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Abstract

Thermosolutal convection of a water—ethanol binary mixture, with a 50% mass fraction, at a high pressure of 750 bar, in a three-dimensional
horizontal cavity, filled with an aluminum oxide (Al,O3) porous medium, is numerically investigated. Such investigation is examined in terms of
the compositional separation versus the thermal conductivity and permeability of Al,O3 porous medium. The thermal diffusion, or Soret effect, is
analyzed globally with a separation ratio and locally with the distributions of ethanol mole fraction on the horizontal and vertical lines in the center
of the porous cavity. The Soret coefficient of ethanol at 30 °C was found to vary between —0.00699 and —0.00610 when pressure increases from 1
to 750 bar, leading to a £13.74% relative variation around the mean value. On the other hand, the Soret coefficient of ethanol at 750 bar will vary
from —0.00697 to —0.00534 when the temperature increases from 10 to 50 °C, leading to £26.48% relative variation around the mean value. The
details of the compositional separation at the steady state of thermosolutal convection are also applied to study the characteristics of Soret effect.
When the value of permeability is less than 10% md, the compositional separation in the cavity is evident. However, when the value of permeability
is larger than 10% md, the thermosolutal convection creates a mixing of the substances and the separation is diminished. Recommendations are

made for the experimental design based on the results of numerical analysis.

© 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

In recent years, thermal diffusion, or the Soret effect, has
become a subject of extensive scientific research both theoreti-
cally and experimentally. As well, as a result of its wide engi-
neering and technological applications in many areas, research
on thermal-solutal convection in porous media has gained more
and more attention. Such attention has been focused on areas
including underground diffusion of nuclear waste, oil reservoir
analysis, petroleum extraction, mineral material migration, sep-
aration of mixtures.

In 1857, Ludwig [1] reported his discovery of the molecule
segregation phenomenon of a mixture under temperature gradi-
ent; Soret [2] later conducted a comprehensive and systematic
research on this phenomenon, named the Soret effect. Based on
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the non-equilibrium thermodynamics theory of De Groot [3],
many models were proposed to predict the thermal diffusion
coefficient as well as the Soret coefficient based on properties
of components and properties of mixtures, such as the Haase
model [4] and the Firoozabadi model [5]. In other literature, the
Firoozabadi model was shown to have a stronger performance
in predicting the thermal diffusion coefficient, as well as the
Soret coefficient, among available models in both hydrocarbon
mixtures [5] and water—alcohol mixtures [6].

Water and ethanol mixtures are typical materials in a wide
range of areas, such as oil reservoirs. As a result, water—ethanol
binary mixtures have been widely used in thermal diffusion re-
search. As well, many available studies have focused on the
measurement of the Soret coefficient of water—ethanol mix-
tures in a range of temperatures under atmosphere pressure. Van
Velden [7] measured the Soret coefficient of water—ethanol mix-
tures with different compositions at 40 °C, and showed the sign
change of Soret coefficient at a certain composition of ethanol
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Nomenclature
Cp Heat capacity at constant pressure . ... Jkg™! K™!
D,, Molecular diffusion coefficient........... m?2s!
D} Molecular diffusion coefficient in porous
media........oooiiiiiiiiii m? s~
Dr Thermal diffusion coefficient........ mZs~ 1 K~!
D7 Thermal diffusion coefficient in porous
media..........oooooiiiiiL m?s~ I K™!
Dp Pressure diffusive coefficient........ m?s~ ! Pa~!
D} Pressure diffusion coefficient in porous
media...............ooiiilL m?s~ ! Pa~!
J1 Mass diffusive flux ................. kgm 257!
I Molar diffusive flux ............... molm—2s~!
k Thermal conductivity............... Wm~!K™!
Lij Onsager coefficient
md Milli-darcy (0.001 darcy) is a unit of permeability
P Pressure ... Pa
q Separation ratio
St Soret coefficient . ......................... K-!
T Temperature . ........ooviiiiiii .. K
t Time ... S
u Velocity component in x-direction ... ..... ms~!

