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Abstract. We present a transient experimental analysis of the DCMIX; project conducted onboard the
International Space Station for a ternary tetrahydronaphtalene, isobutylbenzene, n-dodecane mixture. Raw
images taken in microgravity environment using the SODI (Selectable Optical Diagnostic) apparatus which
is equipped with two wavelength diagnostic were processed and the results were analyzed in this work. We
measured the concentration profile of the mixture containing 80% THN, 10% IBB and 10% nCi2 during
the entire experiment using an advanced image processing technique and accordingly we determined the
Soret coefficients using an advanced curve-fitting and post-processing technique. It must be noted that the
experiment has been repeated five times to ensure the repeatability of the experiment.

Nomenclature

Change in refractive index An
Maximum concentration difference AC
Maximum temperature difference (K) AT
Coordinate index of pixel i, J
Initial concentration of i-th component Co,i
Temperature (K) T
Optical path of the cell (mm) L
Phase distribution Ap
Thermal contrast factor (K1) (o)
Concentration contrast factor (g—g)
Time (s, min, h) t

Temperature at the hot side of the cavity (K) T
Temperature at the cold side of the cavity (K) Tt

Molecular diffusion coefficient (m?s™') D
Thermodiffusion coefficient (m?s™!' K1) DY
Soret coefficient (K™1) St

Concentration at the cold wall (mass fraction) C.
Concentration at the hot wall (mass fraction)  Ch
Laser wavelength (nm) A

Cartesian co-ordinates in a 2D plane T,y
Subscript
Minute min
Reference ref
Thermal th
Steady st

* Contribution to the Topical Issue “Thermal mnon-

equilibrium phenomena in multi-component fluids” edited by
Fabrizio Croccolo and Henri Bataller.
# e-mail: aahadi@ryerson.ca

1 Introduction

The Soret effect is a phenomenon causing mass transfer in
a liquid or gas mixture due to a local temperature gradi-
ent [1-4]. This phenomenon should be accurately modeled
and considered since it is more pronounced in a porous en-
vironment [5,6]. The Soret effect has applications in envi-
ronment discovery [7], microfluidic applications [8,9], par-
ticle motion in microfluidic devices [10], and in the field
of DNA studies [11,12], while one of the most important
roles of this phenomenon can be seen in the mass trans-
fer in oil reservoirs [13] in which there exists a thermal
gradient along the reservoirs. Further analysis indicated
that thermodiffusion played the main role in displacing the
fluid and moving the gas below the fluid surface [13-15].
Therefore, accurate measurements of thermodiffusion, dif-
fusion and Soret coefficients are vital important in oil ex-
ploration and optimal oil recovery. Hence, a precise and
better understanding of thermodiffusion phenomena in
multi-component mixtures would result in a more accu-
rate modeling of oil reservoirs [16,17].

Accordingly, there are many teams all around the
world currently studying Soret effect for binary, ternary
and multi-component mixtures. Measurement of the Soret
coefficient faces some technical difficulties in ground con-
ditions because of Earth gravity which causes convective
instabilities in the cavity domain [18,19]. Soret experi-
ments conducted in a microgravity environment can min-
imize the perturbation effects of gravity, while the im-
pact of g-jitter vibration must be considered [1,3,16,17].
Thus, some of the international thermodiffusion teams
are analyzing the results coming from the International
Space Station (ISS). In the framework of a cooperative
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Table 1. Molecular properties of three components of the test mixture [16].

Molecular structure THN, CioHi2

IBB7 CloH14 ncl27 012H26

< X

Molecular mass 132.21 (gmol™!)

134.22 (gmol™1) 170.34 (gmol™1)

international DCMIX project to measure the Soret and
diffusion coefficients of mixtures (DCMIX), all interna-
tional teams have agreed to present the results of their
measurement for THN-IBB-nCjo (80:10:10) mixture.
The SODI-DCMIX (Selectable Optical Diagnostic-
Diffusion Coefficients of MIXture) project is supported by
ESA, and it gathered Canadian, Furopean and Russian
scientists to obtain reliable benchmark measurement on
ground and onboard ISS [20-23]. The raw images taken
in microgravity environment using the SODI apparatus
which is equipped with two wavelength diagnostics are
processed and the results are analyzed in this work. We
measured the concentration profile over the time for all
three components using an advanced image processing
technique and accordingly we determined the Soret co-
efficients using an advanced curve-fitting and image pro-
cessing technique. It must be noted that the experiment
has been repeated few times to ensure the repeatability
of the space experiment and the results are reported here.
In the next two sections, the SODI-DCMIX; projects and
the mass fluxes in a ternary system in the presence of a
temperature gradient are mathematically described. Sec-
tion 4 briefly explains the mathematical approach used
for image processing and extracting information from the
raw data. Results and discussion are provided in sect. 5.
Finally, the summary and conclusions are drawn in sect. 6.

