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L oop Voltages of Reversed Field Pinch Plasmaswith Resistive Shell

Yoshiki Magjima and Hisao Ashida
Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba-shi Ibaraki, 305-8568 Japan

1. Introduction

Loop vdtages of reversed field pinch(RFP) plasmas are studied using a resistive MHD
stability code[1] in the linealy growing phase of MHD mode. The experimental RFP plasmas
are operating just on the boarder of the stability boundary of MHD modes near the plasma
center [2], which sustain the RFP equili brium configuration as "dynamo adion", the MHD
dynamo model. The loop vdtage of RFP increases with poa shell proximity as the growth-
rate of dynamo modes increase quickly. Fully nonlinear cdculations give the loop vdtage of
steady state RFP configurations sustained by the dynamo mode [3].

2. Evaluation of loop voltage

To evaluate the loop vdtage dependency on the shell proximity by alinea cdculation, the
pooida eledric field creaed by the dynamo mode and that of the ejuili brium resistive
comporent is balanced. Then the increased toroidal eledric field at the plasma center by the
mode is defined as the loop vdtage
incresse. It shoud be noted that Ey(r)
is not necessrily match in this case. Fig.1 shows the normalized toroidal eledric field,
Ez(=Ez,.+EZz,,)/EZ,, dependence on the perfect shell positionwithou the resistive shell. An
equili brium configuration similar to the experimental result is creded by the oo model [4],
8/F=1.9-0.388/a. =1.92.3) with B, =0.15. The magnetic Reynolds number of 10" is used in
the cdculation. A single m=1/n=-7 mode seleded is the nonresonant dynamo mode. The
resistive shell has the stabili zing effed on fast mode phenomena. The resistive shell is not
included here as it has no effect in the nonlinealy saturated state. As ®enin Fig.2 and 3when
the perfed shell moves away from the plasma surface, the E,, 4 quickly deaeases its
amplitude and moves the peak position ou, while

jEemodedr= j Eijo dr = EZ(0)(= Ez moad0) +7 2(0))

“r 1™ Ez,isnot changed much. The <bxv,> term of the
121 12 E, . decreases the anplitude and the <bxv,> term,
o / 1" which has oppasite sign, increases. Here b,,b,,v, and
I / % v,are mode cmponents. The main reason is that
= / °2 the b, deaease and the v, increase with moving the
gl ws ™ [1* boundry condtion ou. As the result the dynamo-
o= w==+_11° mode dficiency on creating the poloidal eledric
o 12 114R /a116 15 20 fidd drops in the poa shell proximity condtion.
- As the mode anplitude becomes larger to keep the
Fig.l Loop voltage increase on required pdoidal eledric field, hgher loop vdtage
perfect shell position. isnecessary to sustain the plasma airrent.
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Fig.2 Toroidal electric field driven by mode and its component.
0.02 T T T T 0.00
0.00 -0.02+
-0.021 -0.04
-0.04 -0.06
0.06} -0.08
-0.08 1 1 1 1 -0.10 1 1 1 1 1 -0.02 1 1 1 1
20 40 60 80 0 20 40 60 80 20 40 60 80
80 T T T T 80 T T T T T 80 T T T T
VI’
60 60+ 60
40 40} 40+
5 s 3
20 201 20¢
0 0 0
20 40 60 80 0 20 40 60 80 20 40 60 80

Fig.3 Poloidal

electric field driven by mode and its component.
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Fig.4 Pinch ratio dependence of loop voltage.
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3. Pinch-ratio dependence

The pinch-ratio 6 d ependence of the
loop vdtages is gudied. Equilibrium
profiles are those described in ref.[2]. As
shown in Fig.4 E,/nj, has minimum of 2
around6=1.9 where the mode m=1/n=-7 is
on axis mode. Here B,(0) kegys constant
in the profile dhange when varying 6. It is
clealy seen that the efficiency of creating
ploloidal eledric field has maximum in the
case of on-axis mode. The dotted line
shows the cae of plasma arrent ke
constant. The loop vdtage in 6 between

1.4 and 1.9are dmost constant of 3.54 which qualitatively has good agreement with the

experimental result in TPE-1RM20.

4. Effect of resistivity profile
E,, is converted to E, by the dymano-
mode. Large E, is required a the plasma
edge with low edge temperature and the loss
of pooida current by the edge plasma
turbulence It results in large loop voltage in
RFP. Fig.5 shows the dfed of the shell
proximity, same a sown in Fig.1in this
case with including the dfed of edge
resistivity profile used in ref.[3]. It is
clealy seen that high edge resistivity
results in large loop vdtage
incresse. A comparison d E,
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Fig.5 Loop voltage on shell position with
plasma edge resistivity profile.

with the dfed of Ry, perfect
and 1.2 ,is s.ownin Fig.6 onthe
pinch-ratio 6 with the parameter
of resistivity profile n. In poa
shell proximity case the edge
resistivity has much larger effed.
Introducing the parameter of

Ez /i

16

I Rstell=12

SN

resistivity increment defined by
0.9
617902 IO (T’ -n o)/'l] o dr
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Fig.6 Loop voltage on pinch ratio with plasma edge
resistivity profile.
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0 E,, increase linearly with the resistivity increment

;.fezl_g | | | ) as e in Fig.7. The importance of low edge
15] nomaizeaty | | resitivity in RFP is clea. The loss of edge
B o ’ poloidal current observed as the high hea
5510 ,/ I asymmetry in experiment is equivalent to the
s e high resistivity at the plasma edge.
° 7{,/,,:’/./ Te=(1-"? |
ol ‘ ‘ ‘ 5. Summary
° ? gf,go ° ° Loop vdtages of reversed field pinch(RFP)

plasmas has been studied using the resistive
Fig 7 Loop voltage increase on edge MHD stability code.
resistivity increment. (1) The result on the shell proximity is that
loop vdtages abruptly increase when Ry,>1.4-
1.5. As the boundiry condtion d the stabili zing
shell moves out, the dficiency of creating poloidal eledric field decreases and the loop
voltage required sustaining the paloidal current in equili brium shoud increase.
(2) Result on the pinch-ratio dependence of the loop vdtage shows good agreement with the
experimental result in TPE-1RM20.
(3) Edge plasmaresistivity has larger effect onthe loop vdtage than the shell proximity.
(4) Theloop vdtage increases proportionally with the elge resistivity increment.
(5) From the result of calculation experimental loop vdtage suggests very flat edge resistivity
profile that is very different from Thomson scattering result. This means that the dedron
velocity distribution at the plasma edge seems to be in the slide-away condtion as observed in
soft x-ray measurement.
(6) In TPE-1IRM20 E,/nj,is around 15with Z.; of 1-2. In experiment much higher loop
voltage than in the cdculation is required. The helicity leakage by the edge turbulence, as
observed by the large hea asymmetry at the plasma alge, could be resporsible, which brings
the edge resistivity increase equivalently.
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