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UNCLASS'FIE
Prelimina ign (or Steilarator Field Winding

1. Anumed Specifications

In studying the field winding for a Steilarator the followlngspscifications 

have been assumed a t a basis for the preliminary design.

A. Magnetic flux density, 2000 Gausses.

B. Vacuum chamber, 4 inches inside diameter, glass pipe appears to 
be the material best suited for the vacuum chamber. This is avail­
able in several class with standard fittings. The 4 inch sins has an 
overall outside diameter of 5 11/32 inches at the ends; 4 1/2 inches 
outside diameter for body of pipe.

C. Inside diameter of field coils, 5 1/2 inches. This givss about 1/2 
inch clearance between inside of field coils and main body of pipe 
but only 1/16 inch clearance at ends of pipe where coil must be 
placed on pipe.

D. Rectangular magnet wire, 1/8 inch thick by 1 inch wide. The field 
winding should be made in small coils which can be easily assembled 
on the vacuum tube. These coils should be wound of rectangular wire 
with a large cross section to reduce the labor of winding the colls.
This gives a high current low voltage field winding. The wire should 
be thin enough to bend easily and wind tightly. Ths width should be 
such that colls on the curved portion of the Steilarator will fit well.
Thick coils will increase the disturbance In the magnetic field due to 
the connections between coils,

E. Insulation: 0,010 inches of flberglas or asbestos. Ths safe tempera­
ture limit of the field is determined primarily by the insulation. 
Fiberglass will operate safely up to 250° C, This temperature is 
higher than would be convenient for the personnel but it is very de­
sirable to avoid danger of damaging the insulation by over heating.
The thinner the insulation on the copper the lower the radial tem­
perature gradient through the coils, and the higher the space factor 
of the winding. An 10 mil insulation thickness will be adequate for 
mechanical strength of insulation.

2. Heat Dissipated from Exposed Coil Surfaces by Radiation and Free Con­
vection. "

Using data from articles by W. J. King (Mechanical Engineering, Vol. 34, 

Page 190, 275, 347, 410, 492 ard 560) the watts, which can be dissipated per 

inch of axfal tube length, have been calculated for several values of tempera­

ture rise above ambient. The results are given in Table 1.
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cssser1
Poway dissipated Irbro eurface of field windinf p e r l a c k  o f axial length*

d * winding depth in inchee 
0 t  outeidc diam eter of field coil*

In ineheo
q ■ watte p e r linear inch dissipated 

from  surface of field so ils.

Surface em ioslvity 0,65. See Mechanical Engineering, Vol. 54, Page 494, 
Table 1. Thie value ie editable for a copper surface but ie  high for bare alum­
inum. It may be poeeiblc to ra ise  thie value a little by a tollable paint.

lem pera lu re a*i, d»v| d«2, D * ^ <1*3, D alit d*4, D alit
•

d .5 , D alit d*6, Dal7\
rlee above am­
bient degreee s • S

C wattn/jn. watte fin , watte /in, m ile /in . watttf/tn. watte/In.

50 7.3 8 .9 10.5 12.1 33.7 15.4

100 17.9 22.0 26.0 30.0 35.8 37.7 .

150 31. 7 39.2 46 .3 54.0 61.5 68 .0

200 49.5 61.2 72.6 83.8 95.2 105.8

250 71.9 89.0 106.0 121. 3 139.5 155.6

3. Aluminum and Copper Field Winding*

Data for coil* of aluminum and copper ie given in Table* U and &

Table H
Data on Aluminum Field Coll*

51/2 inchee ineide diam eter

Winding
depth
inchee

Steady State 
surface tem­
pera tu re  riee 

degreee C

Initial heat- 
lng rate  de­
g rees C per 

minute

Values per foot of tube length
Field Power 

kw/ft.
Wgt. of field 
winding in 

lb ./f t .

