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Abstract:

We investigate the Hall Effect on the peristaltic flow of Williamson fluid in presence of
convective heat and mass transfer condition under inclined magnetic field. Thermal radiation, heat
source and Soret effects are included in this analysis. Solutions for stream function, velocity,
temperature and concentration are obtained here under the long wavelength and low Reynolds
number assumptions. The effects of different parameters on the axial velocity (u), temperature (),
concentration (C), pressure drop (4p), frictional force (F), rate of heat and mass transfer (Nu&Sh)
and the pumping characteristics are discussed through graphs.
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INTRODUCTION

In Non-Newtonian fluids, the most commonly encountered fluids are pseudo- plastic fluids.
The study of the boundary layer flow of pseudo-plastic fluids is of great interest due to its wide range
of application in industry such as extrusion of polymer sheets, emulsion coated sheets like
photographic films, solutions and melts of high molecular weight polymers, etc.

The diverse characteristics of Non-Newtonian fluids lead to various constitutive equations in
the literature The Navier Stokes equations alone are insufficient to explain the rheological properties of
fluids. Therefore, rheological models have been proposed to overcome this deficiency. To explain the
behaviour of pseudo-plastic fluids many models have been proposed like the power law model,
Carreaus model, Cross model and Ellis model, but little attention has been paid to the Williamson fluid
model. Williamson [35] discussed the flow of pseudo-plastic materials and proposed a model equation
to describe the flow of pseudo-plastic fluids and experimentally verified the results. Lyubimov and
Perminov [15] discussed the flow of a thin layer of a Williamson fluid over an inclined surface in the
presence of a gravitational field. Dapra and Scarpi [4] developed the perturbation solution for a
Williamson fluid injected into a rock fracture.

In certain problems of conductive physiological fluids, the study of magneto-hydrodynamic
(MHD) peristaltic flow of a fluid is of special interest. In fact, the influence of magnetic field may be
utilized as a blood pump in carrying out cardiac operations for the flow of blood in arteries with arterial
disease like arterial stenosis or arteriosclerosis. The usage of the giant magneto-resistive technology
which is a device that applies a magnetic field with a very sensitive sensor, accurately detecting the
small movements of an object within a magnetic field. This technology has the potential to facilitate the
study of peristaltic activity in some tubular structures such as bowel, fallopian tube and perhaps even in
the vas deferens. Hence peristalsis of MHD Eyring—Powell fluid in a channel is discussed by Noreen
and Qasim [21]. Mekheimer et al. [16] observed the effects of magnetic field and space porosity on
compressed Maxwell fluid. Effects of nanofluid and inclined magnetic field on peristaltic transport of
fluid are discussed by Akram [1]. Ravikumar [25] investigated the peristaltic flow of a couple stress
fluid through magnetic field at low Reynolds number in a flexible channel. Peristaltic flow of MHD
Jeffrey fluid through finite length cylindrical tube is investigated by Tripathi et al. [31]. Rashidi et al.
[22, 23, 24] analyzed the steady and unsteady MHD flows over rotating disks by considering different
assumptions such as thermo-diffusion and diffusion-thermo effects, entropy generation and
optimization of entropy generation as well. B'eg et al. [3] discussed the magneto-bio-rheological model
of micropolar fluid in porous medium and obtained the solution by using homotopy analysis method.
Ellahi [5] discussed the MHD and temperature-dependent viscosity in pipe flow of a non-Newtonian
fluid. Sheikholeslami et al. [27] observed the MHD effects in Cu-water nanofluid. Another important
aspect in MHD is related to Hall Effect.
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Vajravelu et al [32] have discussed the Peristaltic transport of a Williamson fluid in
asymmetric channels with permeable walls. Navaneeswara Reddy et al [20] have analysed the effect of
partial Slip on peristaltic motion of a Williamson fluid through a porous medium in a planar channel.
Jyothi et al [12] have investigated the Slip effects on MHD peristaltic transport of a Williamson fluid
through a porous medium in a symmetric channel. Hunaira Yasmin et al [11] have discussed peristaltic
flow of an incompressible and electrically conducting Williamson fluid in a symmetric planar channel
with heat and mass transfer, Hall effects, viscous dissipation and Joule heating are also taken into
account. Veerakrishna et al [33] have discussed the peristaltic flow of an incompressible, electrically
conducting Williamson fluid in a symmetric planar channel through a porous medium with heat and
mass transfer under the influence of inclined magnetic field of an inclinationa. Hall effects, viscous
dissipation and joule heating are considered. Verakrishna et al [34] have analysed the peristaltic MHD
flow of an incompressible and electrically conducting Williamson fluid in a symmetric planar channel
with heat and mass transfer under the effect of inclined magnetic field.

