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PUSH* EXFESIHE5T IK A SHALL REVERSED FIELD FISCH APPARATUS AT 1KPE 

Y. Aso. C.S. Shlbata. H. Ueda. 
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São José do* Campos. 12201. SP. Brazil 

*;• RFP (Reversed Field Pinch) plasaa is a 

eoalicaratirn in a minimum energy state which has 

ruim* interesting related p rob less. For example. Che 

plasaa is stable for small toroidal field and high 

plana current values, conditions which are 

favorable for the construction of a fusion reactor. 

Another interesting problem is the regeneration of 

the toroidal flux inside the plasaa (1]- Moreover, a 

plasaa flow which is related to this flux 

regeneration was observed experimentally [2|. Such a 

RFP plaaaa can be obtained through the energy 

relaxation process inside the toroidal flux 

conservar. To study this relaxation process the small 

RFP apparatus CECI (Configuração de E'.ricio a Campo 

Inverse) (3| has been constructed at 1NPE and plasma 

experiment has been started in 19N. In the present 

paper, we will describe some preliminary results and 

will also discuss some future work in this experiment. 

Since the details of CECI apparatus are 

described elsewhere (31, it is only briefly described 

here. CECI has two coil systems, a D.C. toroidal coll 

to produce the magnetic field up to 700C and a 

poloidal coll to induce the plasma current, and a 

conductive shell surrounding a pytex tube (major 

radius of 12cm and minor radius of 4.2cm) that acts 

as a toroidal flux conserver for about 3ms. The 

plasma is initiated by a plasma gun. In this 

experiment, helium at a pressure of I0"sTorr is used 

as a working gas. 

Typical wave forms of the plasma current and 

loop voltage are shown in Fig. 1. The maximum plasma 

current of 1.3kA is obtained for a toroidal field of 

100C and a poloidal bank (16.8S»F) voltage of 5kV. 

At this time the conductivity temperature is about 

3eV. The relaxation state of the plasma can be known 

by examining the F-9 diagram (F-B.(b)/B. and 6 - B 

(b)/i where B (b), B.(b) and Í. are the toroidal 

and poloidal field at the wall and the average 

toroidal field, respectively), which is shown for 

three experimental conditions in Fig. 2. The 

fluctuation level of the toroidal field at the wall, 

B,(b), Is very large (B\/B. 1100%), and therefore 
•fr 9 9 
the data show the average values. As shown in Fig. 2, 

the RFP configuration in this experiment was not yet 

obtained. However, it is found that the plasma 

approaches the RFP configuration when the toroidal 

field is decreased and the poloidel bank voltage is 

Increased. Since the plasma current decreases by 

decreasing the toroidal field, the toroidal field 

value of 30C is a lower limit for CECI. Therefore 

the pinch parameter 9. which is a function of the 

plasma current, must be improved to obtain the RFP 

plasma, as discussed below. From the difference 

between the inner and outer poloidal fields values 

at the space between the conductive shell and the 

discharge tube, the displacement of plasma column 

was estimated to be 2-emm when the minor radius was 

assumed to be f>-2Smm. 

Fig. 1. Loop voltage (upper trace) and plasma current 
(lower trace). 
Loop voltage: 30V/dlv.; plasma current: 300A/dlv.; 
horizontal axis: 20us/div.; toroidal field B. • 50G; 
poloidal bank voltage V * 3kV. 

It seems that the following two problems must 

be solved to improve the plasma current in CECI 

experiment: 

1) Reduction of the error field due to the primary 

current of the poloidal coil. 

2) Production of a higher density initial plasma by 

the plasms gun. 

The first problem may be difficult to solve 

because the poloidal coll is wound tightly around 

the toroidal discharge tube in the CECI apparatus. 

Figure I shows the calculated value» of the leakage 

field for a poloidal coll current of IkA, 
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cerrespwodtag to the actual experimental condition 

of Fig. I. Hotice that these valves are calcvlated 

without considering the conductive shell which is 

actually present betweea the poloidal coll wires and 

Ihr dtmrhargr tub*- In the CECI apparatiMS. In the 

operiamt. tbe plasma carreat of oOOA produces a 

pnioldal field of 30B near tbe wall of tbe discharge 

take. This «aloe is comparable to the leakage field 

«how la Fig. 3 except for tbe central region. 

Ceaeiawsatly, we believe that one of the canses tbat 

limits the plasma current la tbe CECl experiment is 

m» follows: tbe magnetic flax surface in the oster 

region cannot be formed because the leakage field 

Increases with the poloidal coll current, resulting 

in a large energy loss from tbe plasma. A 

compensating coll to reduce such a leakage field is 

being prepared. 

To solve the second problem, it is necessary 

to Increase tbe energy of tbe bank ased In the 

plasma gun and also to preioaise tbe plasma by BF 

(radio frequency) means. 

to 
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Fig. 2. Experimental F-ft points. 
Bf(b): toroidal field at wall; Bg(b): poloidal field 
at wall; 0: B.-50G, V - 3kV; X: B--J0C. V - 3kV; 
i: ÍA-30G, V -4kV. 
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Fig. 3. Calculated leakage field Inside the 
discharge tube by the poloidal coil current. 
Solid circle indicates tbe discharge tube. The 
magnitude of magnetic field produced by tbe poloidal 
coll current of lhA ia mapped and expressed in 
gausalMi unite. Tbe region Indicated by asterisks 
(*) corresponds to a strong magnetic field region 
with more than 100C (for example Bg - 7kG at r • bem). 
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