at the prescribed wall superheat by gener-
ating a triggering bubble at the end of the heater. Boiling
propagation was shown not only to occur for highly-wet-
ting liquids but also to occur even for water at atmospheric
pressure when the heater surface is sufficiently smooth so
that the wall superheat at the boiling incipience becomes
much higher than that of steady-state boiling. The propa-
gation in subcooled water was followed by the prompt col-
lapse of the bubble at the tail, resulting in rapid migration
of the boiling area along the heated surface. The existence
of a threshold value for wall superheat under which the
propagation does not appear and the significant increase
in the propagation velocity with the wall superheat were
similar to the results reported for various liquids and heat-
ers in previous reports. The propagation velocity predicted
by the model reported in the literature agreed reasonably
with the measured results. Non-equilibrium evaporation
was shown to be significant for the propagation.
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