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ABSTRACT

A mathematical model is constructed to study the effect of heat transfer and elasticity of flexible wallsin swallowing
of food bolus through the oesophagus. The food bolus is supposed to be Jeffrey fluid and the geometry of wall
surface of oesophagus is considered as peristaltic wave. The expressions for temperature field, axial velocity,
transverse velocity and stream function are obtained under the assumptions of low Reynolds number and long
wavelength. The effects of thermal conductivity, Grashof number, rigidity, stiffness of the wall and viscous damping
force parameters on velocity, temperature and stream function have been studied. It is noticed that increase in

thermal conductivity 8, Grashof number Grand the Jeffrey paraneter/llresults in increase of velocity

distribution. It is found that that the size of the trapped bolus increases with increaseﬂl.
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INTRODUCTION

Peristaltic transport is a mechanism of pumpingdfiuin tubes when progressive wave of area comractr
expansion propagates along the length on the boyrmdaa distensible tube containing fluid. Peristalhas quite
important applications in many physiological sysseand industry. It occurs in swallowing food thrbuthe
oesophagus, chyme motion in the gastrointestiaat,tin the vasomotion of small blood vessels saglvenules,
capillaries and arterioles, urine transport frondnidy to bladder. In view of these biological andustrial
applications, the peristaltic flow has been studigith great interest. Many of the physiologicalidlsl are observed
to be non-Newtonian. Peristaltic flow of a singlgid through an infinite tube or channel in thenfoof sinusoidal
wave motion of the tube wall is investigated by @urand Parkes [1], Hanin [2],Shapiro et al.[3] .etn, the
literature some important analytical studies origbaitic transport of non—Newtonian fluids are &afdle Devi and
Devanathan [4], Shukla and Gupta [5], Srivastavh@ivastava [6], Usha and Rao [7], Vajravelu ef&B], Hayat
et al. [10,11,12].

Further an interesting fact is that in oesophaghes,movement of food is due to peristalsis. Thedfowves from
mouth to stomach even when upside down. Oesophgagu®ng muscular tube commences at the neck dppbe

long border of cricoids cartilage and extends fthmlower end of the pharynx to the cardiac orifi€¢he stomach.
The swallowing of the food bolus takes place duthé&operiodic contraction of the esophageal waksBure due to
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reflexive contraction is exerted on the posteriart @f the bolus and the anterior portion expemsnelaxation so
that the bolus moves ahead. The contraction idipedly not symmetric, yet it contracts to zero leimand squeezes
it marvelously without letting any part of the fodmblus slip back in the opposite direction. Thiowh the
importance of peristalsis in human beings. Mitral &rasad [13] studied the influence of wall progsrion the
Poiseuille flow under peristalsis. Mathematical rlofbr the esophageal swallowing of a food boluarialyzed by
Mishra and Pandey [14]. Kavitha et al., [15] anal/the peristaltic flow of a micropolar fluid invartical channel
with longwave length approximation. Reddy et dg][studied the effect of thickness of the porowsartial on the
peristaltic pumping when the tube wall is provideith non-erodible porous lining. Lakshminarayanaalket [17]
studied the peristaltic pumping of a conductingidfluin a channel with a porous peripheral layer.
Radhakrishnamacharya and Srinivasulu [18] studiedinfluence of wall properties on peristaltic spart with
heat transfer. Rathod et al., [19] studied theauigriice of wall properties on MHD peristaltic trangpd dusty fluid.
A new model for study the effect of wall properti@s peristaltic transport of a viscous fluid hagévestigated
by Mokhtar and Haroun [20], Srinivas et al., [21]idied the effect of slip, wall properties and hgansfer on
MHD peristaltic transport. Sreenadh et al., [22]d&d the effects of wall properties and heat fiemen the
peristaltic transport of food bolus through oesapisa Afsar Khan et al., [23] analyzed the perigtdtainsport of a
Jeffrey fluid with variable viscosity through a pos medium in an asymmetric channel.

In view of the importance of non-Newtonian phys@tal fluid motion by peristalsis we consider a hahatical
model to study the effects of wall properties aedttransfer in swallowing the food bolus throulgh besophagus.
The simplest non-Newtonian physiological fluid &kén as Jeffrey fluid. The results are analyzedditferent
values of physical parameters.

Mathematical Formulation
Consider the peristaltic flow of an incompressiBkffrey fluid in a flexible channel with flexiblenduced by
sinusoidal wave trains propagating with constaegsic along the channel walls. The wall deformatagiven by

H(x,T) :a—ECoszg(Y—ct_) @

where h,x,T,a,p .4 and c represent transverse vibration of the veadial coordinate, time, half width of the
channel, amplitude of the wave, wavelength and wa\lecity respectively.

