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Simulate thin films

Solve their gradient-flow formulation
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Ϝ (v,v)=�vM(u)  v da,  ∂ u=-div(uv)-1
tu

subject to u=exp(-τD  -τdiv v)uv
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Our approach: natural time discretization

min{   F  (v,v)+ℇ(u)}1—2τ uk
u,v

Results

Properties:

• Mass is exactly preserved

• Energy is non-increasing

Solve their Euler–Poincaré formulation

Our approach: á la leapfrog integration

Simulate singular waves

∂ m=ad  m,  m=(I-α Δ) vt v
* 2
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Properties:

• Energy is exactly preserved

• Momentum-Velocity relation is maintained

Results

(m ,v )↦m   ↦(m    ,v   )kk k+ 1—2 k+1 k+1

(m ,v )↦v   ↦(m    ,v   )kk k+ 1—2 k+1 k+1
— — —

Simulate incompressible flows

Solve their vorticity formulation

∂ ω=-D  ω,  ω=curl vt v

Our approach: match the mid-point

exp(-  D    )ω    =exp(  D  )ωτ—2
τ—2k+1vk+1 vk k

Properties:

• Vorticity is exactly preserved

• Energy is stable

Results

Advection of scalar or vector quantities on curved domains

made possible with our operator approach. This machinery

allows to simulate intricate fluid e�ects on general surfaces. Computer Science Department
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