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Abstract 

 Cardiovascular ailments are a leading cause of increasing mortality 

worldwide. It 's  vital to comprehend the connection between these disorders and 

hemodynamic factors to estimate their prevalence accurately. Simulating blood 

flow offers a deeper insight into this relationship. This review examines 

previous simulation studies focused on exploring blood flow dynamics.  
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Introduction 

 The cardiovascular system plays a vital role in distributing oxygen and 

nutrients throughout the body. Consisting primarily of the heart and blood 

vessels,  it  is essential for sustaining life. Cardiovascular diseases encompass 

various pathologies affecting the heart and associated organs, often resulting in 

fatalities. Hemorheology, the scientific field concerned with the interaction 

between blood flow and blood vessels,  explores these dynamics.  

Human blood comprises plasma and blood cells, with red blood cells (RBCs or 

erythrocytes) being the predominant cell  type, influencing fluid behavior due to 

their semisolid nature. Understanding the material pr operties of blood vessels 

and blood flow is crucial for comprehending vascular function.  

Experimental research endeavors have delved deeply into characterizing blood 

flow to better grasp fluid behavior within the human system, which is critical 

for detecting arterial diseases. Numerical simulation models have become 

increasingly prevalent in studying blood flow dynamics and turbulence 

associated with arterial diseases. This study seeks to review these investigations 

to gain a comprehensive understanding of blood flow dynamics.  



International Journal of Research in Engineering and Applied Sciences (IJREAS) 

Available online at http://euroasiapub.org  

Vol. 9 Issue 4, April-2019,  
ISSN (O): 2249-3905, ISSN(P): 2349-6525 | Impact Factor: 7.196 |  

 

 

 

 International Journal of Research in Engineering & Applied Sciences 

Email:- editorijrim@gmail.com, http://www.euroasiapub.org 
An open access scholarly, online, peer-reviewed, interdisciplinary, monthly, and fully refereed journals 

53 

Historical Background  

Blood flow in stenosed blood vessels has been the subject of extensive research, 

with various studies focusing on understanding the complex interplay of factors 

influencing flow characteristics. Sriv astava (2002) investigated the impact of 

stenosis shape and hematocrit  on blood flow properties. Analytical results 

provided insights into flow characteristics in both normal and diseased 

arteries.Venkateshwarlu and Rao (2004) employed numerical methods to  study 

unsteady blood flow through stenosed arteries with variable viscosity. Their 

findings highlighted the effects of hematocrit,  frequency parameter, and 

constriction parameters on flow rate, pressure gradient,  and wall shear 

stress.Musad and Khan (2010) developed a model to assess the influence of wall 

shear stress on blood flow through symmetric stenosed arteries. Their analysis 

revealed a direct relationship between wall shear stress and stenosis length and 

height.  

Srivastava (2003) introduced a two-layered model for blood flow in stenosed 

vessels, considering the central layer as a couple stress fluid. The study 

demonstrated increased flow characteristics magnitude during non -Newtonian 

fluid behavior compared to Newtonian flow, with the peripheral lay er 

significantly reducing flow resistance.Chakravarty et al .  (2004) extended this 

two-layered model to tapered flexible stenosed arteries, with the central layer 

represented by a Casson fluid and the peripheral layer as a Newtonian fluid. 

Their analysis of  unsteady flow under pulsatile pressure gradient utilized finite 

difference schemes.Ponalagusamy (2007) explored a two -layered model for 

axisymmetric stenosed arteries, assuming both layers as Newtonian fluids. 

Analytical expressions were derived for slip velocity, flow resistance, core 

viscosity, and peripheral layer thickness.  
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Joshi et al .  (2009) investigated a composite stenosed artery model, observing 

increased wall shear stress and flow resistance with higher viscosity in the 

peripheral layer. This highlighted the importance of considering the peripheral 

layer in assessing diseased arteries.Sankar and Ismail (2009) compared two 

different two-fluid models for blood flow in stenosed arteries, demonstrating 

that the Casson fluid model outperformed the Hers chel-Bukeley fluid model in 

terms of plug core radius, pressure drop, and resistance to flow.  

Biswas and Chakrabarty (2010) proposed a two -layered model for pulsatile 

blood flow in stenosed tubes, with the core region assumed to be a Bingham 

plastic fluid and the peripheral region as a Newtonian fluid. Analytical 

expressions were derived for various flow parameters using perturbation 

techniques.  

