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ABSTRACT: The effectsof slip and heat transfer on the peristaltic MHD flow of Carreau fluidare studied under long
wavelength and low Reynolds number conditions. The channel asymmetry produced by choosing the different
peristaltic wave train likely sinusoidal, triangle, square, trapezoidal and sawtooth. The nonlinear governing equations
are solved using a perturbation technique based on small Weissenberg number. Expressions for the stream function,
pressuregradient, temperature distribution, axial induced magnetic force function and shear stress on the wall are
obtained. The effects of various parameters assessed numerically are presented and discussed.The comparison of the
various considered wave forms on the flow is discussed.
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l. INTRODUCTION

There has been a recent interest in peristaltic pumping which can produce a flow in a duct completely isolated from

the pump mechanism. The term peristalsis is used for the mechanism by which a fluid can be transported through a
distensible tube when progressive waves of area contraction and expansion propagate along its length.It plays an
indispensable role in transporting many physiological fluids in the body such as the movement of ovum in the fallopian
tubes, urine transport from kidney to bladder, the swallowing of food through esophagus, the transport of spermatozoa
in the ducts efferentes of the male reproductive tract, the movement of chime in the gastrointestinal tracts, vasomotion
of small blood vessels and bile duct and other glandular ducts.Many modern mechanical divices have been modeled on
the principle of peristaltic pumping for transporting fluids without internal moving parts, for example, roller pumps,
used to pump blood, food or corrosive liquids and transport of noxius fluid in nuclear industry operate under this
principle. Considerable analysis of this mechanism has been carried out, primarily for a Newtonian fluid with a
periodic train of sinusoidal peristaltic waves. The mechanism of peristaltic transport has attracted the attention of many
investigators. Since the first investigation of Latham [1], the inertia free peristaltic flow with a long wavelength at low
Reynolds number was studied by Shapiro et al. [2]. The mechanics of peristalsis for different fluids has been examined
(analytical, numerical and experimental) by a number of researchers [3-16], all of these papers have been studied the
effect of peristaltic transport for different fluids through channels or tubes.
The magneto hydrodynamic (MHD) flow in a channel (tube) having, rhythmically contracting walls (peristaltic
transports) is of interest in recent years. Some recent studies have considered the effect of magnetic field on peristaltic
flow of Newtonian and non-Newtonian fluids [16-24], all of these investigations have been found that the maximum
amplitude of the pressure gradient elevates as the Hartmann number increase. In these studies, the effect of the induced
magnetic field has been neglected. The first contribution of the effect of the induced magnetic field on peristaltic flow
was studied by Vishnyakov and Pavlov [25]. Eldabe et al. [26] studied the effect of the induced magnetic fieldon
peristaltic transport of a non-Newtonian fluid (biviscosity fluid). Recently Abd elmaboud[27] studied the influence of
the induced magnetic field on the peristaltic flow in an annulus.
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Very recently, the combined effects of heat transfer and the induced magnetic field on the peristaltic transport of a
Carreau fluid havebeen discussed By Hayat et al.[28]. The existing literature indicates that the heat transfer and
magnetic field characteristics on the peristalsishave not been studied so far when no-slip condition is no longer valid.
In general,the velocity is sensitive to variation in boundary, while thetemperature is less sensitive so we consider the
slip condition in the boundaries for the velocity field. Turkyilmazoglu [29-30] reported the contribution of the slip over
the exact analytical solutions for heat and mass transfer of MHD slip flow in nanofluids and dual and triple solutions
for MHD slip flow of non-Newtonian fluid over a shrinking surface. Inall these previous investigations authors have
discussed the velocity field, pressure gradient, pressure rise and heat transfer distribution but they did not study the
different wave forms and shear stress on the peristaltic flow of a Carreau fluid.

In this paper, we study the MHD flow of Carreau fluid flow in an asymmetric channel under the effects of slip and heat
transfer with long wavelength and low Reynolds number assumptions. The problem is examined numerically using a
perturbation technique by small Weissenberg number, which provides an effective computational tool for the solution
of nonlinear equations. The influence of effected parameters on axial velocity, pressure gradient, pressure rise, shear
stress, axial induced magnetic field, temperature distribution, trapping and different wave forms phenomena are
presented and discussed. A motivation of the present paper is the hope that such a problem will be applied in many
clinical and industrial applications such as transport of bio-fluids in ureters, intestines, arterioles and blood pump.

