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Abstract

Both visual technology and numerical simulation were employed to investigate bubble jet flow formation during boiling of subcooled
water on ultrathin platinum wires. Experimental observations and measurements indicated that bubble jet flow formation could be typ-
ically divided into three stages: waiting, burst and stably developing stage. A transient numerical model was proposed to simulate the
formation process accounting for the thermocapillary force existing at the bubble interface. The dynamical temperature variation in
the liquid region, including the regions of the mushroom head and root stem, were numerically analyzed, showing a very good agreement
with the experimental observations. The simulation very well explored the physical nature of the dynamical evolution of bubble jet flows
and explained the experimental phenomena.
� 2007 Published by Elsevier Ltd.
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1. Introduction

Understanding boiling is still one of the most challeng-
ing problems for its complexity and diversity [1,2]. Since
the urgent demand for practical applications in developing
high technologies associated with liquid–vapor phase
change, researchers paid great attention to explore and
understand the boiling phenomena, such as nucleation,
nucleate, transition and film boiling, bubble dynamics,
and their physical nature. In the last two decades, boiling
was comprehensively investigated for some special cases,
or those under microscale, microgravity conditions [3,4],
at high subcooling and/or high superheat conditions [5,6],
and some other special conditions with electromagnetic
effects [7]. Microlayer evaporation [8–10] and jet flows
[11,12] were emphasized in recognizing new phenomena
and understanding boiling mechanisms from new aspects.
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So far, these fundamental investigations are still far from
truly understanding the boiling phenomena, particularly
providing an effective methodology to predict the boiling
heat transfer and understand the fundamental mechanism.

Bubble dynamics and associated flows were considered
as important complements to nucleate boiling heat trans-
fer. Forster et al. [13,14] investigated the effect of flow
caused by vapor bubbles on the boiling heat transfer, and
they proposed a boiling heat transfer mechanism model
in which a bubble was treated like a pump driving the
hot liquid into the bulk liquid. Shekriladze et al. [15,16]
observed bubble-top jet flows ejecting from the bubble
top into the bulk liquid, and presumed that the interfacial
mass flux due to evaporation and condensation at the inter-
face played an important role in these phenomena. Peng
with different co-researchers [17–19] experimentally investi-
gated nucleation and bubble-top jet flows on small wires,
and found the jet flow played a key role in boiling heat
transfer. Apparently, these researchers tried to understand
and predict the boiling heat transfer from different aspects
concerning with interfacial effects. Available articles have
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Nomenclature

c thermal capacity (J K�1 kg�1)
h heat transfer coefficient (W m�2 K�1)
hfg latent heat (J kg�1)
M molecular weight (kg kmol�1)
p pressure (Pa)
q00 heat flux (W m�2)
R universal gas constant (J kmol�1 K�1)
r radius (m)
T temperature (K)
t time (s)
u velocity (m s�1)
V velocity vector (m s�1)

Greek symbols

k conductivity (W m�1 K�1)
r interfacial tension (J m�2)

r̂ accommodation coefficient (–)
q density (kg m�3)
l viscosity (kg m�1 s�1)

Subscripts

b bubble
D width
H height
i interface
sat saturation
v vapor
w wire
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Fig. 1. Schematics of testing block: (1) vessel, (2) pre-heater, (3) pressure
gauge, (4) cooler, (5) electrode, (6) wire heater, (7) tested section, (8)
voltage gauge, (9) thermocouples, (10) power supply, (11) CCD camera,
(12) personal computer.
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provided adequate investigations on the steady jet flow
phenomena, while the unsteady jet flow phenomena, like
jet flow formation process, should be further studied.

Various simulation models in the open literature were
mainly devoted to the steady jet flow phenomena caused
by the thermocapillary force. Marek and Straub [20] inves-
tigated the thermocapillary convection induced by the
temperature gradient along a bubble interface during sub-
cooled pool boiling, and meanwhile they considered the
significant effects of non-condensable gas. Christopher
et al. [21] conducted a similarity simulation for Marangoni
convection around a vapor bubble during nucleation and
growth. Wang et al. [22] proposed a numerical model to
simulate the steady bubble-top jet flows during subcooled
boiling on wires. These investigations showed that the sim-
ulation based on the boiling mechanism was useful for
understanding the boiling phenomena.

