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Zusammensetzung des Blutes, Blutkorperchen

.o

Erythrozythen, Quelle: D. Bartko, M. Drobny: Neurdlogia, Osveta (1991)



Rheologie des Blutes

0.34

0.2+

7 (poise)

0.14

0 100 200
Rate of shear (sec™")
Fig. 3.2. From data in the literature collected by Whitmore, 1968. Non-Newtonian behavior of normal human

blood. Abscissa, rate of shear (sec™!). Ordinate, apparent viscosity (poise). Viscosity is comparatively high at
low rates of shear but approaches an asymptotic value above about 100 sec-'.

Quelle: [3]



Rheologie des Blutes

viscosity
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Que”e: [3] shear rate



Blutgefal3

Tunica intima:
endothelium
that lines the
lumen of all
vessels

Tunica
adventitia:
collagen
fibers

Tunica media:
smooth muscle | [
cells and elastic \ |,
fibers

Quelle: A.D.A.M., Inc.



Kreislaufsystem
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Quelle: de.wikipedia.org Quelle: static.ddmcdn.com



Kreislaufsystem
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Quelle: med.mui.ac.ir



Kreislaufsystem: Verzweigerung und Dimensionen

STEADY FLOW
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{O inguinal
ligament
Femoral

Fig. 2.19. Reprinted permission from D. A. McDonald. Blood Flow in Arteries. Edward Armnold, London,
1974, Diagram of the major branches of the arterial tree in the dog. Drawing i to scale, but the Scale of diameters

is double the scale of lengths. Q ueI Ie: [3]
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Kreislaufsystem: Verzweigerung und Dimensionen

Quelle: [3]
TABLE 2.3. Model of vascular dimensions in 20-kg dog
o Mean Number Mean sz.li Total Total
Vessels Diameter of Length Volume Blood
Number Section
(mm) Vessels (mm) (ml) Volume
(em?)
Systemic
1 Aorta (19-4.5) 1 (2.8-0.2) 60
2 Arteries 4.000 40 150.0 5.0 75
3 Arteries 1.300 500 45.0 6.6 30 1%
4 Arteries 0.450 6,000 13.5 9.5 13
3 Arteries 0.150 110,000 4.0 19.4 8
6 Arterioles 0.050 2.8 x 10¢ 1.2 55.0 7
% Capillaries 0.008 2.7 x 10° 0.65 1,357.0 88 5%
8 Venules 0.100 1.0 x 107 1.6 785.4 126
9 Veins 0.280 660,000 4.8 406.4 196
10 Veins 0.700 40,000 13.5 154.0 208 67%
11 Veins 1.800 2.100 45.0 53.4 240
12 Veins 4.500 110 150.0 17.5 263
13 Venae cavae (5-14) 2 0.2-1.5) %2
1406
Pulmonary
1 Main artery 1.600 1 28.0 2.0 6
2 Arteries 4.000 20 10.0 2 25 3%
3 Arteries 1.000 1,550 14.0 12.2 17
4 Arterioles 0.100 1.5 x 10° 0.7 120.0 -8
S Capillaries 0.008 2:7°% 107 0.5 1.357.0 68 4%
6 Venules 0.110 2.0 x 10 0.7 190.0 13
7 Veins 1.100 1,650 14.0 15.7 22 5%
8 Veins 4.200 25 100.0 35
9 Main veins 8.000 4 30.0 0
200
Heart
Atria 2 30
Ventricles 2 54 } %
84
1690 100%




VolumenfluB

Charakterischtisches VolumenfluB in groBer Arterie

Flow Rate (m/s)

[=— Systole 3 < Diastole

0 0.1 02 0.4 0.5 0.6 0.7 0.8 0.9
Time (s)

Quelle: [2]



Kreislaufsystem: Skalen und Phanomene

Macrocirculation | Individual Arteries | Microcirculation

Compliance ghiks
Geometry - ++ --
Rheology -- ?? ++

Fig. 1.1. Representation of the relative importance of various factors in models of the different
hemodynamic scales: ++ indicates primary importance; — indicates secondary or negligible impor-
tance; ?? indicates potential or unclear importance (taken from Creative Commons)

Quelle:Q.,Ambrozzi, Rozza (Eds.): Modeling of Physiological flows, Vol.5
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Pulsierende Stromung
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Pulsierende Stromung

0.6
r/R() 0.4

=0.16

0.2

—-0.2 1.0

-1.0

Fig. 5.12. Reprinted with permission from S. C. Ling, H. B. Atabek, W. G. Letzing, and D. J. Patel. Circula-
tion Research 33: 198-212, 1973. Velocity profile in the descending thoracic aorta of an anesthetized dog.
Ordinate, radial position as a fraction of the’ lurnien radius: @bscissa, ratio of velocity to maxinmum center line
velocity, wy,. Profiles for seven different instants in the cardiac cycle are shown, identified by numbers indicating
+ = 1/T, where T is the cardiac period.

