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*General form of banana-drift branch of solutions

/

c, T'

na __ 2 2 pi (l)’
Zl-erl- ——Mll’ll<R >V||6B3DTZ + +

Ziep;, T, ZeT,

where '=g4/4x (poloidal flux)

*Flux-friction relation gives the equivalent
toroidal viscosity

Zel"=(e,-V-II})

*|nfinitesimal neoclassical toroidal
viscosity [NTV] torque element is
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dT \py=—Z.e"dV=dM (R*)v,6 B3, T,

where '=4/4x (poloidal flux)

Radial force balance: P:’ +<I>’=QV,~°V9—VI--VC_
ZLep, T, T.

1 l

dT yry=—dM V||5B3D(<R Q)— <R QNTV>)

. - L o2 c dT, c +c,dT.
=V.-V V.-Vo=—2 ’ Q. = L7
rVE 17 Z.e dX MY ze dx

toroidal rotation rate poloidal rotation rate NTV offset rotation rate

Recallwhen 0 B, <<€ flowing damping in fast (poloidal) and slow (toroidal)
directions are solved successively

C01 Cole 3



dT vy =—dM v 8 Bap|(R* Q) —( R’

A.M. Garofalo, et al: PRL 101, 195005 (2008); PoP 16, 056119 (2009)
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*Previous work compared data against different asymptotic NTV regimes: 1/nu, nu

*Recall that NTV torque is a function of both collisionality and radial electric field

dT vy =—dM

V|

L

5B (R Q)—(R* Quyy )|

-

Vi=v(E,, V)

*Present focus: investigate large variation in damping rate at low electric field
--where superbanana drift orbits have largest radial excursions
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Relevant banana-drift regimes:

1/v

K.C. Shaing PoP 10, 1443 (2003)

Vv—v

K.C. Shaing et al, PoP 15, 082506 (2008)

Superbanana plateau
K.C. Shaing, et al., PPCF 51, 035009 (2009)

T. de E
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*Radial force balance: Pi 4 ¢ ’ — q
Zep., T

*This can be rewritten as ¢ & Jy— Q T Q
E 0

*The electric precessional drift is wE —_

d X

*Radial electric field goes to zero as Cp T 1 dTl T,- d n

Q—-0,= —
R Z.e dX Z,endX

*Recall Cp comes from 7 §9_ c, dT
v “ZedX

1

i
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dT ., [Nml=—2n,eT.[eV ]dV § BK (Q2—Q )
0.21Vnv,

K
12-0|]" +.30v /[nellwy 4 +.04 (v /|ne|

3/2

*Approximate d /[ d X ~d /(R B, dr)
E T.

r 1

l—c 1
=
R B, Z.eRB,

P

_I_
L, L

W=

n

*Magnetic drift for thermal super-bananas and averaged NTV offset are

T. de Cp+.91 dTl

l

() ~
Z,eRBy,dr MY Z eRB, dr

Wy =
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dT ., [Nml=—2n,eT.[eV ]dV § BK (Q2—Q )

*Magnetic drift for thermal super-bananas and averaged NTV offset are

T. de Cp+.91 dTl

l

() ~
Z,eRBy,dr MY Z eRB, dr

Wy =
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dT ., [Nml=—2n,eT.[eV ]dV § BK (Q2—Q )

0. 21@%

Q- .QOUM \/v/|neT/VB‘-I—.

K

*Magnetic drift for thermal super-bananas and averaged NTV offset are

T e c,+91 dT,

l

() ~
Z,eRBy,dr NIV = Z.eRB, dr

Wy =
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dT ., [Nml=—2n,eT.[eV ]dV § BK (Q2—Q )
021nv,

(|.Q—.QOU3/2'—I—.3O Vv /|nellwy 54.04(v/|ne

K

)3/2

*Magnetic drift for thermal super-bananas and averaged NTV offset are

T. de (:p'F.S)l d jwi

l

() ~
Z,eRBy,dr MY Z eRB, dr

Wy =
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*Patched kernel exhibits “Lorentzian-like” behavior

0.211vn v,
3/2
(|Q Q" +w 2"
3/2
(% ='30\/Vi/|n€||wVB|+'04(Vi/|n€|)3/2 NTV torque on single surface

oZero radial electric field occurs when
toroidal rotation rate is near

T, l—c,
Q,= +
Z.eRB,\ L, L,
*Recall Cp comes from
d T,
V 9=
9 V Z e dX
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T, l—c,
Q,= +
Z.eRB,\ L, L,
*Recall Cp comes from
L o= c dT.
V.-Vo=———
aViV Z.edX
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*Use NBI feedback to measure required
beam torque with and without n=3 fields
applied by I-coills.

*Repeat for several rotation values
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*Establish desired initial rotation rate

*Maintain rotation with feedback on T22 ChERS
channel very near p~().§

*Rapidly switch-on |-Coils to apply n=3 fields

*Measure change in NBI torque before and after I-coil
switch-on to determine total torque applied by I-coils

AT ygi==T ypy

*Repeat for different values of toroidal rotation rate
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~T oy | Nm|=[ dV2neT,[eV |5 B K(Q—Q )
Only two fitting parameters
. 5B/BO in plasma

« axisymmetric poloidal
rotation value C »

c, dT,
Z.edX

1

q Vi'§9=
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*Balanced NBI and I-coil fields allow DIII-D to access 3-D physics
of low radial electric field neoclassical toroidal viscous damping

DIII-D observed peak in the neoclassical toroidal viscous force
as a function of toroidal rotation, predicted by theory

*Peak is highly sensitive to neoclassical poloidal rotation value
find best "fit” value of ¢, =~1.42, which is in the ballpark

*This is tokamak version of stellarator observation that with

with no radial electric field, non-axisymmetry-induced
superbanana transport becomes very large
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