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Moving Mesh Applications

Collapse of a Water Filament
(Re=3, We=3)

Collapse of a Water Filament
(Re=3, We=3)

Video Clip

� Large Deformations
� Critical (Surface) Physics



Moving Mesh Applications

� Fixed Cost Mesh Adaptation
� Capture Critical (Transient) Physics

Turbulent Flow Around 
a Square Cylinder
Turbulent Flow Around 
a Square Cylinder

Video Clip



Moving Mesh Issues

� How to prescribe the mesh motion and 
local reconnection.
� Lagrangian
� Adaptive
� Quality Preserving

� Geometry is time dependent.

� Conservation statements can apply to 
entire vectors - not components.



Unstructured Mimetic Methods
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Unstructured Mimetic Methods
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First order for 
general dual 
meshes



Moving Staggered Mesh 
Equations
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Reynolds Transport Theorem

� Normals, edges, etc are now time dependent.

Constraints



Constraints
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Momentum Equation
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� Integrate momentum equation 
over the Cell CV.
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Momentum Equation
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� Two step symmetric Hodge* operator



Equation System
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� Symmetric Pos. Def.

•Reduced number of unknowns.

•Easier to solve.
•BCs on U and p

•Reduced number of unknowns.

•Easier to solve.
•BCs on U and p



Validation Sloshing Tank Sloshing Tank 

Acceleration due to gravity
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Validation Droplets hitting a wall Droplets hitting a wall 



Validation

� With perturbation analyses good to 0.02%

Oscillating 3D Droplet Oscillating 3D Droplet 



Conclusion

� Conservative moving mesh Mimetic 
methods are possible.

� Mimetic methods make incompressibility 
easy to handle.

� It is useful to define vector quantities.

perot@ecs.umass.edu

�Conjecture: a good Hodge* operator 
should be sym. pos. def. and factor 
into the operator that defines vectors.


