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Abstract

In this investigation we have analyzed theatftd variable couple stress fluid on the perigtdlow of non-
Newtonian fluid in an asymmetric channel. The wmotand energy equations have been calculatei®r the
assumptions of long wave length approximation amel éxpression for pressure rise is obtained bygusin
analytical integration. The contour plots for ttkeam lines obtained and trapping phenomena #flthv field
is discussed. The computational results presentedraphical form, it is found that the temperattiedd
decreases with the increase in slip parameter gnetic field M and couple streg¥ while with the increase in
Pr and Ec the temperature field increases. Thidysisi done through drawing many graphs by usitg t
MATHEMATICA package.
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L.Introduction

Many applications of non-Newtonian fluids ingameering and industry have led to renewed intemestng
the researchers. Such applications include extracii crude oil from petroleum products, food mixiand
chime movement in the intestine, flow of plasmawflof blood, flow of nuclear fuel slurries, flow difjuid
metals and alloys, and flow of mercury amalgamsidn-Newtonian fluid models, couple stress fluiddelohas
distinct features, such as polar effects in additm possessing large viscosity. The theory of tospress was
first developed by Stokes [1] and represents thplgist generalization of classical theory whiclowal for polar
effects such as presence of couple stress and dmgyles. A number of studies containing couplesstigave
been investigated in Refs. [2—4]. The couple-stfieés may be considered as a special case of aNewtonian
fluid which is intended to take into account thetiste size effects. Moreover, the couple streagdfimodel is
one of the numerous models that proposed to desceifponse characteristics of non-Newtonian fluidse
constitutive equations in these fluid models camwvdry complex and involving a number of parametals) the
out coming flow equations lead to boundary valugbfgms in which the order of differential equatiasm$igher
than the Navier—Stokes equations. Some recenttigaéisns regarding such fluids are mentioned andtudies
[5-13]. Recently, Peristaltic problems have gairedonsiderable importance because of it application
physiology, engineering, and industry. Such apfibee include urine transport from kidney to bladde
swallowing food through the esophagus, movementclifme in the gastrointestinal tract, transport of
spermatozoa in the ducts efferent of the male deprtive tract, movement of ovum in the female faibm tubes,
vasomotor of small blood vessels, transport ofrigsy corrosive fluids, sanitary fluids, and noxgofluids in
nuclear industry. In view of these applicationspuanber of researchers have discussed the peudsfiaitis
involving Newtonian and non-Newtonian fluids withferent kinds of geometries [14-26] . Mekheimerf2ias
discussed the effects of the induced magnetic fielgeristaltic flow of a couple stress fluid irslit channel.
Magneto hydrodynamics (MHD) is the science whichlslevith the motion of a highly conducting fluidsthe
presence of a magnetic field. The motion of thedcmting fluid across the magnetic field generatestec
currents which change the magnetic field, and ttt@m of the magnetic field on these currents gisiss to
mechanical forces which modify the flow of the @[#8].It has now been accepted that most of the
physiological fluids behave like a non-Newtoniamdk. This approach provides a satisfactory undedihg of
the peristaltic mechanism involved in small bloassels, lymphatic vessels, intestine, duct us exffeof the
male reproductive tract and in transport of speomza in the cervical canal. Some recent studies4@Phave
considered the effect of a magnetic field on pattistflow of a Newtonian and non-Newtonian fluidsd in all
of these studies the effect of the induced magfielit have been neglected.

With the above discussion in mind, the gdahe investigation is to study the effect of ctautress fluid
on MHD peristaltic motion and heat transfer withtjza slip. The governing equations are simplifieging long
wavelength approximation. An exact solutions ofoeély, stream function, energy equation and pressur
gradient has found. The expressions for pressseehas been calculated using numerical integratyesoftware
Mathematica. The effects of pertinent parameterthervelocity, energy equation, pressure gradamd, stream
functions are presented graphically.
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2. Mathematical for mulation and analysis

Consider MHD flow of an electrically conducting e@us fluid in asymmetric channal through porous
medium.The lower wall of the channal is maintaia¢tdemperature T1 while the upper wall has tempegat 0
as shown in the Fig.1.

