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ABSTRACT

This paper deals with the thermo-diffusion and chemical reaction effects on the unsteady convective Heat and Mass
transfer flow of a viscous, incompressible electrically conducting fluid in a horizontal channel bounded by flat walls.
The unsteadiness in the flow is due to the traveling thermal wave imported on y = L. The momentum, energy and
diffusion equations are non linear coupled equations. By making use of perturbation technique the governing equations
are solved to obtain the expressions for velocity, temperature and concentration.
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1. INTRODUCTION:

In recent years, energy and material saving considerations have prompted an expansion of the efforts at producing
efficient heat exchanger equipment through augmentation of heat transfer. It has been established [2] that channels with
diverging — converging geometries augment the transportation of heat transfer and momentum. As the fluid flows
through a tortuous path viz., the dilated — constricted geometry, there will be more intimate contact between them. The
flow takes place both axially (primary) and transversely (secondary) with the secondary velocity being towards the axis
in the fluid bulk rather than confining within a thin layer as in straight channels. Hence it is advantageous to go for
converging-diverging geometries for improving the design of heat transfer equipment. Vajravelu and Nayfeh [10] have
investigated the influence of the wall waviness on skin friction and pressure drop of the generated coquette flow.
Vajravelu and Sastry [8] have analyzed the free convection heat transfer in a viscous, incompressible fluid confined
between long vertical wavy walls in the presence of constant heat source. Later Vajravelu and Debnath [9] have
extended this study to convective flow in a vertical wavy channel in four different geometrical configurations. Several
authors have analyzed that the flow and heat/mass transfer in a wavy duct with various corrugation angles in two
dimensional flow regimes.

In all these investigations, the effects of Hall currents are not considered. However, in a partially ionized gas, there
occurs a Hall current [1] when the strength of the impressed magnetic field is very strong. These Hall effects play a
significant role in determining the flow features. Sato [6], Yamanishi [11], Sherman and Sutton [7] have discussed the
Hall effects on the steady hydromagnetic flow between two parallel plates. Taking Hall effects in to account Krishna et.
al.,[3,4] have investigated Hall effects on the unsteady hydromagnetic boundary layer flow. Rao et. al., [5] have
analyzed Hall effects on unsteady Hydromagnetic flow.

In this paper we investigate the convective heat and mass transfer flow of a viscous electrically conducting fluid in a
horizontal channel bounded by flat walls under the influence of an inclined magnetic fluid with heat generating sources.

2. FORMULATION AND SOLUTION OF THE PROBLEM:

We consider the unsteady flow of an incompressible, viscous ,electrically conducting fluid confined in a horizontal
channel bounded by two flat walls under the influence of an inclined magnetic field of intensity Ho lying in the plane
(x-z).The magnetic field is inclined at an angle o4 to the axial direction and hence its components are
(0,HqSin(ey),HgCos(ay)) .In view of the traveling thermal wave imposed on the wall x=L the velocity field has
components(u,0,w)The magnetic field in the presence of fluid flow induces the current( (J4,0,J,).We choose a
rectangular Cartesian co-ordinate system O(X,y,z) with z-axis in the vertical direction and the walls at x = +L .
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When the strength of the magnetic field is very large we include the Hall current so that the generalized Ohm’s law is
modified to

J +@7o IXH = o (E + peGxH) (2.2)

where q is the velocity vector. H is the magnetic field intensity vector. E is the electric field, J is the current density
vector, @,is the cyclotron frequency, 7, is the electron collision time,c is the fluid conductivity and g, is the
magnetic permeability. Neglecting the electron pressure gradient, ion-slip and thermo-electric effects and assuming the

electric field E=0, equation (2.1) reduces
jx —mHyJ,Sin(e ;) = —op.HowSin(a, ) (2.2)

J, +mHyJ,Sin(a 1) = o Hou Sin(a; ) (2.3)
where m=@,7, is the Hall parameter.

On solving equations (2.2) & (2.3) we obtain

. ougHySin(ay)
Ix

_ in(a) 2.4)
1+ m2H2Sin2 () (mHoSin(e) =w)

otteHoSin(en )

= HowSi (2.5)
1+m? HZSin?(ay) U+ mHowSin(a,))

z

where u,w are the velocity components along x and z directions respectively,

The momentum equations are

au éu au op 8%u  8%u . (2.6)
ru—rw—=_" +—)+ —HyJ,Sin(ax '

ot ox oz ox A ox? 622) #e (HoJ.Sin(en))

ow oW oW _ op a2w | a2w i 2.7)

ot Y ox TWar T e T o gz ) e (HodxSin(en))

Substituting J, and J, from equations (2.4) and (2.5) in equations (2.6) and (2.7) we obtain

