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Abstract: The objective of this paper is to present a non-Newtonian blood flow model with the effect of different
geometry of stenosis on various flow quantities. The Power-law model is considered to explore the hon-Newtonian
property of blood. Two-point Gauss quadrature formula is applied to obtain the numerical expressions of
dimensionless flow resistance, skin-friction and flow rate. The variation of dimensionless flow resistance, skin-
friction and flow rate with degree of stenosis, axial distance and power-law index is shown graphically. Moreover, the
power-law index is adjusted to explore the non-Newtonian characteristics of blood. The importance of the present
work has been carried out by comparing the results with other theories both numerically and graphically. It has been
found that resistance to flow becomes maximum with total blockage of artery for different shape of stenosis.
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1. INTRODUCTION

Diseases in human blood vessels and in heart such as heart attack and brain stroke are the main
cause of death worldwide. The major reason for such diseases is the constriction in artery or
narrowing of the artery. In medical term, it is called stenosis. Stenosis is a pathological constriction
of an artery, generally due to deposition of fat, cholesterol and unusual development of tissues.
The fatty substances reduce the cross-sectional area of blood vessels and hence each body part
cannot receive an adequate quantity of blood. Therefore, the analytical study of blood flow through
a stenosed artery is beneficial for a better understanding and diagnosis of the artery diseases [3,14].
It has been observed that some researchers work on blood by treating it as Newtonian fluid [5, 12].
When blood flows at a high shear rate with a larger diameter arteries, then it is considered as
Newtonian blood. While blood flows at a low shear rate with smaller diameter arteries, then it
would be treated as non-Newtonian blood [9]. Ishikawa et al. [4] observed that non-Newtonian
behavior of flow has high stability than Newtonian flow because non-Newtonian characteristics of
blood affect the flow quantities. It reduces wall shear stress, vortex size and wall pressure. The
Power-law [8, 9], Herschel-Bulkley [7, 11] and Casson model [10, 16, and 17] of non-Newtonian
fluid are frequently used by many researcher. The Herschel-Bulkley model and Power-law model
have more benefits than Casson model. The flow-behavior index of Herschel-Bulkley and Power-
law model can be adjusted to a preferred value, while the flow-behavior index of Casson model is
fixed. Furthermore, Easthope and Brooks [1] observed that power-law model has more significant
role in modelling of non-Newtonian flow.

Misra and shit [7] studied the generalized model of blood flow by taking it as a Casson and
Herschel-Bulkley fluid. Singh et al. [15] considered a blood flow model to analyze the impact of
shape parameter and stenosis length on the wall shear stress and flow resistance with axially
symmetric but radially non-symmetric stenosed artery. The impact of different parameters of
stenosis shape on various flow quantities with slip conditions studied by Haldar [2], Singh [13]
and Srivastava [6]. A non-Newtonian blood flow model with effect of stenosis shape and slip

velocity at wall is considered by Bhatnagar et al. [18]. They found that axial velocity and flow rate
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is increased with slip but it decreased with yield stress.

Kamanger et al. [19] investigated the blood flow behavior with severity of blockage area with
different geometries like trapezium, triangular and elliptical shape. They conducted their study to
different size of stenosis in terms of 70%, 80% and 90% area blockage of artery. They observed
that wall shear stress is high for trapezoidal shape as compared to triangular and elliptical shape.
Sriyab [20] considered a non-Newtonian blood flow model with various geometry of shape of
stenosis like bell and cosine shape. They observed that cosine shape displays higher pressure, flow
resistance and flow rate than bell shape. Owasit and Sriyab [21] considered non-Newtonian blood
flow model with various geometry of stenosis in stenosed artery. They studied power-law model
of two-dimensional blood flow having vertically asymmetric and symmetric stenosis.

