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A Numerical Study of Controlling The G-Jitter Induced Convection in The
Solution of A Crystal Growth Crucible under Microgravity
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Abstract: The article presents the results of a numeri-
cal simulation study that was carried out to examine the
effect of g-jitter on the flow and concentration structures
observed in the solution of a growth crucible under mi-
crogravity conditions. The simulation model considers
a simple crucible of electroepitaxy, and assumes crucible
rotation and applied axial static magnetic fields to control
and minimize the effect of g-jitter induced flow oscilla-
tions.
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1 Introduction

The microgravity environment has been considered in
crystal growth to minimize the adverse effects of grav-
ity. A number of experimental and modeling studies
have been carried out using various crystal growth tech-
niques. For instance, the growth of crystals by Float-
ing Zone (FZ) [Campbell, Schweizer, Dold, Croll and
Benz (2001); Lan and Yeh (2005); Lappa (2005)], Trav-
eling Heater Method (THM) [Lent, Dost, Redden, and
Liu (2002); Jaber and Saghir (2006)], and Liquid Phase
Electroepitaxy (LPEE) [Dost (1996); Kumagawa, Witt,
Lichtensteiger and Gatos (1973)] has been considered
under microgravity conditions.

In crystal growth from metallic solutions, the fluid flow,
temperature, and concentration fields in the solution play
a significant role, and affect the quality of grown crys-
tals. It is therefore essential to have a good understanding
for these transport structures and the related phenomena.
From this point of view, a number of numerical simu-
lation studies have been carried out [Imaishi and Kaki-
moto (2002); Kuhlman (1999); Lappa (2004)]. Further-
more, to minimize the effect of convection in the so-
lution, the application of magnetic fields has also been
considered [Imaishi and Kakimoto (2002); Series and
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Hurle (1991); Walker and Ma (2002); Kakimoto and Li
(2006)]. The present article models numerically a simple
LPEE growth crucible under microgravity conditions.

In LPEE [Dhanasekaran, Qhalid and Ramasamy (2001);
Mouleeswaran and Dhanasekaran (2001); Dost, Liu and
Lent (2002); Liu, Okano and Dost (2002), Sheibani,
Dost, Sakai and Lent (2003); Dost, Lent, Sheibani and
Liu (2004); Liu, Zytkiewicz and Dost (2004); Dost,
Sheibani, Liu, Lent (2005); Khenner and Braun (2005)],
growth is achieved by passing an electric current through
a substrate-solution-source system under a uniform and
constant furnace temperature. Thus, the temperature gra-
dients in the system are only due to the Joule heating
in the crystal and source and the Peltier heating/cooling
at the growth and dissolution interfaces, and are very
small. The applied electric current is the only driving
force for growth, and the growth rate is almost propor-
tional to the electric current density. This provides a great
controllability for the growth rate and leads to a superior
crystal composition uniformity [Dost, Shebani, and Lent
(2003)]. In addition, the growth temperature is relatively
low compared with the melt growth systems, and there-
fore, the grown crystals may have less thermal stresses.
For a detailed account of LPEE, the reader is referred to
[Dost and Lent (2007)] and the references therein.

The microgravity environment such as the international
space station (ISS) seems to be a feasible platform for
the growth of high quality crystals, due to the absence
of strong natural convection. However, a growth plat-
form in the ISS may subject to steady and periodic vibra-
tions (the so-called g-jitter) due to equipment and crew
movements and fluctuations in the gravity level. Such vi-
brations can lead to three-dimensional unsteady flow and
growth striations in the solution/melt of a crystal growth
set up [Benz and Dold (2002); Okano, Umemura and
Dost (2001); Yan, Shevtsova and Saghir (2005); Semma,
Ganaoui, Timchenko and Leonardi (2006)]. Therefore,
even in the microgravity environment where the gravita-
tional force is weak, such vibrations may play a signif-
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icant role, and the understanding and the control of the
effect of g-jitter is essential.

A feasible option to control such vibrations is the use of
an applied magnetic field. Indeed, the application of an
applied magnetic field in the microgravity environment
has been investigated numerically in a vertical Bridgman
crucible by [Yeckel and Derby (2004)], and their results
showed that a magnetic field is effective in damping the
g-jitter induced fluid flow in the melt, and reducing its
effect on the concentration field.

