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Full Eulerian fluid-structure coupling simulations of fluid flow in anisotropic hyperelastic tube
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An interaction problem between a fluid and elastic walls is solved by a full Eulerian fluid-structure coupling
method. The method employs a uniform grid system for both fluid and solid and it does not require any mesh
generarion or reconstruction, aming for facilitaitng the practical bio-mechanical fluid-structure analysis. The
availability and applicability of the developoed method to systems involving complex geometries driven by a pres-
sure gradient are shown through a comparison between the obtained numerical results and theoretical prediction,
and a grid convergence test. Further, for considering a more realistic situation, an anisotropic blood vessel model
is implemented and convergence performance of the method is shown.
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Fig. 1: Schematic of the flow field

Fig. 2: Initial fiber orientation. Grey: elastic object,
white: fluid. The fiber is plotted on a scale of one to
five at every 8 and 4 grid points in x and y directions,
respectively.
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Fig. 3: Flow field at ¢ = 30 for the material of G = 2.
Red: elastic object, white: fluid, blue vectors: velocity
vectors. The velocity vectors are plotted at every 16
and 4 grid points in x and y directions, respectively.
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Fig. 4: Decay of the relatice error with respect to the
case of IV x IV, = 1024 x 512 for the material of G' = 2.
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Fig. 5: Contour of solid volume fraction ¢, for the case
of G = 10. Red: elastic object, white: fluid. The initial
shape of the elastic wall is indicated by broken line.
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Fig. 6: Comparison of the interface geometries between
the simulation results and theoretical analysis for the
case of G = 10 together with the initial geometry of
the wavy elastic wall. Simulation results are plotted at
every 4 grid points in x direction.
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Fig. 7: Decay of the relatice error with respect to the
case of N, x N, = 1024 x 512 for the material of G = 2,
k1=1, ke =1.
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Fig. 8: Flow field at t = 30 for the material of G = 2,
k1 =1, ks = 1. Red: elastic object, white: fluid, blue
vectors: velocity vectors, black lines: fiber. The velocity
vectors are plotted at every 16 and 4 grid points in x
and y directions, respectively. The fiber is plotted on a
scale of one to five at every 8 and 4 grid points in x and
y directions, respectively.
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Fig. 9: Comparison of the interface geometries by vary-
ing ky for the material of G = 2, ko = 1. Simulation
results are plotted at every 3 grid points in x direction.
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