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Abstract: This article examines the peristaltic transport of vaeatikcosity fluid in a planar channel with heat transfer. Thelfl
viscosity is taken temperature dependent. The fluid is etadliy conducting in the presence of a constant appliedmatg field.
Both channel and magnetic field possess the inclined caasides. An incompressible fluid saturates the porous sppéeat transfer
analysis is carried out in the presence of viscous dissipaind Joule heating. The resulting problems are solved nicaig. A
parametric study is performed to predict the impact of erdbddvariables. Results indicate that the fluid with variatigeosity has
higher value of pressure gradient compared with that of teomwiscosity fluid. Size of the trapped bolus increases wait increase
in viscosity and permeability parameters. Constant visgdisid possesses lower velocity near the center of chawhein compared
with variable viscosity fluid. Effects of porous medium orgsure gradient and velocity are qualitatively similar.

Keywords: Peristaltic transport; Temperature dependent viscosiagnetohydrodynamics (MHD); Porous medium; Joule heating

1 Introduction and we here only refer few recent studies in this direction
[6,7,8,9,10,11,12,13 14].

The peristaltic transport of fluid caused by a progressive  The porous medium and heat transfer effects are quite
wave of area contraction/expansion along the length of amportant in the biological tissue. Especially such
distensible tube has received growing interest of theconsiderations are significant in blood flow simulation
recent researchers. To a large extent, such interest ielated to tumors and muscles, drugs transport,
stimulated by the fact that peristaltic activity is invotve production of osteoinductive material, nutrients to brain
in practical applications of physiological and industrial cells etc. Moreover, the flow models with magnetic field
processes. These include the locomotion of worms, urindhave numerous applications in cross field accelerators,
passage from kidney to bladder, food swallowing by thepumps, flow meters and MHD generators. In such
esophagus, vasomotion of small blood vessels, sanitargevices, the flow is subjected to heat that dissipated
and corrosive fluids transport, movement of bio fluids internally by viscous/Joule heating or that produced due
(chyme in gastrointestinal tract, bile in the bile duct, to electric currents in the walls. The peristaltic trangpor
ovum in the fallopian tube and spermatozoa in cervicalof MHD fluid has interaction with problems of movement
canal) and in heart lung machine and roller and fingerof the conductive physiological fluids, e.g. the blood and
pumps. Latham 1] was the first who studied blood pump machines. The peristalsis with heat transfer is
experimentally the mechanism of peristalsis for flow of further prominent in oxygenation and hemodialysis
viscous fluids. Afterwards, several researchers examineg@rocesses. With this importance in mind, Srinivas and
the peristalsis subject to various assumptions througMuthuraj [15] addressed the effects of heat transfer in
theoretical and experimental attempts. Available peristaltic flow of viscous fluid saturating porous
information on the topic for peristalsis of viscous and medium. Srinivas and Kothandaparnie] addressed the
non-Newtonian fluids ,3,4,5] at present is impressive heat transfer analysis in peristaltic flow by complaint

* Corresponding author e-ma#bbasisarkar@gmail.com

(@© 2016 NSP
Natural Sciences Publishing Cor.


http://dx.doi.org/10.18576/amis/100619

2174 NS 2 F. Abbasi et al.: Hydromagnetic peristaltic transport. of..

walls. Abd elmaboud and Mekheimet7] discussed the components and pressure in the wave framg). The
peristaltic transport of second order fluid in a poroustransformations between laboratory and wave frames are
space. Mekheimer 18] investigated the nonlinear _ n _ _ o
peristaltic transport through a porous medium in anX=X-cf, y=Y, t=U-c, v=V, P(Xy)=P(X,Y,1).

inclined planar channel. The effects of magnetic field and _ o (1)
space porosity on compressible Maxwell fluid were The governing equations in the wave frame are given by
studied by Mekheimer et al1f)]. Tripathi [20] analyzed w, o ,
the transient peristaltic heat flow in a finite porous =y @

channel. Influence of heat transfer on peristaltic flow of
an electrically conducting fluid through porous medium (e« vg)wio-- %28 (mm )+ & [rm (%))
has been addressed by Hayat et 2l].[ The interaction

