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ABSTRACT

The effect of heat transfer on the peristaltic transport of a Newtonian fluid with wall propertiesin a two dimensional
flexible channel under long wave length approximation has been studied. A perturbation method of solution is
obtained in terms of wall slope parameter and closed form of expressions has been derived for stream function,
temperature and heat transfer coefficient. The effects of elastic parameters and pertinent parameters on temperature
and the coefficient of heat transfer have been computed numerically. It is observed that temperature distribution
increases with increase in elasticity parameters.
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INTRODUCTION

The study of the mechanism of peristalsis, in hgtfisiological and mechanical situations, has bectiraeobject

scientific research. From fluid mechanical pointvadw peristaltic motion is defined as the flowgdnerated by a
wave traveling along the walls of an elastic tulmephysiology it may be described as a progressigee of area
contraction or expansion along a length of a dstde tube containing fluid provided with transveend muscular
fibers. It consists in narrowing and transversetgming of a portion of the tube which then relaxdsle the lower

portion becomes shortened and narrowed. The mesthaoi peristalsis occur for urine transport frordrigy to

bladder through the ureter, movement of chime endhstro-intestinal tract, the movement of sperawdn the

ducts efferent’s of the mail reproductive tract,yv@ment of ovum in the fallopian tube, vasomotiorsimall blood

vessels, the food mixing and motility in the inbess, blood flow in cardiac chambers etc. Also medical

instruments such as heart-lung machine use peaistal pump blood while mechanical devices likderopumps

use this mechanism to pump and other corrosivddlui

The problem of the mechanism of peristalsis trartspas attracted the attention of many investigatéung and
Yih [1], Shapiro and Jaffrin et a[2] have studiedperistaltic pumping with long wavelength at low Reids
number.Haroun [3], Ebaid [4], Mekheimegt.al. [5], Mishra & Rao [6]have studied peristalsis under different
conditions.Mittra and Prasad [7] studied peristaltic transpo® two-dimensional channel considering the &lagt

of the walls under the approximation of small atyole ratio with dynamic boundary conditiomduthu et.al.[8]
have discussed On the Influence of wall Propeitighe Peristaltic Motion of Micro polar Fluid. Theteraction of
peristalsis and heat transfer has become highévaet and significant in several industrial proessalso thermo
dynamical aspects of blood become significant ocpss like haemodialysis and oxygenation when bisallawn
out of the body. Keeping these things in view, Wicand Shah [9] studied heat transfer to bloodguttie Casson
model. Srinivas and Kothandapani [10] investigatesl peristaltic transport of a Newtonian fluid wibat transfer
in an asymmetric channdRadhakrishnamacharya and Srinivasulu [11] invetgiyghe influence of wall properties
on peristaltic transport with heat transfer. Sankga.[12] have studied the influence of wall propertms the
Peristaltic Motion of alershel-Bulkley fluid in a channefobhet.al.[13] studied eat Transfer in Peristaltic flow of
Viscoelastic Fluid in an Asymmetric ChannBlaghunath Raet.al.[14] investigated the effect of heat transfer on
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peristaltic transport of Viscoelastic fluid in aarinel with wall properties and Raghunath R&al.[15] also studied
the influence of heat transfer on peristaltic tpors of couple stress fluid through a porous medium

The present research aimed is to investigate tieeaiction of peristalsis for the motion of a Newnfluid with
wall properties in an asymmetric flexible channetler long wavelength approximation. A perturbatioethod of
solution is obtained in terms of wall slope paramesnd closed form of expressions has been defroed
temperature distribution and heat transfer coeffiti The effects of elasticity parameters and penti parameters
on temperature distribution and heat transfer a@efit have been computed numerically.

FORMULATION OF THE PROBLEM
We consider a peristaltic flow of a Newtonian fliidan asymmetric channel of width+d,, the walls of the

channel are assumed to be flexible and are takensaetched membrane on which traveling sinusoidales of
moderate amplitude are imposed.

