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b ' On the design studies with the INTOR plasma equilibrium and poloidal
field coil configuration (PFCC) from the Phase I to the Phase II A have
been obtained the following main results.

Three optimized PFCCs have been obtained: the INTOR-J "Universal”
with the optimized PFCC for the divertor configuration, the optimized
PFCC for the pump limiter, and the INTOR "Universal' with the PFCC
defined as the INTOR reference. These PFCCs satisty with thgfrequire-

ments for the porthole size for the remote assembly and maintenance of

the device, and the maximum flux swing and current densities of the

solenoidal coils.

The INTOR-J '"Universal" will be almost the same as the INTOR "Universal"
in the reactor size. But the optimized PFCC for the pump limiter will
be a little larger than the above two configuration because of being in
need of slightly larger radii on the two large coils if the plasma with

1.5 in elongation is unconditionally necessary.

The total sum of absclute currents with PFCC, which is used as a

parameter for its figure of merit, is found to be given in a range of

. A

80 90 MAT at high beta for the divertor configuration for both of the

* On leave from MITSUBISHI Electric Co., Tokyo

*% On leave from HITACHI Co., Hitachi
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INTOR-J "Universal' and the INTOR “Universal”. The optimized PFCC for
pump limiter has 70~ 80 MAT in its range. The INTOR-J "Universal' and
the INTOR "Universal" for the pump limiter will have its larger sum than
one optimi;ed for pump limiter by several MAT.
The "EF only" method, where the flux, Wp, necessary for maintaining
the plasma current on high beta is provided only by EF coils, seems to
give the total sum a little less than the "EF + OH" method using EF and
OH coils for Wp
The ocutermost contour (OMC) of scrape—off layer , which is defined so
t the distance from the plasma surface on its medium plane

as to have 10 cm a

of the outboard side, is found to fequire about 30 cm at the distance

from its surface on the inboard side. This property is hold on both of the

divertor and pump limiter configuration and then the above OMC of scrape-off

layer has been used as the INTOR reference.

Keywords : INTOR , Equilibrium Plasma , INTOR~-J ,
Poloidal Coil Configuration , Divertor Plasma ,

Pump Limiter



JAERI-M 82217

bh T s BREFHRET AT I ATEEE LR SV ELE

HABRTHR AR EEREFAE 7 < 2 BRE
FEOEE-HEE O @ BR B
BE OEE - XE sk

(1982412248 % H)

INTOR Phasel 7 & Phasell Al b /c - THA SN AT 3 A-EHBLOF a4 50
TANEBEIEODVTHRENS, :

Fog4 a4 vEEEd, 38 (INTOR—-J “Universal ”, INTOR “Universal ” &
FUEyT) iy micDARESA A VEEE - " Universal 7 @R Y7 3 5B XY
FAN—FOEHAKBHINIEWK, ) Lo TERPFREN A, oA VB, 28 -
AL EFINIEO0OKEE, BaAVKERINIBZABHEE, NEORNGEH
ThOMEKINS,

INTOR-J BL U INTORH®D 7 4 vEEEEZ, ¥4 -7 ~OBEALEHLTEESN
o ZNEAE YT IS CHEATEESE, Ry 7 ) IJCEFINDEAI L -V A TVE
O3 (Outermost Contoux of Scrape -of Layer)® & (%) O FEEICKEFT &4,
FEOE, L5LDHASNELBIBENESLD, TOHEBOERT, B30F 7Y 35
DA VEREFPHAI NI,

INTOR-J “Universal ” & INTOR "Universal = &3, #0453 4 VvEBH» S
FLTEARENDASICK S, EF30R Yy 7Y ismoa 4 VEEORFICLINEIE, HH
B, 1L5TCH+4iczsLv—74 7B 2EFLHLETLIE, POERZLTHmA
XLTERENREAS, G-I TOIA - s@DETv75—v (ZINI )3,
BO~90MATTHD, BV Is0BEGE, FNELIDHIOMATLEL,

4, FE2® OQutermost Contour of Scrape-off Layer®d &3, ¥FEOKREVHTY
X EAMSHI0em OAE (F1EONEOMNE) 2@ HAALERINL, 20D
WA, FRONESVATY I XvEZE,SH0m ONEEZEL, TOBHEE, 51
N BLURY TN 25Ol A TRIFSNDZ, v 7 190EE, ZOBKERITS
A A2ARESCEHETHI I EBLBETHI 0 HIEHEZERICLIEDERZ LT,

KA SEBR
w AKBRE 93

{3}



1.

2.

4,

JAERI-M 82-217

Contents

TRETOAUCEIOTL  crrrrorsrrnnnranct e ienain et et as ot tas s s oeta s as et eabaas s tanaasasanatassabaesaanetseanion 1
Equilibrium OFf the INTOR PLASMA -r-cverererrrrrsrmrererriantnnineaeararrreiserarareerrnsans 3
2.1 Methods of equilibrium calculation -ooreererreeariinin 3
2.2 Some characteristics of plasma equilibrium v, 7
2.2.1 Profile Factor, (@ «reererresimomrrere 7
2.2.2 Special Featur@§ oroeorrrrerrerr 8
Design Studies of the Poloidal Field Coil Configuration (PFCC) - 11

o]l REqQUITEMENLS  -rierer it et b e 11
.2 Optimization of coil ATTANZEMENLS rerrerrrrninrinieeriaai s 12
o3 TRE PIGED  rvverrrerrrerratrnittntetaianasesiatatetiesettatosssntaesstatansssteieriosnssnetsretsssionns 14
3.3.1 Briel discription of Progress reeereieen . 14
3.3.2 Divertor CORfigUrabiom «rrrr oo rmrsrets it s s s 14
3.3.3 Pump limiter configuration «rorcrrrrsere 18
COonCIusSions - riivrrriiiiiiiiiiii v e P 21
ACKNOWLEAGEMEIIE «cvrvnrrverrrreere toie ettt e e e e s et e e e e st n e e e e e e e e e e e e e e e e senna 29

LT 2p o = Loy =Y O U USSP 93



1.

2.

3.

JAERI-M 82-217

R T
INTORT T K DIHG -voeroreermemrmmsossmmsms s b e
0 1 SEBEEFELID I eeeeeeeeeeee oot e e
9 0 5 Kow TEHT DR ceeeeeee e

0 9 1 JEARIBEGD TG wrereereeeserrsrsommmss s

3.1 B BE e PSPPSR PP
2.0 2 A WERBOBIELD I EE oo
B3 T A JUERIE  coeeeereoreereeiee e
33 1 EEOEEEIDIINE e
3.3.0 5 A s FERAL e

333 75—3/7°Ui§7ﬁaﬁf. ....................................................................................

6)



JAERI-M B2-217

1. Introduction

(1)~(3)

In this report, poloidal field distribution studies presented
for the INTOR Workshops are aggregated and rearranged. They are composed
of the plasma equilibrium and poleoidal field coil configurations (PFCC)
for both of the divertor and pump limiter concepts.

The INTCOR conceptual designs are based and performed on a significant
constraint that the PFCC of INTOR should not be linked with toroidal field
(TF) coils and should be located outside them, in order to facilitate the
remote assembly and maintenance.(a) Therefore it is one of main subjects
for the INTOR workshops to look for an acceptable fusion reactor in the
reactor size and cost.

