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Shutdown of the plasma with a time-dependent one-point model is
described. The pseudoclassical scaling law plays a role in the plasma
diffusion in the low energy region below several keV and the trapped ion
scaling law in the higher energy region. In this shutdown model, only
deuterium is inserted during 20-second shutdown process. In the first 10
sec, while the plasma temperature, electron density and plasma current
decrease from 7 keV to 1 keV, 1.1x102%m=* to 10*9m™® and 4 MA respectively
the fusion power falls down with gradual decrease of heating power.

During the second 10 sec, while the plasma temperature, electron density
and plasma current decrease from 1 keV to 100 keV, 10 °m™3 to 10'%m~? and
1 MA to 100 kA respectively, the plasma thermal energy is removed. Plasma
one-turn voltages are -4.0 volt and -0.5 ~ -1.0 volt which fall the plasma
current down to 1 MA and 100 kA during the first 10 sec and the second 10
sec, respectively. Decrease of plasma current largely lowers plasma
density and energy since particle and energy confinement times decrease

as plasma current decreases. Deuterium insertion rate below that in the
equilibrium operation little lowers plasma density and energy. This

plasma shutdown scheme is effective in driven-type reactors.

Keywords: Experimental Fusion Reactor, Plasma Shutdown, One-point Diffusion
Model, Pseudoclassical Diffusion, Trapped Ion Diffusion, Electron

Density, Ion Temperature, Plasma Current, Heating Power, Driven

Type Reactor
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1t 1 b
| — Ip=4MA—0.7MA(in 10s) |
A ---- Ip=4MA (const.) 2

(keV)

Ti

time (s)

Fig. 3.1 Comparison in ion temperature and electron density of the case
where plasma current is kept constant with those of the case
where plasma current is fallen down 4 MA to 0,7 MA in 10 s.
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BROKREBHOELRINTRESN 0, Licti-T, BSR4 vicid, EDRETERE
CEHBEETLECND, Lo iR, ERBIINVDORABERELDRERLDLLETN
RSO EE2ER]RT 5, Cnid, REFEEF LN ETERL, FEAERELCKREATHR, 7
7 ATEREBELTZOTHI»E, FMARBHNZRTEHIBRICENTT 7 AvER%E
—ECEROBERLL, TIATRELBEFRECOM FCH LT, 79 A<t bHF SN 5/
NTT 5 X-BREZBTIHZCEBAENTHL, UEDALLY, 77 X7 RELETHE
OBETICBLTT 7 AERZBTEEEL 32 - V2R LEND S,

10 BT 7 ABREEEOLICEET N EEET 5, 77 AvERBEEZHNTELD
LT, AL EARE, BEHEECAVADSOEFELTRBENABEELNEEZ S, 77
A2 QEBHLNIEPOELL L, Raf F R4 ELLOFKNSH L, Fof Fr—24E
Boi2, KATHA BN Bo '

P
P = BE/ 21
PR77X7ENTP= In, T, (i=e, D, T, 14 ), #odF£r@EB i3 (25 46)
;OBP=Q2h/aﬁ@é

(3.3)

%‘ni T,
I3
22750, Ho=47mX10TTH/ MTH 3, APEQIOBETIZ, 14 VBEZTkeV 25 lkeVE
Tit, EFEEFZ LI X 10Pm ¥ ho ]l X 10 m P ETH TR 20T, 0DROBATOS

S A=EF P i3, FREEED T 7 AEL P EH~T,

1
Py~ —/—P
10 0 O

THbe U-~T, Ruf - 2{E f BIFEEGRFOBEID SR EBLBOVIHDDT T X

fp = 2mx107%a’ (3.4)
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<BRDOTRIT,

