
Author’s Accepted Manuscript

Flow structures and red blood cell dynamics in
arteriole of dilated or constricted cross section

Alberto M. Gambaruto

PII: S0021-9290(15)00665-X
DOI: http://dx.doi.org/10.1016/j.jbiomech.2015.11.023
Reference: BM7431

To appear in: Journal of Biomechanics

Received date: 12 November 2015
Accepted date: 13 November 2015

Cite this article as: Alberto M. Gambaruto, Flow structures and red blood cell
dynamics in arteriole of dilated or constricted cross section, Journal of
Biomechanics, http://dx.doi.org/10.1016/j.jbiomech.2015.11.023

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jbiomech

http://www.elsevier.com/locate/jbiomech
http://dx.doi.org/10.1016/j.jbiomech.2015.11.023
http://dx.doi.org/10.1016/j.jbiomech.2015.11.023


Flow structures and red blood cell dynamics in arteriole

of dilated or constricted cross section.

Alberto M. Gambarutoa,b

aM.Smoluchowski Institute of Physics and M.Kac Complex Systems Research Center,
Jagiellonian University, Ul.  Lojasiewicza 11, 30-348, Kraków, Poland.

bDepartment of Mechanical Engineering,
Bristol University, Queen’s Building, University Walk, Bristol BS8 1TR, UK.

alberto.gambaruto@bristol.ac.uk

Abstract

Vessel with ‘circular’ or ‘star-shaped’ cross sections are studied, represent-
ing respectively dilated or constricted cases where endothelial cells smoothly
line or bulge into the lumen. Computational haemodynamics simulations are
carried out on idealised periodic arteriole-sized vessels, with red blood cell
‘tube’ hematocrit value =24%. A further simulation of a single red blood
cell serves for comparison purposes.

The bulk motion of the red blood cells reproduces well known effects,
including the presence of a cell-free layer and the apparent shear-thinning
non-Newtonian rheology. The velocity flow field is analysed in a Lagrangian
reference frame, relative to any given red blood cell, hence removing the bulk
coaxial motion and highlighting instead the complex secondary flow patterns.
An aggregate formation becomes apparent, continuously rearranging and dy-
namic, brought about by the inter-cellular fluid mechanics interactions and
the deformability properties of the cells. The secondary flow field induces a
vacillating radial migration of the red blood cells. At different radial loca-
tions, the red blood cells express different residence times, orientation and
shape.

The shear stresses exerted by the flow on the vessel wall are influenced
by the motion of red blood cells, despite the presence of the cell-free layer.
Spatial (and temporal) variations of wall shear stress patters are observed,
especially for the ‘circular’ vessel. The ‘star-shaped’ vessel bears considerable
stress at the protruding endothelial cell crests, where the stress vectors are
coaxially aligned. The bulging endothelial cells hence regularise the trans-
mission of stresses on the vessel wall.
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