This paper mainly presented experimental measure-
ments and the associated simulation for jet flow formation.
A transient numerical model was proposed to simulate the
formation process accounting for the thermocapillary force
existing at the bubble interface, and the simulation results
were compared with experimental observations. The simu-
lation satisfactorily described the experimental phenomena
and explored the mechanism of the bubble jet flow
formation.
2. Experimental facility

The experimental facility employed in current investiga-
tion mainly consisted of three parts, including the test sec-
tion, power supplier and acquisition system, as illustrated
in Fig. 1. The test module was a vessel with a dimension
of 250 � 250 � 400 mm (length � width � height) (1), and
was made of stainless steel, with two glass windows opened
oppositely on its two sides. Two copper electrodes (5) of
diameter 5 mm were installed on the cover, and a wire hea-
ter (6) was horizontally connected to two electrodes and
placed in the vessel. The heated wires made of platinum
or tungsten was about 80–100 mm long, and their diame-
ters ranged from 100 to 240 lm. A pre-heater (2) and
cooler (4) were included in the test module to control the
bulk liquid temperature. A gas valve and pressure gauge
(3) were also installed, and the pressure was kept at the
atmospheric pressure in the present experiments.

The power supplier (10) was a HP Agilent Model-6031A
system, which can provide a maximum voltage of 20 V and
maximum power of 1000 W. Direct current was applied to
the wire, and a uniform heat flux was generated to heat the
liquid. To reduce the boundary effect of electrodes, the
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middle region of the wire was selected as the test section
(7), and the voltage was measured directly by a voltage
gauge (8). The experiments employed pure water as work-
ing fluid, which was boiled to reduce the dissolved air
before experimental measurements.

The acquisition system included two sub-systems, or
image acquisition and data acquisition, and a personal
computer (12) was used to collect and store the images
and data. The photographic system consisted of a high-
speed CCD camera (the Motionscope PCI, Redlake imag-
ing), a high-resolution image acquisition card, and zoom
lenses. The CCD camera (11) can reach a high speed up
to 2000 frames per second. The present experiments used
the rate of 500fps and the resolution of 320 � 280 pixels.

The data acquisition system was Keithley 2700 multi-
meter system, and the error of voltage measurement was
less than 0.1 lV (0.005 K for temperature measurement).
A T-type thermocouples (9) was used to measure the bulk
liquid temperature, and its uncertainty was about ±0.2 K.
The current and voltage of the tested section were mea-
sured to determine the applied heat flux, and the average
wire temperature was estimated from the wire resistance
by the calibrated correlation. The resistance of the wire
was pre-calibrated as an approximately linear function of
temperature, so the temperature change of the tested sec-
tion could be obtained from the measurement of the resis-
tance. An error analysis showed the overall uncertainty of
the wire temperature measurement was ±2 K, while the
uncertainty of the heat flux was ±2%.

3. Bubble jet flow formation

For subcooled boiling at moderate heat fluxes, bubble
jet flows and complex bubble dynamical characteristics
were clearly observed by the CCD system at proper light
illumination. The bubble dynamics and associated phe-
nomena observed were similar for wires of different diam-
eters or materials.
Fig. 2. Bubble jet flow formation (T w
Bubble jet flows were visually observed forming on the
wires and penetrating into the bulk liquid in present exper-
iments. The whole process explored an entire lifetime of a
bubble jet flow. A bubble jet flow usually generated when
the bubble was very small, and its formation process lasted
about 0.020–0.200 s that was much shorter than a bubble
departure period. After its formation, a bubble jet flow
could continue until the bubble lost its stability due to
departure or collision. In the experiments, bubble jet flows
were normally above small bubbles whose radiuses ranged
from 0.01 mm to 0.30 mm, and the length of jet flows were
about 0.5–2.0 mm. In present investigation, the attention
would be mainly addressed on the bubble jet formation
process, and the bubble radius was usually in the range
of about 0.01–0.04 mm during the formation process.

Fig. 2 presents the formation process of a bubble jet flow
during subcooled boiling on a tungsten wire having diame-
ter of 200 lm at bulk liquid temperature of 36 �C and heat
flux 0.60 � 106 W m�2. At the beginning, a small bubble
formed on the wire, and a high temperature region corre-
spondingly appeared near the bubble interface. At 0.040 s,
the high temperature region still had no obvious variation.
After about 0.050 s, the high temperature region began to
develop quickly, and a mushroom-like cloud or a pre bub-
ble jet flow formed around the bubble at 0.060 s. In the next
0.020 s, the cloud quickly evolved and gradually converged
to an embryo jet flow. At 0.110 s, the head of the jet flow
began to diffuse into the bulk liquid. After that, the mush-
room-like cloud would finally evolve and converge to a
fully-developed bubble jet flow extending into the bulk
liquid. During the formation process, the bubble size had
no significant change, and its radius was about 0.035 mm.

