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A
bstract

D
ynam

ically
balanced

design
conceptfor

the
"firstw

all"
for

the
tokam

ak
fusion

reactor
w

illbe
described

for
M

IT.
T

he
concept

includes:
(a)

electrom
agnetically

driven,
plasm

a
facing

Intense
Lithium

S
tream

s

(ILiS
),

20
m

/sec,
for

the
particle

controland
the

pow
er

extraction
from

the
plasm

a;
(b)

F
LiB

e
neutron

energy
extraction

blanket;
(c)

fabric-like
guide

w
all,

interfacing
ILiS

and
F

LiB
e

flow
;

(d)
a

set
of

ropes

for
balancing

the
toroidalcom

ponentforces
acting

on
the

guide
w

all.

T
his

design
concept

opens
opportunities

for
nuclear

engineers
and

technologists
to

express
their

cre-

ativity
in

developm
entofacceptable

and
controllable

tokam
ak

fusion
reactor.

S
upporting

m
aterialfor

the
talk

can
be

found
on

the
w

eb-page
http://w

3.pppl.gov/
zakharov
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O
U

T
LIN

E

1.Introduction.
W

here
w

e
are

in
m

agnetic
fusion.

2.Lithium
W

alls
and

tokam
ak

plasm
a.

3.M
agnetic

propulsion
ofliquid

lithium
.

4.YachtS
ailapproach

for
tokam

ak-reactors.

(a)
D

ynam
ic

balancing.

(b)
F

LiB
e

blanket.

(c)
Fabric-like

vacuum
cham

ber.

5.S
um

m
ary.
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

E
xcellentreview

on
progress

in
tokam

aks
w

as
given

by

R
.D

.S
tam

baugh
“P

rogress
in

M
F

E
science

-
tokam

ak
research”

P
resented

atA
m

erican
P

hysicalS
ociety,D

P
P,Q

uebec
C

ity,Q
uebec,C

anada,O
ct.24,2000

S
ee,

http://fusion.gat.com
/presentations/
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

P
age

O
utline

4
R

ealF
usion

pow
er

61
P

rogress
in

fusion
6

S
um

m
ary
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IT

E
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

A
ll

sorts
of

“advanced”
fusion

reactor
designes

can
be

found
on

the
w

eb-site

http://ashley.ucsd.edu/A
R

IE
S

/C
A

D
/F

IG
U

R
E

/A
R

IE
S

-R
S
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

Is
the

situation
so

great?

D
espite

a
lot

of
enthusiasm

am
ong

the
active

part
of

fusion
physicists,

there
is

m
uch

less
enthusiasm

outside
fusion.

F
usion

is
not

the
plasm

a
physics

only.
It

is
also,

in
fact,

even
in

bigger
proportions,aboutm

aterialscience/technology,pow
erextraction/conversion,

activation/safety,
reactor

control/m
aintenance,

acceptence
by

society,
etc.

P
resent

fusion
program

pays
negiligible

attention
to

the
m

ost
of

vital
issues

outside
the

plasm
a

physics.
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

P
age

O
utline
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R

ealF
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pow
er
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P
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S
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

Is
the

situation,e.g.,w
ith

the
pow

er
extraction

great?
Itis

notw
hen

the
only

conceptis
a

divertor.

In
the

reactor
plasm

a:

#

20
%

ofenergy
goes

into
alpha-particles

and
finallly

to
the

w
all

#

80
%

ofenergy
goes

to
14

M
eV

neutrons
(for

further
conversion

into
electricity)

#

w
ithoutreliance

on
radiation

from
the

divertor,the
pow

erloads
on

the
plasm

a
facing

com
ponents

w
illbe

m
ore

than
an

order
ofm

agnitude
higher

than
the

adm
issible

level.
E

.g.,

$ %& '
(
) %* +,'
(
- %./$ ) %0 +1 '
2(

3 4* +567

(L
is

the
pow

er
deposition

w
idth)

leads
to

the
energy

flux

8 4,
0*:9

7'
2
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

O
n

the
other

hand,
#

reliance
on

radiation
leads

to:

1.necessity
ofhigh

plasm
a

density
atthe

plasm
a

edge %;

2.low
plasm

a
edge

tem
perature %;

3.inconsistencies
in

plasm
a

profiles,

4.internalinstabilities
(saw

tooth
oscillatoions)

5.no
ideas

aboutreliable
plasm

a
controlin

the
reactors

6....

and
to

unaffordable
fusion

research
program

w
ith

billions<

device
costs

(e.g.,
IT

E
R

)
for

experim
enting

w
ith

plasm
a

physics
(and

w
ith

little
hopes

for
transferability

to
the

reactor
pow

er
scale).
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1
Introduction.

W
here

w
e

are
in

m
agnetic

fusion
?

(cont.)

D
oes

the
tokam

ak
physics

is
so

bad
?

Itis
not.

S
eeing

the
“stopper”

problem
in

its
real

capacity
suggests

the
proper

path
for

the
tokam

ak
fusion

program
,i.e.,

distribution
of

the
pow

er
over

w
allsurface

rather
than

its
concentration

in
the

divertor.
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2
Lithium

W
alls

and
tokam

ak
plasm

a

T
he

firstw
allshould

be
com

patible
w

ith

1.pow
er

extraction

2.controlofthe
plasm

a
particles

(fueling
or

pum
ping)

3.plasm
a

confinem
entand

stability
regim

es

4.helium
ash

exhaust(in
the

tokam
ak

reactor)

5.high
14

M
eV

neutron
flux

Lithium
plasm

a
facing

w
all

surface
satisfies

all
this

requirem
ents

ac-
cording

to
the

presentunderstanding
the

plasm
a

physics
and

the
lithium

properties
(A

LP
S

/A
P

E
X

D
oE

technology
program

s).
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3
Lithium

W
alls

and
tokam

ak
plasm

a.

Liis
an

excellentgetter
for

the
hydrogen

plasm
a

particles.

P
lasm

a

E
nergy flux:

convection

External Particle source

External heating

Li covered w
alls

source
E

nergy

W
all

residual w
all particle source

P
article outflux

w
all Li source

source
E

nergy External heating

P
lasm

a

w
alls

C
onventional

E
N

E
R

G
Y

 F
LU

X
 :

convection

T
E

R
M

O
-C

O
N

D
U

C
T

IO
N

P
article outflux

W
all particle source +

 gas puff

im
purities (Z

 >
 Z

 of Li)

Lithium
can

be
propelled

along
the

w
alls

for
pow

er
and

particle
extraction.
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3
Lithium

W
alls

and
tokam

ak
plasm

a
(cont.)

Licoated
copper

w
all(1–3

cm
)has

extraordinary
pow

erex-
traction

and
R

E
S

E
A

R
C

H
capabilities.

=>
?@A
%8 B@CC

DEEEEEF GHIAJLKMN
OI

/P
QSRJ

(
TMU
VWYX

DEEEEEF P
HIAJLKMN
OI

Q RJ

F
or

copper
P
Z N
[ ,
* P\V(
] Q RJ ^ Z N
4
] QSRJ ^ \V

F
or

a
lim

ited
tim

eHIAJ KMN
OI 40 +.5 _`
R(
=>
?@A
a .** Kb

such
a

Li
coated

copper
shell

can
tolerate

the
reactor-relevant

total
pow

er
flux

8 %0 +5 9
7'

2 (
- 45** '
2(

8 -[ ,
67
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3
Lithium

W
alls

and
tokam

ak
plasm

a
(cont.)

In
the

Test
F

usion
Tokam

ak
R

eactor
(operated

in
P

P
P

L
till1996)

such
a

flux
w

ould
be

only* +5 97
c '
2

w
ith

50x3.25
sec

(instead
of

1
sec)

of
the

pulse
duration

at40
M

W
ofthe

heating
pow

er.