-

: —
Fig.1schematic digram of a towensional asymmetric channal

The geometry of the wallsurfase is define as:
Y=H,=d + aicos%(x -c), Y=H,=-d, —blcosg(x —-ct)+ ¢ 1)

Where &, and b, are amplitudes of the wavekjs the wave lengttd; + d, is the width of the channel,c is the
velocity of propagation,t is the time and X is tlieection of wave propagaation.the phase differeficearies in
the range0 < ¢ < 71,in which ¢ = 0 corresponds to symmetric channel with waves oythafse andy = 71
the ~waves are in phase, and furthed,,b,d,;,d,andg satisfies the  condition
a; +by’ +2a)b, cosps (d, +d,)*

For the two dimensional incompressible flow, theaying equations of motion and energe are
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Where [F=——+—, O'=——+—+2 C O=[2—) P+ 2A—=) +H (—+—) 7],
A VA V. o vt ekt PTG AR Ty Tk ]

U,V are the velocities in X and Y directions in fixiédme, O is constant density? is the pressuré) is the

kinematics viscosity,0 is the electrical conductivity, K is the permeaiiliparameterK' is the thermal

conductivity,C' is the specific heat and T is the temperature.
Introducing a wave frame (x, y) moving with velgcit away from the fixed frame (X, y) by the transfations:

x=X-ct,y=Y,u=U -c,v=V, p(x) = P(X,t) 3)

Defining

X =Y u _ v d .9 __d’p o p=M, _H, __a&

x== Y= G=— v=- g=-t d=—% p= t=— hy h,=—= a=—=
A d, C C A 1 e A d * d, d,
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b=2 Re= M =¥ Kzﬁ2 0= 0 Ec=—  p =P
d, v cd, d; T,-T, c(T,=To) K' M= \/EB d
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a= dl\/z (4)
n

Using the above non-dimensional quantities and entigly the terms of orde?s and higher, the resulting

equations in terms of stream functiglh(U = %—‘/l V= —5%—‘//) can be written as
X
1
Yy —N ‘/Iw wyyyyyy =0
: 5)
—9 +Ecy}, =
(6)

Slnce we are conS|der|ng the partial slip on thd, wlaerefore, the corresponding boundary condgifor the
present problem can be written as

:% aty=h =1+acos27x, ¢ = —% aty =h, =-d —bcos@rx + ¢),
2
o, a"f -laty=h , aw Lal‘f -laty=h,,
ay oy oy
The finishing couple stress boundary condition are:
0° 0*
ayl‘él =0at y=h, (’f =0aty=h,.
And the boundary condition for heat transfer are :
6=0on Y= 6=1,,¥=h )

Where q is the flux in the wave frama,b, ¢ and d satisfy the relatioa® +b* + 2abcosp< (1+d)?
The solution of the momentum equation straight #oocan be written as

Y ="f,+fy+f,coshmy+ f,sinhmy+ f,coshm,y + f.sinhm,y (8)
Where

2 _ 20 2 2 20 2
mlz\/a \fa(24N +a2)'m2:\/a+\/a(24N +a2),N2:%+M2 ©

The functions f0 T, f5 are large expressions wilbt mentioned here for sake of simplify.
The flux and average volume flow rate is defined

1f—, 1%
Q=—]Qdt=_[(a+h -h)dt=g+1+d. (10)
0 0
dp _ 1
&_wyyy Nzwy ?‘/lyyyyy
1
APzI%dx (11)

The axial velocity component in the fixed frameigen as

UX,Y,t) =1+y, =1+f, +f, m sinmy+ f, m coshmy+ f, m, sintm,y+ f; m, coshm,y (12)
Where h, =1+acos(X —t)] And h, =-d —bcos[@Rm(X —t) + ¢

By using Eg. (8) the solution of Eq. (6) satisfyithhe boundary conditions (7) can be written as:
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8=6(fy f, f,, 1, f,, fs,m, m,, Ec,Pry) (13)

whereC, and C, are constant can be determined from the boundangitons (7).

3. Reault and discussion

In this section, the results are discussedutiitathe graphical illustrations for different phoali quantities.
Figs.2-6 show the pressure gradient for differadtie of K, couple stregs, magnetic field M,amplitude ratio
¢ and partial slip L It is noticed that pressuredigat is maximum at X=0.5 foff =1, K=.1, M=4 and L=1,and

the pressure gradient increase when the parametarcMase as shown in Fig.4 and the pressure giadie
decrease when the other parameters increase.

