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Within a large nonciroular oonduoting shell, 
origlnally that of the Wisoonsin Levitated Ootupole, 
we have examined reversed-f1eld-pinoh (RFP) plasmas 
in order to (1) 1nvestigate plasma oontrol aspeota of 
a large RFP (R-1.4 m, average m1 nor radlus-O.S m), 
(2) establish that an RFP with nonciroular boundary 
can be sustaIned by dynamo activ1ty, (3) examine the 
eftect ot polo1dal magnet1c field curvature on RFP 

stability (the shell contaIns a 35S Indentat10n at 
the mid plane), and (4) 1nvestigate the possibility ot 
obtainlng sustained RFP plasmas in a poloidal 
div ertor confIguration. 

The device is unconventional in that the 5 cm 
thick alumInum vacuum vessel with single polotdal and 
toroidal gaps serves as both the vaouum liner and 
conducting shell. The poloidal gap 18 protected with 
a 20 cm wide ceramI0 strip and selt-reversed RFP 
plasmas are In1t1ated with a toroidal loop voltage of 
-200'volts/turn. The best plasmas have peak currents 
of 300 kA and are susta1ned 10 mseo (over ten 
res1 stive dIffusIon times). The conduotivity 
t�mperature is -20 eV while the impur1ty oar bon 
doppler wIdth temperature 1s -60 eV. UnlIke typical 
RFP experiments, no reduction in fluctuation level 
accompanies the toroidal field-reversal. 

To gain experlmental information on whether 
tluotuatlons in an RFP are ourrent-dr iven or 
pressure-driven instabIlities generated by 
unfavorable pololdal curvature, we have measured the 
edge magnetiC fluctuatlons In the separate good and 
bad polo idal curvature reglons on a glven magnetl0 
surface. In additlon to RFP discharges, we have 
examined non-reversed plasmas wlth edge safety factor 
q-O._ (poloidal-curvature-dominated) and q-l.Q 
(toroidal-ourvature-dominated). For q-O.� plasmas, 
all components of the magnetic tield fluotuation peak 
strongly in the bad ourvature regian, whereas tor 
q-l.'. only the radial component of the �agnetio 
tle�d tluctuation peaks 1n the bad curvature reglon. 
For RFP plasmas there Is only weak peaking of the 
magnetia field fluctuation in the bad ourvature 
region. For most cases, the fluctuating magnetio 
rteld ia roughly perpend1cular to the equ1l1briUII 
field. 

To invest1gate an RFP in a poloidal divertor 
configuration, tour oonductlng rings have been 
installed within the vacuum ves�el to produce a 
four-nOde pololdal separatrix. A similar experiment 
waa conducted on the Tokapole II devioe. normally 
operated as a small divertor tokamak. Using aided­
reversal, translent reversed-field dIscharges were 
produced in TOkapole II. Although not sustained, the 
magnetic equilibria decay time was longer than ideal 
HHO instabil1ty tlmesoales, and detailed analysis or 
equillbriUm magnetio tield protlle data showed that 
l.-J./B falla sharply near the separatrix muoh like 
it does near the vacuum llner In a oircular RFP. 
Inltial operation ot the Octupole tank experiment 
with alded-reversal produces sImIlar transIent, non­
sustained plasmas, although operational optImizatIon 
studIes are in progress. 
·Work 3upported by U.S.D.O.E • •  
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INTRODUCTION 

Beginning Nov. 1984, the old Wisconsin 

Levitated Octupole was modi fied to operate 

as a reversed-field pinch (RFP). The large, 
non- circular cross section and the ability 

to ins ert poloidal divertor rings proyided 
opportunities to explore such topics as 
curvature effects on fluctuations in the RFP 

(the non-circular cross section crea t es flux 
surfaces with good and bad poloidal curvature 
regions) and the efficacy of a poloidal 
divertor RFP. The modifications re quired to 
op erate this device as an RFP were substantial 

the most noteable being o peration without a 
thin, resistive metal liner which is the 
present day standard technique for protecting 
the high voltage poloidal gap. 
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MACHINE SPECIFICATIONS 

Major Radius 
Minor Dimensions 
Walls 
Iron Core Volt-Seconds 

RINGS 

Material 
Resistance 
Maj or Radius 
Minor Diameter 
Hanger Sets 
Maximum Total Current 

1.39 m 
1.1 x 1.2 m 
5 em 1100 Aluminum 
1.9 . 

INNER 

22l9-T8 
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TYPICAL NON-CIRCU.LAR RFP DISCHARGE 
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FLUX PLOT: 
REGIONS OF GOOD AND� BAD 
CURVATURE ARE INDICATED 

........ 
"" 

" 

. ....... . " 

..... 

