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Abstract. One of the targets of the experiment IVIDIL (Influence Vibrations on Diffusion in Liquids)
conducted on-board ISS was to study the response of binary mixtures to vibrational forcing when the
density gradient results from thermal and compositional variations. Compositional variations were created
by the Soret effect and can strengthen or weaken the overall density gradient and, consequently, the
response to vibrational forcing. We present the results of two experimental runs conducted on-board
ISS in the frame of the experiment IVIDIL for low and strong vibrational forcing. The experimental
observations revealed that a significant mean flow is set within 2 minutes after imposing vibrations and
later in time it varies weakly and slowly due to the Soret effect. A mathematical model has been developed
to compute the thermal and concentration fields in the experiment IVIDIL and verify the accuracy of
picture processing based on the classical approach used in non-convective systems with the Soret effect.
The effect of temperature and concentrations perturbations by joint action of vibrational convection and
Soret effect on long time scale are carefully examined. The model demonstrates that image processing used
for non-convective systems is suitable for the systems with vibration-affected thermodiffusion experiment.

1 Introduction

Thermal gradients can induce a wide range of thermal
transport phenomena, mass separation in multicomponent
mixtures (thermodiffusion or Soret effect), or initiate con-
vection. When a container filled with liquid is subjected
to high frequency vibrations, the fluid is not able to react
due to inertia and this may create a flow. When a density
gradient is present, the inertia will not be uniform, which
leads to convective motion. Density gradients can be gen-
erated in a single-component fluid when a temperature
difference is established across the container or in a fluid
mixture where the concentration of different species is not
homogeneous. The vibrational convection is fairly well un-
derstood in numerical and theoretical studies [1,2], but
until very recent no experimental evidence has been made
available due to the fact that buoyancy-induced flows are
usually dominant over vibration-induced ones, therefore
preventing their observation [3]. Thus, vibrational con-
vection would become detectable in a reduced gravity en-
vironment. Earlier attempts to observe vibrational flows
have used either a single component fluid in short-time mi-
crogravity experiments in parabolic flights [4–6] or near-
critical fluids in the experiments on MIR station [7–10].

� Contribution to the Topical Issue “Thermal non-
equilibrium phenomena in multi-component fluids” edited by
Fabrizio Croccolo and Henri Bataller.

a e-mail: vshev@ulb.ac.be

The IVIDIL experimental objectives were manifold.
One of the objectives of the experiment IVIDIL (Influ-
ence Vibrations on Diffusion in Liquids) performed on the
ISS was to present qualitative analysis of the mean flows
in two-component mixtures. Another target was to study
the influence of vibrations on the measurement of diffusion
and Soret (or thermal diffusion) coefficients in binary mix-
tures [11–13]. A few experimental runs without imposed
vibrations enabled measurements of the Soret coefficient
of water-isopropanol (IPA) mixtures at two specific com-
positions, namely, c = 0.50 and c = 0.90 mass fraction of
water [14]. Other experiments were aimed at the under-
standing the impact of vibrations on mass transport. Opti-
cal digital interferometry (ODI) was used to monitor the
temperature and concentration fields. The recorded im-
ages were processed using a well-established procedure [15,
16]. In this approach all the temperature variations are
included into the reference image and at the later time
the variation of the refractive index is assigned only to
the concentration field. However, the imposed vibrations
cause the mean flow which may lead to the re-distribution
of the temperature field at later times and, consequently,
the concentration field. In the present work, an attempt is
made to clarify this situation by computing temperature
distributions over the total duration of the non-isothermal
phase of the IVIDIL experiment and compare with ex-
perimental observations being processed in a usual way.
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Fig. 1. (a) The sketch of the cell and the coordinate system. (b) External shape of the cell with two perpendicular optical
paths. (c) Interference pattern of the cell. White line depicts the volume filled with liquid.

Table 1. The physical properties of the mixtures 90%water-10%IPA and 50%water-50%IPA at 25 ◦C: density ρ, thermal βT

and solutal βC expansions, kinematic viscosity ν = μ/ρ, thermal diffusivity χ, diffusion D and Soret ST coefficients, variation
of a refractive index with concentration ∂n/∂c and temperature ∂n/∂T .

