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Abstract.  Large-scale simulations of blood flow allow for 
the optimal evaluation of endothelial shear stress for 
real-life case studies in cardiovascular pathologies. The 
procedure for anatomic data acquisition, geometry and 
mesh generation are particularly favorable if used in 
conjunction with the Lattice Boltzmann method and the 
underlying cartesian mesh. The methodology allows to 
accommodate red blood cells in order to take into ac-
count the corpuscular nature of blood in multi-scale 
scenarios and its complex rheological response, in par-
ticular, in proximity of the endothelium. Taken together, 
the Lattice Boltzmann framework has become a power-
ful computational tool for studying sections of the hu-
man circulatory system. 

Introduction
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1 The Lattice Boltzmann 
Method and Hemodynamics 
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Figure 1: The D3Q19 cubic lattice. 
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2 Blood as a Suspension 
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Figure 2: Snapshot of a multi-branched artery in presence of 
RBC's for 50% hematocrit. 
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3 The Corrugated Wall Surface 

Figure 3: The rough surface of the endothelium as  
imaged using scanning force microscopy (from 
[38]). Arrows point t granular structures on EC's 
surfaces, white line marks scanning line for 
height profile evaluation, scale bar  
corresponds to 5 m. 

Figure 4: A 2D arterial segment having a corrugated 
wall, covered by a near-wall refined triangular 
unstructured mesh. 
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Figure 5: Parabolic velocity profiles along the wavy 
channel: its wall is constituted by a uniform  
sequence of peaks and throats (top). 
 Cross-stream variation of shear stress in  
half-channel: continuous line - peak of EC; 
dashed line - valley of EC (LB units) (bottom). 

4 The Endothelial Surface Layer 

two-
way coupled
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uncertainty region
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Figure 6: The porosity function  (continuous line) as a 
function of the distance : the latter increases 
form a minimum value  (in the ESL or GL) to 
the bulk fluid (  = 1). Similarly the elasticity 
modulus  (dashed line) varies from a maxi-
mum value  in GL to 0 (no elastic force) out 
of it. Note the smooth transition region (due to 
the uncertainty ESL thickness) controlled by the 
parameter . 

Figure 7: The velocity field for the particulate fluid in the 
region of the endothelium. The extent of the 
ESL is indicated by the broken line. An  
enhanced recirculation region is induced by 
the porous media (bottom), with respect to an 
experiment without glycocalyx (top). The single 
deformable drop has been acted on by  
encountering the glycocalyx body force field. 
The flow appears to be deected up which 
would tend to protect the endothelial surface 
from increased WSS. 

 

Figure 8: The WSS and GSS along the channel at the same 
time without (top) and with glycocalyx (bottom). 

5 Conclusions 



  G Pontrelli et al.     The Lattice Boltzmann Method and Multiscale Hemodynamics 

   SNE 23(2) – 8/2013 69 

O N 

References 

Micro-
vasc. Res.

Circ.

AJR Am. J. Roentgenol.

Nature

J. Am. Med. Assoc.

Comput. Sci. Eng.

Biochem. Biophys. Res. Comm.

Med. Eng. Phys.

Ann. 
Rev. Biom. Eng.

Microcirculation.

Math. Comp. Appl

Phys. Fluids
The Lattice Boltzmann Equation for Fluid Dy-

namics and Beyond.

J. Stat. 
Mech. Theory & Exp.

Intl. J. Cardiovasc. 
Imaging

J. Stat. Phys.



 G Pontrelli et al.     The Lattice Boltzmann Method and Multiscale Hemodynamics 

 70 SNE 23(2) – 8/2013 

ON

Phil. Trans. R. Soc. A

Com-
put. Phys. Comm.

Comp. 
Phys. Comm.

Phys. Fluids.

Int. J. 
Modern Physics

Phys. Rep.

Phys. Med. Biol.

Phil. Trans. Royal Soc. A: Math., Phys. and Eng. 
Sci.

Phys. Fluids

J. Stat. Phys.

Phys. Fluids.

J. Gen. Physiol.

Phys. Flu-
ids

Phys. Rev. E.

Macromol. Theory & 
Sim.

Ann. Rev. Fluid 
Mech.

Phys. Rev. 
E

J. Comput. Phys.

J. Chem. Phys.

J. Chem. Phys.

J. 
Chem. Phys.

J. Structural Biol.

Prog. Comput. 
Fluid Dyn.

Proceedings Micro 
and Nano Flows Conference, MNF2011, CD rom

Phys. Rev. E

Phys. Rev. E


