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Understanding and Predicting Toroidal and Poloidal

Rotation is Critical for Projecting ITER Performance

e Level of toroidal rotation achieved determines stability to MHD,
and turbulence reduction by ExB shear?

e Predictions? of ITER toroidal rotation varies significantly amongst
models and assumptions of ¥,

e |f core toroidal rotation is largely absent neoclassical will give no
Er because poloidal and pressure contributions cancel

x = sqrt (normalized toroidal flux)
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For Negligible Toroidal Rotation the Pressure and

Poloidal Rotation Contributions Determine E;

e Current understanding of toroidal rotation relies
on y/yi scalings?! or projections of intrinsic
rotation?

e Scalings of y/y largely determined in NBl heated
plasmas

e |Intrinsic rotation in BP conditions unknown
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Understanding Poloidal Rotation will be

Critical in the Burning Plasma Regime

* Neoclassical codes (NCLASS) employed to
compute poloidal rotation in ITER conditions

* Neoclassical codes appear to fail in getting

magnitude and sign of poloidal flow
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Here’s what I’'m going to tell you

e We can now measured the bulk ion toroidal
rotation in a deuterium plasma in DIII-D

e The bulk ion toroidal rotation does not match the
NCLASS predicted toroidal rotation

e Measurement of main-ion toroidal rotation and
pressure allows inference of main-ion poloidal
rotation via radial force balance

* The fundamental neoclassical quantity, poloidal
rotation, is not consistent with observation

?g B.A. Grierson / TTF / April 2012
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New Main-ion CER Capability on DIlI-D Used to

Investigate Deuterium Toroidal & Poloidal Rotation

e Diagnostic overcomes a number of atomic
physics issues with active spectroscopy
using D beams into D plasmas

e Provides radial profile of T, Vio:°® and
inferred thermal np from magnetic axis to
near pedestal

e Use NCLASS to compute predicted deuterium
ion toroidal rotation with experimental
measurements

B.A. Grierson / TTF / April 2012




Mechanics of the neoclassical prediction

ne, Te ~N
NG, Ti’ V(PC
+ ngc, TiC, chc
n (NUBEAM) " ’ ) ’
Force VP,
NCLASS | Ve N Balance E, = Zen. FVeBg — Vo By,
* VaC oo _ o, ( VPo VPD>
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Previous Toroidal Rotation Studies in Helium Plasmas

Displayed Significant Difference from Neoclassical

¢ |ntrinsic rotation in 10 | | | |
ECH H-mode to
determine impurity and
bulk ion rotation’

e Measured helium
profile indicates
NCLASS predicts
inconsistent sign of
(Vtorc'vtorHe)

e General result?

1J. S. de Grassie Phys. Plasmas 14 (2007)
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New Measurements of Deuterium Toroidal Rotation

also Inconsistent with NCLASS Neoclassical

e L-mode (ohmic) main-ion
rotation profile similar L-Mode (Ohmic)

profile to carbon 30T carbon

Deuterium
25 F
O NCLASS P
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4
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to Carbon 30 E_ C.ar.bo.n ............
. Deuterium
e ELM-free phase ECH H-mode  NCLASS ~

) 20 |
displays measured Vio:® more :

ctr-Ip in the core compared
to NCLASS

V., (km/s)
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New Measurements of Deuterium Toroidal Rotation

also Inconsistent with NCLASS Neoclassical

e L-mode (ohmic) main-ion

rotation profile similar profile - ECH H-Mode
to carbon 40Fcarbon .
Deuterium R TR
* ELM-free phase ECH H-mode T | | L" -
displays measured Vior® more _ PR 'H } o l[ ]
ctr-lp in the core compared E 20 l H | [ o -
to NCLASS N [H[H”Hr H[H[ Hﬂmlﬂﬂ. 11!1‘
e Core rotation rise of of 7T17¢ |
deuterium and carbon are § S
similar as edge momentum gff14es9s 02280 |
pinched into the core, but 1.6 1.8 Rz(.o) 2.2 2.4
m
- Deuterium persistently ctr-Ip ¢ ‘