Sulochana [30] analysed the peristaltic MHD flow of an incompressible, electreically
conducting, Williamson fluid in a symmetric planar channel through a porous medium with heat and
mass transfer under the influence of inclined magnetic field. Sarada et al [26] have presented the effects
of partial slip and convective boundary condition on magnewtohydrodynamic mixed convection flow
in the presence and absence of joule heating. Khalid et al [13] have investigated the influence of
magnetic field on peristaltic flow of an incompressible Williamson fluid in a symmetric channel with
heat and mass transfer with convective boundary conditions. Naheeda Iftikar et al [19] have analysed
convective heat transfer with radially magnetic field of an incompressible Williamson fluid with
peristaltic motion and joule heating in a curved channel.

The Williamson fluid is a material that falls into the category of viscoelastic shear thinning
fluids. It represents the behaviour of pseudo-plastic materials whose apparent viscosity or consistency
decreases instantaneously with an increase in shear rate [2, 8, 16]. Also it can be noted that transfer of
energy/mass for flowing fluids does not only take place through simple conduction/diffusion, instead,
bulk motion of the fluid also plays an important role in the transfer phenomenon. Bulk motion of the
fluid can produce considerable alteration in the results of transfer phenomena.

FORMULATION OF THE PROBLEM:

We analyse the peristaltic transport of an incompressible, electrically conducting Williamson
fluid in a vertical symmetric channel through a porous medium with heat and mass transfer and under
the influence Of inclined magnetic field of an angle of inclination o as shown in the figure.1. Hall
effects are taken into account. The basic equations governing the flow, heat and mass transfer flow of
an electrically conducting Williamson fluid v through a porous medium in the presence of heat sources
and thermo diffusion are

=T,

By

Y F

Cc=,

—————me— =

Fig.1: Physical Configuration of the Problem
The continuity equation:
VvV =0 (2.1)

Momentum equation
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p%—\::—Vp+V.S_+jx§—(kﬁ)\7—pg (2.2)
1

The heat equation

pcp(:j—Izkfva +Q(T-T,) (2.3)
The concentration equation
?j—(t: =D, V*C—kc¢(C-C,)+ %VZT (2.4)

m

The equation of state is
p=py==pT-T,)-B.(C-C,) (2.5)
The constitutive equation for the extra stress tensor S is (*)

S =(ﬂ+(uo—ﬂw)(1—F)./j 4 (2.6)

And 4 is defined by

;./ = \/o.sizzj: ?./i,- 7/.ji =/0.5I1 (2.7)

By considering x, =0 and ry in the constitutive equation (2.6) ,so we can write

-1

S=—p|1-T'y | ¥ (2.8)

In which equation (2.8) reduces to a Newtonian fluid in case I =0.
The components of the extra stress tensor are

N
., =2u (1+T y)—
XX /LlO( 7/) 6X

fxy=fyx=uo(1+ry)(g—§+%)
N
=2u (1+Ty)— 2.9
T, =2u,(L+ y)ay (2.9)

Tye = Tix :Tyz :sz =7, =0

We consider the peristaltic transport of an incompressible electrically conducting Williamson fluid
through a porous medium in a three dimensional symmetric flexible channel of width 2a taking Hall
currents into account .The flow are considered in the direction of x-axis and z-axis is taken normal to
the flow. A sinusoidal wave of amplitude b propagates along the channel walls with constant speed ¢
along the direction of the x-axis. A string uniform magnetic field with magnetic flux density B =0
(BOSina, 0) is applied normal to the channel .The induced magnetic field is negligible assuming the
magnetic Reynolds number (Rm) to be small. Also we assume that there is no applied or polarization

voltage so that the total electric field E=0.The geometry of the wall surface is described by
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H(x,t) = iaibCos(ZTH(X —ct)) (2.10)

The generalized Ohm’s law can be written as

J = o(E +VxB — IxB) (2.11)

Where g = S is the Hall factor
n.e

Equation (2.10) can be solved in J to give rise to the Lorentz force vector i9n the form

6 = BB (1Usinga) ~W)T + (U + mWSin(a)) (2.12)
1+ m°Sin“(«)
Where U and W are the velocity components along X and Z directions
respectively. m = @,z, is the Hall parameter.
The equation (2.1) in two-dimensional can be written as
ou ow
_ =
oxX oz

oUWy P 0Ty 0Ty OBoZS'_”(ff)
X - az’ X X 0z 1+m’Sini(a)

