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Report on the Operation and Control
of the Fusion DEMO Reactors

Preface

This is the final report under the NIFS Joint Research Program concerning one of the
important theme “System Analysis on Operation and Control of the Fusion DEMO
Power Plant”. dJoint studies have been made in the past three years through four
symposiums focusing on the critical subjects. This report was written after these
symposiums reflecting the most critical subjects that should be stressed and initiated
at this phase of the fusion development. There have been a lot of meetings and
symposiums on DEMO related topics, but little documents have been made on a
common view of researchers. Therefore, similar discussion took place and repeated
when the generation changed. For this reason, this activity started with “a declaration
of issuing final agreed report at the end of the activities”.

The report deals with possible actuators for the operation and control of steady state
DEMO reactor, and clarified the importance of the inward plasma transport that
determines the fusion output. Systematic study of plasma and neutral particle
transports of DT and He initiating from the fueling and ending to the vacuum pumping
further illuminates the importance of DT neutrals as hidden parameter from the view

point of reactor operation and control.

Editor of the Study Group on the Operation and Control of the Fusion DEMO Reactors
S. Matsuda
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HENDHD, ZOBERTEZM O FELSLETHY, ZODITHEEEOEWVEIEHY I 21—
3y - a— ROBRPIMHAELEEZZLND,

8 n
Flux loop
7 e ) Magnetic probe
6 ] Ve e 2
! PF3 ] (AT &\ XFPPCT
4 [ e - @‘/
4 % 0\
2 B ) 1 6 A O‘I__ Hib
E o, = s Lh é":
= ol = g} 1o eeE At
N € Q AQA é..':
_2 [ =i 'g'-.-i"‘\l jr.'jil'l.:f].‘ &A A .E'i
al PF4 “2 -§ o '@zl?.@""\rppcz
6 - 1] \\;X-'-,. ___ : ._:I
- . 50 e [Mllers
| m A ™™
0 2 4 6 8 10 12 ks
R (m) B 3-3 JT-60SA FIZBRFE 7 il =

— N MECS HIiZfEbi b FEDBIENL—
7. BRI u—THL A LVEE
[3-5]

X 3-2 ITER @ =A /LELE & gap HlH D
WX, 6 5 Tgap ZHIET S,

2) BZBRBEHE
13 IR L2 & ) iEmA NI EUL SRR Y N TE WA, D EIE L7 E T T X~k
EOREHE L TRO L HICERTL SN TWSH[3-6],
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p =357 136 1-<L>)" <”">2FL(MW)
e ' 35keV 10°m> ) \m?

ZOEXROEEIZSHDOERICEI S THOLN TV EEZLNDLEDT, ZITREOT T AvikE
DIRIFEICER T 5 L. WL T T ATHRER TIET 7 AVEE LA T REIKFET 2T TH
D (772U, AT 2 Z EBRINTWD,), Lizd-> T, fl#EBIIc R bidteloid Z oEX A
fANZT 7 2z —Z OFLIRIZEBRT 200 RE L 705, TOBRCEERZ LIXRRR Y Do T 7
Faxz—FOERITL > TRITE L ZENHIEAZEMEC LRWTEDICHETH D, SHIZMAIFZIT
BO TR EEASELNTHD Z ENRHEE LTHETH D, X 3-1 O&IE ST, MK
i & AR BERI AN X ARG T DT A—F L LCT T A~ BERH D5, THLUSMIMNL TH
Do LI2iRoTZ 2T ERRKREAFBRBERIHONL —FIZTRNTEZ LIV, EFEE, A A IREIC
EAEBRT 5L BZAONLT 7 Fax— 230 AGE LA TH D, Z OB A TEEAT Ol
Z SEBRROICHR 2 72 =8 5 OMFRI3-THIHITER Z Ak L7 & D o TlEZR <, REBERIE DT~ & )
MEEZELIBATHDS, ZOL)7a— FPPYHERZEL KRT L7012, 5% OERIZIB
CT 7 Fax—Ra2BHE LIcROINE 2~ IREHREAOMRER EoEEELm LSRR hiEn
5720, ITER PIACird Y i DT S8R ILFEM T X 22V O CEIRBERIE COEBRT — ¥ 2155 Z L 1FT& 72
W23, DD BSOS 3T BB ECA A U IRE ORI/ EOREGRIZTE 20T, HEER o=
— Ko validation [T THDHIZLAFBEEB X DD, FEBRFHEILZ O X 5 I HNZ PRI ERT
DKo THIO CTHEERHIENCRIIN DT — X 2 H/H5 LN TEL EEZ BN D,

(4) BR» 5 0 BB
1) JFAEYFEEFHE T (RAE )

Bt OJFAYE (JA Model 2014) & ITER E#ElRL T U A L DT A—F Dl a1 12x7[3-8],
7T R ROEFE 8. bm, KRG )~ 1. 5GW (FEFEMRHI ST 0. 5GW) DEH A~ 7 FRUFETH B, & EES
Z HIE L+ 2 NHEEIR 2T WO O BN RBI AT 5 L 91T, 2 FEFFREE O /L A ilE TR A
HIJ) 1.06W &SR ) 0. 3GW) FREEDIEHR)S, [F U@ CrlGERl& s LTna, @mWEaa &
A TR LX — R Q 2R L CREIAEEIT O 729, ITER £ 0 b @O LA — 2 i & Bk s B
MERSNDFEN D D, 22T, LT T A HERIZONT, BURE BEN ENZ TR T 5005 %
DI, ZIVETO M~ 7 FEBRCRIFEER REMERR) Shi-7 7 X~ B LIEREZ FUHUE o B IEfE L
g+ %,

P T T A PiE a3 5 7 OOMEREESHE & LT, [ UIADUERE (HHosye) . AHALS— 2 (B ) .
H R IR EIE (Fs) . HFHEEIRIREEFI S (Fo) » B EEFEE (ne/nen) . BEHEREIG (Fra0) o BRBHIEEE (np,1/ne)
METHND, JA Model 2014 D 7HEEEF 2 E 7 AIBOTERIC L, JT-60U TRIKFER SN2 7 T X<
MRER L L= AT 7T 2% X 3-4 \ToRT, 22T, JT-60U0 ORFEFIE LT, =R/LX—FH LiADEE
[FlTg D 10 f5RERE & 100 5L L (FEIRALHLIFRITR 0D 14 %) ORFRIHERF L 72895 7 I & el L7,

— HBRIR, BERERO BESBLUR ik b T D, BERHILZ ) — > UL REERICKT S
EHEOLTHY, 7V —2 UL REERM3-9]11%,
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I 2B, (1+K’2)

_r _
Bow =

na; AR, 2

ERIN, KEBEVDKREREB TN RN S D, 0D, KPEEORKE WG OFEFE T
X, F e A M 272D, EEREEE 7 ) — UV REERAO L2 fFIZREL TS, 71—
YU REERFUIELHOBERR B2 6TV | FAYE TIZELE (T X Z V) O E %25
FEBRSR D 0. 8 fFRREIC L CHLE—7 LIEBESMEZIRET 52 LT 1ELL RIZEREL T D, L,
7Y =2 U RBERFRIIY 2 — VAT T X~ DT —F RX— A2 RSV CEHEH SN R THY |
TOT 7RI KD TS N D JFRUF OIF L7 7 A~ PEEEDFRIEIZ /2 ) 2 502D\ T, FHER
ROYBEEM & ot RN LETHD, & ZAT, BFOERTIT, TAXTETEREEICTD

ERACIADHERROLIEBBH S TS, XLy N AFHZ L0 B UIADMRE A HERF Lo £ @B E I
FE LTS EBRAER S & 5O T[3-10, 3-11], JFARUFA TN v FAR TTEZ 57200 2 7ITEWERIC
BREVZRE LoD, R P B FIC I DL —7 LEEEESMI/ D L 9 /Bl ik 2 a4 5 2 &0
HETHD, R ErTFOREIZE > TEMEHNICREREVRAE L D20, FLT 7 X<3kEo#
RN BRA B F OE & 72 TR THEEIC /R > TL 5,

PREBMLEEIZ DU T S BLR D & OFRBER KR Z WS, JT-60U O fRSEREIZ H~ T4 BAE D TR TITREH
FEDOUGER RIAD D03, BB KO T2DIEANT 275 T AR Y 0 LRI L DB &
DR D2 IERMA NI RE SEET L0, Ao~ U LOR%EE EEMIZTINT L2 &
BT T AR OBENOEETH D,

LR —ZHIZHOWTIE, 2OV AEERD By=2. 6 [T+ RilEE 5728, EHEIRD By=3. 4 [TBE/R LD
N—FRBREBZDHEETHY, T4 AT T a5 ZEI LT RIM 2288 LR & E IR E
WA 2MERH Y | BIFRICRE XY v THREET Do FAETIE RWM S = 1 L 2 fF NI R E
TERWD, 7T A~ EHRIC K D LEHIEFIEEABEST 212X, 77 Fax—2 L L TR RLF
— ORI B — A ASRIC L D EEEANPLEIC D (F),

ML) RWM M D722 77 X< ImlisZ 5- 2 H iV Esl T & 2 rlagtkEs e STz, LasL, ITER
TOMF T, ITER OINEVEREREN LD D K 5 2@ kL F— (IMeV) ® NBI TIi& h—F A DA
BOAFOETH 1-2kHz & AED O TEY, 2 LT 7 X~ d A%EEE (intrinsic rotation) (X274
£ TOHEE NS O/MFETIE 10kHz FLE[3-12]1 & 72 5 DT, MMEVEREEEH NBLIC L A28 L0 Hi@ilc k&
<. RWM il BRI T2 2 L1c/e A9, NBLICK 2B AICIT RIZ SR r A= LR TiE
HFCTE 20X Tho, FEEE, RIS TIEZ < O M~ 7 B CORERMEZ IMRFIL, Ar—1U v
7 bRk ITER OFFEERL T 300km/s, FEFHEHEEL T 600km/s & [FHERHE 2 4MF L T D03, fillgE o
X REMEPE X 2N OVTOEGITEE > Tt LTV, BEROHIEN HERELZRD TV DENE
BRICEREG S RE ST, ZOEm 4 fm 2T 2 IR EHOEHEPVNENEETHY , ZOHTT
Faxz—F LRV DbDONEDMNDLINENTHBEITE 50, 77 AAEEIIRLIDPPREDLTHA D,