In the Phase I a single null peoloidal divertor is selected for impurity
control and ash exhaust, and a deuble null poloidal divertor as the alter-

(4)

native. At the beginning our effort was devoted to the single null
plasma equilibrium which was in an undeveloped level. Basic techniques to
obtain desirable solutions from our ceodes of calculations of the plasma
equilibrium were gained in this phase.(z) |

On the final stage cf Phase I, our studies were directed toward how
to make the outermost contour (OMC) of scrape-off layer on the inboard
side bring more close to the separatrix, in particular, in the neighbourhood
of the divertor. The OMC is 10 cm away from the separatrix on its mid-
plane of the outboard side. Tt is finally found that no remarkable improve-
ment in satisfying the above aim is obtained even if some poloidal coils,
which are limited less than several MAT in ampere-turns, are temporarily
located on appropriate positions inside the TF coils for such a purpose.

Total sum of absolute currents (or total ampere-turns) of the PFC,

which is used as one of parameters for its figure of merit, is considerably
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improved on the final stage of Phase I qnd Phase IIA, and they have become
in an acceptable range.

The design studies performed in the Phase IIA are concentrated on the
plasma equilibrium and PFCC suitable for the pump limiter configuration,
whose plasma equilibrium has no null point in the plasma and scrape-off
regions, and is nearly symmetric with the midplane of the plasma. The
pump limiter is a comparatively new concept and are expected to have
some advantageous points in comparison with the divertor. An extra space
produced by replacing the divertor with the pump limiter may lead to some
reduction in the reactor size and cost. Additionally, the plasma equilib-
rium with the pump limiter configuration may be obtained with smaller
total sum of absolute currents than for the divertor configuration.
Judging from these points, the pump limiter seems LO be better than the
divertor. The plasma equilibrium and its characteristics are described
together with the PFCC in comparison with the divertor.

Requirements for each overail current density of the PFCC are newly
added in Phase IIA on taking the feasible current densities in a realistic
design intc account.(s) The requirements for its current densities are
reflected upon both of the divertor and pump limiter configuration.

Methods of equilibrium calculation in this report are described in
Section 2.1. Section 2.2. describes some characteristics of the INTOR
éplasma equilibrium for both of the divertor and pump limiter configurations.
Various requirements, which are presented as common bases, for the PFCC
design studies are summarized in gection 3.1. Section 3.2 describes an
optimization process of coil arrangement and plasma equilibrium. Section

3.3.1 and Section 3.3.2 describe the PFCC for the divertor and pump

limiter configurations, respectively.
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2. Equilibrium of the INTOR Plasma

(6)~(8),(2)

2.1 Methods of equilibrium calculation

The MHD equilibrium of a tokamak plasma satisfies the well-known Grad-
Shafranov equation given in the cylindrical coordinates (r,¥,z)} by the

following equatiom.
(3%¥/3r") - (1/r) (3¥/3r) + (3°¥/3z%) = -u;ri, > (1)

where V¥ and y  are a poloidal flux function, a toroidal current density

» 3y

and a permeability in vacuum, respectively.

The following expression is assumed for _]q}
jqj = f(r,Rp,Bp) cg(¥,¥.,%) (2

where Rp’ B , ¥ and Wa are a plasma major radius, a poloidal beta, the

p!

poloidal flux function on the plasma surface and on the magnetic axis,

respectively. £ and g are given by the following equations.
£(r,R = Ar-[1+ R /r)*- (Bt -1 , 3
(r, p,Bp) re[1+¢( p/r) (Bp )] (3}
g(¥,¥_,0) = (¥-¥)O% (4)
s? S

vhere X is a constant and is determined so that the integral of jw over the
plasma cross. section gives the plasma current, Ip' o 1s a constant, too.

The plasma current profile is determined by constant o which is called

profile factor, hereafter.

Our codes of the plasma equilibrium caleculation contain the following

expressions for f and g, too.

[A er+ (/)] , (5)

f(r,Rp,Bp)

" 2
g(¥,¥ v ) = [1- (¥ -0)/(¥ -¥)}*] | (6)

-3 -
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where A' and y are simple functions of Bp and Rp. In the analysis,

Eq.(3) and Eq.(4) are used mainly because of their simple expression.
On assumption that the plasma is represented by a group of ring

currents, a solution of Eq.(l) can be obtained, using the integral formula

of the Green's function, and expressed by the following form.
Y = ¥P(r,z) + ¥(r.z) : (7

where Wp(r,z) and We(r,z) are a poloidal flux function from the plasma
current and from the equilibrium field (EF) coil current, respectively.

The representation of Wp(r,z) is given by

VP (r,z) = o(r.z,p,n) * j. (p,n)dpdn (8)
plasma v

where jw(p,n) is the plasma current density at {p,n) on the plasma

crossection. ¢(r,z,p,n) is the Green's function and expressed by the

following expression.
o(r,z,0,n) = (u,/mk)vre « [{1-(k*/2)} » K(k) - E(R)I (9
where
k = 4rp/[(x+p)? + (z-m)}?]

and K(k) and E(k) are the Bessel's function of the first and second kind,
respectively.

We(r,z) is given by

We(r,z) = i ) (r,z,rk.zk) 'Ik . (10)

where ¥ is the total sum for the EF coils, and (rk,zk) and Ik are the
k
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position and current of the k-th EF coil, respectively.

Plasma equilibrium is solved as a free‘boundary problem. The EF coil
currents are modified in such a way that the plasma shape obtained on every
iteration fits several scores of points given on a reference contour
expressed by

r = Rp + a cos(B+ v+ sind) ,
(11}

Kea+sinb ,

™~
]

where a and K are the plasma minor radius and elongation, respectively.
G is poloidal angle to be changed from 0 to 7. Triangularity can be
written in a form of &=siny, and is nearly equal to vy on 0<y<0.4,

The optimization process of the EF coil currents is performed so as to
minimize the square, £, of the difference between a flux function, ¥Yg(ro,zo)
given at (r,,z, ), and the flux function, Wj(rj,zj) obtained at each point
defined on the reference contour which is composed of a few scores of points,
(rj,zj) (j=1,2,---,M). Usually, the point, (r,,z;) is a limiter point on
the reference contour.

The £ is given by the following,

M N 2

where w, is a weight function and 6Ik is the corrected fraction of current

in the k-th EF coil. ¢., is defined as ¢(r.,z.,r, ,z. )} and N is the total
jk 3717 kK
number of EF coils.

In our free-boundary MHD equilibrium code, some constraint conditions
can be imposed on its minimization, and are shown on the following

description.
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(1) No constraint
The minimization of € is performed without any constraint. The best

fitting solution to a reference shape will be obtained from this option.

(2) Constraint on the flux supplied by the equilibrium magnetic field

The constraint in this case is given by the following expressiom.

o=

¢(Rp,zp,rk,zk)--1k = const. = WPIZW , (13)

k=1

where R_, z_ and ?p are the plasma major radius, the axial coordinate of
the plasma center and the magnetic flux of the EF coils within a circle of
Rp in radius, respectively. If we want to keep ¥, at a value defined in
advance, the plasma equilibrium should be analyzed under this comstraint,

This option provides very useful means specially for a hybrid PFCC.

(3) Constraint on total ampere-turns

In this case each ampere-turn of the EF coils is decided from the

equilibrium calculation under the following constraint for total sum of EF

colil currents

N
¥ N.I. = const., = C (14)
_ 1 1 1

The physical meaning of this constraint is not clear except the case of
c,=-1_, where the total sum of the toroidal currents has zero. As it is
comparatively easy to obtain equilibrium solutions from this option, this

constraint is convenient as an expendient of preliminary survey when no

solution can be obtained under the comstraint (2).
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(2)

(4) Constraint on the sum of square'”’ ampere-turns
It is this constraint, given by the following that we want to impose

on the equilibrium calculations.