2 2 2Qin?2
a_u+ua_u+wau —_@4_’”(8 l:_l_a lz'l)_ UﬂezHof"_] gal)
ox® 07" 1+m°H{Sin"(a,)

—= u-+mH,wSin(e
ot ox oz ox ( oWSin(a,))
(2.8)

ow, oW oW _ op, 0W W, ouHgSin*(e)

ot = + ——————=—(w-mHyuSin(a;)) -
a M Y a T Ta M e T ) LSt @) ousin(@))=pg (2.9)

The energy equation is

oT  oT  oT ’T %1 o(q,)
et U—+W— =k (—+—)+ Q- — 2.10
pcp(at oX oz f(axz 822) Q ox (210)

The diffusion equation is

oaC oC  aC o’C  o%C T 0%

o U— + W—= =Dy (—— + —) = k'C + kyy (— + — 2.11

Gt T TP e ) (e ¥ 52 1
The equation of state is

p—po=—BT -T,)-B*(C-Cy)) (2.12)
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Where T, C are the temperature and concentration in the fluid. k; is the thermal conductivity, C, is the specific heat at
constant pressure, /3 is the coefficient of thermal expansion, /3" is the volume coefficient with mass fraction,D;is the
molecular diffusivity, Q is the strength of the heat source ,ki; is the cross diffusivity, g, is the radiative heat flux..

Invoking Rosseland approximation for radiative heat flux we get

. 14
AR (2.122)
3Br O
and expanding T 4 by Taylor’s expansion neglecting higher order terms we get
T'* 24737 - 31, (2.12b)
The flow is maintained by a constant volume flux for which a characteristic velocity is defined as
L
q= 1 [wdx (2.13)
L
The boundary conditions are
u=0,w=0, T=T, ,C=C,on X=-L (2.14)
u=0, w=0, T=T,, ((T1-T,) Sin (myz+nt), C=C,on X =+L (2.15)
Eliminating the pressure from equations (2.8) and (2.9) and introducing the Stokes Stream function v as
u=_" v (2.16)
oz OX
the equations (2.8)&(2.9), (2.10) in terms of v is
a(Viy) oy o(Viy) oy d(V? aT-T,) . oC-C ouZHASIn? (o
(V)  ow oVy) oy o V/):ﬂv4w+ﬂg(T e)+ﬂg( e) uezoz_gl) 2.17)
ot 0z OX ox oz oz oz 1+ m“Hg Sin“ (&)
oT oy aT oy ol °T 8% 166°T2 9°T
ot ek (T ) Qe (2.18)
ax o ox ox% oz 3B, ox
oC Oy dc Oy oC ac o’c, ., o°T 52T
Gt e oo DT KCHku (o (219)
ot ox oz oz ox oz° ox? az
On introducing the following non-dimensional variables
T-T -
.2y = (I Lmz) p' =Y o= T2 oo £=Co
qL T,-T, c,-GC,
the equation of momentum and energy in the non-dimensional form are
2 2
VMV + S LN D) - R 2 (v + (LAY SV, (2.20)
oz oz ox ox oz
2 2 2
P52, Qw00 0w o, 070,00, 4, 2 00 (2.21)
ot OX 0z 07 OX ox2 &zl 3N, Ox2
2 2 2 2
65(56c awg_awg) (ac ac) KC + ScSo(aT+a T) (2.22)
ot ox oz oz ox x> N “ox?  oz2
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2 2
Vz = a—z + 52 6—2
OX oz
AT, L3
where G = ,Bg—ze (Grashof Number) o=mL  (Aspectratio)
v
21422 2@in2
M
M2 = % (Hartman Number) M7 :Lz(al)
v 1+m
qL uCy
R=—(Reynolds Number) P= (Prandtl Number)
v f
QL? v .
a =—————— (Heat Source Parameter) Sc=—  (Schmidt Number)
K¢ (T -T,)C, Dy
k,B* ‘(C,-C
So = kuf” (Soret parameter) N = £C=C) (Buoyancy ratio)
pv B -T,
Pek; -, k'L® . .
1= p— (Radiation parameter) k= (Chemical reaction parameter)
40°T, D,
3N
1

The corresponding boundary conditions are

y(+D) -y (-1 =1
(2.23)

W _ 0% _0p-1.C=1 atx=-1
0z OX

W _ 0, _00=Sin(z+1),C=0 at x=-+1
oz OX

3. ANALYSIS OF THE FLOW:
Assuming the aspect ratio & to be small we take
w(X 2,t) = o (X, Z,t) + 8wy (X, 2,) + 8205 (X, Z,t) + v,

O(X, 2,t) = 0, (X, Z,t) + 50, (X, Z,t) + 205 (X, Z,t) +vvveerrrerrnen.
C(x,2,t) =Cy (X, 2,1) +8C, (X, Z,t) + 5%Cy (X, Z, 1) +orv..n.