4
Ip > Nz 0.5 (MA)

THb, 77 A<BREBEEX—FECTNE, 77 AvERTJZTERTET T, 14 VR
BLETFHEEIHRUTCEBTLLD, 22T, EILARDORP TS, Rod Fr~— LHEHE
BEGE ORI SOOI, WBBROBEADT 7 XvEREZOTRO2EDETHS1MA
CERET Bo RO FAN—2MEELTE, FHEERFOMD 1/4 DETH 5, DL ICRE
T, EEBBORNTS, In, T, OB TOLHY, FFEIOBROME (0, T)) —p&F
(BRSSO (Sn, T,),_, EEMAXERDSTNTS, £0 45 COTIASHS
NBCLERN B, 1

ik BEL®RIBDONKAT, 779 X<Eilie ] MAKBE TS HIHCUELT 7 X<FE
BEFEOBRERDHL S, (224) &b,

Lp = 1257 X 107° % 675 x { £n (45x8)— 175 } = 1565 X 107° {H)
(225), (226) &0, _

Rp = 1621 x 107* l‘g;ém x 2 ?:‘275
77L, fnd==16, Z ;=16 (CR#MB2%) & LI FI¥ 0BMOBHBRICENTH,
T, OFHL LT, T,2=4keV, 1,=25MA &7,

25%x107

= 25X 107 /T, % (9

&hzz——?—~X%XNG:MB(Wm
F, 4t =10s, 41, =—3MAED»S,
41, —3x10°
= 15X 107Px ————— = —45 (Volt
Fogt 10 (Volt)

(223) X0, Vo= —43 Volt 755, Vp = —43 Volt FH%E LT, EEICHILER 108
RO — A HEE LI KRS 5, Vo= —40 Volt 587, LIFOMEOEILBETR, V=
— 40 Volt it 3,

3.2 D, TEAEE{LOKMENOEE

TR OELBECYEMEE Table 3 1 1CEF LHTHEL. TCOZHFDHET, AHME T — A
WET 7 X BOBERGBERRKELULBAZR-2T, BRKEEIIFILOEARDE
WMCEBREELIU T XAv~OEARENMOREENOE#L RETT 5.

75 X B ERNHBE NG LEBC, #ATI vy bAD M) FUAOBASILD, B
KEOCHEAEZBLIRIBE, T7X7~D M) FuLiBEKROEARSENIKD ORRELE
NEEEHIHENI AL 2OTR, #BATRABRTH S, BEERVTOBER, 77 X<LAA
T3y POHBIEABAEIRRATESL > TS, FITENCET ZERNGFHFMEFII T
B LI 22T, BEORERICHLT, £0B0NNT 7 X0k > uEL s
ZBDERIT 5, BEROBENOEBR, FRATIVvry F~OEKROEAREZ LCETE
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TIRHEMCL>THRELBDT, BAROIEAREIHER (4y,)p . 0 (=4, v*€n 2)
EoNG ALYy JREALZRT, ENTNOHECA 4 VEE, ETEE, 77 AvEROE
EENTHE S, Wk, BAEE L) F 9 LOEARBLOMERRELO SO E LTRIES,
FRDB, (Aydp={(Rydr=2dy EF 5, HEB A, LT, 1B, 3%, 68 (FEX
AT, ZnErl, L4F, 438, 8TH) OIBHERFEL, Table 3.2 6 DDEAETT,
H—Za~cid, BREFEARZELOBREFROEVCL Z2EEBLRFTTIHOLDT, r—ad
i1, a~c tHBRT22&ECE-T, P FULOFEABBELEIDPERFTELHDOHDT
HbBo BB, F—Re, f1F, a~c tEHBT AT &KL ST, PR TASNASKLEDLE
3 hERHT LB OTr —ATH b, BRKROEAENUOm O s7H &0d T &z, Eh@R»sE
BEINAERELH AT 7 vy POBEKROEAZEILT 2L LETHEH, 77 X~DHE
A, HRT7vh oy bR TOBREKES VA 7 L3NETELE-T, HEICREFL
BTN, MER A, TRIELTOC E0, EXEOEAEN 15X 10 m™ s 05 2 &,
T by TEEROEARLZZOET R KT A EIHET B, MBS LTH, 10

HHET2TMW 2o 0MW 2 TEBRMICRERLIEOSEEZ 5,

PlE@ 6 r—2C20T, 44 YRE, EFFE, HRAGRERADOELC 20T, £
Fig. 3. 2, Fig. 3.3, Fig 3 4icxR7,

