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Microgravity science is the study of physical pheno-
mena that are masked or affected by gravity on Earth. 
These phenomena are mainly encountered in fluid  
phases with strong density gradients (critical fluids) or 
that involve interfaces (solidification processes, foams, 
emulsions, granular matter). Microgravity can be achie-
ved by counter-balancing the weight by another volume 
force, such as an inertia force in the case of a satellite or 
a free fall, or a magnetic force in gravity compensation 
ground-based devices. Microgravity is also a non redu-
cible property of space flights for which space systems 
must be adapted. Microgravity is thus both a branch of 
space science that uses applies for research and a branch 
of space technology that uses research for space.    

The context

Forty Laboratories belonging either to CNRS or CEA are 
involved in the whole programme. The budget for cove-
ring the laboratories’ needs for preliminary ground-based 
research has again increased slightly in 2012. 

The main activity in the last two years was related to 
increasing exploitation of the International Space Station. 
CNES participates via ESA in the research programme 
conducted in the Material Science Laboratory and the 
Fluid Science Laboratory and has developed a special 
facility for the study of supercritical fluids and the solidifi-
cation of transparent model materials, known as DECLIC 

(Device for Critical Liquids and Crystallisation), in coope-
ration with NASA, in response to new demands to exploit 
the data from experiments performed on board the ISS.

The DECLIC facility 

The miniaturized optical and mechanical laboratory DECLIC 
(Fig. 1) was launched by the Space Shuttle on 28 August 
2009 and is installed in the Japanese module KIBO of the 
ISS, together with three inserts developed so far, High Tem-
perature Insert (HTI), Directional Solidification Insert (DSI), 
the Alice Like Insert (ALI), sent into space in April 2010.
The three inserts have been operated alternately from  
the CADMOS user support centre in Toulouse (Fig. 2). 
Following that, they have been brought back to the ground 
to be refurbished for new experiments within the fra-
mework of ongoing NASA/CNES cooperation. The study 
of the migration of salt over a temperature gradient will 
be studied in the new HTI insert. These studies will prepare  
for the future supercritical-water oxidation experiments 
that are of interest for waste treatment to be conducted  
in space and on Earth in 2013 and for investigating diffe-
rent concentrations of the model alloy and will be flow 
again in 2013 in the new DSI insert. 
The principal results obtained concern the mechanisms 
of the boiling crisis and the first observation of unsteady, 
organised microstructures during the solidification of 
transparent model materials (see the article in next 
section).

[Fig. 1] [Fig. 2]
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[Fig. 1] 
DECLIC is a miniaturised optical and mechanical  
laboratory, launched by the Space Shuttle  
on 28 August 2009 and installed in the Japanese module, 
KIBO, of the International Space Station.  
© NASA/2009

[Fig. 2] 
The CADMOS user support centre installed in CNES 
Toulouse receives data provided by the mini-laboratory 
DECLIC. Processed by CNES, data is then transmitted  
to a web server that is accessible to scientists.  
© CNES/E. Grimault, 2010

[Fig. 3] 
Pure water foam obtained  
under microgravity (b); under the same  
operational conditions on the ground (a). 
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 Research aboard the Columbus module

The two facilities devoted to physical sciences on Colum-
bus, the Material Sciences Laboratory (MSL) and the Fluid 
Sciences Laboratory (FSL), host and provide resources for 
inserts devoted to specific experiments. The experiments 
are selected from proposals for specific fields of investiga-
tion submitted by scientific teams from the ESA Member 
States. French scientists are taking part in 11 European 
projets. The topics investigated in the stability of emul-
sions (FASES project), the interaction between a drop 
and a wall (DOLPHIN), the heat transfer during boiling 
(RUBI); foam ripening (FOAM1), foam stability (FOAM2); 
dusty plasmas (PKE4); biomimetic object dynamics, and 
geophysical flow simulation (GEOFLOW). Those using the 
MSL are the formation of microstructures in 3D samples 
(MICAST); the transition between equiaxed and columnar 
growth (CETSOL); the wetting phenomena during crystal 
growth. Thirteen samples were processed in 2010 and 
2011, mainly for material sciences experiments. 

