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Introduction

1a thie repoce, the results for a nuzber of
qhwic heating (OH) coll arrangewance which will allew
the xeduction of tha wajor radlus of Expsgximantal
Nouer Pscliar (oFR tokacsoha will ba gleck. o esch
cade ks Tesuwiii add soezaced, % lesst andizsadiy,
ta tha sefaranca ceis, Flg. 1, which has thea OH
salenald Lnatde tha centeal core of the veactur.

The yoel for the altermate geoascyies atudied
wie to atey within the requicesants imposed by the
EPA woditions an tha plasun and Lo produca as much
or more O Y-e as the cefacance cese. Tha teaquire-
aanky vhich wara imposad are:

. 1. achlave a torotdal magnatic filaid et the
plassa cantar 2).4 T ulthuut ancesding the paak Flald
qapablitty af tha supecsonducting mateviala whila
umatotatuing an inhoard blankat and shield thicknasa
of shout 0.9 m,

2. praduce tha OH V-§ without davelaoping mag-
natic Helde avec tha minor cross-sacticual area of
the plasaa, f end

3. produca the OH V-3 without davelaping mag-
natic {lelds_of wore than 0.5 T anywhere in the IF
coll reglon.? (A lower valua would be bhetcer.)

riguce 1 shous che raference cuse and defines
noos of che ferwlnology used Ln cthe ather cuses. The
geonacries which aru sors fully discussed later in
the repoct ace shuwn in Fig. 2. 1o all the flguces,
tha aqv’"“briun colls are not included because they
ara bay - the scope and intent of thia setudy. The
reaferenca case has the salenold cotl locuted inside
the cuntral coxe and the profile coils located oue-
sida the TF coll euvelupe. Thicknass of the TF coil
wag scaled froa the latest EPR-17 design at ANL
according to Ampere's law. The wagnecic Eleld at
tha autaide radius of the taner leg was kepr ac a
valua o § T for all studied cases. Becauae
L€ ia o *long” solenoid and placed in the cenccal
cora of the TF coil, Lt inharently satisfive require-
manta 1, 2, and 3 woat eaatly. Case 2, Fig. 2, has
a cancantric pair of cowpletely-shiclded long sale-
nolds surcounding tha Luner legs of the TF colla
and & sat of completaly-shielded prafile colls sur-
tounding tha {nner legs of the TF colls. Because
tha outside radius af the inner legs aof cthe TF colls
cemaing caastant in our case studies, the ma)or
radius of the plasma cust be slightly increased far
thig casa. Case 3 lLiaa 18 long, narrow solanoids
focatad fnstiu che blanket and shield and completely-
shielded profile colls inside tha TF call envelopa.
Almaat the antive clrcunfarence La occuplad with
solanoids in thla case. It introducea the concept
of waking tha shiald slecteically ncuvz instead of
passive as Lt is in moat ocher desiyns, I The
shialding space is partlally filled with electeical
conductors and used to pruduce V-s. Lt is inherancly
assier Lo szséwble sud milntain this codl than it s
for case 2. Caze 4, an excension of cusw 3, has
16 long wacrrow aolenoids inside the blanket and
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shiald, WHouever, tha solencids are contoured arouad
tha plasoa. This contiguration ts axpected to elloi-
nate tha need for some of tha profila colls inetds
tha TF coll anvelop2, L& alould Le cosputatively
atupls £2 {natall and maintate this cype of coll
system olnce the aolencids could and should be de-
slgned to be rcmovable through the spaca batween the
TF colla. Casas 2*, 3", and 4" have the esse arc-
rangamante of Oi colls as cases 2, 3, and & reapac-
tively, but with the additlon of a long eqlenald in
the central cote fo incraass tha V=8 capability.

Alternace Guoustries

Ta tha followlng sectiocus the various altacmate
geomatrian for the Ol coil will be discussed In some
datail. Thase diecupalons ara basad only on the geoom-
tcies of the gutrent distrlbutions whown in the accom~
panying figures. The exact values for the supply
currants or the current densities used ara baydud the
ecaza of chis paper, but cucrent densicles of less
than 3000 A/cm® are genaraliy used in tha varlcus
coil sactions.