C0, water ρ βT βC ν χ D ST ∂n/∂c ∂n/∂T

(kg/m3) (10−3 K−1) (10−6 m2/s) (10−7 m2/s) (10−10 m2/s) (10−3 K−1) (10−2) (10−4 K−1)

0.9 980.1 0.333 −0.1437 1.44 1.30 7.11 −7.4 −3.64 −3.474

The complementary target is to justify the best time mo-
ment for the choice of the reference image.

Besides the IVIDIL experiment this analysis might be
of interest for other experiments related to the measure-
ments of thermodiffusion in the presence of a very weak
convection. This paper may help to answer the question
whether the second diagnostic (e.g., second laser) is re-
quired or not to separate contributions of the temperature
and concentration.

2 The experiment

The IVIDIL cell had a cubic inner volume of 10 × 10 ×
10mm3. The cell, coordinate system and the direction
of temperature gradient are presented in fig. 1(a). The
horizontal walls, let us call them as bottom and top
walls according to fig. 1(a), are kept at constant tem-
peratures Tcold and Thot, respectively. Temperature dif-
ferences, ΔT = Thot−Tcold, applied to the cell were 5, 10,
or 15K with a typical stability of ±0.02K. The external
walls of the cell are shaped in the form of two prisms (see
fig. 1(b)) to allow optical observation in two perpendic-
ular directions [4]. The coherent light source was a laser
diode emitting at λ = 670 nm wavelength. Along with the
housekeeping data, the interferograms are the only source
of scientific information provided by the IVIDIL exper-
iment. An example of interference pattern in the front
view of the cell, which is similar to the side view in the
absence of vibrations, is shown in fig. 1(c). The white line,
depicting the volume filled with liquid, shows grooves of
2mm high and 0.5mm wide. There are several reasons for
these grooves and one of them is to keep a full optical view
of the cell.

The result obtained after processing an interferogram
is a spatial phase distribution Δϕ(x, z, t), which is trans-
formed into the variation in the refractive index Δn(x, z, t)
and related to the variation in the concentration and tem-
perature fields by the equation

Δn(x, z, t) =
λ

2π L
Δϕ(x, z, t)

=
(

∂n

∂T

)
p,c

ΔT (x, z, t)+
(

∂n

∂c

)
p,T

ΔC(x, z, t),

(1)

where λ is the wavelength of the laser diode and L is the
cell size. Usually, the contributions from temperature and
concentration are separated in time because the diffusion
time (τD = L2/D) is 180 times larger than thermal time
(τth = L2/χ). Hereafter, we consider experiments with
a mixture that had a negative Soret effect (90%water-
10%IPA). The mean temperature T0 = (Th + Tc)/2, is
chosen to be the reference temperature at which all the
physical properties of the fluids are measured. The prop-
erties of the mixtures, which were recently measured [14],
are listed in table 1.

3 Mathematical formulation

3.1 Governing equations

The working liquid is placed in a cubic cell of internal size
L = 10 mm. Let us chose C as the mass fraction of one
component in binary mixture then the mass fraction of
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the other component will be (1 − C). Hereafter in binary
mixtures of water-isopropanol we choose C as mass frac-
tion of water, which is the denser component, and C0 is
its initial concentration in the mixture.

When pressure diffusion is negligible, the diffusion flux
JC is driven by concentration and temperature gradients:

JC = −ρ0[D∇C + DT C(1 − C)∇T ]

= −ρ0 D[∇C + ST C(1 − C)∇T ]. (2)

Here DT is the thermodiffusion coefficient which can be
expressed via Soret coefficient ST = DT /D. The typical
approximation for such a class of problems, C(1 − C) ∼
C0(1−C0), will be used in the last term for the mass flux.
The study is focused on the results in the mixture with
negative Soret effect ST < 0. In this case the temperature
gradient and the flux due to thermal diffusion have the
same direction, hence, the denser component is driven by
thermal diffusion towards the hot wall.

