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i s  a plasma phys ic s  problem. Perhaps t h e  mast i n t e r e s t i n g  expcri rnents 

will cornbinc b o t h  surface and plasnia physics t o  determine how changes i n  
wall c o n d i t i o n s  and m a t e r i a l s  a f f e c t  the  plasma. 

The economic cansequcnces o f  such s t u d i e s  are grea t  f o r  f u t u r e  

tokamaks. In t h e  near  tcrm, large sav ings  can be r e a l i z e d  i f  simplc and 

e f f e c t i v e  wall c l e a n i n g  methods can bc found, In  t h e  lsriger t c m ,  t h e r e  

i s  great economic i n c e n t i v e  t o  f i n d  ways o t h e r  than d i v e r t o r s  t o  c o n t r o l  

impur i ty  i n f l u x  and accumulat ion.  

tokamak, TEX'TOR [ l ] ,  has been proposcd by thc plasma group at JiiPich,  

West Germany, t o  c a r r y  out  plasma-wall and impur i ty  s t u d i e s  s i m i l a r  t o  

t h o s e  i n  ISX. 

In  Tecogni t i o n  o f  these fac ts ,  another  

A d e s c r i p t i o n  of  the ISX des ign  i s  given i n  the n e x t  s e c t i o n .  The 

t h i r d  sect  ion describes cxpected plasma p r o p e r t i e s  arid wall f l u x e s ,  and 

proposed experiments are d e t a i l e d  i n  Sect a 4 .  

2 .  ISX MACIIINE DESIGN 

I S X  i s  an i r o n  core tokamak, q u i t e  s imple i n  basic des ign .  A cutaway 

s i d e  view of  the  o v e r a l l  dev ice  i s  shown i n  Fig.  1. T h i s  f i g u r e  i s  
decep t ive ,  as t h e  c e n t e r  l ine  o f  t h e  vacuum v e s s e l  s t a n d s  2.36 in above 

t h e  f l o o r  f o r  convenient  access t o  d i a g n o s t i c  p a r t s .  I S X  i s  about t h e  

same phys ica l  s i z c  as t h e  p r e s e n t l y  opcsa t ing  tokamaks, ORMAK [ 2 ] ,  '1'FR [ 3 ] ,  

and JFT-  2 [4 ] ,  wi 2-h design f e a t u r e s  c a p i t a l i z i n g  on t h e  experi-encc gained 

from these devices .  

2 1 Vacuum Chamber 

The vacueirn chamber i s  intended t o  be e a s i l y  r e p l a c c a b l e ,  as d iscussed  

below. Design o f  t h e  l i r s t  chamber is near ly  coinpleted; a top  view i s  

shown i n  F i g .  2 .  Cons t ruc t ion  i s  o f  welded 304L s t a i n l e s s  s t e e l ,  wi th  

n i n e  b o x - s h a p d  scctioxrs ow which Elariges f o r  pumps and d i a g n o s t i c s  are 

l o c a t e d .  'These box-shaped sec t ions  a r e  csnstrenctcd o f  h a l f - i n c h  t h i c k  
s l a b s  which are r i g i d l y  mounted t o  t h c  machine frame and connected by 

n i n e  10-mi l - th ick  bellows, each w i t h  a diameter  o f  26 i n .  
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by Ohmic h e a t i n g  c u r r e n t s ,  and d i a g n o s t i c  s c c t i o n s  will havc e x t e r n a l l y  

a p p l i e d  h e a t e r s .  The second .t-echniqaie i s  dS scharge c l e a n i n g .  As pres - -  

e n t l y  p r a c t i c e d  i n  ORMAK, d i scha rge  c l e a n i n g  invo lves  e i t h e r  120 Hz 

i n t e r m i t t e n t  M2 o r  0 2  cathode-less d i s c h a r g e s ,  o r  20--30 kA discharges 
4 sec a p a r t .  These d i scha rges  a r e  run i n  the same inamel. as r e g u l a r  

tokamak s h o t s ,  bu t  wi th  110 ver t i ca l .  f i e l d  and niuch reduced toroidal f i e l d ,  

current, and durati.on. The t h i r d  wall c l e a n i n g  method t e s t e d  w i l l  be 

d i r e c t  d i scha rge  ion bombardmcnt [ S I .  In t h i s  mode t h e  wall w i l l  a c t  as 
a cathode and a wire down t h e  c e n t e r  a f  t h e  t o r u s  will a c t  as t h e  anode 

o f  a glow d i scha rge .  'The f o u r t h  technique  i s  t i t a n i u m  cvaporation. 

