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ABSTRACT

The influence of radiative heat transfer on peristaltic flow of a third order fluid through the between parallel plate
with transverse magnetic field has been studied. The governing equations of two dimensional fluids have been
simplified under the consideration of long wavelength and low Reynolds number approximation. Exact analytical
calculations are carried out for the pressure gradient, velocity, pressure rise, friction force on the heat transfer rate.
The effect of the non-dimensional wave amplitude, the variable magnetic field, the ratio of relaxation of retardation
time, the radius ratio and the non-dimensional volume flow are analyzed theoretically and computed numerically.
Comparison was made with the results obtained in the presence and absence of variable magnetic field and an
endoscope. The results indicate that the effect of the non-dimensional wave amplitude, variable magnetic field, ratio
of relaxation to retardation time, radius ratio and non-dimensional volume flow on peristaltic flow is very
pronounced.
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INTRODUCTION

A non-Newtonian fluid is a fluid with propertiesathdiffer in any way from those of Newtonian fluidglost
commonly, the viscosity (the measure of a fluidiBity to resist gradual deformation by shear arsite stresses) of
non-Newtonian fluids is dependent on shear ratshear rate history. Some non-Newtonian fluids veitlear-
independent viscosity, however, still exhibit notrs@iess-differences or other non-Newtonian behavitany salt
solutions and molten polymers are non-Newtoniaiu$luas are many commonly found substances sukéteisup,
custard, toothpaste, starch suspensions, paimdpémd shampoo [1]. In a Newtonian fluid, the ielabetween the
shear stress and the shear rate is linear, pa#isinggh the origin, the constant of proportionaliiging the
coefficient of viscosity. In a non-Newtonian fluithe relation between the shear stress and the siteds different
and can even be time-dependent (Time Dependenbsitgl. Therefore, a constant coefficient of visgpsannot
be defined. Although the concept of viscosity isnooonly used in fluid mechanics to characterize shear
properties of a fluid, it can be inadequate to dbscnon-Newtonian fluids. They are best studiadugh several
other rheological properties that relate stresssirain rate tensors under many different flow ¢oos—such as
oscillatory shear or extensional flow—which are swead using different devices or rheometers. Thedgties are
better studied using tensor-valued constitutiveatiqns, which are common in the field of continuonmechanics

2].
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Peristaltic pumping has been the object of sciensifid engineering research in recent years. Thre weristaltic
comes from a Greek word “Peristaltikos” which meantesping and compressing. The peristaltic transggor
traveling contraction wave along a tube-like stwwet and it results physiologically from neuron-icwlar
properties of any tubular smooth muscle Peristatition of blood (or other fluid) in animal or humbaodies have
been considered by many authors. It is well kndvat peristaltic flow is generated by means of mgwantraction
on the tube and channel walls. The mechanism a$tpégis is used in the body for pumping physiotagifluids
from one place to another [1,2]. Due to indispetesatie of peristaltic flows, it has been extengiaudied in both
mechanical and physiological situations under déffiée conditions. Recently, several studies aregogiade on the
peristaltic motion of Newtonian and non-Newtoniéuids. Moreover, the study of hydrodynamics hasedivery
much attention within the more general context afgnmetohydrodynamics (MHD) in the last few yearse Btudy
of the motion of Newtonian and non-Newtonian fluidshe presence as well as in the absence of niadigdd has
found several applications in different areas, udalg the biological fluids and the flow of nuclefael slurries,
liquid metals, alloys, plasma, mercury amalgams hbledd etc. To study the MHD effect on peristafiow of
biological fluids is very important in connectiontivcertain problems of the movement of conducfitigsiological
fluids, for example the blood and the blood pumgihiges. Such analysis is of great value in medisgarch [3].

It is an important mechanism for transporting bloatiere the cross-section of the artery is corgchor expanded
periodically by the propagation of progressive wave plays an indispensable role in transportingnyna
physiological fluids in the body in various situats such as urine transport from the kidney tabladder through
the ureter, transport of spermatozoa in the duifésemt of the male reproductive tract and the nmoset of the
ovum in the fallopian tubes. The effect of rotatiom the peristaltic flow of a micropolar fluid thrgh a porous
medium with an external magnetic field, the , flolilliamson fluid in the occurrence of induced gnatic , the
influence of the induced magnetic field and heatgfer on the peristaltic motion of a Jeffrey flincan asymmetric
channel: closed form solutions field are investgain Literature [3]. Mahmoud et al. [4] discusskd effect of the
rotation on wave motion through cylindrical boreainmicro polar porous medium. The dynamic behaofa wet
long bone that has been modeled as a piezoeléctiimv cylinder of crystal class is investigateddre [5]. Heat
and mass transfer in the peristaltic flow of hypdidbtangent fluid are important even in a JohnSegalman fluid
[6]. Other than papers on heat transfer in comnhadd in a highly absorbing medium [7] or micro gofluids [10]
the effects of MHD also are investigated simultarshp[8].