This article presents the results of a numerical simula-
tion study that was carried out to examine the effect of
g-jitter on the flow and concentration structures observed
in the solution of a growth crucible under microgravity
conditions. The simulation model considers a generic,
simple LPEE crucible which is assumed to be subject
to a crucible rotation and an applied axial static mag-
netic field in order to control and minimize the effect
of g-jitter. The numerical simulation results show that
the convective flow in the solution is stronger when the
g-jitter is perpendicular to the growth direction and the
magnitude of flow oscillations is larger at the lower g-
jitter frequency levels. The application of a static mag-
netic field of 0.24 T does not provide the desired suppres-
sion in the solution. However, it seems the application of
a crucible rotation is very effective in suppressing the g-
jitter induced flow oscillations in the solution, even at a
very low rate of 10 rpm.

2 Numerical method

2.1 Governing equations

The LPEE set up modeled is a simple system which con-
sists of a CdZnTe single crystal substrate at the bottom,
a Cd-Zn-Te solvent (solution) in the middle, and a poly-
crystalline CdZnTe source at the top. ZnTe was assumed
to be as the solute in the solution. A schematic view
of the computational domain is shown in Fig.1. In the
model, the growth cell is 70 mm in height and 100 mm
in diameter, and the substrate and the source are of 10
mm thickness. For simplicity, the crucible and its other
components were not included in the model, and the
solid/liquid interfaces were assumed remain flat. The ap-
plied electric current passes through the set up uniformly.
The initial temperature was set at 1083 K.

Due to the inclusion of crucible rotation, the time-
dependent three-dimensional rotational coordinate sys-
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Figure 1 : Schematic view of the computational domain.

tem was used. In this system, the governing equations in
the liquid phase are the continuity, momentum, energy,
mass transport and the electric charge balance equations,
which are given respectively as
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Mass transport:
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where u, v and w are, respectively, the velocity compo-
nents in the radial (r), vertical (z), and azimuthal (θ ) di-
rections, t is time, p is pressure, T is temperature, c is
the ZnTe concentration in the Cd-Zn-Te solution, ρ is
the solution density, β t and β c denote, respectively, the
thermal and solutal expansion coefficients, g is the grav-
itational acceleration vector, α is the thermal diffusivity,
and ν is kinetic viscosity. μ and D denote, respectively,
the solute mobility and the diffusion coefficient in the so-
lution. ω is crucible rotation rate. Fr, Fz and Fθ are the
magnetic body force components along the r, z and θ di-
rections, respectively. These magnetic force components
are introduced in detail in the next section. Er, Ez and
Eθ are the electric field intensities in the r, z and θ di-
rections, which are obtained by solving an axisymmetric
quasi-steady electric field (φ ) equation.

The governing equations were discretized by Finite Vol-
ume Method and solved by SIMPLE algorithm [Patankar
(1980)].

The QUICK scheme [Leonard (1979)] was applied to de-
scretize the convective terms in the governing equations.
The Prandtl (Pr=ν /α) and Schmidt numbers (Sc=ν /D) of
the liquid are estimated as 0.406 and 41.1, respectively.

The residual acceleration experienced by the space craft
under microgravity is composed of a steady acceleration

component (residual gravity: G) and a time-dependent
acceleration component (g-jitter: g j). The amplitude of
the time-dependent component is much larger than that
of the steady component. The real g-jitter data can be
taken from the space flight experiments, but the follow-
ing gravity modulation was applied in this study for sim-
plicity;

g j = 0.5gam{sin(2πΩt − π
2
)+1} (9)

where gam is the amplitude of the gravity modulation,
and assumed to be 10−4 g0 and Ω and t are the frequency
and time, respectively. The total gravity g is represented
as follow;

g = G+g j (10)

The residual gravity, G, is set to be 10−6g0 (g0

=9.8[m2/s]).

The boundary conditions of the model are follows:
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In the above equations, π is the Peltier coefficient, J is the
applied electric current density, σ is the electrical con-
ductivity of the liquid, H is the height of the solution
zone, ks and kl are the thermal conductivities of the solid
and liquid phases, respectively. c1 and c2 are the solution
concentrations at the growth and dissolution interfaces,
respectively. Tg is growth temperature. ΔT is used to de-
note the temperature drop due to the heat loss when heat
is transferred from the outside wall of the furnace to the
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vertical wall of the cell. It was assumed that the contri-
bution of latent heat is negligible since the growth rate is
slow.