19



Normalized Performance

Size & Configuration Absolute Performance
Steadystate/ | Ref. Steady Ref.
Pulse (2hr) ITER state ITER
8.5

Steady Ref.
state ITER

R, (m) 6.35 Py (MW) 1462 1085 356 HHsse 131 113 1.57
a, (m) 2.42 185 p_(Mwe) 303 185 -  Dw 3.4 26 295
A 3.5 343 q 175 13 g  fus 0.61 0.46 0.48
Kos 1.65 1.85 Paip (MW) 293 217 71.2 foo 0.39 0.32 0.52
o5 0.33 0.4  pyp(MW) 837 835 59 Nh/new 1.2 1.2 0.82
dos 4.1 53 T.(keV) 16 129 12.3 fhe 0.07 0.07 0.04
Vp (m?) 1647 831  n.(10®m?* 6.6 6.5 6.7
Ip (MA) 12.3 90  wy (M) 78 630 287
Br(T) 5.94 518 () 267 2.66 3.1
By™ (T) 12.1 11.8  NwL 1.0 0.74 0.35

(MW/m?)

# 3-1 BT OREEE (JA Model 2014) D/NF A —4

B 3-4 JA Model 2014 ® 75 X< ##&
{LPERE L JT-60U DREMLTH/HEI ST
B & DR,

JERRIE JA Model 2014 D)L R EELERED
BRENT A—FETRT,

2) POPCON X | THE I 5 i&lim 8 & B AR Z e (KRBT

BWARERIL, BERMEHD EREOHOR YT 477 4 — KNy ZILL o TR I 2 ROARLZEMET
HY., OWITLTIHEEL L THEME LSV — N OIRERFME L =)L —F UiIAD DT — (K7D R
IZE o TREDID, HEX A TP UIADE— NITIKIE LTZiEm & 2 5, im0 b5 21X, 0oL/ v
—NF A (PB) & LTI ARLE/REI AT N~ 7 JFRF 235595 Z L i3 0o TZ oA T
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DB, Te L ABZEENE TSR e MID A2 EME e & A G E B L7 1 kol Eo
SIAR A & BEE U =R & LT E‘Zb NIRRT R L DEEEVEDBLE D OGN, S EETH D,

RERDOTINF N EEZZD &,
dW/dt = Py, — W/mg — Praa + | 1% stored energy. P X7 V7 7 BN T — ¢ pldT R
L —P UIADIEH], Prad IHBOHEI T — (FIEIHES . BB, A 7 0 e U HUR) | Pand ZFMETINEL
T —, R, EOMST A2 itktEy o FOn T ) = —(Pa = W/TE = Baa) o i
ﬁﬁﬂ%ﬁpm@%%i%fﬂmluﬂﬁﬁﬁﬁ%ﬁﬁQMWN»@@%ﬁ%ﬁxéo;@FmT )
@ T-n Vi o E# X % POPCON (plasma operation contour) plot EBESS, A4 — U  ZHID Pau
(KA T DR AT T D72 F(n, T, .. ) IZFRAIBIE & 2 - TR Y KIEFIRIC L v kb2, H
8m FEJF AL SR ICE S ERFEH AT A —FXIILLFO@EY, R,=8.2m, a,=2.56m, kappa=1. 70,
V,=1830m*, Ip=14.6MA, BT=6.26T, q95=4.5. Bn=3.0. Z.=1.5, Hy =1.0 for L-mode (ITER89P). =1.25
for ELMy H-mode (IPB98(y,2)).

B 3-5 IZEHE SN T m Yy NERT, BFEODWTHEN Fn, T %ER#R, T72bbZ0mRIZE1F5 PB
HERF IS BN IR T — 2R LT 5, L-mode B (X)) Ti. B UIADUERE Hy' ™% 1.0,
He JRIC X DBREHIRERE 1%& LCW5D, —J5, Hmode (FHX) Tik, Hy'™2=1.25, BREMFHIREKE T%&
Lfﬁﬁbfwaﬁnwiw#h%5wﬁwf%éo%W@®i)71\unj%0%mrtm%mm
W2V, ZEh L-mode, H-mode ® t s A4 —V MR Y & 72 B 72912, PBIRNTOMfEE LTH

aN=0.6, aT=1.5, HH=1.0, Ip=14.6, f He=0.01

2.0

o

3-5a £ : L-mode (ITER89P scaling)
IZE-3< POPCON Fu v |, BEIKEHE
BiX. 2hEhteXr—Y v ZRIOEA
BARBEY L RDHOBE®REE IR, &
LNy F EIN T EIBRITBWIICAR
TE 72 8K,

<n> E+20 [1/m* 3]
P

=
o

- P g il St A :
0 5 10 15 20
<T> [keV]

[T D EWRNEWGER TH D, L-mode (X 3.5a) 75 H-mode (X 3.5b) ~[Llgk L 0 FHWEE A 7 —L
TEBT 5700, EBRWMRRIZH VT PB B3ENLT D EITRE LEEV, L-mode (235 T LH BB EEIZEL
tﬁ%ﬁhﬁl®k_mk BEET D0, BV b OIS E b E Y —RKAFT D, AL U OEKIT
FEBLEM 2R BIEDINEINE ST — N LB L 72 0 PB 2855KAL L 72\ ViR, ?ﬁb%ﬁ@ﬁmxﬁﬁkﬁéﬁ
A2 R L TW5D, Hmode OFEGEICITA L Y VBN X OHFIAFITICEN D, A L2 VRO A8 TR
FENTRE % B e O O HE R O HEINERDS o DN Z EED L D225 720, o MM+ SMERINEDS
Bk + BOHER L 890 6 O W TCIRE EA B IEE S,
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LH BB DfE R A L P OB RZ E 1H
I (RS S AER LA, B O
W2 XV B FICEIEMA~ & S BE LT
% BBEEARAT LT B E S, S
OB L PB T2 O I3 S 720
M. a MEGE RN A A R BRI
D3 % AR ANIRE ] & Wik b B DR A 4 —
WINBER O —F—EHRISh D,
AERINET A L v PREIN o ) 5
ZHIEIT S Z SIXRARETH Y |, HEHE
FIIIDT HeER 72 SO HliE /) 7 Txbil
TOMERD D,

N 1= 712 B TIXSNENEAAS PB 72
O ERBENEY 7 LTS
LEEBETOLULENDHDH, 7 — FAR
7w 7 (BS) it & AN EIREREN 721 1T
Ko TER Ip & 72 %EiER (Steady
State) BFEDOFETRINTWD (L
> VRN TR ERERE) ST — 0 (BS

07

2.0
1.5
=)
<
E
=
=
© 1.0
™~
+
w
A
c
A
0.5
0.0
0 5 10 15 20
<T> [keV]

X 3-5b ELMy H-mode (IPB98(y,2) scaling) iz -3 < POPCON
Zuy b, BOEHRIIX 3-halc@ UL ., BKAREEKIL. #hEh
tE A=YV THIOBANRTEY L RDHBEREZ IR,
F LDy F SN BRI BRI R L E 72 IR,

BT T 14.6MA) &5 L CEF

B, Z O E H T 1568 OFRBROAE S, BUEDF R OEE S TH D, KEOFDTA 1%, RE
ENTE—F L TROBENH (BREEED) Ob & T, 7V —2 U0 REERFUICHRY 3 2 SO
T R TEBE T DRI L2 EE2 R LT D, AL —a V&L L THERR (Hi
X0 T) LERWKE (B 2ZEThE, ERay—7y b2 TiEd Lo VRN BN TR Y 7
7 v b by P TOEGHE E L TR ARLENEE 7 7T 50EHTIZEA BN EEZEZ DD, UL
BUEDIFEREE N T A — 2 IRAF LTzigim CldZe <. MU F U SIS LB 7R P NBERR 1C K 0 B RS A
B A NS DM, o AREBRERIZZ 70 7 BIRRE CHEERBFE N LA L E 2 DBk L
Mo, BUEMEICAD N~ 7 FAYE O —pEm & 5 25,

FEMNTCIE, W7 7 7 X —, He RFE, BELY —X L VR EAEMBE LTEELTWS, M
~ 7 JFARE O H ) E FHEIC BV T, T L ABRSAACE LRI L2 =k L X —F TiAD DZE
bR, Rk (He MELHE L —F /) OBl L 77 A~ D EBISE. 77255 POPCON T
THRE SHUEE STV D EFERFEE O REEIRV AL~ D3R - HilfHI2S K 0 RERREIC 2 5 L& 6
5 [3-14], 26 OHAENZ-DOUVWT POPCON ETikamd 5 2 &I TE ARV, £/, MID ZLEMER & DR
FRFUZDUNT & POPCON RIZEIALD T & XM T ik B FRHT 022 BN 22 DR O 72 1T i e 677,
Lt DIFFRICEIROBABLETH D,

3) &EMH FHPEAT)

BREREFNEHELEL LTV 5E, 77 ASENLEROHAMITREHBNIFITE I L2
PBHIRTE D, 20, FNCEMEFRER SR DR TLRETH D L4y o> T D IEEAFEE CiEls
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I, T ASPALEICRD Z TRV EHIGFTE D, LnL, BIRAITRE A HIE O 72 DI
BHfife &2 5 70 EOINBHIE 21T o 725G, ZA0 O ITEEDORH A 7 — L TRkE Do <