Cost of Alum­
inum fo r field 
dollar e /f it  t

1 32. 4.79 20. S 13.65
2 8. ' 2.76 48.2 31.60
3 340. 3.6 2.10 82.3 53.90
4 280. 2 .0 1.75 122.4 80.20
5 % 238. 1.3 1.54 160.0 110. 00
b v 212.

• ’
i. 41 223. 145.50

jfAluminui<n a t 66. 5 cte. per pound • •
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Data on CoppOr F ie ld  Coils

j Winding!
depth 
inches

Sttady State 1 Initial heat-I Values per foot of tube length
surface tem ­
perature rise 

degrees C

Lng rats de~| 
grees C per | 

minute

F ield  Power 
kw /ft

Wgt of field 
winding in 

lb s/ft.

C ost of coppsrt 
for f it Id 

do lla rs/ft.

1 15.2 3.06 69.0 31.00
2 340. 3.7 L  77 160. 72.00
3 250. 1. 7 1. 33 271. 122.00
4 213. 0.9 1.12 405. 182.00
5 180. 0.6 0 .98 556. 20C.CC
6 160. 0.4 0 .90 733. 329.00

tCopper at .45 c ts .  per lb.

From  Tables Q and IS it is evident that the final surface tem perature and

Initial heating ra te  are  about equal for aluminum and copper co ils if the wind­

ing depth for aluminum is  1. S tim es the depth of the corresponding copper

coils.

Table IY gives a com parison of aluminum and copper windings having approx­

imately equal heating ra tes and final surface tem peratures.

Table IV

Com parison of Aluminum and Copper Field Windings 
for S te lla ra to r

5 1/2 inchee inside diam eter

| M aterial d
inches

Final surface 
tem perature 
rise  degrees

C

Initial heating |
--------------- iY.mcq.

Values per foot of tube length !
rate degrees Cl 
per minuts

Field power 
kw/ft.

Weight 
lbs /f t.

Cost of m ateriall 
do lla rs/ft. t

Aluminum 6 212. 0.9 1.41 223. 145. 50
Coppe r 4 213. 0.9 1.12 405. 182.00
Aluminum 4.5 256. 1. 6 1.63 145. 97.00
Copper 3.0 257.°C 1. 7 1.33 271. 122.00

Aluminum ' 3. 340. 3.6 2.10 82.3 53.90
Copper 2. 340. 3.7 1. 77 160.0 72.00

W  Aluminum 65.5 c ts /lb ; copper 45 c ts /lb .



I Cooling can b t Improved by forced circulation ol the a ir over the coil su r­

face. To estim ate the improvement which might be attained in th is way an 

a ir  velocity of *9.4 fee* per eecond (20 m iles per hour) i t  assum ed fo r com­

putation. The steady atatc surface tem perature as computed with forced con­

vection i t  given in Table V, The fluvface tem perature without forced convec­

tion ie a lto  included in Table V for com parison.

Table V.
Comparison of final surface tem perature with and 
without forced convection. Inside coil diam eter 
5.5 inches, a ir  velocity 2.9.4 feet per eecond.

M aterial d Final Tem perature °  C
inches F re t Convection Forced C irculation

Aluminum 4 .5 256 242
Copper 3.0 257 239

Aluminum 3 340 315
Copper 2 340 J14

The tem perature reduction with an a ir  velocity of 29.4 feet per second i t  

tr iv ia l. High a ir  velocity will require ehroude to direct the a ir  flow. This 

method for improving the heat transfer to the a ir  is ineffective.

5. Tem perature G radient Through Coils

Most of the radial tem perature difference through the field winding is due 

to the layer of insulation between turns which bns bean aosumed to be 10 

m ils on each conductor o r 20 mils betweeu turns.

