Journal of AL-Qadisiyah for computer science and mathematics Vol.10 No.3 Year 2018
ISSN (Print): 2074 — 0204 ISSN (Online): 2521 — 3504

Math Page 80- 96 Mohammed .R/ Ahmed .M

Analysis of Heat and Mass Transfer in a Tapered Asymmetric
Channel During Peristaltic Transport of (Pseudoplastic Nanofluid)
with Variable Viscosity Under the Effect of (MHD)

Mohammed R. Salman Ahmed M. Abdulhadi

University of Baghdad-College of Science-Department of Mathematics

mawb1967@gmail.com ahm6161@yahoo.com
Recived : 13\6\2018 Revised : 28\6\2018 Accepted : 17\7\2018
Available online : 6/8/2018

DOI: 10.29304/jgcm.2018.10.3.408

Abstract.

In this paper, a study and an analysis of a heat and mass transfer during peristaltic flow for a pseudoplastic
fluid in asymmetric tapered channel, and a variable viscosity dependent of a fluid temperature with exist of slip
conditions through porous medium and the influence of this conditions on the velocity and pressure, where the
wavelength of the peristaltic flow is a long and the Reynold number is very small. The solution of equations for
the momentum and energy have been on the basis of a perturbation technique for a found the stream function,
velocity, pressure gradient and temperature and also have been discussed the trapping phenomenon by the graphs.
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1.Introduction:

The process of peristalsis has become a subject

of great importance for the researchers in view of its
wide-ranging biomedical, physiological
applications. You can see it in the food movement in
the Intestine tract,the urine passage from a kidney to
the bladder, Blood transfusion in the capillary blood
vessels, also machines used in heart and lung
operations and the movement of sperm in the male
reproductive system and the transfer of the egg in
the womb in women. Latham [1] and the
physiology of the gastrointestinal tract, esophagus,
stomach, intestine, and ureter associated with the
phenomenon of peristalsis was discussed in the book
"Biomathematics"[2].Also on the industrial field
where has encouraged the complex nature of fluids
of which, oils, chemicals, petroleum and other
fluids, has encouraged extensive studies and
research into the properties of these fluids. where
many researchers presented basic equations for
various non-Newtonian liquids [3-7].
Heat transfer in peristalsis is beneficial in the
applications such as blood pumps in heart
operations, Kidney dialysis operations, and
Magnetohydrodynamics (MHD) is a topic important
to many researchers in the problems they treated
conductive fluids e.g., blood, blood pumping
appliances, magnetic resonance imaging (MRI) for
brain diagnosis. MHD has many implementations in
geology (in the study of earthquakes and the subsoil
of the earth) [8-15].

The word nanofluid is referring to a fluid
containing nanometer-sized particles. Choi [16], the
Nanofluids have applications in humerous medical,
biochemical and engineeering including neuro-
electronic interfaces, nanoporous materials (carbon,
nanofibers), cancer diagnosis, drug delivery systems
and many others.

The pseudoplastic fluids consider is a category of
shear fluffy materials. In this materials, the viscosity
decreases by enhancing shear rate. it is clear that
non-Newtonian materials are involved in many
qualities and ingredients and processes including
food mixing, food movement in the intestine, blood
flow in arteries and capillaries, the flow of metal
fluids and alloys.
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Most of the researchers on the peristalsis channels
studies consider fluid viscosity is constant ,But some
of them showed great importance to the situations
which can attention  variable viscosity of the
fluid.And from these [17-24].

In a study recent also, Misra et al.[25] the
influence of heat and mass transfer in asymmetric
channels during peristaltic transport of an MHD
fluid having temperature-dependent properties and
Sinha et al.[26] Peristaltic transport of MHD flow
and heat transfer in an asymmetric channel: effects
of variable viscosity, velocity-slip and temperature
jump and Hayat et al. [27] Influence of convective
conditions in radiative peristaltic flow of
pseudoplastic nanofluid in a tapered asymmetric
channel.