D& LB ET D, ZOBDOMIZT T XAV ISARLE LRV, BEOGE, T4 AT a VZEDLHA]
RRMEbH L. 2L ) RFEERAERET 211X, FERZE(LT 577 X~ F oM MHD %2 EM: 4 F2REH
TRENT L, & ORGSR A RIS ZE MO FA % BT 2 W7 74N HIE 2175 Z E N FE Ly,

SRR P IR - ZEEMEMRNT &2 KBTI HI121E, RELS ST T2 o0ERH 5. 120, BEMMITIC
MuyHivd MHD Pl 2 EREH] (10ms L TREE) TRAET 2L THD. ThETOEREETY, %
IR A R T D FREEBL L TR Y, Z Oz suIZ BEALE AL EN (VDE) Ofilf#lZ SIXEE L,
FERCFEMENR K E < VDE 1Tk U TARZE 7245 C HAMTHIEIC L 0 ZEISEET 2 2 &7 813 <
DIEFETHHETHD. ZO L D RN ER L W2 EEIE, VDE X8l FRo 77 X<’ EFIcZ{bd
HARLZEETHY, TTXNETRETHHLO TN, 7T X<NEODAANINERL TH
O (77 A~BRESCHE T RALT—) 25 2 & NHRNITERE CHIEN RO THDH. —
7, MHD ZEMWILT 7 X~ Okt L CIFFICBUR TH Y, [AZREMED EMER R EIIXIEME 5540 %
BE LM EZRDD ZEBRAIRTHD. ZOX D7, 5k BE LT EEE AR T 5100%, %3
F 7 FHT =2 N5 2 L, HEEOFNEEZNENOFHREEIC L DB HEUNCEE LT — 4
DEAMITETDH L, 2 L TERENOZREICIHERIE RN TH D Grad-Shafranov HFERXZ M = &
MLBNZTe D, ZhbOWFE, FRCHEE 2 SO R A RS 20F780%, ENTIEIHRE - R 6, £72E5 T
I3 L.L. Lao X° J. Blum, ITER THAELICE - THE NS ED Tl Y, FHHEMEEROM E
EHFE->TABLREREREL LT EWIRFE 5 ([3-15]~[3-19].

b O —OOFBIE, ERFHTHIE MHD ZEMHZFHET 52 L ThD. 77 ARl G C
X, 1O T AN MHD E— R L TARLETH L%, BAMEEEE M 2 & THE MHD ZE
PEIXEGEICRIET D2 Z ENARETH 5. FRUFD X 5 R KEBEEOSHA, EROFEREBR LV LTI X
~ AR TIELS 72D & PRI, BiEORMITMZIND B2 OND. MBIXBRE DKM T, Es
SN E L LTV DA, % & 45 MHD E— RiZE 9 £ TH AR ZLETRL TR b2V,
DFED, ROLNWTWDLEMEMETIE, Eirs MHD ZETHDHZ EDEE, S LICENNEDRRER
LEIIRED HEENL TV D A FEFHRIC L 0 BRI TR 5 2 L ThD. 2o X 95 edthRIE, K<
MOENTHDTZRAX—FEEH W M~ 27 72 EOBRIRT T X~ ORI CIEIRATRETH 5, Zh
X, 77 A~HICHEE &Aoo — RN TR T TV = A 8 ORI IR DME D 22 E T e
AT MVOERENE 0 AEEOMNEICAFET D70, ZETHSH MHD E— KOBEKE AR E D
EE AL FUZHE BN T LEY, BUEF RIS L > TZOBBEA O A KD D 2 L 2mD THEL <
51D THD (X3-6). ZDXDRMEEMRL, ZERESD MHD £— FOEAEELZRD D Z &
INTEDEME = — FiE, AFEFEOBMER S TERNIC 1> (MARG2D) 3L UEAZ 1> (DCON) 1E(E
T 5[3-20], [3-21]. WFhoa—Y, B MHD HEXOER s —HEE 95 2 & T ROk A
X7 MVOREE R LT D, F51Z, MARG2D 21— RiZ, WEE TV EZ I EED D L L i
WHIGHRE R 2B 95 = L2k v [3-22], BEfFD PC 7 7 A% — (64 I4]) ZHAVWTH 1 HLLTF DR
B CREMERETE D LW ) @t b IR - TR Y, ERFRIZEMEMITICR D 5 5 Fnd o2
KEGZ LTS (K2). Bk TEBRCTOFERM MHD ZEMHE=4Y 71T E > TWHRWA,
TICHMA Y S 2 b— g 22— K (TOPICS) 1213 Z ® MARG2D 23 E3E S, ik = — R TRk 7= MHD
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Tl 2 IR L TEVERRAT L7208 S AR O JE R 2 B 975 2 LIFEBL L TRV [3-23], 1 SO DifE
T o T ERFHPEE R RS EBL T 4UE, MARG2D &G E D 2 & CHRERFHESEHErHIE - 22 Mg 23
AREL 72D LHIFFTE S

EEE o~
3-6 : BEMMENZ LI-BE0BEHEEOIRESE.

o PERDOFUERRMNT (FH) TIILRERICEESREAELZRD S

EHBINTA—H - L BRRAEE 57228, MARG2D % V-l (R

E i N (ﬁp%wyem) THEZEMTHEAEIREY, BETHHZ L EZBITTR

ANIRM RE F L RTETH .
\

o ]
— 9.82[s] Helios ETDEE

X 3-7 : MARG2D # i\ 7= n=1 & — FOBER EHEMEITIZ D

+ 5 B I [F)]
5

5 REfE].
e IFERC Helios 2HEkS FCl%, 32 WHI L CHETB- L T1H
1%M0%$] 1 UTTEREMZIEFRETHD Z L B005.
- 0.648[s]
0 10 20 30 40 50 60 70
CPU#L
3.2 NV A VR OBREERIHE (& iER D)

(1) ~Y B OEEHIE KK

AU vy M= Z IR, SNB 6 OB FTREZR /X T A — Z TR LT T A~ ~OBREHILE & & NEl
NU—D 2 DIZRHND, 72720, "N~ ERRYAY I TERE Z LEE LRne) (77— h
A2 N7y TEWRIC L DEEEAIMA DT DI & OERKEN LI & 22 5 Al RetkEldd 5725, 22 TIEE
ZINEDET D) SNEIMBA S D ERIZE e OB CARKEFEIENAETHL Z &, EERIMAD
FIENRETH D720, SMBIMBA T DOFT R a 454 i < 9 D BEER 720 &0 ) R
bo, BHRENELITS 1 keV 2R DODBMEGREET T A~ TlX, ~V A THLy b ARFEZ AN
THRAF-OT RY T a AT NERET 0.8 KVAMUDFEKICE K5, Ly hOKREESCAS
WO ENR T H DFEE ORI ATRETZAY, BEAFHEAN OIER#R L TIIWF I L A B st~ ok 7 it
IR BND, —F . ~U AV TIEERIITERE L7277 X~ ORF N & ORF#k IR &
FTLIERIETTRED EBZONTND (), JAUTEESMNIEFICEHITRs 2 2 WKL, AU
ADNROBLENSIIAM TH LN, BESMPERE LFEEINDL 2O, oMEROFHZR LICHELT
FTARNRGA—=HDOTRNTELZ L EERT D, ZHEHRET D L0 ITHIBE OB S 138D THH
ThD,
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NYHNT T X OYFIZONWTIEIEE DV I 2 b—2a VIR STV AR, JREF O jE#ElR
HR T U A2 ETRENDITHRFT D ETIE, FLT T AT —NT R ERA/NT  ZADRFRE] %
BEAHNAHEGROL ECTHAETX L IRMHE Y Ialb—varPEELY, 20X RV Ia
L—ya rET e LT, BEIC 0 RIEETADHEIN, BFANCARRZELEEZLND BEE -
RIRSER COEHHE TV AR RSN D EOFEIMThbiLTE[3-24], 20—FH T, Lo~y
FORAREOMESL Y. F7- MHD Hfi/e &% < O \EERYBMENTIC 77 X~ D5 1 IRITH3A D
HHRBUNIERZ LB, 20O 1 RENMORMBEREZEZEE LV I 2L —y a VORBEERE#R ST
W, £ 2 THURIE LHD ERERICESIREZHNTT 7 A~ 1 Rz e L, HEIZS T T
MHD V5 « 2280, Hri Bt OFEMm B & OB AR E1T 9. &) FiEEBI%E L7=[3-25],
UTFoRRIZZ 0 1 ktHEIC I 2R TH D, — ., AOEEER T T X~i#iis ) ) OO T
DOIZIE, #FHEE, 77— MR N7 v 7ER., S L OB EY IR ICBT 2B FRE, 44 ViR
O 5, BHA A EOGFIEORBOBRE L MLETHD, fH T Ialb—Tar~DOEADLD
ZiX, Hx OFFNCXT D D OFBOMITCER COMAEZE L, O ORELELR T 2 —
BRI D 7T A~ B - BESA N LHE TE L ETVORBENEEND,

