
 

NASA Image: ISS020E048792 - Canadian Space Agency 
astronaut Robert Thirsk, Expedition 20/21 flight engineer, 
holds Fluid Physics Experiment Facility/Marangoni 
Surface (FPEF MS) Core hardware in the Kibo laboratory 
of the International Space Station. 
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Marangoni convection is the flow driven by the presence of a surface tension gradient which can be 
produced by temperature difference at a liquid/gas interface. The convection in liquid bridge of silicone 
oil is generated by heating the one disc higher than the other. Scientists are observing flow patterns of 
how fluids move to learn more about how heat is transferred in microgravity. 
 
The obtained knowledge on the Marangoni convection is vital for the production of high-quality crystal 
growth such as semiconductors, optical crystal and so on. Since the surface tension is dominant not only 
under the microgravity but also in the micro-scale, the results obtained on the nature of the Marangoni 
convection will significantly contribute to various micro-fluid handling techniques in micro-TAS (Micro 
total analysis system) such as DNA examination and clinical diagnostics. 
 
The valuable knowledge from Marangoni space experiment is also applicable to the high performance 
heat exchanger and heat pipe both in the space and on the earth. For future space development, it 
should be necessary to design more efficient and compact thermal management system, no doubt to 
help its development. 
 

RESULTS 
A long liquid bridge was formed. A set of new data on the 
transition to the oscillatory flow was obtained and traveling 
of the hydrothermal wave was successfully observed. 
Several flow visualization techniques have been applied in 
MEIS, and 3-D PTV was used to reveal highly three-
dimensional flow patterns that appear after the transition. 
Conventional 3-D PTV and multi-frame particle tracking 
were combined to obtain better understanding of unsteady, 

3-D flow fields in oscillatory state. As the result, it was 
observed that the flow patterns change from a 2-D 
axisymmetric steady flow to a 3-D non-axisymmetric 
unsteady flow, when the temperature difference exceeds the 

critical value.  
Warmer materials in small volumes of liquid will move toward a cooler, higher surface tension, mass 
along the free (unbound) surface driven by a process known as thermocapillary convection. Depending 
on boundary conditions, the fluid movement may be uniform and steady or become wobbly and 
unstable at some point.  The Marangoni Experiment in Space (MEIS) is designed to identify these critical 



 

conditions.  In microgravity, MEIS scientists are able to form floating silicone oil columns many times 
larger than on Earth allowing for highly detailed study of material flow and instability within these 
“liquid bridges” (LBs).  Three series of experiments, MEIS-1, MEIS-2, and MEIS-4 were carried out in 2008, 
2009, and 2010 in the Fluid Physics Experiment Facility (FPEF) in the “KIBO” laboratory in the ISS. 
 
MEIS experiments are set up with different oil density, thermal gradient, diameter, and length for the 
liquid bridges, thus giving a wide range of aspect ratio (Ar = length over diameter) and temperature 
regime for analysis.  Liquid flows are recorded three-dimensionally by seeding the fluid with tracer 
particles and using high resolution cameras at preset angles; an infrared (IR) camera is also used to see 
localized surface temperature changes in the fluid.  Results show that, when critical temperature 
differences exceed a certain level, a standing-wave (imagine a horizontal liquid surface in a sealed half-
filled glass jar tilting very slowly end to end) oscillation appears and that the wavelength is comparable 
to the length of the liquid bridge.  The stable two-dimensional stationary flow pattern is replaced by the 
standing wave which then is followed by more chaotic flows with multiple vortices traveling from the 
heated zone toward the cooled zone.  These results indicate that perturbations in the flow and 
temperature field are due to the propagation of simple and complex hydrothermal waves.  
 
Critical temperature differences (∆Tc), resultant Marangoni number (Mac), which is required for the 
onset of oscillatory flow, and oscillation frequency are determined for a wide range of aspect ratio and 
different fluid viscosities over the course of the MEIS investigation. As expected, the measured ∆Tc for 
the more viscous liquid is substantially higher than that for the less viscous one. The experimental 
results of MEIS-1 and 2 are in good agreement with each other, while results of MEIS-4 show the similar 
patterns but are distinctly offset due, perhaps, to different fluid viscosity and the relative size of the 
liquid bridges (Yano et al., 2011).   
 
Studying long liquid bridges in space will help scientists to make more accurate predictions of instability 
onsets which can give rise to different pattern forming instabilities.  The floating-zone (liquid bridge) 
refining technique is used extensively to produce extremely high purity crystals by the semiconductor 
and rare metals industries, and flow disturbance is a major cause for the deterioration of the quality of 
the crystal grown by this method.  Understanding the rheological (deformation and flow of matter) 
dynamics in liquid bridges is of fundamental interest for many industrial as well as biological processes.  
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Experiments are completed, ground analysis is ongoing and more results are pending 
publication. 
  



 

Spatio-temporal Flow Structure in Marangoni Convection (Maragoni-UVP) 
Principle Investigator(s): Shinichi Yoda, Japan Aerospace Exploration Agency 

Expeditions 22-24, 26-27, 35/36 
Research Area Fluid Physics 
 
Marangoni convection is the flow driven by the presence of a surface tension gradient which can be 
produced by temperature difference at a liquid/gas interface. The convection in liquid bridge of silicone 
oil is generated by heating the one disc higher than the other. Scientists are observing flow patterns of 
how fluids move to learn more about how heat is transferred in microgravity. 
 