The viscosity of a shear thickening fluid, or dilat fluid, appears to increase when the shearimateases. Corn
starch dissolved in water is a common example: vdtiered slowly it looks milky, when stirred vigarsly it feels
like a very viscous liquid. A familiar example dfet opposite, a shear thinning fluid, or pseudotigldlsid, is wall
paint: The paint should flow readily off the brushen it is being applied to a surface but not @sipessively. Note
that all thixotropic fluids are extremely shearnthing, but they are significantly time dependenheveas the
colloidal "shear thinning" fluids respond instargansly to changes in shear rate. Thus, to avoitus@m, the latter
classification is more clearly termed pseudo ptd€X.

Another example of a shear thinning fluid is blo®@tlis application is highly favoured within the yods it allows
the viscosity of blood to decrease with increadszhs strain rate. Fluids that have a linear sheeassshear strain
relationship require a finite yield stress befdreyt begin to flow (the plot of shear stress agashstar strain does
not pass through the origin). These fluids areedaBingham plastics. Several examples are clayesisgms,
drilling mud, toothpaste, mayonnaise, chocolate] amustard. The surface of a Bingham plastic caw Ipalaks
when it is still. By contrast Newtonian fluids haflat featureless surfaces when still [10-11]. Ehare also fluids
whose strain rate is a function of time. Fluidst tiesguire a gradually increasing shear stress totaia a constant
strain rate are referred to as rheopectic. An oppasse of this is a fluid that thins out with érand requires a
decreasing stress to maintain a constant straégn kény common substances exhibit non-Newtoniawslorhese
include: soap solutions, cosmetics and toothpasfepd such as butter, cheese, jam, ketchup, mays@&nabup,
taffy, and yogurt, natural substances such as mafawa, gums, and extracts such as vanilla exttaotogical
fluids such as blood, saliva, semen, mucus andwsginfluid, and slurries such as cement slurry aagher pulp,
emulsions such as mayonnaise, and some kinds pérdisns. Because of its properties, oobleck isnottsed in
demonstrations that exhibit its unusual behaviopefson may walk on a large tub of oobleck with&inking due
to its shear thickening properties, given the iidlial moves quickly enough to provide enough fosith each step
to cause the thickening. Also, if oobleck is placeda large subwoofer driven at a sufficiently higiiume, it will
thicken and form standing waves in response toftequency sound waves from the speaker [12-14].

Flubber is a non-Newtonian fluid, easily made frpotyvinyl alcohol-based glues and borax. It flowsler low
stresses but breaks under higher stresses andumg®s3his combination of fluid-like and solid-likgroperties
makes it a Maxwell fluid. Its behavior can alsodssscribed as being viscoelastic or gelatinous. Beroéxample of
this is chilled caramel ice cream topping (so lasgit incorporates hydrocolloids such as carrageama gellan
gum) [15]. The sudden application of force—by staflithe surface with a finger, for example, or diypinverting
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the container holding it—causes the fluid to behkke a solid rather than a liquid. This is the &ah thickening"
property of this non-Newtonian fluid. More gentledtment, such as slowly inserting a spoon, wilveit in its

liquid state. Trying to jerk the spoon back outiagAowever, will trigger the return of the tempiyraolid state.
Silly Putty is a silicone polymer based suspensiich will flow, bounce, or break depending on streate. Plant
resin is a viscoelastic solid polymer. When leftaircontainer, it will flow slowly as a liquid to oform to the

contours of its container. If struck with greaterde, however, it will shatter as a solid.Ketchs@ishear thinning
fluid. Shear thinning means that the fluid viscpsiecreases with increasing shear stress. In atbeds, fluid

motion is initially difficult at slow rates of defmation, but will flow more freely at high ratesg]j1