Generally, the bubble jet flow formation process can be
divided into three stages, as illustrated in Fig. 2, and similar
phenomena were observed in various subcooled boiling on
different thin wires of diameter 0.1–0.24 mm in present
investigation. Before 0.050 s, no clear jet flow image was
observed around the bubble, therefore this stage can be
¼ 36 �C, q00w ¼ 0:60� 106 W m�2).
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Fig. 3. Structure of a bubble jet.
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considered as a waiting stage. From 0.050 s to 0.080 s, the
bubble jet flow formed and expanded rapidly, and this was
a burst stage. After 0.080 s, the bubble jet flow evolved into
a stable jet flow, and it was a stably developing stage. Typ-
ically, the mushroom-like cloud during the burst stage can
be divided into two main regions: mushroom stem and
mushroom head, as shown in Fig. 3. The mushroom stem
was a jet flow with strong intensity just above the bubble,
and it kept stable during the developing stage. The mush-
room head was the front of the jet flow, and it would merge
into the bulk liquid to form a fully-developed jet flow.

For a quantitatively investigation, a jet flow can be
described with its geometrical parameters of height, H,
and width, D, as illustrated in Fig. 3. The detail informa-
tion of the dynamical behavior in Fig. 2 is illustrated in
Fig. 4, where uH ¼ dH=dt, uD ¼ dD=dt, and this expansion
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Fig. 4. Behavior of a jet flow formation: (a) jet flow geometry, (b)
expansion velocity.
velocity was directly dependent upon the Marangoni flow
drove by the bubble. In the waiting period of 0.000–
0.050 s, the jet flow front or parameter H varied only from
0.17 mm to 0.26 mm, and the expansion velocity along the
height was lower than 4 mm/s. During 0.050–0.080 s, the
jet flow burst and the height rapidly changed from
0.26 mm to 0.71 mm. It approached its maximum vertical
expansion velocity of 22 mm/s at 0.7 mm away from the
wire. After 0.080 s, the jet flow front seemed to reach an
invariable velocity about 8 mm/s, and the front would sub-
merge into the bulk liquid as the time going on. In Fig. 4,
the jet flow expansion velocity had a jump at about 0.050 s,
and this can be identified as the transition time from the
waiting stage to burst stage.

During the whole dynamical process, the width of a jet
flow expanded more slowly than its height, and that meant
the upward flow dominated the jet flow. In addition, since
the basic jet flow configuration was similar during the short
burst stage, the velocity along the height and width reached
the maximum values almost at the same time, as illustrated
in Fig. 4.

During bubble jet flow formation, the radius of the bub-
ble grew only a little. Consequently, the interfacial tension
should have critical influence on bubble dynamics compar-
ing with the buoyancy due to the gravitation force. Marek
and Straub [20] investigated the thermocapillary convec-
tion existing in subcooled nucleate boiling. Christopher
et al. [21] considered Marangoni convection around a
vapor bubble during nucleation and growth. Wang et al.
[22] indicated that the velocity of natural convection near
a small bubble had a magnitude of 0.002 m/s, and the
Marangoni flow due to the surface tension gradient
induced much stronger liquid flow than the natural convec-
tion with velocity magnitude of 0.020–0.040 m/s. From
these investigations, the thermocapillary force due to inter-
facial temperature gradient should certainly be considered
to play a significant role in the bubble jet flow generation,
especially under microgravity condition or situations in
which the gravitation is not significant. With heat transport
between the bubble and surrounding liquid, the condensa-
tion and evaporation along the interface would be impor-
tant to the temperature distribution along the bubble,
therefore would greatly affected the jet flow behavior.
4. Simulation model