(FRETE) ~V BB NTEH haA XV HFEICEBEORAN HIVE, WHERENE I 252 & 238
MRS TV,

(2) @A H A1 D key plasma parameter

ERG % — IR T 27201013, YRR OB THEELEFRELZ —EBICROUERD D, ~
UBNT T X307 a—r ) 72 CIADEHER WD D Gyro-Bohm HITHD Z EnmMbN TV D
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. . [=—=———"—"—""""=25x10%atm/s
2009) . YA X 5mm £, 5mm £, #HE 300m/s e 1.6 X 1019

b, —F. EEEHT) 1.5 G O T 1.5 %
3.55 x 102%atm/s = 5.3 X 102%atm/s WHEINDH, LR >THL 1.5 MeV DR/ F—Ta 7 E TAS
TE, B THBRBECTH G T 5O THIUX, MBI IZL > TK 50% DRl A T& 52 &7 b, L, 4.5
HiCTiHlm T DRI, BHE LT 7 X~D ) bERET 2HE LT < ENTH D5, BLF#ik I X HHEARFEE
DN, FAE ORLFIIERA RIS EZRE ZTRNC a7 EnbliFE-oTLE Y, 207D, EMERISHE X

Normalized radius
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D HIEINCKEOR T (MR 75 R~ A 42) G Lo, B SOL 24 L THkiT 2k 134
A S NS o AU R AN S R A VAN

L LT, a T ~OR IS IR O 2 T COEBEEC L A0 TR L a7 7T XA~ DENET
BEEL7- 75 X~ ONA X W& IET 5 2 Lo b,

4.2 BB TOS T A<k & PRI T-E
RO LI a 70T 7 A HETa 7H CERML TRAT 20 TIER < JEUH CEREL TTE2 DT
TIRN AT o TESNLTILO THRE T OERMAGENICHFE T2 L2 b (K4-2) , JA
%@Eh<%m@m%f@$%f%5ﬁ_owfﬁmv/%@&ﬂﬁ IRELKAFET D, ALy b A X
WEOLGE, ITER £ 0 77 X~/ ERPKREL RDFAFEOLEG, XLy hORARIZIT I A~vDRE ST
Wil By D7 T A~ BIRE AT TR E D O T, ITER IZ A~ THRRIHICIX L Y BB T
%%#é:&:&éo%ﬂ%f%ébkfﬁfvﬁ%ﬁ&\%h;@%ﬂ:k%&ﬁﬁ%mk £ o THAH
WE D, MR AL T OGEIT e 7T X< B E A L 72 D03, LIS K 2N S ks dH 548
ISR i L R B AR D, Fi. baA XA FRICHEBRORNNIS D & X ﬁﬁﬁﬁﬁ%ﬁL#
fLx B3, ELUTIRAE TITEEILENCRE <725 Z L RNHEERMITR I TWA [4-4], CEk[4-1] TH R S
TWHEIIT, TNETO M I~T TIEH
AR | EXled ATV K D PRI X R T O E
| @_ SRHRIC & B R LR B E LT
a7 EE CEBET HFAITMmO T/hEn
YTH A5 EREL O, BEALATHD LT
SOLYH 8 cp 144 7 B MDD T T A BEE AL T 7 X~ DN
TEWERRTNEHHTE VL ST
Wh, ZORHEOMENEERNE, EA
R T AR AABG N D D HiEE
Wz, B D3 B AR,
2. DT MR DFIEIZ DUV TR
%, HPERIFIIH 28Ty b BB
X 4-2 bU~27ZBITZT T X~ & HERTOomEaR VM NBL (I ko THEE S, BZEHERAR
AL o TR LT R R S D
ZOWMRET—HITEREL T 7 AVIIEDY | 77 A3 DOWiIEIZ K o THA N—=F R Y Tz o THIERL - & e
STRSTL b, 77 AVHPNEPEREC Y 7 53, PR T & OFFELHRIC L - CrRBh PR - & L CBEIC Y 7=
DHDbBDH, TOEEIXT T AV A AU DEZE LTZRER THB L, PRI T FA L7z E B 2 UER W,
DEICHD L, EFRETOPMERLTFOSMTFEEHL (i) L7 HER) OBERFMEOL & T
fifp RO H Z LIZHE LU,
b~ 7 DGEDORERBREE LN 4-2 I2RT, 77 A=IHL T &37 U 7 Ao TEA L,
ZI5 SOLIZENR Y | SOL 7T A= H A N—X BN ND, FAN—FIZAD ) BGRITE A /N— X Wi
TOHPRRL OB, BREEE N L TR PN IN DN, TOWMBREHEL TH A N—ZE TS
TAEEREL IR D,

|
L I ATEE

|
|
FIXIATE |
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—J7, HYERIIX BB CER L T BT 2, T AR LR DO b BT N 2 2%
BEY) 5 C SOL T H T DR ITBESIRRITIR o TH A N—ZITEITIL, # A N—ZECTHEFEES L TR 7Ic b
ED, T TREIZ YT o T TL 2 REITBEDIRSE & Sk LTI T < 2 O THEERE L A N — 2 I A L7z
EEDA A DBHFEIHARTHIE DKL 72D, 2O, WERMNELS o THBE L, EANR—&FmL 2
5 (k2 2M) . XA N—2 TEIRE L 7o L FHRL X EZEYERIC K o TIPS HIE & dv, KRRUEIS
725 T RYF U LBRRICHEIE SN D,

B—BEN DO Y YA 7 VR 1% SOL AMAl D MR T E 1 &2 RS 5 23, & OB AilL = 712 > TRk
LRSI 5, M 4-2 TIXa 71T O MR F-2 B O 2 #E RE TV Th 203, FERITITHEEEI
FICRBICBA T2 (I AL A7 V—=27) o ZOXIICT T A~ DR E L THYER DR EILE
BCTHDICHEDLT, ZONMMICBET 25T — & 13D Th 7,

ZITHERDODEMERISORERIEET D He DU TH D, He OFAERITIGN E@EH B0
3.55x 10?2 atms/s TH D, EFIRETIZZ O He HAEFHO He ZTHR LT IE 620, £z, 27
HO DT 77 XA~ EEICHT D He HEFIGNRE (ITER OBFAIX 5% ) LT E Ladiudaszn
[4-3]1[4-5], JRAUFOHFA, ZOFEGITEERO SN TWARWAS, ITER ERRELEESND, WTFhICLT
HZEEITE D He FAELMTEEPER LT IER 520, 2o GENICKEDOHHE DT b1 2 PER
T5HZ LD, He EHMEDT K ZIRGIREETHER T2 L &, MBADOXBNLTERVOT, RRFIZHERT
LT D, ZHUCHOWTIT 4.6 TRELL b D,

4.3 HANR—FR~OBAR & SOL, & A /— X ik TOREUSH (R2F—%4)

JFAYFECIL, a7 230 EREHA~EE W OB HEN S D, —F., TRELIT 54 1 S—F OREERE
%, ITER &[AFEEE (BVAMT 10 MW/m?, ¥ —7%7 v FART50-60 MWFEEE) 2>, ZNLL T TH DD, Rl
ANT 72 I LV JED « A N—=ZEHON 2R S5 L3, A A N—FZFHL T, A1 —%
(ZEET HHIZ 70-80 $DOEAZ BRI L MENH D, ZO X ) RBBAMRIT T U A2t 57201, 4
B A X 8m kD kA~ 7 BUFARYE (@A) 1.56W) [4-6]1% %5t & LT SONIC 22— R&E W= F A —X
YIalb—varEiTolr ([4-6alBLOE 2R VRY Y LR —/ERKER) , ZOFFTIX, E79X
~ N BIEHCT D ED B0%T BT D 200MW EHUH S D K DIZ Ar HANRTEFHEL T, M 4-3(@) T &
INT, A & FERE NS A NR—Z T L0 7T A~ DB ER S, SMUF A NR—F 2 —Fy FTiE, B—
7 BE X T MW/ m* R B VAR C & AT RS B iv7e, ITER TERA STV D L ) el afilE 2 Hu i
KGHE T AT oE )Ty 7 2 =50y MBRFAYFEICGEA CEE, BREWERRIZ 10 MW/ RE TH 2D DT
PREVRGIAIRE CTH D, LinL, L0 PRSI REMRIRESHE Y = 7 4 MEORE 2 AW 23546, B
BWERBIZ LA TIZR D, ZFAN—FZ =0y FOLZHMEL T, FRFEOBREE LR LS TH <72z
W, AR E 7 = 74 MEBLEZFEHCTE 5 L9012, SOICBAMKBEZED DLERH D, £z, ¥—F v
k OIEFE b ASHBEIE I CBR T 2 EEARE TH D, K 4-30) IR T X 91T, 2O CiiA A EEIR Y —2
T 300 eV ZHZ TRV, HEOBN TIFFICKERPEL LD ATREMENAKRE VY, ZHE, MBS LY
HAREITE T LTS OO, SOL AMUIOFER TldA A B ENE < | equi-partition 23+ IZ/EMA L7z
2D Thd, ZDOX T, BHMIZAMP I I LY =R F— 2Bt SEIUTOWE T TR XA R—F T
WEOTRRLET T AV ETHEOLEFFHRG B, £7 7 XA H CORMBB 2 HLTE) (I2kv, 9
Pefih o A NR— B A RS, XA N—F 2 —57y NOJRWEER TR (LS5 2 &b EEE RS,
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HANR=ZBENEH T ) A aatd 5 BT, 277 A<i%it & oA, FFIC SOL B E & R ElA 1L E
B RTA—=HThHD, LR THRIT L 8m ko b~ 7 JFRUFCIEX, 77 A~ERPHEV EmL 20nize),
Greenwald BENMEL |, MEEOET 7 A<D LV, TORE, SOL HE IR 220 | JRHFE O FEEEh
A N—=F DFGHNNEAF] & 70D, Lalkod SONIC fi##T Cik, SOL &1L 1. 4x10¥ m* Th Y | BIIEOET T X~
REFEIITE LR WHEIHE B2 D, ZIUIIEROMNT LV IRV SOL FBEETH 205, mWBEHERIZE Y

