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a b s t r a c t

New design for a pressurized optical cell dedicated to study the boiling crisis in non-

homogeneous critical fluids in microgravity conditions is presented. The main

characteristic concerns in situ integration of a heating device as a form of transparent

resistive thin layer appropriate for light transmission observation of the liquid film

boiling, by monitoring the thermal power produced by this heater. High-resolution and

high-speed optical diagnostics complement in situ temperature measurements.

Illustrations of the high-level performances are provided by the preliminary results

obtained during the Earth’s tests of the CNES-DECLIC facility, using two (vertical and

horizontal) configurations of the heating device with respect to the gravity field

acceleration.

& 2009 Elsevier Ltd. All rights reserved.

1. Introduction

One of the most efficient ways to transfer heat from
solid to gas is boiling phenomena in heated liquid in
contact with a solid heater. Such a heating process attracts
strong attention from engineers, especially when boiling
crisis occurs. Boiling crisis is a transition from a regime
where vapor bubbles nucleate separately on the heater
wall to a regime where the heater wall is entirely covered
by a continuous vapor film. When formed, the vapor film
reduces drastically the heat transfer at the heater wall,
because of the low gas thermal conduction. The boiling
crisis can then produce irremediable damage of the

exchanger by melting of the solid heater. This transition
phenomenon appears when the heat flux exceeds a
threshold value, called the critical heat flux and denoted
CHF in the following. The estimation of CHF is essential in
the industrial heat exchanger design and management.

In a two-phase critical fluid, a bubble spreading over
the heater surface was initially observed [1] while cross-
ing the critical point to reach the homogeneous domain,
thanks to the microgravity conditions offered by the
Russian MIR station. We have then proposed to investigate
by experimental observation while approaching the
gas–liquid critical point if the recoil force mechanism
can be relevant to give a better understanding of the
triggering mechanism at the origin of the boiling crisis.
Indeed, we have successively shown by modeling and
numerical simulation [2,3] that the thrust of production of
vapor can support this gas spreading. This recoil force
mechanism was also evidenced by the analysis of the
results of a preliminary ground-based experiment where
gravity magnetic compensation was produced in a small
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volume of para-hydrogen near its critical point. With
remaining steady gravity forces of order 0:02g0 (where g0

is the constant acceleration on Earth’s), this last experi-
ment have confirmed that the microgravity conditions
which cancel buoyancy forces and generate three-dimen-
sional spheroidal shape of the gas bubble are irreplaceable
powerful tools for studying the heat transfer near the
gas–liquid–solid contact line.

Our microgravity experimental program to investigate
the boiling crisis was planned for the CNES-DECLIC facility
[4] that will be used on board the International Space
Station (ISS). For that purpose, we have developed new
optical pressurized cells designed for future experimental
observations of the boiling crisis at low heat fluxes, very
close to the CHF. In particular, a new pressurized optical
cell integrates an in situ device as a form of a transparent
resistive layer (�50 mm2 area), appropriate for light
transmission observation of the boiling in liquid films.

High-resolution (1000� 1000 pixels) and high-speed
ð462 fr=sÞ optical diagnostics are synchronized with in situ
temperature measurements, and adjusted to the selected
monitoring rate of the thermal stimuli produced by the
transparent resistive heater. This optical cell is imple-
mented in the Alice-like insert (ALI) of the CNES-DECLIC
facility [4,5], which allows the injection of a thermal
power 0–3.4 mW and simultaneous data acquisition at
high frequency (2 kHz) from 3 thermistors (THERMO-
METRICS B10) located inside the fluid. The heat power per
unit area can then be controlled in the range
17 mW=m2–68 W=m2. Heating period can be adjusted,
with a minimum of 43 ms. Resolution from the B10
sensors is better than 0:02O, corresponding to a tem-
perature accuracy around 0.1 mK. In the unexplored range
of low heat fluxes, we will expect simplified analysis of
the boiling observations, thanks to the low temperature
gradients and critical phenomena universality [6] near the
critical point of sulfur hexafluoride, using the high
capabilities of the CNES-DECLIC instrument [5].

