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Study of haemodynamics with advances in computational simulation is beneficial in 

demonstrating the flow dynamics of cardiovascular diseases such as atherosclerosis. 

Numerical simulation investigation on subject specific models provides detailed 

information on haemodynamic conditions.  In the present study, two separate cases of 

subject specific abdominal aorta with renal bifurcation is investigated. Both the cases 

are diagnosed to be normal with any plaque sites. 3D subject-specific CAD models are 

generated based on CT scan data using MIMICS-16.0 and numerical analysis is 

performed using Computational Fluid Dynamics (CFD) in ANSYS-17. The blood flow is 

assumed to be incompressible, homogenous and Newtonian. Flow equations are 

simulated for three pulse cycles and haemodynamic parameters such as flow pattern, 

Wall Shear Stress (WSS) and pressure contours are studied at the bifurcation and 

critical zones. The variation in flow behaviour is investigated throughout the pulse and 

simulation results obtained demonstrate that there is a considerable flow recirculation 

in the downstream side of abdominal aorta and distal side of renal branches.  The 

obtained results agree well with the clinical observation and demonstrate the potential 

of subject-specific numerical studies in prognosis of disease progression. 
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1. Introduction  

 

Cardiovascular diseases is found to be major cause of death rate across the world, especially the 

atherosclerosis. In the atherosclerosis, the plaque formation generally occurs close to bifurcations 

and curvatures, and the affected arteries get hardened as a result of formation of plaques [2]. The 

growing interest to understand the biomechanics of generation, detection and the treatment of 

                                                             
∗ Corresponding author. 

E-mail address: smak.quadri@gmail.com (Shah Mohammed Abdul Khader) 

Penerbit

Akademia Baru

Open 

Access 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 50, Issue 2 (2018) 118-121 

119 

 

Penerbit

Akademia Baru

stenosis vascular diseases combined with advanced computational simulations has helped the 

medical doctors/biomedical engineers in developing the bio-medical instruments for treatment 

(surgical) modalities [3]. Existing clinical imaging modalities such as CT/MRI and Ultrasound Imaging 

techniques in coupling with the numerical simulation such as CFD can enhance the understanding of 

detailed physiology of blood flow in diseased vessels [4]. Many of the previous studies have 

demonstrated the feasibility of computational methods such as Computational Fluid Dynamics (CFD) 

technology in the haemodynamics simulation based on image data obtained from MRI/CT data [5]. 

Haemodynamics study using CFD shall provide the valuable information to doctors to understand the 

mechanisms of stenosis development and progression in patients.  

Hence, in the present study an attempt is made to investigate the haemodynamics in two normal 

subject-specific abdominal aorta with renal bifurcation model without any stenosis. CFD simulation 

is carried out and focusing on haemodynamics parameters such as velocity, wall shear stress and 

pressure profile, in detail. Thus, simulation observations are demonstrate the flow behaviour in 

subject-specific cases and help in understanding of flow behaviour at the bifurcations and curves.  

 

2. Methodology  

 

In the present study, blood flow is assumed to be incompressible, Newtonian fluid [19]. The 

dynamic flow is governed by the continuity and Navier-stokes equations [1,20], respectively as 

 

∇. � = 0                           (1) 

 

ρ ��	
�
 + �. ∇�� = −∇� + �∇��                 (2) 

 

Where ρ is the density, p is the pressure, μ is the viscosity and u is the velocity. 

 

In the present study, two healthy cases of normal abdominal aorta with renal bifurcations on 

both sides are considered to evaluate the importance of flow behavior. The geometric modelling is 

generated based on data obtained from CT angio scan. Figure 1 shows the different views of CT scan 

data and the encircled area highlights the location of abdominal aorta with renal bifurcation in 

addition to the 3D geometric model generated in MIMICS of both case-1 and case-2.  The CT angio 

scan of case-1 and case-2 is obtained from a 40 year old male and 50 year old female subjects 

respectively. Although the geometry of both side renal bifurcation is slightly different, but there are 

no sites of plaque formation as observed in the CT angio scans. 3D CAD models are generated in 

CATIA based on the export data obtained from MIMICS. CFD models of both the case-1 and case-2 

are generated in ANSYS WORKBENCH. 

 

3. Results  

 

In the present study, blood flow is assumed to be Newtonian even though it is non-Newtonian 

physiologically as the focus in on large arteries and hence, Newtonian assumption is acceptable as 

relatively high shear rate occurs. In medium and smaller arteries, non-Newtonian assumption is valid 

as shear rate is lower than 100s-1 and shear stresses depend non-linearly on the deformation rate. 

The density and dynamic viscosity of the blood is considered to be 1050 kg/m3 and 0.004 N-sec/m2 

respectively. Pulsatile time varying velocity profile as shown in the Figure 1 is applied at the inlet. 

Also, to include the peripheral resistance, a time varying pressure wave form is applied at the outlet 

as shown in the Figure 2. Each pulse cycle during rest and exercise conditions is discretized into 180 
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time steps to simulate the flow behavior more accurately. A user-defined function is developed to 

provide the pulsatile inlet velocity profile for rest and exercise condition and also pulsatile outlet 

pressure. These simulation results provide useful data in quantifying the haemodynamic changes in 

understanding the haemodynamics in abdominal aorta renal bifurcation. 

 

                    

             Fig. 1. Time varying inlet velocity                                          Fig. 2. Time varying outlet pressure 

 

Numerical simulation of different models with rest and exercise conditions is carried out for           

three pulse cycle and results obtained in the last cycle is considered for the investigation. The 

haemodynamics parameters like velocity, wall shear stress and pressure are studied at specific 

instants of pulse cycle like early systole, peak systole, early diastole and late diastole. These 

parameters varies with time due to the pulsatility of the flow waveform and the maximum value 

generally occurs at the peak systole when the inflow is maximum. 

