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ABSTRACT

In this present paper, we studied about the flow of Herschel-Bulkley fluid
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through an overlapping stenosis. Most of the people in today’s world are much
worried about the health-related issues. One among the many diseases that is
causing worry to the people is the cardiovascular diseases. The entire human
body is controlled by the heart and the blood vessels, which are important in
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transporting the blood from heart to various parts of body and vice versa, due
to the pressure variation developed when the heart extracts and contracts
periodically. One of the most common cardiovascular diseases is atherosclerosis
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that occurs due to the improper flow of blood in human body. In this view, as
blood flow is playing an important role in diseases related with heart, many
researchers are showing interest in this area. Atherosclerosis is a cardiovascular
disease that is caused due to an aberrant growth formed in lumen of an artery.
It generally occurs when the human body gets habituated to unhealthy habits
such as chewing tobacco, lack of exercises etc. Owing to this the characteristics
of blood such as pressure distribution, shear stress on the wall, flow resistance
etc. gets affected.
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I. INTRODUCTION

As stenosis causes severe health related sickness,
many researchers have done research on the flow
characteristics of blood in the constricted arteries (Lee
and Fung [1], Radhakrishnamachary and Srinivas Rao
[2]. Blood can be observed as Newtonian or non-
Newtonian fluid for mathematical analysis. But Majhi

and Nair [3] have taken blood as a non-Newtonian

fluid. Single stenosis is taken into consideration in all
these investigations, but in general stenosis maybe
formed in multiple or irregular or overlapping. The
pressure gradient in radial and axial direction of the
artery in the presence of overlapping stenosis was
analysed by Layek et al., [4]. Srivastava et al., [5]
developed mathematical model in the presence of
overlapping stenosis by treating blood as a two

layered macroscopic two-phase model. With this
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motivation, the consequences of blood flow through length of the tube is taken large as compared to the
an overlapping stenosis are studied by considering it radius, so that the entrance and end wall effects can
as steady, incompressible non-Newtonian (Herschel- be discarded.

Bulkley) fluid. Here the arterial wall is rigid and the

II. METHODS AND MATERIAL

The geometry of the model for this study is depicted in Figure 1. Here blood isconsidered as steady and
incompressible Herschel-Bulkley fluid flowing in circular tubewith an overlapping constriction. The

mathematical expression for the geometry is givenby (Layek et al.,[4])

h = ”:j’ =1 3;2[%1* [11(z — d)Lo® — 47(z — d)?Lo® + 72(z — d)?Lo —
36(z —d)*]. d<z<d+ Lo,
=1
(1)

Where(Z), Ro(Z) represent the radius of tube with and without constriction, rorepresents radius of plug flow

region, Larepresents length of stenosis and d represents its location, & represents the maximum height of the
. .. . 35 . .- .
stenosis located at the two positions Z=d+Lo/o, Z=d+5Lo/c respectively. == is the critical height at Z= d+Lo/2

measured from the origin.
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Figure 1: Geometry of a uniform tube with an overlapping stenosis

The equation of momentum is given by

14 d
I [TTr'z] =-2E
rar dz
2)
Here Tr-represents the shear stress and is defined as
—du -
Tz = (5)" 47 if T2 270
3)
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:—i‘ =0, if T,, < Tq
(4)

Cylindrical polar co-ordinates (r, 6, z) are considered, where zand rare measured along radial and axial

directions. ‘p’ represents the pressure, ‘To’ represents the yield stress and ‘u’ represents the fluid velocity.

