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Eulerian Unified Formulation Using Lagrangian Marker Particles for Fluid-Structure Interaction Problems
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Fluid-Structure Interaction (FSI) problems can be observed in various engineering fields. Thus FSI problems are
indispensable for designing many engineering systems. For the numerical analysis of FSI problems, one of the
effective approaches is a full Eulerian FSI formulation, in which solid and fluid are numerically solved in the spa-
tially fixed mesh. However, it cannot avoid the numerical dissipation of functions to represent spatial distribution
of solid or internal variables of solid due to their advection equations. Thus, the numerical dissipation problem
should be overcame in order to obtain high accurate numerical results. Given the aforementioned background,
in this research, Eulerian unified analysis method of fluid and structure interaction problems with Lagrangian
marker particles is proposed for solving the problem of numerical dissipation due to solving advection equations.
Finally, it is confirmed that the proposed method is effective to obtain high accuracy results with using lower

resolution meshes.
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Fig. 2: Deformable disk in a lid-driven cavity: initial
geometry
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Tab. 1: Deformable disk in a lid-driven cavity: Material
properties

Solid: incompressible viscoelastic solid solid

Mass density ps 1.0
Shear elastic modulus G 0.1
Viscosity p 0.01

Fluid: incompressible Newtonian fluid
Mass density ps 1.0
Viscosity u 0.01

AWHZET BN TIIfRNTaEIS % 128 x 128 43#] (Y—1243
) UZERAY Y a2 HWT, SRkt =8.20 ¥
TOFHRZTo 7. TOE, WHEZIA (At) IZ2OWTI,
At =250 x 107* Z 7=,

PEZBWTRUERMEDOE E, REFEEHANTE
SNIAER L B (Zhao 5 W) 2O S (D OfER L O
BICHEEZTTS. ¥, Zhao & IXEAREEE =AFA v
Va(Ir o vvatyva)TREL, TOERICIKERE
SNFZERAY Y aPFIEL, TN6 2MBEDA Yy a%
FIRHZHW TR R 2T > TW5. 72, LS IEARMSE
LA UCHREAE T 0B AY, BERDRRER P ER
L { ﬂbfﬁ@ﬁﬁﬂﬁ%ﬁbfﬁ%b?ﬁ@
ﬁf%%ﬁ IHEILERA Y Y a2 HWTEEZ21T>

8 33 @RERGNES VRY D A
E11-4

10r 1.

0.8} 08
0.6t 0.6

0.4 04

02} 02,

b) t =1.17 d) t =3.52
f) t =5.86 h) ¢ =8.20

Zhao et al. (2008)

Nishiguchi ez al. (2019) 128 x 128 cells
Nishiguchi ef al. (2019) 1024 x 1024 cells
Present 128 x 128 cells

Fig. 3: Deformable disk in a lid-driven cavity: com-
parison of the solid deformation between the method of
Zhao et al., the method of Nishiguchi et al. and the
proposed method
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Fig. 4: Oscillating disk surrounded by fluid: initial
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Tab. 2: Oscillating disk surrounded by fluid: Material
properties

Solid: incompressible viscoelastic solid

Mass density ps 1.0
Shear elastic modulus G 1.0
Viscosity w 0.001
Fluid: incompressible Newtonian fluid
Mass density pr 1.0
Viscosity u 0.001
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Fig. 5: Oscillating disk surrounded by fluid: compari-
son of time history of the total, kinetic and strain en-
ergy between the method of Zhao et al., the method
of Nishiguchi et al.(128 x 128 cells) and the proposed
method (128 x 128 cells)
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Fig. 6: Oscillating disk surrounded by fluid: compari-
son of time history of the total, kinetic and strain en-
ergy between the method of Zhao et al., the method of
Nishiguchi et al.(1024 x 1024 cells) and the proposed
method (512 x 512 cells)
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