.... 
" 

/ •.... 

l/ 
...... ,.\ 

bad 
curvature : 

l. 
", " 

.. " 
" 

good _ 

curvature -..-.. 

\ ) O.54m 
.... 

8 



EFFECT OF POLOIDAL CURVATURE 

ON FLUCTUATIONS 
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SUMMARY OF LARGE NON-CIRCULAR RFP 

1. SELF-REVERSED, RAMPED CURRENT DISCHARGES ARE 

OBTAINED WITH TYPICAL PEAK PARAMETERS: 

2. 

Ip"'" 300 kA 

<Br)-450 G 

F 'V -0.2 

8 '" 1.8 

Te"" Ti 'V 100 eV 
12.. -3 

ne - 5x10 em 

't,"" 0.1 msee 

Zen ""3 

MAGNETIC FLUCTUATION LEVEL PEAKS STRONGLY 

IN BAD POLOIDAL CURVATURE REGIONS ONLY IN 
THE LOW q TOKAMAK CASE. INTERESTINGLY, THE 

FLUCTUATIONS DO NOT PEAK IN THE RFP, lVHICH 

IS ALSO POLOIDAL CURVATURE DOMINATED. 



TYPICAL DIVERTOR RFP DISCHARGE 
USING AIDED-REVERSAL 
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TOROIDAL ·ASYMMETRY 
r 

POLOIDAL FIELD AT WALL 
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POLOIDAL ASYMMETRY 
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LOW q DIVERTOR TOKAMAK AND 
VACUUM FIELDS ARE SYMMETRIC 
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FOURIER AMPLITUDES OF THE ERROR 

. FLUX AT THE POLOIDAL GAP 

USING THE t=Q WIDTH OF THE GAP 

THE ERROR FIELD IS COMPARABLE 

TO THE EQUILIBRIUM TANGENTIAL FIELD 
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The toroidal field is produced by 

driving the aluminum vacuum vessel 

wall with 44 lead pairs connected 

uniformly around the toroidal gap. 



CURRENT IN THE BT LEADS IS NON-UNIFORM 
TOROIDALLY. DATA TAKEN BELOW 

ARE DURING REVERSAL. -

CURRENT IN BT LEADS 
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S�ll1ARY OF DIVERTOR RFP 

1. REVERSED�FIELD PLASMAS ARE OBTAINED USING 
tAIDED�REVERSAL '-. ·FIELD PROGRAMMING '�ITH 
REVERSAL TIME� 1.5 MSEC. THE BASIC PLASMA 

PARAMETERS FOR A TYPICAL Ip = 135 kA 
DISCHARGE ARE 

I! ... 3 ne-(1-2) x 10 em 

T
e

- 100 eV (THOMPSON SCATTERING) 

2. LARGE SCALE GLOBAL ASYMMETRY IS OBSERVED IN 
THE EQUILIBRIUM MAGNETIC FIELD: 

a) THE POLOIDAL STRUCTURE APPEARS TO BE 
DOMINANTLY m=1. 

b) THE ASYMMETRY VARIES RAPIDLY IN THE TOROIDAL 

DIRECTION SUGGESTI�G A LARGE n STRUCTURE, BUT 

NO SINGLE n VALUE FITS THE DATA WELL. 

c) THE LOW q TOKAMAK · IS SYMMETRIC AS ARE THE 
VACUUM FIELDS. 

3. LARGE FIELD ERRORS ARE PRESENT AT BOTH THE 
TOROIDAL AND POLOIDAL GAPS. 

� 
c--l 



CONCLUSIONS 

IT IS CLEAR THE ASYMMETRY IS ASSOCIATED 

WITH ATTEMPTING TO LOWER THE TOROIDAL 
FIELD. 

IS THE ASYMMETRY ASSOCIATED WITH A LARGE 

FIELD ERROR OR IS THERE MORE FUNDAMENTAL 
� 

PHYSICS AT \vORK? 
... 

WE HAVE NO EVIDENCE AT THIS POINT-WHICH 
ANSWERS THIS QUESTION. IT IS PROBABLY 
NECE SSARY TO SIGNIFICANTLY REDUCE THE 

FIELD ERRORS BEFORE THE ANSl�R BECOMES 

APPARENT . 

ATTEMPTS WERE MADE TO FIX THE FIELD ERRORS, 

BUT ONLY SLIGHT IMPROVEMENT RESULTED AND 
THE ASYMMETRY PERSISTED. 

� 

N 