v Velocity component in y-direction .. ...... ms~!
v Fluid velocity vector (u, v, w) ............ ms~!
w Velocity component in z-direction. .. ...... ms~!
X1 Mole fraction of component 1

X Dimension ..................oooiiiaaL m
y Dimension ...........cooiiiiiiiii i m
Z Dimension ..............oooiiiiiiiL m
Greek symbols

¢ Porosity

K Permeability..................... il m?
7 Dynamic viscosity of the fluid mixture kgm™!s~!
P Fluid mixture density ................... kgm™3
Pm Fluid mixture molar density ......... kmole m~3
o) Mass fraction

Subscripts

e effective

f fluid mixture

m molar quantities

P porous media

(13.20% mole fraction). However, his results were two or three
times smaller than recently reported results. Tichacek et al. [8]
also measured a wide range of ethanol compositions of water—
ethanol mixtures at 25 °C and had a stronger agreement with
recently reported results. Using a modern laser beam deflection
technique, Kolodner et al. [9] measured the Soret coefficient of
water—ethanol at a range of ethanol mole fraction from 0.9688
to 20.09% and temperature range from 10 to 40 °C, produc-
ing the sign change of Soret coefficient at 14.20% ethanol mole
fraction. Koehler and Muller [10] applied Thermal Diffusion
Forced Rayleigh Scattering (TDFRS) laser technique to obtain
the Soret coefficient of a water—ethanol mixture, and verified
one result in Kolodner’s report at 25 °C. Zhang et al. [11] used
modern laser beam deflection technique and verified the whole
range of compositions of water—ethanol mixtures in Kolodner’s
report at 25 °C. Dutrieux et al. [12] used thermogravitational
column (TGC) technique and measured Soret coefficient for
two compositions of water—ethanol mixtures at 22.5 °C. They
compared their results with other research groups. Wiegand
[13] applied TDFRS laser technique to measure a wide range
of compositions (from about 5 to 90% ethanol mole fraction) of
water—ethanol mixtures at 22 °C, and the sign change in exper-
imental results happened at the mole fraction of ethanol about
13.78%. However, there is no experimental data available for
water—ethanol mixtures under a high pressure of 750 bar. The
rational for conducting the calculation at a pressure of 750 bar
is to mimic in the laboratory a real oil reservoir experiment.
Research on thermal diffusion measured in porous media
has also been conducted and reported in various literatures.
As a result of the geothermal gradient, the Soret effect nat-
urally exists in places such as in underground crude oil; as

well, since porous media can restrain natural convection, it is
also applied in thermal gravitational column of experiments.
Boutana et al. [14] studied the natural convection in a rectan-
gular porous medium filled with a binary mixture analytically
and numerically, and focused on the characteristics of fluid me-
chanics with given constant Soret coefficient. Alex and Patil
[15] investigated the Soret effect on patterns of convection flow
in variable gravity fields in a porous medium layer. Both pa-
pers used constant Soret coefficients, without regarding to any
specified mixture. Costeseque and Platten [16] conducted ex-
periments on the Soret effect in porous media and investigated
the details of thermal diffusion process to answer a raised ques-
tion: “Is the Soret coefficient the same in a free liquid and in
a porous medium?” They found that the Soret coefficients are
close in their experiments but the thermal diffusion coefficients
are not; as a result, a parameter, tortuosity of the porous medium
was defined. Later on, Costeseque et al. [17] carefully measured
the tortuosity of a CuSO4 porous medium and concluded that
the tortuosities for thermal diffusion coefficient and molecular
diffusion coefficient are approximately equal. The dispersion
phenomena of thermal diffusion in porous media were also an-
alyzed [18].

In this study, the thermal-solutal convection of a water—
ethanol binary mixture is investigated numerically. This could
provide valuable information for experimental design. The
physical model and properties of the mixture and the porous
medium are presented in Section 2. Section 3 presents the math-
ematical equations to describe the mass continuity, velocity,
and energy transfer. Lastly, the numerical simulation results are
discussed in Section 4, and the conclusion is addressed in Sec-
tion 5.
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Fig. 1. Schematic diagram of the horizontal porous cavity.

