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   Nonoscillatory Forward-in-time differencing for fluids:  
                 simulation of global solar dynamo 
 

Earlier experience with self-organization includes “virtual-labs” 
for QBO (dns), MJO (iles), and evolutionary sand  dunes (les); 
with overall role of explicit SGS closures being mostly catalytic. 
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RE: SGS Modeling vs Filtering 

 The importance of “physical” role of SGS modeling and filtering may be overstated 
while their mathematical role (L2 integrability) may be underappreciated.     

 

 Universal SGS modeling or filtering may not exist, as the models and filters appear to 
be problem & numerics dependent.  The majority of known SGS models/filters targets 
centered in time-and-space numerics.  

 
 Successful simulation of self organization and the emergence of coherent structures 

in time-space continuum seems to depend on handling the entire chain of events, so 
it may not be reducible to a SGS modeling/filtering issue. 
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     Relevant aspects of numerics: 

A  suit of  governing PDEs, including anelastic 
solar MHD as a special application. 
 
Nonoscillatory Forward in Time (NFT) semi-
implicit model integration algorithms (finite-
volume or semi-Lagrangian, and symplectic 
representation of key physical forcings. 
 
Robust elliptic solver, inverting full stiff 
boundary-value problems to a round-off error  
accuracy (viz. exact projection). 
 
Tensor formalism underlies numerical model, 
enabling static and dynamic grid stretching with 
uniformly 2nd order accuracy. 
 
Explicit SGS models available, but most 
calculations relies on ILES property of MPDATA 
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      An elemental solar MHD formulation in EULAG 

The underlying ambient state assumes mean Sun 
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 Numerical framework: 

   elliptic problems for potentials Φ   
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Power of ILES; L2 integrability 
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Mode of large-scale dynamo action 
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