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Abstract: We analyse the combined influence of thermal radiation and heat sources on peristaltic flow of a
conducting Jeffrey fluid in a vertical porous channel with heat and mass transfer is studied. Using the
perturbation technique, the nonlinear governing equations are solved. The expressions for velocity,
temperature and concentration the pressure rise per one wave length are determined. The effects of different
parameters on the temperature and the pumping characteristics are discussed through graphs.
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1. INTRODUCTION

Non-Newtonian fluids are referred to those materials that cannot be adequately described by the
Navier-Stokes equations. There are materials such as drilling muds, soaps, apple sauce, sugar
solution, foams, paste, certain oils, lubricants, clay coating, colloidal and suspension solution, and
ketchup, which are now declared as non-Newtonian fluids. Many models in view of diverse properties
of such fluids were suggested. For instance, Jamil et al. [14] studied the oscillating flows in a
generalized second grade fluid. The unsteady Couette flow of the fractional Maxwell fluid was
examined by Athar et al. [4]. Qi and Jin[28] extended such analysis for the generalized Oldroyd-B
fluid. Rashidi et al. [30] constructed approximate solutions for the flow and heat transfer in a
micropolar fluid. Effects of Soret and Dufour in the magnetohydrodynamic (MHD) flow of the
Casson fluid were examined by Hayat et al. [8]. Motsa et al. [24] presented the MHD flow of the
upper-convected Maxwell fluid over a porous stretching surface. They used the successive Taylor
series linearization method for the solutions of the resulting problem. Effects of MHD and mass
transfer of the chemically reactive Maxwell fluid past a porous surface were studied by Vajravelu et
al. [35]. It is noticed from the mentioned studies that the rheological parameters in constitutive
equations of non-Newtonian fluids make their resulting differential systems more nonlinear and
higher order. Such differential systems offer interesting challenges to the researchers from different
quarters. The Jeffrey fluid is also one of the models for the non-Newtonian fluids describing the
effects of the ratio of relaxation to retardation times and retardation time. Kothandapani and Srinivas
[17] used this model for the MHD peristaltic flow of the Jeffrey fluid in an asymmetric channel.
Nadeem and Akbar [25] extended the analysis of Ref. [17] for the variable viscosity. Thermal
radiation effects in the mixed convection flow of the Jeffrey fluid past a stretching sheet were
examined by Hayat et al. [11]. Effects of heat generation/absorption in the Jeffrey fluid flow by a
porous stretching sheet were also studied by Hayat et al. [10]. Heat transfer process with radiation
effects is very interesting in electrical power generation, solar system technology, space vehicles,
missiles, propulsion devices for aircraft, nuclear plants, astrophysical flows, and many other industrial
and engineering applications. Although ample studies were generated for the boundary layer flow in
the presence of thermal radiation, the fluid thermal conductivity in such cases is treated as a constant.
This perhaps is not realistic because it is now proven that the thermal conductivity of liquid metals
varies linearly with temperature from 0°F to 400-F [Kay [16]]. Thus, the effects of viscous dissipation
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and thermal radiation in the flow of a viscous fluid over a permeable stretching sheet were analysed
by Cortell[5]. Pal and Mondal [26] examined the influence of thermal radiation in the hydromagnetic
Darcy-Forchheimer mixed convection flow over a stretching surface. Here, the fluid fills the semi-
infinite porous space. Combined effects of conduction-radiation in the natural convection flow were
addressed by Ashraf et al. [3]. Anbuchezhian et al. [1] examined the thermophoresis and Brownian
motion effects in the boundary layer flow of the nanofluid with thermal stratification. Mahmoud and
Waheed[22] described the thermal radiation effects in the flow of a micropolar fluid past a permeable
plate. Shit and Halder [34] examined the thermal radiation and Hall effects in the MHD flow over an
inclined permeable surface. Hayat et al. [11] studied the mixed convection flow of a micropolar fluid
with the thermal radiation and chemical reaction. Qasim et al. [27] discussed the thermal radiation in
the mixed convection flow of the second-grade fluid over an inclined surface. In all the above-
mentioned attempts, the flow is considered to be two-dimensional. However, Wang [38] considered
the three-dimensional boundary layer flow induced by a stretching surface. In continuation, Ariel [2]
developed the homotopy perturbation solution for the flow problem in Ref. [38]. It should be noted
that in Refs. [2,38], the flows of viscous fluids without thermal radiation were studied.