Table 1

Date of Al,O3 porous medium and the water—ethanol mixture
Porous cavity length L 32.1 mm
Porous cavity width W 10.0 mm
Porous cavity height H 10.0 mm

Left wall temperature 7} 10°C

Right wall temperature 7 50°C

Pressure at the center of the cavity 750 bar

Al O3 molecular weight 101.961 kg kmol !

Al O3 density 3983.6 kgm 3

Al,03 heat capacity 786.2745 kg~ K1

Al O3 thermal conductivity 43 Wmol 1 K~!

Al O3 porosity 0.4

Al,03 porous medium permeability 1071921078 m?2 (10°-107 md)
Al»O3 porous medium tortuosity 1.3

Water—ethanol mixture compositions 50%-50% (mass fraction)
‘Water—ethanol mixture heat capacity 3328.61 kg_l K!
‘Water—ethanol mixture thermal conductivity 0.39 W m~1K!

2. Physical model

As shown in Fig. 1, the porous cavity has a horizontal length
of 32.1 mm, a width of 10 mm, and a vertical height of 10 mm.
The porous material inside the cavity is Al,O3 powder, and
saturated with a water—ethanol binary mixture. The binary mix-
ture of water—ethanol used in this research is with a 50% mass
fraction for both water and ethanol (28.1167 and 71.8833%
mole fractions of ethanol and water, respectively). The nomi-
nate pressure at the center control volume of the porous cavity is
750 bar. The left wall is maintained at a constant temperature of
10 and the right wall at 50 °C, forming the lateral heating con-
dition. All data for both the mixtures and the porous medium
are shown in Table 1.

Due to thermal expansion and the Soret driving separation,
the thermosolutal natural convection will be initialized under
the gravity field and reach a steady state in a time process.

3. Mathematical formula

In a three-dimensional porous cavity, the mass continuity
equation is written as:

9om | 9(ppu)  9(pmv) = I(ppw)
8t+8x+8y+31_

0 (1

where p,, is the molar density of the fluid mixture, and u, v
and w are the two horizontal (x and y directions) velocity com-
ponents and the vertical velocity component, respectively. In a
binary mixture, the continuity equation of ethanol component
is given as:

D 0 9 9 _
(onx1) | 3omuxy) | 3(pmoxy) | 3(pmwx1) =—V-Jy
ot ax dy dz

2)

where J,, is the molar flux of the solute ethanol; x; is the mole
fraction of ethanol, usually named concentration for a binary
mixture; and the mole flux can be expressed in three diffusion
terms,

Jis = —pm(DE Vx| + DEVT + D5V P) 3)

where T is the temperature, P is the pressure and D;,, D7, and
D}k, are the molecular diffusion, thermal diffusion and pressure
diffusion coefficients of ethanol in the Al,O3 porous medium,
respectively, which are related to molecular diffusion coeffi-
cient, thermal diffusion coefficient, and pressure diffusion co-

efficient in free liquid as,

D =D/t
D} = Dr/} (4)
D% =Dp/t3

where D,,, Dr, and Dp are the molecular, thermal, and pres-
sure diffusion coefficients, which are functions of the tempera-
ture, pressure, and the compositions of the binary mixture. t,,,,
T7, and tp are tortuosities of molecular diffusion, thermal diffu-
sion, and pressure diffusion coefficients of the porous medium
Al,O3, respectively. Based on Costeseque’s research results,
the following assumption is made to be applied in this work
for the Al,O3 porous medium:

Tn=Tr=Tp=T 5)

Dr, Dy, and D, can be calculated with the Firoozabadi
model [17]. The general formula of Firoozabadi model for a
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multi-component mixture are shown below in terms of thermo-
dynamic properties and Onsager coefficients,

—1 n—1
R X XiMj 4 x, M8k ~— dn f;
e BRIt SR
PmXn M, M; P xr |xr.p
L4
Dr(i)=—2 (6)
omT?
Dp (i)
1
Lix Xi V + V - —
mexn n]; ' [g ' :Om:|

where x; is the mole fraction of component i, M; is the molec-
ular weight of component i, M = ZL] M, x; is the molecular
weight of the mixture, V; is the partial molar volume of compo-
nent i, f; is the fugacity of component i, R is the gas constant,
L and L;, are Onsager coefficients, and d; is the delta func-
tion (§;x = 1,if i =k and §; =0, if i # k).