The paper is organized as follows. Section 2 presents
the new design for the pressurized optical cell (called DOC
for direct observation cell) dedicated to study the boiling
crisis in non-homogeneous critical fluids, during the first
increment planned for DECLIC utilization on board the
Japanese module of ISS. Sections 3 and 4 show some
results obtained during preliminary tests performed on
Earth’s with both the engineering and the flight models of

the ALI Inserts, using the heating device either in vertical
(Section 3) or horizontal (Section 4) position.

2. Direct observation cell (DOC)

Pictures of the flight model (FM) and engineering
model (EM) of the optical cells observed by light
transmission are given in (a, b) and (c, d) parts of Fig. 1,
respectively. Each fluid sample volume corresponds to a
cylindrical volume of D ¼ 10:6 mm inner diameter and
respective inner thickness e ¼ 4:115 mm for the FM cell
and e ¼ 2:637 mm for the EM cell. Such a fluid sample
configuration being observed mainly by wide field light
transmission, the cell is called ‘‘Direct Observation Cell’’
(DOC). Moreover, the direct observation cell also
allows to record the light scattered at small angles and
at 901. The cells are filled by SF6 of electronic quality,
corresponding to a 99.98% purity (from Air Liquide). The
critical coordinates (temperature, pressure, density) of
the gas–liquid critical point of SF6 are Tc ¼ 318:737 K
ð45:587 1CÞ, pc ¼ 3:73 MPa and rc ¼ 742:6 kg m�3. The
total fluid volume of the FM-DOC is 0:463 cm3 (including
a dead volume mainly due to filling holes), corresponding
to a total SF6 mass of 0.353 g, leading to the filling mean
density r ¼ rc þ 1:1%. For the EM-DOC, the total fluid
volume is 0:343 cm3, the total SF6 mass is 0:2645 g, and
the filling mean density is r ¼ rc þ 3:7%. The off-critical
relative density r=rc of each cell was estimated on Earth
using a very precise optical method [7] based on the
relative variation of the position of the liquid–gas
meniscus, as a function of T � Tc . On the Earth pictures
of Fig. 1, the flat horizontal liquid–gas meniscus at TLabC
298 KoTc can be observed around the median position of
each cylindrical fluid volume.

Three small (250mm bead diameter) thermistors
(THERMOMETRICS B10, 10 kO resistance at 25 Ĉ) are
located inside the fluid volume and labeled R5, R6 and
R7, respectively. Their positions, clearly visible on the
pictures of Fig. 1, are such as we expect to measure three
local temperatures close to the gas–liquid interface in
microgravity environment (see the discussion below and
Fig. 2). The cells were housed in their respective models of
the Sample Cell Unit (SCU) and Alice-like Insert (ALI).
The SCU temperature is monitored by a very accurate
thermal regulation of the DECLIC facility, allowing 10mK of
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Fig. 1. Earth pictures of the flight model (a, b and of the engineering model (c, d) of the direct observation cells (DOC). (a) and (c) Pictures of the DOC cells

before their integration in the Sample Cell Unit of their respective flight and engineering models of Alice-like inserts (ALI) for the DECLIC-CNES facility.

(b) Wide field with grid shadowscopy image and (d) Wide field image of these fluid samples, while integrated in their respective ALI insert.
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relative temperature accuracy for the SCU temperature
measurement and 40mK h�1 of temporal stability, in the
range 30260 1C. The sensors used for monitoring (label
SCUr) and measurements (label SCUm) of the SCU
temperature are made of high-stabilized platinum
resistors (100O resistance at 25 1C). For additional details
concerning the DECLIC facility see Ref. [5].