In this paper, we will study the heat and mass
transfer in a tapered asymmetric channel under the
effect of a magnetohydrodynamic during peristaltic
transport of pseudoplastic nanofluid with slip
conditions in peristaltic flow for a variables
viscosity for this fluid, where the wavelength of the
peristaltic flow is long and the Reynolds number is
small. The equations for the momentum and energy
have been linearized on the basis of these
considerations. Expressions for the stream function,
velocity, pressure gradient and temperature have
been obtained. Pumping characteristics of the
peristaltic flow and the trapping phenomenon have
been discussed, and we obtained numerical results
of different physical parameters and a graphs by
using the software MATHEMATICA. Accordingly,
we will analyzed these data based on these figures.

2. Mathematical Formulation:

In the present study, we consider the flow of an
incompressible  magnetohydrodynamic ~ (MHD)
pseudoplastic nanofluid in a two-dimensional
tapered asymmetric channel through a porous
medium (see Fig.(1)) and the flux is induced by
sinusoidal wave traveling propagating with constant
velocity ¢ along the channel walls and the effect this
on a heat and mass transfer with a velocity of
peristaltic waves. its walls are defined as:

¥ = Hy (X ) ==y -mX

27, .
—b, Sin| — (X —ct’ 1
lSm{}b(x ct)+¢} Q)
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+b., Sin [Zj(x~ —ct ')}

Where (d,),(d,)is the channel width , (b;) and

(b,) are the amplitudes of right and left walls
respectively, (c) is the phase speed of the wave,

m’(0 1)is the non-uniform parameter, (4)is the

wave length, (t ") the time, the phase difference (&)
varies in the range (0 < ¢ < ) where (¢ =0)

corresponds to symmetric channel, with waves out
of phase i.e. both walls move towards outward or

inward simultaneously and further b,,b,,d,,d,, ¢

satisfy the following condition at the inlet of a
divergent channel.

bl +b + 2b;by Cosg < (d; +d )2 3
1 +by +20yb, Cosg < (dy +d, @)
Here we assume the fluid to be electrically

conducting in the presence of a magnetic field
B =(0,B,,0). To calculate the Lorentz
force we will apply a magnetic field just in

Y™ —direction and then we study the effect of

it on the fluid flow.

S + ] g +U 0 +V 0 g
Xx T g ox or ) XX
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3. Constitutive Equations:
The expression of an extra stress tensor in the
pseudoplastic fluid is [YA]
S +A DS
+
1pt

1 - -
+§(M 1y ) (AfS +SA1) = Ay (4)
In which A, and g4 are the relaxation times.
~ T
Also A1 = |:VV + (VV ) } A, is the first Rivlin-

Ericksen tensor with the velocity gradient, and

dS /dt’=é&S /at'+V VS )
And
Ei =dS /dt'-(VV)S -S (vv‘)T (6)

- e~ D
where V. =[U V ,0] is the velocity field, — is

!

the upper-convected derivatived /dt’ is the
material time derivative and
|t Sar
Syx Syy
U ou - av
, U {rﬁ } ()
4 = oX ay  oX
Loy oU oV
—t—= 2—
X oy oY
The stress components S}X S 4y and .Si,-y‘ can be

obtained through the following relation :

au - ou
25 . -
X

XY &y

- 0

)]

av. . au

ax Yy cy}

ou oV

0 [ay ax“j ®

or g Eff}

3¢ Y'Y ay”
e;f"} _ av (10)
oy 0 5y
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4. Governing Equations:

Based on the consideration made above, the governing equations that describe the flow in the present study as
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follows:
ULy (11)
X o
(au Y V“GUJ or, 0 (S g )t = (5 oy ) - o830 Ny
" - = - . e Fxr 70— -
Fla " or o oax VXX ) oy U XY 0 K,
AT AT AN o =\ A(T).
+U —4+V — |= S —(S- ) — V 13
p,(a[, ox 8YJ ar Far S ) 5 () K, ()
(o) [af 0 ’faf}‘K T e, T [aff{af)z (14)
A PR AP w2 a2 | TV T, |\ax 2

In above equations, (t') denotes the dimensional
Sy 1S, ) the

(o') the fluid

time, (P ) the pressure, (S

XX ’ Xy !
components of stress tensor,

electrical conductivity,

(U ) and (V~) are the velocity components in the
axial and transverse directions respectively,

(k') the thermal conductivity of fluid, (B,) is the
magnetic parameter, (0 ) the density of fluid,

density of nano-particles, /(T ) the

(p, ) the

variable viscosity,(TN) the temperature of fluid,

(Tm) the fluid mean temperature, (DT) the

thermophoretic  diffusion coefficient,

(Hy) a
constant viscosity and (K,) the permeability

parameter.