! . i ) i —UB%COSB((U+c)Cos/3—vSinﬂ)+pga* (T—Tp) Sina + pgSina — WA 3)
of peristaltic motion with heat transfer in planar and
curved flow configurations has been explored in thep((wd%w;QwF%H%(W)%)ﬂ%{W)(%%)}
studies P1,22,23,24,25,26,27]. o
N . . . _ . * v,
Existing information on the topic reveals that no  —o#sn (oo —vsn)poa (T To)Cos —pacosa — K2, @

attention has been given so far to the peristaltic flow of , , ,
variable viscosity fluid through an inclined channel and scp (@07 - K[t Ty +m(m) H(?) (%) }+(?+Z§) }
inclined applied magnetic field. The objective of present ) » . ET@EL02
communication is to address this problem in the presence FoBp((eCosmveng) T T
of viscous dissipation and Joule heating effects. Thein which p is the density of fluid,u is the dynamic
problem is modeled when an incompressible fluid fills theviscosity, g is the acceleration due to gravitk is
porous medium. Numerical solution is given after permeability of the porous medium paramet@rjs the
utilizing the long wavelength and low Reynolds number inclination of applied magnetic field ard is the thermal
concept. Physical quantities of interest are analyzed foexpansion coefficient. The additional viscous dissipation
the pertinent parameters entering into problem statementterm in the energy equation accounts effect in limits of
small and large permeability of porous medium. We also
denoteCy, as the specific heal the thermal conductivity
2 Mathematical analysis andT the temperature of the fluid.
The long wave length approximation is widely used in
Let us examine the peristaltic transport of an the analysis of peristaltic flow§]. Such approximat.ion .
incompressible viscous fluid in a symmetric channel. Themakeg use O.f the fact that the wavelength Of peristaltic
channel is taken inclined at an angieo the vertical. The ~Wave is considerably large when compared with the half
fluid is electrically conducting in the presence of an width of the channel/tube. These considerations are
inclined magnetic field with constant strengtBo. relevant for the case of chyme transport through small

Applied/induced electric fields are absent. Further thelNt€stine ] wherea = 1.25mandA = 8.01cm. Clearly
effects of induced magnetic fields are ignored subject tohalf width of the intestine Is Sma" in comparison to the
low magnetic Reynolds number approximation. The ﬂowwavelength of peristaltic wave i.e/A = 0.156. Further,
generated is due to peristaltic waves travelling along the-€W €t al. 7] concluded that Reynolds number for the

channel walls. Schematic diagram of the geometry isﬂwd mechanics in small intestine is small. Making use of

the following dimensionless quantities.

(5)

given in Fig. A : . Defining the dimensionless quantities
Mathematically the wall geometry is chosen in the
form O A e e a1
— L) 2 o T-T pga* Tya?
H(X,T)=a+e¢, o) = F = () e re B 1= T 0= T2 o PETD
. . . - Fr = é_k: R.Br:PrE,E:i.Pr:IJLCp.u:wy,v:—wx. (6)
wherea is the half channel width angis the disturbance @ a2 Colo K ’

produced due to propagation of peristaltic waves at theand adopting long wavelength and low Reynolds number

walls. This disturbance can be written in the form approach, the equations in terms of stream funcficare
21 dp _ o Yl [ He)\ (9y
gszOS(T(X_Cf)>7 &‘ay{“(e) ayz} {M Cos’ + K dy+1 +
ReSna
in which T is time, b is the amplitude of the peristaltic Al Fr ~’ ™

wave,c andA are the speed and wavelength of the waves

respectively. ,_Appro_pr_ia'Ee velocity field for this problem i @ -0, 8)
V= [UXX,Y,D),V(X,Y,),0]. HereU, V andP are the ay

velocity components and pressure in the laboratory frame 26 @1 (w2
(X,Y,T). We further adopt(t,v) and p as the velocity a—),z+Bru<9)(ww)2+Br MZCos’B + HT] (a—y +l> =0, (9
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Figure A: Geometry of the problem.