The geometry of erxibIe walls are represented by
h, (x,t)=d,+a, COS T (x—ct), upper wall (1)

h, (x,t)=-d,—a, CO{; (ect )y 5} , lower wall )

Where a,, &, are the amplitudes of the peristaltic wavesjs the wave velocity, A’ is the wave lengtht is the
time and @ (0< @< 77)is the phase difference. It should be noted #lat O corresponds to symmetric channel

with waves out of phasef = 7Twith waves in phase, and furtt@r,a,,d,, d,and @ satisfy the following
inequality Mishra and Rao[6]

a’+a,’+2aa,cod < (d1+d2)2 3)

The equation of continuity and the equations ofiamoare

odu ov

2% -0 4
ox oy ®
ou_, ou_  ou)__1lop 0%, 0

(at+uax+v0y) ;Wﬂj(axz ay? ©)
v, ov,  ov)_ 1lap 0%v , 0«

(at+uaX+VGY) ;a_y+u(6x2+0y ©

Equation of energy

oT . 9T , T 92T 97T ou\? (au\?), [du , du)?
Cp(ﬁ"'UW"'Va—y) p(axz ay j U|:2£(W) +(W) +(W+W) (7
Whereu, v are the velocity componentsy’ ‘is the fluid pressure, p’ is the density of the fluid, &' is the

coefficient of kinematic viscosityl is the temperature,Cp’ is the specific heat at constant pressure &hés‘the

coefficient of thermal conductivity.

The governing equation of motion of the flexiblelwaay be expressed as

i

Where ‘L’ is an operator, which is used to reprégba motion of stretched membrane with dampingdsrsuch
that
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O ymd 42

L="T 5 "M tCat 9)(

Here T is the elastic tension in the membranejs the mass per unit area afdis the coefficient of viscous
damping forces,p, is the pressure on the outside surface of the dvadlto tension in the muscles. For simplicity,

we assumep, = 0. The horizontal displacement will be assumeat.zdence the boundary conditions for the fluid
are

u=0 at {y:hl (10)
y=h,

Continuity of stresses requires that at the intesaof the walls and the fluidrpust be same as that which acts on

the fluid aty = hl& y= h2 . The use ofX momentum equation the dynamic boundary conditatfsexible walls
are

2 =
%L{hl}zﬁzpv a—u+& _p(a_u+u@+va_uj at {y_hl (11)
h,J ox X2 ay2 ot ox oy y=h,
The conditions on temperature are
T=T, on y=
o on y=h 12)
T=T, on y=h,

In view of the incompressibility of the fluid andva-dimensionality of the flow, we introduce the &&tm
function‘¢/ ‘such that

u:a_l// and V:—a_[//
ay 0x
and introducing non-dimensional variables
2 -
x=X y=Y y=Y =" y=-¥ -2 ':ﬁ,hz':ﬁ D= pd® ,_T-To
A d C co cd A dl dl ,UC/‘ Tl_TO

in equations of motion and the conditions (1) = (2) — (6) & (8) — (10) and eliminating p , wedily get (after
dropping primes)
h, (x,t)=1+a Cos2r (xt) (14)

h, (x;t)=-d-bCos] 2z (xt}6] (15)

o oo ) vy o

Ra[ 08 _ oy 00 _ oy 06 j:i[@J,gz"_zfjJ,E(Mz[ Oy j +[az(/, +Jzazwj J

ot a9y ox Ox dy p, | 9y’ ox ox dy ay? ox*
17)
5_40:0 on {yﬂh (18)
oy y=h
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La%wz 0% ]_R(,{azzha_wa%a _a_wa%ﬂJ

ay3 6x2 ay oyot oy oxdy ox ayz
3 3 2 —
o
ox Ox ot oxat ) [y y=h,
=0 on y=h
=1 on y=h,
2 2
Where 2 = a—2+ 52672
oy 0X
The non-dimensional parameters are
_cd Cppu
R=—— (Reynolds number)p, = (Prandtl number),
v
c2
E=————— (Eckert number)
Cpp (T =Tp)
a= i, b= 2, d= dp and o = d (geometric parameters)
d; d; d;
Td° mcd3 ®
=——— E,=z=——~ B, = (elasticity parameters)
g ABpuvc 2 33,y E A2pv

METHOD OF SOLUTION

We seek perturbation solution in terms of smalbpaeterd as follows:
— 2

Y=o+ 3P+ Yo+ ...