It has been observed that geometry of stenosis has a significant role in study of blood flow. In our
present work, we presented a graphical and conceptual study of non-Newtonian blood flow model
with effect of different geometry of stenosis, like rectangular, cosine and trapezoidal shape.
Furthermore, the impact of power-law index, depth of stenosis, and non-Newtonian behavior of
blood on the various flow quantities for rectangular, cosine and trapezoidal shape are shown

graphically.

2. STENOTIC ARTERY MODEL
We considered a mathematical model for different geometry of arterial stenosis, such as rectangular,
cosines and trapezoidal stenosis shape. The geometrical representation of these shapes are shown
in figure (1), (2) and (3) respectively.

The mathematical representation of the geometry of the rectangular shape stenosis is given as
follows,

R(z)=R,(1-S) o RFE:) ~1-$ (1)

Where R, indicates normal artery radius and R(z) represents stenosed artery radius and §
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RO — Rmin

indicates degree of stenosis, S =——""". We considered here that for rectangular shape, R is
0
constant and equal toR . .
Artery Wall
RI.'.“
-
— Rinin
b '!.3 '!d

Fig.1. Geometry of axially symmetric rectangular shaped stenosed artery.

The mathematical representation for geometry of cosine shape stenosis is defined as follows,

R(z):R:Ro{l—%[l—w}} for I, <z<l, +1, @)

S

Artery Wall

S

Fig.2. Geometry of axially symmetric cosine shaped stenosed artery.

The mathematical representation for geometry of Trapezoidal shape stenosis is defined as

R(z)=R,—(z-1,)tana, for l, <z<(l,+SR,/tana,) 3(a)

R(z)=R,[1-S] for (I, +SR,/tana,)<z<(l,+1,—SR,/tana,) 3(b)
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R,—(l,+l,—2z)tana,

And R(z)= -
0

for (1, +1,—SR, /tanay, )<z <(l, +1,) 3(c)

Artery Wall

Fig.3. Geometry of axially symmetric trapezoidal shaped stenosed artery.

Where, o, indicates upstream angle 30" and o, represents downstream angle45’.

3. FORMULATION OF THE PROBLEM
In this mathematical model, we considered blood flow in stenosed artery is laminar, steady

(independent of time), fully-developed, one-dimensional and blood is taken as non-Newtonian and

incompressible fluid. Cylindrical coordinate (r,z,e) are taken to study this model, where r

represents radial and z indicates axial direction. The governing equation of motion is given [19].

“Op_1d

dz r dr(”) @

Where, p represents pressure and t indicates shear stress. The power-law model defined the non-

Newtonian characteristics of blood as

—-du

1
T a
—="f(1)=|— 5
dr ) [HJ ®
Where, u represents blood velocity, o indicates index of power-law and pshows viscosity of

plasma. The boundary conditions to solve eq. (4) and (5) are considered as
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u=0 at r=R(z) (6)

t is finiteat r=0 (7)

4. MATHEMATICAL ANALYSIS
To study non-Newtonian blood flow model for various geometry of stenosis, we have to find
analytical expressions for various flow quantities like skin-friction, flow resistance, and flow rate.

In order to find the skin-friction, we integrate eq. (4) with respect to » and using boundary condition

(7), we have,
—r dp
T=—— 8
2 dz ®
e . . -R dp
The skin-friction, T, is obtained by Tg = T 9)
z
. nR*% ,
The flow rate is defined by Q=—-|7f (’C)d’l: (10)
TR 0
1
. . nR*%E (1)
Using eq. (5) into (10), we get Q=——|1°|—| dz (11)
TR 0 n
1
3 0
Integrating eq. (11) with respect tot, we get Q= M (12)
e (3o +1)
Now, from eq. (12), we get the expression of skin-friction
Q(3a+1) |’
T = _— 13
R “|: TCRS(X ( )
. . P,—P,
The resistance of blood flow (1) is defined as A= o (14)

Where, P, represents input pressure and P, indicates output pressure of blood in the artery.