2 DCMIX onboard the International Space
Station

The SODI (Selectable Optical Diagnostic) apparatus, was
launched to the International Space Station in 2009. It
is located inside the Microgravity Science Glovebox. The
Glovebox is one of the major dedicated science facilities
inside the Destiny lab. As shown in fig. 1, it has a large
front window and built-in gloves to allow a sealed environ-
ment to perform experiment with different exchangeable
optical techniques. SODI apparatus includes an optical in-
terferometer, it allows sending the real time images taken
during the experiment to researchers via telemetry [17,18,
24].

2.1 Benchmark mixture

The most usual ternary mixture used by oil industry
for their modeling is composed of 1,2,3,4-tetrahydronaph-

Fig. 1. ESA Image, Microgravity Science Glovebox (MSG),
see ref. [25].

thalene (THN), isobutylbenzene (IBB) and n-dodecane
(nCy2) representing different molecule families (polycy-
clic, alkane, aromatic) [16], see table 1 for more detail.
Consequently, this mixture can be used as a bench-
mark mixture for various measurement in the field of oil
industry analysis. The instrument SODI is equipped with
two wavelength diagnostic (MR: A = 670nm and MN:
A =935nm) which enables the measurement of the Soret
and diffusion coefficients in ternary mixtures. According
to the international agreement between all teams, it was
decided to perform the benchmark analysis for the fluidic
cell that contains 80% THN, 10% IBB and 10% nCjs.

2.2 Experimental apparatus

The apparatus on board the ISS is equipped with a
Mach-Zehnder interferometer, particle image velocimeter,
and near field scattering measurement equipment [18,21].
While most parts of the apparatus are fixed for each par-
ticular experiment, the cell array of experimental cells can
be changed from one experiment to another.

The mixture was contained in a 10 mm x 10 mm X 5 mm
(width, length, height) cell and monitored by a Mach-
Zehnder interferometry (MZI) apparatus using two laser
beams with different wavelengths (670 nm MR laser and
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935nm MN laser). Figure 2a) and b) shows an image of the
actual optical digital interferometry instrument apparatus
and its schematic setup, respectively. More information
about the optics contained in various modules is given in
the optical design report [16].

2.3 Experimental principle and procedure

The beam which was created by any of the laser sources
was expanded by a spatial filter and then passed through a
beam splitter. One of the beams then passed through the
cell and the other beam bypassed the cell and was used as
reference beam. Figure 2 demonstrates the two different
paths inside the cell holder. After passing the mirrors, the
two beams interfered with each other at a second beam
splitter.

The sequences of the experiment are as follows:
1) Thermalization of the sample at the mean temperature
of 25°C so that a uniform concentration and tempera-
ture inside the cavity would be obtained. 2) Application
of thermal gradient over 6 to 8 hours depending use of the
Peltier elements’ and thermal controller unit [16]. Conse-
quently, the temperature field achieved thermal stability
within few minutes. 3) The temperature gradient was re-
moved, which resulted in returning to the initial condi-
tion. MZI images and the Peltier elements’ temperature
were recorded and sent to the scientists during all steps of
the experiment. The entire procedure has been repeated
few times to assure the repeatability of the results [16].

3 Soret mass fluxes in ternary mixtures

Due to the Soret effect in a mixture with n components,
there are n mass fluxes. Each mass flux has n terms, n—1
terms reflect the mass fluxes due to molecular diffusion
and the last term represents the mass flux due to the
thermodiffusion in a mixture with n components. Note
that all fluxes have opposite direction to the temperature
gradient [16,23]. Accordingly, the mass flux of any ternary
mixture can be represented using the three sources of mass
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Fig. 2. Digital interferometry instrument moving bridge onboard ISS and its scheme [16].

flux as follows [16]:
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where the Soret coefficient of the i-th component is S ; =

5, p is the density of the mixture, ¢; is the mass frac-

tion of the i-th component, D;; is the pure diffusion co-
efficients when 7 = j and is the cross-diffusion coefficients
when i # j; finally, D’ represents the thermodiffusion co-
efficients of the ¢-th components in the ternary mixture.

