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航空機による微小重力環境を利用した核生成の“その場”観察実験
In-situ observation of nucleation process under microgravity by an aircraft
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To understand the formation process of cosmic dust particles with nm to sub-micrometer in size, dust analogues have been
produced in the laboratory. The gas evaporation method has a similarity in the dust formation process in space, where dust forms
by a condensation from gas phase via homogeneous nucleation in most case. Nucleation determines characters of dust, such as
size, number and composition. However, nucleation process has been unknown not only in universe but also in the laboratory.
Recently, we succeeded in directly observing the temperature and concentration during homogeneous nucleation in the vapor
phase by interferometer under the gravity [1,2] To understand the homogeneous nucleation quantitatively, we applied nucleation
theories to the experimental results and determined the following results: the surface free energy, the size of critical nuclei,
determination of polymorph, fusion growth and sticking probability. In particular, surface free energy and sticking probability
are most important parameters to know the characters of cosmic dust. Here, we will show the recent results in microgravity by
using an aircraft. Microgravity experiment has an advantage to determine above mentioned values more certainly due to suppress
the thermal convection, which generates inhomogeneous formation condition and secondary growth in the flow.

Smoke particles of WO3, SiO, Mn, Fe, Au or NaCl were produced in a specially designed smoke chamber setting with a
Mach?Zehnder-type interferometer with two wavelengths lasers, which can obtain two unknown parameters simultaneously, i.e.,
concentration of evaporant and temperature.

When an evaporant is initiated in an inert gas, the evaporated vapor subsequently cools and condenses homogeneously in
the gas atmosphere. Condensation temperature depends on surface energy and sticking probability. Both parameters can be
determined from the condensation temperature and the size of produced particles, respectively.

In case of Mn and WO3, condensation occurred at 660 and 600 K below the equilibrium temperatures, and the degree of
supersaturation was as high as 105 and 109, respectively. The condensation temperature, number density, and size of particles
for Mn experiment were consistent with the values calculated by the semi-phenomenological nucleation theory. On the other
hand, however, the results have a gap with the values calculated by the nucleation theories in case of WO3 and NaCl. One of the
reasons may be due to secondary growth. Since there is strong thermal convection generated by the hot evaporation source in the
chamber, condensed particles follow the convection and possibly grow in the way as gas cools. As the result, size and number
density could be different from the theory. In the same reason, estimation of the sticking probability will be difficult. It has been
expected that microgravity experiment gives us more certain results due to suppress the thermal convection.

Recently, we firstly performed the gas evaporation experiments in microgravity using the aircraft. Here, we will present the
brief results and show the difference from gravity experiment. Since microgravity environment strongly suppresses the thermal
convection, evaporated vapor diffused simply to the direction of centric distance and condensed at the wider area compared with
gravity condition due to no convection. Then, it can be concluded that condensation in microgravity occurred farther from the
evaporation source compared with gravity experiment. In case of microgravity experiment, since condensation and growth occur
at the same place due to no convection, secondary growth is negligible and the results are able to compare with the nucleation
theories. As the result, surface free energy and sticking parameter will be determined more certainly.
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