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IV. Research Results in AY2019

We succeeded in a sequentially coupled FSI (SCFSI) analysis of the heart valve in 2018. The
SCFSI analysis dealt with a motion from fully coupled immersogeometric FSI analysis and captured
the flow solution near the leaflet surfaces accurately. This year, we applied the method for the heart
valve flow analysis to realistic geometries, which include an aorta and a ventricle. Typically, in
computational flow analysis, we specify the velocity at the inflow boundary and the traction at the
outflow boundary. In ventricle-valve-aorta flow analysis, we specified the traction at the inflow
boundary, because the flowrate should be in the solution. Generally, with the traction at the inflow
boundary, the energy coming into the domain is not under control, and we could get different flow
fields for the same flow rate. For this, we place a special-purpose element consisting of quadratic
NURBS. The special-purpose element has only one unspecified control-point velocity at the inflow.
With this, we can constrain the flow profile. We applied this technique to ventricle-valve-aorta flow
analysis. The analysis gave us a more realistic flow, large vortex in the ventricle, and torsional flow
in the aorta. The WSS on the leaflet surfaces got asymmetry due to the flow from the ventricle.
Summary (From April 2017 to March 2020)

The objective of the research is to introduce the computational methods for high-fidelity heart
valve flow analysis. We use an interface-tracking method to obtain an accurate flow solution near
the leaflet surfaces. With the interface-tracking method, a contact of leaflet surfaces causes a
topology change. The space-time topology change (ST-TC) method was introduced for the topology
change. However, it was not applicable to heart valve flow analysis. For this, we integrated the ST-
TC method with the ST slip interface (ST-SI) method for the asymmetric leaflet motion and ST
isogeometric analysis (ST-IGA) for the representation of the narrow geometries. The method is
named “ST-SI-TC-IGA” and applied to several problems. We applied the ST-SI-TC-IGA to the leaflet
motion from structural mechanics in 2017 and the leaflet motion from immersogeometric FSI
analysis. The complicated leaflet motion makes a mesh-moving more difficult near the leaflet
surfaces. For this, we generated a mesh, a part of the mesh around the leaflet surfaces is moved
manually, and the rest of the mesh is moved automatically. In 2019, we combined all the methods
and carried out ventricle-valve-aorta flow analysis. Here, we specified the traction at the inflow
boundary. To have stability, we place a special-purpose element to constrain the flow profile. The ST-
SI-TC-IGA enables us to calculate the WSS in each analysis and evaluate how the flow affects the
leaflet surfaces.