6 =6 +58, +520, +....

(19)

(20)

(21)
(22)

Substituting equations (21) — (22) in equations (1620) and collecting the coefficients of variqumvers ofd

The zeroth order equations are
4

0 ll/o =0
6y4

2% G
Lo, ()
R dy oy

The corresponding boundary conditions are

a =

9% =0 on {y n
y=h

By, [_ a° 33 92 \[h y=h
3 - |B 3B 5 *E3 at s _
dy ox X ot oxat | |hy y=hy

6*=0 on y= hl}

&*=1 on y=h,
Zeroth-order problem

On solving the equations (23) & (24) subject to¢baditions (25) to (27), we get
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(23)

124

512

126

(27)
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3 2
Ay y
Y, —Aig’f A2?+A3y

4 3 2
* y y y
6~ =-a 2+ A+ AL |+GY+G
0 1|:A112 273 3 2} gy c

The first order equations are

R ‘i 62‘/’0 ﬁ%(a 62‘//0 _awo i azwo 2041//1
ot| gy2 ay Lax dy> 0x | 9y| gy? ay*

o 06 , 0o 06y 0y 96y 1(0°6 |, [ F ol

da  dy ox ax dy | Rl oy ay? )\ ay?

The corresponding boundary conditions are

%:0 on {y=|‘h

oy y=h

a341/1 (6 Yo , 9¢o0 ¢/o 641/0624”0]_0 at {FM

ay3 dyot dy dxdy ox ogy? y=h,
g*=0 on y=h
=0 on y=h,

First-order problem
On solving the equation (30) & (31) subject to toaditions (32) to (34), we obtain

y' L y° y> y*
=R + Y +Y (A +BA+BA+BA)+YL (A +B
v, (2520 BGOjBlAG 126 4+ BoA+BAGHBA 2£ stB A )

3 2

LB, +2 B +Bgy
8 7 6 5 4 3 2
*_Y y y y y y y
=G +=—=Gr +—G3+—G 4+ —G5g+—Gxgx+—G,+Gy+G .
561422303204 1275 6 T oW
SubsUtutmgHo from (24) andﬁl from (36) into (22) foB , we have temperature* in the form
4 3 2
* y y y
g =-a + A + A +Gy+ Gt
1(A112 273t A ZJ y+Gy

8 6 5 4 3 2
y y +Y +Y +Y y
o| =— —Gy+—=G3+=-G, +—Gz+—
LSGGI 422303 2074 T 1 6
The heat transfer coefficient Z at the (upper) wgafliven by

(3%

Substituting Eq. (14) & Eq. (37) in EqQ. (38), we ge
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Gs+y—2G7+G1(y+G1

(28)

(29)

(30)

(31)

132

313

(34)

(35)

(36)

(37)

(38)
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3
z =(—27ra Sn 2z (x—t))[— al[Aly?+ A, y? +A3yJ+GBJ

(39)
2

7 6 5 4 3
{5[3’761 +y?c;2 +y—563+y—4G4 +y—3@5+ y—2G +Gy+G “JJ

Where
By =4 73(E, +E,)@Sn 27(x—t)-b Sin 27kt }+@ }+

E,r> @ Cos 2T k-t FbCos rx-t ¥6)
= —E(hﬁ hy), B;=Bjhh, B, =R(Ag+BsAg

hl hz[z"*“ ByA;+BAG- Bﬁa<hz—h1)——<A5+B AXh3-h3

—g) B4 ) —hy’ )+3—60<81A7)m26—hf)1+—2m1+h B 4

B, =

By = Ri--5(As + BAY(hF +h3) —i<A4+ BA#BAgBAYhY+hY

%@2%)@2 -hy )—7—2061A6>hf ho )l —B4Cnl+hz) —Becn+ha

A =B7 Ay =B," Ay=BB, A =By, A =By, A;=By, A/ =B, A =By, A =B;,
Gyt = Fy, Gox = FZG9X_FSGLOt_F4a1 RE. =R, a3=aF .34 =RR
G, = _(SAG ag +%)a]) AAg G = ‘(g ag "‘—é Bay)BAs,