The appropriate boundary conditions comp-rising
wall slip and convective boundary cond-itions are
given as follows:

T=—<, T=T, a Y =H,
==, T=T, a Y =H, @9
Now we treat the wave frame having coordinates
(X, Y) moving in the X-direction with wave velocity
(c). The velocities, pressure, time and coordinates in
two frames are a related by:

X —ct’,y= u(x,y)=U XY t)-=<,

N (XY B )PRY ) @7

(15)

X =
V(X.y
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Where U,V are the velocity components in the wave

frame (X,y) and P,P are the pressures in the

wave and laboratory setting respectively.
Now we will define the non-dimensional quantities
and stream function through the equations below:

Xy U= :\/,,5:d1,9:ﬂ1
A7 dp 4 ¢ ¢ 4 T1Tg

(0)20 1y )L ) 208D,
1

X = Lt i —li _

o= d1 p S
Auoc
L
d1

(D1 T T0)

dq
CuoS” Tdp

p=02 g, _PEOdLp MOt
dq U K

\/:dlBo,
u

Where () is the stream function, (x) is the non-

dimensional axial coordinate, (y) is the non-
dimensional transverse coordinate, (t) is the
dimensionless time, (u) and (v) are non-dimensional
axial and transverse velocity = components
respectively, (p) is the dimensionless pressure, (a)
and (b) are amplitudes of upper and lower walls,

Ij -
(18)

(8)is the wave number, (m) is the non-uniform

parameter, (K) is the Darcy number, (Re) is the
Reynolds number, (v) is the nanofluid

kinematic viscosity, 7 = (pc')p /(pc')f is the

ratio of the effective heat capacity of nanoparticle
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material and heat capacity of the fluid, (&) is the

Re | s ! ov| 1lop
dimensionless temperature, (P,)is the Prandtl e|ofu+ )a—x+vg ‘_35
number, (M) is the Hartmann number, (p,) the P P

. . . . +6(Syy )+~ (Syy ) @1)
density of nano-particles, (Nt) is the thermophoresis ox VY ey WY
parameter. 2
Since the flow is a steady and using the shifts in _i (e)v
Eq. (17) and by introducing non-dimensional Ko H
quantities [Eq.(18)] into constitutive relations
(11)-(14), and conduct some algebraic
i ions: o 0
pro(;:esse;vwe get the following equations Re Prld (u N 1)7q+v q} _
u
5§+§: 0 (19) x ol
2 2
2079 2 (g
dc = d (22)
ou ou op 2 P
Re 5(u+1)—+V— =—-— OX + NLP X
Y ox 2 LPr 2
Lo aq
w6 (s )+i(s ) (20) oy ? N
o XX oy Xy L
2 1
~IM“+ = pu(6)|(u+1)
K
2 2
5} 0 ¢ OJw @ 0 5}
Sex #4968 C 4| Lar| © Y O s ass, OV asy, O F
ot oy dx dx oy | T ooxdy Jy
2 2 2 2
o 3, 0 0
t=(4y — )| 405 — 125, —"{2’752 ‘g Y R 23)
ox dy "oy ox ox Gy
2 2
o (o D Oy 0 9 9
S‘f}‘ +/ll ) (—+ iﬂ c_ve SW +‘525m ‘ g— yy ‘ g
’ ot oy o  ax oy | oy Ay
2 2 2 2
1 Ty 20w | Ty 207y
+*(31 _”l)(sxx *Syy ) paaC e N e S e (24)
2 il ay Ox oy ox
2
0 oy 0 oy 0 ) Ty oy
S, +A4, 36 —+ +1|———|5,, +20°S,,, —= +268
Y ”‘{ {az [8}’ Jﬁx ox aj Y Va2 Y o oy
| 621// 6‘21,11 2 azw 52r//
(A — )| 485, $2Syy |5 -8 —5 |[=-26 (25)
T dxdy dy ox ax dy
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The low Reynolds number and long wavelength
approximation are widely in the solution of issues
concerning the peristaltic flows. The long
wavelength approximation is based on a supposition
that wavelength of the peris-taltic wave is
considerably major as compared with the half width
of the channel.

