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Introduction to Computational Fluid Dynamics

Boundary Conditions
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Differential Equations for Fluid
Mechanics
- Continuity
- Momentum
Differential Equations for
Particle Dynamics
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Medical imaging data processing

=" Medical imaging data visualization

« Clinical data from medical imaging
devices (MRI, CT etc)

Geometry segmentation

 User intervention
* Luminescence thresholds

Geometry reconstruction

* Medical imaging commercial
software
 Results in a low quality triangulated

surface (STL file) representing the
Volume of interest (VOI)
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Grid Generation

STL file or surface triangulation in 3D surface in 3D with structured grid

« By the use of the invariant barycentric coordinates calculated on the
planar grid the structured surface grid is created.

« Unification of the surface grids according to a selected topology.

 Initial volume grid creation - Grid enhancement methods
(Sorenson, Thomas Middelhoff e.t.c.)
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Application 1
Abdominal Aortic Aneurysm (AAA)
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Application 1
Abdominal Aortic Aneurysm (AAA)

Wall displacement Flow field




Application 1
Abdominal Aortic Aneurysm (AAA)

Nanoparticle wall-concentration with gravity

z . Flowrate (ml/s)
T=0.05s
40.00 ///\
X 30.00 /
c / \ ——Flowrate (ml/s)
wall 10.00 \

0.90 = i il |

0 i 80 0.00 0.20 0.40 0.60 0.80 1.00 120

070 -10.00

0.60

050 -20.00

0.40

gig Blood’s temperature T =310K

0.00 Blood’s density p,=10°kg-m>
Blood's viscosity p,=410"kg -m ™57
Particles’ density p, =6450kg-m™
Particles’ n.umber . ]vinIEt (x’o) — 1012particles i n1—3
concentration at the inlet
Particles’ diameter d,=lum
Strouhal number Str=22-10""

National Centre for @ Thermal Hydraulics &

Scientific Research % Multiphase Flow
\" ‘Demokritos’ Laboratory




Application 1
Abdominal Aortic Aneurysm (AAA)

Nanoparticle wall-concentration without gravity
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Application 1
Abdominal Aortic Aneurysm (AAA)

Comparison between cases

non-gravity gravity

Covall wall

4.24x10%
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2.01x10
= 1.26x10™
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-2.29x10™*
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Application 2
lliac Bifurcation
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« Great number of branching

A geometries inside the human

o body - Modeling of the

branching geometry is an
Important task.
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Application 2
lliac Bifurcation

« Handy implemented technique for the
grid preparation for one-to-one union of

the two branches

» One block per branch topology

+ Topologically simple

+ Able to adapt to multiple
branching geometries (Aortic
Arch, etc)

- Presence of a few skewed
elements at block corners
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Application 2
lliac Bifurcation

Particle concentration
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* Particle diameter d,=1um.

e Particles are released for 1s
and their flow is calculated
until they either exit or
deposit.
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Application 2
lliac Bifurcation

Particle convective velocity

L

Magnitude of particle
convective velocity
(dimensionless)
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Application 2
lliac Bifurcation

Vascular Deposition Parameter
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Application 2
lliac Bifurcation

Deposition Flux
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Application 2
lliac Bifurcation
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Application 2
lliac Bifurcation
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Application 2
lliac Bifurcation

Particles adhered on the IB at the end of the
simulations (when the IB is empty).
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Adhered
Particles
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Ongoing Work

 Vessel-wall infiltration and diffusion

Endothelial Leukocyte Endothelial Leukocyte
pemmeabllity migration adhesion adheslon

« Cell-uptake of nanopatrticle and drug release
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Grid Generation
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Planar triangulat

ion in 3D.

STL file or surface triangulat

predefined 2D domain.
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Grid Generation
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