—a =1
dp dx
sol _g=15 u (-1
—a=2 12X
80 o K=2
—a=25 1
—K=3
60 80
) _ K=4
«
20
2
20
00 02 04 06 08 X 00 02 04 06 08 X

Fig.2.variation of dp/dx with x for different valuesof @ at, Fig.3.variation of dp/dx with x for different valuesof K at,

k=1000, M=0.1, d=2, Q=-1, a=0.7, b=1.2, L=0, ¢ =0.001 a =1,M=0.1, d=2, Q=-1,a=0.7,b=1.2, L=0, ¢ =0.001
o o M=1 o o —
250 M=2 100 L - 1
M =3 L=.2
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Fig.4. variation of dp/dx with x for different valuesof M at Fig.5. variation of dp/dx with x for different valuesof L at

Q' =1,K =0.1, d=2, Q=-1, a=0.7, b=1.2, L=0, ¢ =0.001 a =1,K =01, d=2, Q=-1, a=0.7, b=1.2, M=1, ¢ =0.001
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Fig.6. variation of dp/dx with x for different valuesof ¢ at & =1, K =0.1, d=2, Q=-1, a=0.7, b=1.2, M=1, L =0. 001
Pressure rise is important physical measures iistpliic mechanism, so Figs.7-10 show the effedt,off , M

and ¢ on pressure rise. We noticed that increase& iM and K theApincreases and increases in L the

Apwill be decreases. In Figs.7 and¥ increases for Q> -0.4 and for Q< -Q@¥p has an opposite behavior .
In Fig.8 Ap increases for Q<0 and for Q> has an opposite behavior. in fig AP increases for Q > 6.5 and

for Q < 6.5Aphas an opposite behavior.
F p
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Fig.7. variation of Q with AP for different values of O at Fig.8. variation of Q with AP for different values of L at,
7l 7l
@ = — k=2M=2,d=2,a=0.7,b=1.2,L=0.02, y=1.4 a=2, Q= E , k=.1000,M=2,d=2,a=0.7,b=1.2, y=1.4
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5\—\K - k\—M 22.5

10 10
Fig.9. variation of Q with Apfor different valuesof K at ~ Fig.10. variation of Q with Apfor different valuesof M at

7l 7l
Q = 2 M=2,d=2,a=0.7,b=1.2,L.=0.04, P = E y=14. a =1K=10,0d=2,a=0.7,b=1.2,L=0.04, = — y=14.
Figs.11-15 illustrate the velocity field for difamt values off ,K,M and L.It is observed that the velocity field

increase when K increase and velocity field de@edsen the other parameters increase and finathshiapes
looks like a parabola and it can be noticed thatvlocity take the maximum value in the middle.

Y Y
o5, —a =1 05
K =01
a=2
04 04 - K=.1
. a=3 .
- K =1
: : : : =Y : : : — U
3 2 1 0 1 2 3 2 1 0 1 2
Fig.11. the velocity at Q=-1,a=0.7, b=12, , ¢ =0, x=1 Fig.12. the velocity at & =1, M=1, d=1, Q=-1, a=0.7, b=1.2
k=2, M=1, d=1, L=0.02 ,L=0.02, ¢ =0, x=1
Y
o M =1
= Y
— o5, —L=.1
M=2
04 — 1 =2
L M=3 04
1 =23
‘ ‘ ‘ : — U ‘ ‘ ‘ u
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Fig.13.the velocity at & =1, k=2, d=1, Q=-1, a=0.7, Figl4. thevelocity at & =1, k=2, M=1, d=1, Q=-1
b=1.2,L=0.02, ¢ =0, x=1=0.7 , b=1.2,a=0.7 , ¢ =0, x=1
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u

3 2 1 0 1 2
Fig.15.the velocity at @ =1,k=2,M=1,d=1,Q=-1,a=0.7,b=1.2,L =0.02,x=1

The temperature field for different value of L, K, Pr ,EC, .are shown in Figs.16 — 20.It is noticed from the
figures that the increase in LM amd the temperature filed decreases while the inereasPr , Ec, the
temperature filed increases.
Finally ,the Figs.21-25 describe the stream liné &apping phenomena and the effectaofL, M ,Q, and ¢
we noticed that all diagram were not symmetric #ratrapping is about the center line and the &dppolus
decrease in size ag,M, L increase and slowly disappear for the large valioie increase of the parameter Q

the trapping will be increase.