Values of hsat conductivity for fiberglas insulation are not available. The 

conductivity values for other e lectrical Insulating m aterials, given in Table 

111, page 278, Volume 54, Mechanical Engineering, suggest a  value of 2. 

b. t .u . per hour, p e r aquare foot per degree F per inch, as reasonable. ^

SECURITY I N F O W T I O ’.! "05



Using *his a s s u m e d  conductivity  /o r  f io e rg la s  insulation a

temperature difference between the outer end inner surface of s  coil, 

for steady state temperature conditions, has been computed. Values ob­

tained for coils with 5 1/2 inches inside diameter are given in Table VI.

Table VI
Temperature difference between inner and 
outer coil surface•  due to insulation between
turns, for steady state conditions. Inside 
coil d ametcr 3 1/2 i n c h t o .____________

d
inches

Aluminum coil tem­
perature difference 

degree# C

Copper coil tem­
perature differ­
ence Degrees C

1
1 75. 49.2
2 77. 49.2
3 75. 47.6
4 73. 46.2
5 69.4 44.7
6 68.3 44.3

The te m p e ra tu re  d rep  through a co il  is  a p p n t im a te ly  independent of the 

depth of the w ind ii^ .  A co rre sp o n d in g  effect is e n co u n te red  in o ther e lec ­

t r ic a l  m ach in es .  Hie “hot sp o t1' tcm pera tu»e  n c rem en t fo r  copper is  only 

2 /3  the co rre sp o n d in g  value fo r  a lu m in u m  as  • ven in T ab le  V!. This Is

the re su l t  of a  s m a l le r  power lose  fo r  copper.

The te m p e ra tu re  drop through the m e ta l  whet.vr a 'u m in u m  o r  copper is 

very  sm all  and ha i been neg lec ted . The ten  p . r a tu r t  g ra d ie n t  due to insu­

lation betw een tu fas  is  however, co n c id c ra t*  and som e m e a n s  for reducing  

th is  should be employed if the f ie ld  is  to be d e ig n e d  fo r  coi.\inuou» o p e ra ­

tion. A reduc tion  of this g rad ien t th rough t’ e co ils  would a lao  Se d e s irab le  

fo r  in te rm it te n t  operation as  th is  would decrease the  off t im e  requ ired  fo r

cooling.



I

6. Copper fine for Reducing Surface Tem perature and T em perature Gradient
Through Coil* due to Low Heat Conductivity of Insulation,

Copper fine extending beyond the surface of the coils may be uaed to reduce 

the surface tem perature by increasing the active surface fo r heat dissipation. 

These fins will also reduce the tem perature gradient through the coil by pro* 

viding a radial path of high conductivity.

Fins may be installed conveniently at the center of eat i coil an shown in Fig­

ure 1, (Fins between coils would obstruct the conneclhn between co ils.) !i 

the fins extend 1 inch beyond the surface of the coil the*/ will m ore than double 

the setive a rea  for heat dissipation. Table VII gives s tu d y  s ttte  surface 

tem peratures with and without copper cooling fins. A (»i 1/8 inch thick ex­

tending 1 inch beyond the coil surface has been assumed for computation.

Table VI!
Steady State Surface T em peratures o: binding Witn and Vith—

out Fina
Inside coil diam eter 5 i'2 inches

d
inches

Alum num Coils Copper Coils
Without fins 
surface tem­
p e r a t u r e ^

1/8 in. Copper 
fins surface 
temp. °C

Without fins 
surface tem ­
perature °C

1/8 in. firs sur­
face temperature 

°C

l 343
2 283 345 217
3 340 216 250 166
4 280 179 213 133
4 1/2

255
161

!

The tem perature difference radially acrcris the copper fins will not exceed
e

10 degreeo C. when the fin is conducting it* share of the heat to be dissipated

to the outsid* a ir .

s
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7. Concluciono Concerning M aterial. Winding Depth and Cooling Fina 

It is  evident from Table IV that, for equal Initial heating rates and final su r -  

face tem peratures an aluminum field winding is cheaper and lighter per foot 

than a copper winding but the winding depth for aluminum must be 50 p e r cent 

g rea te r. This greater winding depth will increase the radius of curvature  and 

length of the Stellarator, which may over come the per foot advantage in weight 

and cost for aluminum fields.