Substituting (3.1) in equations (2.20)-(2.22) and equating the like powers of & the equations and the respective
boundary conditions to the zeroth order are

0%0

8—20—()(1 :0
X

0°Co o __ScS00°0
ox? 0 N ox?

ox* ox2 R oz oz

ot o2 00, oC
l//o_(Mlz) ‘//o__E 0N o)
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with
vo(+) -y, (=) =1
Wo_g Wo_o g -1,C,=1 at x=-1 35)
OX 0z

oy, Y, ;
=0, —~=0, 6,=Sin(z+7n),C,=0 at x=+1
0 o =Sin(z+1),C,

and to the first order are

0%6; _ PR(ayxo 00, Oy, aeo) 6
ox? Y VYox oz o1 ox
2 2
0 c21 ke, - ScR(ay/o oC, dy, aco)_ ScSo 0 921 an
X oX oz 07 OX N ox
o'y, WOy, G,00, . oC oy, 0w, Oy, O’y
_ - + N 1 + R 0 0 _ 0 0 38
ox* (M) ox? R ( oz oz )+ R( ox o0z° oz oxoz? (38)
with
‘//1("‘1)_‘//1(_1) =0
Wy _o, W 0 9-0,C,-0 at x=-1 (39)

OX 0z

Wi_g Vi_g 9-0C,=0 at x=+1
OX oz
4. SOLUTIONS OF THE PROBLEM:

Solving the equations (3.2)-(3.8) subject to the boundary conditions we obtain

0, =0.5a,(x* —1)+0.5Sin(z + pt)(L+ x) +0.5(1— x)

Ch(AY) _sh(Ax), . Ch(AxY)

Cp =05
’ (Ch(ﬂl) sh(1) Ch(A1)

1)

wo = agCosh(M;x) + a;oSinh(M X) + a;1 X + a7, + ¢ (X)
$1(X) = —agx +a;x* —agx®
Similarly the solutions to the first order are

6, = age (X2 —1) +ag7 (X3 —x) + agg (x* 1) + age (X° —X) + a4 (x® -1) +
+ (a41 + Xa43)(Ch(M X) — Ch(M 1) + a.42 (Sh(M 1X) — XSh(M 1)) + +a44(XSh(M 1X) — Sh(Ml))

Cl =8y (1_ Ch(ﬂlX)) + a48(x - > (ﬁl]X)) + 8y (XZ - Ch(ﬂlX))

Ch(B.) Sh(p,) Ch(B,)
3_S (Ax) + Ch(BXx) ) Ch(sx)

+ 85, (X Sh(z) ) +ag (x chip) ) +a,(Ch(M,x) —Ch(M,) Ch(ﬂl))

g5 M) S 1W,) ) g (h(M,x) ~Ch(M,) )
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+a55(XSh(M1X) — Sh(Ml)M) + bs(Sh(ﬂZX) _ Sh(ﬂz) S (ﬁi'x))

Ch(5,) Sh(B,)
b, (S0~ Sh(8) T b, (s, 0 ~Ch(s,) Sy
+bs (Ch(B;x) - Ch(5,) %hh(fglx))) +b, (xSh(8,x)—Sh(A) %hh(é?)
+b, (x*Sh(5,x) = Sh(3,) (éhh((%x))) +b, (x*Sh(8,x) - Sh(5,) Céhh((ﬁ[’%))
b, (ON(8)~Ch(8) ) 41y (°Ch(s) ~Ch(A)
b, 0Cn(A0 - Ch(s) /)

V= b4gCOSh(M1X) + b5OS|nh(M 1X) + b51X + b52 + ¢2 (X)

@,(X) =b,, + b, X +0,,x% +10,, X + 10, X* + b, X° + b, X° +1,. X" + (Dyg + by X+
+by, X%+, X + b x* +,,x° + b, X*)Co 18(B,X) + (bys + by, X+ b X + by X
+b,x* +b,,x° +b,,x%)Sinh(B,x) + b,,Cosh(28,x) +b,,Sinh(2 3, X)
Where a3, ............, ago,b1,b0,. v, bs, are constants not mentioned due to space constraints.
where Ch=Cosh, Sh= Sinh
5. SHEAR STRESS AND NUSSELT NUMBER:
The rate of heat transfer (Nusselt Number) on the walls has been calculated using the formula

1 00

= 6. —6,) (&) x=%1

Nu

1
where 6,, =0.5[0 dx
-1

(NU) iy Z;(bm +bg) (NU),_ g :(@n;—l)

0, —Sin(z+ 1) (b2 +0z3)

9m = a80 + 5381
The rate of mass transfer (Sherwood Number) on the walls has been calculated using the formula