Quelle: [3]



Pulsierende Stromung

Stroke volume: 115 cm®
Fig. 5.8. Reprinted with permission from B. Rudewald. Acza Physiologica Scandinavica 54: Suppl., 187, 1962.

Aortic blood flow computed from pressure gradient (Ax = 7.3 cm) in human thoracic aorta. From above
downward: electrocardiogram, pressure gradient (AP), computed aortic blood flow.

Quelle: [3]



Cauchy Spannungstensor

Quelle: wikipedia
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Struktur der GefaBwand

Internal Elastic
Lamina

External Elastic

Basement

Endothelium Membrane

Quelle: [2]



Elastische Konstanten

TABLE 4.1. Relationships among elastic constants

Constant Definition in Terms of Stress and Strain Egq Expressions for I pic Body
Ser
Young’s modulus E,= T E=2ul +0a)
Shear modulus, or modulus _ S __E
of rigidity B = o A=+ o)
PV, E
Bulk modulus B= v B = =35
A A _ Sy _ Eo
Longitudinal loading modulus A= o A= TF i =129
L ey _3B-2
Poisson’s ratio Oy P T =3B T 5]

Quelle: [3]



Viskoelastizitat

Pressure

Radius

Time—=

Fig. 4.4. Diagram of pressure and diameter in a viscoelastic tube. A sudden increment of pressure causes a
gradual increase of radius. The radius eventually reaches a steady state, and the static elastic modulus can then
be calculated from the increments of pressure and radius. When the pressure is lowered again, the radius
gradually returns to its baseline. An imposed sinusoidal pressure produces radial oscillations at the same fre-
quency (after an initial period of adjustment), but radius lags pressure by a phase angle ¢, and peak distention is
less than the maximum produced by the previous step function of pressure. In calculating the amplitude of the
complex viscoelastic modulus, the amplitude of the pressure oscillation takes the place of AP in equation 4.11,
and the amplitude of the radial excursions takes the place of AR.

Quelle: [3]



Modelle fur die Mechanik der GefaBwand

MODELLING THE CARDIOVASCULAR SYSTEM

- ///'
3D
e
yd . .\‘\\
— ' —
i ™
2D e
1D

FicUure 14. Different models for arterial wall mechanics

Quelle: [2]



Koiter-Shell Model: Wandausschnitt

\Zﬂ

Quelle: [2]



Koiter-Shell Model: Krafte an die Oberflachen

di Reference

ﬁ Line

Quelle: [2] Longitudinal Section Transversal Section
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ALE Abbildung

L

Quelle: [2]



Einfaches FSI-Problem

FIGURE 22. A simple fluid-structure interaction problem.

Quelle: [2]



ALE Abbilidung des Gitters

FIGURE 23. Position of the discretised vessel wall corresponding
to a possible value of 7.
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FIGURE 24. The triangulation used for the fluid problem at each
time ¢ is the the image through a map 4; of a mesh constructed

on {lo. Quelle:[2]
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| Bewegliches Gitter

Harmonische Verlangerung der Randdeformation:
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Themen zum Abschlusskollogium

@ Zusammenfassung der hamodynamischen Modellierung:
typische medizinische Gegebenheiten und auftretende

Schwierigkeiten bei der Modellierung.

@ Numerische Simulation der Fluidstromung:

parabolisches Geschwindigkeitsprofil der Newtonschen Fluide versus

Geschwindigkeitsprofil der nicht-Newtonischen Fluide, stationire

versus pulsierende Stromung.

© Num. Simulation der Fluid-Struktur Wechselwirkung
Anwendung von 1D oder 2D "thick-structure” Modells fiir die

(linear-) elastische GefaBwande, physiologische Daten

© Lagrange-Eulersche Ansatz (ALE Formulierung)

bei der Modellierung der Strémung in beweglichen Gebieten.

© Mathematische Formulierung des gekoppelten FSI
Problems und die schwache Formulierung dieses Systems.

O lteratives Algoritmus zur numerischen Losung
des gekoppelten FSI Problems, auch Ubersicht der Verfahren.

Hundertmark () Hamodynamik, SoSe 2014
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