Note that the incompressibility condition is automatigall 3 Results and discussion
satisfied and Eq. (8) witnesses tha# p(y). From Egs.

(7) and 8 we have Numerical solutions of the derived problems are obtained.

2 2 2 For that we have taken 0.01 as the step size for variation
-2 ( )—0 gl MZCosZB+—(6> YN e sna (10) . .
T ay2 K 3y gy na- of x andy. The obtained results are analyzed graphically
here.
Hereuv denotes the kinematic viscositige the Reynolds The graphs of pressure gradient, stream function,

number,Br the Brinkman numbei- the Eckret number,  velocity and temperature are examined. Moreover, the
Pr the Prandtl numberp the wave numberGr the  numerical values of heat transfer rate at the wall are
Grashoff number, Fr the Froud number,k the  computed and analyzed through Table 1. Hence Figs. 1
dimensionless permeability parameter anl the (a-h) are plotted to analyze the pressure gradient vaniatio

dimensionless temperature ~ with various embedded parameters. Figs. 2-8 depict the
We consider the temperature dependentviscosity in thgyehavior of streamlines, Figs. 9 (a-f) for velocity and
form [24] e Figs. 10 (a-f) for the temperature profile.
pe)=e"’ It is seen that the pressure gradient varies and has
which gives maximum value at the wider part of the channel.
Minimum value of the pressure gradient is found near the
u@)=1-yo, fory<1. more occlude part of the channel. It is observed that value

of the pressure gradient increases with an increase in the

wherey is the viscosity parameter. Note that o= 0 variable viscosity parameter i.e. the pressure gradient ha
our problem reduces for the constant viscosity case i.ea higher value for the variable viscosity fluid than that of
for the case when the viscosity does not depend upolhe fluid with constant viscosity (see Fig. 1 a). Presence

temperature8,29]. of porous medium decreases the value of pressure

Definingnn and F as the dimensionless mean flows in gradient (see Fig. 1 b). As we move from the horizontal to
the laboratory and wave frames we have the vertical channel, pressure gradient attains higher

value. Increase in the Hartman number and decrease in

n=F+1 (11)  the magnetic field inclination tend to decrease the

pressure gradient (Figs. 1 d and f). An increase in Froud

where hg number decreases the pressure gradient while the

E :/ _lIde. (12) Brinkman number increases its value (Figs. 1 e and h).

o 9y Corresponding value of the pressure gradient is higher in

The corresponding boundary conditions for the presenthe case of resisting flow when compared to that of the
flow configuration are assisting flow (Fig. 1 g).

The volume of the fluid trapped within a streamline is
usually termed as bolus. This study showed that the size
Y=0 ===0, 96 =0, y=0, of the trapped bolus decreases with an increase in the

ay? dy magnetic field parameter M (see Fig. 2). Bolus size is
oy found to be small in the case of fluid with constant
v=F, 9y =-1,6=0, y=h, (13) viscosity (see Fig. 3). Size of the trapped bolus increases
] with an increase in the value of the porosity parameter k.
with It means that the bolus size gets reduced in case of flow
h(x) = 1+ dcog2nx). (14)  through porous medium (Fig. 4). From Fig. 5 it is