Il. PROBLEM DEFINITION

2.1. MATHEMATICAL FORMULATION:

Fig. 1. Schematic diagram of a two-dimensional asymmetric channel

Let us consider the peristaltic movement of an incompressible Carreau fluid under the effect of the induced
magnetic field in a two—dimensional channel of width d, +d, (Fig.1).The flow is generated by sinusoidal wave trains

propagating with constant speed( C ) along the asymmetric channel. The geometry of the wall surfaces is defined as
. = o0/~ -
hl(x,t)=d1+alcos[7”(X—ct)} ................ upper wall (1)

— — _ 272- _ -
hz(X,t)=—d2—aZCos[ﬁ(X—ct)+¢} ......... lower wall ~ (2)
In which &, and a,are the amplitudes of the waves, 1 is the wavelength, C is the wave speed, ¢ (0<¢<7) is the

phase difference, X and Y are the rectangular coordinates with X measured along the axis of the channel and Y is
perpendicular to X . Let (T,v) be the velocity components in a fixed frame of reference ()?,?). It should be noted that
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¢ =0 corresponds to symmetric channel with waves out of phase and for ¢ = 7 the waves are in phase. Furthermore,
a, a, d,, d,and¢ satisfy the condition.

_ _ o —_ — \2
a’+a,’>+2aa,cosg=(d, +d,) )

Introducing a wave frame (x, y)moving with velocity (c) away from the fixed frame ()? ,V)by the transformation
X=X-cf, y=Y,0(Xy)=U-c, V(X,¥)=V. 4)

A constant magnetic field of strength H_0 is applied in transverse direction. This gives rise to an induced magnetic
field ﬁ+(ﬁi()z,?,f), ﬁv(x?,f), o)and hence the total magnetic field becomes |_—|+(ﬁx(>2,\7,t—), H,+ ﬁy(iy,t—), o).
The basic equations of magneto hydrodynamics, neglecting the displacement currents and free charges, are

V-H:O,N_§=0, (5)
Vxﬁzij:g{§+”e(l7xﬁ+)}, (6)
56
VXg=-u ——, (7
¢
NV=0, (8)
L [ | I SR S R I 9
‘1)§I?+(V.NH = p+dtv1'-,ue%(H 'N)-E(H )Ng, C))
daT <
pC, g = N T+, L. (10)

In the above equations T, is the Cauchy stress tensor. L = gradV , P is the pressure, H is the induced electrical
field, J is the current density, M, is magnetic permeability, s is the electrical conductivity, € is the electrical field,

Cp is the specific heat at a constant volume, « is the thermal conductivity and T is temperature. The velocity Vis
defined by

V =(,v,0). (11)

The constitutive equation for a Carreau fluid is
n-1
— -\2 -
7= —[m +(n,—1.. )(1+ (r7) )7}7 (12)

Where 7 is the extra stress tensor, ,, is the infinite shear-rate viscosity, 7, is the zero shear-rate viscosity, I"is the time
constant, n is the dimensionless power law index. The above model reduces to the Newtonian Model for n=1 orr-o
and 7 is defined as

(13)
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Combining equations (5) - (7), we obtain theinduction equations

'”ﬂ“t_ =N xVx A"+ (N, (14)
In which { = —is the magnetic diffusivity.
ol
The following non-dimensional quantities are also defined:
x vy 0 v A H
x=2,y=2L u=t v=¥ =Sf rhzﬂ,hz_girz—lr, g ="l K
A d, c c A d, d, HC H,d, C\p
7d. oy 2 vC
gl s G re, o 5 e P R —oyac p =2, T,
c yl d, cAu H K =T,
, - _ B _
Eoee Oy a2By b g % i _ResR-
C,(,-Ty) cd, d, d, d,
(15)

