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Fluid-Shell-Body Coupling

Full Coupled System

Combining fluid-shell coupling system at Eq.9 and shell-body coupling sys-
tem at Eq.15, the full system is

G'YG VG'W VG b
—wiqv  —M, 0 X,
—J'GQv 0 —M, AR

VGt
= | -M. X, — W' Mpu*
—M,q* — J"Mpu*

Time Integration

We combine the time integration of fluid-shell coupling and shell-body cou-
pling to get

Use all non-pressure based and non-advection based fluid forces to ad-
vance the fluid velocity to time n + 1.

s . . o o
Advance X, and ¢" to time n +% with explicit solid forces. Solve

N . Lon —L, 1 -
system Eq.24 for X, % and ¢"'z. Advance shell and body positions
to time n 4+ 1 using these n + 1 velocities.

Correct shell and body positions by resolving interpenetration similar
to Eq.2 in [3].

Rewind fluid, shell and body velocities back to time n.

*Find leak-proof fluid velocity at time n by forcing the fluid to move

Advance fluid velocity, shell velocity and body velocity to time n + :

*”+;1: *n-&—%

. . y 1
with gravity. Get X, , ¢ 2 and u

Solve the fluid-shell-body coupled system to satisfy boundary condition

L
2 n+%

. T e < n+
and incompressibility condition. Get X, *, ¢

1
and w2 (

unused).
.. . . . ntl ntl
Advance shell and body positions to time n+ 1 using X, ? and ¢""=2.

Correct shell and body positions by resolving interpenetration. Get
X" (unused) and X' (final body position).

- . - - - 5 n
Rewind fluid, shell and body velocities back to time n. Get X, , ¢"
and u".

Find leak-proof fluid velocity and shell velocity for advection: solv-
rn+1 r

‘ ‘ .o XMH_xp

ing the fluid-shell coupled system by mapping =t——" as boundary

conditions to get u py and X, 4py -
Rewind shell position back to time n. Get X,

Advect fluid levelset values to time 7 sing u4py. Advance she
Advect fluid levelset values to time n + 1 using u,py. Advance shell
position to time n + 1 using X, 4py. Get ¢"*!(final fluid position) and
X"*(final shell position).

Advect fluid velocity to time n + 1 with w,py. Advance fluid velocity,
. . . . . C o #ntl
shell velocity and body velocity to time n+ 1 with gravity. Get X,,,.*” ,

¢ and

Solve the fluid-shell-body coupled system to satisfy boundary condi-
. . _y - > n+l, .
tion and incompressibility condition. Get X, (final shell velocity),
¢"*1(final body velocity) and u"*!(final fluid velocity).
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The Emotional Rollercoaster of Research
(and the Long Steady Climb of Understanding)

“ITWORKS!!"
optimism

excitement
about
new idea further discussion
over beer

~.andsoon... realistic contentment

modified abouta job well-done

idea

spark of idea

unanticipated question

first second during talk

experiment experiment

fails fails paper gets rejected

“This will NEVER work!”

pessimism “This has all been done before!”

Keenan Crane (kmcrane@cs.cmu.edu)
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Creation 1s Hard



Pursuing a Ph.D. has been one of the most fulfilling experiences
of my life, and | feel extremely lucky to have been given the

opportunity to be creative during this time.
—— The PhD Grind
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