In the following we describe the specificities of the
pressurized optical cell design in regards to the study of
the boiling phenomena close to the liquid–gas critical
point of SF6. This cell design (not to scale) is schematized
in Fig. 2, where the expected configuration of the
gas–liquid phase distribution in microgravity conditions
is represented as a central gas bubble surrounded by the
liquid wetting the cell walls and sapphire windows. As
enlightened by this schematic cross section of the
observation path, the two main characteristics of the cell
design are the following:

(i) The spherical surfaces of the entrance sapphire
window should stabilize the centro-symmetrical
0� g configuration of the gas–liquid equilibrium.
Indeed, in the expected ideal equilibrium configura-
tion between two equal volumes of coexisting gas and
liquid phases in a cylinder of small thickness ðeoD=2Þ,
filled at critical density, the gas bubble is slightly
compressed in between the respective inner surfaces
of the two opposite sapphire windows. The curved
inner surface of the entrance sapphire window acts to
symmetrize the compression around the (optical) axis
of the fluid cylinder in order to maintain the gas
bubble in the same (optical) axial position than the
one given by the spheroidal curvature (RSC0:3 m,
typically) of the entrance window. Such a window
design should then prevent any gas bubble displace-
ment which can result from the unavoidable small tilt
angle between the inner flat surfaces of two plate
windows, or from the highly probable non-central
position of the fluid volume in the relative accelera-
tion referential of the orbiter.

(ii) The in situ integration of a thin heating device in the
form of a transparent resistive layer (R8), deposited

on the inner flat surface of the exit sapphire window.
This resistive layer is made from a Sn alloy oxide [8],
8 mm diameter and 200 nm (FM case) or 800 nm
(EM case) thickness. The value of its resistance (106
and 46O in the FM and the EM cases, respectively) is
temperature independent ðdR=dTr 7 mOK�1

Þ in the
temperature range of present interest. For the two-
phase equilibrium state of Fig. 2, we do not expect to
observe a direct contact between the gas and the
resistive flat layer. Indeed the bubble is separated
from the solid inner surface by a thin film of liquid-
like mean density, due to the total wetting condition
only satisfied for the liquid phase. This particular
phase distribution is clearly illustrated in Fig. 2, not
to scale since the thin liquid film surrounding the
upper gas volume has an estimated thickness of
the order of or slightly lower than 100 nm close to the
critical point.

The heater resistance, covering a typical area of 50 mm2,
is supplied at constant adjustable voltage using two gold
plate layers which induce two non-transparent regions in
the fluid volume (see, for example, the corresponding black
areas in pictures (b) and (d) of Fig. 1 (see also below the
different video images of the DOC provided by the DECLIC-
CNES facility). The ALI-insert allows injecting an electrical
power covering the typical range 0–3.4 mW (ALI-FM) or
0–3.08 mW (ALI-EM), of 12-bits resolution. The heat power
per unit area which is dissipated by Joule effect can then be
controlled in the range 17 mW m�2–68 W m�2, i.e., a range
presently not available in (generally non-transparent)
technical devices of same area (and significant larger
thickness). We note that this total heat flux (noted q) is
split into two parts: one part (noted qS) is delivered into the
solid substrate (i.e., sapphire window) of the resistive
layer, while another part (noted qf ) is directly injected in
the fluid (with q ¼ qS þ qf constant). A realistic simplifica-
tion of the true three-dimensional heat energy dissipation
in sapphire and SF6 considers an infinitely thin constant
heat power source q at the ideal thermal interface between
these two semi-infinite one-dimensional conductive mate-
rials. The corresponding dissipation ratio of q ¼ cte is then
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Fig. 2. Schematic cross section (not to scale) of the expected microgravity gas–liquid distribution in the Direct Observation Cell (DOC) dedicated to study

the liquid film drying due to the boiling phenomena, using a transparent resistive layer (R8) as a flat local heating source.
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qS=qf ¼ sS=sf where sS ¼ lS=
ffiffiffiffiffiffiffiffiffi
DT ;S