 The suborbital and ground-based 
experiments

Several experiments were carried out during parabolic 
flights on an Airbus to prepare the experiments in the 
Columbus module and to perform stand alone research. 
Many experiments were performed on granular matter 
dynamics, foams and emulsions. These projects explore 
the properties of humid foams having a very short life time 
on Earth due to the gravity drainage. Particular attention 
is being paid to capillary drainage, to ripening’ (bubble 
growth by gas transfer) and to stabilization by addition of 
particles in relation to rheologic properties. 

These foams that are stabilised by nanoparticles in  
metallic oxides. A remarquable result was the creation of 
pur water foam in microgravity (Fig. 3), which is strictly 

not possible on the ground. New techniques and ins-
trumentation like the Time Resolved Correlation mea-
surements (TRC, see Article in next section) are being 
developed to solve the problem of how gravity influences 
the slow dynamics and dynamic heterogeneity of glassy 
and jammed systems. The magnetic field gradient facility 
in Grenoble was also used intensively to measure  
heat transfer coefficients in boiling liquid oxygen under 
variable gravity conditions. The cooperation with industry 
(Air Liquide) is worthy of note. Activity has begun in new 
fields such as the physicochemical aspects of life science 
and more specifically vesicles flows in capillaries to obtain 
an in vitro model for the endothelial dysfonction provokes 
by forced rest due to microgravity conditions. 

The future 

The development of experiments devoted to granular 
matter dynamics (DYNAGRAN) and to the evaporation of 
a droplet on a substrate has been proposed to the Chinese  
National Space Agency for a flight on a Chinese automatic 
satellite in cooperation with the Chinese Academy of 
Sciences. Exploitation of the existing inserts of the DECLIC 
facility, including their upgrading after after return to the 
ground will be pursued until 2015 or perhaps even later 
and the development of a new insert for investigating 
supercritical water oxidation is being encouraged. 

A lot of progress has been made in mastering small milli-
metric reators fed with micro fluidic devices that comply 
with the ISS safety regulations and sciences require-
ments. Concerning the ground-based facilities, a feasibi-
lity study of a large volume levitator for liquid hydrogen 
has now begun. Last but not least, cooperation between 
life and physical science laboratories has been recom-
mended, in particular for investigating the mechanical 
threshold of gene expression which could lead to new 
insights as to how gravity affects living systems.

[Fig. 3]

(a) (b)
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Colloidal suspensions have been very successful 
model systems for testing basic predictions in statistical 
mechanics and condensed matter physics, since the pio-
neering work of Nobel laureate J.-B. Perrin [1], who tested 
experimentally Einstein’s explanation of Brownian motion 
and used the gravity-induced concentration profile of  
colloidal particles to determine Avogadro’s number. 
Since then, colloidal suspensions have been used, e.g., 
to demonstrate the existence of entropy-driven hard-
sphere crystals, the frustration of the liquid-gas transi-
tion for very short-ranged potentials, the occurrence of 
metastable glassy phases. Many of the open questions 
in colloid science concern solidification, i.e., the origin, 
formation, and dynamics of structures displaying a yield 
stress, like colloidal crystals, glasses, and gels. Stress-yiel-
ding suspensions play also a crucial role in many processes 
related to the food, oil, adhesive, paint, environmental, 
and pharmaceutical industry, for making nano-structured 
materials such as photonic crystals and electro-rheologi-
cal fluids, and even in biological structures. 
Gravity may strongly influence the properties of colloidal 
suspensions, especially in colloid solidification, because 
gravitational stress can propagate on macroscopic length 
scales. Successful microgravity experiments on colloidal 
systems, like the PHASE and PCS missions on board the 
Space Shuttle and the International Space Station (ISS), 

