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I - T-JUNCTION FLOWS (test case)

B The human circulatory system
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Ann Surg. 201(2), 115-131.
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2- RHEOLOGY OF BLOOD

S . RBLOOD
Shear-thinning viscoelasticity
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Small arteries

I Non-Newtonian
behaviour
" & -thinning Elasticity
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Shear Rate {1/sec) Relevant in
unsteady flows
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3-  OBJECTIVES

B |[nvestigate unsteady flow trough a 2D bifurcation
using a viscoelastic fluid model (FENE CR: Constant
viscosity).

B First approach to blood flow simulations (elasticity
usually neglected).

m Evaluate influence of flow rate ratio () and elasticity
(Deborah number _(De), at constant gxtensibility (L?)
and polymer cenéentrationyc)).

c=1r _011
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4~ EQUATIONS

B Conservation of mass
V-u=»0
B Conservation of linear momentum

D
pFl;:—VerV-T+V-(775D)

B Constitutive equation

— FENE CR Model T
(Chilcotte Rallison, 1988) P> T+ ﬁ[

L +(A/n,)ir(t)
L' -3

J ()=

AERC 2009 April 15-17, Cardiff 04/23
ESR 5th Annual European Rheology Conference United Kingdom




NUMERICAL PROCEDURE

Finite-volume method for discretization of equations.

Nonstaggered mesh arrangement.
— Pressure-velocity coupling: Rhie & Chow, 1983.

— Stress-velocity coupling: Oliveira et al., 1999.

Spatial discretisation (convective terms): CUBISTA
scheme (Alves et al. 2003).

Temporal discretisation (unsteady term): Three-time level
scheme (Oliveira 2001).

B Pressure-correction: SIMPLEC algorithm with time-
marching.
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6- FLOW GEOMETRY

_dp _ pK .+ pK, cos(wt)
dx

pK,=751Pa/m pK,=190 Pa/m @w=27f=22x%"

Miranda, A.l.P., et al. (2008), Int. J. Numer. Ko /KS — 253 T — 091 N
Meth. Fluids, 57, 295-328.
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6- FLOW GEOMETRY
__Outlet

Ywot=21 H

Miranda, A.l.P., et al. (2008), Int. J. Numer.
Meth. Fluids, 57, 295-328.

Xs XL XR
Xtot — 26 H
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7 - MESH

B Orthogonal but non uniform meshes

12,800 VC

i Ax. =Ay . =25x107

AR RRARA mi
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8- RESULTS

B Nteatimeesitra wléds = Q,/ Q,=0.7)
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8- RESULTS (variation of elasticity)

B Separation and reattachment points (5= 0.7)

residence
-81.5%
—75.5%
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8- RESULTS (variation of elasticity)

B Recirculation lengths (= 0.7)

Vertical (E)=0.01 - 0.1 Horizontal

t=0.61
AX,=18.7%
~ t=0.125
- AY,=13.9%

At=3.8%
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8- RESULTS (variation of elasticity)

B Vortex strength (6= 0.7)

Vertical Horizontal

t=0.62
Ay =4.7%

t=0.145
[ Ay,=48.8% /)
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8- RESULTS (variation of elasticity)

M Shear stress field (6 =0.7)
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8- RESULTS (variation of elasticity)

B Shear stress field (polymeric components only)
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8- RESULTS (variation of elasticity)

B Shear stress field
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9 - RESULTS (variation of extraction ratio)

B Separation and reattachment points
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9 - RESULTS (variation of extraction ratio)

B Streamlines for a cycle (6=0.9)
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9- RESULTS (variation of extraction ratio)

B Recirculation lengths (Vertical)
De=
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9- RESULTS (variation of extraction ratio)

B Recirculation lengths (Horizontal)
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9- RESULTS (variation of extraction ratio)

B Vortex strength (Vertical)
De=0
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9- RESULTS (variation of extraction ratio)

B Vortex strength (Horizontal)
De=0
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10 - CONCLUSIONS

Size and intensity of recirculations decrease with De.

B Y. increase with f; XL increase with f for f<0.6 and
decrease for >0.6.

Intensity vy, increase with p.

m Horizontal recirculation not always present:
residence interval decrease with De and increase
with £.

Maximum size and intensity occur after middle of the
cycle.
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10 - CONCLUSIONS

Polymeric shear stress component increase with De
and p.

B Low stresses inside recirculating zones and high
stresses in the re-entrant corners of the bifurcation.

During the cycle the shear stress field follows the velocity
variation, with maximum for ot = 90° and minimum

values for ot = 270°.
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