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Abstract This paper is dedicated to numerical simulation for diffusion-advective convection in a square cavity during
physical vapor transport of Hg2Br2. Flow characteristics of the temperature difference between the source and crystal regions,
50oC (300oC  250oC), partial pressures of component argon of 20 Torr and 100 Torr are investigated and presented as velocity
vectors and streamlines, isotherms and iso-mass concentrations contours. Moreover, alterations of average Nusselt and average
Sherwood numbers with (a) the source and crystal regions, (b) the pressures of component argon of 20 Torr and 100 Torr
are analyzed and addressed in details. Both average Nusselt and average Sherwood numbers are seen to decrease with the
increasing values of the partial pressures of component argon. Also, it is found that for the two different partial pressures
of component argon, average Nusselt numbers at the source region are greater than at the crystal region, and inversely,
average Sherwood numbers at the crystal region are greater than the source region by a factor of 3.
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1. Introduction

Double diffusive convection is a transport phenome-

non associated with a buoyancy driven motion which

emerges as a consequence of the gravity and the den-

sity variations from both thermal and concentration gra-

dients, and is referred to as thermo-solutal convection,

or combined natural convection heat and mass transfer.

Yang and Zhao [1] carried out 2D numerical study of

double diffusive convection in rectangular cavities with

various aspect ratios (height-to-width). In most recent

years, extensive researches on double diffusive convec-

tion in the porous problems have been performed [2-

10]. The heat and mass transfer in double diffusion nat-

ural convection associated nanofluids are investigated

[11,12]. Liu et al. [13] reported that the Dufour and

Soret effects with double-diffusive convection utilizing

multiple-relaxation-time lattice Boltzmann model. Chak-

kingal et al. [14] dealt that the heat and mass transfer in

a cubical enclosure with adiabatic cylindrical obstacles.

Meften [15] addressed that conditional and unconditional

stability for double diffusive convection. Hamimid et al.

[16] investigated the limit of the buoyancy ratio for dou-

ble diffusive convection in binary mixture and Chauhan

et al. [17] studied the effect viscous dissipation on dou-

ble diffusive convection in a square cavity.

When a mass flux into the enclosure occurs at the hot

end wall due to either the sublimation of a solid or

evaporation of a liquid (species A), and condensation of

species A occurs at the opposite cold wall end wall,

combined natural convection by thermal and solutal gra-

dients across the enclosure (double diffusive convection)

and a mass flux at the surfaces (advection) occur simul-

taneously and this mode of transfer is referred as a dif-

fusive advection convection. An inert carrier gas (species

B) which is not soluble in species A (solid or liquid) is

present in the enclosure. For a typical example, the

transport phenomena in a crystal growth system by the

physical vapor transport (PVT) corresponds to diffusive-

advective convection. Kim and his coworkers [18-21]

and Duval [22] have performed numerical simulations

of diffusive-advective convection in the vapor crystals

of mercurous halides grown by the physical vapor trans-

port (PVT). Weaver and Viskanta [23,24] carried out

systematically 2D numerical simulations of diffusive-

advection convection based on evaporation and conden-

sation from an application standpoint.

Mercurous halide materials are well known as the

most promising materials in applications for acousto-

optic materials and signal processing optics, for exam-

ple, Bragg cells. In particular, Hg2Br2 crystals have drawn
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much attention due to their excellent acousto-optic prop-

erties in the field of spectral imaging and optical pro-

cessing. Singh and his group investigated systematically

the growth and characterization and development of large

single crystals of Hg2Br2 [25-34]. Most recent reports of

Hg2Br2 could be found in references [35,36]. Liu et al

[37] presented that he growth of high-quality Hg2Br2

crystals is critical for the characterization of crystal proper-

ties and the fabrication of acousto-optic devices. They

successfully prepared high-quality Hg2Br2 crystals with

the size of 35 mm in diameter and 40 mm in length by

physical vapor transport method.

Our numerical simulations are motivated by the desire

to study on how heat and mass transfer phenomena in

the diffusive-advective natural convection would tend to

influence the dimensionless Nusselt (Nu) and Sher-

wood number (Sh) during convection for Hg2Br2 vapor

growth by the physical vapor transport in a differentially

heated square cavity. Furthermore, a discussion of the

flow characteristics in terms of the streamline profiles,

isotherm, iso-mass concentration contours is also pre-

sented. Finally, from an application standpoint, a simple

correlation of the average Nusselt number and average

Sherwood number with the partial pressure of compo-

nent B (argon as inert gas), PB is presented, which can

be used for the interpolation of the present results for the

intermediate values of the governing transport parame-

ters in a new application.