have already been performed in the recent past. Space 
experiments exploiting novel experimental methods and 
systems such as those now planned by ESA will very likely 
increase our understanding of colloid solidification in 
relation to fundamental physics and biology research, as 
well as for industrial applications. In a series of ground 
experiments preliminary to future μ-g measurements, 
we have explored the behavior of colloidal gels under 
gravitational stress. Colloidal gels are composed of sub-
micron sticky particles forming a network suspended in 
a background solvent. They are widespread in industrial 
applications and are also useful model systems for tackling 
a wide variety of problems, from network formation in 
biological systems to protein crystallization. Although col-
loidal gels have solid-like mechanical properties, they can 
be easily disrupted by modest applied loads, often inclu-
ding their own weight.

Here, we use a novel light scattering technique to probe 
not only the macroscopic deformation of a gel under  
gravitational load, as in previous works, but also the gel 
dynamics at the particle scale [2]. The inset of Fig. 1a shows 
an image of a colloidal gel obtained with our apparatus. 
The gel is formed by colloidal hard spheres with radius  
R = 82 nm, suspended in an aqueous solvent to which 
surfactant is added at a volume fraction ΦTX. 

 Material Sciences in Space

Colloidal gels are fragile networks formed  
by adhesive submicron particles suspended  
in a background fluid. We investigate the effect  
of  gravity on the gel behavior, from the particle
level to the macroscopic scale. We find that a single  
parameter, a compressive strain rate,accounts  
for both the macroscopic behavior  
(sedimentation velocity) and the microscopic  
dynamics (particle-level restructuring).  

Les gels colloïdaux sont des réseaux fragiles formés  
par des particules adhésives submicroniques suspendues 
dans un solvant. Nous étudions l’effet de la pesanteur  
sur le comportement du gel, de l’échelle de la particule 
jusqu’à l’échelle macroscopique. Un seul paramètre,  
le taux de compression uniaxial, permet de rendre compte 
aussi bien du comportement macroscopique (vitesse  
de sédimentation) que de la dynamique microscopique
(restructuration à l’échelle des particules).

RésuméAbstract

The unbearable heaviness of colloidal gels

La lourdeur insupportable des gels colloïdaux
(1) Université Montpellier 2, Laboratoire Charles Coulomb UMR 5221, 34095 Montellier, France.
(2) CNRS, Laboratoire Charles Coulomb UMR 5221, 34095 Montellier, France.
(3) Present address: Formulaction, 31240 L’Union, France.
(4) Dipartimento di Chimica, Politecnico di Milano, 20131 Milano, Italy.

Laboratory contr ibut ion
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The surfactant molecules form globular micelles of radius 
r = 3 nm, which induce an effective attraction between 
the colloidal particles via the depletion mechanism. The 
gel appears as a bright, speckled column, while the dark 
region corresponds to the solvent supernatant. The spec-
kles are due to the laser illumination: they allow one to 
determine the temporal evolution of the gel height, h(t), 
the local particle concentration, Φ(z,t), the local settling 
velocity, v(z,t), and the local intensity correlation function, 
g2(t,τ,z)-1 [2]. The latter is proportional to the squared 
dynamic structure factor, which decays on the time scale 
τmicro, the time it takes a particle to move over its own 
size. Figure 1a shows the temporal evolution of h(t), which 
relaxes asymptotically towards a plateau, indicative of 
mechanical equilibrium, where the elastic response due 
to compression counterbalances the gel’s weight. The 
inset of Figure 1b shows the asymptotic concentration 
profile Φ(z,t→∞)  for gels prepared at various particle 
volume fraction, Φ0, and surfactant content. 
Remarkably, we find that all data can be scaled onto 
a master curve, as shown in Fig. 1b, by using reduced 
variables, where α ≈ 3.6 - 4.1, Zmax and l are material 
constants. This scaling can be rationalized [3] using the 
poroelastic model (PM) [4], where the gel is treated as a 