For binary mixtures, the molecular diffusion coefficient,
D,, (i, j), the thermal diffusion coefficient, D7 (i), and the pres-
sure diffusion coefficient, Dp (i), are simplified as D,,, Dr, and
Dp, respectively, which are used in the above expressions. The
theoretical predictions of diffusion coefficients based on the
Firoozabadi model have been compared with experimental data
obtained for both hydrocarbon mixtures [18] and water—alcohol
mixtures [19]. All thermodynamic parameters are calculated
with CPA [20] equation of state in this paper.

In porous media, the porous matrix is assumed to be homo-
geneous and isotropic. Therefore the Darcy equation is applied
and expressed in the following form:

V=—-""(VP - pg) )
bu

where p is the mass density of the fluid mixture, g is the grav-
itational acceleration vector, «, i, and ¢ are the permeability,
the dynamic viscosity, and the porosity, respectively. By sub-
stituting the Darcy relation expressed in Eq. (7) into the mass
conservation equation expressed in Eq. (1), the pressure can be
solved from the obtained differential equation.

The thermal energy conservation equation is expressed as
follows:

d(pCp)eT
ot

B
+¢>wa—z((pcp)fT) =ke[

+ ¢u ((pcp) T)+ pvo- ((pcp) sT)

92T 32 92T
a2 T oy +az]

where (pC,). is the effective volumetric heat capacity of the
system and k. is the effective thermal conductivity of the sys-
tem. These effective physical parameters are related to the fluid
properties and the solid matrix properties as follows:

(PCple = (PCp) s+ (1 =) (PCp)p €))
ke =0k + (1 —d)kp (10)

The boundary conditions are zero mass flux at all rigid walls,
zero velocity at all rigid walls, fixed temperatures at left wall

®)

(10°C) and right wall (50 °C), and zero thermal flux at other
walls, as shown in Fig. 1.

Above equations are discretized with the second-order cen-
ter differencing scheme in the space discretization and a semi-
implicit first-order scheme for the temporal integration, and
solved numerically using the control volume method together
with corresponding boundary conditions. The non-linear con-
vection terms are treated with the power-law method. The lin-
ear algebraic system of discretized equations is solved at one
time step after another, with a bi-conjugated gradient iteration
method applied to reach converged solution at each time step.
The uniform composition, and linear temperature, and zero ve-
locity are used as initial conditions, the convergence criterion
is set for variables of composition, temperature, and pressure.
The relative errors between internal iteration calculation and
any two successive time steps are calculated with the follow-
ing formula:

(1) for internal iteration at each time step,

nx ny nz ks+1 k,s
l]l ijl
nxxnyanZZZ . an
=1 j=11[=1 ljl

(2) for convergence checking between two successive time
steps after the convergence of the internal iteration,

k s+1 _ pk—1,50

l ijl ijl
k 1,50
i jl

nx ny nz

T L

i=1j=1I1=1

(12)

where 6 represents the composition, temperature, and pres-
sure, respectively, i, j, and [ represent control volume in-
dices along x, y, and z directions of the porous cavity; k
denotes the time step and s is the indicator of inner itera-
tions, and s0 is the indicator of the converged inner iteration
at last time step. The values of composition, temperature
and pressure are defined in the center of each control vol-
ume, but the velocities are defined on the surface of each
control volume, or grid cell. Different mesh size is tested
and a 31 x 31 x 31 control volume has been adopted.