T
F

T
R

and
then

T-11M
(T

R
IN

IT
I,Troitsk,R

ussia)
show

n
perfectcom

pat-
ibility

ofplasm
a

facing
lithium

w
ith

the
edge

and
core

plasm
a.

A
llT

F
T

R
bestregim

es
have

been
obtained

w
ith

the
lithium

conditioning

T-11M
dem

onstrated
im

m
ense

particle
gettering

capabilities
of

the
Li

surface,for
both

D
eterium

and
H

elium
(!!!).
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3
Lithium

W
alls

and
tokam

ak
plasm

a
(cont.)

T
F

T
R

discovered
and

dem
onstrated

thatLithium
conditioning

w
as

the
m

ostim
portantfactor

in
its

perform
ance

  

3
.0

 
3

.5
 

4
.0

 
0

 

2
 

4
 

6
 

8
 

T
im

e (s) 

L-m
o

d
e

 
S

u
pe

rsh
ot 

L
ith

ium
-a

ide
d

su
p

e
rsh

o
t 

n
e

 t
E

 T
i
  (10 20m-3 sec keV) 

* 

N
eutral B

eam
 Injection 

1
0

 

tim
e =

 T
B

I +
 500 m

s

0 1 2
3 # Li pellets

dre02069803c

0 1 2 3 # Li pelletsT
oroidal IT

G
 M

odes w
ith 

S
elf-C

onsistent N
eoclassical

R
adial E

lectric F
ield

2.7
2.8

2.9
3.0

3.1
3.2

3.3
M

ajor R
adius (m

)

keV

0 10 20 30 40 50

keV

0 10 20 30 40

50

T
i

T
i

M
E

A
S

U
R

E
D

S
IM

U
L

A
T

E
D

(T
F

T
R

#
83546

D
.M

ansfield,C
.S

kinner)

T
he

increase
in

perform
ance

w
ith

increase
in

am
ount

of
lithium

at
the

plasm
a

edge
has

never
been

saturated.
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3
Lithium

W
alls

and
tokam

ak
plasm

a
(cont.)

LiW
alls

concept
deffers

in
details

from
T

F
T

R
results

but
is

consisitent
in

basic
tendencies

to
flatthe

tem
perature

in
the

core
by

reducing
recy-

cling
atthe

edge

tim
e =

 T
B

I +
 500 m

s

0 1 2
3 # Li pellets

dre02069803c

0 1 2 3 # Li pelletsT
oroidal IT

G
 M

odes w
ith 

S
elf-C

onsistent N
eoclassical

R
adial E

lectric F
ield

2.7
2.8

2.9
3.0

3.1
3.2

3.3
M

ajor R
adius (m

)

keV

0 10 20 30 40 50

keV

0 10 20 30 40

50

T
i

T
i

M
E

A
S

U
R

E
D

S
IM

U
L

A
T

E
D

    77309A
17 4.20s

keV0 10 20 30 40

0
0.5

1.0

(4) pre-beam
 

     Lithium
 pellets

     21 M
W

 T
F

T
R

 
     S

upershot

r/a

C
o

n
vectively

L
im

ited

Ti
(m

easured)

T
i (sim

ulated)

dre02049901c

D
.R

.E
rnst (1998)

J. D
. S

trachan, et al., E
P

S
 Inv. (1994).
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3
Lithium

W
alls

and
tokam

ak
plasm

a
(cont.)

Lihtium
coated

w
alls

provide
the

R
E

S
E

A
R

C
H

path
for

the
m

agnetic
fu-

sion
program

up
to

dem
onstration

ofignition
and

burning
plasm

a.

A
tleast,4

ofthe
“first-w

all”
functions

can
be

fully
explored

in
this

w
ay

1.pow
er

extraction

2.controlofthe
plasm

a
particles

(fueling
or

pum
ping)

3.plasm
a

confinem
entand

stability
regim

es

4.helium
ash

exhaust(as
in

the
tokam

ak
reactor)
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4
M

agnetic
propulsion

ofliquid
lithium

D
em

onstration
ofrelevantplasm

a
physics

is
notyetthe

dem
onstration

ofits
relevance

to
fusion

reactor
application.