4 Image processing method
4.1 Phase extraction

While DCMIX aimed to employ the phase shift tech-
nique for MZI [17,23], it was observed that, because of
the close response of the light sources, Fourier transform
image processing method may provide a better result [26,
27]. It should be noted that another member of the ther-
modiffusion international team is processing the results of
DCMIX using the phase shifting method, which would be
published separately. After downloading the raw images
and converting them to bitmap images, all interferograms
were subjected to an identical cropping. We believe that
cropping the specific region of the cell is essential in order
to obtain an accurate result because of the following rea-
sons: 1) to remove crashed pixels around the walls which
may be caused by the reflection of the light from the walls,
2) to remove the areas close to the hot and the cold walls
that experienced higher temperature gradient and 3) to re-
move the lateral regions with heat losses from the lateral
walls. Higher temperature gradient close to the cold and
the hot walls and also heat fluxes toward the lateral walls
can be observed when the entire temperature contour was
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Table 2. Compositions and optical properties of the benchmark ternary mixture cell #3 [32].

Initial mass fraction MR Laser A = 670 nm MN Laser A = 935nm
THN IBB nCis . on a@n . on aan
CTHN |1BB,T,p CIBB |THN,T,p CTHN |1BB,T,p CIBB |THN,T,p

80% 10% 10% 0.14277 0.08869 0.13736 0.08376
measured dpripg the experiment. rl.“he next stgp in the im— Ans(z,y) = ona AT (z,y)
age processing is the phase extraction from fringe domain. O ) 1 Con
For a ternary system, four images must be taken simulta- ’
neously in each loop of image processing. Two reference + Iny AC, (2, y)
images that remained constant throughout the experiment Jdcy To.CoNs A
were employed to normalize the MN and MR images. In
the next step, the phase map which varies from —7 to I Ona ACs(z,y) (7)
+7 must go through the unwrapping procedure [28-30]. 0cay To.Ch Ma S

Thus, Ap, or phase distribution, can be determined by
the difference between the phase of the i-th image and
the reference image [31]

A¢(x7y7ti) = ¢(w7y7ti) - Qbref(xay)' (4)

4.2 Refractive index measurement

The phase difference obtained by the unwrapping pro-
cess was used to calculate An(z,y). Knowledge of the re-
fractive index distribution allowed the calculation of the
temperature and concentration variations in the cell, and,
consequently, the maximum temperature and concentra-
tion differences. The refractive index variation (An) can
be obtained from the phase difference A¢ as presented as
follows:

A’I’L(J), y) = n(x, y) - nref(xv y) = A¢($, y)’ (5)

2L
where L is the thickness of the liquid layer that the laser
light passed through and X is the wavelength of the laser.
Since there are two lasers implemented in the SODI ap-
paratus to analyze ternary mixtures, all of the processing
and the equations should be applied for both lasers sepa-
rately.

4.3 Concentration measurement
The changes of the refractive index in the domain result

from changes in temperature and concentration in the do-
main as follows:

0
aman = (G2) Aty
To,Co, A1

6’”1)
+ ( ACl ($7y)
der T0,C2,M1

3n1
— A
+ ( o >To,c1,h Cala,y). (6)

where, AT (z,y) and AC(xz,y) represent the maximum
temperature and concentration changes at the point (x, y),
respectively, (On/OT) is the variation of the refractive in-
dex due to temperature, and (9n/dc) is the variation of
the refractive index due to concentration. After thermal
time, the derivative of temperature with respect to time
is equal to zero and eqs. (6) and (7) were combined as
follows:

[ACi(z,y)]
_ACJ‘(%Z/)} a
[ On,; on; -
Oci |ry.c5n 96 |1y,000 {Am(ﬂ?vy)} 8)
on; on; Ana(z,y)]
i oc; To,Cj Az aicj To,Ci A2

The concentration contrast factors for wavelengths
A =670nm and A = 935 nm were obtained from the liter-
ature [32] at the relevant compositions for the benchmark
composition of this ternary mixture and these coefficients
are shown in table 2. It should be noted that the thermal
time here is estimated based on a recent study [33] that
considers the effect of the separation of the components
during the thermal time.