Using eq. (13) into eq. (9), we obtain, _dp_ Z—H{M} (15)

dz R| mnR%ax
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Integrating eq. (15) along artery length and using, p=P, at z=0 and p=P, at

z

=(|u +1,+1, ) . We obtain

pl_p2=4p{M} [|u+|d , jRLdzJ (16)

o I

u

Since R= R(z) represents the stenosis area geometry. Hence, flow resistance for rectangular

shape is given by A, = i

and by applying two point Gauss quadrature formula for solution

of eq. (16) for different shape of stenosis. We have,

= an| B Y ety s I (17)
oL I:RO (1_8):|3<x+1

Pl_Pz

Now when the geometry is of cosines shape, flow resistance is given by A, =

(@] I G-
XC—4;,L|: — Q I”+Id+—2R03°‘*1 1- 2 1-cosn 2\/§

{1 E(l CosT (\Zf\/?}ﬂ (18)

P1_P2

Now, flow resistance for trapezoidal shapes given by A, =

Ay = 4{@]1 .Qt

1704

~(3a+1) —(3a+1)

SR, tan a, R _ SR (\@ 1)

SR (@+1)
Iu+ld+T ) 2\/_

2B

+| Ry —

N I, SR, tan a.,

I:Ro(l—S)TOHI_ 2 2\/5 2\/5 (19)
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We have obtained the numerical expressions for shear stress, flow rate and flow resistance. Now,
we have to analyse the impact of different geometry of stenosis and non- Newtonian characteristics
of blood on these parameters.

When the constriction is not present in artery, the flow resistance defined for normal artery is

3a+1)Y"
represented as, Ay :4u(wj Q““l[lu +1, + : } (20)
o

3a+l
Ry*"
Now, the non-dimensional flow resistance (Ag,Ac,A;) due to stenosed artery for

rectangular, cosines and trapezoidal shape is given in equations (21), (22) and (23) respectively.

[Iu +Id + IS 3(1+1]
Ag [Ro (1_8)]

Ag=—= (21)

A ]
N {Iu +1, +R§°‘“}

—(30+1) —(30+1)
I, +1y + I;Hl 1-5 11— cos V31 n +1-301 cos V3+1 n
2R 2 23 2 23

IS
[RO (1_ S):ISOHI

SR tana, S (\@_1) ~(3a:+1) S(\@+1) ~(3a+1) [Iu o

+

|
TR P " s 23
2 2\/5 2\/5 R3a+1:| ( )

0

Now, the non-dimensional blood flow resistance with the impact of Non-Newtonian behaviour of

blood is considered as the ratio of the flow resistance of Non-Newtonian blood in a stenosed artery
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to the flow resistance of Newtonian blood in a normal artery. Hence, it can be stated as

Iu +Id + IS 3a+l]
e :{(3%1)} _Q‘“J [Ro(1-8)] 24)

na 4 I,
Iu+|d+W
3 1 o 3 \/, —(3(x+1)
£ = (Bu+1) | Q"'m Iu+ld+—|§ - 1-3)1-cos| 3211
o 4 2RI 2 243

—(3a+1)
S J3+1 1,
+[12{1COS(2\/§JTCJJ |:Iu +Id +Ro3q+1:| (25)

e - {(3& +1)T Q'm

oL 4

SR, ( \/é _1) ~(30:41)
- —2\@

—(3a+1)
, SRotanay || o SRy (\@—1)

0 2\/5

I SRy tana, 1_8(\/5—1) (3a+1)+ 1_@ ~(3a+1) (I -
[R5 2 25 28 -

I, +14

u

+| R,

J’_

51] (26)

I
3o+
0

When stenosis is not present in artery (R(z)= RO) , the skin-friction becomes,

Q(3a+1) ]
T, =n| =2—" 27
N L{ nRga @7
T RO 3a
The non-dimensional skin friction t is shown as T=-"L= (Ej (28)
Tn

The dimensionless skin-friction due to stenosed artery for different shapes are expressed as