2. Mathematical Formulation of the Problem

Consider a PVT (physical vapor transport) crystal

growth in a square cavity with differentially heated end

walls with a linear temperature profile, as shown in Fig.

1. Sublimation of Hg2Br2 (species A) occurs at the hot

end wall (source region) with a temperature Ts, and vapor

of Hg2Br2 (species A) is transported into the vapor region,

and condensation of vapor of Hg2Br2 (species A) occurs

at the opposite cold end wall (crystal region) with a

temperature Tc, Ts > Tc. An inert carrier gas, argon (spe-

cies B) which is not soluble in Hg2Br2 (species A) exists

in the vapor region within the enclosure. Therefore, dif-

fusive-advective convection is the mode of buoyancy

driven fluid motion by thermal and solutal gradients across

the PVT growth enclosure on earth. In the system con-

sidered in this study, there are no chemical reaction,

heat generation or heat dissipation, and the system is at

steady state. The fluid motion is assumed laminar and

radiation heat transfer in the enclosure is assumed to be

negligible.

2.1. Dimensionless form of Equations

The thermo-physical properties (density , kinematic

viscosity n, thermal conductivity k, thermal diffusivity a,

and binary mass diffusivity DAB) are scaled, respec-

tively, by 0, 0, k0, 0, DAB, 0, where the subscript 0

denotes vales at the reference temperature T0 and the

reference mass fraction 0. T0 = (Th + Tc)/2, and 0 =

(A, s + A, c)/2 are used in this study.

The dimensionless quantities are:

x* = x/H, y* = y/H, u = vx/U, v = vy/U,

p* = p/r0U
2
, T* = (T  Tc)/(Th  Tc),

*A = (A  A, c)/(A, s  A, c), U = /H,

where U is the characteristic velocity and H is the cav-

ity height, and x, y are Cartesian coordinate directed

along the length and height of the cavity, respectively,

and p is the pressure.

The resulting conservation equations of mass, momen-

tum, energy and species are given in dimensionless form

as follows:

(1)

(2)

(3)

(4)

The corresponding dimensionless boundary conditions

are given as follows:

On the walls

(0 < x
*

< 1, y
*

= 0 and 1):

*
 • V = 0,

V • *
V = *

p
*
 + Pr*2

VGr • Pr
2 1* 

T
-------------------,

V • *
T
*
 = *2

T
*
,

V • *A

*
 = 

1

Le
------*2A

*
.

Fig. 1. System schematic and coordinates for numerical simula-
tion of PVT crystal growth square cavity of Hg2Br2(A)-argon (B).
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(5)

On the source (x
*

= 0, 0 < y
*

< 1):

(6)

On the crystal (x
*

= 1, 0 < y
*

< 1):

(7)

2.2. Dimensionless Governing Transport Parameters

The above governing equations indicate that the pres-

ent problem is governed by six dimensionless parame-

ters, namely, Prandtl number, Lewis number, Peclet

number, concentration number, thermal Grashof num-

ber, solutal Grashof number. The dimensionless govern-

ing transport parameters are listed as follows:

Pr = /, Prandtl number,

Le = DAB/, Lewis number,

Pe = UadvH/DAB, Peclet number,

Cv = 1  A, c/(A, s  A, c) concentration number,

Grt = gt TH
3
/, thermal Grashof number,

Grs = gsH
3
/, solutal Grashof number,

where t and s are the thermal expansion coefficient

and the solutal expansion coefficient, t = ( 10/)(/

T)|
0 and s = = ( 10/)(/)|T0, respectively, and

Uadv is the characteristic velocity based on the diffusion-

driven advection. The subscript A, s, c denote the mass

species Hg2Br2, the source region and crystal region,

respectively.

The heat and mass transfer of the diffusive-advective

convection in the cavity can be characterized in terms of

the local Nuy and Sherwood number Shy, which are

defined as:

Nuy = hH/k,

Shy = hmH/ DAB

where h and hm are heat transfer convection coefficient

and mass transfer convection coefficient, respectively.