porous medium that responds elastically to a compres-
sive stress.
The PM makes also predictions on the temporal evolution 
of Φ(z,t) and ν(z,t), which we have tested quantitatively 
[2][3]. Figure 2a shows the experimental ν(z,t) (symbols), 
together with fits of the PM (lines). With the exception of 
the very top of the gel, the settling velocity exhibits a sur-
prisingly simple linear behavior, ν(z,t) = έ(t)z , where έ(t) 
is a time-dependent compressive strain rate. Quite intri-
guingly, we find that not only does έ(t) rule the macros-
copic settling of the gel, it also governs its microscopic 
dynamics. This is shown in Fig. 2b, where we plot τmicro as 
a function of έ , where τmicro is obtained from the decay 
of g2(t,τ,z)-1 at different heights z and times t. 
We find τmicro ∝ έ -1 , demonstrating that the gel behavior 
at all scales is controlled by the time-dependent compres-
sion rate. Our results establish a fascinating analogy with 
other glassy materials such as polymer glasses, where a 
similar correlation between macroscopic deformation and 
motion at the microscopic level has been recently reported 
[5]. Further experiments on gels too fragile to sustain their 
own weight will require the μ-g environment of the ISS.
The present work was supported by CNES, ANR, MIUR, 
ASI, Solvay-Solexis.

[Fig. 1]

[Fig.2]

[Fig. 1] - a) temporal evolution of the height of a gel under gravitational 
stress, together with the poroelastic model (PM, line) (adapted from [2]). 
Inset: Image of a gel column of width 3mm. 

b) asymptotic concentrationprofiles for various gels with 0.02 ≤ φ ≤ 0.12 
and 0.11 ≤ φ TX ≤ 0.22 (inset), scaled onto a master curve according 
to the PM (line) in the main plot (adapted from [3]).

[Fig. 2] - a) settling velocity as a function of height in the gel, 
for various times t as indicated by the labels.  
The lines are predictions of the PM. 

b) Scaling of the microscopic relaxation time with the inverse 
of the macroscopic compressive strain rate.  
The line has slope -1. Adapted from [2].

(a)

(a)

(b)
(b)
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Solidification microstructure formation is critical 
in materials engineering and processing as the pattern left 
in the solid (dendrites, cells … and segregation of chemical 
species) largely governs materials properties [1]. 
Microstructure-processing correlation is best examined in 
directional solidification where experimental parameters 
are independently controlled. Cell/dendrite microstruc-
ture formation and organization in an array are dynami-
cal processes so that in situ and real time observation of 
the solid-liquid interface has become an invaluable tool to 
get detailed knowledge of the time-evolution of the solid-
liquid interface pattern. This explains the extensive use of 
transparent organic systems that behave like metals but 
are transparent to visible light so that optical techniques 
are possible [2].

Ground studies on metallic and organic bulk samples 
have established that fluid flow in the melt effects inter-
face pattern [3][4]. Directional solidification experiments 
under low gravity thus provide a unique key to investigate 
microstructure development in three-dimensional (3D) 
samples under hydrodynamic quietness, i.e. diffusion-
controlled growth. 

Such experiments produce the benchmark data necessary 
to check the predictions of advanced theoretical and com-
putational models, which all are under diffusive growth. 
The present study is the first part of a joint investigation 
between the MISOL3D (MIcrostructures de SOLidification 
3D) and DSIP (Dynamical Selection of Interface Pattern) 
projects, selected by CNES and NASA respectively. It was 
carried out in the Directional Solidification Insert (DSI) 
dedicated to in situ and real time characterization of solid-
liquid interface morphology in bulk samples of transpa-
rent alloys, developed by CNES for the DECLIC facility. This 
insert is basically made of a cylindrical cartridge (10 mm 
inner diameter, 10 cm solidification length) inserted in a 
Bridgman furnace, with optical diagnostics around. 