A copper field winding will have the following advantages;

1. Shorter ste llara to r tube.
2. Lower hot spot tem perature rise inside the winding.
3. Lower power for field excitation.
4. Few er turns and sm aller outside diam eter for same initial 

heating rate and final surface tem perature.

Copper therefore appears to be the best m aterial fo r the field winding.

A copper winding, having a depth of only 2 inches, appears suitable for con­

tinuous operation if a surface tem perature around 250 degrees C is p e rm iss i­

ble and fine are provided to improve cooling (see Table VC). This depth of 

winding would also have an in itial heating rate of abcut 4 degrees C per minute 

(see Table 111). This would give several minutes of operation without reaching 

an undesirable tem perature if the coil were initially at room tem perature.

Cooling fins should be installed  even though continuous operation is not re ­

quired. These will be very effective in reducing the "hot spot" tem perature 

inside the winding and in increasing the rate of cooling.

If continuous operation should be required w ater cooling should be provided 

by water tubes installed on the cooling fins. These will not be considered for 

the p resen t because continuous operation seem s unnecessary with the low 

initial heating rate.

r.on
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8. Coilo fo r S tra ig  r  F ie ld

I
The field  w inding should be fo rm ed  of sh o rt unit co ils  w hich can be a s ­

sem bled  re a d ily  on the vacuum  tu b e . Both s ta r t  and f in ieh  fo r  a unit 

co ll should be on the  outside to  fa c il i ta te  connecting the  c o ils  a f te r  they 

a re  a sse m b led  on the vacuum  tube . T h is  is  possib le  by winding double 

co ils  one h a lf c o ll  wound clockw ise the o th e r coun ter c lo ck w ise .

Allowing fo r fo u r la y e rs  of 10 m il in su la tio n  on two one in ch  wide copper 

w ires w ith a  1 /8 inch  cooling fin  in  the c e n te r  g ives a  m in im um  c o il- th ic k n e ss  

of 2.165 in ch es  fo r  a double o r  u n it c o il .  If co il fo rm a  having  an ax ial 

length of 2 1 /6  inches a re  used  the co il fo rm s would not extend beyond the 

winding and the  co ilo  could be in  c lo se  con tac t when s tack ed  on the S te lla -  

r a to r  tube. T h is  would give u n ifo rm  am pere  tu rn s  p e r  un it length fo r  the 

s tra ig h t o ec tio n s  of the s te l la r a to r  tube . The coll fo rm s  probably  should 

be of b r a s s  tub ing  5 1/2 inches in s id e  d iam e te r an<l 1/16 inch  wall th ick n ess .

A m agnetic  co il fo rm  m ight be d e s ira b le  to reduce the  f ie ld  ripple due to 

i r r e g u la r i t ie s  in  the fie ld  w inding. T h is m agnetic sh ie ld  would a lso  tend 

to reduce  d is tu rb a n c e s  a t the p o r ts  w here th e re  m u s t be a  gap in the field  

winding.

S tarting  w ith a co il fo rm  the f i r s t  h a lf co il will be wound a t  shown in F ig u re  

2. The s ta r t in g  end of the f i r s t  h a lf -c o il  which is  n ex t to  the co il fo rm  is  

d isp laced  a x ia lly  as shown by th e  do tted  lines in F ig u re  2 to fo rm  the con­

nection to  the second half co il. Whcnt the f i r s t  ha lf co il is  com pleted the 

w ire m u s t be c u t and the fre e  end  fastened  to p rev en t unwinding. The coo l­

ing fin is  then  p laced  in the c e n te r  of the co il fornr. a d jac e n t to the f i r s t  ha lf 

co il as  shown in F ig u re  2. The w ire  for the second  h a lf  co il is  then  b ra z ed  

to the s t a r t  of the f i r s t  ha lf c o il and  the second h a lf c o il  is  wound in  a  d ire c tio n



opposite  to tha: o f the f i r s t  hah  c o il.  The u n a h e d  t o i l w i l l  then have 

both  end* on the ou ts ide  and u n it c o ils  ir.ay be conven ien tly  connected 

in  s e r ie s  a fte r  the c o ile  a re  in s t i l le d  in  the vacuum  tube.
•