4.1. Fundamental consideration

As noted in many previous investigations, thermocapil-
lary flow driven by interfacial tension gradient is expected
to play a principal role in bubble-top jet flow phenomena.
During bubble jet flow formation in the experiments, the
diameter of a bubble is usually about 0.02–0.08 mm, and
the jet velocity is about 10–50 mm/s. From the experiment
results in Fig. 2, rb ¼ 0:035 mm, u = 20 mm/s, v � 5:0�
10�7 m2 s�1, and Re ¼ 0:7. So the laminar model is adopted
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in this simulation, and the governing equations in the fluid
zone (water) are given as:

r � ðqV Þ ¼ 0 ð1aÞ

V � rV ¼ v � r2V �rp
q
� g � j ð1bÞ

V � rðc � T Þ ¼ 1

q
kr2T ð1cÞ

where j denotes the unit vector in the vertical direction. The
properties of the working liquid and associated constant are
specified as c = 4182 J kg�1 K�1, k ¼ 0:6 W m�1 K�1, g ¼
9:8 m s�2. The piecewise-linear model is employed to de-
scribe the viscosity and density, as illustrated in Fig. 5 [23],
and the natural convection due to density difference can then
also be computed. Eq. (1) is solved using a finite volume
method, and the second order upwind differentiating is used
to approach a converged solution. In present simulations,
the numerical results converge with the time, and the resid-
ual errors of velocity and energy are set smaller than 10�5.

Inside the bubble, the vapor temperature is equal to the
saturation temperature corresponding to the local pressure.
For a growing bubble, the local pressure inside the bubble
is obtained from Rayleigh equation [24,25]

P v � P 0 ¼
2r
rb

þ ql R
d2rb

dt2
þ 3

2

drb

dt

� �2
" #

ð2aÞ

where P0 is the liquid pressure outside the bubble. And
the temperature inside the bubble is solved from Clausius–
Clapeyron equation [1]:

T v¼ T ðP vÞ¼ T satðP 0Þþ
2rT ssat

hfgqvrb

þT ssatql

hfgqv

rb

d2rb

dt2
þ3

2

drb

dt

� �2
" #

ð2bÞ

For the bubble during the jet formation process in Fig. 2,
rb ¼ 0:035 mm, drb=dt < 10�3 m s�1, d2rb=dt2 < 10�2 m s�2,
the temperature correction due to the interfacial tension in
Eq. (2) is only about 0.3 �C, so it is reasonable to assume
T v � T sat ¼ 373 K in the calculation.

The phase-change heat transfer occurring at the inter-
face of the bubble can be expressed as [1]

q ¼ h � ðT li � T vÞ ð3aÞ
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Fig. 5. Fluid viscosity and density [21].
where Tli is the liquid temperature adjacent to the interface,
and accordingly the heat transfer coefficient is [1]

h ¼ 2r̂
2� r̂

h2
fgqv

T v

M

2pRT v

� �1=2

1� pv

2hfgqv

� �
ð3bÞ

where M and R are molecular weight and universal gas con-
stant, respectively. The accommodation coefficient r̂ is gen-
erally assumed to be 0.02–0.04 for water [1], and here the
heat transfer coefficient is taken as h ¼ 2:0� 105 W m�2

K�1 for r̂ ¼ 0:025.

4.2. Dynamical model

For convenience and simplification, a dynamical model
is proposed to consider different evolution stages sepa-
rately, or the waiting stage without thermocapillary force,
and both the burst and stably developing stage with ther-
mocapillary force.

According to experimental results, during the waiting
stage the temperature field and jet flow develop very slowly,
and the thermocapillary force has no significant effect on
the flow field around bubble. The main result in this stage
is the establishment of temperature gradient along the bub-
ble interface. This is caused by the conduction and weak
natural convection in the liquid, and the thermocapillary
force is ignored in this stage. A steady temperature field
is consequently derived for investigating the dynamical
behavior of the next two stages, and this is actually preli-
minary phenomenon for the jet flow formation.

In the burst and stably developing stage, the jet flow is
significantly developed, and the thermocapillary force plays
a principle role. Correspondingly, the boundary condition
for the momentum equation at the bubble interface is mod-
eled using the Marangoni boundary condition as:

�l
oV s

on

� �
X

¼ or
oT

oT
os

� �
X

ð4Þ

where n and s indicate the normal and tangential direction
to the interface, respectively, X, the interface, and or=oT ¼
�1:8� 10�4 N m�1 K�1.

In the simulation, the steady temperature and flow field
in the waiting stage, obtained by the model without ther-
mocapillary force, is used as initial conditions for the jet
formation in burst and stably developing stage, and then
the whole jet formation phenomena can be analyzed. In
both Figs. 2 and 4, the jet flow scale and expansion velocity
began to significantly increase at 0.050 s, and the waiting
time was about 0.050 s.