 

4. Conclusions 

 

Numerically simulation of case studies of subject-specific abdominal aorta branching into renal 

artery are investigated in this present study. The inflow is higher during peak systole in cardiac cycle 

and flow decelerates during diastole. The present study demonstrates the fundamental aspects of 

haemodynamics in subject-specific cases.   

 

Acknowledgement 

Authors acknowledge the support by Fundamental Research Grant Scheme (FRGS/1/2015/TK03/ 

MIU/02/1). 

 

References 
[1] Ku, David N. "Blood flow in arteries." Annual review of fluid mechanics 29, no. 1 (1997): 399-434. 

[2] Marshall, Ian, Shunzhi Zhao, Panorea Papathanasopoulou, Peter Hoskins, and X. Yun Xu. "MRI and CFD studies of 

pulsatile flow in healthy and stenosed carotid bifurcation models." Journal of biomechanics 37, no. 5 (2004): 679-

687. 

[3] Antiga, Luca. "Patient-specific modeling of geometry and blood flow in large arteries." Politecnico di Milano (2002). 

[4] Mortazavinia, Z., S. Arabi, and A. R. Mehdizadeh. "Numerical Investigation of Angulation Effects in Stenosed Renal 

Arteries." Journal of biomedical physics & engineering 4, no. 1 (2014): 1.  

[5] Albert, Scott, Robert S. Balaban, Edward B. Neufeld, and Jenn Stroud Rossmann. "Influence of the renal artery 

ostium flow diverter on hemodynamics and atherogenesis." Journal of biomechanics 47, no. 7 (2014): 1594-1602. 

[6] Zhang, Weisheng, Yi Qian, Jiang Lin, Peng Lv, Kaavya Karunanithi, and Mengsu Zeng. "Hemodynamic analysis of 

renal artery stenosis using computational fluid dynamics technology based on unenhanced steady-state free 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 50, Issue 2 (2018) 118-121 

121 

 

Penerbit

Akademia Baru

precession magnetic resonance angiography: preliminary results." The international journal of cardiovascular 

imaging30, no. 2 (2014): 367-375.  

[7] Mortazavinia, Z., A. Zare, and A. Mehdizadeh. "Effects of renal artery stenosis on realistic model of abdominal aorta 

and renal arteries incorporating fluid-structure interaction and pulsatile non-Newtonian blood flow." Applied 

Mathematics and Mechanics 33, no. 2 (2012): 165-176.  

[8] Lee, Denz, and J. Y. Chen. "Numerical simulation of steady flow fields in a model of abdominal aorta with its 

peripheral branches." Journal of Biomechanics 35, no. 8 (2002): 1115-1122.  

[9] Lee, D., and J. Y. Chen. "Pulsatile flow fields in a model of abdominal aorta with its peripheral branches." Biomedical 

Engineering: Applications, Basis and Communications 15, no. 05 (2003): 170-178.  

[10] Suh, Ga-Young, Andrea S. Les, Adam S. Tenforde, Shawn C. Shadden, Ryan L. Spilker, Janice J. Yeung, Christopher 

P. Cheng, Robert J. Herfkens, Ronald L. Dalman, and Charles A. Taylor. "Quantification of particle residence time in 

abdominal aortic aneurysms using magnetic resonance imaging and computational fluid dynamics." Annals of 

biomedical engineering 39, no. 2 (2011): 864-883.  

[11] Taylor, Charles A., Thomas JR Hughes, and Christopher K. Zarins. "Finite element modeling of three-dimensional 

pulsatile flow in the abdominal aorta: relevance to atherosclerosis." Annals of biomedical engineering 26, no. 6 

(1998): 975-987.  

[12] Suh, Ga-Young, Andrea S. Les, Adam S. Tenforde, Shawn C. Shadden, Ryan L. Spilker, Janice J. Yeung, Christopher 

P. Cheng, Robert J. Herfkens, Ronald L. Dalman, and Charles A. Taylor. "Hemodynamic changes quantified in 

abdominal aortic aneurysms with increasing exercise intensity using MR exercise imaging and image-based 

computational fluid dynamics." Annals of biomedical engineering 39, no. 8 (2011): 2186-2202.  

[13] agadis, George C., Eugene D. Skouras, George C. Bourantas, Christakis A. Paraskeva, Konstantinos Katsanos, 

Dimitris Karnabatidis, and George C. Nikiforidis. "Computational representation and hemodynamic 

characterization of in vivo acquired severe stenotic renal artery geometries using turbulence modeling." Medical 

engineering & physics 30, no. 5 (2008): 647-660.  

[14] Moore Jr, James E., Chengpei Xu, Seymour Glagov, Christopher K. Zarins, and David N. Ku. "Fluid wall shear stress 

measurements in a model of the human abdominal aorta: oscillatory behavior and relationship to 

atherosclerosis." Atherosclerosis 110, no. 2 (1994): 225-240. 

[15] Y. Fung (1984), Chapter-1- Principles of Circulation, Chapter-3 – Blood Flow in Arteries,   Biodynamics-Circulation, 

Page 1-21, 77-165. 

[16] Ferziger, Joel H., and Milovan Perić. "Basic Concepts of Fluid Flow." In Computational Methods for Fluid Dynamics, 

pp. 1-20. Springer, Berlin, Heidelberg, 2002. 

[17] ANSYS Release 17.0 Documentation (2016), ANSYS Company, Pittsburgh, PA. 

[18] LIANG, Fuyou, Ryuhei YAMAGUCHI, and Hao LIU. "Fluid dynamics in normal and stenosed human renal arteries: 

an experimental and computational study." Journal of Biomechanical Science and Engineering 1, no. 1 (2006): 171-

182. 

 