The average convective Nusselt and Sherwood num-

ber are calculated by integrating the temperature and

mass concentration gradient over the height wall as

Nu =   Nuy (y*) dy*,

Sh =   Shy (y*) dy*

The Nusselt number is the total heat flux over the heat

flux due to heat conduction alone across the enclosure.

In other words, the dimensionless diffusive-convection

energy flux will be denoted by

Qd =  (T*/x*)|T* = 0

Qd illustrates the increased heat transfer at the wall due

to double-diffusive convection. With a mass flux at the

wall, energy is transported at the surface by advection of

fluid into or out of the cavity. Therefore, the total

energy transferred at the wall includes contributions

from diffusion and advection. Hence, the Nusselt num-

ber is defined as

Nuy =  (T*/x*)|T* = 0 + *uT*,

or Nu = (Qd + Qa)

where Qa = *uT* is the dimensionless energy flux due

to advection [23].

Similarly, the Sherwood number at the wall is defined

as the mass transfer over the mass transfer due to only

diffusion in the cavity. In the absence of natural convec-

tion, the concentration field is diffusion dominated, and

the Sherwood number is equal to unity. If no mass

transfer occurs at the wall, the Sherwood number van-

ishes because the concentration gradient would zero.

The Sherwood number illustrates the increased mass

transfer (concentration gradient) at the wall due to natu-

ral convection effects [23].

Shy = hmH/ DAB = (1/(1  (* + A)) (*/x*)|x* = 0

Note that the diffusion advective mass flux at the inter-

face between the vapor and the wall which can be

expressed by [ DAB/(1  )](/x)|x = 0 = hm(A, s 
wA, c), and the local Sherwood number can be derived.

2.3. Method of Solution

The Semi-Implicit Method Pressure-Linked Equa-

tions Revised (SIMPLER) [38] based on the finite vol-

ume procedure was utilized to solve all the governing

equations, namely, continuity, momentum, energy, and

mass concentration equations along with boundary con-

u x
*
, 0  = u x

*
, 1  = v x

*
, 0  = v x

*
, 1  = 0

A

*
x
*
, 0 

y
*

------------------------- = 
A

*
x
*
, 1 

y
*

------------------------- = 0,

T
*

x
*
, 0  = x*

 + 1.

u 0, y
*  = 

1

Le Cv1 
--------------------------

A

*
0, y

* 

x
*

-------------------------,

v 0, y
*  = 0,

T
*

0, y
*  = 1,

A

*
0, y

*  = 1.

u 1, y
*  = 

1

Le Cv1 
--------------------------

A

*
1, y

* 

x
*

-------------------------,

v 1, y
*  = 0,

T
*

1, y
*  = 1,

A

*
1, y

*  = 1.
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ditions. The current code was validated with previously

published results in references [18,19].

3. Results and Discussion

For MA  MB, the molecular weights of Hg2Br2 (MA =

560.988 g/gmol), and the molecular weights of argon

(MB = 39.944 g/gmol), the transport phenomena in the

vapor phase are much complicated. Firstly, thermal and/

or solutal buoyancy-driven convection are coupled. Sec-

ondly, the effects of advection which reflect the mass

flux of Hg2Br2 (A) in the source and crystal interfaces

cannot be neglected during the physical vapor transport

of Hg2Br2 in the vapor phase. This study is mainly

focused on the relations of the Nusselt and Sherwood

numbers for two different partial pressures of compo-

nent argon (B), PB = 20 Torr, and 100 Torr, at the source

and crystal interfaces. Thermo-physical properties of

Hg2Br2 (A)-argon (B) (MA = 560.988, MB = 39.944) at

T = 50
o
C, PB = 20 Torr and 100 Torr used in this study

are listed in Table 1.

As shown in Fig. 2, it is clear that at the right hot

wall (the source region), the dimensionless local Nus-

selt number, Nuy increases with the dimensionless coor-

dinate along the y-direction, y
*
 for diffusion-advection

and convection plus diffusion-advection, and remains

almost constant for 0  y
*  1 for natural convection,

based on Ar (width-to-transport length) = 1, T = 50
o
C

(300
o
C  250

o
C), PB = 20 Torr, thermal Grashof num-

Table 1
Thermo-physical properties of Hg2Br2(A)-argon (B) (M

A
= 560.988, M

B
= 39.944) at T = 50

o
C

Parameter PB = 20 Torr PB = 100 Torr

Kinematic viscosity
Thermal diffusivity
Binary diffusivity
Coefficient of thermal volume expansion
Density of mixture 
Prandtl number
Lewis number
Peclet number 
Concentration number
Thermal Grashof number
Solutal Grashof number 