4. Results and discussion

The accuracy of the Firoozabadi model in predicting the
thermal diffusion and the Soret coefficients of a water—ethanol
mixture was checked in water—ethanol mixtures with the same
composition for different temperature and pressure. Since the
experimental data under the high pressure of 750 bar is not
available, the Soret coefficients was then predicted. Secondly,
the effect of the thermal conductivity of Al,O3 porous medium
on the thermo-solutal convection was investigated. The perme-
ability effect of Al,O3 porous medium was analyzed in terms
of central x—z plane compositional distribution pattern, central
line compositional distribution, and global separation ratio.

4.1. Soret coefficient and thermal diffusion coefficient

There is no experimental data available for the water—ethanol
mixture under 750 bar in the working temperature range to
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Table 2
Comparison of Soret coefficient, Sy (103 K1)
Mass fraction of Temperature Pressure Exp. Firoozabadi Haase Kempers
ethanol (%) (K) (bar) [6,12] model model model
90% 375 1.0013 —1.85 —-1.75 —52.86 —61.59
50% 22.5 1.0013 —5.82 —7.28 —189.6 —241.3
Table 3
Comparison with experimental data of thermal diffusion coefficient

Ethanol T P Dy, Dt St

mass frac. (-) (°C) (bar) 10710 2 g~ 1y 10712 m2s- 1k 103 k1
Exp. [6] 90% 375 1.013 15.30 —2.48 —1.85
F. model 16.68 —2.92 —1.75
Exp. [12] 50% 22.5 1.013 4.20 —2.49 —5.82
F. model 5.74 —4.18 —7.28
Prediction 50% 30.0 750 5.78 —3.53 —6.10

compare with. In previous works, the Firoozabadi model was
used to estimate the thermal diffusion coefficient of water—
ethanol mixtures [6,19]. Generally, when water content is less
then 60% in the mixture, the theoretical prediction of the
Firoozabadi model is closer to the experimental data. For the
water—ethanol mixtures with a 90 and 50% mass fraction of
ethanol at 37.5 and 22.5 °C, respectively, the experiment data at
atmospheric pressure [6,12] was used to compare with the pre-
dictions of the Firoozabadi model. The thermal diffusion flux
equation is given below in the experiment:

Ji =—p(DuVor + Droi(1 — o)) VT) (13)

where J; is the thermal diffusion mass flux, w; is the ethanol
mass fraction, D,, and D7 are the molecular and thermal diffu-
sion coefficients defined in Eq. (13).

Based on Eq. (13), Soret coefficient is defined as below:

D
5= Pr
Dy,

Note that the definition of coefficients D, and Dr in Egs. (13)
and (14) are given in mass frame with mass fraction, different
from those given in Egs. (3), (4), and (6), which are defined
in molar frame. The transformation for comparison was intro-
duced in previous work [19] and applied here.

Experimental data of two water—ethanol mixtures with dif-
ferent compositions at atmosphere pressure is used to compare
with the theoretical predictions of different models: the Firooz-
abadi model; the Haase model; and the Kempers model [21].
The comparison results are given in Table 2.

For a 90% mass fraction of ethanol, the theoretical prediction
of the Firoozabadi model is very close to experiment data. How-
ever, both the Haase model and the Kempers model give a very
larger magnitude of about thirty times away. For a 50% mass
fraction of ethanol, the theoretical prediction of the Firoozabadi
model is with 25% relative error, and both the Haase and the
Kempers model provide a value of about thirty times higher. In
both cases, the Firoozabadi model gives a stronger prediction in
terms of comparison with experimental data and will be used in
our study.

(14)

The main reason for the difference in results between the
experiment and the theoretical prediction is due to the effect of
hydrogen bonding, which is not considered in this paper.

However Shu et al. [22] using PCSAFT equation of state
managed to resolve this discrepancy and recently obtained an
excellent agreement with the experimental data available in the
literature. For our calculation using CPA equation of state our
results are close to Shu et al. [22] results for our conditions.

The variations of the Soret coefficient and the thermal dif-
fusion coefficient of ethanol in the water—ethanol mixture for
the pressure range from 1 bar to 750 bar are shown in Fig. 2.
The magnitudes of both the Soret coefficient and the thermal
diffusion coefficient decrease when the pressure increases, but
the variation is not significant with relative errors +13.74 and
+9.13%, respectively, referred to the mean value of the entire
pressure range.