BN, BEEARENOMNEROBENVCLZEELEE L LD, Fig 3 2, Fig33%4%3
L, IBRORATR, y—R2a~c bRIFELMELEH, HER,, =1BDOFr-2CH,
4RBOBEAT, 14 vHEESIkeVEITEALTHBAELZLD, ETEELAVRETE, 7
—Za, b &RMUELELF D, T2, ¥—2CiL, BREGRIGH IO DR S, 7
—Za, bEHELT, 3~4BOHTABLRELERT. Y¥—2xa, bid, 414 ViEE, EF
B, MASRIGH N ORLOERIT, ECRENHREIILY, Tl Eho, MBIEARE
ILOBERSRB L THENE, 75 XvELBBIEEY 577 Av i~ OBB NI L E
Z B _ '

OXIC, P FYLADEACKEHCOOTIE, M FILOEABLEKEOTAZFLREL
Elkhr—2dE, r—ra (BEMT, = 6BEr—2dEAL) ZEETBE, 14 VEE,
BEFEE, RN EHAOBLOHFICAKSITHER LV, RASRIGHIORP OLHICD
T, 1~28T, 77 b by PHOMADBLALERZRLD XINEBHIFELORLFE,
FIBEDLT I vy MERCBALBBENETNT RN LS, 37805, mES LT IO
BEIHELT, BLERL TS v v PADEBHMORELZRE LT, BRACEEZOR/LEZRE
TIMEZ BT ENNETHEY, COSGOHBHBOREHELE LT, 1~2BT2IBE DR
FAEEREEIRABMUEACIEET 2L HNETH S, REBREORERLOOB AN
2, TEBMROBBUEMHLEELOD, 5P~IWBELORETEL6DEHEL L, LIED
RS, BRaRKE 0B LEr—2a, bEBERL MY FYLEEATLHNERTOWEEL
515,

B%ic, PHEFASMBAOLEHIC DO THRETL S 5 PR TARMEBE LSO —2e,
fEr—RAa, bELET 2, MERIEXREARPBRL T2y —Re laxisdd, ET
HEORBLOBRMERENROY (Fig 3.3) , vy—Reid, 14 VRESSHHTI keVETR



Table 3.1 Initial conditions for the first 10 second shutdown process.

JAERI-M 7635

2

Ion temperature (keV)

Electron density (102°m-’)

20 —3)

Deuterium density (10" 'm

20 _~-3

Tritium density (10" m

Impurity

eff

(%)

7.0

1.13

2.0

1.6

D insertion rate (lOlgm"ss'l) 1.5

T insertion rate (lOlgm'3s“!) 1.5

Table 3.2 Parameters in case a ~v f.

case time constant {d insertiomn t insertion heating
( s ) rate(m‘gs‘l) rate(m‘js'i)
a 6.0 1.5x10!? 0.0 with NBI
b 3.0 1.5x10%7 . 0.0 with NBI
c 1.0 1.5x10'*® 0.0 with NBI
d 6.0 8.0x10*8 8.0x10%® with NBI
e 6.0 1.5x10%? 0.0 without NBI
£ 1.0 0.0 0.0 without NBI




Fig.
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3
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a

b [ with

C NBI 7
d

e

f

without
NBI

time (s)

Comparison in changes of ion temperature T; in following cases;

: A1/2=6s, SD1=1.5x101%°m" 351, $71=0.0 m~3s~lwith NBI

: A1/2=3s, SD1=1.5x10!%9m"3s"! §T1=0.0 m~3s~lwith NBI

: A1/o=1s, 8D1=1.5x101%n"3571 s71=0.0 m3s~lwith NBI

: A1/2=6s, SD1=ST1=8x10"%n=3s-lwith NBI

: A1/5=6s, SD1=1.5x10'%m73s~1  §71=0.0 m 35 lwithout NBI
: Ay/o=ls, SD1=ST1=0.0 m~3s™lwithout NBI

IR =T S~ "