INiIi’ = const. = C, R (15)

I =2

i=1

But it seems to be difficult to put them successfully in operation.

Instead of Eq.(15) the following constraint is imposed,

N 2
I (N,I,) = const. =Csz . (16)
. ivi
i=1
This constraint is one of new options in our codes and may give useful

means for the designs of the EF coil configuration on taking some results

described later into consideration.

2.2 Some characteristies of its plasma equilirbium

2.2.1 Profile factor, a

The profile factor of plasma current distribution, a defined in
Eq.(4), is one of the most influencial parameters on plasma equilibrium
because plasma current distribution, plasma internal inductance, safety
factor and so forth depend strongly on it. Table 1 indicates dependence
of the currént density distribution upon ¢ and together upon the poloidal
beta, Bp. The plasma internal inductance, Ri’ obtained from these dis-
tributions, is also shown in the table. It is found that the current
density profile becomes more peaked with increasing o or Bp. Additionally,
the radial position of its peak increases and increasingly shifts from
the peaks of both of plasma pressure and magnetic flux density, with

increasing Bp as though its shift seems to disappear on 1.0 in Ei.
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Figure 1 shows relation between O and closed flux surface neér the
main plasma on high beta with the pump limiter. The reference shape of
plasma has 1.50 in elongation, 0.15 in upper and 0.1 in lower triangula-
ritcy. The-safety factor on the plasma magnetic axis, 9,.-9 is shown, too.
4.—g is selected here to be nearly equal to 1.0 because of the most
realizable value. This means to choose about 0.3 in a. Moreover, closed
flux surface around the main plasma are found to decrease in its number
flux_Surfaces around the main plasma are found to decrease in its number
which is 10 cm away from the plasma surface on its midplane of the outboad
side, does not always make a closed flux surface.

In Fig.2 is shown variation of the magnetic surface and separatrix for
the divertor configuration with o. The magnetic surface in the scrape-
off layer, with increasing o, extends toward the bottom of figure and,

on the other hand, the separatrix near the top seems to be considerably

improved so as to go better with the reference shape.

2.2.2 Special features

Figure 3(a) shows a simplified PFCC used on the initial phase of its
design studies. Some characteristics obtained from this configuration
are described in the following.

Figure 4 shows variation of the magnetic surface near the plasma as
a function éf triangularity of its bottom (= Yl), with parameters fixed
at 0.20 in triangularlity of its top (= Yz), and 1.60 and 1.4 in elongation
of its upper (% K,)} and lower part (= K,), respectively. It is found
that the magnetic outermost flux surface of scrape-off layer does not
always surround the main plasma and has some types in relation with Y,
such as Fig.4(a), (b) and (e).

Figure 5 shows variation of the above magnetic flux surface as a
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7
function of sum of absolute currents (= [ lNiIi‘ = Sg) with the three

coils, that is, the Nos.5, 6 and 7 coilslzi the bottom of Fig.3{(a).
The effect similar to one obtained by the change of Y, is given by the
decrease of SQ. This property is one of the features with the INTOR
plasma equilibrium.

In Fig.6 is shown variation of the magnetic surface as a function of
the total sum of the square ampere-turns of each coil, E(NI)2. All three
cases are found to have almost the same forﬁ of magnetic surface. On
the other hand, the total sum of the absolute ampere-turn of each coil,
E]NI| increases from about 88 MAT in {(a) to about 110 MAT in (c), and,
on the other hand, the flux, Wp increases from about -100 Vs to about
-50 Vs, on corresponding to the variation from 4 X 102 (MAT)? to 3 x10°
(MAT)? in Z|NI|2.

This result suggests that, the larger Wp is selected the smaller
ZINI| is attained. This relation of Z|NI] with Wp is not always found
in all of the INTOR PFCC and seems to be dependent upon some EF coil
locations.

There are some subjects that should be made reference to. One of
them is a problem how much the vertical width of divertor on the inboard
side can be reduced in comparison with about 1 m from the above figures.
For this purpose, the effect on its width due to two interior coils,
which are £emporarily located inside the toroidal coils and just near
the plasma, is studied. If the interior coils are actually used, they
should be made of normal conductor. Therefore, total ampere~turns of
the interior coils will be limited less than several MAT.

Figure 7 shows magnetic flux surfaces without and with interior coils.
Two cases, A and B, are shown and these total ampere-turns are selected

to be equal to 6 MAT. Conclusively, no remarkable improvement on the
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vertical width of divertor is attained by the interior coils, while 92.4
MAT in Z|NI| without the interior coils can be reduced to 75.2 MAT with
them.

Assuming that the scrape-off layer is 10 cm in the width on the
outboard side, the magnetic flux surface is found to pass through a posi-
tion separated by 30 cm from the separatrix on the midplane of the inboard
side. This property is one of the features with the INTOR plasma with
the high beta, too.

The above results are described only for the divertor configuration.
The pump limiter configuration is also found to have the same properties:
the thickness of scrape—-off layer on the inboard and outboard side, and
dependence of the magnetic flux surface defining scrape—coff layer upon
triangurality. A property of the pump limiter configuration is shown in
Fig.8. It shows dependence of the closed flux surfaces near the plasma
upon its elongation. It is found that the area around the plasma occupied
by the closed flux surface decreases with increasing K. This feature
is similar to dependence of the outermost magnetic flux surface upon

triangularity in Fig.4.

—10-
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3. Design Studies of PFCC

3.1 Requirements

The INTOR conceptual designs are based and performed on an important
postulate ﬁhat its PFCC should not be linked with the toroidal field coils
and then should be located outside them, in order to facilitate its remote
assembly and maintenance. Therefore, one of the most impoftant factors
determining the area occupied by the PFCC and consequently the reactor
size, is the TF coil size, in particular, its outer contour. Another
requirement for the PF coil location comes from the portwindow size for
the remote assembly and maintenance of the torus. That portwindow has
several meters in vertical width on both of the upper and lower part of
the mechanical midplane outside the TF coils.

Conductor of the PF coils is made of NbTi superconductor and its
magnetic field strength should be less than 8T in pfactical use on taking
the existing technical level inte account. Therefore, the maximum flux
density of the PF coils is designed to be swung within #8T. The maximum
overall current density with each PF coil should be realized within 1 KA/
cm?® for comparatively small PF coils such as the top and bottom coil of
the torus, e.g. Nos.2 and 6 in Fig.3(a), and 0.6 KA/cm? for large PF coils,

e.g., Nos.3 and 7 in Fig.3(a). It is used here as a criterion on the

PF coil design.
Further requirements for the equilibrium plasma configuration are
given by the following descriptions.
(1) Active null point for the divertor should be located at (4.80m,
-l.70m) on its configuration such as in Fig.9.
(2) The divertor plasma should have about 1.6 in elongation and about

0.3 in triangularity. The plasma for the pump limiter has been

-—11-
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decided so as to have about 1.5 in elongation and about 0.2 in
triangularity on the final stage in the Phase II A.

The OMC of scrape-off layer as the INTOR reference should be

at 3.8 m and 6.6 m in the radial coordinate on the midplane,
reséectively. This has to be hold on both of the divertor and
pump limiter.

Location of the point of contact of the plasma with the limiter is

preliminary set at (4.9m.-l.70m), as shown in Fig.10.