4.4 Post-processing of the result to estimate Soret
and diffusion coefficients

In the steady-state regime upon reaching the diffusion
time, the Soret coefficients for the i-th components were
calculated in the literature as follows [16,34-36]:

Aci,st

Sri = T Co(1 - Co)AT”

(9)

where AC; 4 is the stationary separation of component
i, Cj o is the initial mass fraction of component ¢, and
St; represents the Soret coefficient of the i-th component.
This definition of the Soret effect is widely used for binary
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mixtures; however, our analysis based on the results of the
DCMIX project showed that using the same equation to
define the Soret coefficient for ternary mixtures does not
present the tendency of the components of the mixture to
separate toward the cold or the hot walls. This is because
of the pre-factor Cy (1—Cj) in the denominator. This term
in the dominator has a stronger impact on the value of
the Soret effect than AC' in the nominator. Consequently,
St would be a strong function of the initial composition
of the mixture and not the maximum separation due to
Soret effect. Because of this reason, the international ther-
modiffusion team has agreed to use the modified formula
to calculate the Soret coefficients for ternary mixtures in
which the pre-factor has been removed as follows;

ACi,st

Sri = = ap

(10)

Note that this equation can be used when the steady-
state condition for the separation of the components is
reached; while the time scheduled for the separation of
the components was not sufficient to reach the steady-
state condition, the aided GA with fast robust discretized
smoothing can be implemented to find the curve that pro-
vides the best fit to the experimental separation [16]. For
this case, the analytical or numerical transient profile of
the separation must be used as the fitting curve. This pro-
file is a function of the Soret and the diffusion coefficients
of the components. Thus, the fitting procedure determines
the best analytical (or numerical) fit to the experimental
results to estimate the S4 and D simultaneously using
an EA (Evolutionary Algorithm). The application of GA
(Genetic Algorithm) for the nonlinear problem has been
approved [37], so this method can precisely estimate the
Soret and diffusion coefficients concurrently when a proper
objective function is chosen [16,23].

5 Results and discussions

The SODI-DCMIX cell array onboard the ISS has six cells.
Five of these cells contained ternary mixtures at vari-
ous compositions. Here, we analyzed the results of the
third cell that contained 80% THN, 10% IBB and 10%
nCia. The refractive index and concentration contours
were measured inside the cell using MZI. The goal of this
study is to measure the Soret coefficients of this ternary
mixture, while the diffusion coefficient of the mixture can
be measured using the same technique simultaneously. It
is worth noting that comprehensive studies on the qual-
ity of the SODI-DCMIX apparatus have been done previ-
ously [16,17,20].

The first optical parameter that would be obtained
from the image processing is the refractive index varia-
tion during the experiment. Figure 3 shows the refractive
index difference between the hot and cold walls for Run3
with AT = 10K (according to the DCMIX; time table) in
which 94 percent of the height of cell 3 has been processed.
The refractive index measured using both lasers showed
similar behavior, however, the value of An measured by
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Fig. 3. Absolute refractive index difference between the hot
and cold walls for Run 33, in which 94 percent of the height of
the cell is considered.

the 670 nm laser always gave a higher value. Considering
this small difference in the behaviors of the lasers along
with the slight variation of contrast factors between these
two lasers, the separations in the ternary system for all
three components were extracted. This can be observed in
fig. 3, in which the data points with maximum separation
are pointed out with black arrows. For the post-processing
of the results, four reference images must be considered as
shown in fig. 3. The first reference represents the initial
condition (T' = 25°C and AC; = 0), Reference 2 should
be considered in one thermal time after application of the
thermal gradient. However, in order to consider the sepa-
ration during the first thermal time, the second reference
image can be considered few seconds before the thermal
time [33], (as shown by the red arrow in fig. 3).

References 3 and 4, that are illustrated with the green
and orange arrows, must be considered to measure the
temperature variation after removing the temperature
gradient and until one thermal time. Reference 4 must also
be employed to measure the concentration profiles during
the diffusion time (last 3 hours of the experiment). Finally,
it should be noted that the smooth patterns of the refrac-
tive indices could be seen. This shows the small uncer-
tainty in this experiment; however, because of a similar re-
sponse of both lasers, the accuracy of the post-processing
of the experiment and the measurement of the concentra-
tion profiles highly depends on the uncertainties of the
contrast factors.

