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OUTLINE

I. HELIAC CONFIGURATION.

H . EFFECT ON THE EQUILIBRIUM OF A RESONANCE NEAR THE
PLASMA

THE FLEXIBLE H E U A C :

CONTROL OF THE TRANSFORM AND SHEAR

IV. REDUCHON OF THE TOROIDAL SHIFT:

i) HIGH ASPECT RATIO
i i) U R G E NUMBER OF FIELD PERIODS

i i i) TOROIDAL MODULATION OF THE COIL CURRENTS
lv) TILTING OF THE COILS



HELIAC CONFIGURATION

• STABILITY RESULTS FOR THE STRAIGHT, HELICALLY SYMMETRIC
HELIAC HAKE THIS CONFIGURATION VERY ATTRACTIVE.

• MAIN THEORETICAL CONCERN I S THE POSSIBLE EQUILIBRIUM
LDHTATTON, BY MAGNETIC SURFACE 8REAKING FOR F INITE ASPECT
RATIO CONFIGURATION.

I T I S VERY IMPORTANT TD FIND THE RIGHT ^-WINDOW FOR THE
CONFIGURATION, KI
RATIONAL SURFACES.
CONFIGURATION, KEEPING THE TRANSFORM AWAY FROM LOT m



ICCATICN CF XJOANT SE5GNANT SURFACES
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3-0 EQUILIBRIA FLUX 51RFACES FOR DIFFERENT / RANGES AT FIXED j3
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THESE DISTORTIONS INCREASE WITH INCREASING
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THE DISTORTIONS TO THE FLUX SURFACES ARE CAUSED BY NEARLY
RESONANT HARMONICS, IN THIS CASE THE (-3,4), (-2,4) AND
(-6,8) HARUONICS.
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FLUX SURFACE DESTRUCTION FOR LOW ASPECT RATION HELIACS I S
PROBABLY DUE TO THE NONLINEAR INTERACTION BETWEEN TOROIDAL
SHIFT AND VACUUy HELICAL FIELD HARMONICS (REIMAN AND
BOOZER).

THEREFORE, TO IMPROVE THE CONFIGURATION WE NEED:

1) REDUCE THE SHEAR AND CONTROL THE TRANSFORM
2 ) REDUCE THE TOROIDAL SHIFT



FLEXIBLE HELIAC

• THE ADDITION OF AN £. = 1 HELICAL WINDING TO THE CENTRAL
CONDUCTOR

PERMITS TO CONTROL f AND TO REDUCE THE SHEAR.



FLEXIBLE HELIAC

- THE PROPERTIES OF THE FLEXIBLE HELIAC HAY EASILY BE
UNDERSTOOD IN THE INFINITE ASPECT RATIO, HELICALLY SYMMETRIC
LIMIT

* = Z • A In r 4 [0.25 I, (r) • b, K, (r)] sin (9-Z)
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FLUX SURFACES

THE CENTRAL CONDUCTOR CURRENT (aA) DECREASES RAPIDLY AS THE
CURRENT ( a b j RISES
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HELICAL CURRENT SCAN
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TOTAL TOROIDAL CURRENT SCAN
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OTJOK/L £ = 1 CENTRAL IIKDI».a GIVES :

• INDEPENDENT VARIATION OF SHEAR AND TRANSFORM OVER A
VIDE RANGE

• DEEPER MAGNETIC WELLS

• SIMILAR CONFIGURATIONS WITH LESS TOTAL CURRENT
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REDUCTION OF THE TDROIOAL SHIFT

1) ASPECT RATIO

2) TOROIDAL FIELD PERIODS

3) TOROIDAL MODULATION OF THE COIL CURRENTS

4) REDUCTION OF THE Jdg/B VARIATION



REDUCTION OF THE TOROIDAL SHIFT !. • -. ..

• • TO STUDY THE EFFECT OF ASPECT RATIO (AJ AND NUMBER OF
FIELD PERIODS (U) ON THE TOROIDAL MAGNETIC AXIS SHIFT (AT)
TWO TYPES OF CONFIGURATION SCANS HAVE BEEN MADE

INCREASE M, Ac = CONST

= 8, Ac = 4

« = Ac = 4

INCREASE Ae, PITCH = CONST,

U = 8, Ac = 8



Increasing the aspect ratio at constant pitch lowers
toroidal shift

but no effect on helical shift



HELIAC EQUILIBRIUM

Vacuum = 10%
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For II = R = 12 Heliac, good equilibria up to at least



• THE SPECTRA OF THE H = Ac = 4 CONFIGURATIONS COMPARED
TO THE II = A c = 12 SHOWS MUCH GREATER BROADENING WITH p .
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Increasing number of number of field periods at constant e
raises-b and lovers Ay

but raises helical shift



HELIAC EQUILIBRIA

Vacuum = 5% = 10%
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TOROIDAL KOOUUnON OF THE COILS CURREHT

MODULATING THE COILS CURRENT HAS LARGE EFFECT ON RIPPLE
(n s 0 , n = U) BUT VERY LITTLE ON (in = 1 , n = 0 ) .



TOROIDAL MODULATION OF THE COILS CURRENT

THE DOMINANT EFFECT I S TO ALTER THE (m = 0 , n = II)
COMPONENT. THE BEATING OF THIS KITH THE (• = 1 , n = K)
COMPONENT NDNUIEARLY MODIFIES THE (m = 1 , „ c= 0)
COMPONENT. (TOROIDAL SHIFT)

• AT U3W ASPECT RATIO fa - 4) THIS NONLINEAR EFFECT I S
DOMINATED BY THE 1/R TOROIDICITY.

AT HIGHER ASPECT RATIO (Ac ~ 20) THERE I S SOME REDUCTION
OF THE TOROIDAL SHIFT.



TOROIDAL MODULATION OF THE COILS CURRENT
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REDUCTION OF THE Jd£/B VARIAnON

BY TILTING THE TOROIDAL FIELD COILS THE /<£/B VARIATION IS
REDUCED.

I 1 1 1—
.0 n.u i.o t.u •5.0 "i.u J.O

VERTICAL COILS TILTED COILS



REDUCTION OF THE Jd£/B VARIATION

BY TILTING THE TOROIDAL FIELD COILS THE J<K/B VARIATION IS
REDUCED.



REDUCTION OF THE Jdg/B VARIATION

II = 4, Ac HELIAC EQUILIBRIUM P Q =
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CONCLUSION

1) THE ADDITION OF Atf £ = 1 HELICAL WINDING TO THE HELIAC
• CENTRAL CONDUCTOR ADDS A SIGNIFICANT DEGREE OF
FLEXIBILITY TO THE < ONFIGURATION BY MAKING IT POSSIBLE TO
CONTROL THE ROTATIO AL TRANSFORM AND SHEAR. SUCH CONTROL
IS ESSENTIAL FOR Af: EXPERIMENT BECAUSE THE PRESENCE OF
L0*-m RESONANT SURFACES IN OR NEAR THE PLASMA CAN CAUSE
BREAK-UP OF THE EQUILIBRIUM MAGNETIC SURFACES.

2) TO FURTHER IMPROVE THE EQUILIBRIUM P LIMITS FOR LOW
ASPECT RATIO CONFICJRATIONS, IT IS NECESSARY TO REDUCE
THE TOROIDAL MAGNETIC AXIS SHIFT. THE RESULTS INDICATE
THAT AN INCREASE Ti ASPECT RATIO AND NUMBER OF FIELD
PERIODS IS THE MOST EFFECTIVE MEANS OF IMPROVEMENT.