%y
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observed that an increase in the channel inclination anglénclined channel is carried out. Results indicate that the
decreases the size of the trapped bolus. It is further notegressure gradient has a higher value for variable viscosity
that the effect of channel inclination angle on the size offluid than constant viscosity fluid. Decrease in the
bolus largely depends on the value of Grashoff numberpressure gradient in presence of porous medium is
For small values of Grashoff number the size of trappedobserved. It is seen that the pressure gradient has higher
bolus is almost unaltered for change in channelvalue when channelis vertical and there is resisting flow.
inclination angle. On the other hand for large values ofSize of the trapped bolus increases with an increase in
Grashoff humber the bolus size decreases by increasingiscosity and permeability parameters. Trapped bolus has
the channel inclination angle. Increase in the magnetica larger size for assisting flow case. Fluid with constant
field inclination angle and the Brinkman number result in viscosity possesses lower velocity near the center of the
an increase in the size of trapped bolus (see Figs. 6 andhannel when compared with that of fluid with variable
7). Bolus is found to have a comparatively large size inviscosity. The effects of porous medium on pressure
the case of assisting flow (+ value of g) (see Fig. 8). Thisgradient and velocity are qualitatively similar. Unlike

is mainly due to the fact that magnetic field inclination velocity, temperature of the fluid is higher for constant
angle when increased results in a decrease in the retardingscosity case. Further the temperature is higher for the
effect of the Lorentz force and for zero channel case of assisting flow. Heat transfer rate at the wall
inclination angle the applied magnetic field has maximumdecreases with an increase in channel and magnetic field
influence on the flow. Velocity profile is seen to follow a inclination angles.

parabolic trajectory with maximum value near the center

of the channel. Such value of the velocity increases when Table 1. Numerical values of heat transfer rate at the
we move from constant viscosity fluid to the fluid with wall for different parameters.

temperature dependent viscosity. It is seen from Fig. 9b

that the velocity decreases in the case of porous medium. y Kk M G a B Br &)
Increase in the Hartman number decreases the velocity 0.0 10 10 2 m/4m/405 232081
near the center line whereas the case is opposite for an 0.3 176871
increase in Brinkman number (see Figs. 9 d and f). 0.6 144276
Inclination of the channel results in the increase of the 02 05 2.24094
velocity for both assisting and resisting flows (see Fig. 9 2.0 171568
c). Fig. 9 e revealed that the velocity has a higher value 10.0 152373
for assisting flow. 1.0 00 161917
Dimensionless temperature is analyzed in the Figs. 10 10 191839
(a-f). Fig. 10 showed that the temperature is higher for the 2.0 2.8159
case of constant viscosity fluid when compared with the 1.0-20 195425
fluid of variable viscosity. It is found from Fig. 10 that an 0.0 193242
increase in the value of permeability parameter decreases 2.0 191839
the value of the dimensionless temperature. 10 00 193242
Dimensionless temperature increases with an increase in /4 192427
the value of the Hartman number (Fig. 10 c). Similarly /2 192153
temperature is higher for the case of assisting flow (see /4 0.0 2.22499
Fig. 10 d). Increase in inclination of channel gives higher /4 192427
value of the temperature whereas the case is opposite for /2 162345
the inclination of magnetic field (see Figs. 10 e and f). /4 0.1 0401872
Numerical values of the heat transfer rate at the wall 0.2 0.795321
for different parameters are plotted in Table 1. It is noted 0.3 118027

that the heat transfer rate decreases by increasing the
viscosity parametey, permeability parametds, Grashoff
numberG, and channel and magnetic field inclinations (
andp respectively). However it increases due to increase
in Hartman numberN]) and Brinkman number Br. The
used values of the parameters here are
y = 02,k = 1.0,a0,8 = n/4,Re = 5,Fr = 2,Br =
0.5,M =0.5,Gr =0.5,d = 0.3 andn = 0.3.

4 Concluding remarks

Numerical analysis for the peristaltic transport of valgab
viscosity fluid with porous medium and heat transfer in an
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Fig. 2 Streamlines for variation of Hartman number.
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Fig. 3 Streamlines for variation of viscosity parameter. Fig. 5 Streamlines for variation of channel inclination.

(a) =0

Fig. 4 Streamlines for variation of porosity parameter. Fig. 6 Streamlines for different inclinations of magnetic field.
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Fig. 7 Streamlines for different Brinkman number.
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Fig. 9 (a-f) Velocity profile for different parameter.

Fig. 8 Streamlines for different Grashoff number.
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