Optimization of coil arrangement

An optimization process of PFCC can be given by the following descrip-

tion.

Confirmation of the forbidden regioms

One of its regions is from the outer contour of TF coils and another

is from the porthole of the assembly and maintenance of the torus. as

shown in Figs.9 and 10.

Selection and modification of an OH coil configuration

Preliminary OH coil configurations which are appropriately placed

outside the TF coil outer contour are modified and improved through a

series of repeated procedure to obtain a desired OH configuration satisfy-

ing the following needs.

1)
(2)
(3)

(4)

With ampere-turns per unit flux as little as possible.

Without concentrating too much ampere-—turns on any special coil.
With stray fields less than 5Xx 103 T near and within the plasma
region.

With the solenoidal coils satisfying the requirement for both of

the maximum field strength and overall current density.

— 12—

«r
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Selection and modification of EF coils from the OH ecoil configuration

The operation of the EF coil configuration may roughly consist of

three steps described in the followings.

(1)

(2)

(3}

(4)

The first step -—- to obtain total ampere-turns or total sum of
absclute current as small as possible by adjusting only the loca-
tions of top and bottom coils, e.g., the Nos.2 and 6 in Fig.3(a),
on keeping the other where they are located at first.

The second step -—- to find out some solenoidal coil arrangements
consistent with the requirement for its current densities.

This procedure for the pump limiter is performed by decreasing
the solenoidal current density only by increasing the axial height
of current carrying area on keeping the radial width constant.
But the PFCC for the divertor needs some special coils on the
solenoidal coil area of passive null side, which play an important
part on forming the OMC of scrape-off layer, and then it is a
little more troublesome than for the pump limiter.

The third step --- Optimization of the plasma and flux surface
shape on the basis of the configurations selected on the first
and second step. There are various options of the equilibrium
calculation codes for it. For the divertor configuration, the
shapes of separatrix and OMC are improved by repeated selections
of the location and ampere-turns of the special coils, such as
the No.5 in Fig.3(a).

The fourth step -—— Sensitivity analyses of the total sum of
absolute current (or total ampere-turns), the OMC of scrape-off
layer and ampere-turns of the solenoidal coils, for only a little
modification of large PF coil positions such as the Nos.3 and 7

coil in Fig.3(a).

-— 13-
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3.3 The PF coil configuration

3.3.1 Brief discription of progress

From the Phase I by the Phase II A, the bore of TF coils is reduced
by about 2 m. Therefore, the top and bottom coils of the PFCC are
reduced by about 1 m in these vertical coordinates. The design studies
have been concentrated on the PFCC, for the divertor configuration in the
Phase I and for the pump limiter in the Phase II A. On the final stage
of Phase II A, merits and demerits of both the divertor and pump limiter
configurations were studied in order to compare them.

The PFCCs described in the following section consist of three kinds
of PFCCs which are referred to the INTOR-J 'Universal" in Fig.9, the
optimized PFCC for pump limiter in Fig.10, and the INTOR "Universal" in
Fig.l4, where the term '"Universal” indicates PFCC which can be used for

both of a pump limiter and a divertor.

3.3.2 Divertor configuration

The PFCC proposed on the beginning of the Phase I is shown in Fig.3(b)
and results of its main parameters are shown in Table 2. Fig.4(b) is
determined by the equilibrium calculations with the simplified configura-
tion in Fig.3(a). The separatrix and the OMC of scrape-off layer in Fig.
3(a) are given in Fig.ll are almost the same as in Fig.6(a) at high
beta. At that time the requirements for the active null point had not
been given, and it were presented on its table for reference.

Figure 11 shows dependence of the total sum of absolute currents, L|NI|
and the active null position, (RN,ZN) upon the radial position of No.2 in
Fig.3(a), R,. Judging from Fig.ll, ZINI| is found to have the minimum and

ZN has the maximum, at RZ nearly equal to 5 m. On the other hand, RN
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dec;ease monotonically with increasing R,. The maximum in ZN and the
decrease in RN correspond to the maximum in elongation and the increase
in triangularity, respectively. ZINI[ may not be always selected to be
equal to its minimum because it should be selected to be consistent with
the requiréments for elongation and triangularity.
(1) INTOR-J "Universal"

Figure 9 shows the PFCC, presented on the final stage of the Phase I
and defined as the INTOR-J "Universal". The 15 coils except the Nos.4% 6,
8110, 12, 20722 and 25 coils are used as the hybrid coils. The solenoidal
coils consist of the Nos.1Vv8 and 14721 coils.

Main difference between Fig.9 and Fig.3(b) is on the number of sole-
noidal coils and the vertical position of the top and bottom coils.
The solenoidal coils are divided into 16 blocks of coils and satisfying
the maximum flux density swing with #8T, when Wp supplied by the PFCC is
about 40.0 Vs and about -60.0 Vs at both of 0 s and 211 s, respectively.

The top and botom coils, that is, the Nos.l0 and 11 coils at the top
and the Nos.23 and 24 coils at the bottom in Fig.9, are located symmet-
rically with the mechanical midplane alternatively, and are 6.5 m at the
vertical distance from its midplane. This distance is smaller than
in the case of Fig.3(b) by 0.8 m.

The radius Rij; or Rzs {R13=R;s) of large coils, that is, the Nos.13
and 26 coils in Fig.9 is reduced by 1 m compared with the Nos.5 and 10
coils in Fig.3(b). This is due to a reason given by the following des-
ceriptions. Figure 12 shows dependence of the separatrix and the OMC of
scrape-off layer on high beta upon R;; (or R;z). The separatrix is found
to expand toward both sides of the top and bottom in the figure with
increasing Ri3 (or Rzs). Simultaneously, the OMC is expanded toward them,

too, and consequently, the scrape-off layer decreases in 1its thickness.
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From these results the case of 11 m in Rp3; (or Rze) is selected as a

reference for the INTOR-J "Universal'.

Plasma equilibria with the low and high beta, obtained from the PFCC
in Fig.9, are shown in Fig.l3. The plasma size and position are given

numerically as follows.

R . =4.13 m

min

R = 6,52 m

max

Z = 2.50m

max

Znull =-1.70 m
Rnull = 4.72x0.060 m

The reference of plasma shape has 1.6 in elongation and 0.40 in triangula-
rity on the null side, and 1.6 in elongation and 0.20 in triangularity
on the null-less side.

Table 3 indicates major parameters for the divertor configuration.
Its total flux swing is about 100 Vs from 0 s to 211 s. Also the total
sum of absolute current at 0.0 s, 5.0 s, 11.0 s and 211.0 s are nearly
equal to 68.40 MAT, 95.15 MAT, 81.93 MAT and 94.68 MAT, respectively.

Its value on low beta gives almost the same as on high beta at 211.0 s.
The ampare-turns with each poloidal coil are shown in Table 4. The above
surprising results on low beta can be found to come from increasing
ampere—turﬁs of a pair of coils at its bottom with low Bp (or Ip)'

Figure 14 shows variation of the typical parameters, i.e., N,I;,
Noa<Izzs, Nasz* Lag, Z|NI| and (RN’ZN) on high beta as a function of Tp
for the divertor of the INTOR-J "Universal”. Both of |N1I1| and L|N-I|
are found to increase monotonically with increasing Tp. This property
is different from the results with I|NI|? = constant.

