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! Evolution of Relaxation Phenomena in
Spherical Tokamak



Relaxation phenomena in spherical tokamak (ST) plasma

various kinds of low-n MHD relaxations are observed in STs

n

t

IpIp

n

t

IRE (RE) sawtooth

- increase of Ip
- interval 
- deformation
- resiliency

(by courtesy of Dr. A . S ykes and M. G ryaznevich)time

- CCD camera image on an IRE in START

Internal activities





Nonlinear MHD equations
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n (toroidal mode number)
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Growth of ballooning mode

- dependency on 
thermal conductivity

n = 8

n = 12

- pressure driven

- medium n
- localized in bad curvature region
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δδδδP ( n = 1 )

Internal n=1 activity

t = 550 τA

- current driven mode   
- m/n = 1/1   - exist inside the q=1 surface

q=1
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Temporal change in radial pressure and q profiles
on relaxed states
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Comparison with experiments

- observation of ballooning mode 
           and beta degradation in TFTR supershot plasma
                            (Y.Nagayama, et al.(1993))

Y. Nagayama, S.A. Sabbagh, J. Manickam, E.D. Fredrickson, M. Bell, 
R.V. Budny, A. Cavallo, A.C. Janos, M. E. Mauel, K.M. McGuire, G.A. Navratil, 
G. Taylor, and M. Yamada: 
"Observation of ballooning modes in high-temperature tokamak plasmas", 
Physical Review Letters, Vol.69 (1992), pp.2376-2379. 

Y. Nagayama, M. Yamada, S.A. Sabbagh, J. Manickam, E.D. Fredrickson, 
M. Bell, R.V. Budny, A. Cavallo, A.C. Janos, M.E. Mauel, K.M. McGuire, 
G. A. Navratil, and G. Taylor: 
"Investigation of ballooning modes in high poloidal beta plasmas 
        in the Tokamak Fusion Test Reactor", 
Physics of Fluids B, Vol.5, (1993), pp.2571-2577. 



- ballooning mode and beta degradation (Y.Nagayama, et al.(1993))

Y. Nagayama, M. Yamada, S.A. Sabbagh, J. Manickam, 
E.D. Fredrickson, M. Bell, R.V. Budny, A. Cavallo, A.C. 
Janos, M.E. Mauel, K.M. McGuire, G. A. Navratil, and 
G. Taylor, Physics of Fluids B, 5,(1993) pp.2571.

Comparison with experiments     (tokamak  e.g. TFTR)



Comparison with IRE (results)
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n = 1 n = 2

~ simultaneous growth of
the m/n = 1/1 and 2/2 
interchange modes

Magnetic reconnection 
between the internal and external field









Summary of spherical tokamak simulation

two-step relaxation

middle-n ballooning

+
internal n=1

collapse in the periphery
changing the profiles 

sawtooth-like crash & recovery

comparison with experiment

- ECE measurement on beta collapse in TFTR

- agreement in multi-step mode structures

- effect of heat conduction
- treatment of experimental non-rectangular system

numerical techniques

comparison with IRE
- less interaction with external field
    (energy loss , deformation, ...)
                 - only slight difference between the initial conditions
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