DU+ Ao =T)+59(C-C,)

0 (2.13)

(mUSIin(a) -W) —

(2.14)
pu W Wy P 0T, | 0T, BSING) _y , msingay) - (Lyw
X oz oZ oX  8Z 1+m*Sin?(a) k1
(2.15)
oT el o°T
U—+W—=)=k; — - =T 2.16
PCx( 8X+ az) f 572 Qu(T-Ty) ( )
oC ., oC o°C D,K; &°T
U—+W—)=D,,— -k (C-Cy)+—2T— 2.17
Uox *Waz) =Pz (%) T, 0Z° @17)
T Tyr T, are the components of the extra stress tensor equations (2.9)
T _ ﬂ[@Jrr@{(@)Z +1(Q+%) n (%)}1/2] (2.18)
p p X oX ~oX 2 02 oX oz
Ta _ ﬂ[1+ F%{(@)Z +E(Q+M) + (%)}1/2}} (2.19)
P p oX " oX 2°0Z oX 0z

Ty 2#o W [ OW Uy, (10U Wy Won o (2.20)
p p oz azvex’ 206z X' oz

We define the similarity variables as
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X .z u . W. c, . -a . a¥
X :_12 :_1u :_aW :_’t :_taj/ :7_’p = ’

A dl c c A c MCA 2.21)
y=Lnt g I 4 CoC

ca a T,-T, C, -C,

Substituting 2.8-2.11 in equations (2.14-2.16) and using (2.20), the non-dimensional

equations in terms of stream function y are

_op

0 w
1= +2§2 1+We +
OX 0 01 OX oz OX [( 7/ ) ]

(2.22)

v Oy 261// m|v|25|n(a) oy
[(1+we7/)( 50—+ [1+szin2(a)] p

m . a_w )

1+ m?Sin®() DI pe +1]+G(@+ Ng]=0

0z OX OX oz 0z
mM ?Sin(a) ][al//
1+ m?Sin*(a)” o0z
»c MM?2Sin(a) +i]6_1//:

1+m?Sin®(a) D~ ox

oy 0 Oy 0,0 0 0?
53R[( 4 /4 ) l//]_ p 52 _ 2 V/]]

Ox?

+1]

o520 {20
20 pe [(1+We)/) 8X62] o

(2.23)

SRe[(L L -0y [52” 1+ 4Re, 00
X Pr 3 "oz

o’C 02 0’0 0%0
SRe | B [t +Sr[6% — +—
[(a ox axaz)] SC[ ox? ] aand! x> oz’

1-Q6 (2.24)

]

7}:(452 o ‘//) (a .4 528 l//) )2, Re =" isthe Re ynolds number,
oz* 7

oB,a
M? = :
_ PDK: (T - T,)

is the magnetic Re ynolds Number, D = % is the permeabiulity parameter,

/1,

is the Soret parameter, Pr = is the prandtl number,

AT, (C,-C,) ki
U . I'c . .
Sc = o is the Schmidt number,We = is the Weisseberg number,
Pt
2 . 3
Q=29 is the Heat source parameter, G :W is the Grashof number
f
. 2
_fe(C=C0) is the Buoyancy ratio, y = kA is the chemical reaction
Br (Tl _To) ca

parameter, o = 9
A
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Under the assumptions of long wavelength (6 <<1) and low Reynolds number, we

obtain
op O v\ M 2Sin(cx) PNe174
0=—-L+ 2 (@+we o) - 20 by @Y 41+ GO+ NC
ox o1 (¢ 622) V) (1+ m?Sin’(a) X oz )+ G( )
(2.25)
op
0=-P (2.26)
oy
2
0-—a+H27- 227)
1 6°C %0
= 2.28
Sc oz° or? (2.28)

Equation (2.26) shows that p # p(z), and we can write equation(2.25) in the form

62 M %Sin(«) 4 de dC
= -(—————+D + G —+N—
V) msini(y T2 W) N
(2.29)
The non-dimensional boundary conditions in the wave frame are given by
oy
W:O,?:O,Q:O,C:OOn z=0 (2.30)
oy
y/=q,a—=—1,6’=1,C=10n z=h (2.31)
z

Where h(z) =1+ &Cos(27x), & = Ethe amplitude ratio and q is is the non-dimensional
a

time mean flow rate in the wave frame. It is related to the dimensionless time mean

flow rate Q in the laboratory frame through the relation
Q=q+1
The non-dimensional pressure drop Ap per wave length is

