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Abstract - Blood flow in stenosed human arteries in the presence of sodium alginate nanoparticles is simulated. 
Effect of sodium alginate (SA) nanoparticles on velocity, flow rate and resistive impedance to blood flow in 
stenosed human arteries is studied. The equations governing blood flow are discretized using finite differences. 
The MATLAB software is used to simulate the discretized equations. Presence of nanoparticles is observed to 
influence velocity, flow rate and impedance to blood flow. Resistance to flow is observed to be less in the presence 
of nanoparticles. This nanoparticle drug delivery may be useful for patients having cardiovascular diseases. 

Keywords: Nanoparticles, stenosed artery, simulation. 

I. INTRODUCTION  

Atherosclerosis is the disease which is most commonly observed in cardiovascular vessels of human 
beings. This disease is caused due to accumulation of fatty material inside the artery. This deposition causes 
depletion of space of the lumen of the artery which leads to cardiovascular disorders. Therefore, it is 
important to increase blood flow in the diseases part of the artery.  

Transport of nanoparticles under blood flow using an agent-based approach was studied by [1]. Blood-
mediated nanoparticle delivery is implemented in their paper. Reference [2] presented a theoretical analysis 
of metallic nanoparticles on blood flow through tapered elastic arteries with overlapping stenosis. They 
computed the expression for impedance resistance to flow and wall shear stress. Reference [3] studied 
transport of nanoparticles in blood vessels. They described blood to be Casson fluid. Relation of rheology 
of blood and the permeability of the vessels with delivery of nanoparticles is observed. Reference [4] 
studied the effect of copper (Cu) and silver (Ag) nanoparticles on blood flow through a curved stenosed 
channel with aneurysm. They have solved the nano-particles momentum and thermal energy equations 
numerically using explicit finite difference schemes. 

Reference [5] investigated the effect of adding nanoparticles to the blood flow in presence of magnetic 
field in a porous blood arterial. In their paper; the effect of physical parameters Brownian motion, 
thermophoresis and pressure gradient on velocity profile and temperature is studied. Reference [6] studied 
the shape effect of Cu-nanoparticles in unsteady flow through curved arteries with catheterized stenosis. 
Effects of nanoparticles such as 	𝐹𝑒!𝑂", Ti𝑂#, and Cu on blood flow inside a stenosed artery was presented 
by [7]. They modelled blood as non-Newtonian Bingham plastic fluid subject to periodic body acceleration. 
Reference [8] investigated the interaction of gold nanoparticles in blood and monitored their influence on 
blood coagulation. 

Comparative study of behaviour of hemodynamic properties in stenosed arteries in the presence of 
sodium alginate (SA) nanoparticles and in the absence of nanoparticles is not yet studied. Therefore we 
have taken up this study. This study may be useful in the development of therapeutics and diagnostics. 

 

II. GOVERNING EQUATIONS 

The segment of stenosed artery of length L is considered as a cylindrical tube containing Newtonian fluid 
representing the flowing blood. The geometry of the stenosis is presented in Fig. 1. The flow is assumed to 
be laminar, unsteady, two dimensional and axisymmetric. The mathematical model can be expressed by 
conservation of mass, momentum and temperature from [2]. 
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Where u and w are radial and axial velocities respectively. µ*+ , 𝜌*+, 𝑘*+ and 𝛾+ are viscosity, density, 

thermal conductivity, coefficient of thermal expansion of nanofluids. T is temperature of fluid, 𝑄6 is 
constant of heat absorption or heat generation. 

The dynamic viscosity	µ*+ of the nanofluid is given as [9]: 

µ*+ =
µ+

(1 − ∅)#.8 

 
TABLE I: PHYSICAL VALUES OF BLOOD AND NANOPARTICLE ARE GIVEN BY [4] AND [10] 

Parameters Blood Sodium Alginate 
𝐶!(J/Kg.K) 3594 4175 
𝜌 (Kg/𝑚") 1063 989 
𝛾 (1/K) 0.18 0.16 

K (W/m.K) 0.492 0.6376 

III. THE GEOMETRY OF STENOSIS 

The stenosis geometry is time dependent. Multiple stenosis regions are overlapped. It is described from 
[11] by 
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Where  𝑎.(𝑡) = 1	−	𝑐𝑜𝑠 𝑐𝑜𝑠	(𝜔𝑡 − 1)	𝛽𝑒?@,    in which 𝜔	is angular frequency and 𝛽 is the constant  
Parameter. 

 
Fig. 1. The Stenosis Geometry in an Artery. 