To proceed, we non-dimensional Egs. (9) and (14), the resulting equations in terms of the stream functiony and the
magnetic force function @ can be written as:
8_1//_5[6;1/ o0 oy aﬂ 1

e T~ VD =E, (16)
oy o ox ox oy ) Ry
a 2
Res a_'//i_a_'//i 8_1// :_ap_rn_,.é‘%_,.ﬂ_,_Regsf aﬁi_aﬂi 32+Restzaq2> , a7)
oy oX Ox oy oy X ox oy oy Ox Ox oy )oy oy
2
Res® oy 0 0y 0 |9y :_6p_m+52%+5%_w_Re538t2 @0 90 @—R 52556_@, (18)
oy X Ox oy )ox oy 194 OX oy OX OX oy )ox OX oy
2 n—1 2 2 2
a—f+Br 1+uWezy?2 5'/2’—528‘/2’ a‘/z’=0. (19)
oy 2 oy oX™ ) oy
Where
u:a_‘/’, U:_ga_'/’, h, ai), hy=—§a£, Br=EcPr, (20)
oy OX oy OX
(H)
pm:p+%Re5#e — (21)
2 2
V2=5267+a—2, (22)
o°xX oy
n-1 2
r =2 1+uW82}'/2 87‘//, (23)
2 oxoy
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. {1 (“—1)Wezy-z}(6 v_g W] @9
2 oy ox
n-1 2 | 0w
Ty :25|:1+( > )Wezj/z:|axay, (25)
7’:[252 (—82‘/’} +[azl/2/—52 az_z/z/J+2§2 (az—'/’J ]2- (26)
oxoy oy X Ooxoy

Here 5is a wave number, R the Reynolds number, R the magnetic Reynolds number, S, the Strommer’s number,
p, the magnetic pressure, \We the Weissenberg number, M the Hartmann number, Prthe Prandtl number, E the
Eckert number and Br the Brickman number.

Egs. (16) - (19) after using the long wavelength and low Reynolds number conditions reduce to:

oy iazq;:E, 7)
o R,

a_pzi 1+MW62[62—WJ2 62_‘// +M2(E—6—Wj (28)
ox oy 2 o) | oy o )

a—pzo, (29)
oy

82€z+Br 1+(n _1)Wez[azl/§j [62";) =0, (30)
oy 2 oy oy

8—22 1+(n_1)We2[62‘/2’J 62"2’ —Mzaz"z’zo. (31)
oy 2 oy oy oy

2.2. BOUNDARY CONDITIONS:

The fluid adheres to the surface partially and the motion of the fluid exhibits partial slip conditions. In the wave
frame, the boundary conditions are

2
=%, %//+ﬂiyl/2/ =-10=0, ®=0aty=h =1+acos2rx, (32)
g oy _ 0w _
== E_ﬂ_zz_l’ 0=1, ®=0aty=h, =—d —bcos(27x+¢). (33)

Where g is the non-dimensional slip parameter.

In laboratory frame, the dimensional volume flow rate is

Copyright to IJIRSET DOI:10.15680/1JIRSET.2015.0412137 12842



ISSN(Online): 2319-8753
ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)

Vol. 4, Issue 12, December 2015

(35)

Wherep, and p,are functions of X alone. Form egs. (4), (34) and (35) we can write

Q =g-+ch,(x)—ch,(x). (36)

the Time- averaged flow over a period T at a fixed position X is
1 T ( )
0==— dt. 37
T .([Q

Upon making use of eq.(36)into eq.(37) and then integrating one can write
6=F +cd, +cd, (38)

l. If we define the dimensionless mean flows Q in the laboratory frame and ¢ in the wave frame, according to

(jzi_, q:i_, (39)
C 1 C 1

in which

F = [ gy — y (h,(x)-p(h, (x)) (40)
=iy gy ¥ =Y b -wihe(x).

One finds that eq. (38) becomes

Q=q+1+d. (41)
We note that hl(X) and h, (X)represent the dimensionless form of the surfaces of the peristaltic walls

h (x)=1+acos 27X, (42)

h, (x)=-d —bcos(2zx+¢). (43)
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111 SOLUTION METHOD

3.1. PERTURBATION SOLUTION

For perturbation solution, we expandy , g, pand @as
w =y, +We'y, + O(We“ ),

(44)
q =0, +We’q, +O(We*), (45)
P = p, +We’p, +O(We*), (46)
D =D, +We'd, +O(We*). )

The perturbation series solution up to second order for stream function i/, pressure gradient , pressurerise AP, ,
dx

magnetic force function @ and shear stress 7, can be summarized as

v =C, +C,y+C,coshMy+C ,sinh My
+We?[C, +C,y +C, cosh My + C, sinh My

M4

48
_6_4(n —1)(03 (C2+3C)cosh3My +C, (C? +3C; )sinh 3|v|y) )

