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Introduction

"o the current profile control problem in tokamaks breaks into two
distinct areas

— controlling in the presence of significant inductive current

— controlling fully non-inductive current
o these two areas further break down into

— pre-programmed current profile control (open loop)

— feedback current profile control (closed loop)

e present results of TSC simulations of the ITER reverse shear
discharge

e present results of attempt to model CMOD evolution to a reverse
shear plasma



Simulation of ITER Reversed Shear Plasma

"o this represents current profile control through pre-programming.
e the discharge can be broken up into five phases

— inductive plasma current rampup
— transition to low § — low current non-inductive plasma

— transition to high # — high current non-inductive plasma
— flattop

— rampdown (not modelled)



3

%

P———

o
-

Q @© v o
v

VIN ‘uanino ewse|d

0001

006

008

00L

009

209

oay

00¢

00

201

time, sec

p
m
o
d
| g
N am =
X 3 Z
ind m/ a
3
)
.,
. 4
! g
= [e0] Ne) T o <
VN ‘Siualind aAjlonpul-ucu

0001

006

008

09L

009

009

o0y

08¢

002

ool

time, sec

* - il + Bp

B-Bp
L -1ir2

B

dg + g/ pue ‘dg ‘2|

000!

006

008

8L

009

009

o0y

poc

pac

001

time, sec



2001 0001

0001
k
286 006
L 006
008 1 008 K 008
Lo 00L 0oL 20L
Lm m
- 209 209
i 2 o 009
3 o @ I3
3 D o 206 cw % 4
Rl ared [ 4 005 - 00s
.0 £ )
L = m
W =
.L 20p oab oay
poe ﬂ
o0E ] 00¢
/l IX/
L]
S — g0z W o0z — 002
281 w@ \ 201
201
L\ N [ X
(] Q Q (=] (] o © © =
m m s 8§ 8 ® o~ - S 3 & 8

adlje00 uokos| M ‘ABiaus paiols ewse|d

A9 ‘sainjeladwey yeed

time, sec



peak electron density, /m**3

density / density limit

volume ave. densities, /m**3

-
»
N

-

(S}

¥
~
L
<
™~

|

F 0 - peiak
L - ling ave.
V - vdl. ave.

1000

. ] ] S ] S 3 =] =] S
xor20 2 8 8§ § & § & § §
time, sec
Ly ey A<
2.5 by
[ WV
2.0 T
G & S & G
1.5 AN
& [d, S/ = S/
1.0 WAl -
M~ * - Murakami
5 G-G ald
J - JET radidtion
[ ) (] [~] [~] =] Q ) =
(S S () [~ (] ] Q [ L]
-— o ™ < wn 0 ~ fos) o
time, sec
1.0 / = = 1
8
f;/; 1 ] 1
6
E -lelectrons
4 I-ibns
) — H -lheliun
.2
1 11 0.l 11
T TT Ui L]
14 /
S S S S S S S S S S
~— o ™ < [Te] el 0~ o) o Q

time, sec



Simulation of ITER Reversed Shear Plasma
Inductive Plasma Current Rampup, t=0-40 s

o the plasma starts as a large circular plasma and is shaped during
this phase -

e the plasma current is ramped up to 6 MA, half its final value

— the lower plasma current is to avoid large inductive current
which will diffuse to the core and make hollow profile forma- -
tion difficult

e between 5-15 MW of power is injected to slow current diffusion

e the electron density is ramped up to 0.5x10% /m?®

plasma boundaries from t=3.0 to 45.0 seconds
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pressure profiles temperature profiles
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‘toroidal current density
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Simulation of ITER Reversed Shear Plasma,
Transition to Low-8 — Low I, t=35-240 s

e the plasma current is held at 6 MA

e 50 MW of ICRF (FW) and 50 MW of LHCD are applied

e the peak electron density is fixed at 0.6x10% /m3

e (3, increases to 2.25 raising the bootstrap current to 4 MA

e the LHCD provides 2 MA

e the peak electron and ion temperatures become 20 and 15 keV

o [; drops to 0.5 as the as the inductive current dissipates and the
off-axis currents create a hollow profile

e the plasma minor radius drops and the plasma shaping is becom-
ing more pronounced
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pressure profiles

temperature profiles
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toroidal current density
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Simulation of ITER Reversed Shear Plasma
Transition to High-8 — High I, t=240-400 s

e in this phase the density is increased and the formation of an
internal transport barrier is assumed, leading to a more peaked
density profile

e strong fusion heating follows
e the electron density increases to 1.6x10%° /m?
e [y increases to 3.5

e the bootstrap current increases to 10 MA, while the LH current
remains at 2 MA

e the plasma becomes even more strongly shaped with k=2.0 and

0=0.5

e the peak ion and electron temperatures reach 25 keV

plasma boundaries from t=240.0 to 400.0 seconds
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pressure profiles temperature profiles
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toroidal current density
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Simulation of CMOD Reversed Shear Evolution

e using 3 MW of LHCD and 2.5 MW of ICRH, at By=4.3-4.5 T

e with minimization of inductive current and sufficient CD/heating
power we have obtained a nearly 100% non-inductive state in

CMOD

e amount of CD /heating required depends primarily on the amount
of bootstrap current obtained, which is uncertain

e we have used prescribed LH current deposition profiles based on
CD calculations from Bonoli

e future work includes

— improve PF coil current waveforms
— use LSC for CD calculations in TSC
— get better alignment with CMOD parameters
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