20 20
1 =01 - Pr=0
3 - 15 —_
ol 1L=04 Pr=1
L =208 Pr=2
10
‘ ‘ : Y ‘ : =y
2 1 0 1 2 2 1 0 1 2
Fig.16.variation of temperatureH with'Y for different Fig.17.variation of temperature B with Y for different
valueof L ,at k=1000,M=1,d=1.5, ¢ =Pi/2, Q=1.4,a=05,  valueof Pr at & =1k=1000,M=1,d=1.5,Q=14, ¢ =Pi/2,a=0.5,

b=1.2x=1,Ec=1,Pr=1 b=1.2,L=.01, x=1,Ec=1
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Fig.18.variation of temperaturegwith Y for Fig.19.variation of temperatureH with'Y for
different value of M at @ =1,k=1000,d=1.5,Q=1.4, different value of @ at k=1000,M=1,d=1.5,Q=1.4,
a=0.5,b=12L =.01, ¢ =Pi/2x=1, EC=1,PR=1 a=0.5,p=12L=.01, ¢ =Pi/2 x=1, EC=1,PR=1
20
- Ec=0
Ec=1
Ec=2
Y
3 2 1 0 1 2

Fig.20.variation of temperature B with Y for different value of Ec at, & =1,k=1000, M=1, d=1.5, Q=1.4, a=0.5, b=1.2, L=.01,
¢ =Pil2,x=1, Pr=1
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Fig.21.stream linefor different values of M.(a) M=.1,(b) M=.5(c)M=1(d)M=1.5,(€)M =1.85,(f)M =2 and the other parametersare
& =3k=0.2,0=1,Q=1.5,a=0.5,b=0.5,L =0.02, ¢ =0

=\ '/ N\ '/ \x
INE N N
: = N\

d E 0a 0z o0 o0z o1 e EW]« E 64 02 00 0z o4

Fig.22.stream linefor different values of L.(a)L=0.01,(b) L=0.02,(c)L=0.03,(d)L=0.04,(e)L =0.05,(f)L=0.07 and the other parameters
are & =1k=0.2,d=1,Q=1.5,a=0.5,0=0.5, ¢ =0, M=2.
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Fi g.23.stream linefor different values of Q.(a) Q=1.45,(b)Q=1.5,(c)Q=1.6,(d)Q=1.7,(€)Q=1.8,(f)Q=1.9,and the other
parametersare @ =1,k=0.2,d=1,a=0.5,b=0.5, ¢ =0, M=2,L.=0.02.
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Fig.24.stream linefor different valuesof ¢ .(a) ¢ =0,(b) ¢ =Pi, (c) & =Pi/2,(d) & = Pi/3,(e) ¢ = Pi/4,(f)= ¢ Pi/5and the other
parametersare & =1,k=0.2,d=1,Q=1.5,a=0.5,b=0.5,L.=0.02, M=2.
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Fig.25.stream linefor different valuesof @ .(a) @& =.5,(b) @ =1,(c) & =15,(d) A =2,(e) @ =2.3,(f)=2.4, and the other parametersare
k=0.2,d=1,Q=1.5,a=0.5,b=0.5,L=0..02, M=2.
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4. Conclusion
we have discussed the influence of couple stnéth heat transfer and magnetic field on thegpeltic flow of
a non-Newtonian fluid with partial slip. the govamg equations of motion and energy equation haes be
calculated under the assumptions of long wave keagproximation The results are discussed throuaphs.
We have concluded the following observations:
1. The pressure gradient decreases with the ireseadv.
. The pressure rise decreases with the increademd increases wheh,M and K increases

2

3. The velocity field increases with the increas& and decreases with the increase i@, ¢ .

4. The temperature field decreases with the inergak,M and @ ,while with the increase in Pr and Ec ,
the temperature field increases.

. The size of the trapping bolus decreases bgasing in La, M .

. The size of the trapping bolus increases breaging Q.
7. If the couple streg® — oo then the solution of S. Nadeem et al.[41]is receslexs a special case of
our analysis.

o O
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