The ampere-turn of one of the solenoidal coils, [Nllll is about
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4 MA at 60 Vs in Wp, and it exceeds by ten % more than 1 kA/mm’ on the
requirement for its current densities. The magnetic field strength for
4 MA in its current is a little less than 8T.

A new method described in the followings is used (obtaining the
results shown) in Fig.l4. WP in the operational phase other than 0.0 s
can be supplied by the following two methods.

(1} "EF+OH" --- Wp is supplied by both of FF and OH coils.

(2) "EF only" --- ?p is supplied only by EF coils.
We have used the "EF only" method for the high beta at 11.0 s, and the
"EF + OH" method for both of the low beta at 5 s and high beta at 211 s.
In Fig.l4, only the "EF only" method is used and the figure contains both
high beta cases of 11 s and 211 s.

ZINI| at the high beta at 211 s obtained from the "EF+ OH" method
is given in Table 4, and is about 5 MAT more than about 90 MAT in I|NI|
at -60 Vs (corresponding to high beta at 211 s) in Fig.l4. From this
result, the "EF only" method seems to give smaller I[NI| on high beta
than the "EF+ OH" method.

(2) INTOR '"Universal"

In Fig.l1l5 is shown the PFCC which is presented on the final stage of
the Phase II A as the INTOR "Universal'. It consists of 22 PF coils and
is 4 blocks of coils less than in Fig.9. In this figure, the vertical
positions éf a pair of coils at the top and bottom are also reduced by
0.45 m and 0.30 m in comparison with Fig.9, respectively. Moreover, the
vertical distance between a pair of large coils is expanded from 9.15 m
to 10.00 m in order to satisfying requirements for the large porthole for
the remote assembly and maintenance of the device.

In table 5 are shown NI of each coil, I|NI| and Wp for the INTOR

"Universal". The results are shown for both of the "EF+ OH" and "EF only"
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methods. It is found that only a little discrepancy among the results
from them is observed as far as L[NI| is concernded, except at the high
beta at 211.0 s. In the case at 211.0 s, L|NI| from the "EF only" method
is about 8 MAT less than from the "EF+ OH" method.

Judgiﬁg from these results it seems to result in more reduced E|NI|
to select Wp at its high beta as large as possible. This conclusion is
also consistent with the trend already described in Fig.6 but is found to
be different from the porperty in Fig.l4 for the INTOR-J "Universal'.

Table 6 indicates major parameters of the PFCC, based on a set of
selection: "EF+OH" for low beta at 5.0 s, "EF+OH" for high beta at
11.0 s and "EF only" at 211.0 s. Each plasma shape corresponding to

Table 6 is shown in Fig.16.

3.3.3 Pump Limiter configuration

The PFCC for the pump limiter configuration is shown in Fig.1l0, which
is referred to as the optimized PFCC for pump limiter. Each coil of the
PFCC is located almost symmetrically with the mechanical midplane. The
main difference between this configuration and the divertor configura-
tion, e.g., on the INTOR-J "Universal” lies in its top and bottom coils

and the radial positions of two large coils, Ryz or Rayu (Ri3=Rzy).

One of a pair of coils at the top and bottom is reduced in comparison
with the divertor configuration on taking smaller EF currents which they
will carry on into account.

The relatively large radius, Ryz (or R»s) 1s selected on the follow-
data base. Figure 17 shows dependence of the closed flux surface near
plasma upon Ry (or Rzy), with fixed axial coordinates. The reference
of plasma shape has 1.5 in both of upper and lower elongation, and 0.15

and 0.10 in upper and lower triangularity, respectively. Number of closed
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flux surface between the plasma surface and the OMC of scrape-off layer
increase with increasing Rj; {(or R,y). The OMC is flux surface which
passes through the position, defined on the midplane and being 10 cm
away from the main plasma surface on the outboard wall side. It is found
that Fig.l?(a) for Riz; =11 m may not have this surface, but Fig.1l7(b)

and (c) for 12 m and 13 m in R;;, respectively can have it. Therefore,
the pump limiter configuration has the large radius in two large coils.
This result is different from the property of the divertor configura-
tion already described in Fig.12.

Table 7 and 8 indicate major parameters and ampere-turns with the
PFCC, respectively. The "EF+ OH" method is used at low beta and at high
beta at 211.0 s. The "EF only" method is used only on high beta at 11.0 s.

The maximum magnetic strength of its solencidal coils is within #8T
when Wp at 0.0 s and 211.0 s are nearly equal to 40 Vs and -70 Vs,
respectively. NI and I|NI| on each phase from low to high beta are found
to be generally less than for the divertor configuration. For example,
Z]NI] at 11.0 s is less than in Table 4 (or Fig.9) by about 10 MAT.
Figure 18 shows the plasma equilibrium for the pump limiter configuration
for low and high beta, with its reference of 1.5 in elongation and 13 m
in Ry» or Rzy. This is the case which is found to meet the closed CMC
of scrape-off layer corresponding to the INTOR reference.

(1) INTOR "Universal"

The PFCC, which is the same as for the divertor configuration and
defined as INTOR "Universal' in Fig.1l4, is attempted to be used for the
pump limiter configuration.

Table 9 and 10 indicate major parameters and ampere-turns of each
coil of the PFCC, respectively. Z[NII on each phase from low to high

beta is found to be a little more than in Table 7, except at low beta
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a£ 5.0 s. In Fig.l9 is shown the plasma equilibrium for this PFCC at
the low beta at 5.0 s and the high beta at 11.0 s (or 211.0 s). The
plasma at 11.0 s may not have the OMC of scrape-off layer defined as
the INTOR reference as though it is not clear in the figure. But it
will be obtained at a little sacrifice in the elongation of plasma as
known by the trend shown in Fig.8.
(2) INTOR-J "Universal"

The PFCC which has been furnished the divertor configuration as the
INTOR-J "Universal' must be used for the pump limiter, too.

Its major parameter and ampere-turns of each coil are given in Table
11 and 12, respectively. In Fig.20 is shown the plasma equilibrium from
low to high beta. Its OMC of scrape-off layer is found to be almost the
same as from the INTOR "Universal and the plasma may be required so as
to select its elongation a little less than 1.5.

Figure 21 shows variation of the typical parameters, that is, N,I,,
No3 = Iz3, Nog* Log and Z[NI| as a function of TP. In the figure, the EF
only method is used. Both of |N,I,| and Z£|NI| just like the divertor
shown in Fig.l4 increase monotonically with increasing ]Tp]. But the
ampere-turns with one of the solenoidal coils, |N111I become about 4 MA
at 70 Vs, and this result is different from the case of divertor where

4 MA in those ampere-turns is attained at Wp==60 Vs.
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4. Conclusion

On the design studies with the INTOR plasma equilibrium and poloidal
field coil configuration (PFCC) from the Phase I to the Phase II A have
been obtained the following main results.

Three optimized PFCCs have been obtained: the INTOR-J "Universal"
with the optimized PFCC for the divertor configuration, the optimized
PFCC for the pump limiter, and the INTOR "Universal' with the PFCC
defined as the INTOR reference. These PFC(Cs satisfy with the require-
ments for the porthole size for the remote assembly and maintenance of
the device, and the maximum flux swing and current densities of the
solenoidal coils.

The INTOR-J "Universal" will be almost the same as the INTOR '"Universal"
in the reactor size. But the optimized PFCC for the pump limiter will
be a little larger than the above two configuration because of being in
need of slightly larger radii on the two large coils if the plasma with
1.5 in elongation is unconditionally necessary.