We assume that the variations of temperature, concen-
tration, and pressure in space and time are small. Then
the mixture density does not vary significantly and the
fluid can be considered to be incompressible. The density
of binary mixture is assumed to be linear function of the
temperature and concentration

ρ = ρ0 (1 − βT (T − T0) − βC(C − C0)) . (3)

Here T0 = (Thot +Tcold)/2 is the mean temperature of the
system. In convection problems, the small density varia-
tions must be taken into account in the body force term
since they are the main cause of motion. Experimental
study [17] revealed that viscosity of the water-isopropanol
mixture strongly varies with temperature. The measured
dependence of the dynamic viscosity on temperature μ(T )
is presented in fig. 2(a) and described by a linearly decreas-
ing function of temperature

μ = μ0 (1 − μT (T − T0)) ,

μT = −μ−1
0 ∂μ/∂T. (4)

In the coordinate system associated with the cell, the ac-
celeration applied to the system is

gos = Aω2 cos(ωt) e,

where e = (1, 0, 0) is the unit vector along the axis of
vibrations. A is the amplitude and ω = 2πf is the cyclic
frequency of imposed vibrations.

The problem is considered in Boussinesq approxima-
tion. The validity of Boussinesq approximation in the pres-
ence of vibrations was previously discussed for several
problems [1,6,18]. Then the equations of motion and heat
and mass transport can be written as

∂tV + (V · ∇)V = −ρ−1
0 ∇P + ρ−1

0 ∇ · (τ)

+ [1 − βT (T − T0) − βC (C − C0)] Aω2 cos(ωt) e,

∂tT + V · ∇T = χ∇2T,

∂tC + V · ∇C = ∇(D(T )∇C) + C0(1 − C0)∇(DT∇T ),
∇ · V = 0. (5)

(b)

Fig. 2. (a) Experimentally obtained temperature depen-
dence of viscosity for the mixture with 90% water-10% IPA.
(b) Measured temperature profiles along the hot wall for vari-
ous imposed temperature differences ΔT .

Here V is the velocity vector, the other notations are given
in the caption to table 1. For comparison with experiment
the problem is solved in dimensional variable. The stress
tensor τ is given by

τ = μ(T )(∇V + ∇VT ).

3.2 Boundary conditions

The cell boundaries are rigid with no-slip condition for
the velocity. Boundary conditions for the concentration
corresponds to zero mass flux JC = 0 on the all solid
walls,

∇C = −ST C0(1 − C0)∇T. (6)

Boundary conditions for the temperature are taken
from the experiment. Measurements reveal that, due to
the cell design, the temperature on the limits of the cell is
changed by ΔTcorr on the length δL ≈ 0.08L. Figure 2(b)
shows the measured temperature profile along the hot wall
for different ΔT . The temperature distribution along the
cold wall is similar and is not shown. The boundary condi-
tions, used in simulations, correspond to the experimental
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profile:

z = 0 :

0 < x < δL : T = Tcold + ΔTcorr
δL − x

δL
;

δL < x < L − δL : T = Tcold;

L − δL < x < L : T = Tcold+ΔTcorr
x−(L−δL)

δL
; (7)

z = L :

0 < x < δL : T = Thot − ΔTcorr
δL − x

δL
;

δL < x < L − δL : T = Thot;

L − δL < x < L : T = Thot−ΔTcorr
x−(L−δL)

δL
.(8)

The temperature distribution on the lateral walls is as-
sumed to be a linear function but taking into account the
temperature drop at the ends of the horizontal walls

x, y = 0, L : T = Tcold + ΔTcorr + (ΔT − 2ΔTcorr) z/L.
(9)

The value of ΔTcorr was determined for each experiment
and it was ranged 0.6 K< ΔTcorr <1.25 K.

