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ABSTRACT: In this paper we study the combined free convective heat and mass transfer of a
viscous incompressible fluid through a highly porous medium confined in a vertical channel bounded
by flat plates. Using perturbation method, the velocity and temperature have been obtained and
analysed computationally for various parameters. The rate of heat transfer has been evaluated.
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1. INTRODUCTION:

Combined heat and mass transfer occurs due to the existence of temperature and
concentration variations in nature and in many Industrial applications force. For example, in
controlling surface temperature by evaporation cooling, controlling polymerization reaction Products
by injecting suitable reactants along the porous wall of the reactor, distillation of volatile components
from a mixture with non-volatiles, are a few technological processes in which mass transfer
accompanies the transfer of heat. The understanding of this transport processes is desirable in order
to effectively control the overall transport characteristics .The combined effects of thermal and mass
diffusion in channel flows has been studied in the recent times by a few authors, notably, Nelson and
Wood(4),Lee et al(2), Miyatake and Fujii (3), Sparrow et al(9) and others(10-12). Nelson and Wood
(4), Trevison and Bejan (10) have analysed natural convection heat and mass transfer through a
vertical porous layer subjected to uniform flumes of heat and mass from the side. Yan and Lin (13)
have examined the effects of the latent heat transfer associated with the liquid film vaporization on
the heat transfer in the laminar forced convection channel flows.

In all the studies cited above the permeability of the porous medium has been
assumed as constant. In fact, a porous material containing the fluid is a non-homogeneous medium
and there can be numerous in-homogeneities present in a porous medium. Therefore the permeability
of the porous medium may not necessarily be constant. Several authors (1,6,7,8) have analysed the
convective flows with periodic porous permeability under different conditions.

In this paper we consider the combined free convective heat and mass transfer flow of
a viscous incompressible fluid through a highly porous medium confined in a vertical channel
bounded by plat plates. Assuming that the flow takes place at low concentration we neglect the Soret
and Doufer effect .The viscous and Darcy dissipations are taken into account .The non-linear
equation governing the flow, heat and mass transfer have been solved by using a perturbation
technique .The velocity, temperature and concentration have been analysed for variations in the
governing parameters .The shear stress, the rate of heat transfer has been evaluated for different
variation.

2. FORMULATION OF THE PROBLEM:

We consider the flow of a viscous incompressible fluid through a highly porous medium confined in
a vertical channel bounded by two flat plates .We choose a rectangular Cartesian coordinate system
O(x,y,z) with the plates in the x-y plane .The z-axis is taken normal to the plane of the plates .The
walls are maintained at constant temperature TO & T1 and constant concentrations CO & C1 in the
presence of temperature dependent heat source of strength Q. The permeability of the porous
medium is assumed to be of the form
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K
K(y) = v
1+e&cos(zy/d) 1)
Where Ko is the mean permeability of a medium, d is the wave length of the permeability distribution
and g(<1) is the amplitude of the permeability variation. Since the fluid extends to infinity in X-
direction it follows from the equation of continuity that
ou
=0

ox => u=u(y.2) (2)
All the field properties are assumed constant except that the influence of the density variation with
the temperature and concentration is considered only in the body force term. The viscous dissipation
and Darcy dissipation are taken into account. Assuming that the flow takes place at low
concentration. We neglect Soret and Doufer effect.
The governing equations are
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The boundary conditions are
u=Oonz=0andz=d
T=To,C=C0onz=0 (6)
T=T1,C=Clonz=d

Introducing the following non-dimensional quantities
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The equations (3)-(5) reduce to (dropping the asterisk)
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Where
v? is the Grashof number D= Ky is the Darcy number
HC, v’
2
Pr= Ky is the Prandtl number Ec = d (T _TO)CP is the Eckert number.

The corresponding boundary conditions are
u=0onz=0andz=1
0=0,C=00nz=0 (20)
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3.METHOD OF SOLUTTION:
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To Solve the equations (7)- (9) with respect to the boundary conditions (10) using the perturbation
technique. Assuming Ec(<<1) to be small, we take the asymptotic expansions of velocity |,

temperature and concentration as
u=u, +Ecu, + O(Ec?)

6 =0, + Eco, + O(Ec?)
C =C, + EcC, + O(Ec?)