BAMITHME T TETWS, LaL, K SOL B EED 7= a4 1 N— ZFEIE L . mnA A - BFIE
IR T HHEENETH L Z L Tphkomy Th b,

Fo. ET T A THBETE DARMBDIREIZONT, VAT La— REHAWBRisirbiiz[4-7], X
Bk [4-6]1 D JFAFEES THE L TV A M =1, 65 Tk, BtAa & LT 1L56W LA EEB 5720121,
44 (@) IZRT L DI Ar RMIREZ £ 77 X< EIFICB VTR T 0. 2%L FICIx 2 %ER D 5, wDFIBR
i, FICEREMBEALEEICED O THLM, flzidcs 1.75 FTEFHZENTEIE, K 4-4 (D) IR
T E DI Ar AHIREE 0.5-0.75 %TH 1.5 GW L EOREA AN RiAD 5, —J7. SONIC DT R TITAR
I SOL 123V T, Ar AHEMIREIL 0.5-1 %FREThH o7z, BRI T 2 A S0 — &2 8037
DAMP T AT INEL T2V Flo, WRT T A~ OELEBEBAVRN -0, RREILE Lo TWna,
SONIC TIZET T A= ~DARMWIEN -SRI X RVWR,. E7 7 A~ hETRICIEETH S L THIiE
VAT LRNTORER L BET D, 7L, BRERE AR A7 ITiE, XA S — Z TR IR R % 1)
EEHD LD REIRS T VA DOREELED S LI, BT T ARSI A EEEEE T ) R0, et
BIRCTES LcEEMNEORGH* BIET%. Z2H»DRANICHF D 2 LERH 5,

L e — 410 T T T e 400
—Plasma ! /\‘ 'S

810° | I —Surf. Rec. |] 310% | [ 200
—Rad.
—MNeut. |

2007

(ne)'L'L

100

target heat load (mea)

L i 1 1 L ' L 0
R [] 0.1 0.2 0.3 0.4 0.5 -0.1 0 0.1 0.2 0.3 0.4 0.5
distance from strike point (m) distance from strike point (m)

X 4-3 MAF A N—ZIZIR o1 Q) BEARB L O(D) 75 X<545%,

(B) 1g.=1 75 _ng>=7261009m3

a — ]| 3
2000( ) xgs 165 e>=86x1019m3 o0 o0

(MW) Joavn uwpf HRGIST (Mw) PsepPp
(MVU/m)
N‘ . 150
HH=1.91 J400 Ptusion J400

1500} HH=1.42 1500
“ HH=1.56 o4 40
Ptusion Pacp
4300 o <4300
1000} i 1000} {30
Sy L
200 =200
20
500 H-mode Pth 500 H-mede Pth
4100 » -
— Pragmain e 10
PragMain
0 L L M " 0 0 N 1 L L o Jo
0 02 04 06 08 1 0 02 04 06 08 1
nar/ng (%) Nar/ng (%)

M 4-4 VAT ba— NZX 5 RMDRERFRE~E X 5B OMIT4-7],
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4.4 BREHRITF L~V U LRORAE - ik - PER OB ER

ATETE CICMFT L7 K5, JFRAE D K 5 R RE RV A ADEETT T A~vD Y — R L2 DRI 2 27T
TR OIADL Z LITEHDOZ L TH Y | BUERMRMRIRIZ a7 O TERE L7277 X~ O & #iikiZ
BT5ZLThd, ELIREEIINR E @RS & MBS ORI ERT 2,

FRFICEREEI T 7 Av il olz b LTh a7 e K it/ 3N7 MU 7 2% 88> T SOL iZm 9 (8%
A BOSIIE TS L) R ROFEITRET 5 Z N TEP, ZEERNSHNIE R—F RCAF LIZb 00
BRI b WE FEEP RSN R E 0D, BIZSOLIMUD Y Y1 7 U o ZhPEki 1T /37 R Y
7 ZANBNC b BTN H A N—F BTN DR IR A AT, 207D, BEARRICITBRERRL 1R A X
ST T2 DT R Y S Z T HRTHIEE VDO TH D, JKE LTHEENSD He DHEXUCHES T DT K
FIRFICHESRI L T L E D 2 L3S v BREbRL - OF I Zh R 1345 TR 72 2,

ATETE COMEIZOWVWTOMNENR ZNETIZED L D ITHED BT ITONTIR D, BB OIK E L TA
FD He DIk S IREICOV TR D OEMAFOMELE LTl BT b hukdsh T& 7z, iEk[4-8]C
IIEERE AN O L% T AT THED D AR LTV 5, F723Ck4-9]1 [4-10] T T He & FPEE— A
& LT JT-60 D#E/KFE L-mode 7T A< IZAS L CEDIELZFH TS, LovL, [4-8] TiEa THFAD He
Dk E T 5 Z L3R, £ U9 TIREZSER S IRMEbRT, BEREKAFALEERTHDL Z LR
FERREEEN 2 D LENI L EBAET T A THLH I EREND, EFIRIED DT IREEF 2B L T\ 5 &
IXEWVNRTZ 0,

(a) Dz gas puff (2 ports)

ZORFE V) 10 % JT-60U IZBWTHiHESICE - T
T —EOERITIF 2 EERE L2 e LTE<
T X 5 [4-11], [4-12], & 2 CTIIMRAE BUS DR
AT D He B f-% . NBI 2518 2 S A#5H L TIE- 72— ¢
JL X —60keV DM He B — A 1. 4MW % NBI iEA L 7= ELMy
H-mode DEKFE T 7 X<IZHT HiAA THUHEE L, BHEL 72
He A A+ Ok s D 75 X~ DIk & [T~ -, &
A N—=ZETOPR S IF 2B U2 KRB g 27
LaEME LT He & DT OPERENICIS 1T DR L 25~ T
W5, ZOHE. KRERPFREE 1525 729012 NBI 24#E
D3a=y NMyDT TA XK T BEPRDT-DITEE
AL, S6ICHe I L THHIERBENZRFDO L D2 Ar
A HW i SHTHe L DERIRFICRAEPER TE D L OICL
T 5% He DIRE T ATkt L CTHERGEE700m3 /s 215 Tk
D, IaLE TR REGDIEAN—F5|E O TOE
PR 1X13m3 /s L ABL DTV D, F A —Fh

B

Z (m)

TIEHER DT D NBL AR— MIE LB — NI 4-5 0 K 4-5 #FH 51T K B%PR5E He ik - PEREER,
NBI ® 2 == b % He Ff &' — A2V, 3 =
=y FD NBIL 7 54 AR 7%E->T He & D2
A 2 % FREPER [4-11],

5
TORD XS IZ7m>T D,

37



Wi 5 @D ElMy H-mode @ detach <> attach 7'7 X<|Z 4 T T re——— 100
c Taf® = main 1 oF
*T o —EHOERFERICED &, FERITIXK 46 DL HIZ 1 ;‘- 2 ;,/_ """ D2 gas puff \\E 509 &
g . |£'_ C - ™ om
TERARTEICHE LT IR IECRARBEA i T 5 Reiter D% 2 B, 0 &
- _Eb'}'|""I"'"I""J""I"'"I""— B
{4 [4-5] i Total beam power mng_g
. . os
Ty /Ty < 5710 Zii7zLTHY (K4-7) | He baam g
_ 3T 0
El A N=ZPOIEREND He JRE L DIREDILT Eéz:mgﬂ@ - ]
EFRIND, IRMEELRHE (enrichment factor) = ° 1 _~ T T ]
T 0 b

e = [Pue/2Pp, ], /e /Melmain
[&dﬁddi?4”_? 2B % He L HAKF OB
HAEIDE, [Nye/Nelmainl T2 T 77 X~ I2EBF 5 He
BELETEEDL)
X Mpe~10£02 &720
A STz He AR IZAE LTV Z LR E T,
DEVHe LDITT T A~ LR U & 9 IcHZEHER

SNAHTLERLEDOTHS, “OERITIERESA S X 46 CER[4-1111TR1T 2 RHE L, (e) D
e s . PN ZAE SNy ZVOTFTRIELZH DT,
DRBENPEFIRIEIZ D E TIT-o T, LA TH He N ERICAR D ETIZ 5-6 HET B LIcEE,

NIZEOWEBRIFEOREEIEHLES TS, M2 T

FEBRGMEE L TEELEZ NBI2 2=y b2 b AR S 121 : : : :

He FEE— L DT T X ~DAI)THD 1AW IE 1.5 X 10:_ " ]
102°/s @ He ZARITHY L 1GW BZfA Hi ) D He 3842 E'n :
REIX 3.6 X 102°/s 72 DT JT-60 D7 7 A~ {fff L FAYE 0 8F gap-4cm ]
DT TR KHOWEERT 5 L WILKBLR) OF < 54mmw Boiriegpumping ]
BSOS T AR 1 3.3 O HH RS K 2 BiliE L T 1? genmaseny 85708 Mdetached
Tl D, ZOXHIT, DEOHe B — L% AF L TH 4:" O':'g?' ? ° ]
i U7 B CIE 72 < He F8AEZS IR 468 2. 2 fEI © 22;' = 3 ' “T = 5 ‘é -
DEEEE RS> TN D, Mo~ A =FD W HEEIZT D e (1019 m™3)

ITER RAERF SND IR L Bx D7, XA N—4

(21 D77 A~ LUK - OIEN D AATET BRAR L0 ma7 Stikl4-12102 & 2 He B 7B AR &
BEVEDS B B 70, FRLE LRl OMiE T o kg SRR B CIADRE O oy, /1y O FHET