The experimental investigation of thermal loadingmutual fluids [17] are also motivated to inveatithe joule
heating, and viscous dissipation effects on MHDzddr convection flow [12] and Creeping flow [18] various
applications [18-23]. As discussed the influenceadfially varying MHD on the peristaltic flow witheat and mass
transfer of a third order fluid in a diverging tuf#s-27], Eyring—Powell fluid, fractional Maxwelldids, and a
Jeffrey-six constant fluid are important [28]. Tineristaltic flow and heat transfer in a porous rae#lith long wave
approximation with temperature dependent variaideosity in a curved channel with compliant wallkieh wall
properties are affected on the MHD peristaltic flbas been discussed [29]. The magnetic field cbeldpplied
inclined or with an endoscope are interested afidWed by some researchers [30-32]. There have bezmy
theoretical models developed to describe the pédtitsflow in an annulus with heat and mass transféects [33-
35].

For most of the research the wave shape is sinalstidaddition the Re<<1, wave number are neaw,Zarid
property are viscoelastic, third order fluid, powaw fluid, couple stress fluid, and Casson fluithe flow
geometries are various such as two dimensionalmehaaxi-symmetric tube of varying or uniform crasestion,
and Two-layered axi-symmetric tube [36].

The goal of the present research is to study tfeetedéf magnetic field on the peristaltic flow oftlaird fluid in a
channel with radiation. Here the governing equatiare nonlinear in nature; we used infinitely lomgvelength
assumption to obtain linearized system of coupldteréntial equations which are then solved anebijty.

Expressions for the pressure gradient, velocitgsgure rise, friction force on the heat transfer given and
discussed. The numerical result displayed by figamd the physical meaning is explained. The egulficate that
the effect of the non-dimensional wave amplitudagnetic field, ratio of relaxation to retardatiome, radius ratio
and non-dimensional volume flow on peristaltic flawery pronounced.

EXPERIMENTAL SECTION

We consider the three-dimensional laminar flow lifd grade fluid. The inlet fluid temperature isnsaered to
be T,.. The thermal radiation effect is retained in theergy equation. Induced magnetic field is not tako
account due to smaller magnetic Reynolds numbectit field is assumed to be zero. The presenndbaiy layer
equation for three-dimensional flow of third gréeftiéd can be expressed as follows:

divV =0 (D
dv _
pE= divT + ] X B 2

ar .
pC—==kV?T +q;(3)

where‘fi—f is the material derivativd, is the velocityp is the density,C is the specific heat, J is theent density,

q,is the radiative heat, B is the total magneticdfi¢the induced magnetic field assumed negligible) is
temperature ,anfl is the Cauchy stress tensor. The constitutive teayuéor Tin a third order fluid is

T=-pl+5(4)

where p is the pressure, | is the identity tensaorthe extra stress tensor S is given by

§ = A, + ay Ay + @, Ay" + B A + (A Ay + AyAy) + s (trAy") Ay (5)
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in which p,a,p are the material constants and the Rivlin—Erickisors (An) are given through the following
relations

Ay = (grad V) + (grad V)T (6)

A, , The first-order Rivlin—Ericksen,is a Rivlin—Ekgen temporal evolution of the strain rate tensmhsthat the
derivative translates and rotates with the flowdfibased on the fluid's velocity and Aij, the ndider Rivlin—
Ericksen tensor. Also for n>1

Ay = Ay + Ay 1(grad V) + (grad V)™A,_y, n>1  (7)

A second-order fluid is a fluid where the stressste is the sum of all tensors that can be formeuh fthe velocity
field with up to two derivatives, much as a Newtomiluid is formed from derivatives up to first erd This model
may be obtained from a retarded motion expansigorctted at the second-order. Higher-order tensgrbadound
iteratively by the expression

Ay = Ay + Ay 1(grad V) + (grad V)™A,y, n>1  (8)

The derivative chosen for this expression depemdsanvention. The upper-convected time derivatiogjer-
convected time derivative, and Jaumann derivatigeoéten used. For unsteady two-dimensional flows

V=[UKXY,DVXYD0, (9
in which , are the material constants and theiRbdAricksen tensors are given through the previelagions.
J=0(E+VXxB), (10)

where Bx and By are the components of velocity @l¥rand Y directions respectively, tis the dimemnsil
time, g is the acceleration due to gravitys the thermal expansion coefficieatis the electrical conductivity of the
fluid, Bg is the uniform applied magnetic fields(pc’),/(pc’); is the ratio of the effective heat capacity of enia
and heat capacity of the fluidis the thermal expansion coefficient ghid the coefficient of expansion with
concentration and k is the permeable parameterrddiative heat flux in th&-direction is considered negligible as
compared tof -direction. Hence, by using Rosseland approximafiwrradiation, the radiative heat fluxig given

by

1605n°T?