R ) (1Y e
TRl:(RO(l—S)j {1—3) =(1-9) ()
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1
T = = (30)
1-— 1—COSM
2 I,
R 3a
g for I, <z<I,+SR,/tana,
—(z-1,)-tana
1 3a
T, = (Ej for I, +SR,/tana, <z<I,+I, - SR, /tan o, (31)
1 3a
for I, +1,-SR,/tana, <z <I, +I,
R,—(l, +l,—2)-tana,

The non-dimensional blood skin friction (1) with the impact of Non-Newtonian behaviour
of blood is considered as the ratio of the skin friction of Non-Newtonian blood in a stenosed artery

to the skin friction of Newtonian blood in a normal artery. Hence, it can be stated as

Tp Rgn(Q(3a+l) ’

} , where, t,, represent the skin-friction of Newtonian blood and it is

n= The C4Q| 7R
) 4Q
ivenast,, = | —= |-
g Ne M(TERSJ
For different geometry of stenosis, it can be expressed as
RS Q(3(x+1
= . R, 1 S 32
" =70 { — [ )] (32)
o -3a
3 3a+1 z-1
nC=R0n Q(3o+1) | R, -3 1—cos—n( ) (33)
4Q o 2 I,
{ 3(“1} [Ry—(z-1,) tana ] for I, <z<I,+SR,/tana,
4Q oL,
e Re[Q(Bu+1) T (34)
N, = [Ry(1-5)]" 4%{%} for 1,+SR, /tana, <z <1, +I,—SR, /tana,
—3a
{Q(BO‘”)} {Rf('“'s_z)ta”%} for I, +1,— SR, /tana, <z<l, +1,
4Q oL R,
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5. NUMERICAL RESULT AND DISCUSSION
In this mathematical model, we studied the impact of different shape of stenosis and non —
Newtonian behavior of blood on physiologically indispensable flow quantities, like flow rate, skin
friction, and flow resistance. For graphical representation, we executed the dimensionless flow
quantities from equations (21) to (26) and equations (29) to (34) by using MATLAB.

TABLE 1. Parameter value

Parameters Values
Flow rate (Q) 0-5 cm3/s
Length of artery 3cm
Radius of normal artery Imm
Viscosity() 2-5 mpas
A 0.3-1

5.1. EFFECT OF DIFFERENT SHAPES OF STENOSIS ON FLOW RESISTANCE

The effect of dimensionless flow resistance (A, A¢, A7) along Ry, /Ry with different shape of
stenosis is shown in fig. 4 to 6 for different value of a. Since every shape is depend on degree of
stenosis S. As R, /Ry decreases, the degree of stenosis S increases. From fig.4 to 6, it is
observed that when a is increasing, the dimensionless resistance of flow for rectangular, cosine
and trapezoidal shape is decreasing and it is also decreasing with R,,;,, /R,. It has been noticed
that as value of R,,;, /R, reaches towards 0, the resistance of flow is attained maximum.
Therefore, retardation in flow is maximum, which represents the location of total blockage of
artery and causes heart failure. Moreover, it is also pointed out that non-dimensional flow
resistance in rectangular, cosine and trapezoidal shape is decreasing slightly when the blood takes
Newtonian property i.e. @ = 1. A comparison of results are done with the result of karimi and

it has been observed that results agree with the result of karimi.
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4.5
S a=1
4 | . a=0.8 |
a=0.7
a= 0.6

Rmin/Ro

Fig.4. Variation in non-dimensional flow resistance withR,,;, /R, for rectangular shape having different

value of o

0.45 |-

0.4

0.05

Rmin/Ro

Fig.5. Variation in non-dimensional flow resistance with R,,;, /R, for cosine shape having different value of

o

14

123

i

Fig.6. Variation in non-dimensional flow resistance with R,,;, /R for trapezoidal shape having different value

of a
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5.2. IMPACT OF NON-NEWTONIAN CHARACTERISTICS OF BLOOD ON FLOW
RESISTANCE