p
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
lSrScP;S

p
and sf ¼

lf =
ffiffiffiffiffiffiffiffi
DT;f

p
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
lfrf cP;f

q
are the respective thermal efficiency

(i.e., the inverse thermal impedance) of the sapphire and
the fluid [li;DT;i;ri and cP;i are the respective thermal
conductivity, thermal diffusivity, density and specific heat
at constant pressure of the sapphire ði ¼ SÞ and SF6 ði ¼ f Þ].
qS=qf is only dependent of the temperature distance to Tc

and decreases when T-Tc . That means that less and less
thermal energy goes to the substrate approaching Tc ,
thanks to the increasing thermal efficiency of the critical
fluid. Then, the realistic variation of the heat flux dissipated
into the fluid qf ¼ q=ð1þ qS=qf Þ can be estimated as a
function of T � Tc , thanks to the effective heater design and
the precise knowledge of the singular thermal properties of
SF6. At T ¼ Tc þ 10 mK for example, 90% of the electrical
power will be dissipated into the fluid.

In addition, the heating period (from a minimum time
of 43 ms) can be adjusted (from time increments of 43 ms)
in a synchronous manner to the fluid temperature
measurements and the digital high resolution (1000�
1000 pixels) or high-speed (up to 462 frame s�1) video
recording of the DOC images. These dimensional and
shape requirements for the cell design are appropriate for
focusing light transmission observation onto the liquid
film inserted between the gas bubble and the resistive
layer. Especially by using optical microscopy and grid

shadowscopy of the DECLIC-CNES instrument [5], we
expect to observe and analyze the drying mechanism of
the inserted liquid film due to boiling phenomena,
monitoring the transparent resistive layer as a local
heating source, thanks to the corresponding DECLIC
stimuli control [5].

All the high-resolution and high-speed optical diag-
nostics are synchronized with in situ temperature
measurements, and adjusted to the selected monitoring
rate of the thermal stimuli produced by the thin resistive
transparent layer. The illustrations of the high-level
performances of such heating device are provided by
the preliminary results obtained during the earth tests
using both the engineering model and the flight model of
the ALI inserts in the DECLIC-CNES facility. Considering
here two characteristic configurations (vertical and
horizontal) of the transparent heating device in regards
to the earth gravity acceleration, we have reported the
experimental observations which satisfy the following
main objectives:

(1) To demonstrate the practical efficiency of the trans-
parent heater, either for the single phase fluid cell at
T ¼ Tc þ 10 mK or the two-phase fluid cell at T ¼

Tc � 10 mK where the boiling process takes place close
to the heating layer;

ARTICLE IN PRESS

Fig. 3. (a) Schematic illustration of the optical observation setup of the two-phase equilibrium under earth acceleration gravity, directed downwards for

the vertical configuration (VC) of the heating device; (b) and (c) high-resolution video pictures of the FM-DOC cell inside DECLIC, observed in transmission

using the diagnostic WFþ G (see text), before the beginning of the heat pulse, at temperatures þ10 and �10 mK relatively to the critical temperature,

respectively.

Y. Garrabos et al. / Acta Astronautica 66 (2010) 760–768 763
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(2) To illustrate the specific role of the optical diag-
nostics in the analysis of the heat and mass transfer
inside the fluid sample volume. To simplify the
presentation we use WFp and SFp for the wide (full)
field and the small (microscopy) field imaging of the
cell, respectively. The subscript p refers to an object
focal plane about the heater ðp ¼ HÞ, the median
ðp ¼ MÞ and the entrance window ðp ¼WÞ planes,
while the above labels WFp and SFp are incremented
by þG when the use of the grid shadowscopy
diagnostic is added;

(3) To demonstrate the practical importance of the gravity
effects near the vapor–liquid critical point, especially
using the same low value of the constant heat flux,
18 W m�2 typically (i.e., a value which corresponds to
the 90% fluid dissipation of a constant electrical power
of 1 mW delivered by the transparent resistive layer of
50 mm2 area). In the following, ti and te are the
respective starting and ending time of each selected
heat pulse at constant power.