The boundary conditions are
(1) tris finite at r=0 (5)
(ii) u= 0, at r= /(z) (6)

Integrating Eq. (2) and applying the boundary conditions (5), (6) the velocity can be calculated as

(k+1) pk 21,\F+1 212}
uh p{(l_i—?) _(i_ﬂ) }. where r € [, h]

2k +1) h  hp
7)
p==22 =1
Here, dz R
Making use of the condition (4), in (7)
To = 21, /p
8
T,z = Tpat T =h,
Using r .
rf = % =1.0<1t<1
§ 9
( ) . kE+1
u, = t_:{::i: ( _2re) Where r € [0, 1]

" (10)
The flow flux Qis calculated as

Q=2 [_f[;" U dr + f:; u'.r"d'r]

(11)
After integrating eq. (11), we get
; . r k+1 . . . a k42 . o k43
0= [(k+2)k+3)(1-5)  —20+3)(1-2) "+2(1-%2) ] )
plk+3) pk
- 2k e+ 1)k +2)(k+3)
where,
From eq. (12)
1 1
e _ _p 2Qk[(k+1)(k+2)(k+3)]k
dz hi"?c'{fk+2‘,|fk+3}f1—f}k+‘—2(1—r]k‘2fk+2+Tj]%
(13)

The pressure drop 4p of the constricted artery is obtained by integrating eq. (13), between z=0 to z=L
as

Ap = [F22 dg
0 az (14)
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1 1
ZOE[(k+1(k+2)(k+3)]k

L
Ap = fu - 1 dz
R R+ 2) (e 430 (1) KL —2(1 —0)R+ 2 (k42 4+1) K
(15)
Making use of the non-dimensional quantities in (15)
z_—i [‘]_—i E[z]—ﬂ{z} TJ_ P o o= To I = Trz @_ Q
L — ! - 2 = fuUL S N U= rz = K% - F]
N R T L
1 1
1 20F[(k+1)(k+2)(k+3) |k
Ap = _[D - l ] T dz
YR (R+2)(k+ 31 -1k —2(1-1) 2 (ke + 2+ 1) [F
(16)
The flow resistance in the constricted artery A, is defined by
1 1
- 'E - - 'E
3 = Ap — if; : 2E[(k+1)(k+2)(k+3]] . dz
¢ ¢ h”E{_fhzjuij]{i—r}k*l—zu—r]k”fh2+1)]7f' (17)
The pressure drop in the normal artery Apx, is calculated from eq. (16)
1 1
1 20%[(e+1)(k+2)(k+3)[E
'ﬂ'p.“l' = IU [ - T {1’2
{e+2)(k+3)(1—0) 1 —2(1-1)**+2 (k4 241) }K
(18)
The flow resistance in the normal artery A is calculated with the help of eq. (18)
1 1
Ay = Spn _ l,ﬂ: 2QK[(k+1)(k+2)(k+3)]k _ dz
¢ T ke 2k +3)(1-T) R —2(1—1)R2 (k4 247) R
(19)
The resistance to the flow
A=1/2
/An 0)
Shear stress on the stenotic wall is defined as
hdp
T, = ———
2dz 1)

III. RESULTS AND DISCUSSIONS

In order to explore the effects of various parameters on flow resistance (1) and wall shear stress (t},), these
quantities are calculated and given in the equations (20) and (21). For the purpose of numerical computation of
the quantities of interest, a through quantitative analysis is performed by taking the following values of the
different parameters involved in the present study. The values are d= 0.2, L= 1, Lo=0.2,0.25,0.3; q= 0.1, &=
0,0.02,0.04, 0.06, 0.08, 0.1 ([5]). Figure 2—-11 show the effects of various parameters on resistance to the flow. It

can be observed that the resistance to the flow increases with the height of the stenosis (5).
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Figure 2: Resistance to the flow (1) verses height of stenosis & for various values of T
(d=0.2,L=1,10=0.2,q=0.1, k= 2)

The variations in the flow resistance with stenosis height for various values of stress ratio parameter(T) are
depicted in Figure 2 & 3. It is noticed that the flow resistance increases with stress ratio parameter (i.e the ratio

between the yield stress and wall shear stress (I—O =1). It is also observed that, the resistance to the flow
h

increases with the height of stenosis.
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Figure 3: Resistance to the flow (1) verses stress ratio parameter T for various values of § (d= 0.2, L=1, Lo=0.2,

q=0.1,k=2)
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Figure 4: Resistance to the flow (1) verses height of stenosis 8 for various values of k
(d=0.2,L=1,Lo=0.2,q=0.1, T0=0.2)
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Figure 4 shows that the resistance to the flow increases with power law index (n=1/k). From figure 5 it can be

seen that, the resistance to the flow increases with the length of the stenosis (Lo).
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Figure 5: Resistance to the flow (1 ) verses height of stenosis & for various values of Lo (d= 0.2, L= 1, q= 0.1, T=