The total sum of absolute currents with PFCC, which is used as a
parameter for its figure of merit, is found toc be given in a range of
80" 90 MAT at high beta for the divertor configuration for both of the
INTOR-J "Universal' and the INTOR "Universal'. The optimized PFCC for
pump limiter has 70780 MAT in its range. The INTOR-J "Universal" and
the INTOR "Universal" for the pump limiter will have larger sum than
one optimized for pump limiter by several MAT.

The "EF only" method, where the flux, Wp, necessary for maintaining
the plasma current on high beta is provided only by EF coils, seems to

give the total sum a little less than the "EF +OH" method using EF and

OH coils for Wp.
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.The outermost contour (OMC) of scrape-off layer , which is defined so
as to have 10 cm at the distance from the plasma surface on its medium plane
of the outbeoard side, is found to fequite about 30 cm at the distance
from its surface on the inboard side. This property is hold on both of the
divertor aﬁd pump limiter configuration and then the above OMC of scrape-off

layer has been used as the INTOR reference.
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Table 1 Dependence of plasma current density distributions upon form

factor, o from low to high paoloidal beta, B,

4 586 17
R (M)
2, =0.771

X Current Density, ¢ Plasma pressure,

0 Magnetic flux density
: I (MA
() p()



Table 2
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INTOR equilibrium and EF field parameters
with the PFCC in Fig.3(b)

Coil Coordinates of Coil (m) Amperé—turns (MAT)
Numbex Radial Axial B,=0.1 | B,=2.8
1 1.40 -3.00 10.84 0.36
2 2.75 -6.90 3.14 7.06
3 4.00 -7.30 9.44 21.23
4 5.75 -7.40 2.82 6.34
5 12.00 -5.10 - 9.22 -18.77
6 1.40 -0.50 -11.75 - 8.77
7 1.40 0.50 -11.75 - 8.77
8 1.40 3.00 9.17 2.45
9 4.00 7.30 0.0 - 2.77
10 12.00 5.10 ~ 1.70 2.63
Total Ampere-turns (MAT) 69.8 79.2
Plasma Current (MA) 4.0 6.4
External Magnetic Flux, wp vs) ~26.2 -49.0
Coordinates of Radial, Ry (m) 4.66 4,57
Null Point Axial, 7y (@ | -1.92 | - 1.81
: Upper, E, 1.40 1.40
Ell{pticity
Lower, E, 1.50 1.60
Upper, Y, 0.30 0.30
Triangularity
Lower, Y, 0.20 0.20




Table 3

{The INTOR-J “Universal')
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Major parameters for the divertor with the PFCC in Fig.9

t(sec.X 0.0 5.0 11.0 211.0
Parameters 0.0 0.5 2.8 2.8
Plasma Currents (MA) 0.0 5.40 6.40 6.4
Upper - 1.50 1.60 1.60
Elongation
Lower - 1.60 1.60 1.60
- Upper - - 0.20 0.20
Triangularity
Lower - - 0.40 0.40
E Vertical Field (T) - ~0.285 -0.500 ~0.500
Decay Index - -2.03 -1.10 -1.10
Self Inductance (uH) - 11.98 12.25 12.25
Normalized Li - 0.93 0.80 0.80
EF Supplfied Flux (VS) - -20.0 -50.0 -50.0
OR Supplied Flux (VS) 40.0 -15.3 0.0 -10.0
Inductive Flux (vs) - 64.7 78.4 78.4
Resistive Flux (VS) - 10.6 12.6 22.6
Total Flux Supply (VS) 40.0 -35.3 -50.0 -60.0
Total Ampere-Turns (MAT) 68.4 95.2 8l.9 94.7
Stored Energy (GJ) - {16.7)}* (17.5)% (17.5)%
RN - 4.78 4.65 4.65
Null Pofint (m)
ZN - 1.69 1.71 1.71

* On EF only
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Table 4 Ampers—turns with each poloidal coil corresponding to Table 3
{Divertor configuration with thé INTOR-J “Universal')
(MAT)

Coil Coordinates {m) t =0.0sec. (.3sec. 11.0sec. 211.0sec.
No. Radial | Axial I,/B,=0MA/O J4MA/0.5 6.4MA/2.8 6.4MA/2.8
1 1.35 0.35 3.673 -2.894 -2.886 :;j;bﬁ

2 1.35 0.95 3.101 ~-2.675 -2.886 -3.661

k) 1.35 1.55 3.391 -2.786 -2.886 =3.734

4 1.35 2.15 3.200 -2.713 -2.886 -3.686

5 1.35 2.75 3.381 -1.293 0.0 ~0.845

6 1.35 3.35 3.113 -1.191 0.0 -0.778
I 1.35 3.95 3.701 -1.416 0.0 -0.925

8 1.35 4.55 3.937 -4.506 3.000 2.016
9 1.90 5.30 3.588 -1.372 0.9 ~0.897
10 3.00 6.50 1.933 -0.740 0.0 -0.483
11 4.50 6.50 0.597 4.563 1.061 1.452
12 7.50 6.00 0.351 -0.134 0.0 -0.088
13 11.00 4.50 0.239 -0.276 .-3.000 -31.060
l4 1.35 —Q.BS 3.675 -2.895 ~2.886 -3.805
15 1.35 -0.95 3.100 ~2.675 -2.886 -3.661
16 1.35 -1.55 3.391 f2.786 -2.886 -3.734
17 1.35 -2.15 3.208 -2.716 -2.886 -3.688
18 1.35 -2.75 3.353 -2.772 -2.886 -3.724
19 1.35 -3.35 3.165 -1.211 0.0 -0.791
20 1.35 -3.95 3.605 -1.379 6.0 ~0.901
21 1.35 | -4.55 4.024 -1.539 0.0 -1.006
22 1.90 -5.30 l.617 -1.394 0.0 -0.904
23 3.00 -6.50 1.827 17.031 16.340 15.883
24 4.50 -6.50 0.645 17.483 16.340 16.179
25 7.50 -6.00 0.320 ~0.122 0.0 -0.080
26 | 11.00 | -4.65 0.267 ~14.599 -15.670 -15.737

Total Ampere—turns(MAT) 68.40 95,15 81.93 94 .68

40.0 -35.3 =-50.0 -60.0

Total Flux Supply (VS)

28—
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Table 6 Major Parameters for the divertor with the PFCC
in Fig. 9 (The INTOR "Universal'')

JAERI-M 82-217

t(sec.) 0.0 5.0 11.0 2110
Parameters BP 0o 0.5 28 28
Plasma Current ({MA) 0.9 5.4 6.4 6.4
Upper - 1.6 1.6 1.6
Elcongation Lower R e L6 L6
Upper - 03 8.3 03
Triangularicy Lower ~ 02 w2 o2
E Vertical Fileld (T) - - 0275 — 0.486 - 0508
Decay Index - - 2153 - 1516 — 1333
Self Inductance (uH) - 1133 1208 1236
Normalized £ - 0.783 0778 0791
EF Supplied Flux (VS) 0.0 -25290 ~5000 -56.2
OH Supplied Flux (VS) 438 — 287 380 0.0
Inductive Flux (VS) (1] 6118 7731 7910
Resistive Flux (VS) 0.0 1069 1269 2090
Total Flux Supply (VS) 438 -2807 —-4620 -56.20
Total Ampere-turns (MAT) 7479 7822 88.39 83086
Ry - 488 484 476
Null Point {(m)
Zy - L70 169 166