DELL 7255, ZOMOME T ITER OZBABEFZER ) e

1Thh s £ T, ZOEREBZ S He ko BRI

HTHD D,

4.5 Uy b, HARTZ, E—AARIC L BRI

ZOEITIEHDTREI 2T B0 h T o TED X 5 e AT A3 a7z 5 4% H1 %0 5 DM DV TR
RERAE

(1) NBI iZ & BhrTfitfa
4.1 TR X 512 TTER LA OJF T NBI (2 K DR -HEGI IR T X D RE I/ NSV, KA TTER O
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200 LB BN B B LR LA B LR LR R B

15MA, H-mode JE#find & &, I = L—3 3 > 2— K SOLPS

O REITIE 800m3 OF T X<k LT MeV, 2 % b | oo
DNBI 725 33MW D FEAKTE B — A AS & FEF LT 5 [4-15], ‘“f
N g WIRY S

BPHERERBEL DL, =22 =21x
102 atms/s 720 FMAYRD, T ARG EIL T'=21x

100 |

1
2.4x10%%pcls

Particle fluxes G, Pam’/s

atms
1 020

[4.]
(=]
——T

1
X =X
2

=043 Pa -m3/s L72%, [FISCHR

TITER ® Q=10 M THEL 2521 v b+ H 27T L
£ % 2HEPRL s F~150 Pa - m3/s (X 4-8) |2k~ 4 5 &6 7T &8 9 10
A CX B L UL Th 5 [4-16], BEOD JT-60 72 & OER Electron density <n,>, 107m"
\ZHARTITER O 7T A= H5HE0 L il EREWZ & KD B 4-8 ITER IZRIJ BRIFROETHE
B AT RLE R TR E VN LSS LR U AS (e kN

RO —THAB & MTHRGIEN 1/100 RigIc s 2 b, EPDIRICERTR, EREHRE DO~
1, 7 ARG SEMREA L w0 TRERRE AL T TR
F— DY HRIT A LT T2 2 LIFBEfFOEE T

ITER ROJFHUF OREHEEEER 21T 5 & ST+ RIEEDLE

ThHAH9,

(2) HART XUy ML DRt

FATHRRIZL DT, HARTIZEY FPEDT R FAME L LS L3208, 7T AVIT L DEREC XD,
HPERL 71 35R £ SOL Rt/ T MY 7 2D ZTEETERM L CLEV, XTAZLONEE TEE LR, 77
A= /NG OWFEITIEEBABRI CH D720, Fl 77 A~k rEEE2m< LE I &5 L8357 B

U 7 ZAMU O FPERL T E T 2 HTEVICE < LRTHEZR 63, ZORRE L TEANT M) 7 20ECHAIO Y
TAVETHENRFEICEL 20, BYICHFREZEZLTLES, 22 TL O BRVNLE E TREKRL DA
HWRRO LI, BEFEO N~ 7 TENLby ML a7 E COBREBMEE N iE Lt o7, F7o, Bl - 5
ORI L VR FHAE DA N ED L DI L CTIRE 2200 B S [4-17] [4-18] T & 7223, [AIFFIC TTER D X H
PRRIERIZ X LTI e 2 XLy N THRESICaTH E TORMURIIREETH S Z & bIREITHN-T
7z, BFRUAIZ ITER LV & S 5ICKEL RDD, TOETEFEDIERE)D ITER £ TOXELD LSV T,
FETIX ITER IZOWTORETfEREZE L L L 5 [4-19] (M 4-12 [4-15])

ITER T a7 7T X~ ~DORL G DT ~F A X )VNER~DRL TG & | ELM HIE D 728 DT A H L~
DA D T2, ZNEINIRES MDD & | RBES RO O AR BRI TS (1K 4-8, X 4-9) , HHf&
GOy MEIAA RF2—7 TORKDOT-D, EEN 300 m/s L FICHIR STV 5,

Ny MTEDRRIHEEITR 100 Pam3/s TH Y, ZUZxt LTNBLIZ X DRtk &1 1 Pam3/s LA
TTh5, ¥ 4-10 X ELM pacing D7 O DRGNS YA XN EIeH XLy N AFHOEAED T 7 X~
BESAIZH T HAEELOREX I 2R LTS, S OITHEEGM, KSR, T A7 D6 Ok -
SAiat e Lz b D& K 4-11 IR LT 5 [4-19], B 4-1 OFRBRATY Z 2 TIL HFS 5mm D 534 12 %
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- Gas e
Injectors | %
Pellet
Ir”r_-t'.tl-:m.'I

p - I

'R

T.lkeV), An (10" mrd)

X 4-10 ITER {EKR&BMRI%> 5 HEE 300m/s TV v FAK D
L EDBEESMICRIETTEEDON LV v M A EAFME

X 4-9 ITER iZBIFB_L vy FA
5. S ANAS L, ELM FU A
— DO DFEREGH OGO 2 B
PRFENRTWS, [4-19]

[4-19],

LCW%, 3B S O AFHI T U CHBLASA (HFS) 255 D AR OBEIZ L VIRV AN FEETH D A3,

Z ORITIEHMEHD log 27—/ TENNLTNDHD T, HFS D534 T a7 E CTHAIRFifa STV HIRT
TR VWEICEENPMLETH S, HG, FLEOMNE T T X< BB O OIZITENER CER L. 7 X~
ONBEFWENRAIR TH D Z EIZEDL D TR, M THRKHEICEREER NS 5 & Z121d grad B KU 7
MZ & B NE DN RN I 2 SN D ATREME DN H 5 D T[4-20], HEEHEL 740 —45Z L BNETH D,

1000 1 v P
== HFS 5mim pellets |
_ 100 - | —s—HFS 3mm pellats I 4
0 == | F& Smm peliets ;
FPE 107 | —s=gas 130 Pam¥is ]
a I i
=]
T o0af
-
0.01+-
0.001
0.0 0.2 0.4 0.6 0.8 1.0

4-11 ITER ToOREHEGHE, HFS 1
BRREED> B LFS 13558438 812> 5 @ 16Hz,
S5mm-XLy kDOAS, GasiX130Pam?/s @
H A7 TheEMIT ITERR B2 EE L7
SOLPS =t— NIz X B #HE R [4-19],

pel

Source from pellets S, 10”m™/s

Normalised radius, X

4-12 ITER OE#EE TV 4 Q=10,

40

BT BBt SR LYy M
A4 R CEk[4-15]ic & 3,



(3) BEHEST Y — L AG (Supersonic Molecular Beam Injection)
ﬁ%&mm—iﬁkbfLﬁ@ﬁxﬂ7fiﬁ< HA&EWNES (0.2-0.6 MPa) [ZJEMEL., 2L A
B2 A A2 M 0 IR T HIES R S vz [4-22] W@HE DT ANT [ HWNIE—BENLD U A 2 Y
PERLF X SOL D7 T X2 X DBHEO -, BT N U 7 A2 THMIE TAVIATRL F138b 70
728, SMBI T & o ThI DM E Z BT TAST 5, JT-60U DFEERTITEAKFE T X T 2.2 kn/s, HHEHLIT
HITKIIPa-m3/s THDH, ZDOFEBRTIIAFIC L > T~0.25 x 10°m™3 L-ULOEEE LN HIE ST
N, Va2 lb—ya VERTIIARRFOREDTIE /AT Y 7 RZEET S Z TR, SOL THEHE
LTLERERERS TS, LEEB-T, FAFETERT MY 7 RAEBZ TT A X LONANTHL T
ARAET H72DITIEE S LTH FEERERZL y hOARIIHIRHT 22 L1225,

4.6 He PR & B F DR %ﬁ&@@bb

FAT 4.2 TR XS I BBRBEOHERFF O 7012177 X~ D a7 ERTO He DIRENK 5% RELL T TH D
ZEnkwonsd, . B EOEEIREICEBW T He BAERIT -ETHY (16O T 3.55x 1020
/s=1.48Pa-m3/s) . AL D He i R a7mHE/87 MU 7 ZAOSMIEY HEi, XA " —H(Z\->
THE S, DX A N—=Z b PFREN T b2, 4, B/37 MUV ATHENT-T 7 X~k iEx
VJ%%?V@ﬁﬁ%E%mwﬁ?%DLb%ﬁ%muDT7?f?@$ﬁ%§®muﬁ?%@ﬁ@ﬁﬁ%
T &35 &, HeloxlL <,
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VRS Y % Jassby @ Fig. 18[4-13]1 0 DAMENLRD D & | B — LAEEREE GO Q 1% 2 FLHE &
HESID,

Q~20 T2GW Hi 71, NBI MEAAT) 100MW Z487ET 5 &, ASHIfE O b+ H% 6.3 x 102° i /s TH
SN, E—AEREN SO QEIX 2 (200M) FREZRDT, 26WOHEEL S LU, &4
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1340x0.6*
C=
40

X P =33m3/s

S1E N THe ®53E 5% Jiig 1.5 Pa-m3/s . D/IT 30 Pa-m3/s
HAES) Bl&OTP =1Pa KRN 7T ANGTP, = 0.5Pa, #7 FNO# N,
Q=C(P,—P) &V
i 31.5 Pa-m3/s = NxPa-m3/s x (P, — P,) = N x 3.3m3/s x (1.0 — 0.5)Pa = 1.65N
— 19 RO I
— 18D TF =2 A WVEICHER Y 7 &R IT5  JEREENK 1/2 LR 2R CHEMT 5720, L
=Y R T OVBEEEITR 25725,
FUAEEE D=1m DR SN D SAE, a7 20 XX 1 KHT7-0 26m3/s L7320, &K 2.5 AT
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IDEEaUET AT

1340%0.6%
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X 9P =156m3/s X3P = 195m3/s D E|HEE

oo Hy 2 A IC = 86.7m3 /s

i gL 31.5 Parm3/s =86.7m3/s x (1—P,) X V. P, = 0.64Pa
L7 HZEHERUIFATRE CTH 225, MO /L—2 R o 7 OEWEREL X 0 13 T\ 5,
HLAA N—=Z5 & A TOENN 10Pa L THIUIM B PEXGEEIL 3.2m3 sk /2 X7 b,
K OBEZEYER R 7 L ICEBRINRRE IR FREL 72 D, XA N—F B X OESDE Pa LLD & X
t 6.3 THlAD X 5 REMEENCE DR ZFOREMTOATEY 5% OERZZETHITKR
ERMELIIRLT. LAY 7 FOKRE I ZFOMERFHIOE TR T 2 2 & BRI
AT RERELE 2D,

(BESGN

[A-1] vav - FAnyerTBZEZ i~ =27 1), EEXE  (1985)

[A-2] AAE-EET, TARBEE S & mimiER] . fg@i  J. Vac. Soc. Jpn. (H2¢) 47 (2004) 690.