The present article discusses the three-dimensional flow of the Jeffrey fluid over a linearly stretching
surface when the thermal conductivity varies with temperature. A mathematical model is prepared in
the presence of thermal radiation effects. We developed series solutions for the resulting problems by
using the homotopy analysis method (HAM) [21]. Results for the velocity, temperature and
concentration are constructed. Convergence criteria for the derived series solutions are established.
The velocity and temperature are analyzed for various parameters of interest. The local Nusselt
number is tabulated and examined. Peristaltic motion in a channel/tube is now known as an important
type of flow occurring in several engineering and physiological processes. The peristalsis is well
known to the physiologists to be one of the major mechanisms of fluid transport in a biological system
and appears in urine transport from kidney to bladder through the ureter, movement of chyme in the
gastrointestinal tract, the movement of spermatozoa in the ductus effeerentes of the male reproductive
tract and the ovum in the female fallopian tube, the transport of lymph in the lymphatic vessels and
vasomotion of small blood vessels such as arterioles, venules and capillaries. Such mechanism has
several applications in engineering and in biomedical systems including roller and finger pumps.

The need for peristaltic pumping may arise in circumstances where it is desirable to avoid using any
internal moving part such as pistons in pumping process. After the experimental work of Latham [20]
on peristaltic transport, Shapiro et al. [32] made a detailed investigation of peristaltic pumping of a
Newtonian fluid in a flexible channel and a circular tube. Sud et al. [35] analyzed the pumping action
of blood flow in the presence of a magnetic field. Even though it is observed in living systems for
many centuries, the mathematical modeling of peristaltic transport began with trend setting works by
Shapiro et al. [33] using wave frame of reference and Fung and Yin [39] using laboratory frame of
reference.

Hayat et al. [12] studied the peristaltic flow of a micropolar fluid in a channel with different wave
frames. Hayat and Ali [7] investigated the peristaltic motion of a Jeffrey fluid under the effect of a
magnetic field. Vajravelu et al. [37] studied the peristaltic transport of a Casson fluid in contact with a
Newtonian fluid in a circular tube with permeable wall. In physiological peristalsis, the pumping fluid
may be considered as a Newtonian or a non-Newtonian fluid. Kapur [15] made theoretical
investigations of blood flows by considering blood as a Newtonian as well as non-Newtonian fluids.

Radhakrishnamacharya and Srinivasulu [29] studied the influence of wall properties on peristaltic
transport with heat transfer. Mekheimer and Abd Elmaboud [23] analyzed the influence of heat
transfer and magnetic field on peristaltic transport of Newtonian fluid in a vertical annulus. Hayat et
al. [13] studied the effect of heat transfer on the peristaltic flow of an electrically conducting fluid in a
porous space. Krishna Kumari et.al [18] studied the peristaltic pumping of a magnetohydrodynamic
casson fluid in an inclined channel. Ravi Kumar et.al [31] considered power-law fluid in the study of
peristaltic transport. Krishna Kumari et al [19] has discussed peristaltic pumping conducting Jeffrey
fluid in a vertical porous channel with heat transfer. Hayat et al [6] have analysed three-dimensional
stretched flow of Jeffrey fluid with variable thermal conductivity and thermal radiation.
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In this paper, peristaltic flow of a conducting Jeffrey fluid in a vertical porous channel with heat and
mass transfer is studied. Using the perturbation technique, the nonlinear governing equations are
solved. The expressions for velocity, temperature and concentration the pressure rise per one wave
length are determined. The effects of different parameters on the temperature and the pumping
characteristics are discussed through graphs.

2. MATHEMATICAL FORMULATION

We analyse the motion of an electrically conducting, incompressible Jeffrey fluid in a two-
dimensional vertical porous channel induced by sinusoidal waves propagating with constant speed ‘c’
along the channel walls. For simplicity, we restrict our discussion to the half width of the channel. We
assume that a uniform magnetic field of strength Bo is applied normal to the walls as shown in the
figure.1 assuming the magnetic Reynolds to be small we neglect the induced magnetic field.