Gy = _[(%a3+éaz) BlA4+%3(as"‘aa)A2°‘6+é(a sta BB A #

%33 +éa2 BlB3A6_Tj; @atas Afgl

Gu =G a3+ ;a) A+ 5(asta)AB s+ a2 JAB B 4(2 $a)B A

-2 BBAT~ b3t 52, BB A5 BE #2246 ]
Gs=(ag+a)BAs+(aztaBBA#+2aBB raBh zaAA
—lBlF2a4+—1a4GaA7]
Ge = [231(5135’“3254)*‘3138“\8 Fas;FBraBhlL G = a4':4’“':253 2aB B
Gg = 1[1—2A1(h2+h1)(h2 +h1)+—3513 )hZ+hf+2h B)ﬁ—ZA gh 3h)]

oh
Gy = +al- A(hS +h) + BB AN 3+n 9+ Afh F+h §-Z(h #h)

52
Pelagia Research Library



T. Raghunath Rao Adv. Appl. Sci. Res., 2015, 6(8):47-61

Go =GN h) +G AN -n ) +G g - +G (h F-n J+G @ F-h {4

Go 6’ ~hy’ ¥G7 ' =hy )]
Gu =16 +hf) +GAh; +h[)+G ¢h $+n §+G ¢ F+h J+G @ feh §+

3 3 2 2
Ge 02" +hy” ¥ Gy " +hy” }Gyphizthy)]
It is observed that, if we pub=d =1 and @=1 then the results of the problem coincide with #ark of
Radhakrishnamacharya G and Srinivasulu Ch [11].

RESULTS AND DISCUSSION

In this analysis we analyzed effect of temperatangation and the heat transfer coefficient on gialiic motion of
Newtonian fluid with wall properties in an asymnietchannel. The non-dimensional temperature distiomn ¢,
heat transfer coefficient Z are depicted for diéfetrparametric values & therigidity of the wall E,), the stiffness
of the wall(E,), the damping nature of the wallsj, the phase differenc@)( P, E, d. The temperature distribution
6 is shown in figures (1)-(8). From (figurel), wetined that there is no change in the temperatistilition 6"
with increase irR. The temperature distributigh decreases in the regidh< y < 0.28 with increase irEy, E; 0

and further increases in the regif28< y< 1and more significant at the boundary in (figure8 Z 5), while the
temperature distributiod” decreases in the regioD< y< 0.28 with increase irEs, P, E and increases in the
region 0.28< y< 1 and the enhancement is marginal at the boundaspdsvn in figures (4, 6 & 7). (figure8)
represents the temperature distributi®nincreases in the regio®< y< 0.8 with increase ind and further
decreases in the regifn8< y< 1.

The non-dimensional heat transfer coefficient Zdepicted for different parametric values/RfE,, E; Es, 6, P, E,
d. The heat transfer coefficient is shown in figuf@< 6). From figure(9), Z increases in the reglds y < 0.5and

further decrease in the regidh5< y< 1 with increase ifR. Z increases in the regiod< y < 0.8 with increase in
E;, E, 6 and further decrease in the regi@rB< y< land significant change at centre y = 0 in (figut®sl1 &13).
Zincreases in the regiod< y < 0.8 with increase irE;, P, E and further decrease in the reglbB< y< land no

significant change at the centre and at the boynida(figures12, 14 & 15). From (figurel&)decreases rapidly for
higher values ofl and for smaller valuezis almost linear.