1 oC
Sh=—-— (=) _
(Cm _CW) (8X)X7il

1
where C,, =0.5[C dx
-1

1 1
(Sh)yeip =—=—(01g +byg) (Sh)y gy == (b9 +5by7)

Cm (Cm _1)

Cp =Dy +5by
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6. NUMERICAL RESULTS AND DISCUSSION:

The variation of w with Grashof number G shows that w exhibits a reversal flow for G<0 and the region of reversal
flow enlarges with increase in G<0.|w| enhances with increase in |G| with maximum occurring at x = 0(fig. 1). The
variation of w with the Hall parameter m and the radiation parameter N1 shows that the magnitude of w enhances with
increase in m and N1 (fig.2). From fig. 3 we find that |w| depreciates with increase in the chemical reaction parameter
k. Fig. 4 represent the variation of 6 with G. It is found that the actual temperature depreciates with increase in |G|. The
actual temperature experiences with increase in the Hall parameter m and radiation parameter N1 in the entire flow
region (fig.5). The actual temperature with increase in the chemical reaction parameter k (fig. 6). Fig. 7 represents C
with G. It is shown that the concentration reduces with increase in G>0 and enhances with |G| with maximum at x = +1.
An increase in the Hall parameter m enhances the actual concentration and reduces with radiation parameter N1 (fig.8)
From fig. 9 we find that the actual concentration experiences depreciation with increase in the chemical reaction
parameter k.
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7. TABLES:

The variation of Nu with Hall parameter m and N1 shows that the rate of heat transfer reduces at x=+1 with increase
with m. An increase in the radiation parameter N1 enhances at x=+1 for all G (table.1and 2). The variation of sh with
m&N1 shows that the rate of mass transfer at x=1 reduces with m<1.5 and enhances with higher m>2.5 for G>0 and for
G<0, it depreciates with m for all G at x=-1 it enhances with m<1.5 and reduces with m>2.5 for all G. An increase in
the radiation parameter N1 enhances Sh at x=+1 for all G (tables 3 and 4).

TABLE 1: Average Nusselt Number (Nu) at x =1

G | I 1l v \Y VI
1X10° | 0.3118 | 0.44940 | -0.55832 | 0.56015 | 0.72006 | 0.76513
3X10° | 0.36812 | 1.18875 | -1.00631 | 0.60320 | 0.76106 | 0.80494

-1X10° [ 0.27969 | 0.23752 | 0.14657 | 0.51465 | 0.67341 | 0.71803
-3 X 10° | 0.27608 | 0.29839 | 0.39473 | 0.48398 | 0.62096 | 0.65890
m 0.5 15 25 0.5 0.5 0.5
Ny 0.5 0.5 0.5 15 5 10

TABLE 2: Average Nusselt Number (Nu) atx =-1

G I I "l v \% VI
1X10° | -0.63966 | -0.67671 | -0.38325 | -0.80884 | -0.95995 | -0.99190
3X10° | -0.58929 | -0.12304 | -1.02076 | -0.81426 | -0.90226 | -0.93490

-1X10° | -0.64021 | -0.53254 | -0.1529 | -0.84894 | -0.98056 | -1.01561
-3 X 10° | -0.64021 | -0.53254 | -0.15829 | -0.78984 | -0.91417 | -0.94682
m 0.5 15 25 0.5 0.5 0.5
N, 0.5 0.5 0.5 15 5 10

TABLE 3: Average Sherwood Number (Sh) atx =1

G I I I [\ \ VI
1X10° | 6451674 | 0.26586 | -2.16926 | -2.36394 | -0.89761 | -0.79138
3X10° | -20.02291 | -1.91591 | -2.09263 | -3.15743 | -0.45452 | -0.36595

-1X10° | 11.84572 | -10.01369 | -1.30981 | -0.98404 | -1.40617 | -1.26835
-3X10° | 6.96089 | -6.22597 | -1.29710 | -0.40797 | -2.05927 | -1.86622
m 0.5 1.5 2.5 0.5 0.5 0.5
N, 0.5 0.5 0.5 15 5 10

TABLE 4: Average Sherwood Number (Sh) at x = -1

G I I I v \Y VI
1X10° | 0.01924 | 0.45019 | -0.22548 | -0.24268 | 0.32342 | 0.34282
3X10° | 0.16761 | 37.0769 | -0.27360 | -0.38725 | 0.54139 | 0.56542

-1 X10° [ -0.15074 | -0.34165 | -0.29781 | -0.12048 | 0.09884 | -0.11382
-3 X 10° | -0.35547 | -0.66986 | -0.21319 | -0.01005 | -0.13271 | -0.11997
m 0.5 15 2.5 0.5 0.5 0.5
N, 0.5 0.5 0.5 15 5 10
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