5 VT(D)

q =

wherec and k are the Stefan—Boltzmann constant and ttas mesorption coefficient, respectively. We asstimaé
the temperature difference with in the flow is @iéntly small such that the ternfih a Taylor series about
temperature J.

div B =0, (12)
where
divB =0, (13)

in which  and are the velocity components in thend directions respectively. It is also assumed fibr
the flow under consideration there is no motiorthaf wall in the longitudinal direction. This assuiop constrains
the deformation of the wall; it does not necesganiply that the channel is rigid against longituali motions, but
is a convenient simplification that can be justifiey a more complete analysis. The assumption @shat for the
no-slip condition at the wall. Neglecting the désgment currents, the Maxwell equations and thev®baw are

lE = 0B 14
curlE = at'( )

wherego is the electrical conductivity, is the magnetic permeability and is the eledigtd. The imposed and
induced electrical fields are assumed negligibledé&f low magnetic Reynolds number approximation,
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] x B= —06B3V, (15)

In the above equations the subscripts indicatgérdal derivatives. In the fixed coordinate systetine motion is
unsteady because of the moving boundary. Howelvebsierved in a coordinate system moving with {eesl c, it
can be treated as steady because the boundary @pgars to be stationary. The transformations dstvthe two

frames are given by
ou + v =0 16
axtar =" (19

where U,V are components of the velocity in thevimg coordinate system. The Navier stokes equatioas

d d a\ _ 0p(X,Y,t) 08Szx 9Sxy -
o(5e+ U_“’ay)”“ ox ' ox "oy B0 U7
9 a O\ 0p(X,Y,D) 0Sgy 657?
P (5 + UaX+VaY)V v T ox T ar  O®

introducing the non-dimensional variables

Sgx = 2uUx + ay (2Ug; + 2UUxx + 2VUgy + 4U% + 2V + 2VzUy) + a, (403 + U + V§ + 2V Uy)
+ ﬁl(ZUX” + 20055 + 4U Ugge + 2Vilgy + 4V Ugps + 120Ux: + 6VgVige + 2Us Vi
+4UpiVg + 14U UglUgg + 12V UgUsy + 8UX +6U VglUgy + 6V VgVgy + 4V V—Uyy
+6U VXVXX + 20% UXXX + ZUVUXXX +2V UYU)?)? + 2]72[7)?)?}7 +2V VyUgy + 2V Uy_gy
+ 8UyVsUs + 2UVzzUp + 4UVUzzy
+ﬁ1(8L_’XUXf+8L_’ VXUXX+8V UX_X7+16U)% 2U
+ 20 VgVgg + 2V UgVpy + 2V VgVip + +
+ 4‘7)?1._’)% + 4(7;[7% + 8(77‘7;[7; + 2]7;[77{)
+ Bs(203 + AUgUE + 8UxV# + 4UxVE + 8UyVUx),  (19)

and defining the stream functi&(x,y) through
ST)?V=[1(U7+]7)?)+a1(ng+U}75+l_]Ugg+‘7 ]7)?}7 VU77+U
+ a, QUxVx + 2V V)
+ BI(VXCC + Uy + UgUgy + UUgy; +
+ ZUVxxr + ZVYVXC + 4‘VXVYC 7Vye + 4
+ 402Uy + 4VEUy + 4VgUE + 2VyUypy + UVzx
+ UUypps + U?Vigg + UVUgyy + 3VUg Uy +
+ V2Vgpp + UVVizy + UVzxUy)
+ BZ(ZUXVXt + ZUXUYt + ZUUXU + ZVU)?_XY + 2V )?Uyy + Zl_]U)? fodan ZV)?Vyf + 2U7 X
+2