Titanium c o a t i n g s  act to t rap  monolayers of adsorbcd material and t u  

chemica l ly  adsorb 142, N2, 0 2 ,  Co, and H20 [ 6 ] .  Ti tan ium c o a t i n g s  will 

be a p p l i e d  over  t h e  lower 50% of  the wall area i n  connec t ion  wi th  t h e  

impuri t y  E low r e v e r s a l  experirncrnt d i scussed  i n  Sect.  4 . 3 .  The p r i n c i p a l  

parameters  of the vaci-iurn system arc l i s t e d  i n  Table  1. 

Table 1. Vacuum system 

Vacuum Chamber 

1. UHV cans t ruc t ion  
2 .  Metal p o r t  seals  

Pumps 
1. Two Linde lSOSN c ryoso rp t  i o n  roughing pumps 

2 e "l'wo ai 1y - be a r  i n  g t uabarna 1 e ciml ar  pump s 

3.  'I'wo IJHV cryo-vaculm pumps 

Surface Desorpt ion and Cleaning  Techniques 

1.  Glow d i scka rgc  c l e a n i n g  

2, Cathode - l e s s  d i scha rge  c leaning 

3. Ti tanium evapora t ion  

4 .  Baking t o  400°C 

-9  Ultimate Prcssure o f  2 x 10 t o r r  
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The main magnetic f i e l d  parameters  are l i s t e d  i n  Table  2 .  

Table  2 .  Magnetic f i e l d  parameters  

Toro ida l  F i e l d  

1. Number o f  c o i l s  

2 .  Maximum f i e l d  

3 .  Power t o  c o i l s  

4 "  Power supply  

Ohmic Heat ing System 

1. Primary-secondary t u r n s  r a t i o  

2 .  Transformer f l u x  swing 

3 .  Power supply  

Vertical F i e l d  

1. Decay index  n 

2 .  Power supply  

18 

18 kG 

>30 Mw 

SCR 

8 :1  

0 . 9  V-sec 
b a t t e r i e s  and c a p a c i t o r s  

0 - 1 / 2  

b a t t e r i e s  and c a p a c i t o r s  

3 .  PLASMA YAMMETERS 

The p r o j e c t i o n s  of  plasma parameters  f o r  new GTR t e s t  f a c i l i t i e s  

are u s u a l l y  f r augh t  w i th  e r roneous  p r e d i c t i o n s  

do not  scale as were supposed. The p r o j e c t e d  plasma parameters  o f  PSX 

are on more c e r t a i n  ground, because i t s  s ize  and magnet ic  f i e l d s  are ve ry  

similar t o  tokamaks, such as O R M K ,  which have been opc ra t ing  f o r  some 
time, The major d i f f e r e n c e  i n  plasma p r o p e r t i e s  should a r i se  from t h e  

presence  of fewer i m p u r i t i e s  i n  ISX. 

because plasma parameters 

Assuming o p e r a t i o n  similar t o  O W K  [ a ] ,  c e n t r a l  e l e c t r o n  tempera tures  

w i l l  r each  800-1800 eV f o r  plasma currents of  150 kA, wi th  a s a f e t y  f a c t o r  
n e a r  5 .  The cor responding  peak ion tempera tures  will be 300-500 eV. 

Gross encrgy confinement t imes  should  l i e  i n  t h e  range o f  5-15 msec. 

Par t ic le  containment times f o r  e l e c t r o n s  n e a r  t h e  c e n t e r  o f  t h e  d i scha rge  

w i l l  be s e v e r a l  t imes  as long. For impur i ty  t r a n s p o r t  s t u d i e s  i t  i s  
impor tan t  t h a t  t h e  d i scha rge  remain i n  e q u i l i b r i u m  f o r  several .  impur i ty  



7 

Minor r ad ius  

sma cur ren t  (a n 
t r a l  electron 

t r a l  ion  ttsmpe 3 

t repetition 

t o  and from 

are less cer ta  se these f l u x  
ments and so 

mputer p red ic  

r a l l  three 



8 

Table 4 .  Comparison o f  ISX, TEXTOR, and J E T  parameters 
Iiydrogen, =: 2 %  oxygen 

ISX ‘FEXTOR J E T  

900 1,000 I ,Y30 

460 910 1,850 

0.50 

1 . 5  

2 . 3  

1 . 6  

0 . 1 7  

1 .9  
Plasma losses [MW] 

Plasma wall l o a d i n g  [ W  cm”2] 
Conduct ion and convect ion  

Charge exchange l o s s e s  

Radia t ion  l o s s e s  [ W  

F l u x  of s u t t e r e d  i r o n  

Flux of  h o t  n e u t r a l s  

R a t i o  s p u t t e r e d  f l u x /  

l o s s e s  [W cm-21 

[W ca r2  ] 

[ cm-2. s 3, 
[ cm-2 s - 3 

f l u x  of h o t  i i e u t r a l s  

1 .5  1 .1  1 . 2  

0 . 3 3  

0.10 

0.26 

0.09 

0.34 

0.09 

1 . 0 2 . 1 0 ~ ~  1.51*1013 1.08.1013 

11 9. 1015 2,2.1015 

2 .2 .10-3  4 .  