Y H(x) is the wal

v

M2 A X

Figurel. Physical M odel
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The governing equations of motion of incompressitatrey fluid are given as

0 0 _0) _ 0p 0t 07
p[ﬁw&w%ju: a>?<+1f/11(6>‘<2 ayj p9a(T =Ty 2
o, £+Ui+vi \7:—@+ H 62\7+62\7 3
at— a>—( ('N 1+A_|_ a)—(Z ay2 )
a_u+a_\7:O )4
oX dy
0 _0 0 oT OZT

where 0 is the fluid density,U axial velocity ,V Transverse velocityy transverse coordinatg) pressured

fluid viscosity, § acceleration due to gravityy coefficient of linear thermal expansion of fluidl, temperature,

Cp specific heat at constant pressuke, thermal conductivity and® constant heat addition/absorption.
The velocity and temperatures at the central limskthe wall of the peristaltic channel are given as
T=T,aty=0

T=T,at y=h

whereT0 is the temperature at centre is line ziﬁds the temperature on the wall of peristaltic aren

The governing equation of motion of the flexiblelwaay be expressed ds = P- P (6)

where L is an operator, which is used to represent théomaif stretched membrane with viscosity damping
forces such that

L' = —7i+m £+Ci
ox* ot* ot

Continuity of stress ayy = h and using momentum equation, yield

0 (ﬁ) 5[_) Y7 02U+02U

o 9 _0
X X 1+A\0x?  dy? *poall —To)- p[_+u_+v_j )

ot ox  dy

Here T is the elastic tension in the membramle,is the mass per unit are@,is the coefficient of viscous
damping forces. Introducing the following non-dirsemal quantities,
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2

X:i,y:l,uzi’vzl,dzi,p:ap’t:C_t,h:E#/:E'Q:g
A a c co A /IC/] A a ac ac 8)
—~ 2 _ 2 C

¢:£,Re: pcad Gr = gpa a(Tzl To) 0= T ﬁ——a ® pr = HEs
a cu T -T, k(T,-Ty) k

where J is the length of the channdlj is the Stream functiorg is the Volume flow rateReis Reynolds number,

@ is the Grashof numbef dimensionless temperatur@, is the dimensionless heat source/sink parameter an
Pris Prandtl number, we obtain the dimensionless igiwg equations and boundary conditions as follows

h(x,t)=1-@Cos’m(x-1) C))
2
R £.|.u£+vi u:—@+ 1 526u ou +Gré (10)
& ox oy X 1+Al O oy
2
Red 2+u£+v2 -_%, 1 5“6V+5262\2/ (11)
ot ox oy dy 1+Al oxX oy
U, v_, (12)
ox oy
(Re) (Pr) 6+ 6+ 0 ,0°0 0°6
=2 —+u—+v— [(G(T, T, O ——+—+
(Tl_To) (at uax Vay ( (l O) ) a ayz ﬂ (13)
J au 1 o4 +Gr - Re(i+ui+viJu=(Ela—33+E26—32+E3a—2J(h) (14)
1+A 2 1+/l ay ot ox oy 0x oxat oxot
U _ 4 aty=0
3y 0 aty=
u=0aty=h
v=0aty=0
f=0aty=0,8=1laty=h (15)

3 Solution of the problem
Under the assumptions of long wavelength 1 and low Reynolds number, equations (9)-(15) redace

h(x,t) =1-@Cos’71(x—t) (16)
2

op_ 10U, 5p 17)

ox 1+ dy*

op

) 8

dy (18)
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a_u + ﬂ = (19)
ox ody
0%0
———+43=0 20
3y B (20)
f=0aty=0, =1laty=h (21)
1 o« o°h oh dh
oz 0T Bty o tE @
1+ A 0y O otz ot
The following boundary conditions are imposed or ffpoverning equations to model the problem under
consideration:
a_u =0 =0
ay aty= (23)
u=0aty=h [24
v=0aty=0 (25)
Equation (18) shows that P is not a function ofNpw on differentiating equation (17) with respeat\t, the
compatibility equation as follows
3
1 ou +Gr 90 =0 (26)
+A0y° oy
1 o« o°h dh dh
a2 TG O0=| B S+E_—5+E (27)
1+ 0y O ot Coxdt
The closed form solution for equations (17) and (&h the boundary conditions (21), (23) and (B4yiven by
_Yy.B
Q_F-'-E(hy_yz) (28)
7f¢(y2—h2){ E,(Sn’7(x—t)-Cos(x~1) —(E1+E2)(4nCosn(x—t)Snn(x—t))}
u=(1+4) G (B 1 (29)
+6[4(h“-2y3h+v“) -h(y3-h3)j

Integrating the continuity equation with respecytaising the above equation and the boundary tondi25), we
obtain transverse velocity as
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nzqay(yg - hzj{4nE3 (Sin477(x—t)— (€, +E,)47°Cos 27 (x—t ))}

v :_(1+ /]1) - zﬁmy%{ ECosdr(x—t)+ E,+ Ez)( 21Sn 27 K-t ))} (30)

