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Abstract

An experiment called: ”Nucleation, bubble growth, in-
terfacial phenomena and evaporation / condensation ki-
netics” is foreseen for the BDPU on IML 2. We per-
formed first experiments in the laboratory and also dur-
ing parabolic flights, using our laboratory set-up. The
intention was to get first scientific results and to reduce
the technological uncertainties in the development of the
BDPU test container.

The process starts at a high system pressure to deactivate
the nuclei at the walls of a test cell. The pressure is re-
duced below saturation by a quasi isothermal expansion:.
The bubble growth is initiated by a short heating pulse
of a thermistor in the liquid. The volume of the grow-
ing bubble is compensated by a pressure control system.
After this cycle the pressure is increased again and re-
condensation is observed.

The test of the experimental set-up was successful. Ex-
periments were performed in the laboratory as well as
under microgravity conditions during parabolic flights at
the 14th ESA campaign. Only small vapor bubbles can
be observed under normal gravity, under reduced gravity
i.owever, vapor bubbles up t¢ 1 cm in diameter can be
pioduced . Nevertheless the system is very sensitive i
gravity disturbances.

"Ne obtained first results about bubble growth in a su-
persaturated liquid. We gathered also technological data,
which are important for the development of the BDFPU
test container.

In future parabolic flight experiments and also in the
BDPU, the evaporation and condensation kinetics at the
liquid vapour interface will be studied by measurements
of the temperature field around the bubble using optical
interferometry.

i{eywords: nucleation, bubble growth, interfacial phe-
nomena, evaporation and condensation kinetics;

1 Introduction

An experiment for the investigaiion of nucleation,
bubble growth, interfacial phenomera and evapora-
tion/condensation kinetics is planned ior the BDPU o
IML 2. The mair: aim of the experiment is the investi-
gation of the evaporation and condensation kinetics at
the interphase of vapor bubbles in a homogeneous super-
saturated liquid under well defined conditions. Measured
values for the kinetic evaporation and condensation co-
efficients for water, for example, vary over some decades.
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To determine the temperature fiei! sround a growing va-
por bubble, at the interphase ¢z the liguid side, optical
interferometry will be used.

The vapor bubble to be investigzie is initiated by a short
heating pulse of a spot heater (i«. thermistor). Following
this, the vapor bubble wili grow ian the supersaturated
liquid undisturbed by buoyancy or by buoyancy induced
convection and undisturbed 5y Inwrangoni Convection,
due the homogeneous temperatose fieid ot the bubble
surface.

The first experiments ware perVirmed with a labora-
tory set-up during parabalic fli snpported by ESA in
September and December 1993, "The primary objectives
of these experiments veere threelcid:

1. To demonstrat: the feasibility «{ the experiment
proposed and to optimize the thzrmedynamic pro-
cess;

2. To obtain technological data for the development
and design of the 3DPU tzst container,

3. To obtain eariy scientific resulis to maximize ths
scientific return from the Spaceiab zxperimeni be-
ing planned.

These experimentis will be described in the following,
along with the scientific background.

2 Scientific Objectives

The thermodynamic process of the experinent will be
described first for a better understanding of the scien-
tific objectives, to be followed by the development of the
scientific objectives.

2.1 The Thermodynamic Process

The bubble growth and coilaps: {evaporation and con-
densation), referred in general as the bubble dynamics,
is studied in a homogenecus -upersaturated liquid un-
der well defined conditions. Thez isothermal supersatu-
rated liquid is produced by reducing the total pressure
from the initially compressed liquid state to a pressure
below the saturation pressure correspoading to its tem-
perature. Following the bubble formation and growth,
bubble collapse is induced by increasing the pressure, re-
sulting in condensation of the vapor. Microgravity con-
ditions are necessary in order that larger bubbles can be
produced and optically observed, bubbles which will not
be removed from the field of view by buoyancy.
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Figure 2: a) Bubble growth on the p — T phase diagram; b) Temperature field around the bubble
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Figure 1: The proposed process shown on a p—T phase
diagram

The process is shown in the phase diagram of a represen-
tative fluid in Fig. 1. The fluid is heated to and main-
tained at a uniform temperature. By increasing the pres-
sure above saturation (state 1) to p;, the vapor nuclei,
which are found on the surfaces of the container and solid
components, will be inactivated down to a distinct size
corresponding to r = 20 /Ap, where o is the surface ten-
sion, Ap is the pressure difference between the system
pressure p; and the saturation pressure psp, and r is the
radius of the smallest nucleus to be deactivated.