4 Results

4.1 Evolution of the temperature field in course of the
IVIDIL experiment

In the IVIDIL experiment the temperature evolution in
time can be divided in three steps which are outlined in
fig. 3. Each of the steps is discussed in more detail below.
The preliminary step, when a constant mean temperature
T = 298.15K was kept for 25min, is not discussed here.
At the first step which lasts 10min, a temperature differ-
ence ΔT was imposed between the horizontal walls of the
experimental cubic cell. The approach of a temperature
field to a steady state is described by the relaxation time
τrel = τth/π2 where τth = L2/χ = 770 s is the charac-
teristic thermal time. More than 7 relaxations times, i.e.
t = 10min, were allowed to system to establish a constant
temperature gradient in the cell and then vibrations were
applied. The measured on-board temperature field and
computed vertical temperature profile T (z) in the middle
of the cell are shown in fig. 4 at the end of the first step. In
fig. 4 we intentionally presented one experimental (a) and
other numerical (b) graph to compare the temperature be-
havior in the middle of the cell. The isotherms are bent
towards the corners because of the small grooves in the cell
design. Due to the same reason the temperature profile in
fig. 4b is not linear although the deviation is rather small.

4.1.1 Evolution of the temperature field on short time scale

At the second step, external vibrations are imposed to
the cell perpendicular to the temperature gradient. We
intend to investigate the temperature modification caused
by the vibrational convection. Under external vibrations
the fluid is set into motion. In case of high frequency (f)

Fig. 3. IVIDIL experimental scenario.

Fig. 4. Features of the temperature field at t = 10 min for
mixture with C0 = 0.9 when ΔT = 15 K. (a) Experimental
isotherms; (b) computed profile T (z) in the cell center.

vibrations and small amplitude (A), which was the case of
the majority of IVIDIL experimental runs, each field can
be decomposed into a “slow” time-averaged part (with a
characteristic time much longer than τvib = 1/f) and a
“fast” oscillatory part (with a characteristic time τ) as
F = F + F ′, for details see [1].

The time-averaged (mean) velocity, temperature and
concentration were obtained from non-linear simulations
by averaging over a few oscillation periods (n is the num-
ber of periods)

V(t) =
1
nτ

t+nτ∫
t

V(τ ′) dτ ′, C(t) =
1
nτ

t+nτ∫
t

c(τ ′) dτ ′.

(10)
The mean flow describes the non-linear response of the
fluid to a periodic excitation and provides an independent
mechanism of heat and mass transfer. The strength of
mean flow is characterized by the Gershuni number [4,6]
(known also as vibrational Rayleigh number, e.g., see [1])

Gs =
(AωβT ΔTL)2

2νχ
.

The experimental observations showed that a significant
mean flow is set within 2 minutes after imposing vibra-
tions and later in time it varies weakly and slowly due
to the Soret effect. In agreement with theoretical predic-
tions [1], the IVIDIL experiment in a cubic cell revealed
that in the absence of gravity the mean flow pattern con-
sists of four vortices. The magnitude of the deviation of
the temperature field caused by the mean flow from the
stationary (conductive) one at the end of the first step
is proportional to the vibrational forcing. For the exper-
imental set of parameters the modification of the tem-
perature field by vibration-induced convection was small.
To analyze the temperature variations caused by the mean
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Fig. 5. Flow-induced temperature deviation from the conduc-
tive profile when f = 1 Hz, A = 68mm, ΔT = 10 K; (a) in the
middle of the cell (Run 8); (b) the time history of the extrema
in points A and B, i.e. δTconv, A(t) and δTconv, B(t).

flow, it is more illustrative to consider the temperature
deviation from the conductive profile. Figure 5(a), which
shows this temperature deviation along the central line of
the cell, demonstrates that the mean flow makes the fluid
at the upper part cooler and in lower part hotter than in
the conductive state. However, these deviations are not
symmetrical due to the temperature-dependent viscosity.
The magnitude of the minima on the hot side at the point
A, δTconv, A = T − Tcond = −0.0166, is larger than the
maxima at the cold side δTconv, B = 0.0145. The transient
evolution of both local extrema is presented in fig. 5(b)
and it specifies that time interval during which the tem-
perature field reaches steadiness is less than two minutes
(t = 2min is shown by vertical line).

In the picture processing of the IVIDIL experiment it
was assumed that in later time the temperature remains
constant and its distribution at the end of the second step,
i.e. tref = 10 min +2 min, was taken as reference image. It
means that in eq. (1) the first term on the right-hand side
remains constant at later times

ΔnT =
(

∂n

∂T

)
p,c

ΔT (x, z, t > tref) = const. (11)

Consequently, all the variations of the refractive index at
t > tref are attributed to the concentration change.