The development of laterally extended 3D-patterns from 
the initial stage to steady state was studied by means 
of bright-field observation in both top view through the 
liquid and side view, and laser interferometry from the top 
(see [5]). The DECLIC facility was launched (17-A shuttle 
flight) and installed on the International Space Station. 
Near real-time remote control by telescience was made 
from CADMOS (French USOC in Toulouse). 

Interface dynamics in 3D-alloy solidification: in situ monitoring  
in DECLIC-DSI in microgravity 

Dynamique du front de solidification d’alliages 3D: suivi in situ  
en microgravité dans DECLIC-DSI
(1)  IM2NP, Aix-Marseille Université & CNRS, UMR 7334, Campus Scientifique Saint-Jérôme, Case 142, 

13397 Marseille Cedex 20, nathalie.bergeon@im2np.fr, bernard.billia@im2np.fr. 
(2)  Department of Materials Science and Engineering, Iowa State University, Ames, IA 50011, USA, trivedi@ameslab.gov. 
(3)  Physics Department, Northeastern University, Boston, MA 02115, USA, a.karma@neu.edu.

Laboratory contr ibut ion

In situ monitoring of  solid-liquid interface dynamics  
in alloy solidification is critical for materials processing.  
As convection effects solidification on earth, interface 
dynamics was observed in a succinonitrile – 0.24wt% 
camphor alloy (transparent model system) solidified  
in the DECLIC-DSI in microgravity. Beyond 3D-pattern 
evolution, cellular secondary instabilities were unveiled 
(3D-multiplets; oscillating modes, incoherent but showing 
groups of  cells in phase for hexagonal array). 

Le suivi in situ de la dynamique du front de solidification 
3D d’alliages est critique pour l’élaboration de matériaux. 
La convection perturbant la solidification sur terre,  
la dynamique est observée sur le modèle transparent 
succinonitrile – 0,24 % camphre dans le DECLIC-DSI 
en microgravité. Outre l’évolution de la microstructure 3D, 
des multiplets cellulaires 3D et des modes oscillants,  
incohérents mais montrant des groupes de cellules en 
phase lorsque le réseau est hexagonal, ont été révélés. 

RésuméAbstract

 Material Sciences in Space
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Six runs of two to three weeks each were performed from 
April 2010 to April 2011. 
A succinonitrile (SCN) – 0.24 wt% camphor alloy was used. 
A thermal gradient G (10 - 30 K.cm−1) was imposed and 
solidification achieved by pushing the crucible into the 
furnace cold zone at a rate V (0.25 to 30 µm/s). For fixed 
alloy concentration and G, increasing V led to planar-front 
morphological instability, development of various cellu-
lar patterns, and finally dendrites. In situ and continuous 
observation resulted into a huge amount of images and 
other data. Most of the very clear images provided by 
the high-quality optical diagnostics are currently under 
consideration, and numerical 3D phase-field modeling 
for quantitative comparison is in progress. 

Owing to microgravity environment, homogeneous cel-
lular/dendritic patterns corresponding to even values of 
growth parameters over the solid-liquid interface were 
obtained. Solidifications were long enough to capture the 
physical phenomena taking place in the dynamical forma-
tion of the solidification microstructure when growth was 
started from rest, and the mechanisms acting in micro- 
structure transition when a jump in velocity was applied 
(primary spacing adjustment, pattern (re)ordering…).