— 15—



JAERI-M 7635

TGN Inoyata’ s W §°0=TILS=TaS

TEN INOYITA[_S. W T 0=TIS * 8¢ W 0Tx6 T=1C5
TN U3 T4 _5¢ g 0TxB=TL8=TdS

TAN UITM[ S W 0°0=TI§ *{_85¢_Tg 0Tx6 T=TAS
TN UITH[_Sg W 0°0=TIS © (.8 Wg 0TS T=1d8
TON YITA[ S W 0°0=TLS ©{-Sg_Wy 0Txs" T=TAS

‘s1=2/1y
“59=2/ Ty
“s9=C/ Ty
5=/ 1y
‘sg=t/ly
“sg=t/1x

.0 oo Y

TN

noylta IBYI 03 TEN YITm 1omod UCTsng jo o8ueyd ur uesiiedwo)

{(s) awy

%¢ "81a

I IGN inoyhm |-
_Im mEOOﬂ_.H.m

Belig0ix8=L 1S

1aN

SIL _
1S WO0=118

OO0 o T O s

02

Ct

09

o8

00l

IEN 300YITA S, W O 0=TLS=148

TEN INOYITH S W 07G=TIS ©{_5; W 0Tx6"1=105
TN YITH;_S; Vg 0Tx8=TL5=T0S

IEN UITA(_S._W 0°0=TL§ ‘iS¢ Wg0TxC T=10U5
TN YITA B W 070=TL§ ‘{-Sp_Wg 016" I=108
TN YITm _Sc W 07 0=TIS ‘[ 8¢ Wg0T=G" [=1US

‘go5BD SUTMOTTO] UT “u AJTsSuap uUOII2e2 30 gafueys ul uostiedwo)

(s) awi}

WA uUT U

sT=2/1y
“s9=C/ Ty
“s9=C/ Iy
‘a1=2/1y
feg=C/Ty s
‘go=Cfly :

£¢ 8914

SN ° 16N
. } inoy M }
o




JAERI-M 7635

T95 (Fig-3.3) TOTELOERTFEIND IS CKBSEEE NG, SBEELERT
(Fig-3.4)e & =2 R, 77 Xv~OMFEAZLONERS 1T, BALE L) F 9L
DHRATZ /4y b~QCEAEZ 0 ELLBAETHEH, O/ —2b, ¥—Re LR, S
ERIGH N ORBBITBLEZRT . UEOE»S, REBARIGHIOEPHRBLENH T LEE
BUT, PR T ASMH ST — 28 BRI E BT LITONT, SR 50T 6
AUV ETHY, MBS T - L TRB A CELEREBLLENLETH 3,

T, lED 6 r— 2P 7T, KREAEFHELT, ¥—2a, d, ell2T, 73 X<E
MOELEHE L LS. Fig 3.5 ICI0MMO T 7 <& I, ODELETRT. ¥—2a, d, e &
HbAENARELL, WIHBRCHIMAETELLTOEZ Eibh b,

BEOHEHEEEEHEE, 77 A ~ORBEAEOHERBEW L LR CZORELEE
THLBREUEY, TOHBOBERTE, M FULr0EALMNENLL, PHRNFAS DB T
—ELTHBACRLIYE, Y7 ATERTAIMADPD IMASTRAIEECERE-T, 4
AVvBEEZ1keV ETIC, EFEEL 1 X 0" m P ST UM TR TS Y2 LEBEEZES
CEBHEETH B,