X

Figl.Physical model
The wall deformations are given by

Y=H(x,t)=a+ bCos(ZTH (x = ct))(rightwall) (D)
Y =H(x,t) = —a-— bCos(ZTH (x — ct))(leftwall) 2

where 2a is the width of the channel, b is amplitude of the waves and A is the wave length.

The constitutive equations for an incompressible Jeffrey fluid are

T=-pl+3§ (3)
5=+ A2) )

where T and s are Cauchy stress tensor and extra stress tensor respectively, p is the pressure, | is the
identity tensor, A4 is the ratio of relaxation to retardation times A, is the retardation time, y is shear rate
and dots over the quantities indicate differentiation with respect to time.

In laboratory frame, the continuity equation is

a0 |, a0

T30 (5)
The equations of motion are

o0 o0 P 85, Sy .
U—+V —|=——+ XX iy —(5)U - 2H2 U
a { X oY } X Tax Tax GY e (6)

+poﬂTg(T_To)+poﬁCg(C_Co)
- VARV p 0S,, 0S.
p0|:U 8l_|_v 6V:|_ 8P+ Xy +_yy_ H

X oY N X X (kl) @)

International Journal of Scientific and Innovative Mathematical Research (IJSIMR) Page | 20



Heat and Mass Transfer Effect on Peristalsis of Jeffrey Fluid in a Vertical Channel with Thermal
Radiation and Heat Sources

The equation of energy is

or 0T T o7 2(9g)
C.(U-=—=+V =)=k — 2 RZ
Po ( ox aY) f(axz @Yz) Qu(M-T,) oy ©
N oU., u
+2 — — o U
w2y + ey e w2y O
—oC -oC 0°C 0°C, DK, o°T o7
U—_+V—_ :D — +— 9
( OX aY) B(ax2 avz) T (ax2 avz) ®)
The boundary conditions on, velocity, temperature and Concentration fields are
U=0T=T,C=C, at Y =H(X)
8£_ 06 =0 al d£—0 at Y=0 (10)
oY oY oY

Where U,V are the velocity components in the laboratory frame ( X ,Y ), puis density, p is the
coefficient of viscosity of the fluid, c,is the specific heat at constant pressure, o is the coefficient of
linear thermal expansion of the fluid, kOis the thermal conductivity, k is permeability and T is
temperature of the fluid.

The radiation heat term by using The Rosseland approximation is given by

4 0T

qr =- (11)
3fr 0Oy

T =4TT0- 3T04 (12)

o0Qg _160'T03 0T
0z 3B, oy’
Using equations (11 - 13) in equation (8) we get

(13)

__OoT o°T 160 *T2 &°T
C U +V — ) — —T)y+—0 =~
pO ( ax 6Y) f(axz Y2) QHO— 0) 3ﬂR 8Y2
oV oV  ou. u
+2 — 2+ —— 2 + __+__ U
u((ax) (aY)) ﬂ(ax aY) Kk, )

We shall carryout this investigation in a coordinate system moving with the wave speed c, in which
the boundary shape is stationary. The coordinates and velocities in the laboratory frame (XY )and
the wave frame (X y)are related by

—ct,y=Y,0=U—-c,v=V,p=P(x1)

where V U, are the velocity components and P, P, are the pressures in wave and fixed frames.
Equations (5)-(9) can be reduced into wave frame as follows

%ﬂ%:o, (14)
o0 _ou op 3y GS_W
p{(u+c)—+v—_}——— o, 20
oy oX X oy (15)

—(au:Hé)(mc)—f(mc)wog(m (T =To) + B (C—Cy))
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_ N _ov ap 88 88_W
ool @+C)—4+V—|=—F+—L+—2 -
X oy X oX oy

T _oT T o
{(u+c)—+ ay}_k(ax 87] Q,(T-T,)

*T3 A2 —\2 —\? _ N2
1607, 6_1; +2u [a—‘fj + ﬂ_ —(@_+6TUJ H@+c)y
35, oV &) \oy x o)k