Following this, the system pressure will be reduced to var-
ious levels of pressure ps below saturation. The liquid in
state 3 is supersaturated and the bubble can be activated.
After the desired bubble growth period, the pressure is
increased again to p; to produce the desired bubble con-
densation process.

2.2 Scientific Background

The experiment can be divided into three phases:

e bubble nucleation,
e bubble growth,

e bubble condensation.

Bubble Nucleation

During this experiment heterogeneous nucleation will be
observed. Homogeneous nucleation cannot be expected
to take place, in most cases, except at high pressures and
in the vicinity of the critical point. By deactivating the
nuclei to a certain extent, specified by the pressure level
imposed during the initial pressurization, studies of het-
erogeneous nucleation and nuclei activation become pos-
sible, since well defined boundary conditions can be es-
tablished and the temperature field will not be disturbed
by convection.

Bubble Growth
The process of the bubble growth is shown in Fig 2.

Following nucleation the thermodynamic state within the
bubble will be close to saturation (path 1). Thereafter the
bubble will undergo further growth in the supersaturated
liquid, due to the potential difference relative to the sur-
rounding liquid (path 2). The result is an increasing tem-
perature difference between the bubble and the bulk lig-
uid (Fig. 2b). This temperature difference increases with
increasing rp and provides the necessary energy trans-
port to the bubble as:

AT =Tr - Tp = I—F(%L——'ﬁ (Ap—f—Z) )
where Tr is the bulk temperature, Tp the vapor temper-
ature inside the bubble, v, the specific volume of the
vapor / liquid, Ap the initial supersaturation of the liquid
and rp the radius of the growing bubble. The equation
of this temperature difference shows that the supersatu-
ration of the liquid, expressed by Ap, is a very important
experimental parameter. The transient temperature field
around the bubble in the liquid will be recorded with an
optical interferometer (Point Diffraction Interferometer).

_°2__.
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Figure 3: Block diagram of the pressure control unit

The corresponding net mass flux at the boundary can
be calculated from the kinetic theory of evaporation and
condensation as:

. / k
mpn = Buc ’2—7r—1;:psat,v (VTO —V1Bg) (2)

with m® the molecular mass, Tp the liquid temperature
at the phase boundary and Tp the temperature inside
the bubble at the interface, which is assumed to be the
vapor temperature T,. The evaporation-condensation co-
efficient B, should be unity, according to the theoreti-
cal considerations of eq. 2. However, experimental results
have been reported by various authors in the range be-
tween 0.0035 and 0.35

The reasons for such a wide range of values are not yet
clear. A possibility under consideration is that the coeffi-
cient is influenced by gaseous contaminants of the liquid,
and that experimental conditions are not well defined.
The experiments

will thus be conducted with pure liquid and with varying
amounts of dissolved gas in an overall isothermal liquid,
providing the well defined conditions necessary to deter-
mine this coeflicient.

Bubble Collapse

The third phase is the decrease of the bubble volume
caused by increasing the system pressure. In this case the
bubble follows the reverse way described for the bubble
growth. The corresponding condensation coefficient will
be determined, and the temperature field in the liquid is
to be observed by means of optical interferometry.

3 Description of the Experimental
Set-up

An experiment set-up was built for the laboratory test-
ing and the parabolic flight experiments, incorporating
the following main features of the BDPU test container:
temperature control, active pressure control, compensa-
tion of the volume change produced by the growing bub-
ble, a spot heater in the liquid, sensors for measurement
of temperature, and pressure and an optical observation
path.

The main components of the set-up are the experimental
cell itself and a connected volume for compensation and
pressure control containing a metal bellows. The metal
bellows separates the fluid volume from an air volume
whose pressure can be controlled by means of a pressure
control valve. It is thus possible to control the fluid pres-
sure by the air pressure acting on the metal bellows and
to compensate for the volume change due to the growing
bubble. This provides a close approximation to the vapor
bubble growth in an isobaric fluid. A schematic drawing
of the complete pressure control system is shown in Fig.
3.

The complete experiment is computer controlled and the
data are recorded by the same computer. The most im-
portant data are fluid pressure, air pressure, fluid temper-
atures, cell temperatures, power input to the spot heater,
the temperature of the spot heater, acceleration values
and house keeping data.

The bubbles in the experiment cell are observed with
a video camera and the pictures are stored with a tape
recorder. An optical interferometer will be adapted in the
future.