However during step three, which lasts 12 h, the vi-
brational force acted simultaneously with the Soret ef-
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(c)

Fig. 6. Flow pattern 2 min after the start of vibrations,
t = tref . (a) The temperature field and isolines of the mean
flow. (b) Experimental and (c) numerical deviation of the mean
temperature field from the conductive state; results are shown
in the XZ-plane when Gs = 1982, Run 15.

fect. The Soret effect leads to concentration variations and
hence variations in density on the diffusion time scale.
The mean flow, the result of the effect of vibrational force
on density inhomogeneities, is slowly transformed and, in
turn, modifies the temperature field. Note that the time
interval in fig. 5(b) is limited by 20min and it is insuffi-
cient for development of a process controlled by diffusion.
Two questions emerge:

1) How strong is the modification of the temperature field
on the long time scale?

2) Do we need second experimental diagnostic to separate
contributions of temperature and concentration over
the duration of the experiment?

4.1.2 Validation of the numerical model against experiment

The results of numerical simulations could help to answer
these questions. The computed temperature field and iso-
lines of the stream function of the mean flow are shown in
fig. 6(a) two minutes after application of vibrations. The
isolines clearly indicate the four-vortex flow pattern. To
validate the numerical model against the experimental ob-
servation in convective state, the deviation of the tempera-
ture field from a conductive state is compared in the entire
cross-section in fig. 6(b) and (c) at the same time instant.
The small asymmetry of hot and cold spots about the hori-
zontal mid-plane is attributed to the effect of temperature-
dependent viscosity. The temperature patterns yielded by
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(a)

(b)

Fig. 7. (a) Evolution of the maximum of the mean velocity
with time when ST = 0 (dashed line) and ST = −7.4·10−3 1/K
(solid line). Other parameters are f = 1 Hz, A = 68mm,
ΔT = 10K (Run 8 of IVIDIL). (b) Evolution of the tempera-
ture deviation from a conductive state on the long time scale
(in point A the absolute value is plotted). The parameters are
the same as for (a) but in the case of positive Soret the sign is
changed for parametric study, ST = 7.4 · 10−3 1/K.

the experiment and numerical modelling are practically
identical, except for minor differences in the structure of
the isotherms near the lateral walls. This inspires confi-
dence in the predictions of the numerical model.

4.1.3 Evolution of the temperature field on large time scale

Here we focus on the long-time evolution of mean flows
in a system subjected to external vibrations, which can
modify the temperature field. Short-time microgravity
experiments without the Soret effect (in pure isopropanol)
in the same cell as in IVIDIL have shown [6] that the
mean flows achieve a sustained flow pattern in ∼ 20 s.
Our numerical results are consistent with short-time
experiments. The results of long-time simulations for
ST = 0, ST > 0 and ST < 0, are presented in fig. 7.
The dashed line in fig. 7(a) shows that the maximum of
the mean velocity created within less than two minutes
remains constant over 12 hours when ST = 0. However,
in the case of negative Soret (solid line), the maximum of
the mean velocity reveals the highly transient behaviour.
Over time, the negative Soret effect leads to diminishing

of the density gradients which drive the mean flow. The
strongest mean flow was formed during step II (at the first
2min) and its maximum velocity was V max ≈ 18μm/s.
Within the following 12 h the maximum velocity di-
minished down by 30%, i.e. to V max ≈ 13μm/s. The
decreasing rate is larger in the first hours.

Consequently, the variation of the mean flow causes ad-
ditional modification of the temperature field. Figure 7(b)
shows deviation of the temperature field from a conduc-
tive state (let us denote δT ) over 12 h along the central
line of the cell x = L/2. Notations A and B introduced
in fig. 5(a) are used here. Note that evolution in point
A is shown as absolute value to emphasize the difference
between the upper and lower part, which is assigned to
temperature-dependent viscosity. It can be seen that solid
curves (ST < 0) exhibit a well-defined extremum at the
very beginning, t ∼ tref . In the case of negative Soret the
deviations decrease over time approaching the asymptotic
values |δTconv, A| = 0.095 and δTconv, B = 0.0115. We have
also carried out a similar analysis of the flow with ST > 0
simply changing sign of ST while other parameters are
kept the same. Figure 7(b) reveals that the positive Soret
effect increases the net density gradients and this leads to
the growth of the magnitude of the mean flow and tem-
perature deviations from the conductive state. Thus, by
the end of this section we demonstrated that tempera-
ture modifications on the long time scale are present but
they were not taken into account in the variations of the
refractive index.

