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ABSTRACT

In this paper we discuss the effect of dissipation and thermo.diffuision on‘convective heat and mass transfer
flow of a viscous fluid, in a non uniformly heated vertical channel bounded by flat walls. A non-uniform
temperature is imposed on the walls and. the concentration on these walls is taken to be constant. The
viscous dissipation is taken in to_account in\the energy eguation assuming the slope of the boundary
temperature to be small. We solve the governing momentums=energy and diffusion equations by a
perturbation technique. Thesvelocity, the temperature, the concentration, the rate of heat transfer and
Shear wood Number have been: analyzed/ for different variations of the governing parameters. The
dissipative effects on the flow, heat and mass transfer-are-clearly brought out.

KEYWORDS: Dissipation, Thermo diffusion, Heat and Mass Transfer.

INTRODUCTION

Flows which arise due to the interaction of the gravitational force and density differences caused
by the simultaneous diffusion of‘thermal energy and chemical species have many applications in
geophysics and engineering.-Stch thermal and mass diffusion plays a dominant role in a number of
technological and engingering systems. The combined effect of thermal and mass diffusion in
channel flows has been Studied in the recent times by a few authors (10, 12, 16, 19, 24, 23, 26, and
27).

Flow through porous media is very prevalent in nature. In the theory of flow through a porous
medium, the role of momentum equation or force balance is occupied by the numerous
experimental observations summarized mathematically as the Darcy’s law. Thus between the
specific discharge and hydraulic gradient is inadequate in describing high speed flows or flows
near surfaces which may be either permeable or not. Hence consideration for non-Darcian
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description for the viscous flow through porous media is warranted. Saffman (24) employing
statistical method derived a general governing equation for the flow in a porous medium which
takes into account the viscous stress. Later another modification has been suggested by Brinkman

9).

uz_w—;_‘f—,u?lf

uv'y

in which, is intended to account for the distortions of the velocity profiles near the

boundary. The Volumetric heat generation has been assumedo be constant (1,2,3,4,5,7,9,19,20) or
a function of space variable (6,8,13,14,15,17). For example a hypotheticahcore-disruptive accident
in a liquid metal fast breeder reactor (LMFBR) could ¥esult in the setting of fragmented fuel debris
as horizontal surfaces below the core.lt is evident thatyin forced or free ‘conwvection flow in a
channel (pipe) a secondary flow can be created either by corrugating the|boundaries or by
maintaining non-uniform wall temperature such a secondary=flow may be of interest in a few
technological process.

All the above mentioned studies are based on the hypothesis that the effect of dissipation is
neglected. This is possible in case of ordinary fluid flow like air/and water under gravitational
force. But this effect is expected to be relevant for fluids'with. high values of the dynamic viscous
flows. The effect of viscous dissipation on natural convection has been studied for some different
cases including the natural convection/fromvherizontalsCylinder. The natural convection from
horizontal cylinder embedded in a porous media has been studied by Fand and Brucker (11).

The effect of visCous dissipation has'been studied by Nakayama and Pop (18) for steady free
convection beundary layer over non-isothermal bodies of arbitrary shape embedded in porous
media.

They used integral method to shew that the viscous dissipation results in lowering the level of the
heat transfer rate from the body. Recently Prasad (22) has discussed the effect of dissipation on the
mixed convective heat and mass transfer flow of a viscous fluid through a porous medium in a
vertical channel boundediby flat walls.

FORMULATION OF THE PROBLEM

We analyze the steady motion of viscous, incompressible fluid through a porous medium in
a vertical channel bounded by flat walls which are maintained at a non-uniform wall temperature
in the presence of a constant heat source and the concentration on these walls are taken to be
constant. The Boussinesq approximation is used so that the density variation will be considered
only in the buoyancy force. The viscous, Darcy dissipations and the joule heating are taken into
account in the energy equation. Also the kinematic viscosity [], the thermal conducting k are
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treated as constants. We choose a rectangular Cartesian system 0(x, y) with x-axis in the vertical
direction and y-axis normal to the walls. The walls of the channel areat y =+ L.

