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ABSTRACT

A mathematical model has been developed for stgdyia effect of body acceleration on pulsatile didtow
through a catheterized artery with an axially ngmsnetrical mild stenosis. The blood is assumedthlidwtonian
fluid. Perturbation method is used to solve theultasg system of non-linear partial differential wafion with
appropriate boundary condition to investigate th@w Analytical expressions for velocity profil@lumetric flow
rate, wall shear stress and effective viscosity ehémeen obtained. The computational results are euriesl
graphically. It is noticed that the axial velocitycreases as the body acceleration increases aediial velocity
decreases as the phase angle of body accelerat@eases.
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INTRODUCTION

The theoretical analyses of blood flow are veryfuisier the diagnosis of a number of cardio vascdliaeases and
development of pathological patterns in human pHggy. The use of catheters is of immense impogad has
become standard tool for diagnosis and treatmentddern medicine. It flows as a Newtonian fluidttwshear
stress being linearly related to rate of shearirstié the stenosis is present in an artery, noriiabd flow is
disturbed and body acceleration changed the bletatity significantly. The velocity of blood undtgre pumping
action of the heart is increased at the high aoiditof body acceleration.

It is important to analyze the effect of periodadly acceleration on different part of body. Proletig@xposure of a
healthy human body to external acceleration mayseaserious health problem like headache, loss ibrvi
abdominal pain, and increase pulse rate. Due taiplogical importance of body acceleration, margesrchers
have been proposed for blood flow with body aceien. Agarwal and Varshney [1] considered MHD ptile
flow of couple stress fluid through an ineldd circular tube with periodic body accelernat Biswas and
Chakraborty [2] investigated pulsatile blood flolwrdugh a catheterized artery with an axially nomsetrical
stenosis. Biswas and Chakraborty [3] discussedafildsFlow of Blood in a Constricted Artery with By
Acceleration. Chaturani and Biswas [4] studiedmparative study of Poiseuille flow of a polar éuinder various
boundary conditions with applications to blood floixay [5] discussed the no-slip condition of fluid dynamics.
Daripa and Dash [6§tudieda numerical study of pulsatile blood flow in an eaftric artery using a fast algorithm.
Dash and Jayaraman [7] investigated estimatiomofeased flow resistance in a narrow catheterizegtya A
theoretical modallayaraman and Dash [iBlvestigated numerical study of flow in a consgtticurved annulus: An
application to flow in a catheterized artery. Kaatids [9] discussed some possible effects of aetathon the
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arterial wall. McDonald [10]studiedpulsatile flow in a catheterized arteicDonald [11] investigated on Steady
Flow through Modeled Vascular Stenosis. Misra ahd B2] studied role of slip velocity in blood fiothrough
stenosed arteries: A non-Newtonian model. Nagaadi Sarojamma [13] discussed effect of body acatder on
pulsatile flow of Casson fluid through a mild steed artery. Ponalgusamy [14] studied blood flovotigh an
artery with mild stenosis: A two-layered model felient shapes of stenoses and slip velocity atviile Sankar and
Lee [15] investigated mathematical modeling of ptils flow of non-Newtonian fluid in stenosed aiésr Sankar
and Hemalatha [17] studied a non-Newtonian flu@ivfimodel for blood flow through a catheterized rtgteady
flow. Taylor [18] investigated the influence of analous viscosity of blood upon its oscillatory floWoung [19]
discussed fluid mechanics of arterial Stenosis ngo[RO] studied effects of a time-dependent stenosiflow
through a tube.

In the present section we have considered the @molif Biswas et al [2] by introducing body acceliera effect
under the same conditions taken by Biswas et al [2]

The effect of body acceleration on pulsatile bldtmv through a catheterized artery subject to a sklocity
condition at the constricted wall is investigat@dalytical expressions for axial velocity and voletic flow rate,
wall shear stress and effective viscosity have bdenved and the effects of various parametershese flow
variables have been studied.

M athematical model

Consider an axially symmetric, laminar, pulsatitel dully developed flow of blood through a cath&ted artery
with mild stenosis. It is assumed that the stendsigelops in the arterial wall in an axially nomsyetric but
radially symmetric manner and depends upon thd diséance z as shown in Fig. 1. It is assumed bhadd is
represented by a Newtonian fluid.
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Figure.l.Geometry of an axially non-symmetrical stenosiswith an inserted Catheter

The geometry of the stenosis [14] is given by

Re=|" AT(= (=9 =2y

R,; otherwise

where ﬁ(?) is the radius of the artery in the stenosed rengni,s stenosis Iengtﬂrriois the radius of the normal

artery, d indicates its location anth > 2is a parameter (called shape parameter) determthimgtenosis shape
(the symmetric stenosis occurs when 2).
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gn(n—l)
Lo(n-1)

The parametenz\is given by A= where J denotes the maximum height of the stenosis located

n

Z=d+ L,/ "™ such asd / R << 1. It has been reported that the radial velocityegligibly small and can be
neglected for a low Reynolds number flow in a tulith mild stenosis.

