
On the treatment of On the treatment of 
evolving interfaces:evolving interfaces:

Some numerical Some numerical 
experiments on experiments on NEMNEM
and model reduction and model reduction 

approachesapproaches



Introduction: Introduction: Model Model reductionreduction



A numerical exampleA numerical example
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More than a significant reduction !!More than a significant reduction !!



( ) 1   T n T n T n  −= +B M + K B ζ B MB ζ B Q

44×  !!fo d ...4



Solving «Solving « a similara similar » problem» problem
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with the reduced order with the reduced order 
approximation basis approximation basis 
computed from the computed from the 

solution of the previous solution of the previous 
problemproblem
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Evaluating accuracy and Evaluating accuracy and 
enriching the approximation basisenriching the approximation basis
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 dof 101

How quantify the accuracy How quantify the accuracy 
without  the  knowledge  of without  the  knowledge  of 
the reference solution?the reference solution?

How to enrich if the accuracy is not enough? How to enrich if the accuracy is not enough? 
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Time integrationTime integration
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Introduction: Introduction: NEM approachesNEM approaches



The The NNatural atural EElement lement MMethodethod
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DelaunayDelaunay triangulation and triangulation and VoronoïVoronoï DiagramDiagram
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Properties:Properties:
Linear interpolation on the boundary (C or Linear interpolation on the boundary (C or αα--NEM)NEM)
Linear consistencyLinear consistency

Partition of UnityPartition of Unity

Better accuracy than linear FEMBetter accuracy than linear FEM
Meshless character: Meshless character: no sensibility to the  no sensibility to the  

distorsion of  the distorsion of  the Delaunay Delaunay triangles triangles 
The shape functions are CThe shape functions are C1 1 everywhere except at everywhere except at 

the nodes positions.the nodes positions.
If one proceeds in an updated Lagrangian If one proceeds in an updated Lagrangian 
framework and the internal variables are defined at framework and the internal variables are defined at 
the nodes, remeshing, stabilization and field the nodes, remeshing, stabilization and field 
projections will be no more required.projections will be no more required.
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Examples:Examples:

ViscoelasticViscoelastic flow               IFSflow               IFS



Atmospheric conditionsAtmospheric conditions Vacuum conditionsVacuum conditions



Treatment of Interfaces: Treatment of Interfaces: 
model reductionmodel reduction
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Treatment of Interfaces: Treatment of Interfaces: 
MEM approachesMEM approaches



Tracking or Tracking or 

CapturingCapturing

““RemeshingRemeshing” or ” or 

Enforcing transmission conditions:Enforcing transmission conditions:

Reproduction conditionsReproduction conditions

EnrichingEnriching (X(X--… )… )



Why using NEM?Why using NEM?

DelaunayDelaunay triangles defined in the neighborhood of the interface triangles defined in the neighborhood of the interface 
are very distorted and we don’t want to change the cloud of nodeare very distorted and we don’t want to change the cloud of nodess

Markers nodes, OR

level-set / background mesh

intersection points

+ + Update triangulation with respect to the updated interfaceUpdate triangulation with respect to the updated interface









Nice, BUT when nodes move, Nice, BUT when nodes move, 
model reduction based on model reduction based on 
POD becomes a delicate POD becomes a delicate 

procedure !procedure !



Enforcing transmission conditionsEnforcing transmission conditions
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CC--NEM shape NEM shape 
functionfunction

CC--NEM shape functions NEM shape functions 
verifying the transmission verifying the transmission 

conditions.conditions.
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The evolution of a characteristic function cannot be The evolution of a characteristic function cannot be 
reduced in a POD sense !reduced in a POD sense !



BUTBUT the evolution of the level set function can be the evolution of the level set function can be 
also represented in a reduced approximation basisalso represented in a reduced approximation basis
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Now, the coupling Now, the coupling 
seems possible!seems possible!


