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Bloodis a
suspension of

red cells,
leukocytes

and platelets
on a liquid
suspension

called plasma
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» Representation Framework: Neither Lagrangian... !

ﬂgr‘ungiun
Representation




MATHEMATICAL MODEL
I}

... hor Eulerian...

Eulerian
Representation
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,_ ... ALE!
ALE (Arbitrary Lagrangian Eulerian) _#

Representation

with inflow and outflow
bondaries fixed
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ALE framework: an abstract setting | ————

| The moving control domain
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‘ MATHEMATICAL MODEL )
| Fluid equations

—

Assumplions on the fluid (in large arteres).
+  Homogeneous

*  MNewtonian {1 = constant)

ogr(ug, P) = —PI + 2ue(uy)

Cauchy stress tensor

e{uyp) = ;{?ull.- + {THJ-]J‘I.}

Strain rate tensors

Incompressible Navier-Stokes equations in ALE conservation form:
e &0 31
FLES AN +diviprusRius—w)—orluy, P}) =0, in 2:(¢)

Ji o
divuy =0, in Q¢(t)
ug=ugp, on lyp

=

agr(ug, P)ng=grn. on Tjy
ug=ur, on ()
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'.'.'I Velocity profiles in carotid bifurcation (rigid boundaries, Newtonian) |




\ MATHEMATICAL MODEL —
WSS (Wall Shear Stress) - an indicator of atherosclerosis I_
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m oy




N MATHEMATICAL MODEL
Viscosity depends on shear rate and vessel radius I_

In small vessels (below Tmm radii) red blood
cells move toward the central part of the vesssal,
whence blood viscosity shifts toward plasma
viscosity {(much lower)

Red bood cells aggregate
as in stack of coins
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MNon-Newtonian Models —

oplug, P} = —PI+2pe(ug)  Cauchy stress tensor

Generalized Mewtonian model;

p= (%) F=2r(e2) (4 Rate of deformation, or shear rate)

POWER LAW model:  p(#) = k4®!

Shear thinning if n<1, /! is a decreasing function of <
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Patient’'s real
data

suncertainty
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Mathematical
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Analysis of the
cardiovascular system
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Some Generalized Non-Newtonians Models —

fg = _lirr:.l pl) = 0.056 Pa s

Hoe = lim p(%) = 0.00345 Pa s

At

MODEL “ll::I_—_;Ix MATERIAL CONSTANTS POR BLOOD
POWELL-EYRING %_:Mﬂ] A = h.38d s

CHOSS {1+ (A5 A= 1007z m = 1.028
MODIFIED CROSS (14 (A5)™)" A=3273a m=3.408, o=0264
CARREAU 1+ (A5 PRym—1a A=33135 n=0.5568

A=1902g n=022a=1.725

CARREAU-YASUDA {1 4 (A4)%)in—1/e

{Y.1.Cha and KR Kensey, Boorheology, 1861)
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Model of the arterial vessel —
Mechanical interaction
(Flukd-wall coupding)

Biochemical interactions
(Mass-transfer processes:
macromolecules, drug
delivery, Oxygen,...)
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—

Mechanical interaction: equations for the solid wall

The momentum conservation (elastodynamic) equation
{Lagrangian approach)

-~ agﬁﬂ . = i i ﬁ
PS’DF == dlUi(FS ) — G n &

deformation gradient

1 Jacobian

L a0t second Piola-Kirchoff tensor

P density in reference configuration




MATHEMATICAL MODEL

N,
Solid wall Eﬂuaﬁﬂl‘li —

We assume the solid to be a hyper-alastic material;

I}/ Is a given density of elastic energy

” lreae
E=- lF£ Fs— IJ Is the Green-Lagrange strain tensor

Equilibrium of a hyper-elastic solid:
_ B e |
— divg(F:£) =0, in £

Ps.0 afg
fs=0 on [,p

F_:_.:iﬁg —_— iﬁlF;TﬁS%gHIH'I on
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