T-T.=7(8x/L) T-T.=y(3x/L)
C=Cy Cc=C

Hy
—

Configuration of the Problem

The equations governing the steady flow, heat and mass transfer are
Equation of continuity:
cu

g

dx oy

Equation of linear momentum
cu cl t'j.? c°1 { ¢ |!|'

o (u—=+ —)——— — +)— pg —(ou, H e
&x &x éx’ &y

cv cp

p(u—+v —} =
cx ey cy

Equation of Energy:

é']"
et '

+ (e H Y +v7)

{{ ]-—]J+

Equation Diffusion'
_(.._ '::t? + E::!:'+ 1: (25}

-.1|-

Equation of State:
p—p.=—Bp.(T~T.)~ 8" p.(C~C.) (2.6)

169

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




International Journal of Research in Science and Technology http://www.ijrst.com

(URST) 2015, Vol. No. 5, Issue No. 111, Jul-Sep e-ISSN: 2249-0604; p-1SSN:2454-180X

where P is the density of the fluid in the equilibrium state, Te ,Ce are the temperature and

Concentration in the equilibrium state,(u,v) are the velocity components along O(x ,y ) directions,
p is the pressure, T ,C are the temperature and Concentration in the flow region,Pis the density of
the fluid,u is the constant coefficient of viscosity , Cp is the specific heat at constant pressure,/is
the coefficient of thermal conductivity ,k is the is the magnetic permeability of the porous medium,

B is the coefficient of thermal expansion, g ) is the coefficient of expansion with mass fraction , D1
is the molecular diffusivity ,Q is the strength of the constant interhal, heat source , qgr is the
radiative heat flux and k11 is the cross diffusivity.

In the equilibrium state

0 Pe g 2.7

cx

Where ? = P- T Pp-Pp being the hydrodynamicipressure.
The flow is maintained by a constant volume flux for which'a characteristic velocity is defined as

fudy- (2.8)

The boundary conditions for the veleCityand temperature fields are

u=0,v=0 ony=+L

T-Te =7'(9x/L) ony=+L,C=Clony=-L, €=C2ony=+L (2.9)

' is chosen to be twice differentiable function;Bis.a.small parameter characterizing the slope of
the temperature variation on the boundary.

In view of the continuity equation we define the stream function (1 as

U= Wy VEWy
the equation governing the flow initerms of ¥ are

dy d(Vw) 2dw EE'w-'"uf}]_HE'w 8ty

gx ay g3 dx ox” oy "

[

. ec oulHi é'w
-F e (——— )=

ey o 2}

gy 2T ._:u.:':!'}__,:'lr 2T .

-ﬂ.-'cr!{ R - AN T T T o 4 TH o 4
£y €x EX C¥F ex: oy’ gy -

+ouPH (S + (=0
¥

& £xX
gw 8C éw &C g'c  &'C 8'T @'
- . . ._}=D|E T ':I_'!"-“ln. +-_'}
cy o ox &y cy

gx®  dy” ox

Introducing the non-dimensional variables in (2 .10)- (2.12) as
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r-1. .

=(x¥)/L, @ V)=(uw/U.= AT

the governing equations in the non-dimensional form ( after dropping the dashes ) are

PEUARD (2.14)
c(x.y)

and the energy diffusion equations in the non-dimensional form are

G
=V +(—(8, + N
TR

v . (2.15
PRELE N B 2 T e S E+ B )
y &x n:"1 ay &
é 8 3*C  2°C, | 'e '8 216
RS(L:E" fL__Ej'}__-1 228,59, ( l
gy éx ox &
Where
R UL (Reynolds number). G- BALL (Grashof number). ,  _ou;H;L’ (Hartmann Number),
v ] v’
(Prandatl mymber), £ - Gel’  (Eckert number), N - g*aC  (Buoyancy Number).
P

v (Schmidt mumber), k8" (Soret parameter)

Se=—

5. =

Bv

The corresponding beundary conditions are
w(+1)—w(-1)=1

e

(2.17a)

_ 0 & yr
cx ey
B(x.v)=f(&) on y=x1 (2.17b)
C=0 ony=-1

C=lony=1 (2.17c)

% 0 0 a y=0 (2.18)
oy LI:I.

=0 aty=zx1

The value of ¥ on the boundary assumes the constant volumetric flow in consistent with the
hypothesis (2.8) .Also the wall temperature varies in the axial direction in accordance with the

: . ).
prescribed arbitrary function

171

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY




International Journal of Research in Science and Technology http://www.ijrst.com

(URST) 2015, Vol. No. 5, Issue No. 111, Jul-Sep e-ISSN: 2249-0604; p-1SSN:2454-180X

ANALYSIS OF THE FLOW

The main aim of the analysis is to discuss the perturbations created over a combined free and
forced convection flow due to non-uniform slowly varying temperature imposed on the
boundaries. We introduce the transformation