Ap = j P (2.32)

To solve the equations (2.27, 2.28, 2.29) with the boundary conditions (2.30&21.31)
we adopt a perturbation technique with We<<land we take

W=y, +Wew, +Wey, + .o, (2.33)
q=0q, +Weg, +We’d, +.coovererrernnnn. (2.34)
%:%+We% +We2%+ .................. (2.35)
dx dx dx dx

0=, +Wed, +We0, + ..o (2.36)
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C=C, +WeC, +We’C, +...coecrrurnu. (2.37)

Substituting (2.33-2.37) in equations (2.27, 2.28, 2.29) and equating the coefficients

of We, up to the first order and neglecting powers of order 2 and higher, we get

Zeroth order

4 20: 2
O:_[a VZO ( M ZSII-‘I(ZO() N D,l)a VZO +G(60° N 6C0)
0z 1+ m“Sin“(x) 0 0z 0z
(2.38)
4Rd, 1 0°6,
0=(1+—)——32-Q¢, 2.39
( 3 ) Pr of Qb,) (2.39)
1 0°C 0’6
0=——2-AC, +Sr——2 2.40
Sc oz* ° oz° (2:40)
The corresponding boundary conditions are
v,
¥, =0, po =0,6,=0,C,=0 on z=0 (2.41)
2
W, =0, aa“go =-1,0,=1C,=1 on z=h (2.42)
z

The first order equations are

4 2c: 2 2 2
0= 2V (M) _ 5y 0¥, O (OVoy g0 N L
0z 1+ m°Sin“(«) 0z 0" oz 0z 0z
(2.43)
4Rd, 1 %6,
0=(01+—)——2-0Q¢, 2.44
A+=57) 5 -Q6, (2.44)
1 0°C 0°6,
0=——2~-AC, +Sr—} 2.45
Sc oz? ' oz? (2.49)
The coOrresponding first order boundary conditions
O’y
v, =0, P =0,6,=0,C;=0 on z=0 (2.46)
2
wlqu,%zo,,elzo,clzo on z=h (2.47)

Solving the equations (2.38-2.40) subject to the conditions (2.41-2.42) the zeroth

order solutions are
6, = 2nn(f,2) (2.48)
Sinh(,h)
_ Sinh(,1) A Sinh(p,2) ... i
0 = Sinh(4,h) + 5 (Sinh(,Bzh) Sinh(p,h) — Sinh(p,z) (2.49)
v, = ASInh(M,z) + A,Sinh(M, z) + Aiz+ A, + A,Cosh(,z) + A;Sinh(f,z)
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(2.50)
The first order solutions are
6, =0 (2.51)
C, =0
1 = AsgCOSN(M, 2) + Ay Sinh(M, 2) + Az + Agg + f,(2)
f,(z) =—A,Cosh(2M,z) — A ,Cosh(24,z) — A ,Cosh(25,z) — A,:Sinh(2M z) -

A Cosh(M,z) — A ,Cosh(M,z) — A ,Cosh(M ,z) — A ,Cosh(Mz) — A,,Sinh(M ,z) —
— A,,;Sinh(M,z) - A,,Sinh(M ,z) — A,,Sinh(M.z) — A,,Cosh(M.z) — A,.Cosh(M ,z)

(2.52)
Where

g R o SSURE L o A AR

T 34+4Rd 2 " Sinh(.h)’ Sinh(gh) f2- B2
A =G P, ABSTNEN
Smh(ﬂzh) (ﬂl _ﬁz )Smh(ﬂzh)
A=— ?2 2 » A= ;AS 2
,Bl (ﬁl _Ml) ﬁz(ﬂz_Ml)
_ A4:312 _ A4 (ﬂlz B M12)
AG - M12 ’A9 - M12 !

Ay = A4ﬂ12COSh(IB1h) + A5ﬁ22005h(ﬁzh) -1

B o AM/Cosh(M,h) + A,

A, = A,Cosh(g,h) + A,Cosh(s,h), A, = MZSinh(M.h) ,

a, <[~ ACoSh(M,h) — A — A, ~ ASIh(Mh)] (AL +AM;

h e 6 ’

_ (ADA _ (As _(AA)M!