0.44 cm
2
/sec

0.45 cm
2
/sec

2

1.17 cm
2
/sec

2

0.0017 (1/
o
C)

0.0006 g/cm
3
 

0.96
0.38
3.03
1.05
3.54 × 10

3

4.95 × 10
4

0.40 cm
2
/sec

0.45 cm
2
/sec

2

0.70 cm
2
/sec

2

0.0017 (1/
o
C)

0.0007 g/cm
3
 

0.89
0.64
1.85
1.18
4.14 × 10

3

5.29 × 10
4

Fig. 2. Dimensionless local Nusselt number, Nuy for dimen-
sionless coordinate along the y-direction, y

*
 at the right hot wall

(the source region), based on Ar = 1, T = 50
o
C (300

o
C 

250
o
C), PB = 20 Torr, thermal Grashof number (Grt) = 3.54 ×

10
3
, solutal Grashof number (Grs) = 4.95 × 10

4
, Prandtl number

(Pr) = 0.96, Lewis number (Le) = 0.38, Peclet number (Pe) =
3.03, concentration parameter (Cv) = 1.05, on earth.

Table 2
Summary of average Nusselt number and average Sherwood number

PB = 20 Torr PB = 100 Torr

Source Crystal Source Crystal

Average Nusselt number, Nu 32.3 27.6 14.0 11.1

Average Sherwood number, Sh 17.1 54.9 10.5 30.4

ber (Grt) = 3.54 × 10
3
, solutal Grashof number (Grs) =

4.95 × 10
4
, Prandtl number (Pr) = 0.96, Lewis number

(Le) = 0.38, Peclet number (Pe) = 3.03, concentration

parameter (Cv) = 1.05, on earth. The dimensionless local

Nusselt number, Nuy for diffusion-advection is much
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greater that for convection alone by one order of magni-

tude. As shown in Table 2, the average Nusselt number

at the right hot wall (the source region), Nu = 32.3. Fig-

ure 3 shows the dimensionless local Nusselt number,

Nuy for dimensionless coordinate along the y-direction,

y
*
 at the left cold wall (the crystal region), with same

transport parameters as in Fig. 2. At the crystal region,

the dimensionless local Nusselt number, Nuy for convec-

tion is greater that for diffusion-advection alone by a

factor of 2. The dimensionless local Nusselt number,

Nuy changes with the dimensionless coordinate along y-

direction, y
*
 and exhibits an asymmetrical parabolic pat-

tern. As shown in Table 2, the average Nusselt number

at the left cold wall (the crystal region), Nu = 27.6. It is

found that the average Nusselt numbers at the source

region are slightly greater than at the crystal region.

Figure 4 shows the dimensionless local Sherwood

number, Shy for dimensionless coordinate along the y-

direction, y
*
 at (a) the right hot wall (the source region)

and (b) the left cold wall (the crystal region). The

dimensionless local Sherwood number, Shy along the y-

direction, y
*
 at the left cold wall (the crystal region) is

greater than at the right hot wall (the source region). As

shown in Table 2, the average Sherwood number at the

right hot wall (the source region) and the left cold wall

(the crystal region) are Sh = 17. 1 and 54.9, respec-

tively. As seen in Figs. 2 through 4 and Table 2, the

source and crystal region have an inverse relationship

with average Nusselt and average Sherwood numbers.

Figure 5 shows velocity vectors, streamlines, iso-tem-

perature, iso-mass concentration contours. To show the

velocity field inside the square cavity, streamlines along

with the velocity vectors are also presented, with |U|max

= 22.23 cm/sec. The dimensional maximum magnitude

of velocity vectors represents an intensity of convection

inside the square cavity. It is found that single one con-

vective roll is present in the vapor phase. The flow

structure is asymmetrical against at y* = 0.5 and three-

dimensional flow structure. For the flow regions along

the transport length at the bottom region, i.e., 0  y* 
0.5, the one-dimensional Stefan flows appear. Tempera-

ture profile shown in Fig. 5(c) is related to the linear

thermal boundary conditions, for 0  x*  1, conductive

walls. Close spacings of mass concentration shown in

Fig. 5(d) exhibits the mechanism of the diffusion-lim-

ited mass transfer. If the interface kinetics are suffi-

ciently fast, the actual interface vapor pressure equals

the saturation vapor pressure. In other words, when the

mass transport is rate-limiting (or rate-determining or

rate-controlling) step, the actual vapor pressure at the

interface is close to the saturation pressure at the grow-

ing crystal. Therefore, close spacings of mass concentra-

tion reflects the resistance of mass transport due to

diffusion. Note the transport parameters in Figs. 3

through 5 for PB = 20 Torr are the same as in Fig. 2.