X=0Xx

With this transformation the equations (2.14) - (2.16) reduce to

o

(v F . G 18y
JL{;U—W=F_U——{'31- «NC,)- M
5Gc3) RV

R

and the energy &diffusion equations in the non-dimensional form are

P|ijii‘ cV eC,_Fia4 (P'E-
ay G

cx dx 8

E,

W&y 152 2y -
F=3 ox

&

dy

s et G+ G5y

LERS'E{CTUi—f _C__U""_LC} _FCs SC.?G F6
gy &x &x &y v

where

Flag'Z_s

&t @y

for small values of the slope 5,the flow develops slowly with axial gradient of order & and hence

=0(1)

We follow the perturbation scheme and analyze through first order as a regular perturbation

problem at finite values of R,G,P ,S¢ and D1
Introducing the asymptotic expansions

VE V) =woR Y +ounx y)+&Fwa(xy)+
By )=Box P+ i1 xN+Ix Y+
C®.y)=Cox,y)+3C;X.y)+FCr(x.y)+....
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On substituting (3.4 ) m (3.1) — (3.3) and separating the like powers of & the equations and
respective conditions to the zeroth order are

3 G . 3
Voo yyppy ~MiWg ., = - ?(E"c.-- + NC 4, ) (3-3)

_PRE b (3.6)
= .
S,

[

5 -
Cr:... =~ v ':":n.;._-.

with wo (+Dyw(-1) =1

(3.7)

Wy = 0. W 0,2 =0

(1) = 7(x)

Co(-1)=0 Cyo(+1h=1
and to the first order are

-
B l.yp¥ypy - jl\'! 1 L1 1L yy =

8

- P Ec
= PLR{V :u..r':"-:u._-. - W 3._'.'9'3.1.} - LG

1. m

Cryy=RSe(WqyCox-Wo,xCoy) _ 3c5
N

Ven- W =0
Wiy=0.w1x=0 aty==%I1
Bi(x1)=0aty==1

Co (-1) =0, Co(+1) =0

Assuming Ec<<1 to be small we take the asymptotic expansions as

wo(x.9) = w o (x.¥) + B w o (X ¥) + oo .
Vi(x.y)=wp(x.y)+ Ecwy(x.y)+
6,(x.¥) =6 u(x.7) + Ec 6y (x.¥) +

8,(x. ) =8 5 (x. )+ Ec 8, (x. ) +

Co(x.7) =C g (x.¥) + EcC o (x.¥) +

Clx.y)=0C (x,¥y)+ EC ,(x,¥)+
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Substituting the expansions (3.14) in equations (3.5)-(3.13) and separating the like powers of Ec
we get the following equations

I:-I'E':l.}]' = -1 - E"l:-:l{:l) = f(?) {315)

Can(=11=0,C.(+11=1 (3.16)

Yoo ~ M l:y WLy o %(6-:-:-.. + NC o ) . ;3 l?j

W+l —we(-D)=1lwy =0w,, =0 a yv==1

a. —%Lf 200 .39 . Gy (x1) =0 (3.18)

3 5.8,

A &El'..,r.r . Cc.] (: lj =10 (319)

Yot e M L:t-" R %{5-:-: » T NC o .} . |

W+l —wyu(-1)=0,

Va,=0vy,=0a y==1

A ) o o o
"o T RP | (w wr"uw: "V e,

Ciloyy = RP(W 40, Coas =V 0. C

X

- -'I"*rJ: Wi o =~ %(ﬁ:c y T NC

L

A0, ey

+ R (yr m .U T . W ] 2

W+ -y (-D=0yy, =0y, ,=0a y==1|
' |
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E;|]'.._'.,'|' = RP]{I."‘II:{I.,T&'].:; - l."fl.rgﬂlﬂ.g'} 2 I91 (il} =0 {324)

Cpy =RSc (Wo ,Cpp v 1,Cq,) . Cp(xl)=0 (3.25)
Vo — M |-: Woayw = _i('&]ll_.