4.1.4 Impact of the temperature variations on the large time
scale on the accurate processing of the concentration field

The purpose of this section is to check the quantitative
agreement between two cases of image processing: neglect-
ing or considering changes of a temperature field caused by
a mean flow during step III. The measured optical phase
Δϕ(x, z, t) in eq. (1) is an additive value, then the total
variation of a refractive index can be written as the sum
of three temperature contributions at different time steps
and concentration

Δn(x, z, t) = ΔnT + ΔnC

= ΔnI
T (x, z, t) + ΔnII

T (x, z, t)

+ΔnIII
T (x, z, t) + ΔnC . (12)

The sum of the first two terms provides variation of the
refractive index at the reference image and remains con-
stant at t > tref . We have shown in the previous section
that the third term is a non-zero quantity which slowly
changes in time. From eq. (12) the net variation of the
refractive index during step III can be written as

Δn(x, z, t)III = Δn(x, z, t) − Δnref

= ΔnIII
T (x, z, t) + ΔnC(x, z, t). (13)

Let us estimate the possible contribution of the term ΔnIII
T

in the concentration field on the step III considering that
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Fig. 8. Experimentally observed Soret separation in time in
two perpendicular views (Run 8ext of IVIDIL) when f = 1 Hz,
A = 68 mm, ΔT = 10 K, Gs = 541.

ΔnIII
T (x, z, t) = ΔnIII

C (x, z, t). Then
(

∂n

∂T

)
p,c

δT̃ (x, z, t > tref) =
(

∂n

∂c

)
p,T

ΔC̃(x, z, t)III,

(14)
here δT̃ is the deviation of the temperature from that
which was at the end of the step II (from δT shown in
fig. 7(b)) and ΔC̃(x, z, t)III is the expected variation of the
concentration caused by δT̃ . Taking the values of contrast
factors from table 1, the possible concentration addition is

ΔC̃(x, z, t)III =
(

∂n

∂T

) / (
∂n

∂c

)
δT̃

= 9.544 · 10−3 δT̃ . (15)

The thermal contrast factor ∂n/∂T is two orders of
magnitude smaller than the concentration contrast fac-
tor ∂n/∂C and it reduces the impact of the temperature
variations on the concentration field. The measured sep-
aration of the component during an extended (24 hours)
experimental run of IVIDIL is shown in fig. 8 in two per-
pendicular views. The maximal value of the Soret separa-
tion in the side view is ΔC = C − C0 ≈ 0.0056 while the
maximal temperature deviation over step III is δT̃ ≈ 0.006
as follows from fig. 7(b). Consequently, substituting these
values into eq. (15) we obtain

ΔC̃(x, z, t)III = 9.544 · 10−3 δT̃ = 5.7264 · 10−5

and
ΔC̃(x, z, t)III

ΔC
· 100% ≈ 1%. (16)

We can draw the conclusion that in the case when images
of the experiment IVIDIL are processed neglecting the
temperature changes after selection of a reference image,
an error at concentration separation is about 1% for mod-
erate Gershuni numbers. This error is comparable with

Fig. 9. Evolution of temperature deviation from the con-
ductive state on the cold side when f = 2Hz, A = 61mm,
ΔT = 15 K, Gs = 1982 (Run 15 of IVIDIL).

Fig. 10. Experimentally observed Soret separation in time in
two perpendicular views when f = 2Hz, A = 62 mm, ΔT =
15 K, Gs = 1982 (Run 15 of IVIDIL).

experimental errors. The study is done for Gs = 541 and
with the increase of the vibrational forcing, i.e. with the
increase of Gs number, the error may slightly increase.

