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Introduction: The Madison Plasma Dynamo 
Experiment is a spherical chamber with multipole B.	  

The	  completed	  machine	  has	  water	  
cooling	  and	  is	  covered	  by	  red	  insulator	  
material,	  hence	  the	  nickname	  “Big	  Red	  
Ball.”	  

Channels	  for	  mounBng	  strong	  
permanent	  magnets	  were	  formed	  in	  
the	  vacuum	  chamber.	  

•  Its primary objective is demonstrating dynamo, and the high-order 
multipole has central-B weaker than the Earth’s field. 

•  For other experiments, exterior coils are used to apply axial B that is 
aligned with the poles. 



A variety of experimental studies are being 
conducted in MPDX.	  

•  Plasma dynamo 
•  Magnetic reconnection (with TREX hardware installed) 
•  Magneto-rotational instability 
•  Stellar wind 



Rect-‐quad	  gridtype	  creates	  quadri-‐	  
laterals,	  where	  one	  side	  may	  be	  curved.	  

Computational setup: New meshing is used for MPDX 
simulations.	  

•  The ilct_from3410 branch has a new ‘rect_quad’ gridtype that is 
assembled into a semi-circular domain. 

SBtch	  is	  used	  for	  assembly.	  

•  One has to avoid bad mappings in the corner elements of inner regions. 
•  Existing seaming limits poly_degree to 2 with arbitrary region orientation. 



MRI computations: This configuration has a weak axial 
field and quadrupolar current-density distribution.	  

•  Most of the initial computations are axisymmetric. 
•  Current density is applied through boundary conditions on RBφ. 

IllustraBon	  of	  J.	  

•  Plasma parameters are based on 
He at Ti = 0.5 eV, n=6x1017 m-3. 

•  Electrons: 5 eV ≤ Te ≤ 8 eV. 
•  Dipole field has 0.5 G ≤ B ≤ 0.75 G. 
•  Electrons are magnetized but ions 

are not, so isotropic viscosity and 
ion thermal conductivity are 
appropriate. 



A scan of injected current with MHD shows where 
the dipole field gets distorted.	  
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Initial results on radial profiles do not agree with probe 
measurements.	  

SimulaBon	  results.	   MPDX	  probe	  measurements.	  

•  Drag on neutrals is thought to be important at larger radii. 
•  Including a drag term is the next step. 



Comparing two-fluid and MHD, only the former develops 
axisymmetric vortices.	  

•  MHD computation (right) develops a steady 
flow with quadrupole poloidal pattern and 
largely rigid azimuthal rotation. 

•  Sequence of flows from two-fluid 
computation (below, ~1 ms apart) shows 
dynamics originating in boundary layer. 

•  Both computations are two-temperature. 



Polarity matters in two-fluid computations.	  

400	  A	  Hall	  with	  
reversed	  polarity	  

•  The	  polarity	  
comparison	  is	  
not	  apples-‐to-‐
apples,	  but	  the	  
primary	  change	  
is	  polarity.	  

•  Radially	  varying	  
JrBz	  leads	  to	  Hall-‐
Eφ	  that	  either	  
compresses	  or	  
expands	  Bz.	  



Parker spiral experiments have a central column 
with magnetic dipole.	  

•  Electrodes are located near the center of the central column and at the 
sphere’s equator. 

•  Radial current again drives azimuthal flow. 

•  The Alfvén surface (red dashes) is where the flow becomes super-
Alfvénic. 

SimulaBon	  results	  on	  flows	  
and	  poloidal	  flux.	  

Top	  view	  of	  
computed	  field	  lines.	  

Field-‐line	  traces	  from	  
lab	  probe	  data.	  



Conclusions	  
•  With some care in setting up the mesh, it is possible to 

model spherical domains. 
•  This meshing also provides an alterative mesh for 

cylindrical regions. 
•  Initial efforts to model two experiments are progressing 

rapidly. 
•  MRI simulations show interesting Hall-physics 

features but likely need neutral drag. 
•  Parker-spiral simulations clearly show windup 

outside the Alfvén surface. 
•  Initial 3D computations do not show asymmetric 

dynamics. 