The variation in non-dimensional flow resistance (&g, &, ) with non-Newtonian behavior of
blood for various shapes of stenosis is investigated in fig.7 to 9. The impact of power- law index
on flow resistance along R,,,;,, /R, is shown in these figures. It is found from fig.7 to 9 that as the
value of a is increasing, the value of resistance to flow is decreasing. Moreover, it is also pointed
out that non-dimensional flow resistance in rectangular, cosine and trapezoidal shape is decreasing
slightly when the blood takes Newtonian property i.e. a = 1. It is also noticed from these figures
that rectangular shape has higher resistance to flow than cosine and trapezoidal shapes. It is
observed from fig.4 to 9, that impact of stenosis and impact of non-Newtonian property of blood

are exhibited the same behavior.

25 T T T T
—S— a=1
a=0.8
20 a=0.7

—+— a=0.6

15

Fig.7. Variation in non-dimensional flow resistance with R,,;,, /R, for rectangular shape

having different value of a



14
MANISHA, VINAY NASHA, SURENDRA KUMAR

0.9 o=
B = a=0.8| 7
0.8 | . a=0.7 1
a=0.6
0.7 | i
0.6 |+

Rmin/Ro

Fig.8. Variation in non-dimensional flow resistance withR,,;, /R, for cosine shape having different value of a

10

a=1

Rmin/Ro

Fig.9. Variation in non-dimensional flow resistance with R,,;, /R, for trapezoidal shape having different

value of a

6. SKIN FRICTION

6.1. IMPACT OF DIFFERENT SHAPE OF STENOSIS ON SKIN FRICTION

The variation on dimensionless skin friction (g, T¢, Tr) for various geometry of stenosis is
represented in fig.10 to 12. The effect of power-law index for rectangular shape with degree of
stenosis is shown in fig.10. It is also pointed out that when the degree of stenosis arrives towards

lie. Ry /Ry, reaches 0, the dimensionless shear stress is attained maximum. Furthermore, the
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dimensionless skin friction is increasing as the value of power-law index is increasing. The impact
of power-law index on non-dimensional skin friction for cosine shape along axial distance is
displayed by fig.11.1t is detected that skin friction is increasing with the axial distance It is also
noticed that dimensionless skin friction for cosine shape is decreasing when the value of a is
increasing. The impact of power-law index on non-dimensional skin friction for trapezoidal shape
along axial distance is displayed by fig.12. It is noted that dimensionless skin friction for
trapezoidal shape is decreasing when the value of a is increasing and it is increasing along axial
distance. Furthermore, it is investigated that dimensionless skin friction increases slightly when
o=1 and it is also examined from these figures that dimensionless skin-friction for cosine shape
has higher value than trapezoidal shape along axial distance. A comparison of dimensionless skin
friction results are done with the results of karimi and it has been observed that results agree with

the results of karimi.

QQQQ

0004
oN®

|

Rmin/Ro

Fig.10 Variation in dimensionless skin friction with  R,,,;,, /R, for rectangular shape having different

values of a

Fig.11 Variation in dimensionless skin friction along axial direction for cosine shape having different value of a
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0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

Fig.12. Variation in dimensionless skin friction for trapezoidal shape along axial direction having different

