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CTION AND SUMMARY 
e-dimensional and pulsatile blood flow in a human aortic 
s three major branches has been studied numerically for 
olds numbers of 250 ≤ Re ≤ 2500 and for frequency (or 
) parameter values of .1≤ α ≤15. The simulation geometry 
d from the three-dimensional reconstruction obtained in 
CAT scan imaging [7]. Shown in figure (1) below are the 
etry, the flow pulse shape [4], and the area variations in the 
and its branches. The numerical simulations were obtained 
ojection method, and a finite-volume formulation of the 
kes on a system of overset grids [2-4] and [5-6]. Our results 
e a strong dependence on frequency parameter at lower 
ell as Reynolds number. For higher values between eight 

, the primary flow velocity is skewed towards the inner 
in the ascending aorta, but this skewness shifts to the outer 
 descending thoracic aorta. Within the arch branches, the 
ities were skewed to the distal walls with flow reversal 
proximal walls. Extensive secondary flow motion was 
 the aorta, and the structure of these secondary flows was 
considerably by the presence of the branches. Within the 
 shear stresses were highly dynamic, but were generally 
the outer wall in the vicinity of the branches and low along 
all, particularly in the descending thoracic aorta. Wall 

as low along the inner aortic wall and high around the 
d along the outer wall in the ascending thoracic aorta. For 

es of the frequency parameter the influence of curvature 
re significant role, and the flows have a more steady state 
 full paper will include the wall shear stress variations as 
namic pressure variations as shown in figure (2). 

 OF APPROACH AND RESULTS 
umerical methods we have used in the paper have played a 
in our ability to obtain the solutions, and they consisted of 
ng: 
inite volume formulation of the basic equations 
econd methods in space and time 

• Overset grids to resolve boundary layers and bifurcations 
• Matrix free GMRES with pre-conditioned ADI 
• Pressure field acceleration with use of unsteady potential 

flow correction 
Besides yielding excellent resolution of the high gradient region of the 
flow, the overset grid methods allow for an excellent structured 
matrix, which can be solved with efficient ADI type methods. 
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Figure (1) Basic Aorta Geometry, Flow Pulse, and Area 
Variations 

 
 

 
 
 

Figure (2) Wall Pressure Variations at Frequency 
parameters of 5, 10, and 15 for a peak Reynolds Number of 

2500 
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