In
this

regard,itis
rem

arkable
thatliquid

lithium
can

be
propelled

electro-
m

agnetically
in

the
tokam

ak
m

agnetic
field

(invented
in

D
ec.

1998).
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4
M

agnetic
propulsion

ofliquid
lithium

(cont.)

M
agnetic

propulsion
opens

the
possibility

forintense
plasm

a
facing

lithium
stream

s
in

tokam
aks

degfh
i VWCIjlk
degfh
i KNjCIj m
n2 o

2jKO
.p q
(
n2 X
p qsr

t 2$vu
4* +** ,5

B
tor

F
irst w

all
Li stream

V
stream

Jpol

Jpol

J x B
F

orce
F

orce
J x B

J x B
F

orce

V
stream

Li stream

Li stream

axis of symmetry

Toroidal  Field Coil

Lithium
 jets betw

een T
F

 C
oils

Li inlet
pool

P
ressurized

H
e atm

osphere

VV

V
Li jets

Li jets

T
F

C
I

B
tor

D
2

P
lasm

a
#

D
riving

electro-
m

agnetic
pressure

degfh
i KNjCIj [ ,
wH'

degfh
i VWCIj k
de fh
i KNjCIj 4,+5 k
0x wH'
y

#

F
low

param
eters

u
4.* '
c _`R(
t 4* +* ,'

#
M

agnetic
R

eynolds
num

bers

n� X
p qsr
tu
4* +1(
n2 4* +** ,5

#
S

tream
are

robustly
stable

due
to

centrifugalforce,if

Q{z u
2|.

[
w.$ d B@CCs}

O
Leonid

E
.Z

akharov,D
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4
M

agnetic
propulsion

ofliquid
lithium

(cont.)

Intense
lithium

stream
s

have
reactor

relevantpow
er

extrac-
tion

capabilities=>
?@A
%8 B@CC

DEEEEEF GHjO@WMVj
/P
QSRJ (

TMU
VW~X

DEEEEEF P
HjO@WMVj

Q RJ

$ %& '
(
w %,+& '
(
8 B@CC
40 +5 9
7'

2 (
3B@CC
%G/ 2$ w8 B@CC
4,+067

even
w

ith
no

reliance
on

the
vortices

in
the

stream
s.

Intense
lithium

stream
s

can
keep

w
alltem

perature
low

(250-300 K

C
)

at
the

neutron
w

allloading[ ,
* 97
c '
2.
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5
YachtS

ailapproach
for

tokam
ak-reactors

Intense
LiS

tream
s

affectthe
very

fundam
entals

oftokam
ak

reactor
desing.

E
lectrodynam

ic
pressure

creates
a

stable
situation

for
the

firstw
all.

B
tor

F
irst w

all
Li stream

V
stream

Jpol

Jpol

J x B
F

orce
F

orce
J x B

J x B
F

orce

V
stream

Li stream

Li stream

axis of symmetry

Toroidal  Field Coil

Lithium
 jets betw

een T
F

 C
oils

Li inlet
pool

P
ressurized

H
e atm

osphere

VV

V
Li jets

Li jets

T
F

C
I

B
tor

D
2

F
orce balancing

ropes

F
orce balancing

ropes

P
lasm

a

#

G
uide

w
allw

orks
against

expansion

%;
#

G
uide

w
all

can
be

m
ade

as
a

thin
shell(like

a
car

tire).

#
Inner

surface
is

sealed
by

the
lithium

stream
s

(insensitive
to

cracks) %;

#
V

acuum
barrier

can
be

m
oved

to
the

plasm
a

boundary
(giving

access
to

the
neutron

zone).
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5
YachtS

ailapproach
for

tokam
ak-reactors.

D
ynam

ic
balancing.

(cont.)

D
ynam

ic
gives

a
real3-D

design
puzzle.

