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* QPS is a very low aspect ratio (A = 2.7)
Quasi-poloidal stellarator that will test:
— Equilibrium robustness at low A
— Neoclassical and anomalous transport
— Stability limits up to <> = 2.5%
— Bootstrap current effects
— Reduced poloidal viscosity effects on shear
flow transport reduction
— and Configurational flexibility
Design parameters: <Ry,> =0.9 m, <a>=0.33
m, <B>=1T + 0.2T for 1sec, Ip < 150 KA,
Pecy = 0.6-1.2 Mw, P oy = 1-3 Mw

Optimization Strategy Evaluation Tools

QPS optimization targets: . TRANSPORT
Eoff * NEO ¢, Poloidal
— Poloidal symmetry symmetry
— DKES . DKES
— J, Brins Brnax — Setup, mode selection

— BaIIoonlng stability (COBRA)
— Bootstrap consistency

— lota profile

— Mercier, well

— Minimize B, ON outer
surface
— Coil engineering
+ Coil-coi,l coil-plasma separation,
* Minimumradius of curvature

— Parallel runs
— Energy integration

* DELTAS5D Monte Carlo
— Global full-f model
— ICRF heating
— NBI heating efficiency
— Alpha losses
— of bootstrap current

* 1-1/2 D fluid transport
model

Coil currents (kA)
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D. Mikkelsen, Princeton Plasma Physics Laboratory,
R. Sanchez, Universidad Carlos Il de Madrid

Transpert flexibility studies

(7 lndependently varialble c-@I currents)
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Modular coil currents can vary +25%
Vertical field currents can vary £100 kA
Toroidal field currents can vary 70 kA

L5, bootstrap coefficient

L, diffusion coefficient
(DKES code)

(DKES code)
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Diffusive transp®

ENERGETIC PARTICLE PHYSICS

D.A. Spong, L.A. Berry, S.P. Hirshman, J.F. Lyon, Oak Ridge National Laboratory

rt studies
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Of Bootstrap Current Calculation

[uses method of A. Boozer and M. Sasinowski, Phys. Plasmas 2 (1995) 610]

o = [ d'x d*vv,0f

n -mv? /KT
f=fu+df fu =T3¢
(2ﬂkT) = 71‘5132:(]{”2 fvzdv dr d&’x v, g7 &
d(§ d
%—C(éf)=—7lf% with +[g = Jacobian = 1,(G +il)/B*
S =—(y —Wo)% (evaluated at particle locations) — f Vv K@, v, t)‘;f—;‘ where K, v, t) = =

1 T T T T T T T T T T T T T

Two options have been considered:

0.8
1. Radial drifts are included in d(6f)/dt, but orbits are 06
kept bounded to within an annular flux shell K~
2. Radial drifts are not included in d(6f)/dt, and orbits 0.4
remain confined to a single flux surface; radial 0.2
drifts are confined to the same annular flux shell as
for option 1 0
Raw time-resolved delta-f Monte Carlo currents - option 1 Raw time-resolved delta-f Monte Carlo currents - option 2
60 80

40

| I A T Al
LAl ‘\H }H,‘H “‘HH“
: Y
. | I : I N I i
g | | | £ 1
% 0 { | ‘ e H‘ | 2 i
3 | i | S | I
= | \‘ (rit o ° ‘ Al et
-20 | { %
0 o ERYHEE
40 psi = 0.561 psi_edge 7 -40 ps: ps:i o0
—RiEE g = R
psi = 0.854 psi_edge psi = 0.7 psi_edge
-60 @ -60 L I
0 0.015 0.02 E 0 0.005 0.01 0.015 0.02
time(sec) = time(sec)
50 50 T T T
T o)) .
Option 1 c Option 2
8192 particles > 8192 particles
40 | 10 40 |
E w=0122y
s 30 - s 30 | .
_)g —,uo:
20 - ‘“:“‘122‘“64 7 20 - 1
P=07 \pedge
10 Y =05611 10
P =0.854 wwge P =0.561 \pedge
0 - 0 1 1 I
0 0.015 0.02 0 0.005 0.01 0.015 0.02

option 2 ¢

option 1

SFbootstrap current profiles

v/w, = 5.5x1072

0.2 0.4 0.6 0.8

12

WA 40

edge

time(sec)

60

50

30

20

time(sec)

(Error bars are based on one standard deviation away from
the mean in the above saturated time resolved currents)
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BS

Stellarator Alfvén Couplings
Alfvén coupling condition: k&, ==Kyq.a)meav,)

A, a =integers

n—mi=—(n+apr—mi—Ai)

t_=2n+aNﬁ, w=v7AAn—amep
2m+ A R 2m+A
* GAE (global Alfvén mode): a=0, A=0
» TAE (toroidal Alfvén mode): a=0, A==1
* EAE (elliptical Alfvén mode): a=0, A==2
« NAE (noncircular Alfvén mode): o= 0, |A|>2
* MAE (mirror Alfvén mode): a=13A=0
* HAE (helical Alfvén mode): a=1, A=0
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Alfvén Continuum for QA-symmetric stellarator
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