—% M® (n—1)(C3 —C7)((2C, + MC,y)cosh My +(MC,y +2C, )sinh My |,

M {(2+M qﬂ)smhM(hlzh )+choshM(h12h

dp ~MZE +

{2 M2B(h, - h))smhM(hlzh H—M(hl—hz)coshM(

(e ey |

P, = ! o, % (50)

‘“2] (49)
2

Copyright to IJIRSET DOI:10.15680/1JIRSET.2015.0412137 12844



ISSN(Online): 2319-8753
ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 12, December 2015
M ?Br

2
0—_ M “Br . M “Br

(ci+ci)

(C2 C)y*+Coy+Cy

8
—We{ [[ (L9+Lwy_ij (4 (ci- cj)j—cojzwzyy

( Ly+L,y - j (n—;l)cac (ci-c )JS'T% Y
+[2 c4+c4 6C§Cf)j—cisgl\j'lﬂy+(2L14+(n;1)CC (cz+c )]STQ%
+(2 Z)Z]V?Z]—cny—cu},

d=R, [(E -C )g—%smh My—c'\:/;‘ cosh My]+C13y+C14
-We? [Rm (CG y72+%sinh My+%cosh My
(52)

(1) s (c(c2 +3c?)sinh3My + C, (CZ +3C )cosh 3My )

- M (C,ycosh My +C,ysinh M
~3(n 1)M3(c§—cj) ( 3y y+C,y y) cuyc. |,
—(C,sinh My +C, cosh My

n-1
z,, =—M?C, cosh My — M *C, sinh My —We? {%(M 2C, cosh My + M 2C, sinh My)3

—:—4M ®(n—1))(C,(CZ +3C; )cosh3My +C, (C; +3C¢ )sinh 3My )

+M?C, cosh My + M *C, sinh My ®3)

—% M*®(n—1)(C3 —C;})((2C, +MC,y)cosh My +(MC,y +2C, )sinh My)}

Where L and c, are set in the Appendix.

In order to check the results obtained above, it can be observed from Egs. (47) - (51) that as # — 0, the results
reduced to that obtained by Hayat et al. [28].

IV. RESULTS AND DISCUSSION

The Carreu fluid provides a good understanding of peristaltic motion involved in the intestines and the small blood
vessels. The chyme in the small intestine is an example of the Carreau fluid. Blood also behaves like a non-Newtonian
fluid at low shear rates in tubes with small diameters. This fluid model exhibits the macroscopic wall slip. This
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situation corresponds to the slip flow, in which a fluid presents the loss of adhesive forces at the wall, making the fluid
slide over the wall. The effects of the wall slip parameter S, the Weissenberg number We, the magnetic Reynolds

number R_, Brinkman number Br | and theHartman number M onstream functiony , pressure gradientd_p, pressure
dx

rise AP, , magnetic force function @ and shear stress 7,, are presented and discussed.

The axial velocity component | _ 671,// is obtained from Eq. (47) as:

oy
u=C_C,+C,MsinhMy+C ,M cosh My

+We?[C, +C,M sinh My +C;M cosh My

—M:(n ~1)(C4(C3 +3C7 )sinh 3My + C, (C; +3C; )cosh 3My | (54)

(C, cosh My +(2C, +MC,y)sinh My) +
C,sinh My +(MC,y +2C, ) cosh My

—%Me(n—l)(csz -C})

1.5

1

T 0.5 0 0.5
113

1

Fig. 2: The axial velocity U with Y for a=0.43, b=0.5, d:l,(j =2, %=1, ¢=7/6; (a) We=0.001, n=0.398, 5=0.01; (b) We=0.001, n=0.398, M=1;
(c) M=1, n=0.398, $=0.01; (d) We=0.001, M=1, =0.01.

Fig. 2 illustrates the behavior of emerging flow parameters on the longitudinal velocity u. It is noticed that the
variations of several parameters at the center and near the walls of the channel are different. However, at the central
line of the channel y = 0, the largest disparity occurs. It is found that the Weissenberg number We and Hartmann
number M have opposite effect on the velocity at the center of the channel as shown Fig. 2(a) and 2(c).