4.3. Calculation domain

In order to demonstrate the jet formation process in
detail, the present work will mainly investigate the flow
around a single bubble attaching on a heating wire, and
the associated geometrical parameters are illustrated in
Fig. 2. Since the bubble shape almost kept invariable dur-
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ing bubble jet flow formation, a spherical bubble is
assumed, and rw ¼ 0:200 mm, rb ¼ 0:035 mm, as shown
in Fig. 6. Additionally, there is normally a microlayer
between the bubble and wire, and available investigations
indicated that the microlayer thickness could be taken as
0.5–2.5 lm [26]. In present calculation, the bubble is settled
above the wire with a minimum distance of 2 lm, and the
investigations for different situations show that the thick-
ness of microlayer only has little effect on the characteris-
tics of bubble jet formation.

The calculation domain is a horizontal column with
diameter 4 mm and length 1 mm, referring to Fig. 6. The
system is periodic along x-axis, and only half of the system
is calculated for the symmetry at z = 0 (or x–y plane). The
calculation results show that the system is large enough for
analyzing bubble jet flow formation with very little bound-
ary effects. The grid in Fig. 6 includes about 66,000
elements of tetrahedron and hexahedron, which was
checked as an appropriate one. In present calculations,
the temperature of the wire surface is set to 380 K, while
the outer boundary conditions are at a specified bulk liquid
temperature 303 K and atmosphere pressure. These are
very much close to the experimental situations.

5. Temperature evolution

5.1. General behavior

The dynamic temperature variation around a specified
bubble during bubble jet flow formation is illustrated in
Fig. 7. During the waiting stage or at t ¼ 0:000 s, the ther-
mal boundary layer (here assume T sub < 30 K) near the
wire has a thickness of 0.3 mm, and a high temperature
region, a very thin layer is observed around the bubble.
Before 0.010 s, the high temperature region is still within
the thermal boundary layer, and the bubble jet flow is
Fig. 6. Model for bubbl
not obvious. After 0.010 s, the high temperature region
pushes the thermal boundary layer into the cold liquid,
and the bubble jet begins to develop. In a short time, the
jet flow with high temperature quickly bursts, and both
the center and boundary extend rapidly. As the experimen-
tal images shown in Fig. 2, both mushroom head and stem
extended and penetrated far away within 0.040 s (from
0.040 s to 0.080 s). After 0.060 s, the stem of the jet flow
became stable, while the top of the jet flow still continued
to extend into the bulk liquid. Comparing with Figs. 2
and 7a, the calculation results in the vertical plane across
the wire are in a reasonable agreement with the experimen-
tal observations, clearly showing three main stages in the
bubble jet flow evolution. In the vertical plane normal to
the wire as Fig. 7b, the temperature decreases to the bulk
liquid temperature quickly from jet flow region. Fig. 8
illustrates more detail temperature information during the
bubble jet formation.

5.2. Temperature evolution on the bubble interface

The temperature on the spherical surface of the bubble
is illustrated in Fig. 9. At initial time, the temperature
increases along the interface approaching to the wire, and
there is a cold spot just on the top of bubble. In present
simulations, this steady temperature distribution without
thermocapillary force occurs in the waiting stage. During
0.000–0.010 s, the jet flow changes rapidly from waiting
stage to bursting stage. After the transition or initial stages,
the thermocapillary convection flow quickly makes the
temperature in the upper region of the bubble interface uni-
form, only the temperature at the bubble interface near the
wire still changes obviously, and this is quite different from
that in the waiting stage.

After 0.010 s, two cold areas appear near the middle
region of the bubble interface on the two side surfaces sym-
e jet flow formation.



Fig. 7. Temperature evolution during jet flow formation: (a) the vertical plane across wire axis (z = 0 mm), (b) the vertical plane normal to the wire
(x = 0.5 mm).
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metrical about the wire axis, respectively, and they expand
before 0.030 s. From 0.030 s to 0.060 s, the cold area
shrinks, and the temperature in the upper region on the
bubble becomes uniform again. After the 0.060 s, and the
temperature profile on the bubble interface has very little
variation.

From the temperature evolution on the bubble interface,
two special phenomena can be identified clearly. The cold
region on the bubble interface occurs in the middle region
of the bubble during burst and fully developed stages, and
another important phenomenon is that a lowest surface
temperature in the cold region appears during the burst
stage. These phenomena are mainly caused by the coupling
effect of the jet flow and temperature field. Because of the
spatial limit, the pumping and cooling effect in the bubble
interface region exactly above the wire is weaker than that
in the two bubble side regions symmetrical about the wire,
then two cold patches occur on two side regions at the



Fig. 8. Temperature field above the wire.
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interface. Furthermore, since the velocity of jet flow forma-
tion reaches its maximum value during burst stage as illus-
trated in Fig. 4, the thermal boundary layer near two sides
of the bubble will reach a minimum value, and the lowest
temperature of the cold region will also be reached.

