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Profile of NBI driven toroidal flow

Toroidal flow velocity
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The NBI driven component is small at the plasma edge while it is significant in the
plasma core.

It is considered to be the result come from the strong helical ripple and small deposition of
the NBI power at the plasma edge.

The experiments for the spontaneous flow is performed around the edge region.

#76740 #76741 #76753 B=2.64T R_,=3.75m y=1.254 Bq=100% M.Yoshinuma et al., Nucl.Fusion 49 (2009) 075036.



E_driven Spontaneous flow at plasma edge.

The E, can be changed by controlling of the electron density, and we

observed the toroidal flow at the plasma edge.
Dependence of toroidal flow
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The poloidal flow driven by E, x B is redirected to the
direction of helical pitch which has minimum gradient of

magnetic field strength.

Positive E_ drives the toroidal flow in the counter-
direction at the plasma edge.

Counter
Direction

Co Direction

B=1.5T R,,=3.6m y=1.174 Bq=100%



E. driven Spontaneous flow in plasma core.

Scheme of o _ .
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During ECH, the positive radial electric field appears associated
with the formation of the electron-ITB.

=) | Positive E, drives the flow in the co-direction near the plasma core.
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Observation of gradient 7; driven Spontaneous flow

Power scan experiment is performed with NBI sustained plasma.
The line averaged electron density n, of 1x10'”m™ is kept constant during the discharge.
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Steep gradient of ion temperature is produced by increasing of injection power of NBI.

Toroidal velocity changes into co-direction associated with the increasing the ion
temperature gradient around R=4.3m.

Ion temperature gradient drives the toroidal flow in the co-direction.
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Fig. 1. (a) Evolutions of central ion temperature and electron temperature and radial profiles of (b) ion temperature and electron
temperature, (c) toroidal flow velocity, and (d) intensity of the C vi emission in the high—ion temperature discharge.

M.Yoshinuma et al., Fusion Sci. Tech. 58 (2010) 103.



Understandings of the flow profile in high 7, plasma
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After the injection of tangential NBI,
a) High temperature plasma is produced with the injection of tangential NBI, dominantly

injected in the counter-direction.
NBI driven flow is observed at the plasma core (counter-direction).

b) Steep gradient of the ion temperature is formed near the mid-radius of the plasma.
Grad-T, drives the spontaneous flow into the co-direction.
c¢) Raidal electric field changes from negative (-5kV/m) to the positive (5kV/m) at the

plasma edge. . . o
E, driven spontaneous flow into the counter-direction.
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K.Nagaoka et al. Phys. Plasmas 20, 056116 (2013).
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FIG. 2. Spontaneous flow velocity measured at r.g/adg = 0.6 without net external driving force as functions of (a) electron density at rgs/ag = 0.6, (b) nor-
malized density gradient, and (c) the normalized collisionality.



NBITEXEI SN A ML TS 2. B TIEGSZ D

STINETlIE, 1 AV EEAROENE & 612, CoAmDRNAE
L3ZERERNINTWS

EHsHXNDIEXNAIEDIE
BEARRICE D bOA X ILRERE)
CodH L U CtrAm D RN DIEFFRE

STiEFETIEE R W, BEONETIFAAXILROE L AEFANS

E— LYY EZICK D EEE) b A A ZILTRDOZEAC DER & &R 9

ANDEAF Iy I BERISEALTH2



Beam switch experiment

APFA2011

Observations of NBI driven flow = Flow velocity at center

with
Offset Torque in Co-direction
Driven Faster, and then dumped.

i |

Single beam is switched from
Co to Counter direction
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Time evolution of toroidal flow velocity

The trend of the velocity in time is
almost same for the single beam
switching.

AV, is same except in the case with
offset torque to counter.

The change into co direction is too slow
compared with the confinement time (a
few 100 ms) in the single beam case.

Large velocity is observed in co
direction while the toroidal flow 1s
small in counter direction in the case
with offset torque.
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Large flow velocity observed with higher Temperature
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Higher temperature plasma is temporally produced at the time where the
large velocity is observed in the case with offset torque injection.

Toroidal flow increases during the higher temperature phase and achieve
the larger value than that predicted from the difference in torque input.
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Troidal flow 1s braked with magnetic structure

The toroidal flow suddenly disappears with offset torque in Counter direction.
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Flattened profile is observed both in ion and electron temperature after the

event. l

Magnetic structure affects strongly to the toroidal flow velocity.

E— b NILREBREICE ST, BBDODRA MF Y AT 4 v 70ICED PAAZILRDO F Ay THRETWNSZ
ENah -7, Klda et al. Nucl. Fusion 57 (2017) 076032
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Toroidal flow
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Y. Nakamura et al., "Strong suppression of impurity
accumulation in steady-state hydrogen discharges with
high power NBI heating on LHD", Nucl. Fusion 57
(2017) 056003
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Figure 4. n-T diagram at the plasma edge for impurity behavior

in hydrogen discharges with R = 3.6 m. The closed and open

blue symbols indicate the discharges (P << 10 MW) with and
without impurity accumulation, respectively. The dashed and solid
lines indicate the critical conditions at either side of the impurity
accumulation window. The open red points represent the discharges
with the strong suppression of impurity accumulation (Pygs = 13 MW).
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Figure 5. Dependences of impurity pinch on (a) normalized ion
temperature gradient (R/Ly;) and (b) carbon Mach number (Mach C)
under the constant ion collisionality condition. The impurity pinch
is estimated by the increasing rate of carbon density (dnc/dr) at

p = 0.5. In these discharges, the E; at p = 0.9 is negative and
around —5kVm™!