SOLUTION OF THE PROBLEM

Solving the equations (3.15) - (3.23) subject to the relevant boundary conditions, we obtain
B =0.5(1- ") +7(X) -
Cp =05(y+1)
Voo = 8:sCH(M, V) + a;Sh(M,y) + azy +a, +a,y* +d )’
By =0.5PM [ (y* -1)
Cy =a; o' -1
Woy = @y, Sh(M,¥) +ayy +ay, +agy’°
Bl = (1'24_1.': —a::-j": )’ —az-_f + 0333'6 + (g + yay, JCh{M ¥+ (ay, + va,; )Sh(My)
Cpp=a, (0" —D+a, (7 =3 +a, 0 -1 +a,.(0" -y +a,(0° —D+(a,, + ya,, N Ch(M,y)
— Ch(M, )+ @, (Sh(M,¥) - YSAM,) +a,,(¥Sh(M,¥)— Sh(M,))
vy, = B,Ch(M,y) + B, Sh(M,y) + b,y + b, +6(»)
(¥ = GT-JJ': + ﬂ?'.}'! + ﬂ?:J'4 + ‘T?s."f + f'*'ﬂ.]-'lE + '5'75."? + (Byy _3’3.1': _bﬁ.]-j:lc';’ (My)
+ (B, y + b,y + b,y Sh(M,y)+ by ShiM,¥)
By =byyy + by +byCh (2M ¥)+bySh (2M ¥)+ by’ + by y’
+ by ¥ b ¥t byt s byt b ¥+ b, ¥ISh (2M )
+ by ¥ Ch (2M ¥)+ by v*Sh (2M ,3)+ by v 'Ch (2M ,¥)
+ by Sh (2M y)+ by y’Ch (2M ¥} + by y 5h (2M ,y)
+ by yCh (2M y)+ by 5h (ZM ,¥) + by + by
Wy =bsy + by + b Ch(M y)+ b Sh(M,y)+d,(y)
p{y) = 534_\'” + bij_\'u + by y? s by, y s b3B_\'m + by v+ by o+ b“_rs

s byt + by + bCh (2M y) + bays Sh(2M ) + by ¥2Ch (2M 1 ¥)
+ b, v Sh(2M ,p) + by vOCh (2M ¥) + by y Sh (2M )

+ by v Ch (2M,y) + by y*Sh (2M y) + by, ¥ Ch (2M )
+ by ¥Sh (2M 1)

NUSSELT NUMBER AND SHERWOOD NUMBER

The local rate of heat transfer coefficient (Nusselt number Nu) on the walls has been calculated
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using the formula

Nu = : ( 9 )

- Ay=tl
M _HW cl

and the corresponding expressions are

dl,:, -I-:J(ﬁ'rn 124 J:l ( dm -I-rJI (i'rnjl
(ds _r’(f’tj*“-ﬁﬂ T (ds _,”(3:""0‘3;9,' ‘

(Nu),_.,

The local rate of mass transfer coefficient (Sherwood number) on the walls has been calculated using
the formula

Sh=

and the corresponding expressions are
(Sh) _ (s +dy5) (Sh) _(dy +ady)
y=-1—" ,

6 -1 : @)

m
— 8]
Oy, = dyy +0dy;
where d|.d,.......coeeeevieeennnnnn...dl5; are constants.

DISCUSSION OF THENUMERICAL/RESULTS

The primary aim of this analysis iS,to disCuss “The effect of thermo diffusion and dissipation on
convective heat and mass transfer flow of a viscous electrically conducting fluid in a non-
uniformly heated vertical channels” The Velocity, Temperature, Concentration is discussed for
different values of G, My N, SC, S0, EC, o and x.The axial velocity u is shown in figures 1-2 for
different values of G, M, N, SC, S0, EC, o and x. Fig-1 represents the variation of u with Grashof
number G. The actual axial flow is in the vertically downward directed and hence u<0 is the actual
velocity u>0 represents the reversal flow. It is found that u exhibits a reversal flow in the region

0<y<0.8 for G>0 and it occurs in the region 0.8<y<-0.2 for G<0. The region of a reversal flow
enlarges with increase in |G| also the magnitude of u experience an enhancement with increase |G|
in the entire flow region with maximum attained at y=-0.6. The variation of u with Hartman
number M shows that a reversal flow which appears in the second half with M=2 extends towards
the first half for higher M>4 (fig-2). The secondary velocity v which is due to the non-uniform
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boundary temperature is exhibited in figures 3-4 for different values of parameters. The variation
of v with amplitude o of the non-uniform boundary temperature shows that |v| enhances in the first
half and depreciates in the second half with increase in amplitude o (fig-3). Moving along the axial
direction of channel |v| enhances with increase in x<m/2 depreciates at Xx= w and again enhances at
x=2 7 (fig-4).The non dimensional temperature (0) is shown in the figures 5-6 for different values
of parameters. The variation of 6 with SC shows that lesser the molecular diffusivity smaller the
actual temperature for the lowering of the molecular diffusivity and for still lowering of molecular
diffusivity lesser the actual temperature (fig-5). In fig.6 we notice « that the actual temperature
depreciates with increase in S0>0 and enhances | SQ|. The non dimensional concentration (C) is
shown in the figures 7-8 for different values of parameters<In fig.7 we notice that the actual
concentration enhances with N>0 Also higher the dissipative heat smaller the actual concentration
in the flow region (fig-8).