The effect of the slip parameter on the axial velocity is discussed through Fig. 2(b). The figure shows that the slip
velocity effect appears near the channel walls but, as we move to the inner layers of the fluid this effect is disappearing
under the effect of the fluid flow. It can be also seen that the velocity increases by decreasing g at the center line of the
channel. According to the Navier conditions, the existence of slip at the surface is linearly proportional to the shear
stress at the surface. Therefore, the blood flow in microcirculation under the slip condition can also be the expected
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physiological benefit of this study. Fig. (2d) demonstrates that an increase of the index power law of the fluid increases
the velocity that means the velocity of non-Newtonian fluid (carreau n=0.398) is small compared to Newtonian fluid
(n=1).
All figures represent the temperature are plotted at the cross section of the channel (hamely x=0.3). To study the
behavior of the emerging parameters on the temperature some figures have been carried out.

Fig. 3: Temperature distribution & versus Y for d=0.5, b=05 d-=1 X =0.3,¢=7/6, M=1, 11 =0.398, We=0.001 (a) Br=0.1;
(b) £ =0.01.

In Fig (3.a, 3.b, 3.c, 3.d), we observe the effects of the mean volume flow rate g, partial slip g, Weissenberg
numberwe and brinkman number Br on the temperature profile with fixing the other parameters. This figure indicates
that an increase inQ, We and Br lead to an increase in the temperature field while, an increase in g leads to decrease
in the temperature field.

1.5)

e

1}

BoW o

AR ]

[E=)

—- =
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=
INAN
S| 1
| ]
Srte oo

Fig. 4: Axial induced magnetic field hx versus Y for @ =0.5, b =05, d =1, §=7/6, we= 0.001, X=0.2, N =0.398, M=1; (a) Q =1, E=0.1,
£=001; Q=1 £=0.01.R, =10;() f#=0.01,R, =10 E=0.1; ()R, =10,E=01,Q =1.
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Fig. 4 display the effect of the magnetic Reynolds number R_, the Eckert number E, volume flow rate @ and partial
slip g on the axial induced magnetic field. We observed that the magnitude of the axial magnetic field h, decreases by

increasing the magnetic Reynolds number R the Eckert number E and the slip parameter 5. Moreover, in the half

region of the channel, the induced magnetic field is one direction and in the other half it is in the opposite direction as
in Figs. 4(a), 4(c) and 4(d). And also we have seen in Fig. 4(b) the opposite behavior of volume flow rate Q.

0 0.2 04 .. 0B 0.8 1 0 0.2 04 0.6 0.8 1
X X

Fig. 5: The pressure distribution 0 / X with X for @ =05, b =05, d =1,Q = -2, E =011, We=0.001,#=7/6,N =0.398; @ £ =0.01; (b
M=1.

Fig.5 is plotted to see the effect of the parameters M and g on the pressure gradientdp/dx . It can be noticed that in

the wider part of the channel X € [0, 0.3] and [0.7, 1], the pressure gradient is relatively small, that is, the flow can
easily pass without imposition of a large pressure gradient. On the other hand, in a narrow part of the channel X e
[0.3, 0.7] a much pressure gradient is required to maintain the same flux to pass it especially near x = 0.5. Fig. 5(a)
indicates that the pressure gradient dp/dx increases with increasing Hartmann number M

Fig. 5(b) shows that the pressure gradient dp/dx decreases with increasingthe partial slip 3 .

Fig. 6: The pressure rise AP, with (jfor a=05,0=05 d=1,§=7/6,we=0001, E =0.1, N=0.398; (a) = 0.01; (b) M=1.

Fig. 6 depicts the variation of the dimensionless pressure rise AP, versus the variation of time-average fluxq. The
graph is sectored so that the quadrant (I) designated as region the peristaltic pumping (q >0 and AP, > 0). Quadrant

(I1) is denoted the augmented flow when G o wet AP, <0 . Quadrant (V) such that Q<0and AP, >0 is called
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retrograde (or) backward pumping. The figure also shows that there is a nonlinear relation between Ap,and Q. Fig.
6(a) is a graph of the pressure rise Ap, per wavelength versus the mean flow rate Q of an asymmetric channel for fixed

values of other parameters. We observed that an increase in the Hartmann number M results to decrease in the
peristaltic pumping rate. Fig 6(b) shows the variation of the pressure rise Ap, with the flow rate q for different values of
the slip parameter. It is clear that the peristaltic pumping rate decreases with increasing the values of the slip parameter
£ - This is because of the velocity of the fluid on the walls hinder the peristaltic movement (i.e the peristaltic pumping
region becomes wider by decreasing 3 ).