And since the stream functions (Y )is connected

with the wvelocity components by the relations

For the simplicity of analysis, most research on fluid
mechanics takes fluid viscosity as a constant
quantity.But in many processes, the viscosity is a
function of heat, and in the present study, we will
take this into account by treating viscosity as an
exponential function of temperature. Let us take,

u(@)=e=*’
viscosity parameter, which is a constant. For
(aJ 1) neglecting the border which contains the

, where (a) is the Reynolds model

oy oy powers of (o) more than two , we write
s 5 And by offsetting it in Eg. (26), we get
P (sxy) 3 2 \2 3
oXx oy op Ow oy | Oy
] o a3t 2| 3
1
—[M 24 y(e)}(‘” +1) (26) ¥ ¥,
K oy 2 «a oy
5 “IN"=—0 || —+1 (34)
65 =0 27) Ko\ oy
1
) 2 Where N12:M2+—
%0 20 K
— + NtPrj —1 =0 (28) The Eq.(27) shows that (p) is not a function of (y) of
oy % the non-dimensional axial coordinate Y, from this
With and also of Eq.(34), we get:
oy 4 2 \2 4
Sxx ‘(ﬂl+ﬂ1)sxyay (29) 0 V/+3§£5 l//J o'y
4 2 4
) oy oy oy
0"y 2
Sxy () (Sxx +Syy )5 2 (3 V% [N |2
2 oy OTw| 0y 0"y
+6§—2 3| | « |3 (35)
02, o2 oy oy ~% ooy
y Oy K
Sy 57 (30)
o a 00 oy
174
Syy = (4 —s)Sxy o2 (31)
o Similarly, the Egs. (15) and (16), by using Eqgs. (17),
By simplifying Eqs.(29)-(31), we get (18), then the boundary conditions for the
azy/ dimensionless stream function and the temperature
2 in the wave frame are:
_ oy
82 yv=—,—=-1,60=0 aty=h1,
v 2
1-¢& oy
(36)
oy F oy
. 5 y=——,—=-160=1laty=h,
Here ¢ = (/”1 -4 ) is the pseudoplastic fluid 2 oy
where (F) is the dimensionless mean flows in
parameter.

the wave frame.where
F(x,t)=Q +asin[27x + ¢]

+bSin[27x | (37)
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Where(Q) is the dimensionless mean flows in
the wave frame. Here

h,(x)
F = ZI a—l//dy

hy(x) & (38)
=v(ny)-v(hy) Q E%

Hzx,ij
g= [ d(x,y)dy (39)

5. Solution technique:

The Eqgs. (28) and (35) are cannot find an exact
solution to it. And in order to solve this problem, we
resort to perturbation method where is applied to
find series solving for the small parameters (S, v,

F, p) about fluid parameter (&) and (0)

Prandtl number (Pr). as shown in the following
equations.

about

=po+Ep+Eiyot..
p=po+&p1+E2pat..
F=Fo+ER+E2Fo+...
0=y +Pr O +Pr2 Op+.. .

(40)

furthermore, the series solution is used only up to
first order.