Ao 2B (47 -M) Ad 283 (4B —Mf)’ As 3
_ A4A6ﬁ12M12M22 _ A4A61812M12M§

R H U R R HURYRY

A13 _ AsAeﬁzlelej _ A5A6,B12|\/|12|\/|52

CMEMZ-M2)TE T ME(ME-M2)’
CAABMIME AABIMIMZ
AV VM VH (TR VE )
A _AALMIME _AABMIME L AABBSS
LOMIMI =MD MEMZ =MD B (B -MY)]
_ A4 Asﬂlzﬁzzﬂf — ﬂ1 +182 — 181 _182
SRS R,

2
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M1+ﬂ1 M. = Ml_ﬁl

M. = , =
2 2 3 2
M4:M,M5:M,

2 2

Bl= —4A12 — AL —AALB — AM] — AMT — A M —AME - A, BT~ A By
A :_M_lz’ f,(h) =B,, fll(h) =B, Ay =-B, - Ay,

1

A, =0q, + B, +hB, + Ay + A,,Cosh(M,h) — M, hA,Sinh(Mh),

Asg
(Sinh(M,h) —hCosh(M,h))

A31:A26Mf+2ALM3 A27 2A22M1’A32 A27M2 A22Mf_A26M1?+2A6M3’

Asy =—B, —M; A);Sinh(M,h) — M, A,,Cosh(M, h)

Ay, =

Ay =2AAM B+ 2AA M, B7 + 2AAM B +2AA M B — A MM,
Ay =—AoM; —AMIM, +2A M5,
Ay =AA - AA +AAM B - AAMIB —2A,M
Ay =—A, M7 — AAM B+ AAM B~ A M
Ay = —2AM,, Ay = —AMJ —2A Mg, Ay = -2A,M — A M, A, =2A, 3,
Ay =2AB A, =—A, B¢ Ay =—A B A, =—16A,M +05AM® +05A M +2M3A,,
A =AAMS —2MPA,, Ay =-16A M+ AIBT + AL 57 + AA B
=-164,A,, Ay =2A M/, A =28,M A, A, =A.BM}
Ay =AM+ AMY = AP + ALy
Bu = dp"*[/\sM (Ch(M,h) ~1) + A M Sh(M,h) + A, 57 (Ch(sh) - 1) + ASISh(h)

(Ch(sh) -1
BiSh(Bih)

ChgN -1, A (ChBN -1 pn_ ChAN -1 JhB.. = [AM2(Ch(M.h) 1) + AMZSh(M.h 2(Ch(Ah) -1 2Sh(Ah
(ﬂZSh(/iQh) pe (ﬁzSh(ﬁzh) h(Bh) - 5 ) = Q/hB,, =[AM;(Ch(M,h) -1) + A M Sh(M,h) + A5 (Ch(Bh) 1) + A S Sh(/h)

—MZ(A(Ch(M;h) =1) + A,Sh(M,h) + Ah + A, (Ch(Bh) —1) + ASh(Bh) + G(

- . (Ch(an -1
MZ(A;(Ch(M,h) —2) + A, Sh(M,h) + Ajh + A, (Ch(Bh) —1) + A;Sh(Bh) + G( Sh(AR)
ChBM ) | A (CHBN D o CABN D)) s vz iy 1)+ AMESHMR) + A B (ChUAR) 1) + ASH(Ah
N e =5 C sy STUAM = )~ QUALAMS (CROMLR) 1)+ AMISH(MLR) + A (Ch(A) -1 + ASSh(AH)
(Ch(s) -1
-M? Ch(Mh) -1) Sh(M;h h+A,(Ch -1 Sh(ph)+G
(A (CHMR) ~1) + ASHML) + Ah-+ A(CHGAR) ~1) + ASKAR) + B s

((Ch(ﬁzh) D, A ((Ch(ﬂQh) Dy Sh(an) - (Ch(Ah) - 1)))

Ql/h
P.Sh(s;h) /31 =B BSh(Bh) A

_dp Ay A Ay Ay
Bs =4 _[IvIl Sh(M,h) + =32 M. (Ch(M,h) 1) + 2 M. Sh(M,h) + =L M. (Ch(M,h)-1)

A ) A
+12 (Ch(Mh) 1) + Sh(M,h) + 2 5 (AN - 1)+ - Sn(B) + 2 Sn(p )

5 5 1 3
A (Ch(Bh) —1) + 25 Sh(2M,h) + 255 (Ch(2M,h) —1) + 2% Sh(2 8,h) + 42 Sh(2,8,h)
3 2M1 Ml Zﬂl 2

Ao A 1 Ao Cham -1+ A0
*3 5, (Ch(2p,h) 1)+2 5, (Ch(2p,h) -1) + 5, (Ch(B,h)-1)+ A;h-Q1/h
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RESULTS AND DISCUSSION:

In this section, we have presented a set of figures that describe qualitatively the effects of
various parameters of interest on the flow characteristics, like axial velocity(u),temperature
(6),concentration(C), pressure drop(Ap),frictional force,(F), rate of heat and mass transfer(Nu&Sh).
The axial velocity(u) is depicted in figures 2-13 for different variations of G,M,m, Da, Rd,
o,Sc,y,Sr,We,& ,Pr and .