Moayeri and Zendehbudi (2003) made an assumption regarding blood behavior, 

considering it  as a Newtonian fluid within constricted arteries. They delved into 

the effects of the arterial wall 's elastic properties on blood flow characteristics 

by solving transformed equations related to both the wall and flow. This 

involved addressing boundary conditions at the interf ace utilizing the control 

volume method and the well -known SIMPLER algorithm.Sharma et al.  (2004) 

conducted a study investigating how magnetic fields influence blood flow in 

elastic arteries, specifically examining both the power law model and the 

generalized Maxwell model. Their findings suggested a significant impact of 

magnetic fields on regulating blood flow, particularly notable in hypertensive 

patients.Voltairas et al.  (2005) took a different approach, analyzing arterial 

blood pressure and flow waveforms by deriving analytical solutions from one -

dimensional l inear hydrodynamic equations, specifically focusing on an -

harmonic solutions.  
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Wang and Parker (2004) utilized the method of characteristics to compute 

pressure pulse propagation within large arteries. Their study highlighted the 

importance of considering reflected and absorbed waves, leading to the 

inference that a complex wave patt ern is an indispensable factor in 

understanding arterial hemodynamics.Pivkin et al.  (2005) introduced a 

comprehensive three-dimensional model to examine pulsatile flow in bifurcated 

coronary arteries. They explored the effects of both pulsatile flow and dy namic 

curvature on wall shear stress, offering insights into the complex interplay of 

factors influencing arterial blood flow.  

Stangeby and Ethier (2002) conducted a study that involved a 

coupled analysis of luminal blood flow and transmural f luid flow. This analysis 

was achieved by solving the Brinkman model, an extension of the Navier -

Stokes equations in porous media, using the Petrov -Galerkin finite element 

method. They observed an increase in Darcian permeability at the lower side of 

stenosis, potentially leading to higher deposition of LDL in that 

region.Kaazempur-Mofrad et al.  (2005) compared mass transport and fluid flow 

results in stenotic arteries, considering both axisymmetric and asymmetric 

constriction scenarios. They concluded that accurately representing constriction 

geometries is crucial for diagnosing pathological conditions accurately.Kumar 

et al.  (2005) utilized the finite element method to solve Navier -Stokes 

equations for a three-dimensional double-branched model of blood flow in the 

canine aorta with porous effects. They analyzed shear stress at Reynolds 

number 1000, varying the branch to main aortic flow rate ratio. Their study 

extensively discussed steady flow, branch flow, and shear stress, comparing 

their findings with experimental data.  

Chakravarty and Sen (2005) presented a mathematical model 

il lustrating the heat and mass transfer response in bifurcated stenotic arteries. 

They graphically detailed the effects of stenosis on arterial wall motion and 
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unsteady behavior.Ai and Vafai (2006) developed a model for mass transport in 

stenotic arterial walls using advection -diffusion equations in a porous medium. 

Meanwhile, Yang and Vafai (2006) explored the impact of hypertension on 

macromolecular transport within arteries, discus sing fil tration velocity and 

LDL concentration under various clinical conditions.  

Khakpou and Vafai (2007) provided an analytical solution for 

macromolecular transport within arteries, employing Navier -Stokes equations 

coupled with mass transport equations , while considering the heterogeneous 

arterial wall.  Their model incorporated the Staverman filtration coefficient to 

account for selective permeability, yielding analytical results in agreement with 

previous numerical findings.Olgac et al.  (2008) simulate d LDL mass transport 

in stenosed coronary arteries, representing the innermost layer, endothelium, 

with a three-pore model. They discussed the effects of local wall shear stress 

on LDL concentration.  

Overall ,  these studies have utilized computer simulation  methods to gain a 

deeper understanding of blood flow variables and their implications in stenotic 

arterial conditions.  

Conclusion 

 The focus on the interaction between vessel walls and blood flow 

variables has been demonstrated to yield more precise and a uthentic outcomes in 

various studies. Utilizing computer simulations has been a common approach in 

exploring the intricate properties of blood and vessels,  shedding light on their 

complexities. However, the process of gathering data for these simulations h as 

presented significant challenges.  

Moreover, accurately estimating the presence and extent of diseased arteries 

remains a complex phenomenon. Simulation models have emerged as valuable 

tools in medical diagnosis, offering substantial solutions to address  such 

intricate problems. Through these models, medical professionals can gain 
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insights into the dynamics of diseased arteries, aiding in more accurate 

diagnosis and treatment planning. Thus, the integration of simulation techniques 

into medical practice holds promise for enhancing our understanding and 

management of cardiovascular diseases and related conditions.  

References 

 

  Ai, L.,  &Vafai,  K. (2006). A coupling model for macromolecule transport  

in a stenosed arterial wall. International journal of heat and mass 

transfer ,  49(9-10), 1568-1591. 

  Biswas, D., & Chakraborty, U. S. (2010). Pulsatile blood flow through a 

catheterized artery with an axially nonsymmetrical stenosis .  Applied 

Mathematical Sciences ,  4(58), 2865-2880. 

  Charavarthy, S.,  Sarifuddin, M., &  Mandal, P. K. (2004). Unsteady flow 

of a two-layer blood stream past a tapered flexible artery under stenotic 

conditions. Comput. Models Appl. Math,  4, 391-409. 

  Charkravarty, S.,  & Sen, S. (2005). Dynamic response of heat and mass 

transfer in blood flow through stenosed bifurcated arteries. Korea-

Australia Rheology Journal ,  17(2), 47-62. 

  Joshi,  P.,  Pathak, A., & Joshi, B. K. (2009). Two -layered model of blood 

flow through composite stenosed artery. Applications and Applied 

Mathematics: An International Journal (AAM),  4(2), 9.  