9. Tapered  C o ile  fo r  C u rve d  Sections o f Tube .

A ta p e re d  c o il,  w h ich  is  th ic k e r  on one s ide , m ay be fo rm ed  by sp read ing  

one s ide  of the c o il as shown in  F ig u re  3. On the th in  t id e  the w ire  is  

wound w ith  s fu l l  o ve r la p . The o the r side is  made th ic k e r by s h ift in g  

a lte rn a te  tu rns  r ig h t and le f t  wh ich g ives le ss  o v e r la y  of ad jacent 

tu rn s .  A m in im u m  lap  ot 1/4 inch is  nece ssa ry  to  give m echan ica l s treng th  

to  the c o i l.  T h is  w i l l  re s u lt  in  a un it c o il 1 1/2 inches th ic k e r  on the th ic k  

s ide  as shown in  F ig u re  3.

10. W inding Depth fo r  the  C u rved  Section o f S tc lla ra to r  ,

A  s e r ie s  connection o f a i i  u n it f ie ld  c o ils  w i l l  p e rm it  the s im p le s t pow er 

supp ly  fo r  the f ie ld . T h is  a rrangem ent w i l l  be assum ed lo r  the p re lim in a ry  

des ign .

The w ind ing depth shou ld  be increased on the cu rve d  section because the 

ta p e re d  co ile  have a g re a te r  e ffec tive  th ickne ss  than those fo r  the s tra ig h t 

se c tio n . I f  the f ie ld  s tre n g th  in  the vacuum  tube, fo r  the longest f lu x  path 

is  to  be constant a t 2000 gauss the w ind ing depth m ust be in c re a se d  in  p ro *  

p o r t io n  to the c o i l th ickn e ss  at a d is tance 2 inches iro m  the ax is  to w a rd  the 

th ic k  side of the tapered  c o ils .  Th is  re q u ire s  a w inding depth o f 3 inches 

on the tapered sec tion  o f tin* S tc lla ra to r  n  shown lo  F igure  4.

)
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The winding dep th  m u s rv a ry  by s tep s  co rresp o n d in g  to the th ickness of 

one tu rn  and th is  m ay m ake It d e s ira b le  to use a s e p a ra te  pow er supply 

fo r exciting  the cu rved  sec tion . It w ill s ti l l  be d e s ira b le  to  in c re a se  the 

winding depth in  the curved  sec tio n  in  p roportion  to the effec tive  axial 

length of the ta p e re d  co ils  to m ain ta in  txie c u rre n t density  in the copper 

app rox im ate ly  co n stan t. T h is c o n stan t c u rre n t density  in the copper 

g ives a u n ifo rm  in itia l ra te  of heating  fo r the copper which is  d esirab le  

if the  S te l ls ra to r  lo  to  be o p e ra ted  on an in te rm itten t b a s is .

! n1l
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Figure 1. Unit coil with cooling fin in center. Sectional 
view. Uppjr half coil. Full scale.
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End of first 
ha)/ coil

F irs t ha)J coil

Start of first 
half coil

Coil form

---- axis of coil

Cooling fin

Figure 2, Unit coil for straight section. F irst half coil 
completed and cooling fin installed at center of unit coil.
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Coil fo rm

Fin ish  of f i r s t  
coil

Cooling fin

CO. :lD E S t ^ L

/  
r  -  i

S ta r t  o£ f i r s t  co il

axis of coil

F ig u r e  3. Unit coil fn r  cu rv ed  lec t ion . F i r s t  
half co il  com pleted & i d  cooling fin insta lled  a t 
c e n te r  of unit coil.
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Outer coil surface