_\3,
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Figure 4: Pressure time diagram of one experiment run

4 Experiment Program

Experiments were conducted during two parabolic flight
campaigns of the ESA aboard a Caravelle. Each parabola
had an average pg time of about 20 s. Vapor bubbles are
very sensitive to disturbances of the microgravity level
and it could not be guaranteed that the bubbles would
remain at the nucleation site for 20 s. During the second
flight campaign in December a type of {ree floating plat-
form of ESA / ESTEC with the experiment mounted on
it was used, to improve the gravity level for the experi-
ment.

R113 was used {or the first experiments in September 91
while R11 was used as the experiment fluid in December
91. The advantage of R11 is the somewhat higher vapor
pressure compared to R113. The vapor pressure of R11 at
ambient temperature is psqr = 0.9890 bar and for R113
Psat = 0.3625 bar. Therefore it is more convenient to
work with R11 if no vacuum operation is possible.

A typical pressure time-diagram for one experiment run
is shown in Fig 4.

The variable parameters of the experiment are the gradi-
ents of the pressure ramps, the end pressures of the pres-
sure ramps and the temperatures. The maximum pres-
sure for fluid homogenization was maintained at 7 bar.

A stirrer was activated during the homogenization of the
fluid.

5 Results of the Experiments

Feasibility of the Process

The principle process worked well. The pressure control
system with the metal bellows provided a precise fluid
pressure control and compensation for the growing bub-
ble volume. Vapor bubbles were initiated with the spot
heater which consisted of a thermistor. The overall fea-
sibility for the planned Spacelab experiment was demon-
strated.

Technological Results

The following results are important for the development
and the design of the BDPU test container for the de-
scribed experiment.

o It is difficult to reach a significant supersaturated
fluid state. Vapor bubbles sometimes nucleated on
the walls of the test cell. Therefore it is impor-
tant that the walls of the BDPU test container are
coated in such a way to achieve good wetting con-
ditions. In addition, edges and corners should be
avoided as far as possible.

e The temperature of the cell walls should be de-
creased before the onset of the pressure reduction
process in order to avoid nucleation at the cell
walls.

e The pressure control must be precise to control the
nucleation and the growth of vapor bubbles in a
desireable manner.

e The spot heater and the measurement thermistors
should be coated to achieve non wetting conditions.
This has the advantage that the vapor bubbles
will surround the spot heater and the measurement
thermistors.

Scientific Results

Bubble nucleation could be observed under microgravity
conditions. The bubble nucleation is a very rapid process
as shown by the picture series in Fig. 5. The time dif-
ference between the individual frames is 80 ms. It was
not possible to observe the process of nucleation in this
way during each parabola. The vapor bubbles sometimes
disappeared from the field of view very rapidly, due to
disturbances in the pug level.

._(*_\



Figure 5: Nucleation of a vapor bubble in R113

Rather large vapor bubbles are generated under ug con-
ditions relative to earth conditions. This is demonstrated
in Fig. 6, where a g bubble is compared with bubbles
under earth gravity.

The next objective was to determine the evaporation co-
efficient of a growing vapor bubble in a homogeneous
supersaturated liquid. This was not possible with the
parabolic flight experiments conducted. As mentioned
above, the bubbles remained at one location for only a
short time, and then they disappeared. It was thus im-
possible to determine the evaporation coefficient. It was
also impossible to determine the condensation coefficient
during the bubble collapse. However experiments having
a better ug level than in the Caravelle will allow the de-
termination of the bubble kinetics and of the evaporation-
/ condensation coefficient.

Figure 6: Bubble under reduced gravity and bubbles
under earth gravity

6 Conclusions

The evaporation and condensation kinetics at the in-
terface of a vapor bubble in a homogeneous supersat-
urated liquid will be studied in a planned Spacelab
experiment. Initial experiments were performed during
parabolic flights using a laboratory set-up.

The overall feasibility of the thermodynamic process for
the planned experiment was demonstrated. Important
technological results for the development of the BDPU
experiment were obtained. Vapor bubbles were initiated
using a thermistor. The evaporation and condensation
coefficient could not be determined with parabolic flight
experiments conducted to date, due to the disturbances
of the vapor bubbles by the varying g level.

The uncertainties for the planned Spacelab experiment
were minimized by the parabolic flight experiments, and
serve to optimize the scientific returns from the spacelab
experiment.
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