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T
he ability to inject C

T
s significantly

expands N
S

T
X

 experim
ental capability

•
S

ingle P
ulse Injector

–
P

recise H
-m

ode initiation capability valuable for on-going X
P

s
–

E
lectron T

ransport B
arrier studies

–
C

larification of the edge barrier seen during N
eon injection

–
T

ransport studies by isotopic im
purity tailoring

–
H

e ash rem
oval studies

–
P

rom
pt density injection to avoid locked m

odes
–

R
econnection studies - an im

portant aspect of P
P

P
L research

•
M

ulti P
ulse Injector

–
M

om
entum

 injection studies for transport barrier sustainm
ent

–
P

recise density profile control needed for N
S

T
X

 S
S

 discharges
–

Local current injection to suppress N
T

M
s

–
R

educed divertor pum
ping requirem

ents
–

P
ossible extension of density lim

its
–

D
isruption m

itigation by high-z plasm
a injection
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A
 C

T
 is accelerated to high velocity and injected into the

target plasm
a to achieve deep fueling

C
T

 P
enetration tim

e: few
 µs

C
T

 D
issociation tim

e: <
 100 µs

D
ensity E

quilibration tim
e: 250 - 1000 µs

V
ariable P

enetration depth: edge to beyond the core
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A
 C

T
 F

ueler form
s and accelerates C

T
s in a coaxial rail

gun in w
hich the C

T
 form

s the sliding arm
ature

A
m

ount of gas injected controls C
T

 density
A

pplied voltage controls C
T

 velocity
C

ontrol system
 specifies fuel deposition location for each pulse

R
am

an et al., Fusion T
echn., 24, 239 (1993)



R
am

an_ N
ov 10-13,03

N
ST

X
 R

esearch Forum
 B

P

C
T

 Injection has the potential to m
eet

future N
S

T
X

 fueling needs

•
F

uture N
S

T
X

 high β, high bootstrap fraction plasm
as

require optim
ized profiles

•
D

uring high perform
ance steady state non-inductive

operation, optim
ized profiles m

ust be m
aintained

•
F

ueling such discharges requires the prom
pt injection

of sm
all am

ounts of fuel w
here needed and as often

as needed

T
here is no existing fueling system

to m
eet this requirem

ent
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IP
P

A
 goals relevant for C

T
 F

ueling

•
3.4.1.2 F

ueling T
echnologies: "D

evelop system
s and

fueling techniques that are capable of providing a reliable,
flexible particle source for controlling core plasm

a density
and density gradients at acceptable fueling efficiencies; ...”

•
U

nder the description of S
ection 3.4.1 P

lasm
a

T
echnologies: "T

he m
ain issues for fueling technologies are

to understand and exploit advanced fueling physics (such
as high field side launch) and dem

onstrate the perform
ance

(i.e., pellet speeds, density of com
pact toroids and

repetition rates) required to effect adequate control of the
density profile shape and high fueling efficiency "
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T
he C

T
F

-II injector
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T
he C

T
 F

orm
ation bank pow

er supply (110V
A

C
 input)
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T
w

o prim
ary objectives for proposal

•
R

eliable initiation of H
-m

odes and large
surface area H

-m
odes (during year-1)

•
E

stablish C
T

 param
eters for controlled

deep fuelling (during years 2 and 3)
–

D
ata needed for m

ulti-pulse injector
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P
revious experim

ents too sm
all to study localized core fueling

R
elative sizes of various target

plasm
as and C

T
s.

A
 C

T
F

 sized C
T

 w
ill do far

m
ore localized fueling on a

N
S

T
X

 sized plasm
a

*R
. R

am
an and P

.
G

ierszew
ski, F

usion E
ngin.

A
nd D

esign, 39-40, 977 (1998)

**R
. R

am
an and K

. Itam
i,

Journal of P
lasm

a and F
usion

R
esearch, 76. 1079 (2000)

*W
ill cost >

$1.5M
 and 2-yrs to

build it from
 scratch

 C
T

-IT
E

R
*

 JT
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 **

 IT
E

R

 JT
-60U

,
 JE

T

 D
III-D

 T
deV

 JF
T

-2M

 A
S

D
E

X
-U

 T
ore S

u pra

 M
arauder (U

S
 A

ir F
orce)

 C
T

F
 

(in storage @
 P

P
P
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 T
R

A
P
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R

C
 @

 U
. W

ash.)

N
S

T
X
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S
econdary objectives

•
Inject H

e C
T

s for H
e ash rem

oval studies

•
Inject N

e (or other im
purity) doped C

T
s for

transport studies

•
Investigate capability for future tangential
injection for m

om
entum

 injection
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C
T

s particularly w
ell suited for an S

T

Im
probable because large

pellets fuel entire
discharge and m

echanical
nature of injector.

Y
es -  potential for fuel deposition

location specification on each pulse
using control system

 request

R
eal tim

e density
feedback control
capability

‘T
rue’-Inboard m

id-plane

- im
probable in a ST

 as
even D

III-D
 does not use

‘T
rue’ inboard m

id-plane

O
utboard m

id-plane

- tangential injection w
ill im

part
m

om
entum

O
ptim

al injector
location

T
e,  fast electrons

- sim
ilar to tokam

ak

α
1/B

2 ⇒
 m

uch easier penetration in
ST

 as B
2 in N

ST
X

 is 2%
 of D

III-D
Penetration
governing param

.

T
ypically 50%

 on D
III-D

- large pellets needed to
deposit sm

all fraction of
fuel in core

Few
 %

- w
ill not destroy optim

ized profiles,
allow

s precision fueling capability
to adjust profiles

Particle invent.
perturbation for
deep fueling

P
ellet

C
T
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O
ther rem

arks

•
A

 reactor w
ill not use N

B
I &

 A
lpha pow

er is
isotropic ⇒

N
o m

om
entum

 injection
•

In a high β, high fB
S  reactor som

e auxiliary
current drive is needed

T
his leaves excellent density profile control

as the m
ethod of choice to optim

ize reactor
perform

ance and to sustain transport barriers
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C
onclusions

•
E

xcellent density profile control w
ill enable S

T
s to reach their

highest potential
•

F
ueling S

S
 discharges is m

uch m
ore difficult than fueling

transient discharges. T
he needed fueling capability does not

exist. Y
et, the N

S
T

X
 program

 plan calls for S
S

 pulses w
ith high

beta and high bootstrap current drive
•

T
he C

T
 injection concept has the potential to m

eet this need,
but data is needed from

 a single pulse injector
•

T
he C

T
 is also a source of m

om
entum

 input and has the
potential to sustain transport barriers

•
A

 single pulse C
T

 can m
ake additional im

m
ediate contributions

to the N
S

T
X

 program
–

P
recise H

-m
ode triggering capability is useful for present X

P
s

–
C

ore injection of N
eon w

ill clarify transport issues
–

Injection of H
e C

T
s w

ill enable H
e-ash rem

oval studies