B
tor

Jpol
J x B
F

orce
F

orce
J x B

J x B
F

orce

Li stream

axis of symmetry

Toroidal  Field Coil

Li inlet

T
F

C
I

B
tor

F
orce balancing

ropes

F
orce balancing

ropes

H
e atm

osphere

Jpol

F
irst w

all

#

Toroidal
com

ponent
of

the
electro-

m
agnetic

force
can

be
balanced

by
the

setofexternalw
ire

ropes

���� degfh
� KNjCIj �

2KNjCIj
�
2 k
d @j?����� ��VWCIj %>
T(

w
here >

is
the

tension
ofropes,T] �^

is
the

total
height

as
the

function
of

position
ofthe

touch
point.

#
R

opes
are

the
best

solution
to

w
ith-

stand
plasm

a
disruptions.

#
R

opes
can

be
m

ade
from

B
e

(non-
activatable).

#

R
opes

can
be

replaced
during

reac-
tor

operation.
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5
YachtS

ailapproach
for

tokam
ak-reactors.

F
LiB

e
blanket(cont.)

Intense
lithium

stream
s

+
F

LiB
e

m
ake

an
excellentF

W
/blanket

com
bination

(S
.Z

inkle,B
.N

elson,O
R

N
L)

B
tor

V
stream

Jpol

Jpol
V

stream

axis of symmetry

Toroidal  Field Coil

Lithium
 jets betw

een T
F

 C
oils

H
e atm

osphere

T
F

C
I

B
tor

Li stream

Li stream

V
F

irst w
all

P
lasm

a

F
LiB

e channel

500 o
C

800 o
C

Lithium
stream

s
keep

the
w

all
tem

perature
below

m
elting

point
of

F
LiB

e

>B@CC
4.** Kk
.5* q
� >
?ICj���\V �I 4G5* K

Independent
of

inner
tem

pera-
ture

in
the

chanell
F

LiB
e

has
a

solid
boundary

layer
at

the
w

alls.

E
ven

w
ith

>
�\V �Ii KNjCIj %1** Kb

en-
ergy

losses
on

the
side

w
alls

are 4G�
.

F
LiB

e

] )� �^ W] o`
�2^
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5
YachtS

ailapproach
for

tokam
ak-reactors.

Fabric-like
vacuum

cham
ber.

(cont.)

Itw
ould

be
notcrazy

to
think

aboutm
aking

the
vacuum

cham
ber

from
the

w
ire

m
esh

B
tor

V
stream

Jpol

Jpol
V

stream

axis of symmetry

Toroidal  Field Coil

Lithium
 jets betw

een T
F

 C
oils

H
e atm

osphere

T
F

C
I

B
tor

Li stream

Li stream

V
F

irst w
all

P
lasm

a

F
LiB

e channel

500 o
C

800 o
C

#

w
all

becom
es

insensitive
to

therm
al

deform
ations

%;

pulsed
regim

e
is

acceptable
(no

high-tech
for

the
current

drive);

#

deform
ations

ofthe
w

allcan
be

corrected
on

the
fly

(Yachtsailapproach);

Tokam
ak

is
no

longer
a

hostage
ofthe

requirem
entto

be
stationary!
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5
YachtS

ailapproach
for

tokam
ak-reactors.

Fabric-like
vacuum

cham
ber.

(cont.)

B
tor

V
stream

Jpol

Jpol
V

stream

axis of symmetry

Toroidal  Field Coil

Lithium
 jets betw

een T
F

 C
oils

H
e atm

osphere

T
F

C
I

B
tor

Li stream

Li stream

V
F

irst w
all

P
lasm

a

F
LiB

e channel

500 o
C

800 o
C

#

w
ire

w
all,

presum
ably,

can
w

ithstand
the

high
neutron

flux;

#

activation
is

m
inim

um
in

the
neutron

zone;

#

feedback
plates

are
pro-

tected
by

the
F

LiB
e

layer
w

ith
still

excellent
coupling

w
ith

the
plasm

a;
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5
YachtS

ailapproach
for

tokam
ak-reactors.