4
of d o b
2 21
1 1t
v o Yoo
-1 Al 1
£=00
-2 -2} G| | =01
-3 al
gl e
-20 -10 0 10 20 -20

Fig. 7: The shear stress Txy with Y for a=05, b=05 d =1, =2, X =1,¢ =716, we=0.001, N =0.398; @ 4 =0.01;
(b) M=1.
The influences of various emerging parameters of our analysis on the shear stress 7, are illustrated in Fig 7. The

variation of shear stress 7, versus Yy is calculated from Eq. (43). In Fig. 7(a) we observed that the curves intersect at

the origin and the shear stress 7, decreases with increasing the Hartmann number M in the upper wall and an

opposite behavior is observed in the lower wall of the channel. An important observation here is that the value of shear
stress completely vanishes at the center of the channel. The relation between the shear stress 7, and Yy with different

values of the partial slip parameter g is depicted in Fig. 7 (b). We observe that the curves intersect at the origin and the
shear stress 7, increases with increasing the partial slip parameter 3 at the upper half of the channel while an opposite
behavior is observed in the lower half of the channel.
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Fig. 8: The different wave forms for =05, D =05, d =1, X =0.2, @ =0, we=0.001, M=, B =0.01, N=0.398,Br=0.1,£ =0.1, Q = 2; a)
velocity profiles; (b) pressure gradient; (c) pressure rise; (d) temperatue distribution.

In Figs. 8(a)-8(d), we noted that tremendous results is obtained for the velocity, pressure gradient, pressure rise and
temperature in the square wave and very worst in the triangular wave compared among the triangular, sawtooth,
sinusoidal, trapezoidal and square wave respectively.

Another interesting phenomenon in peristaltic motion is the trapping. It is basically the formation of an internally
circulating bolus of fluid by closed stream lines. The trapped bolus will be pushed ahead along the peristaltic waves. It
has been shown in [31] that under certain conditions, the streamlines y =0 at the central line split to enclose a bolus of

fluid particles circulating along closed streamline. This bolus moves at the wave velocity and therefore appears to be
trapped by the wave. A criterion for the presence of trapping is the existence of stagnation points in the wave frame
which are located at the intersection of the curve y =0 and the central line .(need not be a whole streamline, but can

be composed of streamlines separated by zeros of u, that is, by stagnation points).

The stream lines are calculated from Eq. (38) and plotted in Figs. 9-12.

SN AN A
: N NS

Fig. 9: The stream lines for & =05, B =05, d =1,Q0 =15, ¢ =0, we=0.001, N =0.398, S =0.01; (a) M=1; (b) M=3; (c) M=3.5.
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It is shown in Figs. 9 that the size of bolus decreases with increasing the Hartmann number M while the bolus
disappears for M =3.5

15

TN LA\ A\

700 y00 NV
N N\ N\

Fig. 10: The stream lines for @ =0.5,0 =05, d =1,§ =1.5 , ¢ = 0, N =0.398, M=1,We=0.001; (&) 5 = 0.00; (b) 5 = 0.25: (c) #=0.5

Fig.10 is depicted for various values of the partial slip parameter 4. It is found that the volume of the trapping bolus
decreases as the partial slip parameter g increases, moreover, the bolus disappears at 4 =0.5. In some medical cases

there exist a loss of elasticity in the walls of the channels (tubes) hence the muscles give the shape an abnormal
situation as in arteriosclerosis and irritable bowel syndrome. Moreover, the esophageal wall matches the shape of the
bolus during the bolus transport. This study attempts more rational assumptions to enable an accurate analysis of the
physiological and the pathological phenomenon occurring during peristalsis. This study  focuses on Carreau

fluidmodeling of peristaltic transport in an asymmetric channel.
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Fig. 11: The stream lines for & =0.5, b =0.5, d :1,(3 =1.5, ¢ =0, N=0.398, M=1,We=0.001, # = 0.00; (a) Sinusoidal; (b) Trapeziodal; (c)
Square; (d) Triagulr; (e) Sawtooth waves.
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Fig. 12: The stream lines for @ =05, D =05, d =1,Q =1.5, ¢ =0, N =0.398, M=1,We=0.001; /3 = 0.01; (a) Sinusoidal; (b) Trapeziodal;
(c) Square; (d) Triagular; (e) Sawtooth waves.