A linear variation of the temperature along the height
of the cell is an essential condition to have pure thermod-
iffusion separation in the mixture. This condition can be
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Fig. 5. Temperature contour after 5minutes of applying tem-
perature difference with the assigned AT = 10K for Run 33.

confirmed for the central region of cell 3 [16]. Figure 4
shows the temperature variation along the height of the
cell measured at the beginning of the experiment when
there was no temperature difference and after 5 minutes
of application of thermal gradient. While at the beginning,
a linear temperature curve has been obtained (red dashed
line), this observation after one thermal time is true for
the central region (blue solid line). It is evident that as
much as the location is closer to the hot or cold walls,
the deviation from the linear variation is stronger. This
is the main reason for removing the region close to the
walls [20,24,38]. The Linear-Fit line in fig. 4 shows the
deviation from linear temperature variation after 5 min-
utes. Accordingly, 89 to 94 percent of the height of the cell
at the center was considered to analyze the Soret effect in
the ternary mixture in this study.

Eur. Phys. J. E (2015) 38: 25
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Fig. 6. Concentration contours of THN, IBB and nCi2 after 6
hours of thermodiffusion process with the assigned AT = 10K
for Run 33.

On the other hand, the region close to the lateral walls
must be removed from the post-processing of the image
processing results. The curvature of the temperature pro-
file close to the corners of the cell is evident in fig. 5. This
is because of the heat losses at the lateral walls [19,24].
Consequently, only 50 percent of the length of the cell
(~ 5mm) in the middle region of the cell was considered
in this study. The region is indicated by the dashed lines
in fig. 5. The concentration contours for all three compo-
nents of the mixture have been measured using eq. (8) for
Run 33 after 6 hours of application of the thermal gradi-
ent. The results are shown in fig. 6; while the temperature
contour shows some smooth profiles, it can be seen that
the calculated concentration profiles show a wiggly pat-
tern.
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Run 3.

Table 3. Detailed experimental results of the thermodiffusion experiments of the ternary mixture inside cell #3 on board the

ISS.

Cropped Maximum refractive index difference An x 10% Maximum Concentration
Run | height AT Thermal time Thermodiffusion time Difference x10% (-)

# (mm) (°C) | A1 =670nm | A2 =935nm | A\; =670nm | A\, =935nm | THN | IBB nCia
3 4.68 9.35 39.7 39.3 10.99 10.69 —11.67 | 6.38 5.29
13 4.44 8.88 37.5 36.9 9.15 8.90 —10.43 | 6.47 3.96
18 4.65 9.31 3.95 39.1 10.63 10.34 —11.89 | 7.15 4.74
28 4.69 9.38 40.1 39.9 10.90 10.59 —11.69 | 6.52 5.16
33 4.69 9.37 40.6 40.1 10.82 10.53 —12.30 | 7.60 4.70

As mentioned before, because of the heat flux at the
boundaries, a linear diffusion pattern cannot be observed
at the boundaries. In particular, the separations close to
lateral walls were smaller than the separation at the cen-
tral region. It can be observed that there is no noticeable
separation close to the left walls, this means that the heat
flux from one of the lateral walls had a stronger impact
on diminishing the Soret effect. Eventually, it should be
noted that, to study the Soret effect, the regions inside
the dashed lines are considered. As it is evident in this
figure, the separation of THN is two times stronger than
IBB and nCi5 and it is separated toward the cold region
of the cell. On the other hand, both IBB and nC;, have
moved toward the hot walls with similar magnitude. Fi-
nally, the linear variation of the concentrations from the
hot wall toward the cold wall points out the pure ther-
modiffusion procedure occurring inside the four dashed
lines.

The maximum concentration difference of THN and
IBB for cell 3 with AT = 10K for Run 3 is plotted in
fig. 7a) and b), respectively. Separating toward the cold
side of the cell for THN means a positive Soret effect. The
THN and IBB separations for Run 13 (same conditions
as Run 3) are also plotted in fig. 7, to compare the tran-
sient separation for two similar runs. It can be seen in this
figure that both runs have provided quite similar results;
however, the separations for Run 3 is slightly greater than
Run 13 and this is because the cropping size with respect
to the height of the cell for Run 3 was greater. See table 3
for more detail on the cropping size of each run.

It can be seen in fig. 7 and fig. 8 that the pure diffu-
sion coefficient of THN is greater than IBB, because THN
showed the faster separation during first 6 hours. Eventu-
ally, the experimental results during the thermodiffusion
phase provide smooth behaviors, while the experimental
uncertainty for the diffusion phase was greater. Another
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Table 4. Soret coefficients of the ternary mixture measured in microgravity environment for five runs.

