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The vascular system is a closed vessel
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Thermodynamic currents

* Natural processes are rarely reversible.

® If there are inequalities in the intensive variables at different locations within
the system, thermodynamic currents arise.

® Thermodynamic currents aim at the restoration of equilibrium.

* Extensive variables flow.
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Laws of flow in viscous fluids II.
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Wall tension a

Circumferential stress (0s) depends on blood pressure:

(Young-Laplace - equation)

P-r t F

P = blood pressure
r = radius of tube

t = wall thickness
-

/

Wall tension or

F circumferential stress is
00 - the average force
t- l exerted
circumferentially
F = force (perpendicular to both
| = tube length

the axis and the radius)
in the cylinder wall.

Shear stress is maximal at the tube wall because of the parabolic flow profile.
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Implications of vascular easticity:
Storage of potential (elastic) energy
Dampening of pressure pulses
Constant flow rate

Structure and physical properties of
the vascular system
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* Pressure on blood vessel wall: "blood pressure™. Pressure drop along vessel maintains blood flow.
* Reason of pressure drop: flow resistance - most of energy is converted to heat.
* Flow rate and total cross-sectional area change inversely (based on equation of continuity, Av = constant).

* Flow rate typically does not exceed the critical (see Reynolds number), and flow remains laminar. (Exceptions:
behind aortic valve, constricted vessels, low-viscosity conditions, Korotkoff sound).

* Arterioles (vessels containing smooth muscle, under vegetative innervation) are pressure-regulators:
“resistance vessels.”

* Most of blood volume in veins: "capacitance vessels.”

Relationship between flow
intensity and pressure

Below certain pressure vessels collapse and flow ceases

Volumetric
flow (Iv)

P, Pressure (P)

N.B.:

-The curves intersect the pressure axis at values greater than 0 (critical closing pressure, P.).
-P. in arteries, at resting conditions, is ~20 Hgmm.

During blood pressure measurement we compress the limb by raising the cuff pressure
above the local P..



Pressure (mmHg)

Dynamic pressure-changes in

the arterial system Capillary circulation, fluid exchange
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3. Capillary fluid exchange
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fluctuations are dampened.
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Auxiliary factors of circulation

Harvey’s experiment (1628)
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4. "Negative" intrathoracic pressure

5. "Up-and-down" movement
of atrioventricular plane




Heart: Schematic structure of the

_ human heart
Pump of the circulatory system
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The cardiac cycle

Events of the cardiac cycle I.

1-2: pre-ejection period (PEP) 2-3: ejection period (EP) 3-4: isovolumetric relaxation (IVR) 4- I+ ventricular filling (VF)
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Events of the cardiac cycle 2. Pressure-volume diagram of left ventricle
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Work of the heart Feedback

(work of the left ventricle)

P (kPa)
16

Indicator diagram: 106 -| \

Simplified pressure-
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1 ’ pAV=static (volumetric) component
_ 1/2mv2=dynamic component
L - pAV+ my p=pressure
2 AV=stroke volume

https://feedback.semmelweis.hu/feedback/pre-show-
qr.php’type=feedback&qr=4BNA6R6LD53035D5

13,3-10°N/m* x0,08-10° m’> + %0,0Skg X (lm/s)2 =1,06Nm +0,04Nm =1,1J