values of a

6.2. EFFECT OF DIFFERENT SHAPE OF STENOSIS WITH NON-NEWTONIAN
BEHAVIOR OF BLOOD ON SKIN FRICTION

The variation on dimensionless skin friction (1, ¢, 1) with non-Newtonian behavior of blood
for various geometry of stenosis is represented in fig.13 to 15. The effect of power law index for
rectangular shape with degree of stenosis is depicted in fig.13. It is pointed out that dimensionless
skin friction is increasing when the value of a is increasing but it is decreasing along R, /Ry It
is also pointed out that when the degree of stenosis arrives towards 1i.e. R, /R, reaches 0, the
dimensionless shear stress is attained maximum. The impact of power-law index on non-
dimensional skin friction for cosine shape along axial distance is represented by fig.14.1t is found
that skin friction is increasing with the axial distance It is also noticed that dimensionless skin
friction for cosine shape is decreasing when the value of a is increasing. The impact of power-law
index on non-dimensional skin friction for trapezoidal shape along axial distance is depicted in
fig.15. It is also noted that dimensionless skin friction for trapezoidal shape is decreasing when the
value of o is increasing and it is increasing along axial distance. Furthermore, it is investigated that
dimensionless skin friction increases slightly when a=1. It is noted that dimensionless skin
friction for cosine shape with non-Newtonian behavior along axial direction has attained higher
value than trapezoidal shape. It is observed from fig. 10 to 15 that the impact of different geometry

of stenosis on skin friction is same as impact of non-Newtonian behavior on skin friction.



NON-NEWTONIAN BLOOD FLOW MODEL

Rmin/Ro

17

Fig.13. Variation in dimensionless skin friction withR,,;, /Rofor rectangular shape having different values of

Fig.15. Variation in dimensionless skin friction for trapezoidal shape having different values of a

a

o=

—o— a=1

—— a=0.8
a=0.7
—+— a=0.6




18
MANISHA, VINAY NASHA, SURENDRA KUMAR

7. EFFECT OF DIFFERENT SHAPES OF STENOSIS ON FLOW RATE

The variation on flow rate(Qg, Q., @7 )of blood for various geometry of stenosis is represented by
fig.16 to 18. The impact of power-law index (o) on flow rate with R,,;, /R, for rectangular,
cosine and trapezoidal shape is shown in these figures. It is found from fig.16 to 18 that flow rate
is increasing when the value of a is increasing. Furthermore, it is also pointed out that when the
degree of stenosis arrives towards 11i.e. R,,in /Ry reaches 0, the flow rate is attained minimum
and it can cause heart failure. It is also observed that flow rate for both trapezoidal and cosine
shape are attained the same maximum value and flow rate for both trapezoidal and cosine shape

have higher value than rectangular shape.

3.5

Rmin/Ro

Fig.16. Variation on flow rate withR,,,;,, /R, for rectangular shape having different values

of o
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Rmin/Ro

Fig.17. Variation on flow rate with R,;, /R,for cosine shape having different values of a

20 T T T T
a=0.6
=0.7 i
—— = &+
a=0.8 _|-_|-
15 | —+— =1 i
A ]
+
+ -
_|_ -
i .
-+ %
L
s -
or— 10 | R
5L i
(¢ s . .
0.4 0.6 0.8
Rmin/Ro

Fig.18. Variation on flow rate for trapezoidal shape with R,;, /R, having different values of a

8. CONCLUSION
In this present work, we have studied the effect of different geometry of stenosis with
Characteristics of non- Newtonian blood on various flow quantities like flow resistance, skin
friction and flow rate. The main finding are given below:
1. The impact of flow-behaviour index on flow resistance with non-Newtonian behaviour of
blood shows that rectangular shape has higher resistance to flow than cosine and

trapezoidal shape.
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2. The cosine shape has higher skin-friction along axial distance than trapezoidal shape.

3. The impact of various geometry of stenosis on non-dimensional skin friction in stenosed
artery is same as impact of characteristics of non-Newtonian blood on non-dimensional
skin friction.

4. Both trapezoidal and cosine shape are attained the same maximum value of flow rate and

trapezoidal and cosine shape has higher flow rate of blood than rectangular shape.

CONFLICT OF INTERESTS

The author(s) declare that there is no conflict of interests.

REFERENCES

[1]

[2]

(3]
[4]

[5]

[6]

[7]

[8]

[9]

P. Easthope, D. Brooks, A comparison of rheological constitutive functions for whole human blood, Biorheology,
17 (1980), 235-247.

K. Halder, Effects of the shape of stenosis on the resistance to blood flow through an artery, Bull. Math. Biol. 47
(1985), 545-550.