3. Heating in the vertical wall configuration

Fig. 3(a) gives a schematic configuration of the optical
cell where the light transmission is made along the
horizontal axis of the fluid cylinder while the vertical
transparent resistive layer is then parallel to the earth
gravity acceleration. We use the label ‘‘VC’’ for this vertical
heater configuration which corresponds to the nominal
up–down position of the DECLIC instrument on Earth. In
the two-phase regime, the film heater is directly wet by
the (film and bulk) liquid and can initially act in the gas
only through the thin film of liquid-like mean density.
This usual phase distribution on earth (see pictures (b)

and (d) of Fig. 1) is illustrated (not to scale) in Fig. 3(a). In
the two following subsections, we successively discuss the
results obtained when performing an electrical pulse
(1 mW power; 111.3 s duration), either at T ¼ Tc þ 10 mK
(single-phase regime, see Section 3.1) or at T ¼ Tc � 10 mK

ARTICLE IN PRESS
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Fig. 4. Measured resistance change for the R5 thermistor during the electrical pulse (1 mW power, 111.3 s duration) in the monophasic regime

ðT ¼ Tc þ 10 mKÞ, using the FM-DOC in VC configuration.

Fig. 5. Wide field transmission added to grid shadowscopy of SF6 fluid

sample, 50 s after the start of an electrical pulse (1 mW power, 111.3 s

duration) in the two-phase regime ðT ¼ Tc � 10 mKÞ, considering VC

configuration for the FM-DOC. Gravity is directed downwards. The

nucleate boiling close to the transparent heater is observed. A convective

vapor channel is visible along the vertical medium axis of the liquid part

[see also Fig. 6(c)].
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(two-phase regime, see Section 3.2) in the FM-DOC. Figs.
3(b) and (c) show the WFH þ G video pictures of each
respective initial equilibrium state of the FM cell, before to
perform the corresponding heat pulse. The use of the grid
shadowscopy on Fig. 3(b) allows visualization of remain-
ing density gradients inside the fluid cell before the
thermal pulse. In the two-phase case which is shown in
Fig. 3(c), the position of the liquid–gas meniscus in this VC
configuration is visible close to the cell mid-height.

3.1. Heat and mass transfers in the single phase region at

T ¼ Tc þ 10 mK

We expected to observe convective flows in the heated
fluid boundary layer close to the vertical heater which is a
well-known unstable heated fluid configuration with no
instability threshold. However, at this temperature dis-
tance and for the small value of the heat flux, the flows
were hardly visible. Nevertheless, the shadowscopy video
pictures have evidenced density evolution during the heat
pulse. This is confirmed by the R5 thermistor response
reported in Fig. 4 which shows that the (small) convective

flow appears and disappears rapidly at the beginning and
stoping periods of the heat pulse. In addition, the
maximum resistance change of C0:1O corresponds to a
very small temperature variation of C0:8 mK (with dR=dT

¼ 165OK�1 at this experimental fluid temperature). We
note that resolution of the temperature measurements
from this B10 sensor reaches typically 10mK.

3.2. Heat and mass transfers in the two-phase region at

T ¼ Tc � 10 mK

Fig. 5 shows a WFH þ G video picture of the fluid
sample during the thermal heat pulse, at ti þ 50 s, when
focussed on the vertical transparent heater. We observe
the nucleate boiling regime in the liquid domain in
contact with the transparent heater. Along the vertical
medium axis of the liquid part, a vapor channel is formed
by convective motion [see also Fig. 6(c)]. Fig. 6(a) gives a
SFH picture, just after the beginning of the heat pulse,
where the vapor bubbles nucleate on the transparent
heater surface. The vapor bubble convective motions are
observed on a SFH picture of Fig. 6(b), 7.8 s after the
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Fig. 6. Small field ðSFHÞ observations of SF6 fluid sample focussed on the transparent heater, during the electrical pulse (1 mW power, 111.3 s duration) in

the two-phase regime ðT ¼ Tc � 10 mKÞ, using the FM-DOC in VC configuration; (a) 1.3 s, (b) 7.8 s and (c) 50 s after starting of the pulse. Gravity is directed

downwards. The initial nucleation of small vapor bubbles on the heater surface is shown in (a), while the bubble convective motions are noticeable in (b).