3.3 mRIEGN

LT, MAMLEHALE LT, ¥y—RaZHROBETC, TONXT—nNF7V/2AEZRELLD, 3L
WL, F—Ralt20T, 44 ViRE, EFEE, EXKEEE, M FILREORTOKTE
Fig. 3 6 iTiRT s COLI B TORROE X DOME T — LHRE T — OFEAE Fig. 3. TICR
To CORRLUAHERR, THRFARMBAAT — Pyg, TH7 7 BT —P,, Ya-—
WINE ST — Py, FIEMEHIER ST - Py, 74 VEEL TP, BHICXL-TERD
ORBNENT—Py, o ORKNT -OBEITH ZL2BER/¥7 —Prp, S HICEK ST
—maémﬂﬂvw%ibmwtm%mﬁ%wv—PM?55GE%@%%NG—PMM,75
ZTDbDOBMIFNF—JFORIE, /At FEDT t = 05T, Py = OMW E750, Py =
Pugr + Po + Poy BSIE0 5 T 3o BEER D TR, FAMME T —2E 8 EREHOELD
MNELTIUE, Py > 0875, $HbE, 4B, /4t<0&EMHB. LithiaT, BEIROE
OE e, ABmET —2EHL3I g, FIATAIFINF BB TT 32 ET53, 211
LT, HEAXKBOF O AR, FILAEMIMIK BOTRLEL/ Y7 —51, REME 7 -
(FELUTTAT7 7 BT ) KDHRELENLODT, FIFHICENTR, 773 X<BT 5L
F2BLIRBTILETERE D, 2O, FEPCEOTE, BELT ARz F—%
BLIEBEELEOT, 7, TA7 r MBS T —2RBLEEEHE T 5 AvHESET
BB, EORBDIC, 1 DOHKEELTH, BEREEZTHEGH L O RBECEAT I LICX
5T, ETEEEHASE, 79 X<BEEZTF 5. LOBREREDC ECE T, WM
7 ERHEE ST LD OGNS TEBDT, 77 AvRIFINE— (K LB, /AEXIE,,,/
41 <0 &EFBHTEWTEDH, PLDEMS, HOAKBOF LHKRLT, BEEOFOK#AS
o t3EBTH 5% 5,

PIEOBETR, 7777 v FAOHBHEBOREM VD EAD S, BBARGH OB



TSPU0Ses ()T UT umop uaTej ATaeeur] sT iemod Burjwey

uoTavalur weaq TeIINSU 2iaym 5B Byl UT AITSUSP UOIIVB[S pup

A1TSuUsp WNTITay ‘A3TSUsp WNLILINSp ‘Iinjeiadmal uot Jo saduryy g-°¢ 'S4
. : - .

JAERI-M 7635

(s) awll}

LL”

(A3%)

TgN ANOyuITa,

TEN YITAy

—S W 0T0=TLS ‘.S, W, 0T1xG T=[as ‘s9=¢/Ty :
T4N YITA;_S. Wy, 0Tx8=TIS=T0S ‘s9=¢/ly :
—Sp W 0T0=TIS *,_S¢ Mg 0Tx¢ T=Ta8 “s9=¢/1ly :

(s) swl}

Nal

IGN noyiim
_.M MMLLnuAu“"F.me e

| 16N (1S .0Ix8=L1S
Yim (SeW00=11S

L i

¢ 814



Reer, i, Fon ,Per, P, Pp, Pr R (MW)

JAERI-M 7635

\ \Psr \
\ \

L Vo v
i \ \ i
e~ A | .
[~ e \ | N
- P \ . | 7
- L \ ! .

os \\\\\\\\~\ \ ]
3 \ ' i
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O 2 4 6 8 10
time (s)
Fig. 3.7 Changes of heating powers and loss powers in the case where

neutral beam injection heating power is linearly fallen down

in 10 seconds.

Pygr:Neutral beam heating power
Pog :Joule-heating power

P, :Line radiation loss power
Pry, :Total loss power

Py :u-heating power
PRyr:Bremsstrahlung loss power
Pp :diffusion loss power
Pyr:inet loss power
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BHAOREE LD EELT, EILBRCENTOABIBSLETSH S R L. B18
DHIEICF a5 7 v 2 VSR 525 SHEOFEEL B EAE, 75V v FNOREEE
KE-THE 1 BEORETEREARTISNESEVOT, BMEREHNHDEDZLTL 6BPHT
FELBEERFIL, Fig 34 TRLEEr—2e, [ OBETHEIL 2 - LTRAETHO,
2 ILERC B O TR T A S A LEE LIS,
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4. BRI 7 A=B=ANVF - DEKT

