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Flow of blood through stenosed artery: A peripheral layer model
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ABSTRACT

The present paper deals with a mathematical mofiblamd flow through stenosed artery. The flowirgol has
been represented by a two — layered model. Analy¢igpressions have been obtained for resistandtoto and
wall shear stress. The impact of concerned pararaehave been examined and depicted through grémhs
different values of interest. The outcomes offihjger are compared with previous known results. beel can be
useful for approximation of diseased arterial syste

Keywords: Stenosis, Resistance to flow, Arterial wall,iPleeral layer viscosity.

INTRODUCTION

Stenosis is the term which is used in medical sgidar narrowing of an artery. It is abnormal amthatural growth
in an arterial wall that can be developed at diffédocations of the cardiovascular systems unideaded condition.
The study of blood flow in cardiovascular systesséry important. The basics of fluid mechanics gaderning
equations of flow were discussed in detail by F{jg The different models of blood flow have beenéstigated
by Kapur [2] and Biswas [3]. There are so manyaeseers worked on the Newtonian behaviour of biffod like
Saleh and khan [4], Sarifuddin et al. [5] and Sigdliet al. [6]. On the other side, some researciverked on the
non-Newtonian behaviour of blood like Biswas andakaborty [7], Jain et al. [8], Srivastava et 8] §nd Mallik
et al. [10]. It is known that the formulation ofesbsis is normally symmetric about the wall of Hréery. The
mathematical formulation for this type of stenosa® be found in literature. The different geometseggested by
various researchers like Shukla et al. [11], Jesfl. [12], Zuhaila [13] and Joshi and Pathak [ih]udes cosine,
composite, semi - circular and triangular shapethédion of stenosis. The effects of peripheral tagiscosity in a
mildly stenosed tube having cosine, composite eaquezium shaped stenosis have been investigat&tildsia et al.
[15], Joshi et al. [16] and Singh et al. [17] respeely. Sankar et al. [18] have discussed the ftdvblood through
small vessels in the presence of composite stensgig a two — layered model giving stress on riedd cells
concentration. In this paper a triangular geomefrgtenosis having a peripheral layer of differeiscosity has
been discussed and results for resistance to flalwall shear stress have been obtained.

2. Formulation of the Problem

We assumed that blood is an incompressible fluicthvis represented by a two-layered model. Thereatdayer
shows peripheral layer of plasma and the interne¢ ¢ayer describes the suspension of red blodd. cehe mild
axisymmetric triangular stenosis is present indtiery for which the schematic diagram is as folaw
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Figure 1: Geometry of stenosed artery

where the symbols stand for
R, :Radius of the non-stenotic region

R(2 : Radius of the stenotic region
R (2 : Radius of the central layer in stenotic region

L The length of the artery

L, : The length of the stenosis

d . Location of stenosis

p . Inlet fluid pressure

P, Instantaneous outlet fluid pressure

O, . Instantaneous maximum height of theasien
5, Maximum bulging of interface

M . Viscosity of fluid in central core layer

M, . Viscosity of fluid in peripheral layer

a . Ratio of central core radius to the tuhdius.

The geometry of the stenotic tube without periphlenger can be expressed as follows,

1-

(z-d) cd< < d+5
Rb 2

R(3 _ 1—55+25S(z—d—|'°) cdr g pe g
R R Rl 2 2

1 :otherwise

+

The governing equation of blood flow is given bypkia[2],

dp 10 ow
O=——+——qulr)r—
dz rar{'u( ) ar}
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where W is axial velocity, P is fluid pressure an¢1(r) is viscosity of fluid.

The boundary conditions are,
w=0atr =R(2 and (3)
MW _ 0 atr =0 4)
r
Solving equation (2) under boundary conditionsai3)j (4), we get
R
W:(-l@j j_r dr (5)
2dz)q u(r)

The volumetric flow rate is given by

R
= J' 27rwdr (6)
0
which on using equation (5) gives,
dppr *dr
= 7
Q ( ) dzj [—5 () )
Thus, the pressure gradient can be obtained as,
d 2
dp__ 2Q (®)
dz (2
S rdr
where, | (z) = 9)(
Lt

Integrating equation (8) using conditiofz= @ at z=0 and

p=p at z=L ,wehave

2Q ¢ dz
x| 2= 10
P =R = { @ (10)
The resistance to flow is defined as,
S
A=t H 11)
Q
From equations (1), (10) and (11), we can find
- a3 2 d+lg
A :E J' d_ E (12)
al 1@ 1@
2
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% r
where |, = J- dr (13)
0

Now, the shear stress at wall is given by,

0
Tn ={—,u(r)a—\ﬂ (14)
r=R(2)

L,

By using equations (5) and (8) in (14), we can fihear stress at maximum height of stenosis i.€ =aid +?,
which is as follows,

7= {M} (15)
771 (Z) z:d+b

To calculate out the effects of peripheral layscusity, the viscosity functiog/(r) can be defined as,