The equations of motion governing the fluid flove given by

_du_ op 10

pﬁ__ﬁ TE(rr)+G(t) ...... (2)
g_rE =0 3)
where U is the fluid velocity in the axial direction@is the density anf is the pressure. The constitutive equation
of Newtonian fluid is given by = —,ua—: ------ (4)

wherep is the coefficient of viscosity arfdis the shear stress. The boundary conditions aendiy

i=taatr=R@® . )

ua=Qatr=R, . (6)

where Ugis the slip velocity at the stenotic wall afj (<< R)) is the radius of the catheter. Since, the pressure

gradient is a function oZ and t , we take

where ﬁ(i) = —?(_Z, 0), f(_t) = 1+ asin@, t andG (T) = g,Ccos(@, t +@)wherea is the amplitude of
Y4

blood flow and CT)p is the angular frequency of blood ro@o is the angular frequency of body accelerat@y,is

the amplitude of body acceleratidfl, is the phase angle of body acceleratiOnis the pressure gradient aiid is
time. Let us introduce the following non-dimensibwnariables

2= % R(Q-R_(_Z), R=2 e e, g_z:i )

R R~ " R R R

—i :z :___1 — U :& i
do—ﬁo,d R),A AR, u_%“ﬁ,w a)p’B:_q ...... (8)
5_ ZUS — azzaff_)ﬁirz_i—i Q(Z):qu),

0, Ry /4u a g R q
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Wherea is the pulsatile Reynolds numbers for Newtoniandfland Qyis the negative of the constant pressure
gradient in a uniform tube without catheter. Tha+imensional form of geometry of stenosis is gibagn

R(z)= 1—A[L3_1(Z‘ d)-(z ‘ﬂ? &«=d+4 ©)

1; otherwise

Using non-dimensional variables equations (2) d)adeduce to

ou 20
a>=-=4la(g) f(9+o(9]-Z5-(r) (10)
_ 1du
T__EE ...... (11)

With the help of (11), equation (10) becomes

o =alq(2) f(t)+e(t)}+%§(r%) ...... w2

The boundary conditions in the non-dimensional fane given by
u=uw atr=R( (13)
u=Qatr=R (14)

M ethod of solution
Considering the Womersley parameter to be sniedlyelocityu can be expressed in the following form

u(z,r)=u(zrd+a?y( zr}+ e (15)
Substituting the expression ofrom equation (15) in (12), we have
%(r%}z—ﬂq(z) f(g+c(y] . (16)
mtofa) .
ot ror\ o

Substitutingu from equation (15) into conditions (13) and (14) get
U, = U, 4 =0atr =R(z)andu, =0,u, =0atr=R ... (18)

To determinel}, we integrate equations (16) twice with respecataad use the boundary conditions (18) we have
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log (rj
U, =| 1- R

ot Wil (9 ] (R -0 04 ]|+

=t

To determinel}; , we integrate equations (17) twice with respectdad use the boundary conditions (18) we have

ulz[q(z) f'(12+ G t)] (4R"‘ r— r“—SR‘)—@{M Iog{LRj— 3r+ 3@}

=

_Iog@ IRF- R 3@—@( IR I({g%j+ R 3

T TS
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...... (20)
Using the equation for axial velocitycan easily be obtained from equations (15), (1€)(@0) are
wy
R r r
o= Bl g (e - g
|09(j Iog(j
R R
‘P [a(2) f()+G(9] (4R2r2—r4—3R4)_(R2_ K) 4r2Iog(r Caregd| 1)
- wf3)
R

_Iog(;j oy I-}s_gpé—(Rz_Re)(“R |Oé2j+3 @31%

SC Y

The wall shear stresg, (as a result of equations (11) and (18)) becomes

; __1(%“,2%)
20 or o Jocwy (22)

which is determined, by substituting velocity exgsiens (19) and (20) into the above equation (@2je form

159
Pelagia Research Library



Varun Kumar Tanwar et al Adv. Appl. Sci. Res., 2016, 7(2):155-166

u (R-%)
T, = S + z) f(t)+ G(t)|s R+
2R|0g(i1j La(2) f()+ (Y] 2Iog(aj
-TTa(2) f'(t)+G'(t)]{ ar 2 265)_ 1@
log| -+ Rlog| %
R R
...... (23)
: (R-R) R
ARRR-R-3R- 4R log—=|+3R-3R
R,Og( E j( é R) j
The non-dimensional volumetric flow rate is given b
Q= 4ijr u(r,z,t)yar L (24)
~ R(2
wnersQ(1)= n‘(?g)) Q(e)=2r | ru(r.zy) ar
R
Using the equatioér? (24) and (21), the expressiondtumetric flow rate is given by
2R lod 3 |-(R- §)
(i) =| 2R~ 8)+ (R)R EEEEVA
Iog(Rj
2 _ 2_(R2_Rz) 2R R R
(¥-R) 'OQ(EJ {( T-2h loé Rj j}
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[q Gy {18RR+2R-12R &8R-