The variations between the Soret coefficient and the thermal
diffusion coefficient of ethanol in the water—ethanol mixture at
750 bar for a temperature range of 10 to 50 °C are also calcu-
lated and shown in Fig. 3. Both the Soret coefficient and the
thermal diffusion coefficient vary approximately linearly in the
temperature range of 10 to 50 °C, the relative error of thermal
diffusion coefficient is £10.32% referred to the mean value of
the entire temperature range, but the relative error of Soret co-
efficient is +26.48%.

The calculated values of molecular and thermal diffusion co-
efficients, as well as Soret coefficient at 750 bar and 30 °C are
summarized in Table 3.

Considering the 25% relative error of the Soret coefficient at
atmosphere pressure and the variation of the Soret coefficient
versus pressure and temperature, the accuracy of the theoret-
ical prediction of the Firoozabadi model could be quantita-
tively approximated, and qualitatively analyzed. The numerical
simulation of 50%—-50% water—ethanol mixture at a pressure
of 750 bar in the temperature range of 10 to 50°C inside a
32.1 mm x 10 mm x 10 mm cavity filled with an Al;O3 porous
medium is conducted to study the characteristics of the ther-
mosolutal convection on this base.
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Fig. 2. Soret coefficient and thermal diffusion coefficient as function of pressure at 30 °C.

4.2. AlyO3 thermal conductivity effect

Al>O3 is crystal, and consists of different structures. The
value of its thermal conductivity varies from 43.0 to
6000.0 Wm~! K~!, depending on its structure. In order to
investigate the thermal conductivity effect on thermo-solutal
convection of the water—ethanol mixture in the Al,O3 porous
medium, the three-dimensional (3D) simulation has been run
with these two thermal conductivities for a wide range of per-
meability. The permeability range applied in this investigation
is from 50 md (1 md = 1073 darcy = 0.987 x 10715 m?) to

107 md, covering the whole interested range in this research.
It was observed that both the maximum mole fraction and sep-
aration ratio of ethanol, defined in the following equation, in
the porous cavity at steady states were identical in the entire
range of permeability for different thermal conductivities, 43
and 6000 Wm~! K~

_ Cmax/ = Cmax)
B Cmin/(] — Cmin) (15)

where cmax and cpin are the maximum and minimum ethanol
mole fractions in the whole porous cavity, respectively.
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Fig. 3. Soret coefficient and thermal diffusion coefficient as function of the temperature at 750 bar.

The maximum magnitude of g and cpax differences was of
the order of 1073, from 10~ order (the 9th digit) for perme-
ability of 50 md to 10> order (the Sth digit) for permeability of
107 md. As the permeability increases, the difference increases.
However, the difference is negligible, not significant at all, espe-
cially to experimental measurement with available techniques.

Therefore, the thermosolutal convection of the water—ethanol
mixture in Al,O3 porous cavity is not sensitive to the thermal
conductivity of AlpO3 porous medium in the interested per-
meability range of 50 to 107 md. The thermal conductivity of
43 Wm~! K~ is then adopted in this work.

4.3. Permeability effect

The separation at 10° md is identifiable, but at 107 md, con-
vective mixing will be dominant over the Soret effect. The val-
ues of the separation ratio are 1.0089 and 1.0001, respectively.
The two values are so close to 1.0, too small for experimental
measurement. As a result of these nonencouraging results, the
entire permeability range from 1 to 10’ md was investigated;
the composition distributions at the central x—z plane for cases
of 10, 104, 10°, and 107 md are shown in Fig. 4, and the sepa-
ration ratio over the entire permeability range is shown in Fig. 5.
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Fig. 5. Permeability and tortuosity effect on the separation in porous media.

For permeability of 10? and 10* md, the separation ratio is
evident with a clear distribution pattern with high concentration
of ethanol appearing at the hot wall towards the top corner as
shown in Fig. 4. The values of the separation ratio are 1.2681
and 1.0491, respectively. As the permeability increases beyond
10000 md, convective mixing is more evident and separation
ratio is reduced to one; Fig. 4 shows a uniform distribution of
ethanol in the mixture.