V. Vxye + 2VUype + VeUyy + UgVx

+ 3U)?ny + 5V UyUgy +4UUzUzz
V + 4’VXV + 4UXUXY + ZVVyVXX + 4’V X_Y
5

+2VXUXt+2UUYVXY+2V VXU727+2UU— gg+2]7 L_/y X7

+ ZU}%UY + 6V Uy + 217)?3 + 617;[75 + 6V7 Uy + 2V Vg + 205 Vg)
+ B5(U2Uy + 2U3 + 6VEUy + 4VEUy + 6VzUZ + VzUZ + 2V + 4VEV), (20)

the continuity equation is identically satisfiendafrom Eqs (19) and we deduce that
ST)?V = [1((77 + ]7}?) + al(V,?f + L_/yg + UU)?)? +V ]7)?}7 + VUV? +U ]7)?)? + ZU)?UV + ‘7)?[77)
+ a, QUxVx + 2VsVy)
+ B1(Vaze + Urse + UeUsy + UUgye + VeVgy + 2V Viys + 2VUrse + Vg
+ 2UVXXt + ZVYVXC +4VeVor + VeVpe + 4 +
+ 402Uy + 4VEUy + 4V U; + 2V Uy +
+ UUpps + U?Vggg + UVUspy + 3VUg Upg + 50VgVsy + U?Uggy + UVVspy + 2VU3Usx
+ V2Vgpp + UVVizy + UVzxUy)

+2]7)?U)?f+2UU7]7)?7+2]7 V)?Uy)?y-i-ZUU}? gg+2]7 L_/y xr
+ 20VzUgs + 20VgVgs + 6VgUZ + 2VpUgs + 2VeVi + 2V W
+ 202Uy + 6VEUy + 2V3 + 6V5UZ + 6V Uy+2V Vx + 20y Vz)

+ Bg(Uﬁuy + 202 + 6VZUy + 4AViUy + 6V5UE + ViUZ + 2V3 + 4VEVg),  (21)

N
]

g
+
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indicates that#p(y) and so by eliminating p from Eqgs. (18) and)(1We have the following vorticity transport

equation

577 = 2#]77 + (11(2]7}75 + 2(._”7)?}7 + 2V ]777 + 2[._’1% + 4‘772 + 2]7;[77) + QZ(U}—% + 4‘772 + [7)?2 + 2]7;[77)
+ By (2Vizz + 2UVsy + 4UVgpz + 2ViVpy + 4VUppr  + 20Uy Vs + 2VgUypz + 203V + 6Uyz
+ ]‘ZVYVYf + 4UUYVXX + 6VUyVXy + 8V‘ + 6UUYUXY + 6VUyUyy + 12UVYVXY + 14‘__17[71717
+ 20%Vggy + 40UV Vipy + 20V Vpy + 2V Vypy + 2VViVgy + 2V V3 Uy + 80Uy V; Uy

¥

o7 + 8V /v Voy + 16V + 2U3Vi; + 2U3Ugz + 2V Vs + 2VU3 Vg

E }7 ZUVXUXY + ZUUyUXy + ZVUyU + 4VyU2 + 4’VyV‘
VxUyt) + Bs(8VF + 2Vp Uz + 4V VE + 4VYU2 + 8U;VxUg) (22)
Or in the form of sai function:

N L L 0 Y s A WP s SN i 2 150
L dy 0x20y dx 0x0y> d0xdy 0x2 0y2 dx2 0xdy

oo (se (7 2+452 AN i N i d ‘
z dx? dxdy dx2 dy? ' \ay?

N 265(6511)2 0" GOV OV 0% 0vov o' | 0V3TY 0%
h dy/) 0x30dy ay dxdy axzay 9x dy 0x2dy? dx dy? dx%dy
oV oy o3y ow\? o'y ov %y o3y oY 9%Y 93y
— 3(—) ——254———— 1263 ————
dy 0x? 0xdy? dx/ 0xdy3 dy 0x? 0y?0x dx dxdy dy?dx
0%y v o3y Nl 0’y o3y oY 9%y 93y oY 9%y 93y
0x0dy dy 0x?0dy x d0xdy x2dy 6y axzax dy 0x 63y dy
0¥ 9%y 93y oY 9%y a3y 0*¥\ 9%y 0%y
_qpe SPOHOT | (52000 O g —— —85°
dy dy? dx3 dy dy? dxdy? dxdy) 0y? dxdy
. LW OV 0Ot ot (0M N LR AN
& dxdy 0x 0x20y ay axay axzay d0xdy dxdy \ 0x?
4 a2 (2 262'1”+2526'1Uaz'¥/ 0¥ LIV W 2664/624/6351/
dxdy) 0y? dy dy? dxdy? Ay 0x? 0xdy? dx dy? dy3
A A L0V Iy oY N L0V %Y Y N , 0¥ %W Y
0x? dy 0x3 9x 0x2 6y6x2 x dy? 6y6x2 9x dx? ay
R A , 0% (9%*W
—28%*— +
dy 0y? 0x3 dy? \0xdy
oo gese (2% 3+863azwa2w o’y O (0P 2+455 o’y aztp 1 s
Vs 9xdy 9x2 0y? 9xdy - oxdy \ 9y? axay\axz) | @®

where the non-dimensional wave numbgethe Reynolds number Re, the material coefficieatsl