In the solid phase, i.e. the substrate and source, the heat
conduction equation was solved.

2.2 Magnetic body force components

The applied static magnetic field is assumed to be either
along the growth direction or perpendicular, as
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where B is the applied magnetic field with field intensity
B0. The magnetic body force acting on the points of the
metallic liquid solution is then expressed by

F = J×B (16)

and the current density J is assumed to be given by
Ohm’s law as follows:

J = σe (E +V×B) (17)

where E and V represent, respectively, the electrical field
and velocity vectors acting on fluid points. The induced
electric field due to the applied magnetic field and the
fluid motion was neglected since the induced electric
field is small.

The solution of Eq.(7) lead to the following expression
for E:
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Eq(18) shows that the electric field intensity is zero
along the r− and θ - directions, and is constant along the
z−direction. The electric current density in Eq.(17) and
Lorentz force in Eq.(16) are described as follows:
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The following assumptions were made in the analysis:

1. Boussinesq approximation holds.

2. The electric field is aligned with the symmetry axis
of the growth crucible.

3. The electric and magnetic fields are constant and
uniform.

The contribution of Joule heating in the liquid zone is
neglected since the liquid Cd-Zn-Te solution is a good
conductor.

3 Results and discussion
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Figure 2 : Validity of the simulation code—comparison
with the results by Yackel and Derby (2004).
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Figure 3 : The effect of g-jitter direction on the flow (vector) and concentration (color) fields. Left figures: flow
and concentration fields in the vertical plane. Black, red and white arrows show the directions of residual gravity,
g-jitter, and flow, respectively. Right figures: the concentration fields in the solution near the seed/solution interface.

The simulation domain shown in Fig.1 was divided into
40 (r) x 40 (θ ) x 70 (z) after examining its mesh depen-
dency. The code used here was first verified by compar-
ing the results with those of [Yackel and Derby (2004)],
as shown in Fig.2. In this figure, the lines describe
the results of [Yackel and Derby (2004)], and the sym-
bols (full circles, triangles, and squares) represent the re-
sults obtained using our simulation code. The agreement
between these results is reasonably good as seen from
Fig.2.

3.1 Influence of g-jitter direction and frequency

Fig.3 presents the computed results for the flow (vector)
and concentration field (color) at the g-jitter frequency
of 0.01 Hz. In each frame, the left figure describes the
flow and concentration fields in the vertical plane, and the
right figure represents the concentration distribution in
the solution near the growth interface (the seed/solution
interface). The simulation results in the absence of g-
jitter are given in Fig.3 (a), (e) and (i) for comparison.
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Figure 4 : The effect of g-jitter frequency on induced
velocity in the vicinity of solid-liquid interface.

The simulation results show that when the g-jitter is per-
pendicular to the growth direction (Fig.3 (c), (d), (g) and
(k)), in other words, acts in the radial plane, the concen-
tration distribution along the growth interface becomes
non-uniform and asymmetric. This can be attributed to
the strong convection observed in this case. On the other
hand, when the g-jitter acts along the growth direction,
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Figure 5 : The effect of applied vertical and horizontal
magnetic fields on concentration distribution in the liquid
and along the growth interface when g-jitter frequency is
0.01 Hz. (a) vertical Ha=46 [0.1 T], (b) vertical Ha=115
[0.25T], (c) horizontal Ha=46 [0.1 T] and (d) horizontal
Ha=115 [0.25T].

its effect on convection is not notable numerically (see
Fig.3 (b), (f) and (j)).

The effect of the g-jitter frequency on fluid flow veloc-
ity near the growth interface (at the centre and 0.5 mm
away from the growth interface) is presented in Fig.4 for
the case considered in Fig.3 (k). As seen, the flow ve-
locity is affected by the frequency. Lower frequencies
induce velocity fluctuations with larger amplitude. For
the present set up considered in this work, the frequency
levels lower than 0.1 Hz may lead to growth striations in
the grown crystal.