. — 30—




Table 7

Major parameters for. the optimized PFCC for pump limiter in

Fig.10

JAERI-M 82-217

t(sec.) 0.0 0.30 5.0 11.0 211.0
Parameters 0.0 0.50 0.50 2.80 2.80

Plasma Current (MA) 0.0 0.60 1.50 1.50 1.50

Upper - 0.60 5.40 6.40 6.40
Elongation

Lower - 1.50 1.50 1.50 1.50

Upper - .10 0.10 0.10 0.10
Triangularity

Lower - 0.15 0.15 0.15 0.15
E Vertical Field (T) - -(0.030 -0.268 -0.511 -0.511
Decay Index - -1.566 ~-1.538 ~-0.999 -0.5999
Self Inductance (uH) - 11.32 11.30 12.68 12.68
Normalized £i - 0.676 0.674 0.763 0.763
EF Supplied Flux {(vs) 0.0 3.30 -26.17 -60.0 -60.0
OH Supplied Flux (vs) 40.0 26.70 -11.70 0.0 -10.0
Inductive Flux (vs) 0.0 6.79 61.02 81.15 81.15
Resistive Flux (vs) 0.0 3.21 16.85 18.85 28.85
Total Flux Supply (vs} 40.0 30.00 -37.87 -60.00 -70.00
Total Ampere-turns (MAT) 66.92 54.18 64 .76 71.30 86.33
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Table 8 Ampere~turns with each poloidal coil with the optimized PFCC for
pump limiter in Fig.l0
Coil Coordinates(m) t = 0 sec. 0.3 sec. 5.0 sec. 11.0 sec. 211. sec.
No. | Radial | Axtal 1,/8,70 MA/O [0.6 MA/0.5 |5.4 MAJO.5 [6.4 MA/2.8 [0.4 ¥A/2.8

1] 1.35 0.35 3.683 2.872 -2. 564 -2.979 ~3.900

2] 1.35 0.95 3.108 2.489 -2.396 -2.979 -3.756
3] 135 | 1.55 )1 3.396 2.68L -2.480 -2.979 -3.828
4 | 1.35 2.15 3.217 2.562 -2.428 -2.979 -3.783
s | 1.35 | 2.75 3.369 2.663 ~2.473 ~2.979 -3.821
6 | ‘1.35 3.35 3.180 2.537 -2.417 -2.979 -3.774
71 1.35 3.95 3.964 2.646 ~1.159 0.0 ~0.991
g | 1.50 4.70 4,341 2.898 -1.270 0.0 ~1.085
9 | 2.10 5.50 2.857 1.907 | -0.836 0.0 -0. 714
10 | 3.70 6.50 1.77L 3.000 6.598 6.34l 5.898
11 | 7.50 6.00 0.416 0.278 -0.122 0.0 ~0.104
12 | 13.00 4.60 0.181 -0.452 -5.631 -7.302 ~7.347
13 | 1.35 | -0.35 3.677 2.869 -2.563 -2.979 -3.898
14 | 1.35 | -0.95 3.117 2.495 -2.399 -2.979 ~3.758
15 | 1.35 | -1.55 3,377 2.668 -2.475 -2.979 -3.823
16 | 1.35 | -2.15 3.248 2.582 -2.437 -2.979 -3.791
17 | 1.35 {-2.75% 3.312 2.625 | 02.456 -2.979 -3.807
18 | 1.35 | -3.35 3. 280 2.603 2.446 -2.979 -3.799
19 | 1.35 | -3.95 3.779 2.522 ~1.105 0.0 -0.945
20 | 1.50 | —4.70 4.568 3.049 -1.336 0.0 -1.142
21 | 2.10 | -5.50 2.787 1.860 -0.815 0.0 -0.697
22 | 3.70 | -6.50 1.624 3.340 11.997 13.179 12.773
23 | 7.50 | -6.00 0.421 0.281 -0.123 0.0 -0.105
26 |13.00 [ -3.60 0.249 -0.299 | -5.236 | -8.732 | -9.79
Total Ampere-turns(MAT)| 66.92 54.18 64.76 | 71.30 | 86.33
Total Flux Supply(VS) || 40.00 30.00 -37.87 -60.00 ~70.00

*
Ryz = Ray = 13 m (Pump Limiter Type)
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Table 9 Major parameters for the pump limitar wich the

PFCC in Fig. 15 (THE INTOR "Universal")

t(sec.) 0.0 0.30 5.0 110 221.0
Parameters BP 0.0 G50 0.50 280 280
Plasma Current (MA) ) 0.0 0.60 540 ' 6.40 6.40

Upper - 1.50 .50 .50 L540
Elongation .

Lower - 150 150 1.50 1.50

Upper - 015 015 0.15 015
Triangularity

Lower - 015 015 015 0.1§
E Vertical Fleld (T) - ~00298 | -~ 0266 | — 0513 | — 0513
Decay Index - —~1431 — 1465 - L0115 | — L015
Self Inductance (uH) - 1L16 1118 1270 1270
Normalized Zi - 0683 0.669 0757 0757
EF Supplied Flux (VS) 0.0 403 -2232 | -5592 | —5592
OH Supplied Flux (VS) 438 2785 —1289 - 220 -12240
Inductive Flux (VS) 0.0 6.70 6037 8128 8128
Resistive Flux (VS) 0.0 330 1672 1872 2872
Total Flux Supply (VS) 438 3188 -3521 ~5812 ~6812
Total Ampere-turns (MAT) 7479 5665 6306 7708 9205

# Limiter Point (4.90%, -1,30™)
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Table 10 Ampere~turns with each poloidal coil corresponding

JAERI-M 82-217

ts Table 9 (Pump limiter configuration with the
INTOR "Universal")

(MAT)

Coordinates (m) t=0 sec. 0.3 sec. 5.0 sec. 11.0 sec. 211.0 sec.
- Radial Axial ID'/BD-OMAIO.O 0.6MA/0.5 5.4MA/0.5 6.4MA/2.8 6.4MA/2.8
1 .35 .33 4006 30234 - 2337 - 2996 - 3919
2 1.35 0.5 3413 2658 - 2162 - 2966 - 3745
3 .35 1L.565 3666 2818 - 3165 - 2979 — 2816
4 1.35 215 3582 2765 - 2212 - 2975 - 3793
5 1.35 2175 3544 2741 - 2201 - 2973 - 3782
6 .35 335 3639 2801 - 2229 - 2978 - 3808
7 L35 335 4486 2852 - L320 - 0225 — 1249
8 .60 510 8537 5427 - 2512 - 0.429 - 2377
9 150 605 1.361 1.644 3613 4929 4618
10 495 6.05 0.431 1.091 1869 4972 4860
11 1000 540 0546 0.001 - 3997 - 1168 - 7293
12 1.35 -0.35 4029 3049 — 2343 - 2997 - 3917
13 1.35 —0.95 3375 2633 - 215t - 2964 - 3735
14 L35 —-1.55 3736 2863 - 2257 - 2983 - 3835
15 L35 -215 3458 2686 - 2175 - 2969 - 3758
16 1.35 —-275 3781 2891 - 2210 - 29895 - 3848
17 1.35 -335 3157 2495 - 2087 - 2954 - 3674
18 1L.35 —-395 5234 327 - L540 - 0263 — 1457
19 .60 —-510 1606 47172 - 2208 - 0377 - 2090
20 315 -620 2118 2262 4040 5335 4851
21 5.65 -620 0580 1285 4492 5412 5.280
22 1235 —4.9 0.543 - 0554 - 1785 —12228 —-12352
Total Ampere-turns (MAT) 7479 5665 6306 7706 9205
Total Flux Supply (VS) 4381 2185 -3521 —5812 -6812
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Table 11 Major Parameters for the pump limicer with cthe
PFCC in Fig. 9 (The INTOR-J "Universal")