B OIOMETHRRMAREE LS 2, COBATH, 77 Xv0BRMBT A v F-1E1
MJ (Fig. 3 4) To0, 14 VEER1keV, ETEER1 X 10Ym™, 77 XvEHIE 1MA
THB. BEDIOWET, 14 VEEL 100eVEE, ETERZ 1X10°m* BE I TCET
S8, BUOOT 3 AR AT —ERT X 5o |

41 FIXTEROBT

29 75 A EAERLDETEOEE TR TS €2 hERET 5. 77 XAvBREFN
TBH0E LTI, FREDEALART, EHREIA VORI EHSOEFELTE, TEEK
HECEDTARE Ly, 24, 75 XvOFHENIADPSELEE, DEHD, #ofFrx
— A EMEEEEROML D GRS BN ORVWEHICT I X BREAZET L LLENBETDH
Bo BEDBRDESICEIET 7 XvENPy 3, 14 YREZ100eV, BEFEEE1IX10®
m3Ed s, LEBEBREOT 7 XAvEN Py &HANT,

1
Py ~ _7'6&)’ Py
TH B, ROA F N~ R EDSEEEEIEOR LD A X LRV EHOT 7 X2 ERO TH
i,
L > =
V7000
BB FIEEAREORES D 2ELT, 01MA EEET bo

ELBREOBREIINET, 77 A8l 1MA HO0IMAZTHBTILLLHICHENLT T X

<AESECR%ZERDES, (224) X0, '
Lp = 1565 x 107° (H)

~ 005 (MA)

7o, (225), (226) kb, 73 X<EHAR I, fnd=16, Z = 16ELT,

R, =25 %107/ T, (&
cHebE, T2 OFHELT, T2 =035, 1, 0FHELTI,=06MAET 5L,

Rl, = 25 x 1077 X 0.6 x 10% =043 (Volt)
| POR T 0.35 ' Ao LYo
Zt, 4t =10s, 41, =—09MA THED D5,
41, . —08x10°
Lp 156X 107 x ———— = —14 (Volt)
4t 10
L1 B HE-T, 77 XAHEET Vp i,
Vp = — 10 (Voit)

THEB, COMERLZELT, UTOHETIE, Vo=—10, —05 Vot ®2 205 /IC20T
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HET L,
4.2 EAREAROEE

BEVPEOEITEBRCFIBELE LT, 14 ViRE, EFERALCILALLIIC, ENEn,
1keV, 1x10%m™ TH 28, iPEOBILEAERTRAOBEAKZEAREZ, 00~15x10¥
m=S s~ OIRIFHEER-T, 80X 10%m s ZEEOTMESD 0 & 5, F7e, BEOE
BB TE, EXREAXOEONEROROICLBAHEET 5L LD T, BERL,, =
3WEUTHET 2, MFORRCINE, IERMNIBDLLOFHFETR, MERDENCILS
T RAEILADERBL, ECELDZBBEORNTEWRENKDT, BRETHEDT LY
RFEINZ. bL, BEROBOC L Z2RZEBMREYNE, 4, =3s LLEATS, EX
FHEAEROEBNV L Z2EEPAEZ(ELNEOT, BEROEIHBEEZTHINELNSHEHLES
DF=zv /B TEh UEORAEERLT, BAF10DHEOBROYIHEE Table 4 1 DX 5 IKE
EFY Bo BEARE M) FYLOEEOMEI, FIEOFILMEET, 4,,=3s, SDI=8X10"m"s™"
& LTS ARTEIONER U A B A EIGEEE L 7, EXERE MV FUL0E
ABCELTHEAKETH 5.

Table 4.1 Initial conditions for the latter 10 second shutdown process.