2 2 2 2

(u+c)—C+v£ =D, 8_(22+8C22 DK, (81'2 aTZ) (18)
oX oy oxX® oy oX* oY

Boundary conditions in wave frame are

u+c=0, T=T,and C=C,at y=H(x)

A o0, T pgandL-0aty=o0

El oy

we introduce the following non—dimensional quantities :

(16)

~Ix
<

(17

m

_ — 2 —= 2
e ,u%,vzl,5:27’a,p2’”a p’t:27zct ,H,KZE

s’ A" el 2 a a
=ﬂT O(T, ~Ty) + T,

_ 3
C=¢(Cl—co)+co,er=ﬁT(Tlv—2T°m,

2

prie pofo@_@ g _Of g C
Ko 2 I R ¢, (T, = To) (19)
_Br(C,—Cy) Rd_4a*T
pe(T —To) Bk
where R is the Reynolds number, & is the dimension less wave number, K is the permeability
parameter, Gr is the Grashof number, Pr is the Prandtl number, y is the Kinematic viscosity of the

fluid, Ec is the Eckert number, Rd is the thermal radiation parameter and N is buoyancy ratio, M is the
magnetic.

The basic equations (14)-(18) can be expressed in the non-dimensional form as follows

auav

oy =0 (20)
5R[(u+1)g—’;+v3—;‘]= gz+%+%—(%+M2)(u+l)+G(H+Ngo) 1)
5R[(u+1)z—z+vg—;]=—%+%62+%6—62(%+M2)v 22)
5PrR{(u+1)—+v%}_Bf52 (1 4%(1)2;—?}+252PrEc[[2—§)2+[%T}

(23)

2
+pred 2 M +PrEc(£+M2)(u +1)?
oX oy K
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] ] 92
55cR[(u+1)£+v£ 5562 +2 ]+Sc5r[ 52+ (24)
where

26 §Ayc a v d\]ou
Se = o 142 (g + 55| 5 (25)
_ 17 6y¢ d v d\] [ou ov
S = oo |1+ 5 (g +55)| Ge +05) (26)
=28 SAyc a v d\]ou
Sy = L+ (w535 (27)
and
0Syy _ 1 92%u
(W)s—m T 141,092 (28)
The non-dimensional boundary conditions are
u=-1,0=1landdp=laty=h (29)
u
a—%nd% 0aty=0 (30)
o oy oy
Using long wave length approximation and dropping terms of order & and higher,
It follows equations (21) to (24) are
—_0 La_“ _ L 2
0= ax+1+a 272 +M Ju+1)+G6G(6 + Nop) (31)
dp
==3 (32)
o—(1+4ﬂ)“ ab + Ec Pr (5= )+EcPr( + M) (u + 1) (33)
07¢ 52 4 2, 0%
0= [axz 5 ] + 5c5r[ ) yz] (34)
u=-1,49=1and¢=1aty=h (35)
u
a—% and o¢ =0 aty=0 (36)
'y oy
The dimensional volume flow rate in the laboratory and wave frames are given by
h(it)_ o _ h(x)
Q= [ U(X.Y,DdY, q= [ u(x,y)dy (37)
0 0
and now these two are related by the equation
Q=1+ch(xX) (38)
The time averaged flow over a period T at a fixed position x is
= 1 T
Q=7 Qdt (39)

3. SOLUTION OF THE PROBLEM

Equations (31) and (34) are non-linear because they contain three unknowns u, 6 and ¢ which must be
solved simultaneously to yield the desired velocity profiles. Due to their nonlinearity they are difficult
to solve. However the fact Ec is small in most practical problems allows us to employ a perturbation
technique to solve these non-linear equations. We write

u=u,+ Ecu,
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0=0, +Eco;
o= ¢ +Ecey (40)
Using the above relations, the equations (40), (31)-(34) become
2
0=-— d(po +ECpy) + 1 07 (u +2Ecu1) (£+ M ?)(u, + Ecu, +1)
dx 1+ 4 oy K (42)
+G((6, + EcH,)+ N(¢, + Ecg)))