0.02)
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Figure 6: Resistance to the flow (1) verses height of stenosis § for various values of Tn
(d=0.2,L=1,1L0=0.2,Q=0.1, TO=1, k=2)
Figure 6 depicts the influence of wall shear stress on flow resistance with respect to the height of stenosis. It is

noticed that the resistance to the flow decreases with wall shear stress.
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Figure 7: Resistance to the flow (1) verses height of stenosis & for various values of T, k (d= 0.2, L= 1, Lo= 0.2,

Q=0.1)
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The yield stress effect on flow resistance is shown in Figure4.8. It is observed that the resistance to the flow
increases with the yield stress (To). These results agree with the previous results obtained by Shukla et al. [6],
Chaturani and Ponalagusamy [7]. A comparative study of flow resistance for Newtonian, power law and

Herschel-Bulkley fluids is represented graphically in Figures 7& 9.
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Figure 8: Resistance to the flow (1) verses height of stenosis & for various values of To (d= 0.2, L= 1, Lo= 0.2, Q=
0.1, k=2)
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Figure 9: Resistance to the flow (1) verses height of stenosis & for different fluids
(d=0.2,L=1,L0=1,Q=0.1)

The resistance to the flow increases with stenosis height, the increase is more in Herschel-Bulkley fluid
compared to power law and Newtonian fluids [8-13]. The variation of flow resistance with stenosis height for
different values ofradius of plug core region is presented in Figure 10. It is seen that the resistance to the flow

increases with the radius of the core region (ro) [14-21].
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Figure 10: Resistance to the flow (): yverses height of stenosis &for various values of ro(d= 0.2, L=1, L0= 0.2, Q=
0.1, k=2)
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Figure 11: Resistance to the flow (1) verses & for distinct Q (d= 0.2, L= 1, L0= 0.2, ro= 0.2, k=2)

From Figure 11, it is observed that, the resistance to the flow decreases with volumetric flow rate (Q). The

Herschel-Bulkely fluid behaves as Newtonian fluid when power law index n= 1 and To= 0 and it acts as a

power-law fluid when n # 1 and yield stress To= 0.
IV. CONCLUSION

The conclusions for the Herschel-Bulkley fluid through an overlapping stenosis and also for an inclined tube
having uniform cross section are given as: The flow resistance (A) increases with respect to stenosis height (5),
length of the stenosis, stress ratio parameter(T), i.e the ratio between the yield stress and wall shear stress (T0/
Th = T), power law index, yield stress (TO) but decreases with the wall shear stress (Th). The resistance of the
Herschel-Bulkley fluid is higher than the Newtonian fluid because of yield stress. The flow resistance decreases
with inclination («). The conclusions, by considering the micropolar fluid through a tube with an overlapping
stenosis are listed as: The flow resistance increases with stenosis height, coupling number but decreases with

the micropolar fluid parameter and length of the tube. The shear stress at the walls increases with stenosis

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 3



Dharmendra Kumar Kushwaha et al Int J Sci Res Sci & Technol. May-June-2022, 9 (3) : 17-26

height and coupling number but decreases with the micropolar fluid parameter. The resistance of the flow is

more for the non-Newtonian fluid than the Newtonian fluid. Stenosis and post-stenotic dilatation effects on

Herschel-Bulkley fluid, micropolar fluid and Jeffrey fluid were studied in chapter 4 and made the following

conclusions. The conclusions for Herschel-Bulkley fluid are: The resistance in flow increases with the height,

length of the stenosis, yield stress and power law index (n= 1/k), and reduces with the height of the stenotic

dilatation. The resistance in flow increases along with stenosis height, and reduces with wallshear stress and

stenotic dilatation.
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