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Motivation




Mathematician's Iceberg:

* Clear ice
* FIne cut prism shape
* 1d motion: 2 symmetric inclined surfaces
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Take convection-diffusion eq as example: 4L +u-VT = %AT
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Time discretization: 5 = e =
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General form(Helmholtz eq):
(I[ — (TTA) Tt+At — fT (Tt. Ut)

If we write Helmholtz operator as L7 = (I — o7A), then this
becomes

LrT =fr



History: Peskin, 1972 — Stein et al, 2016, — Mac et al, 2021.
Idea: Find an 7 smoothly extending the unknown T from €2;.,i4 to
C = Qjiguid U Qsojig, such that n € C*(C) and first k directives of
T and 7 match on the boundary I' = 92jiquiq. To impose boundary
conditions on [, we need to

» Interpolate the fluid velocity (as well as mass) to the structure

(Lagrangian)
» spread structural forces to the fluid grids (Eulerian)



*

Interpolation operators S(j) :

(8656 (@) = (-1Y [ €00 205Dy

Spread operators S(j):

(SGF) (x) = (—1 [ Fi(a) 220X gx ()



We compute a smooth enough 77 by solving a high-order PDE of
the form H*n = 0 in C, where H* is e.g. polyharmonic operator
AK*t1. This 1 defines an extension to the original RHS f+ to be
X ool T+ X f75 defined all over C.

LTT = \Qsoh.dﬁ‘rl] + \QliquidfTS in C,

Hk’l) + TyFr =0 in Qeolids
Ri(n—T)=0 at I
T
where R} = ( S Sk ) provides an interpolation of the

first k normal derivatives to the boundary, excluding the function
value itself.



Above eq can be written in block form as
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To reduce computation, we compute the Schur complement (SC)



current time: 0.9980, fx= 0.0002, L!Lu= 99,92 %




Next Steps

Stably reproduce experiment

Track & analyze simulation
data
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