(11)

After Solving the equations (7)- (9) by substitution (11) with respect to the boundary conditions

(11), considering the periodic variation of permeability and we take
0, = 0y (2) + £C0S(7y)0,,(2)

Uy =Ug, (2) + £cos(zy)uy, (2)

C, =Cy(2) +£cos(ny)Cy, (2) U, = U, (2) +ecos(zy)uy, (2)

0, = 0,,(2) + &cos(ny)dy, (2)

C, =Cy(2) +&cos(ny)Cyy ( 2)
Substituting (12) and equating the coefficients of £ we get

2
0 Uy,

022 - D_luoo =—G(0y + NCy)

oz’
o%uy,
oz?
0%0,, ou _
— _P 00yV2 PD 1u2
oz° ( oz ) %
0°Cyp
oz?
The respective boundary conditions are
Uyp=0,U,=00nz=0&z=1
6y =0,6,=0,C,=0,C,=00nz=0
6y =1 6,=0,C,=1,C,=00nz=1

- D_lum =-G (010 + NClO)

=0

and
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with boundary conditions
Uy, =0,u,;, =00nz=0&z=1
6y, =0, 60,=0,C,,=0,C,; =00nz=0&1
(26)

Solving the differential equations (13)-(18) and (20)-(25) with the respective boundary conditions
(19) and (26) we obtain

Uy =™ +ae™ +a,z
Opw=2, Cyp=12
w=ae" rae™ +ae™ +ae ™ +a,z
0,=0, C,,=0

Uy = (b, ++8,,2° + a2 +a,,)e™ + (b, +ag,2> +agz+ag)e " +

+a,e”" +a,e™™ +a,zt +a,,z° +bz+h,
O, = a,,e™" +a,7°" +(a,Z+a,)e" +(ayz+ay,)e ™ +

4 2
+ 8.252 + a%z + a17z + 8.18
Co=0

Uy, = (Dgg + by +bgpz + bazzz)ehlz + (b, + b,z + b33Z2 + b35)e_hlZ +
+ (b, +by,z+ blezz)ehz + (b +b 2+ bl7zz)e‘hZ + b18e2hz n blge—zhz +
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+h,,z* +b,,2° +b,,z+b,,
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Where the constants al,a2,.....a70,b1,b2,.....b7 constants.

4. SHEAR STRESS AND NUSSELT NUMBER:
The shear stress on the plates are given by

ou
7= ILJ(E) z=0,d

which in the non-dimensional form reduce to
T ou

m = (E) z=0,1

70 =

= [(u(')o + ECUiO) + SCOS(ﬂy)(U;)l + Ecuil)]z:O,l
The expressions for t at the plates are
(7) 20 = (b, + ECby) + £ cos(zy)(b,, + Ecb,)
(7). = (bys + Ecbyg) + e cos(zy)(b,s + Ecb,, )
From the temperature field the rate of heat transfer coefficient in terms of the Nusselt number (Nu) is
given by
q,d 00

= _(m) = (E)Z:O,l

= [(H(I)o + Ecet;l) + gcos(ﬂy)(e(;l + Ecelll)z:o,l
The corresponding expressions for Nu at the plates are
(Nu),_, =1+ Ec(b,s + £cos(zy)b,,)

(Nu),, =1+ E(b,; +&cos(ny)b,,)

5. RESULTS & DISCUSSION:

For the physical interpretation of the problem numerical calculations are carried out for different
parameters G, D, N & y. Also the value of the Prandtl number P; is chosen to be 0.71.  The
velocity (u) and temperature distribution (6) have been exhibited for different variations in the
governing parameters thermal Grashof number G, Darcy number D, buoyancy ratio N & distance vy .
Fig. (1) Exhibits the effect of velocity fields for fixed y = 0.25, D! = 10°, N=1for different Groshofs
number (G= 103, 3x10%' 5x10%, 10%).The velocity rises from its value zero to attain maximum at
z=0.6 and then falls gradually to its prescribed value on the boundary z =1. It is found that the
velocity enhances with increase in the thermal buoyancy G with maximum at z = 0.6. Figure 2
represents the effect of velocity profiles for different Darcy Parameter (D= 103 3x103, 5x10% ,10*,
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2x10* with G =10°, N =1, So = 0.25, it is found that a decrease in the permeability of the porous
medium reduces the velocity in the entire fluid region.