6. Perturbed Systems:

To find the parameters values  we say
(I) The solution (by perturbation technique) for the
temperature in EQ.(28) which satisfies the
boundary conditions (40), becomes:

%4,
(i) Zero order: ? =0 (41)
2
o0 06,
(ii) First order: 5 +Nt| — | =0 (42)
oy oy

With the dimensionless boundary conditions
6’0 :0,0l:O at vy :hl where
hy =-1-m(x +t)-aSin[27x + ¢]

(43)

where
hy =d +m (x +t)+bSin[27x ]
Then

86

(Eq.4)= 6y =Cq +YC, where

c o= —
1oh —h, 2 h -h
1 2 1 2
Nty
(Eq.d42)= 4 =-—— "5 +Cy+yCy
2(hy -1y
Where
hyhy Nt ~hyNt — hyNt
Cg=-—"""— 5. Cs="" 5
2(hy ~ 1, ) 2(y 1y )

Since 6= Gy +Pr.g (by Eq.(44)) we get:

0= hl - y +

hy —hy  hy—hy

—hyNt —h, N

~ Myhp Nt 2_( L Nt-hy ;)y (44)

or Z(hl_hZ) 2(“1‘“2)
Nty 2
T \2
Z(hl—hz)

(11) The solution (by perturbation technique) for the
momentum equation (35) which satisfies the
boundary conditions (40), we get:

64 2
. Y0 2 « 0 Y0
(|)zreoorder:74— N1 -—0 —
oy Koy
a 96( 0w
+——| ——+1|=0 (45)
Koy oy
With the dimensionless boundary conditions
F, ow
o= 0 gayon
2 oy
(46)

Y0 5

(ii) First order:

2 2
4 2 4 2 3
73— 7 "% 3
oy oy oy oy oy

o 621// a 00 Oy
—(le—e) S L o0 (47)
oy Koy oy

With the dimensionless boundary conditions

, ——=-1lat y=h
oy 2
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F oy
__ 1 1_ _
F, 0 “8)
%
1//1:—71,71:0&[ y=h2
2 oy
—yN N
ale = l+a2ey ]
(Eq45)= p =a3+a4y + 5 +a(a7 + a8y

N

1

—yN] Zle
+ e (—147(al + a2e )Nt .Pr

2
48(hy —hy)” KN

2yN]
+51 (al -a2e )(hl (=24 Ne.Pr)+hy (24 Ne.Pr) = 2NtPry )N
—BO(al +aZeZyNl )(—hl +y )(2h1 —hy (2 + Nt .Pr) + Nt.Pr.y ) le

Zle 2
-2|al —a2e ¥ (—lzh |+ (=3h, (2+Nt.Pr)+2Nt.Pr.y)

3 yN 2 4
+3hy (2hy (24 NePr) + (2= Ne.Pr)y ))N{ +48(aS+a6e 1)(3h ~3hy ) KN|H) (49)
1Ny (o asata bl
(Eq.47) =y, — b3 +bdy + ——(2e T -
8N, N,
-3yN 3yN
YN, 5 rsal’ v ap2 ) arte T @23
+2e -6ala?” y 4 - - )
Ny Ny Ny

N

A 4yN 4yN 6yN
_1080p1e 1 - 8316a1a2” e 1 - 10802¢ 3

151a2” e - T Nipr
serar’ ae” N (12hy (-2 + NtPr )+ 12hy (2 + NtPr)- 37NtPry )

2ata2? ¢ (120, (-2 + Nepr)+ 120y (2 + Nepr)- 37NePry )
w35a1 (hy (-2 + Nepr) + hy (24 NePr )< 2NePry ) - 7N 2 - 2420”1
w52 MM Y(hy (24 NePr )+ iy (24 Nepr) - 2NePr )N+ 180al® (hy +v)
(21, - hy (24 NePr) + Nepry ) - 6al” a2e Ny 68h, %+ 7y (4h5 (2 + NePr)
ssNipw) + g (34hy (2 + Nepr)- 28 (-2 + Nepr ) v ) - 6ala2? N s ,2
7y (~4hy (24 NiPr) + 5NiPry ) + hy (34hs (24 NiPr) = 28(-2 + Nepr) y )
oM g1 (1011]2 +3y (hy (24 Nepr) = Nepry ) = by (5hy (2 + NePr) = 3(=2+ Nepr )y ))
oM (Ta2’ SN (= + 2 )(2hy —hy (24 Nepr) + Nepry ) + 85 2(101112