2 2
0 =(1+ 4%(1]@_04(90 +Ech,) + Ec Pr[%}

¥ @)
+Ec Pr(%-l- M *)(u, + Ec u, +1)°
2 2
O{a (@;Ecm} s S{a (eoa;Ecel)} )
U, +Ecu,=-1and §,+Ecdl=1 at y=h (44)
0 (u, + Ec) _0, 0 (6, +Ec 91):0 and 0 (¢°+EC¢1)=Oat y=0 (45)

oy oy

4, ZEROTH ORDER SOLUTION

By comparing constant terms on both sides of the above equations we get the zeroth order equations
as below

dp, 1 o%,,1 )
=— + —+M)Uu,+1)+G(6, + N 46
T o (M D+ +Ny) (46)
2
0:(1+4R?d)a 920 —Prag, (47)
2 2
Oz%JrScSr% (48)
u=-1,60=1landp=laty=h (49)
%:O,%=Oand%=0 aty=0 (50)
oy oy oy
Solving the equations (29) and (30) with the boundary conditions (31), we obtain
Uy = a{M Ch gh —Chﬁlyj + a4(1— ch (ﬁgy)j _Chpy (51)
Ch g, h Chph ) Chgh
0, = Ch (BY) (52)
Ch g, h
ﬂZ
%, =1+722(Chﬂ1h —ChAy) (53)
1

Using the relation (25) we obtain zeroth order dimensionless mean flow in the laboratory and in the
wave frame

h
Qo= updy=F,+1

54
:ﬁ(Tanh’a"h—hj+(a5COSh(ﬁlh)_a4_1jThﬂh+ah—ﬁShﬁh 54
x| B, 2 s
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The pressure gradient is given by

- Q, +1+ (1+ a, —a.ChBh)ThB;h — aﬂf% a.sh ﬂlhj
dx (Thpg;h = fg;h)

The non-dimensional zeroth order pressure rise is given by

Ap, =| —2dx
0 ! dx

Time mean flow (time averaged flow rate)

N 1 T
QO:?J.O Qdt=F,+1

2 _ 3aRd ,p _ ScSrp?
wherefi’ = 3Rd+4’32  Ch(B.h)

2
L GN B3 Mlz (1 + Al) — aq,a4 =

—as e = ap
MZE(1421)" 2~ BE-MZ(1+A1)

_a ol
cgph  pz 3

First order solution
From equations (41), (42) and (43) we obtain the first order equations

0 _ _dﬁ 1 62u1
T dx | 141 9y?2

= G+ M?)uy + G(6; + Noy)

0=(1+4% ";19; — ab, +(‘%)2 + G+ M?) (g + 1)?
0:%+Sc Sr%

u=0,6=0andp,=0aty=h

%zo, %:0 and %zo aty=0

oy oy oy

Solving the equations (38) and (39) with the use of boundary conditions (40) we obtain

dp, ( Ch By Ch By Ch By
= — —=1~ 1 [+a,| Shgh—-=—-Sh a
U, =8y dx (Ch Bh +ay,| Shp, Ch A,h By |+8y Ch Ah

+ az{ChZ,Bsh (c:h by _ ChZﬁSyJ + azs(ChZﬁlh (C;E gﬂr’] - Chzﬂlyj

hpg.h 1
+ aZG(Chﬂ?,h% —Chﬂ?,yJ + azg[Chﬁ4h% —Chﬂ4yJ
+ azg(Chﬂsh g;‘glli’] —Chﬂ5yj
6, = aM[l— gsgmmﬁ(cmﬂsh—cm&ygggm
+ aﬂ(ChZﬁlh —ch24y gﬁﬂﬁiﬁ} aﬂ[c:h[gh —Chgy gﬁgm

Ch gy Chpy
hsB,h—Ch 1 hB.h—Ch 1
+a19(C p,h-C B“yChﬁlthrazo(C ph—C BsyCh,Blh]
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(59)

(60)
(61)

(62)

(63)

(64)
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¢ =SC Sr 6, (65)

Q=F= I u, dy = ( )a31 [a32+a33+a,34+a35+a36+a37+ags] (66)
(Sre

% Ql s (67)

dx ay,

The friction factor F is given by
F j ( dpljdx (69)