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
z z

Fig.1 Velocity profile for different G Fig.2 Velocity profile for
different D
The velocity profiles for different y(y = 0.25, 0.5, 0.75), G=10%D'=10% are studied and
represented in figure 3. It is observed that an increase in y depreciates the velocity u. Figure 4 shows
that when the concentration buoyancy force dominates over the thermal buoyancy force the velocity
u enhances with N when the two forces act in the same direction and reduces when they act in
opposite directions for different N( N =1, 2,-0.5, -0.8 ).

0 0.2 0.4 0.6 0.8 1 0 o‘.z 0‘.4 o‘.e O‘.8 1
7 z

Fig.3: Velocity profiles for different y Fig:4: velocity profiles for different N

Fig.5 shows the variation of the temperature 0 for different buoyancy ratio ( N=1, 2, -0.5, -0.8)for G
=103, D1=10% y = 0.5 . We found that with the concentration buoyancy force dominating over the
thermal buoyancy force the temperature experiences an enhancement when the two buoyancy forces
act in the same directions while it reduces when they act in opposing directions. From fig.6, we
observe the temperature profiles for different horizontal distance (y= 0.25,0.5,0.75) for fixed G =103,
D1=10%, N=1we observe that the temperature is positive for y < 0.5 and is totally negative for y =
0.75.Also 6 enhances with increase in horizontal distance y with maximum attained at z = 0.6.
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Fig.7 6 with N Fig.8 6 withy
The shear stress (t) at the boundaries have been evaluated in tables 1 & 2 for different variations of
the governing parameters G,D',N & y and the rate of heat transfer ( Nusselt number) on the

boundaries is exhibited in tables.3&4.

Table.1
Shear Stress (t) atz=0
Sc=1.3, P=0.71
D1 I 1 i \Y/ \ VI VII VIl
103 -2.5599 | -3.8046 | -2.2539 | -1.6821 | -0.7284 | -0.3244 | -1.8673 | -1.1421
3x10° [1.9366 |2.9733 |6.2103 | 1.7967 | 0.0058 | -0.0406 | -0.0746 | -2.0847
5x10° |0.0483 |1.0062 |3.7833 |0.0871 |-0.0176 |-0.0103 | 0.2371 | 0.4258
10* 0.1351 ]0.8358 |2.6679 |0.1232 |0.0162 | 0.0052 | 0.2958 | 0.4564
Table.2
Shear Stress (t)atz=1
Sc=1.3, P=0.71
D! I 1 i \Y/ \ VI VII VIl
10° -3.6729 | -7.602 |-12.588 | -5.411 |-8.678 |-3.392 |-16.496 | 2.634
3x10° | -3.9298 | -15.095 | -40.731 | -6.802 |-7.521 |-2.794 |-11.745 | 5.793
5x10° |-2.073 |-6.0163 |-11.199 | -3.971 |-6.132 |-2.409 |-9.694 |6.334
104 -2.418 |-5.733 |-10.839 | -3.741 |-5.746 |-2.259 |-8.456 | 7.266
Table.3
Nusselt Number(Nu) atz=0
Sc=1.3, P=0.71
D? I 1 i 1\ \ VI VII VIlI
103 0.1612 |-2.3839 | -6.6258 | 0.0993 | 0.9566 |1.0011 | 0.1071 | 0.0531
3x10®° [0.9878 |0.9225 |0.8137 | 0.6606 | 1.0083 | 1.0094 | 0.8895 | 0.7912
5x10° [0.9971 |0.9593 |0.8964 |0.8813 | 1.0088 | 1.0096 | 0.9726 | 0.9482
104 1.0102 |1.0119 |1.0149 |0.9109 |1.0096 |1.0098 | 0.9906 | 0.9709
Table.4
Nusselt Number(Nu) atz =1
Sc=1.3, P=0.71
D1 I 1 i 1\ \ VI VII VIlI
103 -7.4406 | -6.3763 |-22.096 |-17.1303 |2.1211 |2.5832 |-5.6378 |-5.1456
3x10° | -16.833 | -13.467 |-36.1279 | -38.1133 | 2.0418 | 2.6956 |-16.775 |-16.713
5x10° | -18.541 |-15.843 |-53.8384 | -43.7614 | 0.3757 | 1.4351 | -18.4456 | -18.3512
10* -19.451 | -16.512 | -56.0654 | -45.647 | 0.1959 | 1.2961 |-19.4022 | -19.3531
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2x10° | 3x10° | 5x10° |2x10°® |2x10%® |2x10%® | 2x10%® | 2x10°
1 1 1 2 -0.5 -0.8 1 1
0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.75
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