Ion temperature (keV) 1.0
Electron density (10! %°m™ %) 1.12

Deuterium density (10'°m™?) 0.8

Tritium density (10!~ %) 0.2
Impurity (%) 2.0
Zegs 1.6

D insertion rate (1015m'3s'1) 8.0

T insertion rate (10'%m7%s™!) 2.0

HATS Uy hADEKEDEAZSDLCOOTIE, 8Xx10%m™ s™, 4x10%m™s™,
9% 108 m s 'O 3ODEAEHET B, 77 A HREEE 05, —10 Volt ZLIHED
A4 VBREOEEZN LN g 41, Fig 42, ETEEOZ(EENLNFig 43, Fg
4 40, I AEHROENEENETNFig. 45, Fig 4.6 s '

IF AT vEEOEESDE, 77 XTEEBEH-05 Volt OBHa (Fig 4 1) B, &
KEEAEDBOIC L T, WHDOBAEATIRM02keV OO ERT , —10 Vot OHE
(mgQZ)m,m@mﬁgﬁ,EmiﬁkﬁmﬁﬁSom%é&%omVﬁ<m%TbTL§



JAERI-M 7635

|.O ! T T L T T T L) 1 T
Vp=-0.5volt
ost — sD1=80x 108 m?§' ]
——=SD1=40x10® i° !
——SD1=20%x10® i’ ¢’
-~ 06 -
>
q’ -
A 5
= 04rf 1
Q2 J
OIO 12 14 16 18 20
time (s)
Fig. 4.1 Changes of ion temperatures for various deuterium insertion
rates in Vp = -0.5 volt._
I.O ' T T T T 1 T T LE T
Vp=-10volt ]

—— 5D1=80x108 7 &' ]
——=5D1=40x10%nP &'
——5D1=20 x10% i §'

08

{(keV)

Ti

time (s)

Fig. 4.2 Changes of ion temperatures for wvarious deuterium insertion
rates in Vp = -1.0 veolt.
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|2 T T T L) L] T ¥
Vp=- Svolt
10 — sD1=80x10%m° ' |
——=8D1=40x10'8 i &'
w— SD1=20%10'8® §'
8_ -t
L
E 67t ]
@
e} | ]
®
c 4 | p
2 - E
R N~
O L e i i 1 L L A L.
10 12 14 16 I8 20
time (s}
Fig. 4.3 Changes of electron densities for various deuterium insertion
rates in Vp = -0.5 volt.
12 " T r r
Vp=—LOVOH
ol —- SD1=80x10® m* §' ]
=== SDI=40x10® M &'
[ —— SD1=2.0x108 w3 ¢’
8 L
-
E 6+
®
o] ]
o
j oy a4t
2 L.
10 2 |4 16 18 20
time (s)

Fig. 4.4 Changes of electron densities for various deuterium insertion
rates in Vp = -1.0 volt.
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T

Vp=-0.5volt 1

08

~ 06 ]
<I
= ]
= 04

A S

\\

 ——5D1=8.0X10% §' \
02} —-=--5SDI=40x10%m>s' - N

—— 5D1=20x10%m> ¢’

OiO 12 14 16 I8 20

time (s)
Fig. 4.5 Changes of plasma currents for variocus deuterium insertion
rates in Vp = -0.5 volt.
IO T T 1 T T T T T L) Ll
i VP=—10V0” ]

—— 3D1=80x10%m° ¢
—~—=35D1=40x10%7 §'
—— SD1=20 x 10%w° ¢

06} \ .
1\ |

02| \ :

10 2. 14 16 18 20
time (s)

Ip (MA)

Fig. 4.6 Changes of plasma currents for various deuterium insertion
rates in Vp = -1.0 volt.
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5, COAICDNTE, STHEEOEAGAKT, Vp= —10 Volt OB 18H T E]
Zo Vp=—05 Volt DBAL, BAKOEARDORVICLEZHER, 0BOHATI®10Ym™?
BEOLSY &850, TORPTOWENSQIEIA A VEEDBAIVE/NEL, V= —10 Vot
OEAORTOAICET M0 ERE@E, 77 ABHECETOHF P ROAKTDH
%o Vp=—05Volt O&E, BEAEROEAROENICL BHEEIL, WP ORATHIZMAD
ZEELBH, LOBAS, FTIXATOBLEEO) BEBERLTNEDEERITEN, L
BT, COEOMBICELE, BENOENIC L2 FELWHTRIT 24BERT L, MES
ELTHEBOLrTENE, 77 AvOERCREBENBZ &30,