(R2 Rz) 6R -12K lo +12R- 18
Iog( RJ{ R { J 7 E%} """ (25)
—F{)

6§+% ARF- R-3R (IOF:(FS{MR{ J+1$ B az}

The effective viscositye defined by

- 2z 26
€ Q(f) ( )
can be expressed in dimensionless form as
(R@)’
= z) f(y+Gly| L
He="op La(a) 1(9+ (Y] @)

The effective viscosity can be obtained with thiptod the equation (27) and (25). If steady flove@sidered, then

equation (27) reduces to
2R |og(gj-(Fs- ?) . (R-R)

IOQ(EJ u+ ¢ ( R- B _'Og(gj

onef o

where Qsis the steady state flow rate. Taki@sz 1 the value ofy (z) can be obtained from equation (28).In

absence of catheter, (i.e. WhE{u— 0) the equation (19), (20), (23),(25) reduce to

= 2(?— st)+

w=u+lo(3 (hrqy)(R-7) @9
u = I:Q(Z) f'g-g-'- GI( t)] (4R2r2— r4—3R4) ...... (30)
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nefo() )+ BRI (et R o1

Q) ={R3 2w 4 ¥ (O €N QB -2 @20 G -y

PARTICULAR CASE
If B is equal to zero then results agree with Biswad Chakraborty [2], (2010).

RESULTSAND DISCUSSION

The velocity profile for the pulsatile blood flowarbugh a catheterized artery with periodic bodyessmation is
computed by using (21) for different values of pagter time t , body acceleration param@&gphase angle of body

acceleration@, and effects of stenosis heighwith slip velocity have been shown through figuess. The value

0.5 is taken for the amplitudeand the pulsatile Reynolds’ numherthe range 0-0.2 is taken for the height of the
stenosisd. Radius of the catheter is taken in the rangeb0a@d the value of the stenosis shape parametakes
from 2 to 6.Figure - 2 shows that the variationacéxial velocity profile with radial distanaefor different time
periodst. It can be noted here that the axial velocity éases rapidly with time as t goes from 0°tot = 135 and
then decreases sharply when t goes fremi80 tot = 315. It can be clearly observed that as the body acabn
increases, the axial velocity profile increaseg(Fé -3).It can be noted here that the axial vgjatécreases as the

phase angle of body accelerat{fincreases (figure-4). From figure-5, the axial eépdecreases with increase of

stenosis height, for different slip velocity. Itrche noted here that the magnitude of axial veldsithigher in a
uniform artery than that in a stenosed artery. Also axial velocity increases with the increaseligf velocity in
both uniform and stenosed artery. The effectiveosdy for the pulsatile blood flow through a cadrized artery is
computed by using (27), the effects of stenosight@i with slip velocity and for different values of gfeparameter
n have been shown through figures 6 -7.It can karlyl observed that as height of the stenédiscreases, the
effective viscosity increases (Figure - 6). It mufid that effective viscosity increases with théheser radius
significantly increase but decreases with the sipgpameter with slip velocity.
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Figure 2: Variation of axial velocity with radial distancer for different t, withR=0.8, R; =0.1,a= 0.5, ¢ =0.5,2=0.5
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Figure 3: Variation of axial velocity with radial distancer for different B, withR=0.8, R, =0.1, 2= 0.5, ¢ =0.5,a=0.5
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Figure 4: Variation of axial velocity with radial distancer for different ¢, withR=0.8, R, =0.1,& =0.5,¢ =0.5,2a=0.5
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Figure5: Variation of axial velocity with radial distancer for different 6, withR=0.8,R;=0.1,2 =0.5, ¢ =0.5,a=0.5

20 -+
18
16
14
12
10

Effective viscosity p,

o N B O

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
catheter radius R,

Figure6: Variation of effective viscosity with catheter radius R;for different 4, withR=0.8, « = 0.5, ¢ =0.5, a= 0.5, u=0.05
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Figure7: Variation of effective viscosity with catheter radius R;for different n, with R=0.8, a = 0.5, ¢ =0.5, a= 0.5, us=0.05
CONCLUSION

The present study deals with a theoretical invatitg of body acceleration on pulsatile blood fltiwough a
catheterized artery. Blood is represented as Neamofiuid. Using appropriate boundary conditionsalgtical

expressions for the velocity profile, volumetriowl rate, wall share stress, and effective viscobdye been
obtained. It is clear from the above result andubsions that the body acceleration effects largelythe axial
velocity of blood flow. In some situations the humaody is subject to body accelerations, when tidmatherapy
is applied to a patient with heart disease, dufliyigg in a spacecraft or sudden movement of thaytauring sports
activities etc.Though human body has the naturphcity to adapt the changes, but prolonged expasuseich
variations may lead to some serious health probldmasabdominal pain, increase in pulse rate, amhdrrhage in

the face, neck, lungs and brain etc.

Hence from all the above discussions we can cordhat a careful choice of the values of the pataraef body
acceleration, yield stress will affect the flow cheteristics and hence can be utilised for medical engineering

applications.
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