4 .  ISX EXPERIMENTAL PRBGIUM 

ISX w i l l  be  p r i m a r i l y  d e d i c a t e d  t o  s t u d y i n g  two t o p i c s :  ( I )  w a l l s  

as  impur i ty  sources and ( 2 )  t r anspor t  and c o n t r o l  o f  i m p u r i t i e s  i n s i d e  

t h c  plasma. 

t h e s e  s t u d i e s  r e q u i r e  f u r t h e r  development b e f o r c  t h e y  can bc a p p l i e d  on 
a shot-by-shot  b a s i s ;  t h e  q u a l i t y  o f  t h e s e  experiments w i l l  depend t o  a 

l a r g c  extent on p a r a l l e l  e f f o r t s .  

Many of  t h e  d i a g n o s t i c s  and computer codes n e c e s s a r y  f o r  

Because ISX i s  a v e r s a t i l c  tokamak,  i t  i s  tempting t o  sugges t  usi-ng 

it as a t e s t  bed. Diagnos t ic  development, p e l l e t  r e f u e l i n g  s t u d i e s ,  and 

r f  h e a t  irig ( p a r t i c u l a r l y  electron c y c l o t r o n  h e a t i n g )  expcri-ments have 

been proposed. 
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After these t e s t s  and t h e  r e s u l t i n g  t i t a n i u m  contaminat ion  of  t h e  

f i r s t  vacuum system, a second s ta in less  s tee l  chamber w i l l  he  i n s t a l l e d .  

Attempts w i l l  be i n i t i a t e d  to unders tand  t h e  o r i g i n  of  wall i m p u r i t i e s ;  

c o r r e l a t i o n s  w i l l  be made between contaminat ion on t h e  wall and limiter 

i r n p u r j t i c s  i n  t h e  plasma. 

p r i n c i p a l  channels o f  plasma imprxrity r e l e a s e  from t h e  walls, L e ,  , by 

cheriiical r c a c t i o n s ,  s p u t t e r i n g ,  evapora t ion ,  o r  by e l e c t r o n ,  i o n ,  n e u t r a l ,  

photon, o r  therinal d e s a r p t  i on .  O f  course  , t h e s e  measuremcnts depend on 

knowing t h e  p a r t i c l e ,  photon,  and h e a t  f l u x e s  t o  t h e  wall a s  a f u n c t i o n  

o f  tirile du r ing  a d i scha rge .  

Emphasis will be p l aced  on de termining  t h e  

Present -day  s u r f a c e  d i a g n o s t i c s  are n o t  adequate  t o  make t h e s e  

measurements, so p r o g r e s s  w i l l  depend on e i t h e r  deve loping  ficw d i a g n o s t i c s  

o r  adap t ing  proven t echn iques .  Two sugges ted  d i a g n o s t i c s  are:  (1) us ing  

s u r f a c e  r e f l e c t i o n  t o  determine coritaminamt t h i c k n e s s  and ( 2 )  u s i n g  l a s e r  

o r  n e u t r a l  p a r t i c l e  bombardment, coup1 ed w i t h  spec t roscopy ,  t o  determine 

surfacc i m p u r i t i e s .  

Hopeful ly ,  by ear ly  1979 t h e s e  s t u d i e s  w i l l  have been completed and 

t h e  exper imenta l  program can MOVC t o  t e s t i f i g  wall m a t e r i a l s  o t h e r  than  

s t a i n l e s s  s t ee l .  Materials t e s t e d  w i l l  i nc lude  low-Z wall. cand ida te s  

such as g r a p h i t e  and S i c ,  metals such as V,  Nb, and Mo, and low-swell ing 

a l l o y s  l i k e  PE-16 and LS-1. Low s p u t t e r i n g  (honeycomb) wall conf igu ra -  

t i o n s  [ l l]  will a l s o  be t r i e d .  Ma te r i a l  f o r  t h e s e  t e s t s  w i l l  be  i n s e r t e d  

e i t h e r  as a l i n e r  i n s i d e  t h e  vacuum v e s s e l  o r  as wall c o a t i n g s .  These 

t es t s  w i l l  involve  s e v e r a l  vacuum chambers and a f u l l  array of s u r f a c e  

d i a g n o s t i c s .  

