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Part 1: Status of Spheromak 
Simulations



  

Resistive MHD simulations using NIMROD have reproduced 
many aspects of SSPX discharges but often underestimate the 

peak temperature.
● In the best preforming discharges, 

NIMROD simulations under-predict peak 
temperatures by as much as ~40%.

● Two fluid physics, not included in the 
resistive MHD model, introduce drifts 
which act to reduce the growth rate and 
can completely stabilize interchange 
instabilities.

● Two fluid stabilization is weak in linear 
calculations using simple decaying 
spheromak equilibria. 

● These model equilibria are unstable  
to ideal interchange modes.

● Do they accurately represent SSPX?

● Other physics important? Hooper et al, POP 15, 2008



  

New 3-D self-consistent nonlinear simulations are being 
performed to address these questions.

● The results of the nonlinear simulation will be used to study the stability of the decaying 
spheromak prior to and following MHD activity.

● NIMEQ will be used construct high quality equilbria from the toroidal averaged F and P 
profiles calculated in the nonlinear simulations.   

● The linear stability analysis will be repeated with these new equilibria using both MHD 
and two-fluid physics.

● Simulations will also be performed allowing with separate electron and ion temperatures.

● The effect of allowing the temperatures  to decouple hasn’t been extensively studied in 
NIMROD simulations of SSPX.

● Previous simulations are compared with electron temperature measurements in SSPX.

– The ion temperatures are poorly diagnosed in SSPX.
●  SSPX plasmas are Ohmically heated.

– ηJ2 heats electrons which then heat ions.

– The electron-ion thermal equilibration time is ~1 ms.



  

The SSPX modifications have been applied to the latest version 
of NIMUW.

● The SSPX mesh has been modified within nimset and is now compatible with both uniform 
and gll node distributions.

● A time dependent boundary condition to B
t
 is applied along the bottom of the gun to model 

current injection.

● Currently only linear pulse shapes are implemented.

● The thermal energy is drained from the bottom row of cells in the gun. 

● The latest version of NIMUW has a number of tools to aid computation during the formation 
phase.

● Earlier SSPX simulations relied on a hard number density floor and a large number 
density diffusivity to keep the both temperature and density positive.  

● A combination of the number density hyper-diffusivity and up-winding diffusivites 
should allow for more accurate density evolution.



  

Nonlinear simulations of the formation phase agree with earlier 
results. 

● The injector current is linearly ramped up from 0 to 400 kA at t = 0.08ms and then held 
constant at 400kA until t = 0.12ms.

● The new simulations are compared with the simulations used in the 2005 PRL.

● Local particle diffusivity enhancement eliminates the need for a hard particle density floor.

● This delays the initial relaxation by ~0.01ms.    

● Optimization of the other diffusivites in ongoing to minimize the size of the number density 
diffusivity.  

Old Simulation New Simulation



  

t = 0.06 ms t = 0.08 ms

t = 0.10 ms t = 0.12 ms

The current sheet balloons out into the flux conserver and then 
relaxes forming a spheromak. 
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Part 2: Drift Wave Calculations



  

A numerical mode is observed in two-fluid linear calculations 
of interchange modes in a periodic cylindrical spheromak.

● The mode appears for calculations when 
the real frequency is larger than the MHD 
growth rate.

● The mode is not observed when the MHD 
Ohm’s law is used.

● The numerical modes often have coherent 
structure.

● The real frequency of the mode blows up 
as Δt is decreased.

● Observed in calculations using 
ΓΔt=5e-5. 

● The real period of the mode spans 10+ 
times steps. 

● Is this a numerical drift wave?

● The mode may have been observed in 
some of my SSPX calculations at high n. A 3/2 numerical mode near the 1/2 rational 

surface.



  

A localized dispersion relation for the ITG mode is derived 
using the two-fluid Ohm’s law.

● An  “equilibrium” pressure gradient is specified with uniform B
0
, e

z
, and n.

●

● The electrostatic assumption is used to determine v
x
 and v

y
.

● The electron pressure balances the v x B term in Ohm’s law.

●

●

● Combining with the parallel momentum equations yields a localized dispersion:
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The linear electron pressure term is pesky!

● The electron pressure in the 2 fluid Ohm’s laws has the form:

● Keeping only the linear terms:

● Using the chain rule to expand the derivatives yields:

● The                          term  drops out when you take the curl of E.

● The                       terms cancel.

● What appear(ed) in brhd_hmhd in NIMROD is:

● Buried within the equilibrium pressure gradient is one                   term that is incorrectly 
balanced.
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Instability results when the the diamagnetic drift speed is large. 

●

● If                            then there are three real roots.

● If              then there is one real root and two complex roots.

●

3−k z
2C s

2−k z
2C s

2k y v =0

=q3r20

r=1/2k z
2C s

2 k y v 

s=
3r ,

0

q=−1/3 k z
2C s

2 ,

t=
3r−

1=st 2=
−1
2

st 3
2

s−t  i 3=
−1
2

st −3
2

s−t  i



  

Simple calculations of ITG-mode are are performed in a slab.

● A hyperbolic pressure profile is specified 
with uniform density and magnetic field.

● Not a true equilibrium!

● NIMROD does not compute the 
equilibrium force.

● A local velocity perturbations is applied in 
the region of maximum P’.

● The two fluid Ohm’s law is used.

● For these parameters the localized 
dispersion relation predicts:

● Γ = 1.4e5 s-1

● ω
  
 = 0.8e5 s-1

● B = 0.5 T

● Ta ~1.e-8 s

● n = 1.0e18 m-3

● Beta =1.6%

● Kz = 0.1m-1

● Ky = 10m-1

● 1/L = 10 m-1

● P
0
(-∞)- P

0
(∞)=0.01 P

0
(0)



  

A numerical mode associated with the electron pressure is 
observed in the slab calculations.

● The real frequency and the growth rate of 
the numerical mode are an order of 
magnitude greater than the predicted 
physical growth rate. 

● Node to node oscillations are observed in 
the vertical direction.

● MHD calculations are stable.

● Electron inertia enhances the growth rate.

● Setting pe_frac to 0.1% stabilizes the 
numerical mode.

● The calculations shown were performed 
using the incorrect electron pressure in 
NIMROD.



  

Summary

● Nonlinear resistive MHD simulations of SSPX discharge are underway.

● The SSPX modifications have been made to latest release of NIMUW, and the current 
simulation agrees qualitatively with previous simulations.

● Improved number density control leads to a larger density slowing down the ballooning 
on the current sheet into the flux conserver.

● The “formation phase” of the simulation is complete.

– The computations should speed up now that the guns are turned down.
● Calculations on ITG modes in a slab meeting resistance!

● The physical mode is currently being dominated by a numerical mode.

● The observation of a numerical mode is in a slab is troubling but eases trouble shooting.

● The mode behavior is similar to behavior observed in cylindrical spheromak 
calculations.
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