The rate of heat transfer (Z) is defined by Z = o (@)
8y OX

Z = g(Sin x) £,Th(ph) (70)
Using the relation (25) we obtain first order dimensionless mean flow in the laboratory and in the
wave frame

h T
d — 1
Q1:F1:_(|; U, dy’ F1:drj(la11+a12_Gal(al3+a'14)+a10h' le?_([ Ql dt =

where
a,Chph-a, -1 P +a? a; e
6= (Iil]ﬂ h4 » & :{Ml{ai 5 : +ajj++a§ﬂa2+aszﬂ12}’ 3, = M/a; - 653
3
aZﬂZ
a, =M/aZ - 521 , &, =2PrM/a,a,, a, =2a,a, PrM?,
a,

=Pr|M?(a.a;) —2a.a, 5,5 |, a, =Prl-M2a.a, +2a.a,6/5|, i
a12 [l 56 5613]a13 [ 156 5613] 4,81 a15 4,83 ﬂl

e & a4y ap a3
l al = al - ] al ajL = o a =
Coeptt Tt p-pE T 28 pi-p" " BB
(—f (h) —a,Sc B, h
+1)G(@1—Sc Sr 8 , a,, =(4 +1)G(@1-Sc Sr
a, = (4 +1)G( ) Ch(z h) 2 = (A4 +1)G( )ay
ays(A a A —ScSr
_ a16(1+ﬂ.1)6(1—56‘57‘) _ a18(1+11)6(1—5c5r) _ a19(1+ﬂ.1)G(1—SC57")
azs = 452 y g7 = 282 1 d2g = p2p?
az0(14+11)G(1—ScSr ThBh
azy = 22 +B;2)—B(12 4 az = as (7 - h),
Ch2B3ThB,h  Sh2PB3h Ch Zﬁ ’h Thﬁ,h Sh Zﬂ 1h
a3y = Az ( 5. 28 ) 3 =8 -
! 3 B 2/,
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Thph Th A h
az4 = Qe (ChﬁshThB'h - Shﬁ3h)v Ay = a21( Z - hjv A3 = a23( 'g - hj

B1 B3
1 1

ChBshThB.h  ShBsh

ChB4hThB.h _ ShBsh
B1 Ba

a39 = a‘32 + a‘33 + a34 + a35 + a36 + a'38

azz :(128( ),(138 =a

_ fi—anptGas(aiztasg)taseh _ Qi1—aiz+Gaq(ai3+as)+agh

. . . d
The pressure gradient is given by % . .
11 11

1
The non-dimensional first order pressure rise is given by Ap, =I %dx
X
0

The expression for the velocity is given by u = u, + Ecu;

where U, and ujare given by the equations (32) and (41). The expression for the temperature is
obtained as 8= &, + Ecéwhere&, and G,are given by the equations (33) and (42). The expression for
the concentration is obtained as

¢ = ¢y + Echwhere ¢ and gare given by the equations (33) and (42). The expression for the pressure
rise is Ap = Ap, + Ec Ap, where Ap, and Ap,are given by the equations (36) and (45).

In the absence of mass transfer (N = 0) and heat sources (o = 0) the results are good agreement with
Krishna Kumari et al [19].

5. RESULTS AND DISCUSSION

In this analysis we analyse the effect magnetic field, thermal radiation, dissipation and radiation
absorption on peristaltic transport of convective heat and mass transfer flow of an electrically
conducting fluid in a symmetric channel in the presence of heat sources. The velocity, temperature,
concentration, pressure drop, Friction factor and rate of heat transfer have graphically exhibited for
different parametric variations.

Figs.2-7 exhibits the variation of velocity distribution (u(y)) with different parameters. It can be seen
from the profiles that higher the thermal buoyancy force(G) smaller the magnitude of the velocity in
the fluid region with maximum attained on the centre y=0. Fig.3 represents the effect of Jeffrey
parameter( A ). From the profiles we notice an enhancement in |u| with higher values of A. The effect
of heat sources on u is exhibited in fig.4.In the presence of heat generating heat sources, energy is
liberated in the flow region, which give to an enhancement in the |u| . Fig.5 show the variation of u
with radiation parameter (Rd). Higher the thermal radiation smaller the magnitude of u with
maximum attained on y=0. Also, higher the thermo-diffusion (Sr) effects smaller the magnitude of u
(fig.6). The effect of buoyancy ratio(N) on u is shown in fig.7.When the molecular buoyancy force
dominates over the thermal buoyancy |u| increases when the forces are in the same directions.