  Kaazempur-Mofrad, M. R., Wada, S.,  Myers, J.  G., &Ethier, C. R. (2005). 

Mass transport and fluid flow in stenotic arteries: axisymmetric and 

asymmetric models. International Journal of Heat and Mass Transfer,  

48(21-22), 4510-4517. 

  Khakpour, M., &Vafai,  K. (2008). A comprehensive analytical solution of 

macromolecular transport within an artery. International Journal of Heat 

and Mass Transfer ,  51(11-12), 2905-2913. 

  Kumar, A., Varshney, C. L.,  & Sharma, G. C. (2005). Computational 

technique for flow in blood vessels with porous effects.  Applied 

Mathematics and Mechanics,  26(1), 63-72. 

  Musad, M. M., & Khan, M. Y. A. (2010). Effect of Wall Shear Stress in 

the Blood Flow of Two Layers in the Vessels through Stenosis Region .  

Applied Mathematical Sciences ,  4(52), 2587-2598. 

  Olgac, U., Kurtcuoglu, V., &Poulikakos, D. (2008). Computational 

modeling of coupled blood-wall mass transport of LDL: effects of local 

wall shear stress. American Journal of Physiology-Heart and Circulatory 

Physiology ,  294(2), H909-H919. 



International Journal of Research in Engineering and Applied Sciences (IJREAS) 

Available online at http://euroasiapub.org  

Vol. 9 Issue 4, April-2019,  
ISSN (O): 2249-3905, ISSN(P): 2349-6525 | Impact Factor: 7.196 |  

 

 

 

 International Journal of Research in Engineering & Applied Sciences 

Email:- editorijrim@gmail.com, http://www.euroasiapub.org 
An open access scholarly, online, peer-reviewed, interdisciplinary, monthly, and fully refereed journals 

58 

  Pivkin, I . V., Richardson, P. D., Laidlaw, D. H., &Karniadakis, G. E. 

(2005). Combined effects of pulsatile flow and dynamic curvature on wall 

shear stress in a coronary artery bifurcation model. Journal of 

biomechanics ,  38(6), 1283-1290. 

  Ponalagusamy, R. (2007). Blood flow through an artery with mild 

stenosis: a two-layered model, different shapes of stenoses and slip 

velocity at the wall.  Journal of Applied Sciences ,  7(7), 1071-1077. 

  Sankar, D. S.,  & Ismail,  A. (2009). Two-fluid mathematical models for 

blood flow in stenosed arteries: a comparative study. Boundary Value 

Problems ,  2009, 1-15. 

   Sharma, G. C., Jain, M., & Kumar, A. (2004). Performance Modelling 

and Analysis of Blood Flow in Elastic Arteries. Mathematical and 

Computer Modelling, 39, 1491-1499. 

  Srivastava, V. P. (2002). Particulate suspension blood flow through 

stenotic arteries: Effects of hematocrit  and stenosis shape. Indian Journal 

of Pure and Applied Mathematics ,  33(9), 1353-1360. 

  Srivastava, V. P. (2003). Flow of a couple stre ss fluid representing blood 

through stenotic vessels with a peripheral layer. Indian Journal of Pure 

and Applied Mathematics ,  34(12), 1727-1740. 

  Srivastava, V. P. (2007). A theoretical model for blood flow in small 

vessels.  Applications and Applied Mathematics: An International Journal 

(AAM),  2(1), 5.  

  Stangeby, D. K., &Ethier, C. R. (2002). Computational analysis of 

coupled blood-wall arterial LDL transport.  Journal of biomechanical 

engineering,  124(1), 1–8. https://doi.org/10.1115/1.1427041  

  Venkateswarlu, K., & Rao, J.  A. (2004). Numerical solution of unsteady 

blood flow through an indented tube with atherosclerosis.  Indian Journal 

of Biochemistry and Biophysics, 41(5), 241-245. 

  Voltairas, P. A., Fotiadis, D. I. ,  Massalas, C. V., & Michalis,  L. K. 

(2005). Anharmonic analysis of arterial blood pressure and flow pulses. 

Journal of Biomechanics ,  38(7), 1423–1431. 

https://doi.org/10.1016/j.jbiomech.2004.0 6.023 

  Wang, J.  J. ,  & Parker, K. H. (2004). Wave propagation in a model of the 

arterial circulation. Journal of Biomechanics ,  37(4), 457-470. 

  Yang, N., &Vafai,  K. (2006). Modeling of low -density lipoprotein (LDL) 

transport in the artery—effects of hypertension. International Journal of 

Heat and Mass Transfer,  49(5-6), 850-867. 

  Zendehbudi, G. R., &Moayeri,  M. S. (1999). Comparison of physiological 

and simple pulsatile flows through stenosed arteries. Journal of 

Biomechanics ,  32(9), 959–965. https://doi.org/10.1016/s0021-

9290(99)00053-6 

https://doi.org/10.1115/1.1427041
https://doi.org/10.1016/j.jbiomech.2004.06.023
https://doi.org/10.1016/s0021-9290(99)00053-6
https://doi.org/10.1016/s0021-9290(99)00053-6