2na ca a,c a,c c?
P T Y L

A u ua’ ua Ba? 24

and Hartman number M are given by

Boc? Bsc? o
=—, =—, M = —B 25
V2 na? V3 na? 7 oa (25)

the solution of above Eq.s is highly complicateohinear and thus the closed form solution foiiteaby values of
all parameters is impossible. Even the existingtgmis for the Newtonian fluid [2] are obtained en@dne or more
assumptions. With this fact in view, we carry dut eainalysis here for long wavelength. This is advassumption
especially for the flow of chyme in the small irttes. Long wavelength assumption has already beseal by
several workers [6], [7], [8] and [9] in the fieldcor the long wavelength approximation, Eqs. (19-g®e

S«=S,=0, so

R 5[(651/6 alpa)vw]— " 6225|482 (s ) Mz 26
¢ dy d0x 0Ox dy ~[\ay? D2 Sxy 9xdy Sxx = Sxy ( )
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where the Deborah number and
ofw 92 (97w\' 9%
N U R
andI'=y,+ys. In the wave frame the non-dimensional boundandi®mns are

ax  0y3 dy \ dy? dy (28)

v
dy?
wall h becomes h(x)=1dsinx

2 3
wheres,, = 37[‘;1—1- 2 I"( ) is the non-dimensional mean flow and non-dimeraicsurface of the peristaltic

0%y \
Y = O,a—yzz Oaty = 0, (29)
0¥ 1, Y =Fat 0
-— =—1, = a = ,
dy Y )

in which the amplitude ratit(=b/a) and 08<1.

RESULTSAND DISCUSSION

The boundary value problem consisting is non-lirezad it is difficult to get a closed form solutiddowever for
vanishingl', the boundary value problem is amenable to an @&aalytical solution. In this case the equation
becomes linear and can be solved. Vanishitepds to a problem of a Newtonian fluid. HowewnallT" suggests
the use of perturbation technique to solve the Ilmmar problem. Consider an incompressible
magnetohydrodynamic (MHD) flow of Williamson fluith a symmetric channel of widthd2 Both the magnetic
field and channel are inclined at angi#sanda. Herex-axisis taken along the length of channel gnd
axistransverse to it (see Fig. 1). A uniform magnégtd B is applied. The induced magnetic field egtected by
assuming a very small magnetic Reynolds numben #is electric field is taken absent. Heat and nrassfer is
examined through convective conditions. In aboveaéiqnsr is the elastic tension in the membrame,the mass
per unit area, the coefficient of viscous dampBithe flexural rigidity of the plate the spring stiffnessy, the
heat transfer coefficient. Analog to the convecttemditions at the wall, we have applied the migeddition for
mass transfer as well. Therefdrgndicates the mass transfer coefficient in the Isimivay as the heat transfer (it is
a parameter that is used to describe the ratiodsetactual mass flux of specie into or out of thwihg fluid and
the driving force that causes that fluX).andCyrepresent the temperature and concentration atgper and lower
walls respectively.In the above equatiena/d, is the geometric parametérd,/A the wave number, Reed,/u the
Reynolds numbefr=c?/gd; the Froude number, Hathe Hartman number, the nkBran
number, Pracyk ancEc:CZ/Tocp the Prandtl and Eckert numbers respectiv@tyu/pD the Schmidt
number,S=pTDK/uTmCo the Soret numbeDu=Dnk/vC.C, the Dufour number, B=h,d,/k the heat transfer Biot
numberyi;=h,d,/D the mass transfer Biot number. Here asteriske& Hmeen omitted for simplicity. We find the
exact instead of series solutions for small Weiseegnnumber such as

y=yoWey 1 +O(WE),0=00+Wed; +O(WE),d=do+Wed; +O(WE?), Z=Z5+WeZ; + O (WE?).