Beyond benchmark data on the evolution in the diffu-
sion-controlled limit of cell/dendrite primary spacing with 
pulling velocity [6][7], unique observations of secondary 
instabilities in 3D-cellular growth at low velocity were 
performed. In particular, the DECLIC-DSI microgravity 
experiments for the first time unveiled the formation of 
multiplets in three-dimensions (Fig. 1) and novel oscilla-
ting modes, mostly incoherent but showing splitting into 
three groups of cells, each oscillating in phase when the 
cellular array was locally hexagonal (Fig. 2). The charac-
teristics of these oscillations compare well with the first 
results of quantitative phase-field numerical simulation.
It is worth mentioning that there exist striking differences 
between experimental benchmark data under diffu-
sion transport from microgravity experiments and in 
situ observation data from experiments conducted very 
recently on the same sample back on ground, where 
fluid flow driven by gravity was interacting with solidifi-
cation. For instance, the primary spacing variation with 
pulling velocity was at 1g opposite (increasing) to what 
was observed in space (decreasing). Furthermore, similar 
ground experiments on thin samples are performed to 
extract the influence of dimensionality on both physical 
mechanisms and shape characteristics.

[Fig. 1]

[Fig. 2]

[Fig. 1] 
3D-array of cellular multiplets. Close-up shows 
a quintuplet with 5 hills (X), 5 valleys and  
a central deep pit (•). The number of hills gives 
multiplet order, function of local topology.  
SCN-0.24 wt% camphor, V = 0.25 µm/s,  
G = 12 K/cm. (N. Bergeon, B. Billia,  
Aix-Marseille, Université & CNRS, France;  
R. Trivedi, Iowa State University, USA).

[Fig. 2] 
Oscillating hexagonal cellular array: 
Top view through the liquid, with three groups 
of cells, oscillating with 2π/3 phase-shift 
as visible in the variation of the cell surface 
with time. SCN – 0.24 wt% camphor, 
V = 1 µm/s, G = 28 K/cm. (N. Bergeon, B. Billia, 
Aix-Marseille Université & CNRS, France; 
R. Trivedi, Iowa State University, USA). 
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Classically, when a bubble of gas is immersed in 
a liquid and subjected to a temperature gradient, and 
the gravity effects are negligible, it is observed a bubble 
drift along the gradient. This motion is classically attri-
buted to a thermocapillary (Marangoni convection), the 
temperature gradient inducing a surface tension gradient 
that drives the flow [1]. Depending whether the surface 
tension increases or decreases with temperature, the 
bubble will move parallel or antiparallel to the thermal 
gradient. 

However, when both liquid and bubble are the same 
fluid, the gas corresponds to the saturated vapor in equi-
librium with its liquid. Any temperature gradient would 
then be immediately counterbalanced by an evapora-
tion or a condensation process. A simple 1D model can 
be constructed where the gradient is directed along the z 
direction. Evaporation, which adds the gas to the hot side 
of the bubble and condensation, which removes it from 
the cold side, corresponds to a vapor bubble motion with 
an (apparent) velocity equal to the evaporation (conden-
sation) interface velocity. In contrast to the thermoca-
pillary motion, the bubble will then move always in the 

same direction, parallel to the thermal gradient and inde-
pendently of the bubble size [2][3]. 

In order to evaluate this process, investigations need to be 
carried out free of buoyancy effects. The first set of experi-
ments was carried out with hydrogen near its critical point 
(33 K) in the levitation facility of CEA in Grenoble (Fig. 1). A 
steady temperature gradient cannot be established imme-
diately. Initially, diffusive thermal layers develop from the 
head and the base. The bulk temperature also increases, 
due to the pressure increases in the bulk fluid. The tempe-
rature rise is larger in the vapor bubble than in the liquid 
because the compressibility is larger in the vapor phase 
than in the liquid phase [4]. The time constant of this pres-
sure rise is quite small (‘piston effect’ [5]). Then an instan-
taneous transient temperature gradient at the liquid-vapor 
interface originates from this differential piston effect and 
the release of latent heat from the condensation/evapo-
ration processes at the bubble colder/hotter end. This 
gradient makes the bubble interfaces move, resulting in 
a change in bubble diameter and a bubble diameter dis-
placement. The motion will stay till eventually a steady 
thermal gradient is established in the whole sample. 
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Thermocapillary (Marangoni) motion of  a bubble  
under a temperature gradient cannot be present  
in a pure fluid where the vapor-liquid interface is at 
constant saturation temperature. However, evaporation  
on the hot side and condensation on the cold side  
can occur and displace the bubble as observed  
when buoyancy is suppressed (water in the DECLIC  
facility in the ISS and hydrogen in the levitation facility  
of  CEA-Grenoble). The motion compares well  
with existing theories and numerical simulations.