Run # ST.raNn X 103 St.iee x 10° ST nci2 X 10°
3 1.334 —0.770 —0.621
13 1.244 —0.764 —0.490
18 1.406 —0.845 —0.560
28 1.371 —0.765 —0.605
33 1.443 —0.892 —0.551
Average 1.369 —0.815 —0.566
Standard deviation 0.059 0.054 0.052

fact that is concluded from these figures is that the steady-
state separation is not reached after 6 hours of thermod-
iffusion since the slope of the separation is evident during
the last hour of the thermodiffusion phase.

Accordingly, the curve fitting with four free parameters
during the thermodiffusion phase (two Soret coefficients
and two diffusion coefficients) and also four free parame-
ters during the diffusion phase (two Soret coefficients and
two diffusion coefficients) must be used to calculate St
and D. The results of the curve-fitting procedure are also
plotted in fig. 7 and fig. 8. Comparing these results with
temporal experimental data showed a good match with
experimental trends, especially for THN which showed a
higher tendency to separate at the presence of thermal
gradient.

As stated, the concentration measurement for ternary
mixtures using MZI is highly sensitive to the measurement
of the concentration contrast factors [16,39]. For ternary

mixture, only few percent inaccuracy in the measurement
of the concentration contrast factors may drastically affect
the final results. Consequently, in this study, in addition
to reporting the maximum temperature and concentra-
tion variations and Soret coefficients of the components,
we have reported the maximum refractive variation at the
end of thermal time and at the end of the thermodiffusion
time. These four values, along with the contrast factors,
can be yielded in the calculation of the maximum concen-
tration and temperature difference between the cold and
hot walls.

In this study, the contrast factors measured by Sechen-
vh et al. [32] were used. It should be noted that the exper-
iment was repeated more than five times at each specific
condition to ensure the repeatability of the experimental
results. Here, we reported the results of five runs with
identical condition. The four mentioned parameters (An)
are listed in table 3 for all repeated runs (Run 3, 13, 18,
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28 and 33). The height of the cell which is used in the
processing of the Soret effect is also reported in table 3.
The results of runs are within a reasonable range to con-
sider the experimental results reliable with the maximum
standard deviation of 0.059.

It can be seen that for all runs that nCi4, with a slight
difference from IBB, showed the minimum tendency to
separate due to AT, while THN showed the maximum.
Thus, it can be concluded that the lighter component
moved toward the cold side. The molecular masses of THN
and IBB are similar; however, the heavier IBB experienced
a separation towards the hot side, and THN, which has an
intermediate molecular mass, separated toward the cold
wall. Taking the results of curve-fitting method and ta-
ble 3, the Soret coefficients of the components for all re-
peated runs and their average and standard deviation val-
ues can be calculated. All estimated values are reported in
table 4. In conclusion, the Soret coefficients of the mixture
are 1.369 & 0.059 K—! for THN, —0.8159 4 0.054 K~ for
IBB and —0.566 £ 0.052K~! for nCj,, according to the
space experiment results (SODI-DCMIX}).

6 Conclusion

In the framework of benchmark measurement of the
Soret coefficient of a specific ternary hydrocarbon mix-
ture, the space experiment result of the DCMIX; project
has been analyzed for five repeated runs. The windowed
Fourier transform image processing aided by a curve-
fitting method and GA was employed to estimate S/.. Con-
sequently, the Soret coefficients of 80% THN, 10% IBB,
10% nCi mixture at a mean temperature of 25°C have
been determined. The quite similar results of the repeated
runs proved the quality and repeatability of the exper-
iment. The linearity in the temperature variation along
the height of the cells was investigated which resulted in
removing the regions close to the hot and the cold walls.
It was observed that for this specific composition of the
mixture, six hours of thermodiffusion time is not suffi-
cient to reach a steady-state separation. This proved the
essential application of the curve fitting to measure the
Soret coefficients instead of using the steady-state Soret
formula. THN which filled the 80% of the cell showed the
maximum tendency to separate due to the temperature
difference. On the other hand, the separations of IBB and
nCi2 were similar, while the IBB experienced a stronger
separation due to Soret effect. It was observed that IBB
and nCi5 moved towards the hot side, and THN with an
intermediate molecular mass separated towards the cold
wall. Eventually, the Soret coefficients of the mixture were
reported for all five repeated runs along with the average
value and the standard deviation.
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