The formation of convective vapor channels close to the heater is visible in picture (c).
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Fig. 7. Measured resistance change for the R5 thermistor during the electrical pulse (1 mW power, 111.3 s duration) in the two-phase region

ðT ¼ Tc � 10 mKÞ, using the FM-DOC in VC configuration.
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beginning of the heat pulse. The formation of convective
vapor channels close to the heater, 50 s after the
beginning of the heat pulse, is visible on the SFH

picture of Fig. 6(c).

In addition, in this VC configuration where the
thermistor R5 of the FM-DOC cell is located in the gas
domain, the R5 response reported in Fig. 7 confirms the
existence of convective flows in the gas phase, quasi-
synchronous with the heat pulse duration.

4. Heating in the pressurized ‘‘cooker’’ configuration

Fig. 8 (left) gives the second schematic configuration of
the optical cell where the light transmission is made along
the vertical axis of the fluid cylinder, while the horizontal
transparent resistive layer acts at the bottom of the
vertical fluid cylinder. The heating device is then
perpendicular to the earth gravity acceleration, only in
contact with the liquid part of the two-phase cell
configuration. This pressurized ‘‘cooker’’ configuration
which is obtained for one specific right angle position of
the DECLIC instrument on Earth is labeled ‘‘CC’’ . The
optical set up of the top observation of the two-phase
distribution on earth is illustrated (not to scale) in Fig. 8
(left). The full view imaging of the cell needs to integrate
the light paths in a layered medium.

The following presentation of the heat pulse results
uses a similar organization as in Section 3. However, the
heat pulses (1 mW power; 200 s duration) are now
performed using the EM-DOC cell, at T ¼ Tc710 mK.
Fig. 8 (right) shows a video picture of an initial two-phase
equilibrium state of the EM-DOC cell for this CC case, just
before the heat pulse.

4.1. Heat and mass transfers in the single phase region at

T ¼ Tc þ 10 mK

Fig. 9 shows video pictures, one WFH (left) and one SFH

(right), respectively, of the cell at the time 192 s after the
beginning of the heat pulse, at a temperature around
10 mK above the critical temperature. Convective flows
are rapidly observed in this CC configuration, and also stop
very rapidly after the end of the pulse. Fig. 10 reports the
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Fig. 8. Schematic illustration (left) of the observation by light transmis-

sion of the two-phase equilibrium on earth for the ‘‘cooker’’ configura-

tion (CC) where the heating device is located at the bottom of the DOC

cell, and example of a WFH video picture (right) focussed on the

transparent heater for the EM-DOC.

Fig. 9. Video pictures WFH and SFH of transmission observation of SF6

fluid sample in wide field (left) and small field (right), 192 s after the

beginning of an electrical pulse (1 mW power, 200 s duration) in the

single phase domain ðT ¼ Tc þ 10 mKÞ, using the EM-DOC in CC

configuration. Each observation is focused on the heating device, at the

bottom of the cell (see text).
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Fig. 10. Measured resistance change of the R5 thermistor sensor during the electrical pulse (1 mW power, 200 s duration) in the monophasic regime

ðT ¼ Tc þ 10 mKÞ, using the EM-DOC in CC configuration.
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R5 sensor response during the heat pulse where the
maximum resistance change of C0:2O corresponds to a
local temperature variation of the fluid of C1:5 mK (with
dR=dTC165OK�1 at this experimental fluid temperature).