Inner coil surface

coil axis

Inner coil surface

Outer coil surface

Figure 4. Dimensions of Tapered Coils.
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P re l im in a ry  Design of S te l la ra to r  

11. Vacuum C h am b er  and Supporting F ra m e

Radiue of c u rv a tu re ,  fo r  S te l la r a to r  tube,

A p re l im in a ry  design of the f ie ld  winding fo r  a 2000 g a u ss  S te l la ra to r  

led to t h '  ten ta tive  conclusion that the winding depth, with c o p p e r  field co ils , 

ohould be 2 inches  on the s tra ig h t  sec tion  of the S te l la ra to r  tube or 3 inches 

fo r  co ils  on the c u rv e d  section.

I r r e g u la r i t ie s  in the magnetic f i r id  will be m in im ized  when the m .m . f .  

of the field co ils  approaches  a u n ifo rm  c u r re n t  sheath as  c lo se ly  as  possib le .

On the cu rv ed  sec tion  this condition req u ireo  that the tap e red  co ils  should fill  

the winding epace on both the ins ids  and outside of the tube . The rad ius of 

cu rv a tu re  of the S te l la ra to r  tube io th e re fo re  d e te rm ined  by the tap er  of the 

field coilo to be used in the curved  sac tion .

Table 8 g ives  the rad ius of c u rv a tu re  fo r  S te l la ra to r  tubes  of pyrex 

g lass  pipe having s tandard  d ia m e te r s  of 2 inches o r  m o re .  The rad ius  of 

cu rva tu re  is b a se d  on a tapered  co il fo rm ed  of wire 1 inch  wide as shown in 

Figure *k, Section  9 of the ^c lim ina**y  D esign for the Ste l l a r a to r  F ie ld  Winding*

Table 8

Radius of C u rv a tu re  for S te l la ra to r  
tube6 of s tan d a rd  d ia m e te rs .

D iam eter of 
S te l la ra to r  tube 

inches

Winding depth 
inches

D iam eter  of coil 
inches

Radius of C urva ture  
of vacuum cham ber 

inches2.i side Outside

2 3 3 .0 9. 17.

3 3 4 .0 10. 19.
4 3 5 .5 11.5 22.5

6 3 3 .0

i

14. 27 .5

I rtio
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12. C om ponent p a r t s  fo r  S te l la tu to r  T u b e

«

T bs S te lla r» ito r  tube should h sv  t j< u lr*Jmum n u m b er of jo in ts  fo r  con­

v en ien ce  of a s s e m b ly  eu d  tc  red u ce  d is c o n tin u it ie s  in tb e  f ie ld  w ind ing . The 

pum ping  p o rt*  sh o u ld  b e  ap p rox liru .’ s ly  e q u id is ta n t a ro u n d  th e  tu b e . F ou r 

pum ping  s ta tio n  is w ill p ro b ab ly  b t  n e e d e d , A s tn m U rd  te r  f it t in g  c l  p y rex  

g la s s  m ay be u se d  f o r  j. pum ping p e r t .  If j s ta tio n  fo r  pum p in g  an d  e x p e r i­

m e n ta tio n  L tc  to  b e  co m b in ed  a "crD se*1 f ittin g  m ay  be e m p lo y e d .

Tw o tube d e s ig n s  w ill be c o n s id e re d , cma having  10 je in t f  Mid no s tra ig h t  

s e c tio n  of tube e x c e p t th a t included  In th e  fitting*  and sw ing  b e n d s . T h is  de­

s ig n , w hich is  o h e w t ir. F ig u re  3, Use a m in im u m  length  a n d  r e q u i r e s  pipe 

b tn d e  to ta lin g  300 d e g re e s  of cu rv ed  ' t e f l o n  fo r  te c h  end of th e  S ts l la fx to r .  