F
LiB

e
blanket(cont.)

S
tratified

geom
etry

ofthe
F

LiB
e

B
lanket/Lithium

stream
s

������������������������������

������������������������������

s

n
F

LiB
e B

lanket F
low

 
F

lLiB
e

Inlet

Li-F
LiB

e iterface w
all

Li stream
W

orking
coordinates

P
lasm

a

Text
E

xternal w
all

S
olid F

LiB
e

boundary layers

D

�

�

0.1

�

�

10

�

����

0.5

�����
���~�

100-40

 �¡¢�£
¤¥¥
¦¨§

200

T
he

radialthickness�

of
the

channelis
assum

ed
to

be
m

uch
sm

aller
than

the
length�

of
the

channel.
P

lasm
a

side
w

alltem
perature

is
kept

constantby
a

fastLithium
flow

.

H
eatsource�

corresponds
approxim

ately
to

10
M

W
/m ©

in
neutrons.
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5
YachtS

ailapproach
for

tokam
ak-reactors.

F
LiB

e
blanket(cont.)

T
he

w
alls

of
the

channelare
kept

below
the

m
elting

point
of

F
LiB

e,
so

tw
o

solid
saltlayers

are
form

ed
on

the
w

alls
ofthe

channel.
T

he
stationary

heatdiffusion
equation

ªS«¬ �v­
 

­
® ¯

°  ²±±³³Y´
�µ
 ¶  ��¥·µ

¸ ¯
°   ±±³³¹´
�µ
 º  ��¥·

�¼» ½¾
�

together
w

ith
the

m
atching

conditions
determ

ines
the

tem
perature

dis-
tribution

in
the

flow
.

H
ere,ª

is
the

m
ass

density
of

F
LiB

e,«¬

is
the

heat
capacity,�

is
the

velocity
ofthe

flow
,°

is
the

therm
o-conduction.

T
hickness

ofthe
solid

layer
is

determ
ined

as
an

eigenvalue
ofthe

prob-
lem

in
a

self-consistentw
ay.F

LiB
e

param
eters

ª

¿À� �

2240

«¬

Á¿ÀÃÂÄSÅ
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°

�� ÂÄÆÅ

1
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¦ §
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5
YachtS

ailapproach
for

tokam
ak-reactors.

F
LiB

e
blanket(cont.)

P
rofiles

ofthe
(neutron)

heatsource
and

T
in

the
F

LiB
e

channel

S
 [W

/cm
^3] (N

eutron heat source)

n (transverse coordinate)
    0

  .02
  .04
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  .08

    0
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T
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] T
em

perature of the F
LiB

e flow
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]
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  .06

  .08
    0

  200
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  600

  800

 1000

n (transverse coordinate)

Inlet F
LiB

e tem
perature profile

O
utlet F

LiB
e tem

perature profile

coordinates-

T
 [^o C

] T
em

perature of the F
LiB

e flow
 near the w

all0.01 [m
]

    0
 .002

 .004
 .006

 .008
    0

  200

  400

  600

  800

 1000

n (transverse coordinate)

Inlet F
LiB

e tem
perature profile

O
utlet F

LiB
e tem

perature profile

coordinates-

F
LiB

e
therm

o-conduction
is

so
sm

allthat
the

tem
perature

inside
body

ofthe
flow

is
determ

ined
solely

by
the

heatsource
pow

er

ªS«¬ � ­
 

­
® Ç

�µ
 ¶  ��¥·µ

�¼» ½È
�

notby
therm

o-conduction
losses.
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5
YachtS

ailapproach
for

tokam
ak-reactors.

F
LiB

e
blanket(cont.)

Tw
o

boundary
layers

of
the

order
of

1-3
m

m
are

form
ed

near
w

alls
of

the
channel.

Inside,each
ofthem

contains
a

sublayer
ofa

solid
F

LiB
e.