D.N. Ku, Blood flow in arteries, Ann. Rev. Fluid Mech. 29 (1997), 399-434.

T. Ishikawa, L.F.R. Guimaraes, S. Oshima, R. Yamone, Effect of non-Newtonian property of blood on flow
through a stenosed tube, Fluid Dyn. Res. 22 (1998), 251-264.

S. Chakravarty, P.K. Mandal, Two-dimensional blood flow through tapered arteries under stenotic conditions,
Int. J. Non-Linear Mech. 35 (2000), 779-793.

Srivastava, V., Particulate suspension blood flow through stenotic arteries: Effects of hematocrit and stenosis
shape, Indian Journal of Pure and Applied Mathematics, 2002, vol. 33(9), 1353-1360.

J. Misra, G. Shit, Blood flow through arteries in a pathological state: a theoretical study, Int. J. Eng. Sci. 44
(2006), 662-671.

J. Parkash, A. Ogulu, A study of pulsatile blood flow modelled as a power law fluid in a constricted tube, Int.
Commun. Heat Mass Transfer, 34 (2007), 762-768.

Z. Ismail, 1. Abdullah, N. Mustapha, N. Amin, Power-law model of blood flow through a tapered overlapping



21
NON-NEWTONIAN BLOOD FLOW MODEL

stenosed artery, Appl. Math. Comput. 195 (2008), 669-680.

[10] S. Siddiugi, N. Verma, S. Mishra, R. Gupta, Mathematical modelling of pulsatile flow of Casson’s fluid in arterial
stenosis, Appl. Math. Comput. 210 (2009), 1-10.

[11] A. Karimi, Effects of stenosis shapes on the flow parameters in stenosed artery for non-Newtonian fluids, in:
Proceedings of the 37th national and 4th international conference on fluid mechanics and fluid power, 2010, 1-
9.

[12] N. Mustapha, P.K. Mandal, P.R. Johnson, N. Admin, A numerical simulation of unsteady blood flow though
multi-irregular arterial stenosis, Appl. Math. Model. 34 (2010), 1559-1573.

[13] A. Singh, Effects of shape parameter and length of stenosis on blood flow through improved generalized artery
with multiple stenosis, Adv. Appl. Math. Biosci. 3 (2012),41-48.

[14] Md. A. Hey, Simulation of transient blood flow in models of arterial stenosis and aneurysm (PhD Thesis), School
of Engineering, University of Glasgow, UK, 2012.

[15] A. Singh, D. Singh, MHD flow of blood through radially non-symmetric stenosed artery: A Herschel-Bulkley
model, Int. J. Eng. Trans. B: Appl. 26 (2013), 859-864.

[16] J. Venkatesan, D. Sankar, K. Hemlata, Y. Yatim, Mathematical analysis of Casson fluid model for blood
rheology in stenosed narrow arteries, J. Appl. Math. 2013 (2013), Article 1D 5838009.

[17] S. Sriyab, Mathematical analysis of non-Newtonian blood flow in stenosis narrow arteries, Comput. Math. Meth.
Med. 2014 (2014), 479152.

[18] A.Bhatnager, R.K. Shrivastav, A.K. Singh, A numerical analysis for the effect of slip velocity and stenosis shape
on non-Newtonian flow of blood, Inte. J. Eng. 28(2015), 440-446.

[19] S. Kamanger, I.A. Badruddin, N.A. Ahamad, et al. The influence of geometrical shapes of stenosis on the blood
flow in stenosed artery, Sains Malaysiana, 46 (2017), 1923-1933.

[20] S. Sriyab, The effect of stenotic geometry and non-Newtonian property of blood flow through arterial stenosis,
Cardiov. Haematol. Disorders-Drug Target. 20 (2020), 16-30.

[21] P. Owasit, S. Sriyab, Mathematical modeling of non-Newtonian fluid in arterial blood flow through various

stenoses, Adv. Differ Equ. 2021 (2021), 340.