[A-3] SREEJR—., TRW—ERWIE A T D Fiia s X7 2 A0 & B 2 H7), B2 30 (1987) 658.
[A-4] FEAIRES, (31 T3 27 2 0 ZADOMBMEIC W TADSR R . B2 49 (2006) 552.

[A-5] RHE  Hifth, DETEREAERERO 227 2 2] HZ2 37 (1994) 218.

[A-6] A2l ¥, [PEATEARGEK (C 361 2 M R~ OBEF O 8 . B A S5 SCE (B W) 62
(1996-4) 27.

51



4FEMF2 EERETOR (A HE =R, SRR E )
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X 2-1), BEDOIRE % 300°CE L, FHHM TN ITER THESNDHETHDH, 2-3Pa Ll ETHD
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Z OFETIXEFZBRBEDO RN LIRS & B 2 DD~ AT DON TERBEIRIE DR A W 72 #i
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272572, X 5-1(a), (b) 1% JT-60U ICBIFDBEE AR v o & LT BT BESAOLE THh 5 [5-1], B
MEIRENE L 225, AHEZEREEMELS RDICONTEESMITE Y RENT S5, 2o
N~ 7 EECTHRINTEY, WHEEE L L CUIRERA A DT —F T D 10750 FRETHD
A A AR FE AR E MM R E T AL EMEC L D ELE DB E AR O REALICEHE S LT\ D 2 RN gn
S>T&E[5-3], —H .~V IR TITEESMITE B 552 7~3, X 5-1(c), (d)IZ7-3 &L 512 LHD
TIHITIE R UHR Y E B E TRV T — ORI eV, BRI, B 22)8 i 5k o (o £
W, BTEESAIREA LT O GMEOSMRIZELT S, K5-1(c), (d) DiLFEITNBI IIETZ X
~C NBI 2D DRI -GS & DA, MMBVIT =238 K L B — Ak -G KT 2 b 00b b T,
FEASARIXMYET 5, Rk 2 € BANCEEE 5 72912 LHD 1238\ THEEZS T B A F U CHRlR i &
R 2 BFAM U 7= [5-2], HIASALEZEBIRE A2 MBVS T — L KM E 2 A 2 D5 Z LI A%y L
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V2R D LT RT3 A\ MR 2 B I BRI Oy L & PRV ME A R LTV D, ZhuE. b
~ 7 BMEEE, R & B ICELTEBEENC X D BEEE THAE SN TV D OIER LT, ~U BV R Tl ik
ILROBTFENKRE | ARITHFE SO TGN RE W LA RB L TW5S, £72. 2 2 TOHH IR
VX EFIEE OIRE AR X Y BRE) S A YEHL (thermos diffusion) Téh b, RiFHRDNT L AEEZDH L
MR 2R gt & L CX 5-3 M 6N 5, K 5-3(a) IRT & 91T~V LR CIR g 7 B 5 4y
IR CTod 5, SRS ICBENEINT 2 2 7 8k (BUSILALED <0.8) TIXRL Y —ANEHTE, N
] & O I ELRBRENC & 2 HEEcki 3 & A1 & O T H i BlRs I & A5k Ao 0 A Wiefi Tt
0 &b, —J. TIE D IMUOREIR TITIEHOR 7 RV 73 & il L2 skl Y — A L AN &
BT REFVA D, a7 DELEEENC L 2 NM & IERE . I RO RT v 23V v A 1
EEEHIC L ARSI L 0 SRR SR [6-4], RiTIEY v niEimIc L 5Py S 21—
3 LV EENRFEN T2 H 5 [5-5],
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Rax=3.5,3.6,3.75 and 3.9m Blank; Exp., Colored ; Neo.

1/v < > Plateau 1/v «—+— Plateau

Q F T T T T T I T T /{;? 2: T T TTTTT i gl 3k Telalele] LI

e of Expla) E B 19:
2 10 E b= ~ 1-- C i i
= E g . 1 & : 1 =
o r ihe = - 4
310 LI B i 5
: = T o5k 4
5 1071 ‘-\. 4 8B 0 gp, 1\
QSIO-SZ 1 1 I\\Hll 1 1 \I\IHl 1 |: >8—0.55 . rl ‘.I‘Illl ‘ IIIIIII‘ I I IE ¢
10" 10’ 10* 107" 10° 10 E
v (p=0.4-0.7) v, (p=0.4-0.7) =
h ! E

X 5-2 HEEFEBR TRDIp=0.4-0.7 D(a) PEEAEREL, (b)xiiisEE DE 2 A KA

Total particle flux
Diffusive flux
Convective flux
Outward directed

anomalous diffusion.

5 2
2 L L B i e L e T B iR EF T 10 — T T T [ T T T T [T
- L - 50 Total edge fluxis (b
4L = 10 %” - anomalous.
~ L = gE © | . T
. 3F J10°8 & | Outward directed 1S
ETF E = t\"E neoclassical pinch. g
= i ] &
] J10'8 5 N
= 1 B E
C P, [y B T
1E = 151 sy \
1 ] S
OC 0 1+ 0 0 1 ]0_3 L1 |/| [T T R B! %
0 0.5 1 0 0.5 1 g
p Inward directed p =

anomalous diffusion.

5-3 LHDIZBITS ) EBFEESMERT Y/ —R (b)) BEEHAERCTRO-ILBREK & SHi#EE 2 AV
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(a) 2D axi-symmetric divertor

Pressure conservation along flux tube

Divertor plate Divertor plate

poloidal
(b)

3D configuration (e.g. stochastic layer, ID)

/[[-Momentum loss due to counter flows

Divertor plate Divertor plate

radial

poloidal
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# 62 TFREMEERRZRCTONLE Y F U ANBEHERA Y

ITER (0.5 GWth) DEMO (3GWth)
3
DT flow rate [Pam /s]: 200 ~ 200
DT reaction rate [%]: 0.3 A few
T processing [kg/day]: 5.8 ~23
T Combustion [kg/day]: 0.017* 0.45
Tritium Inventory (Main Fuel cycle loop) [kg]: <1 ~1
*: 0.5GW x 450s x 2shots/h x 24
Feed to WDS again
H. HD
Feed from WDS
Ho HO HT e
HT+D,~HD+DT
Feed to NEI & SDS
D
Feed from TEP :
H, HD HT
D, DT.T,
Cryogenic -
distillation 2DT=D,*T,
column
I Feed to SDS
Equilibrium .
Reactar T.+DT (T.D=9:1)

TEP: Tokamak Exhaust Processing system,  WDS: Water Defritiation System
SDS: Storage & Delivery System, MBI: Meutral Beam Injection system
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EHThAHD.

(4) SOL #izk

R T T X~ L A A = F B & D72 LT\ % SOL 77 X<, ZA \— X m=eBEf ~DRi 1
LB, BHICKD2MEA, @Y T A~ OIRESEEORREMEEZ T 5. PRI Wi A 4
DORLFET NV ERABEDETWMEET ML DT I 2 b—a U[7.1-8]03 R L, EBRERE N2V
HEITToTETND. LM LR D, BEBARSERICEL D R 7 ME#hZ EfEICANTZEITD 7 <, W
PREL EREHBLT 5 X0 IGRBRIICE A TV DA NE L, [REFE~OIMEEIT R+ Th 5. ZDRH
E LT, iAo d % Bk O BN OFRNT 23 HENL L TV 722 &, SOL 1281 A ELiiHRE € 7 /L DB %%
DB TS Z L, Kkl 2 WSRO Y VAot shTninZ &, @ikoa 777X
< EORENHABBLETHIZEERHTONS. SOLEHEDETT U v 7 2R I8 5720120, EEFGRN
iRt [7.1-4] L Ok - BFEEZED D LT, NSO OBEEARRT D Z L NRABETH S

(5) SH%DHFEE

RLFE DR L X 2 L— g VTR D ERMZRFHEE, JRAFERHEIC S W COERICEETH D, M
RRPESeE 2 RUEEFICH% S 2 = b —3 9 %179 TASKITX =2 — R, FEMTEWRICHLE S, #rb dhdfik
HLIEMEICFER TE D L 2T o2 [7.1-4], SRIFRE~DOILEIRL A EEAATICIILE TH 5. Rk
L TH, RMRETE Y 2 — V2R ORI = — NICHAIAR, B OISR RIT A ATREL 705 2 L3
ENb. E£io, ZRFEICHES THFLBIC L 2@k b LB L2 D, b0 a TRk O = — R
DFEMHIL 1 ~2FTHED DL ENAHRETH H 2, [GHETE D ELTTHL THEE 7 /L OB - MEEICITBFES 2
THAH. TR TEEIIIBIEDOET L T A LT — RTHRTRAFRE TH 228, RIEET /I K 5 mk
ftH 1 ~2FTAEETH A 5. SOLERIZOWTIE, BHZ 2ot — RARE I, MITAEATWDH, =
77T A~ EOREE, N7 MNEB) A G O IO R LRI OB, BRI & O i - BREEE O
A R T D oD BFE L2 ET D TH A ).

