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importance but will also find engineering application
for improving the on-board cooling systems (using
the effect of phase transition), cryogenic fuel storage
and pumping-over systems.

The second stage of HERUBIM scientific experi-

ments is dedicated to quantum effects in superfluid
helium physics under MG conditions. A relevant
program of experiments is being worked out by
the ILTPE experts.
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Experimental study of crystallization processes
under microgravity is one of the priority fields of
materials science in space. It will take one of
the most prominent places in the ISS program.
The peculiarities of the solidification process are
determined largely by the level of gravity convection.
In view of the almost complete absence of this type
of convection under microgravity, it is important to
conduct experiments for study of fundamental physi-
cal mechanisms of the solid phase formation from
the melt. Further development of the ground tech-
nologies of manufacturing single-crystal materials,
composites, foundry, etc. is impossible without valid
experimental data on the influence of gravity convec-
tion on structurally sensitive properties of the crys-
talline materials. One of the goals of the experiments
is application of transparent model substances for
study of the crystal growth process and, in par-
ticular, of the morphology of the crystallization front
during directional solidification [1—4].

A complex of problems related to directional
crystallization of transparent model substances in
a three-dimensional sample under microgravity con-
ditions studied in this work is proposed for the first
time. Directional crystallization is the basic method
of future production of materials under the space
conditions due to comparative simplicity of the tech-
nique, possibility of maintaining a stable growth
environment, as well as due to numerous applica-
tions, i. e. growing single-crystals of various mate-
rials and production of composites and metal alloys.

Since the first studies [5, 6], ground-based ex-
periments with quasi-two-dimensional samples have
been a widely used methods. Improvements proposed

(380) +44 + 4442561,

e-mail:  metall@imp.kiev.ua

in these studies, allow investigation of transparent
single-crystals and various crystallographic direc-
tions of growing, as well as comparison of the data
of laboratory model experiments with the data on
the actual processes and structure of metal single-
crystals.

The following logic step in this direction is com-
plete reproduction of the solidification process in
a three-dimensional sample with a model substance.
It will provide direct data on development of un-
stable crystallization front, typical sequence of
the morphology change at variation of the growth
conditions (in particular, increase of growth rate) in
the actual three-dimensional sample where the pro-
cesses of convective heat-mass transfer are one of
the controlling factors.

An important problem is the interaction of
the crystallization front with gaseous inclusions.
As is known, there is no outgassing from the mate-
rial being crystallized under microgravity and, there-
fore, direct observation of the interaction of the cry-
stallization front in the melt bulk with the gas bubble
which does not float at the crystal growing in space
is possible. Earlier such experiments were completed
only in two-dimensional preparation, where a num-
ber of unexpected effects have been revealed, in
particular, accelerated growth of crystals (dendrites
and cells) along the gas-melt interface, compared to
their growth in melt far from the interface [7].
However, it is still not clear whether the mentioned
and some other effects are related to the peculiarities
of crystal growth in a thin preparation or whether
they result from fundamental properties of three-
phase crystal-melt-gas interface. A correct experi-
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ment on establishing the parameters of the crystal-
lization front interaction with a gas bubble can only
be conducted under microgravity, where direct ob-
servation of the three-phase crystal-melt-gas inter-
face is possible, without applying an external force
to hold a gas bubble at the interface.

Aging (or coalescence) of dendrites is the major
component of the solidification process, which is of
the greatest importance for the technology of produc-
tion of metal ingots and which is controlled essen-
tially by the melt stirring process. For the latter
reason, extensive experimental and theoretical re-
search and, in particular, space research, is devoted
to coalescence of dendrites. The essence of this
process is described in detail in metallurgical litera-
ture, for example in [8]. It causes vanishing (dis-
solution) of thin branches and thickening of large
ones. For metals the coalescence results in formation
of the so-called plate-like structure which is a casting
defect. In the absence of macro-stirring (convection),
the described process is governed only by diffusion.
Therefore, it is possible to understand the mecha-
nism of the process and to study its kinetics only
under microgravity conditions, excluding convection.
Hypothesizes and assumptions in this respect have
been verified experimentally in our ground-based
research, where isothermal conditions were created
and there was practically no convection [9, 10].
The final verification of assumptions made, and
the search for the final answers as regards the con-
ditions of separation of the branches and refine-
ments of the cast structure require a carefully
formulated space experiment.

Furthermore, the most informative and correct
method of research is direct observation of the pro-
cess on transparent models in the absence of convec-
tive stirring.

The feature of the authors’ approach consists in
parallel study of substances characterized by various
mechanisms of crystal growth from the melt, namely
continuous and layer-by-layer. That is, the same
effects are investigated in so-called metal-like sub-
stances (succinonitrile and its alloys) and in faceted
crystals modeling crystallization of semiconductor
substances (benzophenone and its alloys).

Solving the defined scientific problems is united by
one technique, namely the directional crystallization
of transparent alloys by Bridgeman and recording of
the structural elements of the crystallization front by
the optical methods. The main part of the experi-
ments is focused on observation and recording of
the solid-liquid interface.

The experiments to be carried out using
the «<kMORPHOS» installation intend to grow crystals
of model transparent substances by directional crys-
tallization with video recording of the morphology of
solid-liquid interface during the entire growing pro-
cess under microgravity conditions.

The experiment runs in the automatic mode.
Operator interference is assumed in the stages of
preflight preparation and on completion of the flight.

The installation design provides a possibility to
realize preliminary ground-based experiments with
working samples at the vertical position of
the sample axis (heater from above, cooler from
below) for minimizing the convective flows in the lig-
uid phase.

A separate ground variant of the installation with
the vertical arrangement of the elements similar to
those mounted in the flight unit will be created.
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