6. Flow evolution

The dynamical evolution of the flow field is presented in
Fig. 10, corresponding to the situation of Fig. 7. At the ini-
tial stage or waiting stage, natural convection contributes
to the flow as a principle mechanism, and the jet flow
around the bubble has little effect on the bulk liquid. After
the waiting stage, the interfacial thermocapillary force
becomes to drive the liquid, but the jet flow is still within
the thermal boundary layer in the first 0.010 s.

During 0.010–0.030 s, two cold areas appear near the
middle region on both sides of the bubble surfaces which
symmetrically distributes along the wire axis, respectively,
referring to Fig. 9, and this would cause special flow field
because the interfacial thermocapillary force will drive
the liquid from the hot region to cold region. In the vertical
plane across the wire axis, the liquid at the bubble top will
be driven downwards to the cold region, while the liquid at
the bubble bottom is pumped upwards. As a result, the jet
flow will disperse above the bubble, and that is just like a
mushroom cloud as in Fig. 2.

From 0.030 to 0.060 s, two cold areas shrink, and the
temperature in the upper region on the bubble becomes
uniform. Apparently, the flow from the bubble top to mid-
dle region would decrease quickly, and the mushroom cor-
respondingly evolves and converges to a strong jet flow, as
illustrated in Figs. 2 and 10.

After 0.060 s, the structure of interface temperature dis-
tribution is almost invariable. As a result, the mushroom
stem also keeps its shape. On the other hand, the mush-
room head penetrates into the bulk liquid and gradually
mixes with the bulk liquid. Finally, a fully-developed jet
flow forms. In this stage, the jet flow and its temperature
profile evolve stably and can last a long time.

During the bubble jet formation, the temperature gradi-
ent at the bubble interface first causes thermocapillary flow
near the bubble, and then the flow extends above the bub-
ble. Because of the hot liquid flow from the region near the
bubble or wire, the temperature of the liquid above the
bubble increases significantly. As a result, both flow field
and temperature profile are coupled with each other.
Apparently, the bubble jet flow certainly plays an impor-



Fig. 9. Temperature evolution on a bubble surface.
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tant role in boiling heat transfer due to liquid pumped from
the hot region to the cold region.

In the experiments, the jet flow can be considered as a
region with high velocity above the bubble. Corresponding
to the simulation results in Fig. 10, the jet flow region can
also be identified as the region with velocity u > u0 above
the bubble. The velocity level u0 is predicted by the
comparison of experimental and simulation results. In
order to compare Figs. 2 and 10, we should add the waiting
time or 0.050 s to the time in simulation. The jet flow geom-
etry in simulation with its geometrical parameters of
height, H, and width, D is illustrated in Fig. 11, where
u0 ¼ 6 mm=s and the jet flow region is just the bright region
in Fig. 10.

Compared the simulated results in Fig. 11 with experi-
mental results in Fig. 4a, the scale of jet flow in simulation
is apparently underestimated just after the waiting stage or
during 0.050–0.060 s, because the present model ignores the
thermocapillary force in the waiting stage. During the main
burst stage and developing stage or after 0.060 s, the
dynamical characteristics of jet structure agree well with
those of the experiments.

7. Conclusions

In this investigation bubble jet flow formation was
experimentally and numerically investigated during sub-
cooled boiling on ultrathin platinum wires. The dynamical
evolution of bubble jet flow was visually observed and
quantitatively measured. The bubble jet flow can be typi-
cally divided into two main regions: mushroom stem and
mushroom head. Bubble jet flow formation normally
includes three stages, waiting, burst and stably developing
stage. By considering the thermocapillary force and heat
transfer on the bubble interface, a transient numerical
model was proposed to simulate the dynamical formation
of a bubble jet flow. The dynamical temperature evolution
on the bubble surface and above the bubble was described
and discussed theoretically. The simulation explored the
physical nature of the bubble jet flow formation and very



Fig. 10. Flow evolution around a bubble.
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well explained the experimental phenomena, and the jet
structure showed a good agreement with the experimental
observations.
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