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Abstract

The cause of the present paper is an try and have a have a look at the warm temperature transfer in
the go along with the waft of a 2d-order fluid via a channel with porous walls below a transverse
magnetic issue with the resource of normal perturbation approach. The second one-order results at
the temperature profile are illustrated for one in every of a type values of the Hartman and
Reynolds variety. The outcomes also are obtained for the Newtonian fluid through taking the
second-order parameter to be zero.

Introduction
INTRODUCTION

The warmth transfer inside the go together with the go with the glide of an electrically engaging in
fluid among porous limitations is of sensible hobby in problems of gaseous diffusion and so on.
Terrill and Shrestha have discussed the hassle of regular laminar go with the flow of an
incompressible viscous fluid in a dimensional channel at the equal time as the walls are of various
permeability and studied the outcomes of magnetic discipline even as the fluid is electrically
carrying out. The hassle of go together with the float of a second-order fluid with warmness
transfer in a channel with porous walls has been considered via the usage of Agrawal. Sharma &
Singh have studied the numerical solution of the waft of second-order fluid thru a channel with
porous partitions beneath a transverse magnetic subject..

The motive of the prevailing paper is an try to take a look at the heat transfer in the float of
a second-order fluid via a channel with porous partitions below a transverse magnetic field by way
of way of regular perturbation technique. The second one-order results at the temperature profile
are illustrated for special values of the Hartman and Reynolds range. The outcomes are also
obtained for the Newtonian fluid via the use of taking the second-order parameter to be 0.
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FORMULATION

The warmth transfer within the constant dimensional flow of an incompressible 2nd-order fluid in
a channel, of width 2h including two porous walls (coinciding with the plane y = +h) of equal
permeability is considered. The whole machine of the channel is built in any such way that its
bottom and top will become flawlessly insulted and does no longer transmit the heat. A constant
magnetic discipline HO is applied everyday to the axis of the channel. The caused magnetic
discipline has been overlooked inside the waft for the reason that magnetic Reynolds variety is
small. A uniform suction V is carried out to the each the partitions of the channel. Allow us to pick
out with x and y axes respectively in a plane parallel and perpendicular to the channel walls. Let u
and v be the components of the speed in x and y directions respectively.Following Terrill and
Shrestha a stream function

#(x,§) = (hU-Vx) f($) (1.1)

Where U is the entrance velocity and & (= y/h) is the dimensionless distance while 2h is the distance
between the channel walls. In non-dimensional form the velocity field by Terril and Shrestha is
taken as:

U (x, &) = (U-Vx/h) £ (8)
V() =VF() (1.2)

Where dash denotes differentiation with respect to ¢ The expression (1.2) suggests that u is a
function of x and ¢, while v is a function of ¢ only. Using this fact, the constitutive equation (1.4)
the equation of continuity and momentum equations can be written as:

Al + (Lh)(avl 98) =0 (1.3)
udul ox + (vih) &l dé=-(1Ip) (dp/ x)+(v1/h?)( (9%ul dE?)+v,[(1/h?1)
(9% 08 {udl dx+(vIn)( vl 9&)}+(2/h%)( d/ 8¢)
{(Aul 3x) (vl 3&))F]+(va/h®) (A K)(QuldE)?
- p’Ho? aulp (1.4)

vl 9&=-(1Ip)( dp/ 3&)+(va/h)( 8>l BE?)+v,[(2/h)( 8% dEZ){(vIh)( av/ B¢&)}
+2( 810x){ (Al dx)(dul 3&)¥]+(4hA{(0uld&)(Fu/a&d)+(dvl 3&) (Il dE?)-
F1ox0E{udul x+(vIh) dul EF]+(vsh?)[AA0E (Kl 3E)*+ 010&(AldE)?] (1.5)
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pCy(UTTI &+ AT dy)=K(FTI &+ 0°TI )+ @ (1.6)

where p is the density, « is the magnetic permeability, &is the electric conductivity, vi (= zl/p) is
the kinematic viscosity, v, (=/p) is the kinematic elastic-viscosity, vz (= /p) is the kinematic
coefficient of cross-viscosity, c, is the specific heat at constant volume, k is the thermal
conductivity and ¢=y/h is the dimensionless distance.

The viscous dissipation function @is given by
=7} (1.7)
Where 7, is the mixed deviatoric stress tensor.
The boundary conditions are,
u(x,£1)=0, (A 3&)¢==0,
v (x,0) =0, v(x,1) =V, v(x, -1) =-V.
T )=Ti,  T(x-1)=Ts (1.8)
Substituting (1.2) in equation (1.4) and (1.5) and eliminating p from the obtained equation, we get
Y+ RETO-F£)+ n (FF < £V) - S? £ =0, (1.9)

where R (= Vh/vy) is the suction Reynolds number, 71 (=v,V/hv;) is an elastic-viscous parameter
governing the effects of elastic-viscosity of the fluid and S[-Hoh(d4)Y?] is the Hartmann
number.

Equation (1.6) together with equation (1.2) suggests the form of the temperature distribution asO
follows:

T = T+ (V) (D+{(UN)-(x)}* ZE)(hC.). (1.10)

Using equation (1.10) in equation (1.6) and equating the coefficient of (U/V-x/h)? and terms
independent of (U/V-(x/h)? on both sides of the resulting equation, we obtain

B’-2RPf p*+2 ¥4+ 8RPF %+ 8R?P 1 f £ £ = 0, (1.11)
¥’-RPf > +4RP > +2RPF?+2R%P 7(ff>°>°-£°%)=0. (1.12)

Where p = zc./K is the Prandtl number, 7,=247/(h?p) is the second-order parameter.
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The expression of the temperature distribution in the dimensionless form can be expressed as:

T = (T-T)(Te-T)=E(# ¢ ¥), (1.13)

where ¢I=(U/V-x/h)] is the dimensionless distance and E(=v;V/{(T:-T-1)hC,}] is the Eckert
number.