Region of Strongest

Compared to carbon Core Pressure Gradient
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Both Deuterium and Carbon Rotation Increase

in time in ECH H-Mode

e |n ELM-free H-Mode ;) R — :
core rotation o5 1O (@) Tdeses0na (b):
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Test Neoclassical by Inferring Poloidal Flow

e Reduced Current (0.74 MA
vs. previous 0.93 MA) ECH
H-Mode displayed strong
core pressure gradient
and large NCLASS
predicted main-ion
toroidal rotation

e Use measured toroidal
rotation and pressure
profiles and carbon Ve to
infer the main-ion poloidal
flow

B.A. Grierson / TTF / April 2012
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Test Neoclassical by Measuring Poloidal Flow

* Strongest ST Temperatwre | | Density
core pressure - '
gradient
localized to
p=[0.2,0.4]
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Test Neoclassical by Measuring Poloidal Flow

* NCLASS indicates
core poloidal rotation S —

of deuterium and A Deuterium NCLASS - - - -
. : Js Carbon NCLASS — -
carbon in opposite A :
f:hrecyon (deuterium 2 2 lon Diamagnetic
ion diamag.) 2 L :
S 0kXNc"" Tmm === ~
* lon diamagnetic e ! e \
deuterium flow Is | :
consistent with o S ;
banana regime 00 02 04 06 08 10
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Test Neoclassical by Measuring Poloidal Flow

e Carbon poloidal flow

measured to be more P — ———— _
ion diamagnetic than o ze”;e”“[\'lnc'['/f;;\ss T
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Test Neoclassical by Measuring Poloidal Flow

e |Infer deuterium ion

poloidal flow using P
force balance ol
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Test Neoclassical by Measuring Poloidal Flow

e [nfer deuterium ion
poloidal flow using N — |

f b I - HH” Deuterium NCLASS - - - ]
orce pailance 6:- ””H“l Deuterium Inferred IIII -

e Deuterium ion poloidal i
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diamagnetic direction oL/ Ml | 111
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Test Neoclassical by Measuring Poloidal Flow

e Deuterium in banana

collisionality regime e —
HH” Deuterium NCLASS -} -

O Use analytic formUIa1 6— I”HHH l Deuterium Inferred ITJ1 —
|
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Neglecting Pfirsch-Schluter Viscocity Produces

Better Agreement with Measurements

e NCLASS can optionally include w/ PS Visc.
or neglect various pieces of ' wio P Vise.
physics

e Core collisionality is largely
banana regime

Vpol C (km/s)

- Run code neglecting any
Pfirsch-SchlUter viscosity
contributions

e NCLASS gets closer to 3
experiment in the steep
pressure region

w/ PS Visc.
w/o PS Visc.
Banana

Vpol D (km/s)

e Still insufficient to capture

deuterium toroidal rotation of 2

. . . \ \
because differential poloidal : ]
flow not large enough 00 02 04 05 08 10
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Banana Regime Analytic Poloidal Flow Produces

Better Agreement with Measured Toroidal Flow

e Assume banana regime
poloidal flow for
toroidal flow 40—
calculation

)

e Agreement overlarge ¢ ” | ,
regi < 20 H{M ) Sk
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Test Neoclassical by Measuring Poloidal Flow

e E,from experiment

and NCLASS different 45 [ _
e Associated shear wexs  10f ‘ '
~d(E/RBp)/dy also g | Hllii"" f
clearly different s ° Il
0f
P [ ErNCLASS—
E,. = Zvenz- FV,Be — Vo B, 12 Er Measured IIII
00 02 04 06 08 10
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Poloidal Velocity Contribution to E; Larger than Vior

for Main-lons, Much Larger than NCLASS Predicts

* DIlI-D intrinsic rotation scenario displays large
sensitivity to main-ion Vpoi when computing E;
from main-ion pressure, Vior and Vpol

Deuterium E_ Components (NCLASS) Deuterium E Components (Exp)
15[

10F
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Conclusions / Future Work

* |In low rotation scenarios expected In ITER,
uncertainty of core Er is large due to unknown Vior
(hope its large)

o |f toroidal rotation is small or nearly zero then Er
determined by two similar magnitude terms VP
and Vo1, of which Vo could be large/small,
positive/negative?

e Database of Vo across scenarios non-existent, so
we need both empirical scalings and fundamental
understanding of poloidal flow physics
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