In
the

exam
ple

the
averaged

energy
losses

are¸ ½È
É Ê
ËÌ � ©through

the
plasm

a
side

w
alland¸ ½¾

É Ê
ËÌ � ©

through
the

ToroidalF
ield

C
oil(T

F
C

)
side

of
the

w
all,

w
hich

constitute
approxim

ately
4

%
of

the
incom

ing
neutron

flux
energy.

F
LiB

e
seem

s
to

be
a

perfectcoolantfor
the

tokam
ak-reactor
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5
YachtS

ailapproach
for

tokam
ak-reactors.

F
LiB

e
blanket(cont.)

YachtS
ailapproach

for
the

fusion
reactor:

in the neutron zone
activated structures
m

inim
al am

m
ount of

low
 pressure and

the reactor coolant

insensitivity to
therm

al deform
ations

high tem
perature of

is acceptable
Inductive current drive

(behind the F
LiB

e layer)

stabilizing coils

best envirionem
ent for 

feedback R
W

M

A
dditional

by lithium
 stream

s
stabilization of R

W
M

D
ynam

ically

w
all

vacuum
 cham

ber
balanced thin

stream
s

facing
plasm

a
Intense Li

F
LiB

e B
lanket

Liquid
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6
S

um
m

ary

Tokam
ak

fusion
program

has
now

a
consistent

tokam
ak-reactor

LiW
all

conceptdeveloped
by

the
plasm

a
physics/technology

com
m

unity
during

the
last2

years.

F
orthe

firsttim
e,the

renew
able

and
absorbing

plasm
a

facing
w

alls
w

ere
introduced

into
the

tokam
ak

research.

From
the

plasm
a

physics
side,lithium

w
alls

m
ay

provide

Í

a
low

recycling
regim

e
(bestpossible

for
energy

confinem
ent);

Í

low
-Z

plasm
a

facing
surface

(w
ith

a
centralplasm

a
fueling

and
sur-

face
im

purities
source);

Í

rector
relevantpow

er
extraction

capabilities
from

the
plasm

a

Í

w
allconditions,

w
hich

are
not

sensitive
to

the
edge

plasm
a

tem
per-

ature
as

soon
as

itexceeds
a

certain
level(about1

keV
).

Í

slow
ing

dow
n

free-boundary
M

H
D

instabilities,

Í

etc,

Leonid
E

.Z
akharov,D

epartm
entofN

uclear
E

ngineering,
M

IT,F
eb.26,2001,C

am
bridge

M
A

PRINCETO
N PLASM

A
PHYSICS LABO

RATO
RY

PPPL
32



6
S

um
m

ary
(cont.)

LiW
alls,

for
the

first
tim

e,
introduce

the
“Yacht

S
ail”

approach
for

the
fusion

reactor
design,w

hich
m

ay
provide

Í

insensitivity
of

the
structure

to
therm

al/electro-m
agnetic

perturba-
tion;

Í

bestenvironm
entfor

both
internaland

externalplasm
a

stability
con-

trol;

Í

elim
ination

of(unrealistic)
requirem

entfor
the

stationary
regim

e;

Í

efficientpow
er

extraction
from

the
neutron

zone
w

ith
a

high
tem

per-
ature

(F
LiB

e)
coolant;

Í

m
inim

izing
the

contentofactivated
structuralelem

ents;

Í

sim
plification

ofthe
entire

reactor
controland

m
aintainence

schem
e

Í

...
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6
S

um
m

ary
(cont.)

A
fter

m
ore

than
30

years
ofintense

research
and

accum
ulating

a
great

experience
w

ith
the

plasm
a

physics,
the

tokam
aks

seem
to

have
found

an
approach

for
a

fusion
reactor.

Itis
evidentthata

lotofw
ork

has
to

be
done.

N
ow

,
it

is
a

proper
tim

e
for

the
plasm

a
physics

program
to

break
its

apearant
isolation

and
to

be
w

ith
the

broad
physics

com
m

unity
in

such
a

great
endeavor

as
to

m
ake

the
tokam

ak
w

orking
as

a
com

m
ercial

pow
er

reactor
w

ithin
our

life
tim

e
lim

it.
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