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@ Objective: Understanding orientations of static floating objects.

e Consequences of evolution and shape deformation on orientation
e Melting and Calving

o Explaining observed patterns

@ Preliminaries : Center of Mass, Center of Buoyancy, Archimedes
Principle



Center of Mass, G

@ Discrete Sum

n
Mot G = Z m;x; '

i=1

@ Continuous Sum

.1
G = /z X)dV
WMoy Jo p(X)
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Center of Buoyancy, B

@ Center of mass of the displaced
fluid

. 1 /
B = X0 fiuiddV
Msub Q Pl

sub
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Archimedes’ Principle

@ The upward buoyant force exerted
on an object wholly or partially
submerged is equal to the weight
of the displaced fluid

Mobig = ptiid Vsub8

Vsub _ Pobj

= =R
Vobj  Pfluid

@ For an iceberg in seawater

R =P ~ 089
Pfluid
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Algorithm: Compute Potential Energy Landscapes

@ Given some shape

e Compute G (center of mass)

e For 0 € [0, 27] (orientation of object)
o lIdentify water line consistent with Archimedes’
o Compute B(f) (center of buoyancy)

o Potential Energy

u() ~ A0) - (G — B(9))
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Theory for a Floating Square Pt.1 (Reid 1963 ; Feigel and

Fuzailov 2021)

@ When waterline intersects opposite sides:

B(H)—2(1+H){3tan9, 1+ H? + S tan 0},

where H =2R — 1 and 6 can take on any value as long as

—1+|H|<tanf <1-—|H|.
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Theory for a Floating Square Pt.2 (Reid 1963 ; Feigel and

Fuzailov 2021)

@ When waterline intersects adjacent sides:

- 1 1
AusB(8) = {1=3(n+1)— 0+ Dtand,

1 (1-yP)
—1+=(1- )
+2( XR)+ 6tan0}

Where Agup = 4 — 3(1 + xg)(1 — y1),

8 —8R
= 1 1, (1 2
yL tanf(1+xg) +1, (1+xg) —

and2—2R<tan0< 2R
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Potential Energy Landscape for Square when R=0.8912

Potential Energy
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@ Numerical solution and theory agree

@ Stable equilibrium angle= 0,90, 180, 270, or equivalent
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Potential Energy

Angle (Degrees)

@ Numerical solution and theory agree

@ Stable equilibrium angle= 45,135, or equivalent
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Potential Energy

Angle (Degrees)
@ Numerical solution and theory agree

@ Stable equilibrium angle= 26.56, 63.44,0r equivalent









Testing simple shapes: circle, ellipse, square, rectangle...

Relationships between aspect ratios and the number of favorable
orientations

@ Metacenter
o Concavity, vertices, and invariant geometries
@ Incorporate shape evolution
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