4.2. Heat and mass transfers in the two-phase region at

T ¼ Tc � 10 mK

Fig. 11 shows two video pictures WFH (left) and SFH

(right) of the fluid sample focused on the transparent
heater, 50 s after the beginning of the heat pulse, at a
temperature about 10 mK below the critical temperature.
The picture (a) shows the nucleate boiling regime.
We note that this two-phase mechanism is clearly
distinguishable by comparison with the one-phase
convective motions shown in the similar picture Fig. 9
(right).

Figs. 12(a)–(c) give small field observations of the fluid
sample at ti þ 50 s, for three different focal planes. Gravity

is directed perpendicular to the plane of the images, from
the upper sapphire window [SFW , see picture (c)] toward
the bottom transparent heater [SFH , see picture (a)].
Fig. 12(a) shows the vapor bubble nucleation on the
transparent heater surface. Fig. 12(b), which is focussed on
the vapor–liquid interface ðSFMÞ, distinguishes the rising
vapor bubbles from the falling liquid droplets. When
focussed on the curvated inner surface of the upper
sapphire window ðSFW Þ, the image of Fig. 12(c) shows the
formation of the falling liquid droplets (see also next
Fig. 13). The Rayleigh–Taylor-like instability in the liquid
wetting film at the top of the cell explains the droplet
formation mechanism. From this layered observation of
the fluid sample during the thermal heat pulse, we have
been able to schematize in Fig. 13 the convective flows of
matter in the two-phase fluid cell heated in ‘‘cooker’’
configuration.
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Fig. 11. Video pictures WFH and SFH of transmission observation of SF6

fluid sample in wide field (a) and microscopy (b), during a thermal pulse

(1 mW power, 200 s duration) in the two-phase regime ðT ¼ Tc �10 mKÞ,

using the EM-DOC with CC configuration. Each observation is focussed

on the transparent resistive heating layer, at the bottom of the cell. The

nucleate boiling regime is visible in (b) and clearly distinguishable by

comparison with the similar picture Fig. 9 (right) obtained in the single

phase regime.

Fig. 12. Small field ðSFH;M;W Þ observations of SF6 fluid sample, 50 s after starting on an electrical pulse (1 mW power, 200 s duration) in the two-phase

regime ðT ¼ Tc � 10 mKÞ, using the EM-DOC in CC configuration; (a) image focused on the transparent heater ðSFHÞ showing the vapor bubble nucleation;

(b) image focused on the vapor–liquid interface ðSFMÞ showing the (rising) small vapor bubbles and the (falling) liquid droplets; (c) image focused on the

curvated inner surface of the upper sapphire window ðSFW Þ showing the formation of the falling liquid droplets (see text and next Fig. 13). Gravity is

directed perpendicular to the plane of the images, from the upper sapphire window ðSFW Þ toward the bottom transparent heater ðSFHÞ.

Fig. 13. Schematic illustration of the flows of gas and liquid in the two-

phase regime, using the transparent heater device for the pressurized

cooker configuration (CC) of the fluid cell on Earth.
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5. Conclusion

We have proposed to investigate the triggering
mechanism at the origin of the boiling crisis by direct
observation of a gas bubble spreading over a transparent
heater surface, during the heating of a critical two-
phase sample cell filled by SF6. The main originalities of
these new investigations are provided by monitoring of
low heat fluxes and control of the liquid–vapor proper-
ties, by fine adjustment of the distance to the critical
point. Especially using an in situ heating device as a
form of transparent resistive layer appropriate for light
transmission observation of the liquid films, we have
shown the high capabilities of the DECLIC-CNES instru-
ment to analyze the convective flows which are super-
imposed to the boiling process on Earth’s conditions.
The microgravity conditions which cancel buoyancy
forces and generate three-dimensional spheroidal shape
of the gas bubble remain an irreplaceable powerful tool
for studying the boiling crisis. The above results
obtained during the ground-based tests of the transpar-
ent heater are promising for the study of the boiling
crisis using the ALI-DECLIC facility on board the
International Space Station.
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