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Moving boundary flow simulation using immersed boundary Navier—Stokes equation
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The governing equation system for fluid flow with immersed solid boundaries have been formulated. These
equations represent the entire flow field immersing solid body wich is defined by a continuous variable as ” porosity”
based on level-set approach. This approach allows flow simulations to approximate slip/no-slip conditions of solid
walls without bounday condition of interpolation formula. The porosity can be defined using a signed distance
function (SDF), with an example under static boundary conditions presented in previous work. This study
extends the method to moving boundary conditions. As applications, we present flow analysis around a moving
and rotating two-dimensional object using porosity parameters derived from time-varying SDF geometry.
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Fig. 1: Calculation condition (left) and localized poros-
ity () profile (right).
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Fig. 2: Flow visualization of the steady-state flow for
Re = 20 showing velocity with streamlines (left) and
pressure with isolines (right) around a rotating circular
cylinder.
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Fig. 3: Variation of drag coefficient (Cy) and lift coef-
ficient (C;) with non-dimensional time (tUs, /D) for Re
20.
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Fig. 4: Variation of drag coefficient (Cy) and lift coeffi-
cient (C}) with « for Re = 20.
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Fig. 5: Flow visualization for Re = 100 and KC =
5 showing velocity with streamlines (left) and pressure
with isolines (right).
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Fig. 6: Comparison of the velocity components at
cross-section with constant z = —0.6D.
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Fig. 7: Isolines of porosity distribution for varying
boundary thickness (A/dx).
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Fig. 8: Flow visualization for Re = 32 showing velocity
with streamlines (left) and pressure with isolines (right)
around a oscillating circular cylinder.
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Fig. 9: Variation of velocity component and pressure at
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