An increase in Grashof number (G) and magnetic parameter (M) increases the central region and
reduces ion the region adjacent to the wall y=1(figs.2&3).Fig.4 represents u with Hall parameter
(m).From the profiles we find that the axial velocity reduces in the central region and enhances it in the
region abutting the wall y=1.

Fig.5 shows the variation of u with buoyancy ratio (Nr).It can be seen from the profiles that
when the molecular buoyancy force dominates over the thermal force, the velocity enhances when the
buoyancy forces are in the same directions and for the forces acting in opposite directions, it reduces in
the entire flow region.

Fig.6 depicts u with radiation parameter (Rd).From the profiles we find that higher the
thermal radiation, u reduces in the central region and enhances is the region adjacent to the abutting
y=1.

In fig.7 wee analyse the axial velocity with heat source parameter(c).In the presence of heat
generating source, the velocity enhances in the central region and reduces in the region adjacent to the
wall y=1 while in the presence of heat absorption, heat is depreciated in the central region and
enhances in the region adjacent to y=1.

Lesser the molecular diffusivity (Sc), smaller the velocity in the central region and increases
in the region adjacent to the wall y=1(fig.8).

Fig.9 illustrates u with chemical reaction parameter( y).It can be seen from the profiles that the
velocity increases in the degenerating chemical reaction case, while in the generating case, u increases
in the region(0,0.6) and reduces in the region(0.6,1.0).

Higher the thermo-diffusion (Sr) smaller u in the central region and larger u in the region
abutting y=1(fig.10).

Fig.11&14 shows the variation of u with different values of Wessenberg number (We) and
inclination (&) of the inclined magnetic field. From the graphs. We find that the axial velocity reduces
in the central region and increases in the region adjacent to y=1.

Fig.12 represents u with amplitude ¢ of the wavy boundary. From the profiles we find that the
axial velocity reduces/enhances with increase in amplitude & of the wavy boundary.

Fig.13 shows the variation of u with Prandtl number(Pr).From the figure we find that lesser
the thermal diffusivity the magnitude of u increases in the central region of the channel and decrease s
in the region adjacent to y=1.

Figs.15-19represent the variation of temperature (6) with different values of Rd,a,Pr,§ and
e.We follow the convention that the non-dimensional temperature ( 0) is positive/negative according
as the actual temperature(T) is greater/lesser than the temperature (T2) on the wavy wall y=1.Fig.15
represents 6 with heat source parameter(o).From the profiles we find that the actual temperature
reduces with increase in the strength of the heat generating source and enhances with that of heat
absorbing source in the entire region except in the central region(0.5,0.8) where it reduces w2ith o>0
and a<0.From fig.16 &18find that higher the thermal radiation/lesser the thermal diffusivity(Pr)
smaller the actual temperature in the entire flow region. An increase in the inclination (&) of the
magnetic field smaller the actual temperature in the entire flow region except at y=0.6, where it
enhances (fig.19) .The actual temperature experiences a depreciation with increasing values of
amplitude (¢) of the wavy wall (fig.17).

Figs.20-27 show the variation of concentration (C) with different values of Rd,a, Sc, Sr,y,&,e
and Pr. We follow the convention that the non-dimensional concentration (C) is positive/negative
according as the actual concentration(C) is greater/lesser than the concentration (C2) on the wavy wall
y=1.Higher the thermal radiation larger the actual concentration except at y=0.6 where it reduces
(fig.21). With reference to heat source parameter (o), we find that the actual concentration enhances in
the central region of the channel and reduces in the vicinity of the right wavy wall with increase in the
heat generation, while a reversed effect is noticed in the case of heat absorption (fig.20).Lesser the
molecular diffusivity smaller the actual concentration in the flow region (fig.23). The actual
concentration enhances in both the degenerating and generating chemical reaction casers except at
y=0.6 where it depreciates(fig.24).With reference to Soret parameter(Sr) we find that higher the
thermo-diffusion effects larger the actual concentration except at y=0.6 where it depreciates(fig.25).An
increase in the amplitude &,it reduces except at y=0.6 where it reduces(figs.26).From fig.22 we observe
that lesser the thermal diffusivity larger the actual concentration except at y=0.6 where it
depreciates.Fig.27 shows the variation of C with inclination (&) of the magnetic field. From the profiles
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we find that an increase in & reduces the actual concentration in the entire flow region except in the
region (0.5, 0.8) where it enhances with&.