_ | ,0<s1r<R/(2
”(”'{uz R(D< r< R 3 o)

where L, and [/, are the viscosities of the central and the perghkayers respectively. The functide(Z)

represents the shape of the central layer withosten The mathematical representation of this madel be
described as,

_2 . L
a R>|-o(z d) pd< z< o+ >
R(3 . a—i+ﬂ(z—d—5j ;d+55 =< o+ | 17)
Ro R Rl 2 2
a ;otherwise

where & is ratio of central core radius to the tube radiuthe unobstructed region. By using equation (bg)p),

velocities W, andw, can be obtained and then the corresponding volioriésw rates Q. and Q, are obtained as

follows,
Q :?me dr= __ dp 2R? F?—(l—&j R (18)
¢ ¢ 8y, dz 2
¥ [ mdp 2
Qp - £27Tl‘wp dl’ —(_B—IJZEJ(RZ - ng) (19)

where I, = 4,/ 1,

Thus, the total volumetric flow rat€) is defined as,

58
Pelagia Research Library



Padma Joshi and Garima Gadkari Adv. Appl. Sci. Res., 2015, 6(2):55-64

d P
SZZ d—gj( R -(1-14) R) (20)

Q=Q+%={-
equation (20) can also be obtained by equationgifig (16) which shows th&pis a constant.

Integrating equation (18), (19) and (20) acrosdehgth of artery, assuming that pressure dropnsesin each case.
We obtain,

Q= (pi_po)”%$ (21)
4%L@—f+gqj
where § =q? {1—(1—%)0’2} (22)
andT, =t +t, (23)
where,
d+%
E :% [ — — 2 (24)
BIEE=6
R R 2 )R
d+lg
bl [ 2 @9
ER(REE0
Ro R 2R
and
Q= (pi_po)ﬂﬁg (26)
8/12L(1_L0+82T2j
L
where S, = (1—0’2)2 7§2
T, =t +t, (28)
where,
t, :% jz 5 dz 2 (29)
RGRH
{ R) (R
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1970 dz
t,=— 5
o)

Ry R
Q ,: (pi_ pO)ITng

8,L12L(1—LL° , ST)

whereS=1- (1— /72) a*

T=g+%
where,
d+%
t5 :% 4 dz 4
d R _ Rl
-(1- )|
{(&j ( ”)(%j}
d+LO
t _1 dz

from equations (21) to (31) and usifg= Q, + Qp, we can find

S 25,

.S
L L _L
@ L+sq @ L+§ﬂ @ L+§g

Now using R = a R in equation (17), we get

1-_ 23 (z-d) s = ko
aLR, 2
R(3_ 1_i+2_5|(z—d—5) L P L
R aR alLR 2 2
1 , otherwise

On comparing equation (1) and (37), we can obsiae
3 =ag,

Now by keeping in mind equation (16), the dimenkdes resistance to flowi and the dimensionless shear stress

(30)

(31)

(32)

(33)

(34)

(39)

(36)

(37)

(38)

TS can be obtained by using equation (31) in equafibhsand (15) respectively, as follows
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E=i=&(1—5+STj (39)
A S L
where,;z=& dA, —SLll;
Hy Ry
and

z'_s =S = " Ry " (40)
Iy 0. — O,
1-= | —(1-p)|a-
R R
_ 440 . .
where, T, _W and A, , 7, are the resistance to flow and wall shear stressttfe case of no stenosis

respectively, with;2 =1.

Evaluating the integrals (34) and (35) after usaggation (38) and rewriting the expressions}mandr_S as
follows,

ﬁ:E 1-bop Loy z[é}g)(ij +g($j —:{éj +—5(£Sj + ... (41)
S L L R) 3\ R) 2( R B 3 R

and

-4
R

HereT_s obtained is same as in Shukla et al. [15].

(42)

RESULTSAND DISCUSSION

In the present work, flow of blood through a stexbsartery has been considered. This model consfses
peripheral layer of plasma and a core region ofheogytes in plasma with different viscosities. Tlesistance to

flow A and wall shear stres§, have been plotted for different values of paransetgigs. 2, 3, 4 and 5 represent
the variations ofA andl'_S with J, / R, for different values of ZIZ and L, / L respectively. It has been analyzed
that resistance to flowd and wall shear streslg increases with the increase in the height of sisnén the same

manner it has been observed that on increasg/jrthere is a finite jump in the values of andA . It concludes

that peripheral layer thickness is an importantdiain blood flow. It can also be seen by the gmfimat results
obtained in present analysis are in good agreemi¢ntthe solutions of Joshi et al. [16] and Shudtal. [15] for
different important flow parameters.
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CONCLUSION

The effects of external peripheral layer of plagmahe flow of blood have been obtained in an grteving mild
stenosis. The conclusions are drawn on the basissistance to flow and wall shear stress. A coatpar analysis
is shown with the help of graphs. The numerical potations have been performed by Mathematica sodtwiehus
it can be concluded that a two-layered behaviolri@dd is more realistic one and helps in représgnhe diseased
arterial system.
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