Figs.11-12 has been allocated for a comparison between the different wave forms like sinusoidal, triangular,
trapezoidal, square and sawtooth wave. It is finally observed that the volume of the trapping bolus of the Carreau fluid
decreases by increasing the partial slip g in a different wave forms.

V. CONCLUSIONS

In the present note, we have discussed theperistaltic transport of a Carreau fluid under the effect of magnetic field
with partial slip. The two-dimensional governing equations have been modeled and then simplified using the long
wavelength approximation and then solved by using the perturbation technique.

The main findings can be summarized as follows:

¢ The maximum velocity in the non-Newtonian fluid is small compared with the Newtonian fluid.

o The effect of slip appears near the wall of the channel, but disappears in the middle of the channel under the
influence of the fluid movement.

e In the wider part of the channel the pressure gradient is relatively small, that is, the flow can easily pass
without imposition of a large pressure gradient.

o The peristaltic pumping region becomes wider by decreasing the slip parameter. This result shows that the slip
parameter has a direct effect on the peristaltic pumping.

e The square wave has given great yield compare with triangular, sawtooth, sinusoidal and trapezoidal wave in
the velocity, pressure gradient, pressure rise and temperature distribution.

e In the peristaltic pumping region (g >0 and AP, >0) the pressure rise decreases with elevating the slip

parameter.

e The shear stress distribution decreases in the upper half of the channel and increases in the lower half of the
channel with increasing Hartmann number. But opposite behaviorwith slip parameter is noticed.

e The size of tapping bolus decreases with increase slip parameter and Hartmann number.

NOMENCLATURE
ROMAN SYMBOLS:

Br =Brickman number
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C 0 =Specific heat at constant pressure

E =Eckert number

H = Induced electrical field

J = Current density
M= Hartmann number
n= Power-law index

P = Pressure

P,, = Magnetic pressure

Pr = Prandtl number

(3 = Dimensionless mean flow rate
R, = Reynolds number

R,, = Magnetic Reynolds number
St = Strommer’s number

T = Temperature
(GV)= Velocity components of fixed frame of reference

(u , V) = Velocity components of wave frame of reference

(K? ) = Cartesian co-ordinates in a fixed frame

(7, 7) = Cartesian coordinates in a wave frame
We= Weissenberg number

GREEK SYMBOLS:

L = Non-dimensional slip parameter
0 = Wave number

AP, =Pressure rise

€ = Electrical field

£ =L — Magnetic diffusivity

Ol
n, =Zero shear-rate viscosity

1, =Infinite shear- rate viscosity
x = Thermal conductivity

m, =Magnetic permeability

S = Electrical conductivity

7 = Extra stress tensor

7,, = Shear stress

@ = Magnetic force function
= Stream function

Copyright to IJIRSET DOI:10.15680/1JIRSET.2015.0412137

12853



@ ISSN(Online): 2319-8753

IJIRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)

Vol. 4, Issue 12, December 2015

APPENDIX

A ]
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:é(qm1 h)coshlvl(hﬁh}
oy (hlhh)[mf e *Lﬁ‘qJ‘SiTﬂhﬁ?m“ﬂ]
i 8 )
Cﬁ:(hlfhz)(q‘(mfi)u‘LEES‘LGJ’

1 )[(costhl—costhz)(( q +Lﬂj+(L3_L4)J'

C =
" (sinhMh —sinM h, L, h,—h,)

_1 q
CS‘E((m—hfLﬂJ |
o1 | BrM? L(C§+Cj)(Cosh2Mhlcosh 2Mh2)+2(CjC§)(hfh22)J]’

(h,-h)|" 8 [+2C,C, (sinh2Mh, —sinh 2Mh,)
o _ 1 _hl_Ber (c2 +C2)(h,Cosh2Mh, —h, cosh 2Mh, ) +2(CZ ~CZ)hyh, (h? —h?)
® (h-h)[ " 8 |+2c,C,(h,sinh2Mh ~h,sinh2Mh, ) '
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Ch :—BrKZ(L9 —%}L (n;l) Lmj 4|\1/| ~(cosh 2Mh, —cosh 2Mh, ) + ZT/IOZ (h, cosh 2Mh, —h, cos 2Mh, )