Le mouvement thermocapillaire (Marangoni) d’une bulle 
sous gradient de température ne peut se faire dans  
un fluide pur où l’interface vapeur-liquide est à température 
de saturation constante. Cependant, l’évaporation côté 
chaud et la condensation côté froid peuvent déplacer  
la bulle comme observé quand la flottabilité est annulée 
(eau dans DECLIC dans l’ISS et hydrogène dans la station 
de lévitation du CEA-Grenoble). Le mouvement correspond 
aux théories existantes et aux simulations numériques. 
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However, due to the residual gravity that increases when 
leaving the compensation point, this displacement will stop 
when the exact gravity compensation point is reached. 
What really matters at small times is the local thermal gra-
dient at the vapor-liquid interface, the latter being ruled 
by the pressure rise (‘piston effect’) and the consequent 
release of latent heat at the interface.

In order to get rid of the remaining gravity effects, a second 
set of experiments has been performed in the DECLIC faci-
lity [6] onboard the ISS with water near its critical point 
(647 145 K, as precisely determined in DECLIC). The results 
on water are concerned with temperature gradients in  
two opposite directions along the cell axis with values 
86mK/cm (Fig. 2). From the latter figure, it is observed 
that vapor bubbles always move towards the hottest side, 
as expected, with very low velocity of about 0.5 mm/h  
(1.3 x 10-7 ms-1). 

In order to better understand the above phenomena, a 1D 
numerical simulation was performed. It is based on the 
energy equation with the initial condition of homogeneous 
temperature inside the fluid. It is solved with the boundary 
element numerical method (BEM) that uses only the values 
of the variables at the domain boundaries as unknowns. 
It shows that, after the temperature gradient has been 
imposed, two regimes can be evidenced. At early times, 
the temperatures in the bubble and the surrounding liquid 
become different due to their different compressibility and 
the ‘piston effect’ mechanism, i.e. the fast adiabatic bulk 
thermalization induced by the expansion of the thermal 
boundary layers. The bubble motion is seen to be induced 
by the different local temperature gradients as resulting 
from evaporation/condensation at the vapour-liquid inter-
face. At long times, a steady gradient forms in the liquid 
(but not in the bubble) that induces steady bubble motion 
towards the hot end. The bubble velocity can be evaluated; 
it compares well with the existing theories [3][4].
Only the short time behaviour of the hydrogen bubble 
(motion and shrinking or expanding immediately after 
heating) can thus be satisfactorily explained by the short 
time transient behaviour because of the remaining gravity 
and magnetic forces that prevent the bubble to move above 
a given position at large time (Fig. 2). This long time beha-
viour is, however, reached in a weightless environment as 
in the DECLIC facility and, more generally, in satellites and 
rocket tanks where thermal gradients should drive vapour 
bubble always towards the hottest area. 

[Fig. 1] 
Study of the motion of a hydrogen  
bubble initially at thermal equilibrium  
with its liquid. 
(a): photo of the experimental cell. 
(b): Observation of the bubble, between ordinates 
zb and zh. The external diameter of the cylinder (4 mm) 
gives the scale.

[Fig. 2] 
Water bubbles in DECLIC in the ISS.  
The pattern is shown 2000 s after imposing  
at 200 mK below the critical point a vertical  
temperature gradient of (a) + 86 mK/cm 
and (b) - 86 mK/cm. The cell diameter is 8 mm.  
The displacement is about 0.25 mm  
towards the hot end. (During the displacement,  
drop coalescences occur, thus the pattern  
looks different).  
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