To resolve this issue we have also analyzed the
temperature deviation for the case of large Gershuni
number, Gs = 1982 (Run 15). Indeed, the insert in fig. 9
demonstrates the formation of a strong mean flow in
the first 1–2min which leads to large perturbations of
temperature field. The maximal temperature deviation
at Gs = 1982 is nine times larger than at Gs = 541, com-
pare δT = 0.133 (fig. 9) against δT = 0.0145 (fig. 7(b)).
However, the long time history in fig. 9 does show only
small modifications of the temperature field after t = tref .
As a result, the deviation of the temperature at later time
for Gs = 1982 is the same, δT̃ = 0.006, as for smaller
Gershuni number, Gs = 541.

The negative Soret effect decelerates the development
of the mean flow by reducing the density gradients. On
the contrary, the increase of vibrational forcing leads to
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Fig. 11. Snapshot (t = 12 h) of a spatial distribution of the
concentration field ΔC̃(x, z, t)III caused by the convective per-
turbations of the temperature field within step III.

a stronger mean flow and a decrease of the Soret sep-
aration. Actually, at large vibrational forcing the mass
transfer regime changes from diffusive to convective. Fig-
ure 10 shows the time evolution of the Soret separation at
strong vibrational forcing, Gs = 1982, measured on board
of the ISS. The large difference in the separation between
two perpendicular views also indicates a strong mean flow
which re-mixes fluid. It follows that ΔC ≈ 0.00129 is
about five times smaller than at Gs = 541. Following our
target which is to calculate an error in image processing,
we apply the same consideration as in eq. (16)

ΔC̃(x, z, t)III = 9.544 · 10−3 δT̃ = 5.7264 · 10−5

and
ΔC̃(x, z, t)III

ΔC
· 100% ≈ 4.4%. (17)

So, the coupling of thermal and convective phenomena
provides the maximal error in the determination of the
concentration field smaller than 5%.

We have also determined the spatial distribution of the
overestimated concentration field ΔC̃(x, z, t)III at the end
of the experiment, at t = 12h, which is shown in fig. 11.
Note that the above-obtained magnitude of the error from
1% to 5% is the maximal value over the entire cross-section
which attains only inside the centers of the large spots in
fig. 11. This suggests that neglecting the modification of
the temperature field after the selection of the reference
image at the end of step II does not considerably affect
the correctness of the resulting concentration field.

5 Conclusions

We have presented experimental and numerical studies of
heat and mass transfer in a binary mixture with Soret ef-
fect subjected to controlled vibrations. The experiments
were conducted in the microgravity environment of the
ISS in the frame of the experiment IVIDIL. A cubic cell

with differentially heated walls was filled with a water-
isopropanol mixture and subjected to a translational vi-
bration in the direction perpendicular to the tempera-
ture gradient. The stationary temperature field is reached
within a few thermal times (∼ 10min) while the concen-
tration field requires dozens of hours. The experimental
observations revealed that a significant mean flow is set
within 2 minutes after imposing vibrations and later in
time it varies weakly and slowly due to the Soret effect.
The associated perturbations of the temperature field may
also vary at later time. Usually these temperature modi-
fications are not taken into account in picture processing
at later time. A mathematical model has been developed
to verify the accuracy of picture processing based on the
classical approach used in non-convective systems with the
Soret effect.

We have performed a quantitative check of the consis-
tency between two cases of image processing: neglecting
or considering changes of a temperature field caused by
a mean flow after selection of the reference image. The
study was conducted for low and strong vibrational forc-
ing. Our results indicate that the reference image has to
be selected after the time moment when the strength of
vibrational convection has passed its initial extremum; for
the considered system it is about 2min after imposing the
vibrations. The analyses showed that the neglect of con-
vective temperature perturbation at a later time does not
considerably affect the accuracy of the optically measured
concentration field.

Obviously, the conclusion about the small error in im-
age processing is valid for vibrational flows when the ve-
locity of the mean flow is about a few microns per second.
It may not be true for other types of convective flows, and
then, a second diagnostics, for example the second light
source with a different wavelength, will be required.

This work is supported by the PRODEX programme of the
Belgian Federal Science Policy Office and ESA.
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