Fig. 3. Dimensionless local Nusselt number, Nuy for dimen-
sionless coordinate along the y-direction, y

*
 at the left cold wall

(the crystal region). Note that the transport parameters in Fig. 3
for PB = 20 Torr are the same as in Fig. 2.

Fig. 4. Dimensionless local Sherwood number, Shy for dimen-
sionless coordinate along the y-direction, y

*
 at (a) the right hot

wall (the source region) and (b) the left cold wall (the crystal
region). Note that the transport parameters in Fig. 4 for PB =

20 Torr are the same as in Fig. 2.
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Figure 6 shows that at the right hot wall (the source

region), the dimensionless local Nusselt number, Nuy

increases with the dimensionless coordinate along the y-

direction, y* for the two different partial pressure of

component B (argon), PB = 20 Torr and PB = 100 Torr.

At the source region, the dimensionless local Nusselt

number for the pressures of component argon of 20 Torr

is greater than for 100 Torr. At the right hot wall (the

source region), the dimensionless local Nusselt number,

Nuy linearly and directly increases with the dimension-

less coordinate along the y-direction, y*.

Figure 7 shows that at the left cold wall (the crystal

region), the dimensionless local Nusselt number, Nuy

increases with the dimensionless coordinate along the y-

direction, y* for the two different partial pressure of

component B (argon), PB = 20 Torr and PB = 100 Torr.

In Figs. 6 and 7, the corresponding transport parame-

ters for the case of PB = 100 Torr are thermal Grashof

number (Grt) = 4.14 × 10
3
, solutal Grashof number (Grs)

= 5.29 × 10
4
, Prandtl number (Pr) = 0.89, Lewis num-

ber (Le) = 0.64, Peclet number (Pe) = 1.85, concentra-

tion parameter (Cv) = 1.18, on earth. Ar (width-to-

transport length) = 1 and T = 50
o
C (300

o
C  250

o
C)

are fixed. In the same trend, at the crystal region, the

dimensionless local Nusselt number for the pressures of

component argon of 20 Torr is greater than for 100 Torr.

At the left cold wall (the crystal region), the dimension-

less local Nusselt number, Nuy for PB = 20 Torr and

PB = 100 Torr, first increases steeply up to a critical

value of the local Nusselt number Nu = 43 and 18,

respectively, and beyond the position near y* = 0.3,

decreases as the dimensionless coordinate along the y-

direction, y* further increases. The profile of the dimen-

sionless local Nusselt number, Nuy is asymmetrical par-

abolic. The dissimilar pattern of dimensionless local

Nusselt numbers for source and crystal region in Figs. 6

and 7 is likely to occur from the mass flux at inter-

faces, but at this point, remains unsolved problems for

further researches.

Figure 8 shows that for the two different partial pres-

Fig. 5. (a) velocity vector, (b) streamline, (c) temperature, (d) mass concentration profile. Note that the transport parameters in Fig. 5
for PB = 20 Torr are the same as in Fig. 2. |U|max = 22.23 cm/sec.
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sure of component B (argon), PB = 20 Torr and PB =

100 Torr, the dimensionless local Sherwood number, Shy

for dimensionless coordinate along the y-direction, y* at

the right hot wall (the source region) and the left cold

wall (the crystal region). Note the transport parameters

in Fig. 8 are the same as in Fig. 6. The dimensionless

local Sherwood numbers, Shy for PB = 20 Torr are

greater than for PB = 100 Torr for both source and crys-

tal regions. In the crystal region, the profile of the

dimensionless local Sherwood number, Shy is asymmet-

rical parabolic for both PB = 20 Torr and PB = 100 Torr.

