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The Lagrangian part was constructed as a straight cylindrical geometry (L=250 mm; ri=12 mm; h=2.2 mm), encompassed by a Eulerian domain, modeling the fluid presence. The aortic wall was modeled as an elastic solid with Young's modulus, Ew=5.12 MPa, density ρw=1050 kg/m3, and Poisson's ratio νw=0.48 42–44. Fluid was assumed to be Newtonian, with material properties as density ρf=1000 kg/m3, reference sound speed cf=1483 m/s and viscosity ηf=0.0001 Ns/m245. Boundary conditions on the inlet and outlet were applied as full constraint in 6 DOFs. A rectangular step velocity with magnitude V0=5 m/s was applied as the velocity of the inlet flow, serving as the input driving force in generating FSI-induced pulsatile motions in the wall. A frictionless fluid-structure interface was defined between the wall and the medium. In order to enhance the FSI mesh accuracy, both the Eulerian and Lagrangian domains were meshed using same-size linear hexagonal 3D elements. A mesh seeding topology was designed to generate a minimum of three layers of elements across the wall thickness, and a seeding size of 4 mm was found to be optimal in both providing accurate results and maintaining the low computational cost (Fig. 7). The model contained a total number of 17688 elements and 21780 nodes. The initial time increment was 9.57e-07 s, and the average stable time increment varied between 2.70e-06 and 4.29e-06 across the 10 models.
Few preliminary simulations were performed in order to obtain optimized mesh size. Figure 7 shows the relationship between number of Lagrangian elements, number of Eulerian elements, stable time increment and CPU time, as well as the PWV results obtained for different mesh seeding sizes. The results show that the computation cost increased drastically for the seeding size of 0.001 (Fig. 7.B-7.E), whereas increasing the seeding size to of 0.006 led to inaccurate results, as measured here by PWV of the wall motion (Fig. 7.F). It was found that both 0.002 and 0.004 seeding sizes are proper, and therefore a seeding size of 0.002 was used in performing the simulations here to reduce the computational burden.
After completion of the simulations, the radial displacement of the entire wall along the tube (axial spatial resolution of ) was measured on multiple time-points (temporal resolution of 0.375) and the information was used to generate the spatio-temporal maps, allowing for the visualization and analysis of the entire wave propagation. The Pulse Wave Velocity (PWV) was calculated as the slope of the linear regression fit to the wave characteristic point, defined as the 50% of the peaks. The spatio-temporal maps were used to analyze the pulse wave propagation both qualitatively (e.g. forward, reflected and standing waves) and quantitatively (e.g.PWVs and linear correlation coefficients (r2s) on the forward and reflected waves, and the width of the standing wave.
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