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Plasma Physics Design and Major Specifications of
Candidate Reactors for FER Design Studies

— Conceptual Design Study of FY86 FER —

Masayoshi SUGLHARA, Tadanori MIZOGUCHI®!, Akiyoshi HATAYAMA*2
Richiro SHINYA*2, Shin YAMAMOTO, Mitsushi ARE®3
Noriaki UEDA™%4, Runihiko OKANO*2, Takashi OKAZAKT*3
Masao KASAT*#, Satoshi NISHIO, Shigehisa HITOKI*S
and Noboru FUJISAWA

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken
{Received July 9, 1987)

Physics design and reference options of FER (Fusion Experimental
Reactor) for FY86 conceptual design study are presented. As for physics
design, emphases are placed on the data base, from which physics design
constraints different from those of FY84 and 85, have been derived.

Wide parametric studies are done for the cost-effectiveness to select
the reference options. They are (i) reduction of volt-second, (ii) non-
circularity, (iii) shield thickness, (iv) magnet design constraints,

(v) partial usage of normal conducting OH coils, (vi) impact of the
access method to the reactor core component on the capacity of PF coil
system. Based on these studies, various system quantities are evaluated
and five reference options are selected. Reference options for FY86

conceptual design consist of these options in addition to the NBI reactor.

Keywords: Plasma Physics Design, FER, Candidate Reactor, Parametric

Study
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Fig. 2.1 Confinement time normalized by Ip/z vs. heating power for

various divertor plasma.
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Fig. 2.3 Confinement time normalized by I /Y vs. heating power for
Doublet TI, PDX, ASDEX, and JET. Solid line indicates FER
confinement scaling law (Mirnov type : tg = 0.155 a IP/E).
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factor g* in ASDEX, DII and JFT-2M.
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Table 3.2 Summary of magnet design conditions.

Lo~ T Lo~ v I

TFC

RN REIS 12 7T 12 T

BAEREE 30 A/ mm? 35 A/ mm?

ANR—RAT 7T H - 055 065

5 R R EY 1.2 1.2

Ful R 03 m 02 m

E7HREF v Y EA 0.1 m 004 m
PFC |

EAEERES 10 T 12 T

EREREE 25 A mm? 30A mm?

Table 3.3 Major plasma parameters of

Option C.
R 4.92 m
a 1.32 m
A 3.7
K< 1.7
§ 0.2
By 4.68 T
I 3.69 MA
P
T 12.0 Kev
av
Biotal i .94 %
n, 1,09 x 1029 m”?
a, 0.98 x 10%% o™’
2.6
R
qI ] 2.0
|
p 1.03 MW/m?
W
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Table 3.9 Major plasma and device parameters of five reference options.

Plasma Parameters

[ype | Option ACS ACD | Cost-Mini | Inter-Tink | NBI-R
R(m) 4,92 4.42 4.02 3.84 4.74
a(m) 1.32 1.25 0.95 1.02 1.87
A 3.7 3.54 4,24 3.76 2.84
K 1.7 1.7 2.0 2.0 1.7
8 0.2 0.2 0.35 0.2 0.2 same as
BT(T) 4.68 4.61 5.07 4.58 3.08 opt. ¢
Ip{MA} 8.69 B.74 7.96 8.37 10.6
T(keV) 12.0 12.0 12.0 12.0 12.0
RT(%) 4.94 5.31 5.79 6.28 7.22
apr(%) 4.02 4.31 4.70 5.10 5.87
ne(m™?) 09x102° 1.14 1.50 1.33 0.69
ni(m=*) .98x102° 1.03 1.35 1.15 0.62
Gy 2.6 2.6 2.6 2.6 Z.6
a1 1.98 1.92 2.13 1.97 1.76
Pr(MW) 459 406 435 375 285
Py (MW /m?)} 1.03 1.07 1.47 1.23 0.53
null Single Single | Double Single Single
elengation k=1.7 k=1.7 k=20 k=2.0 k=1.7
Magnet I I~11 [~1I I~11 I~11
Tevel

_ 5387 142 (14042)
TR, 2
2. = 0.824
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- (1 Alcator /neo - classical scaling, k=15, Qy=23, 6=40, T=10keV -
B (2 Mimev scaling as globai energy confinement , K =15, Qy=26, -
- G =35, T=12keV ' -
05 L : L | ! ! | ! . L ; ] ! ! ) L
3.9 40 495 5.0 5.5

Major Radius, R (m)

Fig. 3.1 Comparison of ignition plasma on a-R diagram. Dashed
line (I) shows the case of using Alcator scaling for
TEes neo-classical scaling for Tgj, plasma elongation
k=1.5, safety factor 9y=2.3, Troyon coefficient of
beta scaling G=4.0 and plasma burn temperature T=10keV.
Curved line (2) shows the case of using Mirnov-type
scaling for global 1, «k=I1.5, qy=2.6, G=3.5 and T=12keV.

Brmaz= 14T

By max = 16T

2 0 ' (FER FY60) |
= I r —

5

5 -
& .
3

1 1 1 | H I L ! 1 ! ] 1 1 ! H L L
QQQO 45 ' 50 55 60

Mojer Radies, R (m)

Fig. 3.2 Various ignition plasma sizes depending on designed
maximum peak field and supplied volt-sec.
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Major Radius, R {m}
Fig. 3.5

Various ignition plasma sizes depending on
plasma elongation k and distance between peak
field position of TFC and inner plasma edge A.
Supplied volt+sec Ap=50V*S, Bppax=12T and
plasma triangularity &=0,2 are introduced.
Straight lines shows the case of conventional
magnet design conditions similar to FER-FY85,
Dashed lines show the case of aggressive
magnet design conditions,

T | ] 20
—>“—  CC series , Magnet © Leve| I
-—==-  (C series , Mognet | Level I
—#— DD series , Magnet © Level 1
—-#—~ DD series , Magnet @ Level I
- NS 15
> v
@ {A=13, §=02)
’
CC {A=13,5=035)
- 110
Brma =127
Magnet : Level T Magnel © Level I
= [J =30&/mm2 ~-[ 1 =35A/mm?
B -C55 B =065
CD {&é=15vs)  CC (AP=50vs) { Bonsr = 10T Bra = 127
Jp=25A/mm2 Ja = 30A/mm?
Bz 30em Dge= 20cm
! I ] I ’ 05
30 35 40 45 50 55
Major Redius, R {m)
Fig. 3.6 Ignition plasma sizes depending on k, A and Ag.

Brpax=12T and ¢=0.35 are assumed.
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Fig. 3.7 Fusion powers as a function of major radius R
corresponding to ignition plasma sizes shown
in Fig. 6.
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Fig. 3.8 TFC designed parameters such
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! L 1 L I L £
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L1] N. Fujisawa, et al., to be published in JAERI-M titled "Main Physics
Features Driving Design Concept and Physics Design Constraints

— Conceptual Design Study of FY86 FER —',
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Fig. 5.1 Ignition margin of five reference options — Option C,
ACS, ACD, Mini, Inter-link — evaluated with various
confinement scaling laws.
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Fig. 5.2 Ignition margin of four reference options — Option A
(150 v-8), Option B (100 V-S), Option C (50 V-S),
Option D (15 V+S) — evaluated with various confine-
ment scaling laws.
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