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OUTLINE :

• 
CHANDRASEKHAR-KENDALL-FURTH

   
FORCE-FREE CONFIGUTATIONS & 

   
THEIR IDEAL MHD STABILITY

• 
NORELAXED FINITE 
   
SIMILAR CONFIGURATIONS & 

THEIR IDEAL MHD STABILITY

•  
AN IMAGINATIVE EXTRAPOLATION

•  
A POSSIBLE EXPERIMENT

Superposition of two axisymmetric relaxed states each with 
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[image: image2.wmf], with same 
Chandrasekhar-Kendall + Furth square-toroid
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 spherical Bessel function of order 1
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J1 is the order-1 Bessel function
coincidence of zero of [image: image9.png]


 and of [image: image10.png]


 fixes 
(=(x1,4/2x1,3=2.026..., so that

at R=0, Z=x1,3/x1,4=0.775... the zeroes coincide

The superposition of the two force-free fields is written as 
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RELAXED STATE with =0.55
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IDEAL MHD STABILITY: Eigenvalue problem 
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Boozer coordinates (T,,) joined at interfaces

Ideal MHD boundary conditions at interfaces 
Continuous normal displacement 
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Tangential displacements ()can jump
Inside Tori: 
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Surrounding coupled mode: 
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Surrounding Internal mode:
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RELAXED STATES MHD STABLE for ≥0.5
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low-n, fixed boundary conditions (
[image: image38.wmf])=0
Unrelaxed (
[image: image39.wmf]≠0, 
[image: image40.wmf]≠0) MHD fixed boundary equilibria, similar to Chandrasekhar-Kendall-Furth configurations.

Boundary condition =0
[image: image41.wmf]=constant only at plasma edge
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=0
[image: image43.wmf]≈24 at the edge of Surrounding Discharge


=0
[image: image44.wmf]≈8  at the axis of the Spherical Torus
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Many of such equilibria, in particular those that have <> across the plasma not too large, exhibit a very large beta limit with respect to low-n ideal MHD modes
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MHD STABLE to low n=1,2,3

fixed boundary conditions (
[image: image47.wmf])=0
With different choices of the <()> and p() profiles (in particular with an excessive <> across the plasma), the beta limit with respect to low-n ideal MHD modes is reduced
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MHD UNSTABLE for n=2,3

fixed boundary conditions (
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These magnetic configurations allow for an unimpeded outflow of the high energy charged fusion products, across the X-points, to the triple X-point on top/bottom of the configuration, easing direct energy conversion and the use as a space thruster
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Contours of |B| superimposed to flux surfaces

In a reactor extrapolation these configurations are contained in an almost cylindrical solenoid magnetic field by simple external poloidal coils
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Schematic and formation (through electrodes)

of the configuration

Can the surrounding discharge be sustained by inducing strong axisymmetric torque on it ? -particle losses?
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Plasma and B-field of the surrounding discharge will torque until magnetic reconnections at the X-points of the

configuration will inject magnetic helicity into the Torus

Not yet a clear idea about the methods for injecting currents

In a preliminary experiment the surrounding plasma is replaced by a force-free Screw Pinch, fed by electrodes:
PROTO-SPHERA

PROTO-SPHERA parameters

· ST with diameter 2Rsph=0.7 m (…START)
· Toroidal ST current Ip=120÷240 kA (…START)
Longitudinal Screw Pinch current Ie=60 kA

· [image: image53.png]Coaxial I, feeding
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time sequence --->>

PROTO-SPHERA sustained by DC helicity injection for up to one resistive time (~70 ms)

•
Resistive MHD   instabilities convert, through reconnections, open current/field lines into closed current/field lines 

• Magnetic reconnections necessarily break (helical perturbations) the axial symmetry

[image: image55.wmf]

CFk configuration inside PROTO-SPHERA

· ST with diameter 2Rsph ~ 0.7 m
· Toroidal ST current Ip ~ 330 kA
Longitudinal Screw Pinch current Ie = 60 kA

· 
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CONCLUSIONS

· Chandrasekhar-Kendall-Furth (CKF) equilibrium:

    a spherical torus (
[image: image57.wmf]~1, 
[image: image58.wmf]~2) enclosed within a 

    spheromak endowed with high elongation and therefore

    with high winding number (
[image: image59.wmf]~3, 
[image: image60.wmf]~5) and intrinsically

    reversed shear.

· unrelaxed (
[image: image61.wmf]≠0, 
[image: image62.wmf]≠0) CKF equilibria: 

i)
 =0
[image: image63.wmf]=constant only at the boundary;

ii) <> will decrease from the edge of the surrounding

    spheromak to the axis of the main spherical torus.

· If the spheromak discharge can be sustained by driving current on its closed flux surfaces  magnetic helicity, flowing down 
[image: image64.wmf], will be injected into the main ST;

   
[image: image65.wmf] will presumably be concentrated where 
[image: image66.wmf] has the

    largest variation.

· Unrelaxed CKF equilibria can be stable to all ideal MHD low-n perturbations, up to unity beta values, =1.

· ~1 means that plasma motions, i.e. radial electric fields, can sustain the magnetic field of CKF configurations. In the case of a reactor, the radial electric field could even be the natural result of losses of charged fusion products.
· Unrelaxed CKF fusion reactors could allow for an unimpeded outflow of the high energy charged fusion products, easing direct energy conversion and the use of the burner as a space thruster.
PROTO-SPHERA

is a preliminary experiment in which the surronding Spheromak dischage is replaced by a Screw Pinch.

It should investigate the confinement & helicity injection proprieties of such configurations on a resistive time scale


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