The obtained knowledge on the Marangoni convection is vital for the production of high-quality crystal 
growth such as semiconductors, optical crystal and so on. Since the surface tension is dominant not only 
under the microgravity but also in the micro-scale, the results obtained on the nature of the Marangoni 
convection will significantly contribute to various micro-fluid handling techniques in micro-TAS (Micro 
total analysis system) such as DNA examination and clinical diagnostics. 
 
The valuable knowledge from Marangoni space experiment is also applicable to the high performance 
heat exchanger and heat pipe both in the space and on the earth. For future space development, it 
should be necessary to design more efficient and compact thermal management system, no doubt to 
help its development. 
 
RESULTS 
Marangoni UVPs (UVP-1&2) were performed in Increment 22-24 and 26-27, respectively. We have been 
able to obtain a lot of fruitful results and very important data to advance the field of fluid physics. 
Especially useful data have been collected concerning the aspect ratio effect on the onset of flow 
transition over a wide range for the first time. This will have a big impact on our understanding of 
Marangoni convection. Marangoni UVP-2 was terminated after the eleven runs of experiment because 
the experiment cell was damaged when sample exchange operation was done by crew. Marangoni UVP-
2R (UVP-2R) is positioned as the resumption of UVP-2 experiment. 
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Ice Crystal formation on the ISS during Expedition 18. 
Image courtesy of JAXA. 

Pattern Formation during Ice Crystal Growth (Ice Crystal)  
Principle Investigator(s): Yoshinori Furukawa, Ph.D., Hokkaido University, Sapporo 

               Expedition 18 
Research Area Material Science 
 
The Pattern Formation during Ice Crystal Growth (Ice Crystal) investigation examines the effect of 
microgravity on the pattern formation of ice crystals by a method of in-situ observation. 
 

 
 
 
 
RESULTS 
Ice crystal growth experiments were carried out 134 times from December 2008 to February 2009 in the 
Japanese Experiment Module Kibo of the International Space Station. Images taken during the 
experiments were analyzed to measure the growth rates of the tip of a dendrite (the branch-like arm) 
and thickness between the basal faces (the flat front and back surfaces) of an ice crystal growing from 
supercooled heavy water in the range of 0.03 to 2.0 Kelvin (K).  
 
Observed tip velocities were higher than theoretical values at very low supercooling of below 0.1 K, 
when the crystal’s thickness did not grow; however, tip velocities were in agreement with theoretical 
values for larger amounts of supercooling, when the crystal’s thickness was growing. Researchers 
concluded that the tip growth velocity is significantly influenced by kinetics of basal face growth rather 
than by the tip’s asymmetric shape. Researchers also observed that the growth rate of the thickness 
changed suddenly with time, which indicates that the growth rates of the two basal faces are not 
identical to one another. This is a significant observation since the difference between the growth rates 
of the two basal faces has been proposed as a possible cause of the distortion (morphological instability) 
that leads to the growth of an ice crystal from a round disk initially into the familiar hexagonal dendrite. 
There have been no reports to date on this time dependence of the basal face growth rate in 
experiments conducted under full gravity. 
 



 

Fundamental understanding the crystallization process of ice crystals will lead to future development of 
new types of crystals to benefit humanity. 
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Investigation is complete, the experiment is continuing ground analysis and more results are 
pending publication. 



 

Faceted cellular array growth 
(salol/t-butyl alcohol alloy) 
Image courtesy of JAXA. 

NASA Image: ISS018E044461 - Koichi 
Wakata installs a FACET cell in the Solution 
Crystallization Observation Facility (SCOF) 
in the JEM Pressurized Module (JPM) 
during Expedition 18. 

Investigation of Mechanism of Faceted Cellular Array Growth (Facet) 
Principle Investigator(s): Yuko Inatomi, Japan Aerospace Exploration Agency, Tsukuba 

               Expeditions 19/20, 25/26 
Research Area Materials Science 
 
Investigation of Mechanism of Faceted Cellular Array Growth (Facet) is to investigate the phenomena at 
the solid-liquid interface for crystallization, especially for facet-like crystallization, which are considered 
to be strongly influenced by the temperature and concentration distributions in the liquid phase.  
 
The results will provide valuable data on creating high quality materials for industrial use, such as solar 
cell or superconducting magnet. 
 

 
 
 
 
 
 
 
 
 
 
 
 

  

 
 
RESULTS 
The brief summary of the obtained results at this point is as follows. (1) Temperature and concentration 
distributions in the vicinity of the solid/liquid (S/L) interface were successfully obtained with high 



 

resolution by using the in situ observation method. (2) The relationship between the growth rate and a 
kinetics undercooling at the S/L interface, which is known as a driving force of crystal growth, was 
obtained. (3) Breakdown of the growth interface occurred at the point with maximum kinetics 
undercooling. Splitting of the S/L interface was caused by the dense t-butyl alcohol, which decreased the 
melting point. (4) The numerical simulation based on a phase-field model validated the effect of latent 
heat of fusion on the morphological change. 
 
If the factors affecting faceted cellular array growth are elucidated by this experiment, it may be 
possible to theoretically explain the process of the growth, then its application to actual material 
manufacturing processes can be expected. This would also deepen the understanding of the formation 
process of natural minerals with facets such as rock crystal and agate. The principal Investigator’s group 
is investigating fast crystallization of small silicate melt from deep undercooling condition by a new in 
situ observation method. 
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Investigation is complete, the experiment is continuing ground analysis and more results are 
pending publication. 
 
 
 


