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Pinch configurations have a magnetic 
profile distinct from the tokamak.

• A pinch configuration has a large toroidal current, and a 
poloidal magnetic field comparable to the toroidal magnetic 
field Bθ ~ BΦ.
o The dominant B is in the r direction.∇ ∇
o The dominant B and curvature drifts are in within the ∇

flux surface.
• In contrast, a tokamak has a small inductively-driven 

toroidal current compared to the large guide field, BΦ ~ 1/R.
o The dominant drift is diamagnetic.
o The B and curvature drifts are in the Z direction, and ∇ ∇

are small upon flux surface averaging.
• RΦZ are 'toroidal' coordinates and rθz are 'cylindrical' 

coordinates.



The pinch B and curvature drifts are roughly ∇
aligned with the flux surfaces, unlike the tokamak.

● Using F(ψ)=RB
Φ
=-λ

0
ψ[1-ψα/2/(α/2+1)]+f

0
; P(ψ)=const.

pinch-like profile
λ0=2.33, α=1.5, f0=1
Bθ ~ BΦ

tokamak-like profile
λ0=0.3, α=1.5, f0=1
Bθ << BΦ ~ 1/R



  

Spectral energies evolution shows the two 
relaxation events in the computation.

Normalized such that the axisymmetric magnetic energy ~ 1.
Line labeled “other” is the maximum of all other modes not plotted.

Magnetic Energy
(m=0,n=0): ME=1

S=80,000
Pm=1

R/a=3
ρs/a=0.05

β=0.1
aλ0=3.88



The Hall dynamo in the computations is 
comparable in magnitude to one calculated from 
laser polarimetry measurements.
• An average from t=612-684tA is shown.
• The dynamo electric fields act to flatten the current profile, 

and reduce the drive of the tearing instabilities.
• [Ding et al. 2004]
• m=1 n=6 mode only
• during relaxation event
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After the relaxation event, the parallel current in 
the core is flattened and reversal is evident in the 
safety factor.

Cylindrical q(r) shown (rB
z
/RB

θ
) 



At high current and temperature, experimental 
observations indicate the dominance of a single 
core-resonant tearing mode.

● See [P Martin et al. 2003]

● The ω
*gv

 effect may have a larger stabilizing effect on the 

tearing activity away from the magnetic axis than on axis, 
where the B and curvature are the strongest.∇

● This may produce a self-reinforcing effect:
– The drift effect reduces the island amplitudes.

– This in turn, limits the stochastic thermal transport sufficiently to 
increase the plasma temperature.

– Finally the drift effects (~T
i
) grow stronger.

● Multihelicity modelling with multiple tearing modes and 
transport is necessary to sort out these effects.



  

The spectral index is ~4 during the period where 
the m=1 n=6 mode is dominant.

● N
s
=1 indicates purely single helicity state.

● Perhaps transport effects are needed to get a more QSH-like state.

● If only it were as easy as 'just turning those effects on in the code,' as 
the experimentalists make it sound.



  

We would like to compare with computations 
with different parameters (more single fluid), 
however we have encountered some difficulties.

● In order to resolve the dynamics of the drift associated 
with ω

*gv
 we need a small P

m
, and thus large resolution.

● Computations with ρ
s
=0.01 exhibit convergence 

problems during the violent initial relaxation event.

● Computations without ion gyroviscousity and ρ
s
=0.05 

run slowly. 
● As with the single-helicity cases, the spectral broadening in 

the kinetic energy is larger without ion gyroviscosity.



  

Preliminary results from a case without ion GV 
indicate the magnetic energy in the perturbations 
is increased.

● The computations without ion GV (right-side), are 
initialized at t~2900t

A
, and the magnetic field advance 

has a tougher time converging. 



The Maxwell and Reynolds stress roughly cancel 
in the computations, as measured experimentally.
• The flow driven by the 

Maxwell stress associated 
with the Hall dynamo would 
be much larger without this 
cancellation.

• [Kuritsyn et al. 2009]



Our computations produce a flow-profile 
modification similar to that measured.
• This behavior is similar to that measured in MST, where the 

flows in the core are driven in the parallel direction and 
flows from r/a=0.5-0.66 are driven in the anti-parallel 
direction during the crash.

• Our flow profiles are initially zero, and we model the flow 
evolution through the momentum equation.

• [Kuritsyn et al. 2009]



Net momentum generation is evident through a 
viscous drag on the wall.
• Our conducting wall boundary conditions do not permit an 

electromagnetic torque.  
• This effect is not as pronounced with a single fluid model as 

the Hall dynamo vanishes and the flow profile modification 
effects are small.

vz/vA

pz/min0vA



Conclusions
• Ion gyroviscosity is linearly stabilizing and important in 

the RFP as a result of the relatively large magnetic gradient 
and curvature.

• Unlike the effect of a diamagnetic drift, the gyroviscous drift 
impacts the nonlinear island evolution and reduces the 
island saturation width.

• The gyroviscous drift may play a role in the quasi-single 
helicity dynamics observed in RFPs at high temperature and 
current drive.

• Initial results from our multihelicity computations qualitatively 
reproduce dynamics measured in experiment:
o A Hall dynamo during relaxation events.
o Large opposing Maxwell and Reynolds stresses.
o Modification of the flow profile.



Kinetic Energy without Ion GV





  

Axial flow profile evolution

Viscous damping during the initial relaxation event 
(~500-1000t

A
) of the edge gradient would create a 

negative net flow.



  

Axial flow and momentum density

Volume averaged integral, maximum and 
minimum are shown.

Net change is evident. 



  

Poloidal flow profile evolution



  

Poloidal flow and momentum 
density
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