The pressure rise per wave length (Ap) against flow rate 6 for different values of Grashof

number(G), Magnetic parameter(M), Darcy parameter(Da), Hall parameter(m), Schmidt
number(Sc),Soret parameter(Sr), chemical reaction parameter(y)., radiation parameter(Rd), heat source
parameter(a), Weissenberg number(We), amplitude(e) of the wavy wall, inclination angle of the
magnetic field(¢), Prandtl number(Pr) are illustrated in Figs.28-40.Equation(2.32) involve the

d
integration of a .This integral is not solvable analytically so it is computed numerically by using
SX

“Mathematica”. It is obvious from figs.28-40 that the in the pumping region (Ap>0), the pumping rate
increases with increase in Grashof number G and magnetic parameter (M)(figs.28&29).An increase in
Darcy parameter(Da) or hall parameter(m) reduces the pumping rate(figs.30&31) .With reference to
buoyancy ratio(Nr),we find that when the molecular buoyancy force dominates over the thermal force
,the pumping rate increases when the buoyancy forces are in the same direction and the forces acting

in opposite directions, it reduces(fig.32). An increase in radiation parameter (Rd<1.5) the pumping

rate reduces while for still higher Rd> 3.5, it enhances (fig.33). For the pumping rate (Ap>0) and in
co-pumping region ((Ap<0), the pumping rate decreases with increasing values of both o>0 and
a<0(fig.34).The pumping rate reduces with Sc and increases with Soret parameter (Sr)
(figs.35&36).With respect to chemical reaction parameter (y),we find that the pumping rate reduces in
the degenerating chemical reaction case and enhances in the generating case. Also an increase in
amplitude ¢ of the wavy wall or inclination (&) of the magnetic field enhances the pumping rate in the
pumping region(Ap>0)(figs.38&39).With reference to Prandtl number (Pr<1.71) we find that in the
pumping region( Ap>0) ,the pumping rate increases, while for higher Pr>3.71,the pumping rate reduces
in the co-pumping region(fig.40).

The frictional force(F) against flow rate Q for different values of Grashof number(G), Magnetic

parameter(M), Darcy parameter(Da), Hall parameter(m), Schmidt number(Sc), Soret
parameter(Sr),chemical reaction parameter(y).,radiation parameter(Rd), heat source parameter(o),
Weissenberg number(We), Amplitude(e) of the wavy wall, inclination angle of the magnetic field(&),
Prandtl number(Pr) are illustrated in Figs.41-53.We find that the magnitude of the frictional force
increases with increase in Grashof number(G), magnetic parameter(M),Hall parameter(m)(figs.41-43)
and reduces with that of Darcy parameter(Da)(fig.44).With reference to buoyancy ratio(Nr) we find
that when the molecular buoyancy force dominates over the thermal buoyancy force the frictional
force increases irrespective of the directions of the buoyancy forces(fig.45). Higher the thermal
radiation (Rd)/ lesser the molecular diffusivity (Sc) smaller the force (figs.46&48). With respect to heat
source parameter (), we find that the magnitude of F reduces with increase in the strength of he heat
generating/absorbing source higher the thermo-diffusion effects larger the magnitude of F (fig.47). The
magnitude of F reduces in the degenerating chemical reaction case and increases in generating case
(fig.50). An increase in the amplitude (g)/inclination (&) of the magnetic field larger
|F|(figs.51&52).With reference to Prandtl number(Pr),we find that F is negative for Pr<1.71 and is
positive for higher Pr>3.71,In total |F| reduces with increasing values of Pr(fig.53).

The rate of heat transfer (Nu) on the wall. (y=1) is exhibited in figs.55-58 for different
parametric variations. From the graphs we find that higher the thermal radiation (Rd) / lesser the
thermal diffusivity (Pr) larger the rate of heat transfer on the wall (figs.54&57). The variation of Nu
with heat source parameter ( o) shows that The Nusselt number increases with increase in a>0 and
reduces with the strength of the heat absorbing source (fig.55). Higher the amplitude ( & )/ inclination (
&) of the magnetic field, smaller the rate of heat transfer at the wall (figs.56&58).