Tha calculations for thesae varicus geonacriea
wera dona with a code, AIRCOIL, developed at Argonnc.
This coda will calculate the magnetic Elelds at aspecl-
fied poines tn & radlal plane for a maximuwm of 60
input coil sections in a cylindelcally syroetric mag-
ost structure. It will also iteracively adjust che
locactions and the numbers of curms for specified
coll aections in order to reduce the wagnetic flclde
in a specified reglon. This optiwicing method was
used to help us establish che attainability of the
requirements glven above for the OU coll. For the
salenald ring options, the resultant fields in a
radial plane which were generated by che solenuld
coils in the ring had to be detcrwlued. This Lnvolved
the superpuaition of che magnecic flelds Lo the radtal
plane of interest for each coll in the ring. The
resules of thils calculatlon were then input Into
AIRCOIL as a conatant bias field and the opticizetiona
of tha locations and nuwbers of ecurna foc the cylin-
drical, prafile colls uere done in the customary way.

The reference coil ahown ln Fig. 1 is the usual
design with a central solenoid uged to generate the
care £lux and the profile colls cto keep the core
flux in the return path Eram entecing the plusma
ceglon, The major cadius for che plaswa in chig case
13 4.2 m. This coll develops @ core fleld of 5.02 T
with an integrated flux af l1.4 WU Detwustn che
verctical sxis af tlie wachine and the inner edpe of
the plagna. Tue oaxioum flux iinkage that cuuld
ba devaloged for an (H coll with tha_outside discwter
shown (190 cm) is about 16 co 18 Wb.’ The referencs
cora fiald was clioaen at about 3 T, knowing it is nut
o maximun value tuc chat 1t (s probably an eastly
attained valus snd will fnot raguice any more detalled
calculations to escablish this facc as would o 507.
highar value, This cype of coll is familiar te ON
coll dealgners aud can eusily be vade to asciefy the
raquirvemencs for the stray fielde (n the plascu and
TF coil regiona.

The firat alternata Ol coll yaomsiry, case 2, is
shown in Fig. 3. This cas: consluts of tuo concentric
solanoids locatad just outslds of the inner legs of



tha TP cotle, The major tediua of the plasca was
tncceaned to 4.62 w to allow room for thess colls
while safngatning the full 0.9 & chitckness for the
fohoard blanket and shi.ld. Abuve and balew thase
solanaida ace che profile colls, which conatec of
cylindrical cotls with sonk carcylag ceversa curcents
‘and ‘which dicece:the £lux from batuean the solencids.
to craval outslds thn, pleana“raglon.’ 'lhl tlux -denatty
‘baguaen the solenalda La ahout 6.4 T.'

5000 Al‘cn,. which ls teo high far a raal cal) at
the present time. Anather disadvantage of this casa
La the fact that sll of the QR coila iia inside Che
Ir coll eavalope., This will produce sectous problems
during the fabclcation and repair of chle machina.

The second altarnativa, case ), is ahowmn in
Pig. 4. This goowetcy contalng L& solenolds unifammly
apacad at a cadius of 210 cm in & ring betwsen the
plasma and the TF calla. Thesa solsnoida have on
outaldr dlepecar of 70 cm and acga 7.0 m high. They
are placed a0 that there ia about 13 cm of shiald
batwean the plasza and the solenoid calls and aboue
& 10 cm space batvawn <ha aolengld ting and cthe inner
lag @f the TF coil.. lc is snticipatad that the core
aof sach of the solenoid colls can be filled with a
non-magnatic and clacirically-cusiscive ahtelding
wmatarial. The csajor radlus of the plasm 18 4.2 m
but the affuctlive Luboard ahield and blanker cthick-
aesa La sooevhat reduged ac perlodic locations
around the ax{s of this machine. The flux density
fnside @ach solenoid i1 6.3 T glving a nec core flux
of 24.2 Wb, The geglon in the plasna which contains
atray fleldy of leaa than about 10 G 13 outlined in
Fig. &. This geomecry, therefoce, asatiofles re-
quitacents 1 and 2 above. Requirement } Ls saclafied
completely but thare ia a tegion 4n cthe TF coll la
which the fialds approach 0.5 T. This reglon is
locacad adjacent to the top edge of tha salenvid colls
and 18 outlined in Fiy. & az contaiulng wore than
10 &G, but chis was an earlier resulc.

In order to improve thia last condition for this
gecoetcy, ane could decrease the flux densicy (n
the solenald calls giving a reduced core flux, or one
could fncraase the disfance between the TF colls
and the solenold caila., There ace sevecal ways of
doing the latter, but each of the «lternacives has
soms nagative sapects., To increase the dlscance
between the TF colls and tle solenold cotly, the
solanoid colls can be reduced La diameter; and to
conpensate fur the loss of solenoild arca, the core
flux densities can be Llucreased, whichk could be a
problam. The tajor cadius of the plasma cuuld also
ba Increased, which is a dlsadvantage, but Lt will
allow for Cthe lmprovement of the net shimlding for
the. TF caolls. Some comhination of chese different
adluticns could be ytilized in gune optlewm design.
It is noc clear, however, at thia point that thie
problem of high stray Elelds In the TF colls Ls
oscessarily a secious oue. The area {nvolved iy
cather small snd Ls act & vertical posttion which
would allow the Lnercoduction af enlarged coolant
paths in the vadial dilmenaions of cha TF colls.