*
Figure 1-Effect of Ron variation of G ford= 0.1,b=0.1,0=n/3,a=0.1,0=0.01,E;=0.1,E,=0.2,E5=0.3,E=1,P,= 0.7
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0.0 0.2 0.4 0.6 0.8 1.0

y

*
Figure 2-Effect of E; on variation of 6 ford= 0.1,b=0.1,0=n/3,2a=0.1,0=0.01,R=1,E,=0.2,E3= 0.3,E=1,P,= 0.7

0.0 0.2 0.4 0.6 0.8 1.0

*
Figure 3- Effect of E;on variation of 6 ford= 0.1b=0.1,0=n/3,a=0.1,0=0.01,R=1,E;=0.1,E5=0.3,E=1,P,=0.7
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*
Figure 5- Effect of @ on variation of @ ford= 0.1,b=0.1,a=0.1,6=0.01,R=1,E;=0.1,E,=0.2,E3=0.3,E=1,P,= 0.7
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*
Figure 6-Effect of P, on variation of G ford= 0.1,b=0.1,0=n/3,a=0.1,0=0.01,R=1,E;=0.1,E,=0.2,E3= 0.3,E=1

0.0 0.2 0.4 0.6 0.8 1.0

*
Figure 7-Effect of E on variation of G ford= 0.1,b=0.1,6=n/3,a=0.1,0=0.01,R=1,E;=0.1,E>=0.2,E3=0.3,P,= 0.7
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Figure 9- Effect ofRon variation of Z ford=0.1,b=0.1,0 =n/3,a=0.1,0=0.01,E;=0.1,E;=0.2,E5= 0.3,E=1,P,= 0.7
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Figure 10- Effect ofEion variation of Z for d=0.1,b=0.1,6 =x/3,a=0.1,6= 0.01,R =1,E,= 0.2,E5= 0.3,E=1, P,= 0.7

0.0 0.2 0.4 0.6 0.8 1.0

Figure 11- Effect ofE;on variation of Z for d=0.1,b=0.1,0 =a/3,a=0.1,0=0.01R=1,E;=0.1,E5=0.3,E=1,P,= 0.7
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Y

Figure 12- Effect ofEson variation of Z for d=0.1,b=0.1,0 =#/3,a=0.1,6= 0.01R=1,E;=0.1,E,=0.2,E=1,P,= 0.7
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0.0 0.2 0.4 0.6 0.8 1.0

Y

Figure 13- Effect ofé on variation of Z ford=0.1,b=0.1,a=0.1,0=0.01,R=1,E;=0.1,E,=0.2,E3= 0.3,E=1,P,= 0.7
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Figure 14- Effect ofP, on variation of Z ford=0.1,b=0.1,§ =n/3,2a=0.1,0=0.01,R =1,E;=0.1,E;=0.2,E3= 0.3,E=1

0.7 . . . . . . , . ,
0.0 0.2 0.4 0.6 0.8 1.0

Figure 15-Effect of E on variation of Z ford=0.1,b=0.1,0 =n/3,a=0.1,0= 0.01R=1,E;=0.1,E,=0.2,E5=0.3,P,= 0.7
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Figurel6- Effect ofd on variation of Z for b= 0.1, =«/3,a=0.1,0= 0.01,R =1,E;= 0.1,E,= 0.2,E5= 0.3,E=1, P, = 0.7
CONCLUSION

In this paper we have discussed the effect of traasfer on peristaltic transport of a Newtoniandiwith wall
properties in an asymmetric channel. The govereiggations of motion are solved analytically usiogg wave
length approximation. Furthermore, the effect ofisét parameters and pertinent parameters on tewoper
distribution and Heat transfer coefficient haverbeemputed numerically and explained graphically ¥énclude
the following observations:

1. The temperature distributioﬁ* increases in the regiod.28< y < 1 with increase irE;, E, Es, P, 6 andE.

2. 49* is more significant at the boundary with increas&;, E, 6 and the enhancement is marginal at the boundary
with increase irks, P, and E.
3. The temperature distribution increases in tiglore0< y < 0.8 with increase inl.

4. Heat transfer coefficie@ increases in the regiod< y < 0.8 with increase irEy, E, Es, P;, 6 andE.

5. There is significant change ihat centre y = 0 with increase i, E, ¢ and no change at the centre and at the
boundarywith increase ik, P, and E.
6. Z decreases rapidly for higher valuesiand for smaller valuesis almost linear.
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