The rate of mass transfer (Sherwood number) at the wall y=1 is shown in figs.59-66 for
different variations of the parameters. Higher the thermal radiation/thermo-diffusion effects, larger the
rate of mass transfer (figs.61&62). An increase in heat generating source parameter ( a.<4)larger Sh and
for still a>6,smaller Sh at the wall(fig.63). Lesser the moleculer diffusivity (Sc<0.66) larger Sh and
still lowering of the diffusivity (Sc>1.3) smaller Sh on the wall (fig.59). The rate of mass of mass
transfer enhances in both degenerating/generating chemical reaction cases (fig.60). Sh reduces with
increase inn the amplitude (g) and enhances with the inclination (&) of the magnetic field (figs64&66).
Lesser the thermal diffusivity (Pr<1.71) larger Sh and for still higher Pr>3.71, Sh reduces at the wavy
wall y=1 (fig.65).
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Fig. 2 : Variation of u with G
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Fig. 8 : Variation of u with Sc
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Fig. 11 : Variation of u with We
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Fig. 3 : Variation of u with M
G=2,m=0.5,Nr=1,Rd=0.5,0=2, Sc=1.3,
v=0.5,5r=0.5, We=0, e=0.1, Pr=0.71, &=n/2
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Fig. 6 : Variation of # with Rd
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Fig. 9 : Variation of u with y
G=2,M=1,m=0.5, Nr=1, Rd=0.5, 0=2, Sc=1.3,
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Fig. 12: Variation of u with &
G=2,M=1,m=0.5,Nr=1,Rd=0.5,¢=2, Sc=1.3,
v=0.5,51=0.5, We=0, Pr=0.71, &=n/2

Fig. 4 : Variation of # with m
G=2,M=1,Nr=1,Rd=0.5, 0=2, Sc=1.3,
v=0.5,8r=0.5, We=0,e=0.1,Pr=0.71, &=n/2
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Fig. 7 : Variation of u with o
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Fig. 10 : Variation of # with Sr
G=2,M=1,m=0.5,Nr=1,Rd=0.5,0=2, Sc=13,
y=0.5,We=0,e=0.1, Pr=0.71, &=n/2
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Fig. 13: Variation of u with Pr
G=2,M=1,m=0.5,Nr=1, Rd=0.5,0=2, Sc=1.3,
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Fig. 15 ; Variation of #with o
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Fig. 27: Variation of C with &
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Fig.22: Variation of C with Pr
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Fig. 28: Variation of Ap with G
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Fig. 30: Variation of Ap with m
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Fig. 44: Variation of F with Da
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Fig. 46: Variation of Fwith Rd
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Fig. 54: Variation of Nu with Rd
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Fig. 49: Variation of F with Sr
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Fig. 52: Variation of F with &
G=2,M=1,m=0.5, Da=1, Nr=1, Rd=0.5, a=2,
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Fig. 58: Variation of Nu with &
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Fig. 59: Variation of Sk with Se
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CONCLUSIONS

This paper addresses the thermal radiation heat sources, Hall effects, inclination of the magnetic field
on the peristaltic motion of Williamson fluid. The main observations have been summarized as follows:

>

>

An increase in Grashof number (G)/magnetic parameter (M) reduces u in the central region
and enhances in the vicinity of y=1.The pressure drop (Ap) increases while the frictional force
(F) decreases with G.

An increase in Hall parameter (m)/Radiation parameter (Rd) enhances u in the central region
and reduces in the vicinity of y=1.The pressure drop (Ap) decreases while the frictional force
(F) increases with m. The temperature reduces and the concentration enhances with increase in
Rd.

An increase in Soret parameter (Sr) enhances u in the central region and reduces in the vicinity
of y=1.The pressure drop (Ap) increases while the frictional force decreases with Rd. The
Sherwood number (Sh) increases with Sr.

An increase in heat source parameter(o>0) enhances u in the central region and reduces in the
region adjacent to y=1,while reversed effect is observed with a<0.An increase in o>0,reduces
the temperature ,enhances the concentration, pressure drop, frictional force, Nusselt and
Sherwood number, while reversed effect is noticed in their behaviour with o<0.

An increase in the inclination (&) of the magnetic field increases u in the central region and
reduces in the vicinity of y=1.The temperature, concentration, frictional force reduces while
the pressure drop, Nusselt and Sherwood number enhance with increase ing.

An increase in Weissenberg number we reduces the velocity u in the entire flow region.
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