
Abstract :  
considered.   Pressure gradient is assumed as pulsatile given by                          The resulting equations are solved 

by converting to complex variables and using a conformal mapping to convert the eccentric annulus to a concentric 

annulus and an analytical solution is obtained. The results are computed numerically and represented graphically. 

Pressure and rate of flow exhibits same pattern in absence of magnetic field and visco-elasticity but becomes 

pulsatile for higher value of Hartmann number. As eccentricity increases the pressure decreases. Increase in visco-

elastic parameter results in increasing the pulsatile nature of the rate of flow.
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The pulsatile flow of magnetically active visco-elastic fluid flowing in an eccentric annulus is 
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INTRODUCTION

Use of catheters is essential in modern medicine. A long flexible tube is inserted into the arterial network in order to 

place the required device through a peripheral artery. During the process the resistance increases, and modify the 

pressure. If the pressure has to be maintained then rate of flow will be reduced which will in turn reduce the supply to 

the tissue cells. Hence due to auto-regulation artery dilates and catheter gets positioned eccentrically towards the 

wall.

Various experimental studies to understand the hydro-dynamic effects in case of vessels inserted with catheter in 

presence and absence of stenosis have been carried out by Petterson and co-authors [1]. Macdonald [2] obtained 

estimates of pressure gradients theoretically considering pulsatile flow through catheterized artery. Mean pressure 

drop due to catheterization in presence of stenosis is studied by Sarkar and Jayaraman [3]. Dash et.al[4] have 

analyzed changes caused by insertion of catheter and using Casson model in the flow pattern as well as frictional 

resistance. Srivastava [5] has considered a particle fluid suspension model and studied flow in stenosed artery. 

Daripa and Dash [6] has considered catheters placed eccentrically and used Fast algorithm to obtain solutions. 

Mathematical analysis is conducted using Casson theory to study pulsatile blood flow in micro circulation by 

Aroesty and Gross [7]. Srinivasachary and Srikanth [8] have considered couple-stress fluid under pulsatile flow in a 

constricted annulus.

Analytical solutions for Poisson equation governing Newtonian fluid flow in a doubly connected region is 

considered by Shivakumar and JI [9]. Effect of couple stresses on flow betweeneccentrically placed circular 

cylinders has been considered by Indira et. al [10]. Indira and Jayaprakash [11] have used a two phase model to study 

blood flow in eccentric annulus.
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fluid. The pattern almost matches with the pressure gradient. Figure 3 shows rate of flow for higher Hartmann 

number M in presence of magnetic field exhibiting sine wave pattern.

Figure 4 shows effect of l  the ratio of relaxation to retardation, due to increase of friction the pattern is almost 1

similar to that of absence of magnetic field. As l  increases further the pattern is like sine wave. The effect of 1

reduction in catheter diameter is shown in figure 5. Comparing figure 4 and 5 we can conclude this does not have 

any effect as the pattern is same. Same result is seen with increase of eccentricity in figure 6.
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The result show that in order to maintain pressure as well as rate of flow if the magnetic field is present , the fluid 

tends to be slightly visco-elastic.

CONCLUSIONS

In the present study analytical solution is obtained for comparing pressure gradient and rate of flow and the results 

are graphically depicted. The effects of eccentricity and catheter radius are more dominant in case of Newtonian fluid 

than in case of visco elastic fluid. The effect of external magnetic field is to change the pattern of rate of flow with 

respect to time to a pattern similar to sine waves.

REFERENCES

[1]   Bjorno L., Petterson H, “Hydro and hemodynamic effects of catheterization of vessels:II Model experiments 

comparing circular and annular human area reduction”. Acta Radiol.Diagnosis, 17, 749 – 762,1976.

[2]   MacDonald, D A, “ Pulsatile flow in a catheterized artery”.,Journal of Biomechanics, 19, 239 – 249, 1986.

[3]   Dash R K, Jayaraman G, Mehta K N, “Estimation of increased flow in an artery – a theoretical model, J. of 

Biomechanics, 29, 917 -930, 1996.

[4]   Sarkar A, Jayaraman G, “ Nonlinear analysis of oscillatory flow in the annulus of an elastic tube – application to 

catheterized artery., Phys. of Fluids, 13, 2901-2912, 2001.

[5]   Srivastava V P., “ Particle fluid suspension model of blood flow through stenotic vessels with applications”., Int. 

J. Bio-Medical Computing, 38, 2,141 – 154, 1995.[6]Daripa P, Dash R K, “A numerical study of pulsatile blood flow 

in an eccentric catheterized artery using a fast algorithm”, J. of Engg. Math. 421 – 24, 2002.

[7]   Aroesty J, Gross J F., “Pulsatile flow in small blood vessels – 1. Casson theory”, Biorheology, 9, 33- 43, 1972.

[8]   Srinivasacharya D, Srikanth D., “ Effects of couple stresses on the pulsatile flow through a constricted 

annulus.”, Comptes Rendus Mecanique, 336, 11-12, 820 – 827, 2008.

[9]   Shivakumar P N, Chuanxiang Ji., “ on Poisson? s equation for doubly connected regions”, Canadian Applied 

Mathematics Quarterly, 1(4), 555-565, 1993.

[10]   Indira R, Venkatachalappa M, Siddheshwar P G, “Flow of couple stress fluid between two eccentric cylinders”, 

IMJSEA, 2, 4, 253 – 261, 2008.

[11]   Indira R and Jayaprakash M C, “Two Phase flow of a Newtonian fluid in doubly connected region”, ATAM, 

Vol.4, No.3, pp. 147-154, 2011.

Pulsatile Flow of Magnetically Conducting Visco - elastic Fluid between Eccentric Cylindrical Tubes 17



APPENDIX

18 ANUSANDHANA - Journal of Science, Engineering and Management, Vol-07, Issue - 01, June 2019



Rashmi is currently working as Assistant professor of mathematics at Nitte Meenakshi Institute of 

technology. She has obtained her master degree from Kuvempu University in the year 2007. She is 

persuing research for Ph.D  under VTU.

Dr. Indira is currently working as professor of mathematics at Nitte Meenakshi Institute of technology. 

She has obtained Ph.D from Bangalore University in the  year 2001. She has published about 20 

research papers in peer reviewed international journals and guided 4 research students towards Ph. D 

under VTU.

Author(s)

ACKNOWLEDGMENTS

The authors acknowledge the support and encouragement from management of Nitte Meenakshi Institute of 

Technology, Bengaluru.

Pulsatile Flow of Magnetically Conducting Visco - elastic Fluid between Eccentric Cylindrical Tubes 19


	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27