T h is  w ill b t  r e f e r r e d  to  t»  the  300 degree , d esig n .

Thu seco n d  d e s ig n  w ill r e q u ire  only  240 d e g re e s  of c u rv e d  sec tio n  fo r  

e a c h  cud b u t w ill h a v e  a  ic c tlo o  of »?r«dght tube on e i th e r  r id e  be tw een  fhe 

c u rv e d  end a u c tio n * . T liis d c tlg n  ’ /h ic h  w ill  be d e s c r ib e d  ao  th e  240 d eg ree  

d es ig n , is  show n ^n F ig u re  6,

Ih o  p&rtu r e q u i r e d  fo r i  S tu l l s r a to r  vacuum  tube a r e  g iv en  in  T able ? .

!t should  be n o ted  th * i both the 300 d e g re e  and the 240 d e g re e  d e s ig n  have a 

n u m b e r of p a r t s  in  co m m o n .

I

T ab le  <t.

P a r ts  fo r  S te i l a r a to r  V acuum  Tube

lU m D e sc rip tio n N u m b e r o f P a r ts
300 d e g re e  d e s ig n  j 2««0U*gree d e s ig n

a 180 d e g re e  b en d s, 10 inch  
s t r a i g h t  sec tio n  a t  endn

2
.

2

b 60 d e g re e  bendo, 10 inch  
s t r a ig h t  sec tio n  a t en d s

4

c 30 d e g re e  b en d s , 10 in c h  
s t r a ig h t  sec tio n  a t  e n d s

4

d
S tr a ig h t  se c tio n s

» ___~\
2

<: l "17
«r«
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Table 9. (I 
Parts fo r  S tc lla ra to r Vacuum Tube

Number of Parts
Ite m Description 300 degree design j 240 degree design

e Tees or crosses .4 4

f Teflon gaskets 10 12

8
i

| Metal flanges and asbestos inserts 20 24

13. Comparison of 240 and 300 degree designs.

A summary of data fo r  the 240 and 300 degree designs having a 

vacuum tube o f 4 inch pyrex pipe is  given in Table 10. The radius of curvature

fo r the curved section is  22. S inches.

Table 10.'
Data fo r  240 and 300 degree S te lla ra to r with 
4 inch vacuum tube and a 22. 5 inch radius of 

curvature

Item Description 300 degree design 240 degree design

a Length of curved po rtion  of tube 20 16 ft.

b Length of s tra ight pa rts  of tube 15 24 ft.

1 c| Total length 35 40 ft.

d Tota l weight of copper 7820 8180 lbs.

e* .  • Total dc power fo r exciting fie ld 86.5 90.4 kw.

f Total voltage w ith aeries coils 302. 310. volts

8
Resistance of fie ld  w ith  series coils 1.06 1.11 ohms.

h Number of un it co ils  fo r  curved section no [ 88.

i Number of un it co ils  fo r  stra ight section 48 104.

j Tota l winding induction w ith  series co ils 0.107 .118

k Tim e const, of fie ld  w ith series co ils 0 1 0.1 •ec.

1 Distance between pumping ports around 
ends

106. 102. inches

m Distancs between pumping ports along 
center section

106 136 inches

7 '
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The 240 degree deoign requiHIT very little more material but in- 

clu^u two 58 inch straight sections of pipe. This may be desirable for ex­

perimental purposes. Thu 240 degree design is therefore preferred. If £

longer straight section is required this may be accommodated by replacing the 

4 - 3 0  degree bends by sections having a shorter arc.