4.3 ®wRIEH

LT, REMEESCONT, 77 XAvORLAVF-DOBTERRLE S, FIELT V=
—1.0 Volt, SD1=8x%10%m™s™! @&, Vo= —05Volt, SDI=2x10%m™s™" DA,
VP=—05wm,SD1=8xmmm4§‘®%émowam.47m%?ccngmsomg
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Fig. 4.7 Changes of plasma thermal energies in 3 typical cases.
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Table A.1

JAERI-M 7635

Fusion Reactor (JXFR#5)

Main design parameters of the JAERI Experimental

QOperation Mode
Fusion power (MW)
Operation period(s)
Burn time(s}

Lead facteor
Duty factor

Reactor dimensions
Major radius {m)
Plasma radius (m)
First wall radius {(m)
Plasma volume (m3)

Plasma
Mean temperature {(keV)
Mean density (10!* cm~3)
Effective charge
Confinement time (s)
Injection power (MW)
Toroidal field (T)
Safety factor
Poloidal beta
Toroidal beta
Plasma current (MA)

Reactor Structure
Reactor module/Reactor

Blanket cells/Reactor module

Injection and evacuation
hole/Reactor module

Nominal max. lst wall temp. (°C)

Materials
Structural material
Blanket fertile material
Refrector material

Neutronics
Neutron current at
l1st wall (n cm“zs'l)
Neutron wall loading
(W m2)
First wall displacemernt
darige rate (dpa y 1)
Max. helium production

rate in lst wall (appm y~!)

Max. hydrogen production

rate in lst wall (appm y~1)

Tritium breeding ratio
Nuclear heating per

DT neutron (MeV n™1)
Total induced activity at

one hour after shutdown (Ci)
(after one year operation)

SCM irradiation effects
Max. co?per displacement
(dpa y=°)

Max. nuclear heating
rate (W cm3)

Tetal nuclear heating
in SCM (kW)

Toroidal field magnet
100 Number of cotils le
420 Bore, Width/Height (m) 7/11
300 Magnetomotive force (MAT) 203
Q.5 Max. field strength (T) 12
0.7 Stored energy (GJ) 60
SCM material Nbj3Sn
6.75 Refrigerator capacity (MW) 5.4
1.5 Primary winding
1.75 Number of coils 22
300 Magnetomotive force (MAT) 60
Maximum field intensity (T) &
7 Stored energy (GJ) 2,1
1.1 Flux change {(Wb) 140
1:6 SCM material NbT4i
2.9 Vertical field magnet
27 Number of coils 12
6 Magnetomotive force (MAT) +8
2.5 Maximum field intensity(T) 8
2.2 Field intensity (T) 0.26
0.017 at plasma center
4 Stored energy {GJ) 0.5
5CM material NbTi
8 Neutral beam injector
284 ' Number of ion sources 48
Deuterium beam energy (keV) 200
1 lon beam output (MW) 240
540 Injection power (MW) 33
Power efficiency 0.40
3168S Power supply (MW)
Li;C for Toroidal coils 0.6
Stainless for Poleidal colls 6
steel for Refrigerator of SCM
(Toroidal, Peoloidal, IES) 12
for Neutral beam injector 85
12 for Vacuum exhaust system
7.6x10 {Main pump, NBI pump) 3
0.17 for Blanekt cooling system 40
for Auxiliary system 13
1.1 Total power 160
Fuel circulation system flow rate{mgs™!)
13 Tritium insertion rate 17.5
Deuterium insertion rate 11.7
38 Herium exhaust rate 0.24
0.9 Cocling system
16.1 Number of loops &
) Coolant, Pressure (kg cm'z) He,1lU
Inlet/Outler temp. (°C) 300/500
7. 3107 Flow rate (kg/s) 143
Secondary system He, air-
cooled
9.0x10-6 Tritium inventory (kg)
Fuel recirculating system 0.3
6.2x10-5 Tritium recovery system
including blanket 0.1
0.68 Total inventory
including storage 0.5
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