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otivation for liquid lithium

 w
all experim

ents

�
L

iquid m
etals are a potentially revolutionary  solution to the 30-year old

m
aterials problem

 in a fusion reactor, sim
ultaneously providing:

–
E

lim
ination of erosion concerns - the w

all is continuously renew
ed

–
Substantial reduction in activated w

aste

–
H

igh heat handling - allow
able pow

er densities m
ay exceed  25 M

W
/m

2

�
L

iquid lithium
 first w

all/divertor m
ay also provide significant physics

advantages:

–
N

ovel confinem
ent regim

es w
ith very low

 recycling w
alls

»
E

lim
ination of electron conduction losses

–
Stabilization of resistive M

H
D

 m
odes in the presence of a fast flow

ing
(10 - 20 m

/sec), close fitting, conducting w
all

–
C

ontrol of the density profile through fueling
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D

X
-U

 focuses on technology of liquid lithium
 use in

ST
’s and plasm

a interactions w
ith liquid lithium

 PFC
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C
D

X
-U

 tray lim
iter enables first test of large area

liquid lithium
 lim

iter in toroidal confinem
ent device

• D
ischarges run on bare SS tray to

establish baseline prior to lithium
filling

• 34 cm
 m

ajor radius, 10 cm
 w

ide,
0.64 cm

 deep

• Fabricated in tw
o halves w

ith a
toroidal electrical break
     -Isolated from

 vessel
     -H

alves connected to
      electrical feedthroughs

• H
eaters beneath for tem

perature
control up to 500

oC
.

• H
eat shield on center stack

• T
ray tem

perature m
onitored w

ith
therm

ocouples around edge

• H
eat/lithium

 shield betw
een tray

and low
er vacuum

 flange
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 began experim
ents w

ith toroidal liquid
lithium

 lim
iter in M

ay 2003

�
N

ew
 filling technique (U

C
SD

)

–
L

oad liquid lithium
 onto 500

oC
tray

–
T

ray coverage ~80%

�
O

nly thin coatings appear betw
een runs

–
R

em
oved by argon glow

, heating

�
N

O
 m

obilization of the lithium
 in

initial experim
ents

Injector and tray
im

m
ediately after fill

T
ray after ~40 discharges. 

L
iquid lithium

 
tray lim

iter in 
C

D
X

-U
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C
lear effect on plasm

a fueling characteristics
observed w

ith liquid lithium
 lim

iter
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• L
iquid lithium

 lim
iter increases fueling requirem

ent by 5-8 ×
.

• D
ensity begins to pum

p out w
ithin ~1m

sec of cessation of puffing.

T
im

e (sec)
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G
lobal recycling reduced w

ith liquid lithium
 lim

iter

�
Filterscope view

ing centerstack show
 changes w

ith lithium
 lim

iter
–

Indicative of global D
α

�
Strong lithium

 em
issions in centerstack view

 probably due to coatings
–

E
vaporation from

 liquid lithium
 tray create solid coating on centerstack

B
are SS tray

L
iquid lithium

L
iquid lithium

B
are SS tray

⇒
B

aseline m
ay be background light
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O
xygen is strongly reduced

B
are SS tray

L
iquid lithium

O
xygen em

ission at
centerstack is zero:
displacem

ent due to
digitizer offset
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 sim
ulations of plasm

as after first liquid
lithium

 lim
iter fill suggest broadened current channel

�
C

haracteristics of liquid lithium
lim

ited discharges:
–

L
ow

 loop voltage
–

R
obust nature of discharges
»

E
ndured negative loop

voltage for several m
sec

�
T

SC
 m

odeling indicated large
difference in plasm

a internal
inductances
–

L
i  for  lithium

 discharges ~2×
low

er
�

T
his result is prim

ary m
otivation for

continued tray experim
ents

–
M

ay confirm
 prim

ary
prediction of K

rasheninnikov
and Z

akharov for lithium
tokam

aks

0.024

0.028

1.2 2.0
N

o lithium

 L
ithium

L-i L-i 

S. Jardin
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T
SC

 sim
ulations of plasm

as after first liquid
lithium

 lim
iter fill also indicate very low

 Z
eff

�
Soft x-ray em

ission support peak tem
perature (w

ith lithium
) of not m

ore
than ~150 eV
–

U
sed to constrain T

SC
 m

odeling
�

O
bserved plasm

a resistivity w
ith lithium

 lim
iter requires very low

 Z
eff

N
o lithium

 L
ithium

N
o lithium

 L
ithium
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Shots after A
pril 2004 lithium

 fill show
 significant

im
provem

ent in efficient loop voltage utilization

�
C

urrent ram
ps at 2.2 M

A
/sec w

ith V
loop  <

 1 V
�

Indicates broad current channel, very low
 Z

eff

�
V

ery desirable for larger spherical torus experim
ents like N

ST
X

�
Sm

all tokam
aks have never previously operated at such low

 loop voltage

2.2 M
A

/sec
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E Shots follow
ing latest lithium

 fill exhibit a factor
of 2-3 increase in ion tem

perature

�
Ion tem

perature determ
ined spectroscopically from

 C
IV

 line broadening
show

 increase after lim
iter tray lithium

 fill

Pre-lithium
58 kA

 - 25 eV

Post-lithium

58 kA
 - 64 eV



PSI16 Paper 039
Portland, M

E

“T
herm

om
echanical” lithium

 flow
 caused  “short”

and lithium
 expulsion from

 toroidal lim
iter tray

�
C

oating developed on interferom
eter

w
indow

 on first day of latest fill

�
R

em
oval attem

pted w
ith prolonged

argon glow
 discharge cleaning (G

C
)

–
26 hours w

ith tray as electrode

–
A

pproxim
ates 13 run days that each

begin w
ith 2 hours of G

D
C

�
L

ithium
 m

igrated over tray edge and
shorted toroidal gap

–
Induced toroidal current can cause
substantial jxB

 force on lithium

�
Solution:

–
R

em
ove heaters at tray edges

–
Plasm

a-spray edges w
ith tungsten

T
oroidal gap shorted by m

igrated lithium

Rogowski Coil Current (kA)

T
im

e (seconds)

T
oroidal current during “sw

ing”
in O

hm
ic heating current
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Further studies of supersonic gas injection
(SG

I) planned for plasm
a fueling

Jet divergence
half-angle: 6

o

F
alse color

im
age of S

G
I

puff in C
D

X
-U



PSI16 Paper 039
Portland, M

E

Prelim
inary results suggest im

provem
ent in fueling

efficiency in standard C
D

X
-U

 discharges
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Sum
m

ary
�

L
iquid lithium

 can be:

–
L

ow
 recycling as plasm

a facing surface

–
E

ffective at rem
oving im

purities

–
Stable in the absence of toroidal current paths during a tokam

ak
discharge

�
T

okam
ak discharges operated w

ith a liquid lithium
 lim

iter show
 evidence

of beneficial equilibrium
 m

odification

–
E

fficient loop voltage utilization observed

�
C

ontrol of “therm
om

echanical” lithium
 flow

 (“w
etting”) over clean

surfaces under investigation

�
Future plans include:

–
Supersonic gas injection and pellet injection

–
T

est of coating system
 for N

ational Spherical T
orus E

xperim
ent

(N
ST

X
) and new

 L
ithium

 T
okam

ak E
xperim

ent (L
T

X
)

»
L

ithium
 w

ill be evaporated onto sam
ple heated carbon tiles