43y (hy (2 Nebr) = Nepr ) = iy (5hy (24 Nepr ) = 3(=2 4 Nepr ) )N |

+6y (3al’ (—1214]2 4y (<3hy (2+ NePr) + 2NtPry ) + 30y (2hy (24 Nepr) + (2 - NePr ) y ))
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2yN 2yN 4yN
e (8b1 Ssp2e” 1 w33 )(-12h12 3 (-3hy (2 + Nepr) + 2NtPry )

w3y (2hy (20 Nepr )+ (2= Nepr )y ) - 6at? e 1200, + y(39n, (2 + NePr )

4yN
$32NtPry )+ 3hy (20hy (24 Nepr)- 13 (-2 + Nepr )y )) 4 6ala2’ e 1 (-12014,2

w (-39, (2 + Nepr) + 32NePry )+ 301 (208 (2 + Nepr)- 13 (-2 + Nepr) y DN

2yN

24026 (9227

2N, 2N, 2 2N, 2
e -1045 + abe (h, - h2) K - 2012 b5 + b6e (h, - /12) K

2 (1 (6 - 3NtPr) - 3y (2 + Nepr) + 2NePry ))) + 3alaze N (12005 (ny -y )2 K

-b4e"'N] y
VN, 2 2 2

te 120a6 (hy - hy )" K +a2y” (120" +y (-3hy (2 + Nepr) + 2NtPry )

3y (2ny (204 Nepr )+ (2= Nepr) y ) + 31 (6as (i, - )2 ke (otas (hy -1, )2 K

tazy? (-12h12 +y (3hy (2 + NePr)+ 2NePry )+ 30y (20 (2 + Nepr)+ (2 - Nepr) y )))))N;’

29N WN WN 2
1728 (-a12a6 va2?ase” - 2ala2 (a5 _abe” 1))(”1 “hy ) KyND ) (50)

And from there it will be

W=y, +Sy, (51) w vy (2 a \owg
Where al,a2,...,a8 and bl,...,b6 are constant . Note ; =—3 | M1 _;6 & +1
oy _ -
also, U = — 3 2 \? 3
ay 0y 3 L) 0 Yo (54)
(111) The solution for the pressure equation (34) ay3 * ay2 ay3
which satisfies the boundary conditions (40) +
. d
arld the Eq. (44): ~ le R I
(i) Zero order : i K oy i
3
Py _ Y, .
_6'y - —ay 3 7. Average pressure rise:
By The Eq.(54) the pressure rise (Ap) per
_Kle_ﬁgj oV, +1 (52) wavelength and the walls shear stress can be
K oy obtained by the formula
(ii) First order: 1 op
Ap = I—dx (55)
5 OX
2
ap, _ Oy, N oy, | %y, 8. Numerical results and discussion :
oy a 8y3 8y2 6‘y3 In this section, the graphs are a description of
values various parameters under the effect of an
2 « oy (MHD) during peristaltic transport for the flow of
[Ny ——0 || —+1] (53 ) e X
K pseudoplastic nano-fluids in the tapered asymmetric
Now by Egs.(52) ,(53) and (40) we get: chann(?tl through a porous medium with variable
viscosity.
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The complicated behavior of the non-Newtonian
fluids can be transacted more swiftly with the assist 500
of numerical solutions, where solved numerically
using perturbation technique for the nonlinear
equations, therefore our numerical approach relies B 400
upon the linear equation solvers by Mathematica
program to find the results numerically and
graphically.