On the other hand, in the source region, the dimension-

less local Sherwood number, Shy a linearly direct rela-

tionship with the dimensionless coordinate along the y-

direction, y*. As shown in Table 2, the average Sher-

wood number for PB = 100 Torr at the right hot wall

(the source region) and the left cold wall (the crystal

region) are Sh = 10. 5 and 30.4, respectively. For both

PB = 20 Torr and PB = 100 Torr, the average Sherwood

numbers at the crystal region are augmented by a factor

of 3 in a comparison with the source region. In other

words, Sh = 54.9 (PB = 20 Torr) and Sh = 30.4 (PB =

100 Torr) at crystal regions are greater than Sh = 17.1

(PB = 20 Torr) and Sh = 10.5 (PB = 100 Torr) at source

regions by a factor of 3, respectively. The dissimilar pat-

tern of dimensionless local Sherwood numbers for source

and crystal region in Fig. 8 is likely to occur from the

mass flux at interfaces, but at this point, remains unsolved

Fig. 6. Dimensionless local Nusselt number (heat flux due to
convection plus diffusion-advection), Nuy for dimensionless coor-
dinate along the y-direction, y* at the right hot wall (the source
region), for (a) PB = 20 Torr, thermal Grashof number (Grt) =
3.54 × 10

3
, solutal Grashof number (Grs) = 4.95 × 10

4
, Prandtl

number (Pr) = 0.96, Lewis number (Le) = 0.38, Peclet number
(Pe) = 3.03, concentration parameter (Cv) = 1.05; (b) PB = 100
Torr, thermal Grashof number (Grt) = 4.14 × 10

3
, solutal Grashof

number (Grs) = 5.29 × 10
4
, Prandtl number (Pr) = 0.89, Lewis

number (Le) = 0.64, Peclet number (Pe) = 1.85, concentration
parameter (Cv) = 1.18, on earth. Ar = 1 and T = 50

o
C (300

o
C 

250
o
C) are fixed.

Fig. 7. Dimensionless local Nusselt number, Nuy for dimension-
less coordinate along the y-direction, y* at the left cold wall
(the crystal region), for PB = 20 Torr and PB = 100 Torr. Note
that the transport parameters in Fig. 7 are the same as in Fig. 6.

Fig. 8. Dimensionless local Sherwood number, Shy for dimen-
sionless coordinate along the y-direction, y* at the right hot wall
(the source region) and the left cold wall (the crystal region),
for PB = 20 Torr and PB = 100 Torr. Note that the transport

parameters in Fig. 8 are the same as in Fig. 6.
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problems for further researches.

Figure 9 shows velocity vectors, streamlines, iso-tem-

perature, iso-mass concentration contours, based on PB =

100 Torr, thermal Grashof number (Grt) = 4.14 × 10
3
,

solutal Grashof number (Grs) = 5.29 × 10
4
, Prandtl num-

ber (Pr) = 0.89, Lewis number (Le) = 0.64, Peclet num-

ber (Pe) = 1.85, concentration parameter (Cv) = 1.18,

|U|max = 16.68 cm/sec, on earth. Ar = 1 and T = 50
o
C

(300
o
C  250

o
C) are fixed. With the same trend as

shown in Fig. 5, Fig. 9 shows that single one convec-

tive roll appears in the vapor phase. The flow structure

is asymmetrical against at y* = 0.5 and three-dimen-

sional flow structure.

4. Conclusions

It is concluded that alterations of average Nusselt and

average Sherwood numbers with (a) the source and

crystal regions, (b) the pressures of component argon of

20 Torr and 100 Torr are analyzed and addressed in

details. Both average Nusselt and average Sherwood

numbers are found to decrease with increasing the par-

tial pressures of component argon. Also, it is found that

for two different partial pressures of component argon,

average Nusselt numbers at the source region are greater

than at the crystal region, and average Sherwood num-

bers at the source region augment by a factor of 3 in a

comparison with the crystal region.
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Fig. 9. (a) velocity vector, (b) streamline, (c) temperature, (d) mass concentration profile, based on PB = 100 Torr, thermal Grashof
number (Grt) = 4.14 × 10

3
, solutal Grashof number (Grs) = 5.29 × 10

4
, Prandtl number (Pr) = 0.89, Lewis number (Le) = 0.64, Peclet

number (Pe) = 1.85, concentration parameter (Cv) = 1.18, |U|max = 16.68 cm/sec, on earth. Ar = 1 and T = 50
o
C (300

o
C 250

o
C) are fixed.
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