If we have considered the zeroth and first ordstesyis only due to the fact that the perturbaticaupeter is taken
small (We<1), then the contribution of higher order terms egligible due to order analysis. Such contribufior
higher order systems is very small. The zeroth otelen gives major contribution. First order ternave less value
when compared with the zeroth order term. It isedathat subsequent terms are smaller. This faairesghe
convergence. In order to avoid length we only adesthe solutions up to first order. Upon making o$ zeroth-
order solution into the first-order system and tkelving the resulting problems
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Fig. 1. Boundary condition of problem

In this section, we have presented a set of figtwesbserve the behavior of sundry parameters waebin the
expressions of longitudinal velocity (yz+Wey,y), temperaturd, heat transfer coefficie@and stream
functiony.

Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 displdne teffects of various physical parameters on tHecitg profile
u(x,y). Fig. 2 depicts that the velocity increasesen thermal radiation enhanced. It is due to det that less
resistance is offered to the flow because of thit @astane and thus velocity increases. Howeveerse effect is
observed for Hartman number. As Hartman numberessmts the damping which is resistive force socigio
decreases when Hartman number is increased. Sib@lavior is observed for the velocity in caseigitdity and
stiffness due to presence of damping force. Figh8ws that the temperature decreases by increékngnan
number M. It is due to the fact that magnetic fiafiplied in the transverse direction shows dampiifgct on the
flow. It can be seen that the pumping rate deceeadth the increase af; on4P with Q for pumping region. While
the pumping rate increasesdncrease whereas pumping rate increases withdsirg the values gf Fig. 4
illustrates that velocity profile decreases fogkrWe in the entrance region whereas it has ofgbshavior in the
outlet region.Since channel exhibits elastic betrathat offers less resistance to flow which imtspeed up the
velocity. Due to the fact these figures depict et velocity for fractional second grade fluidgieeater than the
second grade fluid. It is observed from Fig. & floa subcritical flow (Fr<1) the velocity profileas greater effect
than that for critical (Fr=1) and supercritical ¥&) flow cases. The velocity profile decreases withincrease of
Froude number Fr. It is noted that the pressuee tie friction forces on the outer tube and tiaiém forces on the
inner tube have a non-zero value only in a bourrédgibn of space. It is observed that the presssesdecreases
with the increasing of the variable magnetic fightt ratio of relaxation to retardation time andiua ratio, as well
it increases with increasing of the non-dimensiomave amplitude, while the friction forces on th#ter tube and
the friction forces on the inner tube increase withreasing of the variable magnetic field, theg tlatio of
relaxation to retardation time and radius ratiowsd! it decreases with increasing of the non-disienal wave
amplitude. Fig. 6 indicates that the velocity piefis increasing function of the intensity of prassfield. It is
observed that in pumping region the pumping inereasith an increase @f However in both free pumping and
co-pumping regions this situation is quite oppositene another. The effect bfon4P with Qindicates that the
pumping rate is increasing for time and materiaistant. It is noted that the pressure gradientahasn-zero value
only in a bounded region of space. The effect ef tlon-dimensional wave amplitude, magnetic fieitjor of
relaxation to retardation time, radius ratio ane tlon-dimensional volume flow on the absolute valfipressure
gradient can found there. It is observed that tieokute value of pressure gradient increases Wwéhricreasing of
variable magnetic field, ratio of relaxation toaretation time, the radius ratio and non-dimensiomdime flow
while it decreases with increasing of the wave @ atz<0.5, as well it that the absolute valfigom@ssure
gradient intersects with the effect of the non-disienal wave amplitude at z=0.5.
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Fig. 2. Effect of thermal radiation on velocity field
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Fig. 3. Effect of thermal radiation on temperature field
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Fig. 4. Effect of Hartman number on velocityfield
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Fig. 5. Effect of amplitude ratio on velocity field
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Fig. 6. Effect of intensity of pressure field on velocity field