t(sec.) 0.0 0.3 50 Lo 21 L0
Parameters BP 0.0 0.5 | 0.5 28 28
Plasma Current (MA) 00 0.6 54 6.4 6.4
Elongation Upper - 1.5 1.5 1.5 LS
Lower - L5 L5 L5 L5
Triangularity Upper - 0I5 018 0156 015
Lower - ats 0.15 0.15% 015
E Vertical Fleld (T) - -00303) - 0267} ~ 0513 - 0513
Decay 'Index - -1.582 - L4771 ) — LO19 | — L0021
Self-Inductance (uH) - 11.55 1119 1271 1271
Normaiized & - 0765 0670 | 0757 | 0755
EF Supplied Flux (VS) 0.0 323 —-2607 -600 ~70.0
" OH Supplied Flux (VS) 40.0 2677 -11.02 0.0 0.0
Inductive Flux (VS) 0.0 6.93 6043 8134 8134
Resistive Flux (VS) 0.0 307 1666 1866 2B66
Total Flux Supply (VS) 400 3000 -370¢% —60.0 =700
Total Sum, I|NI| (MAT) 684 5542 6555 8B0.02 8795
Limiter Point (m) Ry, - 490 490 490 490
ZL - L.30 .30 .30 130
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Table 12
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Ampere~turns with each poloidal coil corresponding to

Table 11 {The INTCOR-J '"Universal’™)

Coordinates (m) t=0 sec. 0.3 sec. 5.0 sec. 11.0 sec.  211.0 secl.

- Radial axial |I,/B =OMA/O 0.6MA/0.5 5.4MA/0.5 6.4MA/2.8 6.4MA/2.8
1 135 0.35 1673 2848 - 2569 - 3258 - 4159
2 1.35 0.95 3101 2465 - 2412 - 3258 ~ 4159
3 135 155 3391 2659 - 2492 — 3258 - 4159
4 135 216§ az00 2532 - 2439 ~ 3258 — 4159
"5 135 275 3381 2653 - 2489 -~ 3258 — 4159
6 135 335 2113 2473 - 2415 - 3258 - 4159
7 135 395 3701 24717 - 1020 0.0 0.0
8 135 455 3937 2635 - 1085 0.0 0.0
9 L90 5.30 3588 2401 - 0988 0.0 0.0
10 300 650 1933 2383 4415 5936 5207
11 4.50 6.50 0.597 1.488 41783 5936 5207
12 7.50 6.00 0351 0.235 - 0097 0.0 0.0
13| 1100 4.50 0.239 -0373 - 4750 - 8363 - 8395
14 135 -0.35 3675 2849 - 2570 - 3258 — 4159
15 135 ~0.95 3100 2465 - 2412 - 3258 - 4159
16 135 ~155. 3391 2659 — 2492 - 1258 - 4159
17 135 -215 3208 2537 — 2441 - 3258 - 4159
18 135 -275 3358 2637 - 2483 -~ 3258 — 4159
19 135 ~335 31165 2508 ~ 2429 - 32258 - 4159
20 135 -395 3605 2413 - 0993 0.0 0.0
21 135 ~455 4024 2693 - 1109 0.0 0.0
22 1.90 ~530 3617 2421 - 0,996 0.0 0.0
23 300 —-6.50 1827 23173 4914 6070 5330
24 450 -650 0.645 1.581 5240 6070 5330
25 .50 -600 0.320 0214 - 0088 0.0 0.0
26| 1100 -465 0.267 —0.445 - 5430 - 8557 - 8570

I | NI | (MAT) 6840 5542 6555 80.02 8795

¥, (vs) 400 30.0 ~37.09 -60.0 -700

. —36—
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8
6

4 MO
2r b Null Point
NO4

o_@f/,'l i 1 I ]
2 4 6 8 {0 {2 {4

Axial Coordinate (m)
'e)

XINos

Axial Coordinate (m)

(b) Configuration II

Fig. 3 Simplified view of the PFCC on the beginning
of the INTOR Phase I
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(a) Y, = 0.225 (b) ¥, = 0.25 (¢) ¥, = 0.30
Y2.= 0.20 Y2 = {3.20 Yz = 0.20
Fig. 4 Variation of separatrix and magnetic flux surfaces near the plasma

as a function of its lower trianguarrity, ¥, with fixed parameters:

Y,=0.20, K, =1.40 and K, = 1,60,

{a) NsIs = 3.0
Nelg = -3.0
N7Iy = 3.0

Fig. 5 Variation of separatrix and magnetic flux surfaces near the plasma
as a function of smpere-turns of the Nos.5, & and 7 coils in

Fig.3(a)
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(a) T (I)? (b) T (NI)? () £ (n1)?

= 4x10'"(aT)? = 2x10'*(AT)? = 3x10'(AT)?
Fig. & Variation of separatrix and magnetic flux surfaces near the plasma

as a function of the total sum, L(NI)?, of the square ampere-turns

with EF coils in Fig.3(a)

(
(a) Without interior {(b) With interior (¢) With interior
colls coils~type A colls-type B
Fig. 7 Comparison of separatrix and magnetic flux surfaces near the plasma

without and with a pair of coils of two kinds of types, A and B,

inside the TF coil contour and near the plasma
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Fig.l1
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-
'Eg 22.55 o EE ES.() -
= 2 {00
N o
2 >
g 2
G 2.0 G 4.5+
<LfZO &4
5 5 S0
S 3
B G
g K
2 5 540
{.5F © 4.0}
<;E ()L_ (§g ()1i-rf—l I i 1 CJ
0 3 4 5 6

Radial Position of NO.2 Coil {m)

Dependence of active null position, (RN,ZN) and total sum of
absolute currents, L/NI| on high beta upon the radial position of

the No.2 coils with the PFCC in Fig.3(a)

. —43—

Total Ampere -tums , ZINI1 (MAT)
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(211 s)

R = 3.80" R =6.60"
(a) I = 5.4MA (b) Ip = 5.4MA (c) Ip = 6.4MA
= 0.5 = 2.8 - 2.8
Bp Bp B
( 11 8)
Fig.l6 Plasma equilibrium on low and high bera for the divertor
|

configuration with 'the PFCC in Fig.15 (The INTOR "Universal™)

:

(a) Ry =R, =11.0m

Fig.l7 Dependence of looped flux surfaces near

the radia

coordina

(b) R, =R;,=12.0m

te with the PFCC in Fig.l10

. — 46—

S

~

(¢} R;,=Ryy=13.0m

the high beta plasma upon

1 coordinate of large coils with its fixed axial
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(a) Ip = 0.6MA (b) Ip = 5,4MA (c) Ip = 6, 4MA
=0, = 0.5 - 2.8
Bp 5 BP Bp

|

Fig. 20 Plasma equilibrium on low and high beta for the pump limiter

configuration with the PFCC in Fig.9 (The INTOR-J “Universal”)
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Fig. 21 Variation of typical parameters, that is, N, I,, Ny, "Iy, Nyg* 1.,
and I|NI| with high bera plasma as a function of ¥p for the pump

limiter configuration with the PFCC in Fig.9 (The INTOR-J

"niversal™)

.—48—