4 3
_ﬂ E 4h4y—2y— - L2+ 2hy @
6\ 4 4 h 0X

Stream function can be obtained by integrating #omand using the conditiogy =0at Y = 0. Itis given by

nzgay@ —h?j{ E, (Sin?7(x~t) - Cos’(x—1)) - (E, + Ez)(4nCOSIT(x—t)Snn(x—t))}
w=(1+4) ; s
Sl 4]

6|4 2 5) hl 4

(1)

RESULTSAND DISCUSSION

In order to observe the quantitative effects ofouss parameters involved in the analysis, the vglptemperature
and stream functions are calculated for variouseslof these physical parameters. The numericuations of
the analytical results and some significant resaitts displayed graphically from Figures (2) - (18jom Figures

(2), (3) and (4), it is observed that increasehiral conductivity3, Grashof numbdd and the Jeffrey parameter
/1lresults in increase of velocity distribution. Figu®) displays the effect of rigidity parametettlire presence of

stiffness(E2 % 0) and viscous damping for(E3 # 0). It is noticed that the velocity increases witlerease in
rigidity parameter. A similar observation is mdde different values of, in the presence of other parameters i.e.,

rigidity and viscous damping force which is shownHigure (6). From figure (7), we can see the imfice of
viscous damping force on velocity distribution hetpresence of rigidity and stiffness. One can asthat the

velocity decreases with the increas@n The variation in temperature for various valuethermal conductivity is
shown in Figure (8). The temperature increases tighincrease if .

An interesting phenomenon of peristalsis is tragpimwhich streamlines split to trap a bolus in thave frame.
The effect of thermal conductivity on trapping isalyzed in Figure (9). It can be concluded that size of the
trapped bolus in the left side of the channel cese whe increases where as it has opposite behavior in the

right hand side of the channel. The influence chgbof number on trapping is analyzed in Figure.(1®)shows
that the size of the left trapped bolus decreadds mcrease inGr where as the size of the right trapped bolus

increases with increase®r . The effect of/]lon trapping can be seen in Figure (11). We notiegthe size of the
bolus increases with increa&le The effect ofElon trapping can be seen in figure (12). We notiz the size of
the bolus increases with increaseE'lp Figure (13) shows the influence 52 on trapping. We observe that the size
of the trapped bolus decreases with increaﬁzinThe effect ofEson trapping is shown in figure (14). It is shown

that the size of the left bolus decreases whetkeagght bolus increases with increas&;;n
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Fig 2. Velocity distribution for different valuesof /3 with Fig3. Velocity distribution for different valuesof (3 with
E,=0.7E,=05E.= 0.t= 0.5 = %= 048 = 0.2 E,=0.7E,=05E,= 0.14= 0.50= &= 0.3,= 0.2.
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Fig 4. Velocity distribution for different valuesof/h with Fig 5. Velocity distribution for different values of E1 with
E =07E,=05F,= 0.,= 0.53= 3= 0&Br= 2 E,=05E,=0.14,=02t= 053= = 0.&r= 2.
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Fig 6. Velocity distribution for different values of Ezwith Fig 7. Velocity distribution for different values of E3with

E1:0.7,E3: 0.1(]1: 0.2= 033: = 06r= 2. E,=0.7,E,=054,= 0.2t= 0.53= X=
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Fig 8: Thetemperaturedistribution for different values of O with E1 = 0,7,E2 = 0,5/]1 = 0.2t= 0.5y= 0.%r= 2.
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Fig 9: Effect of £ on Trapping(a) =0 (b) =4 (c) S =8 for E1 :0.7,E2 = 0.5E3: Mlz 0.2= 0.Gr= 2.
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Fig 10: Effect of G on Trapping (a) G :O(b) G :2(0) QG =4or

E =0.7E,=05E,= 1),= 0.2= 0.B=

(b)
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Fig 11: Effect of Alon Trapping (a)/ll :0( b) /11 = 0.2(c) /ll =0.4tor
E=07E=05E= 1= 2= 0.B= .
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Fig 12: Effect of E1 on Trapping (a) E1 :1(b) E1 =15 (0 E1 =2for
E,=05E,=14= 0% = 2= 0.B= .
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Fig 13: Effect of Ez on Trapping (a) EZ :0.1(b) Ez :0.5(c) EZ =0.9or
E =07E,=1A=02r= 2= 0.8= .
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Fig 14: Effect of Egon Trapping (a) E3 =1 (b) E3 :1.5(c) E3 =2for
E =07E,=01)= 0& = 2= 0=

CONCLUSION

AN

The present study deals with the combined effegtaf properties and heat transfer on the peristainsport of a
Jeffrey fluid in a two dimensional channel. We dfxta the analytical solution of the problem undend
wavelength and low Reynolds number assumptions.eSurthe interesting findings are

1.The velocity increases with increase in thermaldemtivity 5, Grashof numbefar and the Jeffrey parametéy

2.1t is found that that the size of the trapped bahaseases with increagk.
3.The coefficient of temperature increases with iasieg values of thermal conductivity.
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