IV. BOUNDARY CONDITIONS 

The velocities at the inlet and outlet of an arterial segment of finite length are taken as [2] and [12] 

u(𝑟, 𝑧, 𝑡) = 0	and, 𝑤(𝑟, 𝑧, 𝑡) = 8
!
R1 −	& '
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It is assumed that initially radial and axial velocity both are zero. That is when system is at rest there is 

no flow through artery 
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i.e. u(𝑟, 𝑧, 0) = 0,𝑤(𝑟, 𝑧, 0) = 0, 𝑇(𝑟, 𝑧, 0) = 0       (7) 
 
Axially, there is no radial flow, therefore the radial velocity is zero, the axial velocity gradient of the 

blood and temperature gradient may be assumed to be equal to zero. This may be stated as 
 
 %(
%'
= 0, u(𝑟, 𝑧, 𝑡) = 0, %/

%'
= 0 on r = 0       (8) 

 
On the artery wall the axial velocity is zero due to no slip condition, temperature of the fluid is zero and 

radial velocity is rate of change in shape of the stenosis, which can be written as  
 
w(𝑟, 𝑧, 𝑡) = 0,	u(𝑟, 𝑧, 𝑡) = 	 %A

%,
 , T(𝑟, 𝑧, 𝑡) = 0 on r = R (z, t)     (9) 

V. NUMERICAL METHOD AND IMPLEMENTATION 

Equations (3), (4) along with boundary conditions (5)-(9) take following form after introducing radial 
coordinate transformation, x =	 '		
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u(𝑥, 𝑧, 𝑡) = 0	and  , 𝑤(𝑥, 𝑧, 𝑡) = 8
!
(1 −	𝑥!) at z = 0      (12) 
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  at z = L         (13) 
u(𝑥, 𝑧, 0) = 0,𝑤(𝑥, 𝑧, 0) = 0 , 𝑇(𝑥, 𝑧, 0) = 0      (14) 
%(
%E
= 0, u(𝑥, 𝑧, 𝑡) = 0,			 %/

%E
= 0 on x = 0       (15) 

w(𝑥, 𝑧, 𝑡) = 0,	u(𝑥, 𝑧, 𝑡) = 	 %A
%,

 , T(𝑥, 𝑧, 𝑡) = 0	on x = 1     (16) 
 

Solving (10) and (11) using finite difference approximations in which central differences have been 
used. 
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Where	𝑥J =	 (𝑗 − 1)∆𝑥, 	𝑧K =	 (𝑖 − 1)∆𝑧 and	𝑡0 =	(𝑘 − 1)∆𝑡.  
 
∆𝑥, ∆𝑧, are increments in radial, axial directions respectively. 
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MATLAB simulation is used to solve (17) and (18) with boundary conditions (12)-(16). Flow rate can 

be computed using 
𝑄K	0 = 2𝜋^𝑅K0`

#
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Resistance to flow (Resistive Impedance) is calculated using  

𝑋K0 =	
LMN0$01O

.
L

5(	
.            (20)

  

VI. RESULT 

Following numerical data is used for calculation. 
 
d = 0.005 m, 𝑙6 = 0.01	𝑚, 𝐿 = 0.03	𝑚, 𝑎 = 0.0008	𝑚, 𝑓- = 1.2	𝐻𝑧, 𝜇 = 0.035	𝑃, 𝜏P = 0.2𝑎, 
𝐴6 = 100	𝐾𝑔	𝑚G#𝑠G#	, 𝐴. = 0.2𝐴6, 𝛽 = 0.1	 
 

Fig. 2 and 3 represent axial variation of axial velocity without nanoparticles and at 8% nanoparticles 
concentration. Axial velocity follows the shape of the stenosis. It is more in the presence of nanoparticles.  

Fig. 4 and 5 represent distribution of flow rate along the length of an artery without nanoparticles and at 
8% nanoparticles concentration. Comparison of Fig. 4 and 5 show that flow rate increases in the presence 
of nanoparticles.  

 
Fig. 2. Axial Variation of Axial Velocity without Nanoparticles. 

 
Fig. 3. Axial Variation of Axial Velocity at 8% Nanoparticle Concentration. 

 
Fig. 4. Flow Rate Along the Length of the Artery without Nanoparticles. 
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Fig. 5. Flow Rate Along the Length of the Artery at 8% Nanoparticle Concentration. 

 
Fig. 6 and 7 represent resistive impedance in the considered arterial segment without nanoparticles and 

at 8% nanoparticles concentration. It is observed that resistance to the flow is less in the presence of 
nanoparticles. 
 

 
Fig. 6. Resistive Impedance Along the Length of the Artery without Nanoparticles. 

 
Fig. 7. Resistive Impedance along the Length of the Artery at 8 % nanofluid concentration. 

 

VII. CONCLUSION 

Nanoparticle drug delivery is observed to increase blood velocity, flow rate in diseased part of an artery. 
Also the resistance to blood flow in the diseased part of the artery is less in the presence of nanoparticles. 
This can be used to increase blood flow in the diseased part of the artery in cardiovascular patients. 
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