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Chicoma 
3D unstructured mesh code 

n  Tetrahedral Finite Element Mesh 

n  Edge based with node centric data 

n  Eulerian, Lagrangian and (ALE) 

n  Mesh is moved by adjusting velocity rather than moving points 

n  Adaptive grid refinement 
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Chicoma Hydrodynamic Equations 
Eulerian Flux Conservative Form 
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Chicoma Hydrodynamic Equations 
Spatial Operators and Discretization of Edges 
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Chicoma Hydrodynamic Equations 
Limiters (only 2nd order accurate): 

Slide 6 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

Multi-Mat 2013 

Multi-Material Formulation 
Building Blocks: 

n  Basic Data Structures 
•  Single Phase solid, liquid, gas or plasma 
•  Multi-Phase Materials 

—  Equilibrium EOS with all phases 
—  EOS and strength for each phase 

•  Multiple Materials in the volume surrounding a node 
—  Single phase solid, liquid, gas or plasma 
—  Multi-Phase materials 
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Multi-Material Formulation 
Building Blocks: 

n  EOS 
•  Analytic:  

—  gamma-law gas 
—  Mie-Grüneisen 

•  SESAME (EOSPac6) 
 

n  Strength (Under Construction) 
•  Analytic: 

—  Lindemann Melt Temperature 
—  PTW, Steinberg-Guinan 

•  EOSPac6: 
—  Cold Shear Modulus 
—  Melt/Freeze Temperature 
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Multi-Material Formulation 
Volume and Mass Fractions: 

In a mixed region 

 

 

with the following constraints 

Slide 9 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

Multi-Mat 2013 

Multi-Material Formulation 
Volume Averaged Stress and Strain: 

In a mixed region 

Above holds regardless of the closure model. 
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Multi-Material Formulation 
Closure Models: 

n  Intent is to use method that is locally appropriate  

n  Closure Models 
1.  Uniform Strain 
2.  Tipton like pressure equilibration/relaxation 
3.  P-T Equilibration 
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Hyper-C Implementation in Chicoma 
Volume Fraction Advection 
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n  Take advantage of the efficient flux machinery available in Chicoma. 

n  Advection of volume fraction rather use expensive interface reconstruction. 

n  To do this we solve this equation 
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Hyper-C Implementation in Chicoma 
Volume Fraction Advection 
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Hyper-C Implementation in Chicoma 
Consider the Flow on an Edge Connecting Two Nodes 
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Hyper-C Implementation in Chicoma 
Maximum value of rf 
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Hyper-C Implementation in Chicoma 
Ubbink-Quickest Scheme: 
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Hyper-C Implementation in Chicoma 
Ubbink-Issa Blending: 
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n  Solve linear advection equation on 3D cylindrical tube 100 units in length: 

n  Initial conditions: 

n  Exact solution: 

n  Evaluate error at t = 5 
(images show t = 40)   

A scalar advection test problem has been used to 
evaluate advection methods for material interfaces 
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n  The hyper-C method reduces numerical  
diffusion and maintains 1st-order convergence  

An initial implementation of the hyper-C method 
performs as expected 

Donor	  cell	  

MUSCL	  +	  minmod	  

MUSCL	  +	  Van	  Leer	  

MUSCL	  +	  Superbee	  

§ m	  =	  0.50	  

§ m	  =	  0.65	  

§ m	  =	  0.71	  

§ m	  =	  0.91	  
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Results with the Modified Hyper-C Advection Strategy 
 

n  Scalar advection in a tube 
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Results with the Modified Hyper-C Advection Strategy 
with AMR 

n  Scalar advection in a tube 
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Conclusions 

n  We have implemented a variation of the Hyper-C method on our tetrahedral 
finite element grid 

n  Results produce sharp interfaces that are contained within the volume 
surrounding a node. 

n  We are studying convergence and accuracy on various problems with the 
method in Chicoma  
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