This shows that inclusion of viscous dissipation enhances the magnitude of the velocity in the entire
flow region. The temperature distribution ( © ) is exhibited in figs.8-9 for different values of heat
source parameter (o) and Thermal radiation parameter (Rd). From fig.8 we find that in the presence of
generating source, heat is generated in the boundary layer, which in turn increase the fluid
temperature. It is found that higher the radiative heat flux larger the temperature in the fluid region. It
is due to the fact that an increase in Rd, increases the thickness of the thermal boundary layer
decreases (fig.9).

The concentration distribution (¢) with parameters,a,Rd and Sr is shown in figs.10-12. From fig.10,12
we notice an increment in the concentration with increasing values of heat generating source, Soret
parameter (Sr). This shows that higher the thermo-diffusion effects larger the thickness of the solutal
boundary layer. Also, the concentration reduces with increase in thermal radiation parameter (Rd).

The pressure drops ( AP) is exhibited in figs.13-18 as a function of Q for different values of

G,A,a,Rd,Sr and N. An increase in Grashof number (G) reduces the pressure rise. (figs.13). Higher
the Jeffrey parameter (A) larger the pressure rise fixing other parameters(fig.14). The variation of Ap
with heat source parameter (o) (fig.15) shows that for larger strength of the heat source parameter, we
notice a depreciation in Ap. Higher radiation parameter/ the thermo-diffusivity effects larger the
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pressure drop(figs.16&17). The variation of Ap with buoyancy parameter(N) shows that when the
molecular buoyancy force dominates over the thermal buoyancy force, Ap enhances with N<1.0 and
reduces with still higher values of N >1.5(fig.18).

The friction factor (F) as a function of Q is depicted in figs,19-21 for different values of G,A,a,Rd,Sr

and N. We find from fig.30 that the friction factor reduces with G. Higher Jeffrey fluid parameter (1)
/radiation parameter (Rd) smaller Friction factor (fig.20&22). Lesser the molecular diffusivity/higher
thermo-diffusion effects we notice a depreciation in F(figs.23).Also F enhances with increase in
o(fig.21).With respect to buoyancy ratio(N) we find that when the molecular buoyancy force
dominates over the thermal buoyancy force, F increases with N<1.0 and reduces with higher N>
1.5(fig.24).

Figs.25-26 depict the rate of heat transfer(Z) with variations in o and Rd. It can be see from the
profiles that rate of heat transfer reduces with increase in heat generating/absorbing source. For higher
values of radiation parameter (Rd) we find a depreciation in Z(fig.26).
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6. CONCLUSIONS

The combined influence of thermal radiation and heat sources on convective heat and mass transfer
flow of Jeffrey fluid in vertical channel has been discussed for different parametric variations. The
important conclusions of this analysis are
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[2]
[3]

[4]

[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]
[14]

[15]

The magnitude of u decreases with G, M, Sc and enhances with K and ;. |u| enhances with heat
sources parameter oo and buoyancy ratio N. Higher the thermal radiation and dissipation smaller
|ul.

Higher the strength heat source / thermal radiation / dissipation lager the temperature (6) in the
flow region.

The concentration (¢) enhances with soret parameter (Sr) and heat source parameter (o), reduces
with Rd and Ec.

The presser rise Ap reduces with G, M,K, a, Sc and enhances with Jeffery parameter A and Ec. Ap
enhances with increases with increasing buoyancy ratio N< 1.0 and reduces with higher N > 1.5.

The friction factor (F) reduces with G, K, A, Rd, Sc, Sr and enhances with magnetic parameter M.
The friction factor enhances with increasing buoyancy ratio N< 1.0 and reduces with higher N >
1.5.

The rate of heat transfer reduces with increasing o and Rd and enhances with dissipation
parameter Ec.
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