In o r d e r  t o  implement t h e  s u r f a c e  s t u d i e s  program, p r o v i s i o n  i s  

be ing  made t o  providc  a b a s i c  s e t  o f  s u r f a c e  d i a g n o s t i c s ,  riiost l i k e l y  

i n c l u d i n g  AES and SIMS, a long  wi th  an UHV t r a n s f e r  system. These b a s i c  

d i a g n o s t i c s  will be ope ra t ed  by a l o c a l  group, bo th  f o r  t h e  b e n e f i t  o f  

plasma exper imenters  and as an a i d  t o  ou t s ide r s  involved  wi th  re la ted  

surface phys ic s  exper iments .  'l'his group w i l l  a l s o  set  up and opera te  a 

s u r f a c e  phys ic s  l a b o r a t o r y  n e a r  ISX t o  p rov ide  f a c i l i t i e s  f o r  v i s i t o r s .  

These f a c i l i t i e s  w i l l  i nc lude  a laminar f low c l ean  bench, u l t r a h i g h  

vacuum system, desks ,  t o o l s ,  e t c .  
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d i r e c t i o n  of  t h e  impur i ty  d i f f u s i o n .  I t  should be p o s s i b l e  t o  v e r i f y  

t h e s e  i d e a s  by d e l i b e r a t e l y  introdlacing i m p u r i t i e s  i n t o  ISX and observ ing  

t h e i r  accumulation a t  t h e  c e n t e r ,  as a f u n c t i o n  o f  t o r o i d a l  f i e l d  

d i r e c t i o n  and t h e  amount o f  (asymmctric) gas  feed .  

There have becn sevcral o t h e r  sugges ted  ways t o  prevent  i m p u r i t i e s  

from g e t t i n g  i n t o  t h e  h o t  p a r t  o f  t h e  plasma [13,14] 
these methods w i l l .  be  t r i e d  i n  ISX depends on t h e  outcorric o f  fur ther .  

s t u d i e s .  

Whether o r  not  

The goal  o f  t h e  impur i ty  t r a n s p o r t  experiments ,  s t a r t i n g  i r z  t h e  fa11 

o f  1978, w i l l  be t o  detcrmine whether i m p u r i t i e s  accumulate and,  i f  s o ,  

how quickly .  Such d e t a i l e d  s t u d i e s  w i l l  r e q u i r e  f u r t h e r  development o f  

e x i s t i n g  d i a g n o s t i c s  and t h e  i n t r o d u c t i o n  o f  new ones.  TWQ new techniques  

are be ing  pursued a t  GAC. One u s e s  neutral e l a s t i c  s c a t t e r i n g  [15] t o  

g i v e  t ime- and space- reso lved  measurements o f  t h e  densi t -y  and temperature  

o f  impur i ty  i o n s .  Another uses  a t u n a b l e  dye l a s c r  and resonant  scat-  

t e r i n g  [ l ]  t o  d e t e c t  heavy i o n  impuridics i n  low i o n i z a t i o n  s t a t e s  n e a r  

the  p e r i p h e r y  of  t h e  plasma. 

During s t u d i e s  o f  advanced wall m a t e r i a l s ,  plasma d i a g n o s t i c s  will 

determine t h e  e f f e c t  o f  wall m a t e r i a l s  and wall c o n f i g u r a t i o n s  on plasma 

p r o p e r t i e s .  

w i l l  be necessary  throughout  t h e  l i f e  o f  t h c  experiment .  

Close i n t e r a c t i o n  between s u r f a c e  and plasma measurements 
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FIGURE CAPTIONS 

Fig. 1. Schematic of BSX showing j o i n t e d  toroidal f i e l d  coils, the 

i r o n  core transformer, and t h e  vacuiiin vessel 

F ig .  2 .  Preliminary drawing o f  I S X ,  looking down from t h e  tog .  Top 

parts of  t o r o i d a l  f i e l d  c o i l s  and the i r o n  core have been removed f o r  

c l a r i t y .  

F ig .  3 .  Drawing o f  t h e  bottom s i d e  o f  t h e  s u r f a c e  p h y s i c s  d i a g n o s t i c  

s ec t ion .  The top  s i d e  is similar.  
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