In Fig. 5, it can be observed that convection has little positive
effect on compositional separation process with permeability
less than 10> md and significantly negative effect on composi-
tional separation when permeability larger than 10? md. This
may be due to the large value of thermal conductivity of Al,O3
medium in one part and the small aspect ratio, ~0.3 of the cav-
ity.

The tortuosity of the AlO3 medium is 1.3, and the sep-
aration ratio without tortuosity considered is also shown in
Fig. 5. It is noticeable that with and without tortuosity, for both

the thermal diffusion dominant part and the convection domi-
nant part, the two curves merge together. However, at the mid-
dle range of permeability, approximately from 102 to 10° md,
the separation ratio with tortuosity taken into consideration is
smaller than the values without tortuosity. The maximum dif-
ference is found to be 2.37%. This is reasonable, in light of the
smaller thermal diffusion coefficients for the tortuosity consid-
ered cases.

The separation ratio shows the maximum separation in the
entire porous cavity, but lack of detail information. The ethanol
mole fraction distributions in the horizontal x and vertical z
lines in the center of the porous cavity present more information
about the separation situation at the steady state of the ther-
mosolutal convection.

The horizontal x direction distributions of ethanol mole frac-
tion in the center of the porous cavity at different values of
permeability are shown in Fig. 6. The magnitude of the separa-
tion consistently declines as the value of permeability increases.
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It is important to notice that the horizontal separation at 10* md
permeability is small, compared to the separation at 10° and
102 md, and the horizontal separation at 10° and 107 md are
indistinguishable, since the convection causes the mixing of
compositions.

In Fig. 7, the vertical distributions of ethanol mole fraction in
the center of the porous cavity at different values of permeabil-
ity are presented. The vertical separation from 10% to 10° md
increases as permeability increases; from 103 to 107 md, the
vertical separation declines continuously as the permeability in-
creases.

5. Conclusion

Both the Soret coefficient and the thermal diffusion coeffi-
cient are unknown and subject to experimental exploration in
the thermosolutal convection of a water—ethanol mixture with
50% mass fraction each in an Al,O3 porous medium cavity
at a pressure of 750 bar in the temperature range of 10 to
50 °C. Numerical investigation can provide qualitative and use-
ful information for the experiment design. The accuracy of the
Firoozabadi model with 25% relative error in predicting the
Soret coefficient is examined with comparison to the Hasse
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model and the Kempers model for two water—ethanol mixtures
at atmosphere pressure, based on available experimental data.
The 13.74 and 26.48% variations of the Soret coefficient in the
pressure range of 1 bar to 750 bar at temperature 30 °C and
in the temperature range of 10 to 50 °C at pressure 750 bar, re-
spectively, are also analyzed. The investigation of thermosolutal
convection shows that the thermal conductivity of Al,O3 has no
significant effect on the compositional separation process, but
the permeability of Al;O3 porous medium has definitely domi-
nant effect on the compositional separation at the steady state of
the thermosolutal convection. When the value of permeability
is less than 10* md, the compositional separation in the cavity
is evident with certain distribution pattern. However, when the
value of permeability is larger than 10* md, the thermosolutal
convection creates mixing in the mixture and the separation is
diminished. Instead of a permeability range from 10° to 107 md,
the permeability range of 10% to 10* md is recommended, and
the porosity of 0.4 should be adjusted to 0.2 correspondingly in
experiment applications. Finally in order to observe the Soret
effect in the experiment the following findings must be imple-
mented:

(1) the permeability of Al»O3 porous medium should be in the
range of 10% and 10* md, instead of 10° and 107 md;

(2) the porosity of the porous medium, 0.4, may need to be
reduced to 0.2, in accordance with the decrease of the per-
meability;

(3) the aspect ratio, 0.3, of the horizontal cavity gives the sep-
aration ratio of thermal diffusion limited by thermal diffu-
sion itself, no gain from the contribution of thermosolutal
convection flow.
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