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Windkessel models in cardiac mechanics

Active cardiac mechanics: Problem setting

Windkessel = air chamber, used to
transform an oscillatory flow of a
pump into a rather continuous,
steady flow at the outlet (spout)
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The big elastic, compliant arteries
in the human body act as windkessel
for the unsteady output from the
heart; windkessel effect governs the
pressure load onto the heart
during ejection
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Most simple windkessel model relates pressure p to flow ¢ by a resistance R
and a compliance C' (2-element windkessel), while the resistance is derived
from Poiseuille flow through a rigid vessel and the compliance by
considerations regarding conservation of volume [2]: i
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Monolithic windkessel-structure coupling
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Structure (heart) — Weak balance equation in terms of Principle of Virtual Work:
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J=1 r®-3  Robin boundary conditions: springs and
dashpots serving as embedding tissue
model for the outer heart surfaces
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Anisotropic passive material law for myocardium (2 distinct directions) [4]:
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Valve law relating arterial and atrial to ventricular pressure [3]:

Passive plus active stress [3]: To = —|u|Ta + oolul+
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o 0, S] 3-element windkessel model for the arterial pressure (LV parameters from [5]):
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2-element windkessel  (exemplary) P
Cdp n D — Dref (@) =0 in QWK x [0, T] Prescribed atrial pressure pat(t) such that atrial contraction can be simulated
dt R nw = 0 ’ Prestressing [6] of ventricles to low end diastolic pressure p?, = Pat(t = to)
with the flux as material time derivative of the current enclosed volume:
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Linearized monolithic system to be solved in each Newton iteration :
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