The average Nusselt number (Nu) is evaluated numerically, at y==1 for a differentwalues of G, M,
N, SO, EC, a and x. It is found that Table (1 & 2) higher the thermal buoyancy /Lorentz force
lesser the rate of heat transfer at y=x1. Also higher_thesdissipative heat larger the rate of heat
transfers at both the boundaries (Table 3 & 4).The Sherwood number (Sh) is exhibited in tables for
different parametric values. It is found.that in table (5 & 6) the variation of Sh with Hartman
number M shows that higher the Lorentz force (M<4) larger the rate of mass transfer and for

further higher Lorentz force (M>6) smaller [Sh| at y=+1 and'while at y=-1 it enhances with M for
all G.Moving along the axial“direction of the channel the rate’of mass transfer depreciates at y=+1
and enhances at y=-1 4n the heating,case and in the cooling case a reversed effect is observed in
the behavior of |[Shj@t y=+1 with x<m and for higher x> 2. |Sh| enhances at y=+1 and reduces at
y=-1 for G>0 while for'G<0. |Sh| reduces atiy=+1 and enhances at y=-1 (table7&3).
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TABLE-1

NUSSELT NUMBER (Nu) AT y=+1

1

I

o1

-9.665124

-0.917081

-0.344227

-3.343816

-0.415662

-0.163793

-2.394744

-0.265582

-0.106365

1911655

0.711099

0.313068

1.045793

0.386587

0.164296

0.679972

0.268718

0.112747

2

4

6

TABLE-2

NUSSELT NUMBER (Nu) AT y=-1

)

I

o1

3.037865

0911512

0.336862

1.151089

0.410629

0.156859

0.690324

0.260773

0.099681

-1.588182

-0.715445

-0.319913

-0.953111

-0.391327

-0.171560

-0.699783

-0.273675

-0.120308

2

4

6

TABLE -3

NUSSELT NUMBER (Nu) AT y=+1

I

1

III

-3.047634

-3.047634

-3.047634

-1.158501

-1.158501

-1.158501

-0.696999

-0.696999

-0.696999

1.583087

1.583087

1.583087

0.947002

0.947002

0.947002

0.693063

0.693063

0.693063

0.1

03

0.5
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TABLE — 4

NUSSELT NUMBER (Nu) AT y=-1

I

I

I

3.037865

3.307865

3.037865

1.151089

1.151089

1.151089

0.690324

0.690324

0.690324

-1.588182

-1.588182

-1.588182

-0.953111

-0.953111

-0953111

-0.699783

-0.699783

-0.699783

0.1

03

0.5

TABLE — 5

SHERWOOD NUMBER (Sh) AT y=+1
1 h1

o1

-1.193681

-2.116599

-2.106974

-1.190005

-2.120543

-2.119588

-1.186361

-2.124485

-2.132200

-1.201130

-2.108710

-2.081745

-1.204903

-2.104765

-2.069130

-1.208711

-2.100819

-2.056514

>

r

6

SHERWOOD NUMBER (Sh) AT v

TABLE -6

1

I

m

1.124991

-10.830360

-44 968760

1.119850

-10.795410

-44 478380

1.114739

-10.760400

-43.986820

1.135358

-10.90070

-45.946000

1.140586

-10.934830

-46 432870

1.145843

-10.969530

-46.918560

2

4

6

SHERWOOD NUMBER (Sh) AT y =+1

TABLE -7

1

1 o1

1%

-2.116477

-2.114007 -2.110450

-2.117445

-2.117285

-2.112348 -2.105240

-2.119220

-2.118091

-2.110691 -2.100041

-2.120991

-2.114860

--2.117334 -2.120899

-2.113891

-2.114049

-2.119001 -2.126139

-2.112110

-2.113237

-2.120671 -2.131390

-2.110327

n

4

s

2

SHERWOOD NUMBER (Sh) ATy =-1

TABLE -8

I

i 1T

v

-6.943790 -6.967701 -7.002221

-6.934435

-6.959844 -7.007972 -7.077607

-6.941038

-6.976057 -7.048715 -7.154073

-6.947701

-6.912149 -6.888539 -6.854600

-6.921409

-6.896557 -6.849633 -6.782322

-6.914983

-6.881115 -6.811167 -6.711037

-6.908615

x
4

T

2%
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