600

dp
dx

200

-0.6 -04 -0.2 0.0 02

8.1. The Pressure gradient distribution : X
In this paragraph, describe the effect of different

parameters which have an impact on the pressure

gradient (dp/dx) per wavelength. The influence of
these parameters is observed for a Figs. (2)-(7),
where shown that in the wider part of the channel (-
0.7< x <-0.55) and (0< x <0.2), effect these

parameters on pressure gradient are very small,

which means that the flow can pass easily without

imposing a large gradient pressure.Where, in the

tight part of the channel (0.55< x <0), there must be

a large pressure gradient in order to keep the same

flow of fluid in the channel, especially for the

narrowest place of approximately in (x = 0.25) and

4000

the values of (y) and (t) are fixed at y=0.3 and t
=2. This is illustrated by the Figs.(2)-(5) the increase 3000 f

dp
dx

of a value of parameters (M, ¢, Q, &) is leading to 3600 |

the pressure gradient is increasing, but we observe

1000 |t

an opposite in Figs.(6)&(7) where the pressure

gradient is decreased when increasing the values of ' 06 04 02 02

the parameters (m, K) .

600
1500 |

K4 = m=0.1
2=04, =03, ;
L ®=m/6M=3, e B 2 == m=012
o " Q=06,Nt=06, m=0.14
O g=01,a=001,
e g=001, Pr=1, [ o7
20 | o K=05,y=03, ; , :

ol = L . =
500(+ t=2 Fy 7

.
-06 -04 -02 0.0 02 0

X -0.6 -04 -02 0.0 02

. . dp .. . .
Fig.(2):Variation of % with increasing of M p
Fig.(6): Variation of % with increasing of m
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1500 - a=04,b=03,
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8.2. Pumping Characteristics :

The Figs.(8)-(13) show the relation between an
average pressure rise (Ap) and the mean flow rate
(Q) with a various physical parameters which are
the Hartman number (M), the phase difference (¢),
the pseudoplastic fluid parameter (&) ,the non-
uniform parameter (m) , the Darcy number (K) and
the Prandtl number (Pr). And effect these parameters
on the average pressure rise (Ap). We observe in
Fig.(8) the pumping rate decrease in the co-pumping
region
(Q>0, Ap<0) while the opposite is happening in the
retrograde pumping region (Q<0, Ap>0)
with an increase of parameter (M). Illustrated by the
Fig.(9), the pumping rate increase in the co-
pumping region (Q>0, Ap<0) and decreasing in the
retrograde pumping region (Q<0, Ap>0) with an
increase in (m). Fig.(10) shows the effect of () on
Ap, where the pumping rate decrease with an
increase in (&) in the co-pumping region Ap < 0.
Fig.(11) shows the impact of (¢) on average pressure
rise (Ap), in a co-pumping region (Q>0, Ap<0) is
increased up to point (0.93,-29.73) but the situation
is reflected after that point, where there is a decrease
in the pressure rate with enhancing of (¢). The Fig.
(12), demonstrate the effect of (K) on (Ap). It is
noted that (Ap) is increasing in the co-pumping
region (Q>0, Ap<0) with values enhancing (K).
Finally, the effect of the parameter (Pr) is very
simple is negligible on Ap, this is illustrated by Fig.
(13).
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a=04,5=03,®=m, m=01,
. N=08,d=01,a=001, =001,
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Fig.(8): Variation of Ap with increasing of M
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Fig.(9): Variation of Ap with increasing of m

a=04,6=03, d=m M=3
N=06,¢=01,a=001, m=01,
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Fig.(11): Variation of Ap with increasing of ¢
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Fig.(13): Variation of Ap with increasing of Pr

8.3. Velocity Profile :
The Fig.(14)-(17) illustrate the velocity profile

(u) versus y-axis, and to see the effects of a change
in the values for different parameters at the fixed
values of x=0.3 and t=2. The behavior of velocity
profile is parabola as seen through figures.We
observed from the Fig.(14) that the axial velocity (u)
increases with an increase in the Hartmann number
(M) at the core part of the channel, but it decreasing
for near to walls where this result is expected
because the fact that an effect of magnetic field
generates a Lorentz force which is a resistant
force.This force tends to oppose the fluid movement
causing the flux to decelerate. In Fig.(15) we
observe the opposite. The velocity decreases in the
center and increases near the walls by increasing the
values of the thermophoresis parameter (Nt). The
Figs.(16)&(17) shows the effect of the Darcy
number (K), the mean flow rate (Q) on the velocity
profile (u) ,where the velocity decreases with an
increase values for these parameters, in the center of

the channel .
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Fig.(15): Variation of (u) with increasing of Nt
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8.4. Temperature distribution:

The Figs.(18)-(21) shows the variation in the
distribution of temperature between the center of the
channel and the layers near the walls, during the
peristaltic motion of the fluid for the fixed values of
x=1and t=0.5. =
The Figs.(18)&(19) illustrate the effect a phase -l
difference (¢) and the non-uniform parameter (m) on . a=03,b=04, 0=r,
the temperature of fluid (), is | fr=sM=0s, @200, x=1, 0208
where (0) is increasing near to walls with enhances . L ; 1
to (p & m), but the temperature is almost not y
affected by with height values of those parameters in Fig.(19): Variation of (&) with increasing of m
center of the channel. While is the opposite with
parameters (Nt) and (Pr) where the temperature of
the fluid is decreasing near to walls of the channel
and the effect of these parameters is gradually
fading in the middle of the channel [see -4
Figs.(20)&(21)].

a=03, b6=04, ®=m,
m=002, Pr=3 d=007, x=1,1=05

0 2 4
¥

: a=03, b=04,Pr=3, Y
I m=001,N=05,d=007, x=1, =05

-4 -2 0 2 4

v

Fig.(18): Variation of () with increasing of ¢

a=03,b=04,0=m,
m=001, M=05, d=007, x=1, =05

y

Fig.(21): Variation of (&) with increasing of Pr
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X X
Fig.(22): Streamlinesfor « =04 .,b =03 ,¢=72/6,m =02,0 =08 N =1.1,d =09 ,a =001,
£=0002, Pr =1, K =12 ,t =2and for different M : (a) M=1, (b) M=2.

X X
Fig.(23): Streamlinesfora =04 ,b =03 ,¢p=7/6,m =02,0 =08 , M =1.1,d =09 ,a =0.01,
Pr=1M=3.K =12 .t =2 and for different £ : (a) £ = 0.001 . (b) & = 0,002

X X
Fig.(24): Streamlinesfor a = 04,6 =03 ¢ =7/6,m =02 ,Nt =1.1,d =09, a =001, & = 0.002,
Pr=1,M=3,K =12 ,t =2 and for different Q : (a) Q=0.8, (b) Q=1 .

X X
Fig.(25): Streamlines fora = 0.4 ,b =03, ¢ =7/6,m =02,0 =08 Nt =1.1,d =09 ,a = 0.01,
&=0002,M =3, Pr=1,f=2and fordifferent K: (a) K=0.1, (b) K=2.2 .
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12. Conclusions:

In this paper, we succeeded in presenting a
mathematical model to study the effect of no-slip
conditions with variable viscosity on peristaltic
transport of a non-Newtonian pseudoplastic fluid
inside an asymmetric channel. A regular
perturbation method is employed to obtain the
expression for the pressure gradient and pressure
rise over a wavelength, velocity, temperature
distribution, the heat transfer coefficient, the Nusselt
number and the stream function.

We have discussed the effect peristaltic flow and the
rheological parameters of the fluid.

=  The increases of a value of parameters
(M, ¢, Q ,&) is leading to the pressure
gradient is increased and decreased
when increasing the values of the
parameters ( m, o, K).

= The pumping rate (Ap) is decre-asing
with an increase in (M, & ) , But the
opposite happens with the parameter
(K) in the co-pumping region.

= The profiles of axial velocity (u) take
parabolic shape for it is curves.

= The axial velocity (u) increases with the
increase in (M) at the core part of the
channel but it decreases for near to
walls, and the opposite happens with
the parameters (Nt).

= The axial velocity (u) decreases with an
increase in (K, Q).

=  The temperature increases near to walls
and almost not affected in center of the
channel with enhances to ( ¢ ,m ) and
the opposite with parameters (Nt, Pr).

=  The size of the trapping bolus increases
with increasing of the parameters
(Q,K), while it has decrease with
increases of parameters (M, & ).
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