V.3 SOLUTION OF THE PROBLEM
Assuming the relationships z1=-R 71(z:>0) and S* = RS;%eqn. (5.9) becomes
FY+R (f £-f £)-R 7a(f £~ £Y)-RS,*f =0 (1.14)

For small values of the suction Reynolds number R, we can develop a regular perturbation scheme
of solving egns. (1.11), (1.12) & (1.14) by expanding f, - and — in powers of R. Substituting

(=2 R'(d (1.15)
A=Y R"@%(H (1.16)
A=Y  R"%4(9) (1.17)

egns. (1.11), (1.12) & (1.14)and equating the like powers of R on the two sides of the resulting
equations, we obtain the following sets of equations:

fo"'=0

V4o £y -fofo’ - 71 (Fo fo'-fo £0)-S: %0 = 0

£V oo £ -Fr By - Ty (Fy o'~ Y- Fasfo- fofiY)-S1%F1”” = 0 (1.18)
%=0

th =2Pfo o'+ 4P ysfo +2Pfy**=0

;4: 2P(f1 lljo’_,r_fo lpl’)+4p(%f]_’+f]_’ %'l-fo’ ’f/’ ’)+2P TZ(fO'fO’ ,fo’”-focfo’ ’2):0

(1.19)
o’ +246 =0,
@ -2Pfo o’ +24+8Pfy**=0,
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#>-2P(fy o'+ 1 po”)+2 Yo +16P fy '/ 1°+8 75 Fo fo £y’ °=0 (1.20)
Boundary condition (5.8) can be rewritten as:
£,(0) = f,’(1) = £,°(0) = 0 Vn
fo(1)=1,f,(1)=0=>1
& (-1) =0 vn, #(1)=1/E = w(say),
A4(1)=0,0=>1, %(+1)=0Vvn

The solution of equation (1.18), (1.19), (1.20) subjected to the boundary condition (1.21) is given
as follows:

fo($) = (L/2)(3¢- &%),
f1(€) = -(1/280)( £-3 £3+2 £)-S,°/40)( £>-2 £+ &),

f,(¢) = (1/1293600)(14 £11-385 £9+198 £"+876 £3-703 £)-( 72/280) {(3¢7-982+6)+S,%(¢'-
382+2¢)}-S:14({1/100800)(15¢8°+108¢7-54¢°-276 £+207§) +(S12/8400)(5¢7-218°+27 &-
119}

%(<) =0,
U(§) = (312)P(1-¢"),

(&) = 3P?{383/280-¢%/56-°/10+¢4-(3/2) &) -P{(9/280) (1- £*)? +(S:4/10) (1+2 &°-3¢H}-
(3/5)P 7, (1- £°)

#($) = (W/2)(§+1),
A(&) = (WP/40)(10 £3— £°-9¢) - (P/2) (21 &%+ £°-6¢*-16)

#()=P[294°/840-51¢%/140+37¢°/20-9¢*/2-1149 £/280+(w/40) (1391¢72520-
94%2+99¢°/20-15¢/14 + 58°/72)]-P[11/168-33¢/280+11 &* /140-3¢°/140-3£°/1280+¢*°/168-
S1%(2¢4/5-13 £8/280+ £°/5-7¢£4120-57/280) + 75(3-3¢%/5-3 £8/10+12¢°/5-9¢%/2)-
w{(71£7100800- £3/840+3¢°/5600- £°/ 20160) +S;2(1978400- £7/1680 + ¢°/400- £%/240)}].
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RESULTS AND DISCUSSIONS

(1) The values of the functions fo, f1 and f; are identical to those obtained by Sharma and Singh
(1) For z» = 0 the results are in good agreement with those obtained by Terril and Shrestha.
(iii) For S = 0 the results are matching with those obtained by Agarwal.

CONCLUSIONS

The variation of the temperature profileatP =04, ¢=04,E=1,S;=1, »n=-1for R=0.01, 0.1,
1.0 is evident that for R = 0.1, temperature increases with ¢ upto ¢ = 0.7 approximately and
thereafter decreases very slowly and attains its value 1 at the boundary wall ¢=1. Atthe R = 1 the
temperature graph is parabolic with vertex upward and attains its maximum value at the middle of
the wall gap-length with minimum at the boundary wall ¢ =-1. At R = 0.01, Temperature increases
linearly throughout the wall gap-length with minimum at the boundary wall ¢ = -1 and maximum
at £ =1 Itis also clear from this figure that the temperature increases with an increase in suction
Reynolds number R.

The variation of the temperature profileatP =04, {=04,E=1,S;=1, R=1, for =0,
0.1, 1.0 is evident that temperature graph is approximately parabolic with vertex upward and attains
its maximum value at the middle of the wall gap-length with minimum at the boundary wall ¢=-1.
It is also observed from this figure that the temperature decreases with an increase in cross-viscous
second-order parameter z».

The variation of the temperature profileatP =04, {=04,E=1,R=1, »=-1for S;=0,
1, 2 is seen that the temperature graph is approximately parabolic with vertex upward and attains its
maximum value at the middle of the wall gap-length with minimum at the boundary wall ¢=-1. It
is also observed from this figure that the temperature decreases with an increase Hartman number
Si.
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