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Flow measurement in double-pulsing CHI experiment on HIST
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Flux amplification and sustainment of the spherical torus (ST) configurations by operating in Multi-pulsing
Coaxial Helicity Injection (M-CHI) method have been demonstrated in the Helicity Injected Spherical
Torus (HIST) device. We have measured the radial profiles of the flow velocities by using lon Doppler
Spectrometer and Mach probes. The result shows that poloidal shear flow exists between the open flux

column and the most outer closed flux surface.

1. Introduction

The new CHI method, so called multi-pulsing
CHI (M-CHI) [1] was applied for a high
temperature spheromak on SSPX at LLNL [2]. It is
important to investigate plasma flow, dynamo and
mode structures between the spheromak and ST
plasma configurations. Thus, we have tested double
pulsing operations on the HIST device in order to
explore the usefulness of the M-CHI for the ST
configurations. In this experiment, we have
investigated the plasma flow profile and ion heating
due to dynamo in the double-CHI driven ST plasma
by using Ion Doppler Spectrometer (IDS) and Mach
probes.

2. Experimental setup and results

The HIST device is a low aspect ratio torus with
major radius R=0.30 m, minor radius ¢=0.24 m, and
aspect ratio 4=1.25 [3] (see Fig.1). The capacitor
banks (V=10 kV, C=0.6-2.6 mF) are used for ST
formation. The two sustainment banks (V.= 900 V,
C=195 mF and 335 mF) have been prepared for the
double gun pulsing experiment. The HIST device
can sustain the ST by utilizing the variation of the
external toroidal field (TF) coil current /is.

Figure 2 illustrates temporal evolutions of the (a)
toroidal plasma current /, (b) the line averaged
electron density <n.> in the core, (c), (d) the edge
poloidal magnetic field Bpin, Bpou at the inboard

side (R=0.15 m) and the outboard side (R=0.45 m)
and the ion Doppler temperature T;p (OIl: 441.5
nm) in the comparison of single and double pulsed
discharges. By secondly pulsing the MCPG at ¢ =
1.5 or 2.5 ms during the partially decay phase, total
plasma current is effectively amplified against the
resistive decay. The core current density is
generated due to dynamo. By secondly pulsing the
MCPG at ¢t = 1.5 or 2.5 ms during the partially
decay phase, the total plasma current is effectively
amplified against the resistive decay. The core
current density is generated due to dynamo. The
edge A in the OFC is larger than the core A, causing
helicity transport from the edge to the core. Ion
Doppler temperature Tp increases from 20 eV up to
30 eV after the second CHI pulse, suggesting the
ion heating due to dynamo.
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Figure 3 displays comparison of a radial profile /\ Before second CHI (t=2.4 ms)

of poloidal and toroidal flows (a)(b), electron A After second CHI (t=2.75 ms)
density (c) and radial electric field £, (d) between Eqr ' 4 ' | | (a) 3
before and after the second CHI pulse. The result fg : 2 . e
from the measurement shows that poloidal flow £ o Sg & s 4
velocity shear exists between the OFC and the last g | A ‘3 A -
closed flux surface, i.e., at the separatrix. As seen in > s50F “3 s 3
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Fig.3 (a), there is a large poloidal flow in the ion
diamagnetic direction at the OFC with the peak at R
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= 0.15 m. The poloidal flow shear may be caused . N

by the diamagnetic drift of ions v,,=-V p><Bt/ZenB2 % i

that being larger than the E,xB; drift because of a = 07 CRETLLE NN ]

steep density gradient there as shown in Fig.3 (c). 2 g 02_ 2 4 2 4 ]

This is consistent with the observation that the OFC : o, ]

has a diamagnetic toroidal magnetic field structure. 50 ' 01 02 03 04 05

The negative E, ~V pi/en—(vxB) (the inward way & K (©)

to the magnetic axis) may be produced by the cross =

field flow rather than the ion pressure gradient. It & 1k 3,} %A i

should be noted that the direction of the toroidal ion x -

flow in the OFC is anti-parallel to that of the & "84S i 4 "

electron flow. The second CHI pulse tends to 00 TR 50 i

increase the poloidal flow shear and decrease the 4 PG 5 i

toroidal flow shear which suggests that the ion flow B . d) |

is driven in the poloidal direction by the CHI pulse. E 2 R " y
Figure 4 shows the poloidal flow profile of the < 1+ a A s

impurity and neural particles obtained by the IDS o OF P s 4 .

measurement of OII and H gspectral lines. Although s 2 7

this is not a local flow, the shear profile of the OII 25T 05 05 04 05

impurity flow is similar to the Mach probe data, but R (m)

the direction in the OFC (R< 0.1 m) is not revers'ed. FIG. 3. Radial profiles of (a) v,

On the other hand, we can see that the H gpoloidal (b)Vier, (¢) 1, (d) Ex.

flow is reversed in this region. This reason is

unclear at present. According to the formula
ZsBefore 2nd-pulse O (1=2.4 ms)

Voo=ExB; — V prt/ZenBz, the diamagnetic drift OBefore 2nd-pulse H (t=2.4 ms)
velocity of impurity particles is decreased by a 20 ::2:; ;ﬁgj]';ﬁ}i:gg‘(“;;%?n?)
factor of Z as compared to the E.xB,drift so that the . CTes T T (é)
diamagnetic poloidal flow velocity of the OII "E a 4t 4 1
impurity particles is slower than that of the ion. < oL P
a &
3. Summary =
We have successfully demonstrated the -200 01 03 03 04 05
flux/current amplification and sustainment of the W
plasmas in the double gun pulse experiment. Mach o () |
probe and IDS measurements have shown that there £ 0 * o :
is the strong poloidal flow shear due to the ion i g’"';"; """"" ]
diamagnetic drift around the separatrix. =
)
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