Fig. 7 and Fig. 8 addressed the variations in teatpee distribution for different values of Debonalmberfy and
ratio of relaxation to retardation time Fig. 7 depicts that the temperature is reduceenwie use the larger values
of Deborah number. The Deborah numpés directly related to relaxation time and thiaxation time is larger for
higher Deborah number. Such higher relaxation timeates a reduction in energy due to which temperdteld
decays. Temperature and thermal boundary layekrtegs are increasing functions of ratio of relamtio
retardation times (see Fig. 3). The effect of tba-dimensional wave amplitude, the variable magnieid, the
ratio of relaxation to retardation time, the radiaso and the non-dimensional volume flow on thedute value of
axial velocity which it decreases and increasesluahy. It is observed that the absolute value xiélavelocity
decreases with increasing of the non-dimensionakveanplitude, magnetic field, ratio of relaxatiohretardation
time, the radius ratio and the non-dimensional n@uflow while it increases with increasing of tHeparameters
for z>0.5.
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The valueg3=0=\ correspond to the flow of viscous fluid. InflueneEmagnetic parameter M on temperature field
is analyzed in Fig.9. From this figure we examihattthe temperature of hydromagnetic flow (M>Ohigher in
comparison to hydrodynamic case (M=0). The Lordatze appeared in hydromagnetic flow due to presesfc
magnetic parameter. The Lorentz force is strongeresponding to larger magnetic parameter due tehwhigher
temperature and thicker thermal boundary layerktiéss are noticed in Fig. 7. Fig. 8 elucidates thatlarger
values of thermal radiation parameter corresponditgher temperature and thicker thermal boundagerla
thickness. Physically, the fluid absorbs more véla¢én we give rise to thermal radiation parameter tluwhich
both temperature and its associated boundary Enyetness are enhanced. From Fig. 9, we investigtitat the
temperature and thermal boundary layer thicknesdoaver for smaller values of thermal radiationgraeter and
corresponds to the case when thermal radiationtipresent. When thermal heat radiation paramstarcreased,
more heat is produced due to which temperaturebanddary layer thickness is higher. It is found #a increase
in constant of fractional second grade fluid resirtthe decrease of velocity profile for the cas&actional second
grade fluid. But we noticed that velocity remaimelianged for the case of second grade fluid. Thatian of heat
transfer coefficient has been presented in Figt & interesting to note that the absolute val@ieh@at transfer
coefficient increases with an increaseiande. It is noticed that the nature of heat transfevgsillatory. This is
accordance with the physical expectation due tdllasoy nature of the tube wall. Fig. 7presents thange in
temperature field corresponding to different valoéghermal radiation parameter. We have seen tti@tlarger
values of thermal radiation parameter lead to higkenperature and thicker thermal boundary lay@rkitess.
Thermal radiation parameter depends on heat tracstefficient which is stronger for larger thermaldiation
parameter that shows higher temperature. The immddhermal radiation parameter on the tempergitoéle are
explored in Fig. 8 and Fig. 9. These figures clealucidate that the temperature and thermal baynkeer
thickness are higher for the larger thermal radmparameter. Such parameters appeared due tonpeesé
radiation. The presence of thermal radiation enbatie thermal conductivity of fluid due to whichgher
temperature and thicker thermal boundary layerktiéss are observed in Fig. 8 and Fig. 9. From Eij.we
examined that an increase in Prandtl number Pteseareduction in the temperature field. Physidaliger Prandtl
number has weaker thermal diffusivity due to wHimlver temperature is noticed in Fig. 10.
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¥ . |

0.02 0.04 DDB

Fig. 7. Effect of thermal radiation on temperature field
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Fig. 8. Thermal boundary layer thicknessfor thelarger thermal radiation parameter
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Fig. 9. Influence of magnetic parameter M on temper aturefield

T LT [ T T T [ W

0.02 2984 29868 20850 209 UOHY U944 2996 23938 500 300.2

1 I | | | I | |
a 0.0z 0.04 0.06 0.08 0.1

Fig. 10. Effect of Prandtl number on temperaturefield

CONCLUSION

In this letter, we derived and analyzed a matherahthodel subject to low Reynolds number and loagelength
approximations in order to study the peristaltictio of fractional second grade fluid,the impadisnagnetic field
and thermal radiation in a horizontal tube. Anadybas been carried out in the presence of heasféraand
magnetic field. Exact expressions for velocitydigiemperature, and averaged flow rate and heaferacoefficient
are obtained. The results extracted are compaiifite the physical expectations and are found tisiatll the
subjected conditions. A side by side comparativalyesis is performed to compare our findings betwsecond
grade fluid and fractional second grade fluid. Mxwer, fractional second grade fluid model reducessttond grade
models fora; = 1 and classical Naiver Stokes fluid model camibduced from this as a special case. This provides
a useful accuracy check about the correctness alidity of our results and provides a strong coafice into the
presented mathematical descriptions. We have segrthte thermal boundary layer thickness is thickerase of
hydromagnetic flow (M>0) in comparison to hydrodgme flow (M=0). Temperature is enhanced for thedgily
increasing values of ratio of relaxation to retdéimfatimes but it reduces for larger Deborah nhumbée observed
that the presence of thermal radiation and theradibtion give rise to the temperature and thefoaindary layer
thickness.
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