3.2 Control of flow fluctuations by crucible rotation
and magnetic fields

As shown in the previous section, g-jitter induces fluc-
tuations in the flow field in the solution. Especially, the
g-jitter with low frequencies acting in the radial plane
(perpendicular to the growth direction) induces large-
amplitude velocity fluctuations. Such flow fluctuations
must be suppressed and controlled in order to minimize
their adverse effects on the crystal quality. To this end,
one may consider two possible options: (1) the rotation
of the growth crucible, and (2) the use of an applied mag-
netic field.

The body forces exerted by a crucible rotation (cen-
trifugal and Coriolis forces) and by an applied mag-
netic field (magnetic body forces) acting on the points
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Figure 6 : The effect of magnetic field application on
the flow velocity when g-jitter frequency is 0.01 Hz. (a)
vertical field and (b) horizontal field.

of the solution balance the effect of the gravitational
body force, and thereby suppress convection and flow
fluctuations. The effectiveness of a crucible rotation in
suppressing convection in crystal growth is known [see,
for instance, Okano, Kondo and Dost (2002); Okano,
Nishino, Ohkubo and Dost (2002)]. The use of applied
magnetic fields in crystal is widely considered, and the
literature in this area is relatively rich [the literature for
solution growth see Dost and Lent (2007), and for the
melt growth see Hurle and Series (1994)]. In this work
we consider both options.

3.2.1 Applied vertical and horizontal magnetic fields

The simulation results on the effect of vertical and hori-
zontal magnetic fields are presented in this section. The
computed flow field and the solute concentration distri-
bution for the case considered in Fig.3 (k) are presented
in Fig.5. In Fig.5, Ha represents the Hartman number
defined as (σ /μ)1/2B0L where L is radius of the cylinder.
The results under the effect of a vertical magnetic field
(along the growth direction) are shown in Fig.5 (a) and
(b), and those under an horizontal magnetic field (per-
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Figure 7 : The effect of crucible rotation rate on concen-
tration distribution in the liquid, along the growth inter-
face when g-jitter frequency is 0.01 Hz. (a) 1 rpm, (b) 3
rpm and (c) 10 rpm.

pendicular to the growth direction) in Fig.5 (c) and (d).
The time dependency of the velocity field at the center
near the growth interface (0.5 mm from the growth inter-
face) is presented in Fig.6 (a) for the vertical magnetic
field, and in Fig.6 (b) for the horizontal field.

As can be seen from these figures, the concentration dis-
tribution along growth interface becomes uniform with
the increasing magnetic field intensity. The flow veloc-
ity is also suppressed significantly by the application of
magnetic fields. However, as seen in Fig.6 (a) and (b), the
flow fluctuations become smaller, but still remain. There-
fore, larger magnetic fields may be necessary to suppress
the flow fluctuations further.

3.2.2 Crucible rotation

The results for the flow field and solute concentration dis-
tribution for crucible rotation rates of (a) 1 rpm, (b) 3 rpm
and (c) 10 rpm are shown in Fig.7. As seen, the flow field
is significantly suppressed at a rotation rate of 10 rpm,
and the concentration field becomes more symmetric.

The time dependency of the velocity field at the same
point, at the center 0.5 mm above the growth interface, is
given in Fig.8. As can be seen, the flow fluctuations are
almost eliminated at a 10 rpm crucible rotation rate, al-
though the flow field is not fully suppressed. The concen-
tration distribution becomes uniform with the increasing
rotation rate.
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Figure 8 : The effect of crucible rotation on flow velocity
when g-jitter frequency is 0.01 Hz.

4 Conclusions

A numerical simulation study was carried out to exam-
ine the effect of g-jitter on the flow and concentration
structures observed in the solution of a growth crucible
under microgravity conditions. The simulation results
show that the convective flow in the solution is stronger
when the g-jitter is perpendicular to the growth direc-
tion and the magnitude of flow oscillations is larger at
the lower g-jitter frequency levels. The application of a
static magnetic field (up to a field intensity of 0.24 T)
does not provide the desired suppression in the solution.
Stronger field levels may be necessary. However, a low
crucible rotation rate (at 10 rpm) seems very effective in
suppressing the g-jitter induced flow fluctuations in the
solution.
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