[ (Lﬂ LWJ (n- _ )LHJM\l/IZ(SinhZMhZ—sinhZMhl)

+£2L13 i (”gl) LlSJ16i/I _(cosh 4Mh, —cosh 4Mh, )

_ et
+(2|_14+(n21) ngJmi/lz(sinh4Mh2—Sinh4Mh1)+%(h§_ma)+(2L15+Lzo)( Zhl)}’
(n-1

)

[ (n 1) jmlz(hzsinhZMhl—hlsinhZMhz)

- 1
—)Llejm(h2 cosh 2Mh, —h, cosh 2Mh2)+%hlh2 (cosh 2Mh, —cos 2Mh, )

2

+[2 (n 1) Jleiﬂz(hzcosh4Mhl—hlcosh4Mh2)

+[2 (n- 1) J _(h, sinh 4Mh, hlsmh4Mh)+ S hyh, (h? - h)+(2L15+L20)hlh2(21_h2)]

Cp = R {(E—C )(hl 2h2) S —2(sinh Mh, —sinh Mh, ) — 4((:osh Mh, —cosh Mhz)},

(h,—hy)

hz _hz 3 ; i 4
C.. :(Iyli—mhz)[(E _Cz)w_%(hz sinh Mh, —h; sinh Mhz)—%(h2 cosh Mh, —h, cosh Mh, )}

h2 __h2
Co=—Tn_|c, (he ) + 7 (sinh Mh, —sinh Mh, ) + <2 (cosh hMh, —cosh M, )
(h,—h) 2 M M

-1
ULV (C, (€3 +3C7)(sinh3Mh, —sinh3Mh, ) +C, (C7 +3C7 )(cosh 3Mh, —cosh3Mh, )

192
3(n-1
—%M 3 (C32 _(_jj)c;3 (M (h, cosh Mh, —h, cosh Mh, ) —(sinh Mh, —sinh Mhl))
3(n-1
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3
L :MT{C{MQ —ng(n—l)C3 (c: —cj)—%|v|5(n—1)cs(c32 +3cj)j

+C4(|\/|Cg—ng(n—l)CA(Cﬁ—Cf)+%M5(n—1)C4(Cf+3C32)ﬂ ’

3
Ly ==2oM*(n-1)C.C,(C} ~C;),

M * 11
Ly =T[C3C8 -CC, —-—M 4(n—1)C3C4 (C32 _Cf)]’
3
L, Z—E'\/'S(”‘l)(cs4 -C).
L, :_%Ms(n_l)(c;‘ +C!+6CICE),

9
L =-55M°(n-1)C,C, (G} +C7),

3

M4
|_15=T(C3C7—CACS——MF’(n—l)(CsZ—Cf)Zj, L16=%(C;‘—C;‘), L, =C,C, (C5 -CJ),

3

L18=%(C§+Cj+6C§C ), Ly ==CC,(C; +C7), Lzo=§(c;—cj)2.

DEFINITION OF WAVE SHAPES

The non-dimensional expressions of the considered wave forms are given by the following equations:

I. SINUSOIDAL WAVE:

h, (x)=1+asin(27zx) (55)
h, (x) =—d —bsin(2zx+¢) (56)
Il. TRIANGULAR WAVE:

h, (x) 1+a{ Z; n™ >sin[(2m— 1)x]} (57)
h, (x)=—d - b{ii H™ sin[(2m—1)x+¢]} (58)
Il. SQUARE WAVE:

h(x)=1+a { Z - 1)m+1 cos[(2m 1)x]} (59)
hz(x):—d—b{ Z il cos[(Zm—l)x+¢]} (60)
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1IV. TRAPEZOIDAL WAVE:

© (2m 1)
h(x)=1+a %;ﬁsm[(m 1] (61)
|n£(2m—1)
h,(x)=—d-b{>2y sin[(2m—1)x-+ ] (62)

”2 m=1 (2m—1)2

V. SAWTOOTH WAVE:

h()=lsa { ] Zsm[2;zmx } (63)

b () = _d —b{ 3 zsm[2;rmx+¢]} (64)
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