Thare are somz other posalble alternatives which
will glve an lwproved design. Oue is shown In Flg. 4
fo a phancoa outiina. This is the additlon of s
coca solencid like that uaed for the rufecence case
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in Fig. 1, This wi1l add at leasr 11,4 Wb of coce
flux., With this coil and using the solution abava,
vhich calla focr tha raduckion of the salunold flelda
tn cans 3, u total core flux of at least 27.5 wWh
could be produced.

Anathar posstbility Lis to add tha:core. mlcnold
3 glving & net: eare’ fluxiof at’
This cora aolenold
case 2, repulting in casa 2°
core ‘flux of ac leaat 2
nat ealculated Ln deeatl
flelds In the ‘plasma m

- Y8
tn thess ‘geglong’ al.nn theas cou.: can pmducl. by
:hennlvn. better tesultn than the geomutries co
which they ace added.

Anathar alternativa groostcy 1 to band tha
aolencid colls auay from the TF cotla in A radial
plans and only in the teglona near the anda'of the
soleneids. This arguuant can ba carrled sctbl fur-
thar, by extanding the ends of thaga bant aclenotds
araind tha filasma teglon to aome extant., Calculations
for thia case, case & in Fig. 2, have not been pers
forwad, but it can be expucced ghat this will not
siguificantly altar the results for tha core flux
that ware found in case 3. We do axpect, housver,
ehat tha high fialde in tie TF coll region can be
reduged acill fucthas to acceptable valuzs, An
added advantage ia also anticlpated, Thia La the
reduction and posaibla eliminativ: of cha cylindrical
profile coils containad inaide the TF ¢oll anvalope.

The Elnal case that we have conaldered, case &',
involves the additlon of a core solenoid cofl to -
case 4. Thia will then glve a net core flux of at
least 36.1 Wb and will comtoreably meet all of the
requiremants stated above.

Results snd Conclusions

The main features of our atudy ace shown Lo
Tutile T. The V-s listed are calculated mssuoing a
compiete reversal of the field in the Ol colls. Case
2 meets all the requirements excepc for 1, and the
major tudius la not greatly veduced from the current
EPR design of 4.7 m. However, Lf the colls were
made af copper, they could be put inside the shield-
ing and used to produce a large awount of fast GH
V-s. This would allow a reducclon of the majar
radivs to 4.2 m as in the other cases, and greatly
ceduce the fabrication and repalre problems assoclared
with having colla Inside the TF colla. 1In additioca,
an Oil polenold sust be Lnserted in the central core
for productlon of slow OH V-a, As would be expected,
case 3' and &' produce the most V~s because af the
addition of the OH sulenoid in the central coce.
Case &' is the most attraceive from the point of
view of fabrication and repalr since all of the colls
are ble through the ap between the IF coilas.
In addition, these cuils could be made of copper to
produca a large awount of fawt Oif V-8 while the
central core solenold could be used to produce slow
OH V=-3. Also, tht¢ copper colls can be uzed fur
acciva shielding of the TF colls fcom the Lnduced
fleida due to the plasma. Time has not, huwever,
paroitted us to study this pouasibilicy.
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Summary of Alternate Ol Heating Featuces

Case

Hafar Ntace Magoetic Pleld O with Fleld  Acea in Maxicum Field
Wusb=y Radlue Raciue st Major Radlus Revaraal Plasna with in TF coil
. . with 9 T TP Feld Pleldy < 10G
f ted () () (1) {v-3) @) (1)
i 4.2 1.4 a5 22.8 7.0%* .03
2 4.62 L3 3.2 37.0 5.3 3
3 &2 1.4 s A8 4.0 42
'y &2 1.4 s 48.4% &h <4k
2 6.62 1.32 3.2 59.6 5.5 S5
3 6.2 1.4 3.4 v 2.2 an %
4’ 4.2 1.4 35 72.2 on <.bn

*Yaluea are escimated
w*Approximately the entice plasca araa
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Fig. J. Datalle of the geonecries and results for case 2 end case 2' (case 2' tncludes the core wolenotd
ahown in phanton).
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rg. &. :.nu: o!htht l;m;‘tltl and results for case 3 and Case 3' (Case 3' tncludes the core solencid
cawn in phantom). The area in tha IF cotl shown t 2 10 .
SLKC In the lacest resmren. o contaln kG Eields actually contain fields
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