14. Support for Stellarator vacuum chamber.

The Stellarator vacuum tube must be supported inside the field coils 

in a position concentric with these coils. This may be accomplished by using 

spacers, of a suitable thickness, to separate the pyrex tube from the coil 

forms. This arrangement is shown in Figure 7. The spacers which should be 

curved to fit the wall of the pyrex pipe, should be 1/2 inch tbicU for the 4 Inch 

tube. These spacers may be made of any non»magnetlc material which will 

resist an operating temperature of 250 degrees C. The spacers would be 

placed beneath the vacuum tube at intervals of about one foot. Where the tube 

slopes the spacers should be fattened to the coil forme to keep them in place. 

If the space between the coil forms and the pyrex pipe is used for a winding 

to produce cm accelerating elnctric field, this winding may also serve as the 

spacer between the pyrex pipe and the coll forms.

15. Support for field coi 1b.

The field coils, which support the vacuum chamber, must them­

selves, be supported to conform with the shape of the Stellarator tube. The 

field coil support* must be adjustable in three dimensions to permit the coils 

to be accurately centered on the axis of the vacuum tube and mounted close to­

gether. It is  also Accessary, in supporting the field coils, that they be electri­

cally isolated to avoid concentrating the electrical s tress  on two layers of in­

sulation. Insulating supports of micalex will give the necessary insulation and 

permit a high operating temperature.



A possible s t r u c tu r e  for supporting the  f i i ld  co ils . ’which provides

the n e c e s s a ry  insu lation  and freedom  of ad ju s tm en t,  is  shown in F ig u re  8. 

This  figu re  shows the m ic a lcx  blocks for supporting  and Insulating the  co ils . 

Thcoc blocks may be in con tac t  v/ith the cooling fine of the co iis  a s  shown. 

F ig u re  9 gives a detail of a  clam ping a r ra n g e m e n t  fo r  holding the m ica lcx  

b lo ck s .

m ay  be made of angle i ro n .  It will p ro \a b ly  be des irab le  to build th is  fram e 

in four sec tions . Or.c sec t io n  at each end w ill support the 180 d e g re e  bends 

and ano ther section to support  each of the h o rizo n ta l  portions of the  S tc lla ra»or. 

F ig u re  10 shows a d e ta i l  of adjusting s c rew s  fo r  leveling and aligning the sec­

t ions  of the supporting f ram e  so.the vacuum  c h a m b e r  could be a ligned  for sea l­

ing by c lam ps.

f r a m e s .  The sev e ra l  sec tions  of the supporting  f ram es  may be c o n s tru c ted  at 

any convenient location in the lab o ra to ry  a n i  a f te r  the vacuum tube i s  insta lled  

and  the field coils a s s e m b le d ,  the sections m ay be moved on lif t t r u c k s  to the 

p lace  where the four sec t io n s  a re  to be jo ined to fo rm  a  S tc l l& ra to r .

The f a m e  shown in F igure  8, for supporting  and ad justing  the coils ,

Pumping p o r ts  would come at the junctions  between the supporting

• i ' 2 0



Pumping
P n r t

Figure 5*.
300 degree o te llara to r 
One end with two pump­
ing ports eho .*n . Total 
length for ■4*’ tube, 35
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s *  Pumping 
Port

Figure. 6.
240 degree S te l la ra to r  
One end with two pum p­
ing p o r t !  sno*n. Total  
length for 4" tube, 40 
fee t .

■*
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Coil  fo rm

S p i c i r  for support 
ing pyrex  pipe

Figure  7.

S p i C t f  for  Supporting vacuum tube 
ins ide  coil form,

I -0 -i‘y' ' ;¥::p : S  ’ '

I
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. Micalex support

Coil  (in

Miealex
support

Angle iron  f r am e

F igu re  8.

F r a m e  (or insu la ted  support 
of ( i c l i  c o i l s .



Figure  10. Leveling s c r e w  fo r  angle 
i n  n f r a m e

Micalex suppor t :

\  - C lamps  fo r  ho ld-  An*le i ro n  f r a m * 
ing m ica lex  oup- 
porte

Figure  9. Detail of Clamps for Micalex Supports

n o r :
'  '  l