® jdiE{EEAE (Ambipolarity Condition)

14 Y BT OUMBYSRE B0, WEOR kb, b—FART T X<k LM LARAE
HOEHDEHEELSE, COBREFEBORE H2T77AYOEFRBEZZ8E, bl
WHOR AT SR HICHE, SFRETE  WE L LT3 LRENEAIEFRERORS
WEOHIIHLL 25, CORMSE—HT 2% WEY ) #EOTHEIE: (1) =D
fh: M= eWEELFE, COLEORR - (MJ]=0&%5. AVF RO/ bLF )
AWM R LIPS, Hi, WEESED =T oY CHNEHERTR, 14 BIUBTFOR
CEY ZORBOEHFRESRD LIRS, HHREFE N FRESOEETH Y, =OHE
D OFEENR - BRIZLSHOA TN HEEFERBLETAEELL S, 0, W
L, HHHB D, BLUBEHERE . 2 HTS WSS L P22 iBwTiiZ oWt SN

FrBIUVEFOREN TS =D, (0 — PREMIZH S TWwAZ Ld b (FEEICKE
pwneE/T) THZ BN ETH L, MBS BMRIZEIC N =1), EEHEEREEGETIZ
L hERE HE ok, (BEE #HLbE
¢E _ ¥ DD _
T =0 Do b
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7.2. DG R 7B LK ORISR (P BAT)

AREICIEBROLEE CEFEIR AR AT L EOREL R FORFRE L E 2 — L, BRER P LERFREC
LD LD IRRIMNTEIZ SR E T2 BV, FIREFRENALHEM L X 5 & L72GE, BEIHIE O AT
FEDL Dl & 2T DOV TRIERT 2,

(1) BEEELYTSER
KRIU~Y Jy v 4E(E LHD X° TRIAM-1M (2 361F DM B EBROFER NS, EWEREYIT2ERN L2077 X
~EEFHAERPWDIE, [OBEHERFOEMEIIC X 2 BERBORZENR) , [@REFH L AMMIEANIC L
57T R IREOEIE] KRBT DN TED[7.2-1~7.2-5]. £ LT, QL@%5I& & EHEALWIHER
i, 5 Z BBt E & Z MPENRIET Do MEBEERED I L > CTh72b &N D [(A). Mixed-material #5858 DT
ey & T(B). &RMEI~ONY U LR AIZ KD MHBEORN ThdEFx5[7.2-4,7.2-5]. LHD (2B
% R BB RO PWIfRHT O R 2 1z, OE@IZ W TEEMICiEHLT 5.

(2) EHREBOBMNELIC L 2 BERMOREZENL

LHD TOEMBMANN ORRRIEIL, KFE~A VT 0O ICH+ECH IMEIZ X 5~V 7 A BRI REN
WATHONTE 2., ZnvE TORKEMEED K E ik TIE, BN T1/XY —Picareca~1.2 MW T ne~1.2x109m"
8, Tie~2 keV, O T X< % 48 /iR L7-fldk i o 5. Z 0 & X OREPERE[Cwa) DZELE K 7.2-1 1R T
[7.2-5]. EEPERERCwa)lZ K E <311 T 8 DD phase(1~3)IZFHTH Z LN T& 5. Phase 1 TiE, # 300
272 > Clwan~1.0x1020He/s O WEEHER R T, 1FI1E 100% D~V 7 ARBEZHER SN TW5D Z &b
. &2 AN 400 BLIFED Phase 2 Tl, TN —#5L T A F A DOBEPERHET wan~-3.5x1018He/s & 720,
BEICIRIE SN~ T AR SN TV D, =1 T ZOREHERIT 1500 FPFRE £ TR 5. —IRIICE 2 T,
BEDRLF IR UTe 36, BERURIBLE N TS, U7 7 A~ E - WENkGE S LD 8L E, BEPERAE
ETAHZ LB EZ Tz, & 247, Phase 3 TlE, B UTwan~1.4x109He/s TEEGER D 7T AN s
CHBRN AN, ZORRENEES KBS H > TWHENZ R X IED 57201, 7.2-2 |23 RURHBIE
BhEEE A VG, LHD B L [/ U A7 > L 2 HH(SUS316L)akE 2 [X] 7.2-1 & IXIERIEE7Z BREEHLFE L 1000
b, 3389 £, 9980 MR Sz, X 7.2-3 1%, THZHOMRERFHH% O SUS316L 3k i 4 1% M % 1 B
BE(TEMIZ L > THrim#igE LR Ch 5. SUS316L sktR I HE FIZid~ U 7 AT I X 2 G
REN D72 Te<, REZIX 5nm, 15nm, 40nm OESZHTHHERENER SN TND Z ERDnD.
HERSE OB THRREITRIE 2, HERSE OfE &I 7L 7 7 ARV L AR L. £72, FF 74— R
%I BEIERBIIC L B 00206, HEREIE OMBIT 1~2%FRE Okt % & & Te k3% THL S L5 Mixed-
material Th 5 Z LR DN oTz. XA N—=ZEZA)NVREN ANy 2 ) o THEEE T, ik SV mFEICHEDN
FRBEICHERI L TV D & B 6D, MERMARIET 512 o T OHERIEITH A /T T\ 5. Mixed-
material HEFEJE O AR S~ Y T DR O B FARDUEE T A 53T (TDS) £ & 2 D% Dt A~ 7 K
JUIRATIZ 0 RO TZAER, 1000 75, 3389 £, 9980 FhREE S 72l EHI BT, £ £ 1.1 X 1020He/m?2, 1.7
x 1020He/m2, and 5.2 x1020He/m2Tdh - 7-. 7.2-4 12, Mixed-material #fEE DR & & = Z i S iz
A~V 7 LR O ER R AFIE 2 R, BRI 51224 C Mixed-material HEFE & O )2 X 238200
IZHEINL, Z 2R S~ Y U LR & S RRICHIERICIEM L T\ Z & bnd. ZORKRNHRD
O D EEHERRIE, Mixed-material HEfEfE O LIERE LHD 77 X~<xfmBED B LE 3/4 LRE LT
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A, 8.8x1018He/m2s & 725 [7.2-4]. Z DEAX 7.2-1 T/R L7= Phase 3 OEEHEREITEVWZ £ 225, LHD £
RERTERF DO~ o7 ABEPER OFNTIE, BT > CREmBEE (2R S D 323D Mixed-material H#E
BETHD w55, Phase 1, 2, 3D X 912, BEPFRANEIAICZE L 28 H 1L, Mixed-material H
N7 7 A= b ORSENC LVIRE FRAZ20T, it S~V U LK O & 5 e 35720 T
72wt E 2 5 5. Phasel TiE, Mixed-material HEFEBNIE L A ETEE S TWWRWIRILTH V, BE
BED EABITEAEREL TWVRWZ®, HERARTOBEREIZFR STV A Mo~ Y U ARNE &
I STV D ATREMES E V. Phase 2 TiE, BEREIIRAICEF L TETUINDL DD, NV T LD T
YT A N EHSICAT BB ORENETZBO DN TNRNEOIIY A T ADREHER L 7> T D
EEZHD. 1500 Bl K ICEEPERE N 77 AUTHE U 5 & 121 10nm FREOH L WHEREE 23 A ST
D720, ZHUOHRF LAY U AR A M E LU THRE LI 5 & TREND. BINAREITT T X~ EEH
HORLENEHE, EFHRENOERIT 2 X o0 Lk 55, FAYFE CIIBEHIKZERNMNAETSH Y, st
MEHIRZ 6 < @RM BBV O, SBHEREOEMRA PHEIND. KEFRNK L & BHEREE OMAE DY
TohH->Th, LHD O~V U LEEHER TR ONTBLG & AR EN R AT DR & 5. @R EHIKSE
FNARDOFREN DRV EB X BTSN, HFEE & o 7oA, HEREE P ICE £ 2 B R R s HikE
DOFERLOWHME 23 &, L SRR O RIC LY, L7 &BEMENO 1 01524 EDKFZ RN A2
ZHiobHd 2R, AEaEEE TRIAM-1M O EBR Thho T 5[7.2-2, 7.2-3].

ZDO LX) RENEBOZERILEIC [(A). Mixed-material HEFEB DR Ik > ThHEEbEN5 -0, Hifk
J& DR i3 DA D 23O FEE ARG 2 48N H 5. b L<IE, Mixed-material HEfEfE SRR S 7z &
LCh, RETORERIFV A7V RN, b LI EOHIEG TS 2 L 5 ICEKmIREZBIEL,
BEHE R A RN HIE T 2 HIRP M E L 72 D

(3) EEWRAMIBANCKL DT T A HEDZEIL

7.2 (1) Tib~7= LHD EREEMEIET 5 S H O ERERD, EHROLAHMPIEATH S, HEFIC
KRB D & DT B RFTR A= 27 3FAE L, 77 A~ CEIZERE IRFBOFEDBE /2D, SR
BWICBELDBRTHD. RFFTIRANR—=7 DR ZZ2E 1L 572012, AS—7 B3EAE LGtz B T
NIFER, B 7.2-5 IR THAN—F LA NREIATEE N, K 7.2-5 DEFIZEDT VXN AT HEEE
RY. MESSTZDO XD IIREOHERE R HBEL T TS L AR B THRE SN, Zh b ORIEhR T DOHE
R S D A T = XN TRAKBEOR, 77 A~ PICREICRAL, RFHRANR=7 25726 LTH5
LEZOND. HEREBHBEORB AL 7201, IR L7 S STOROHEREE 2 LA A0 v — LI T8I
#E(FIB) T/ L. L, TEM I X » CTHI B A ST 217 > 72, ZOfH (B) 2K 7.2-5 04 TFIRT .
3 o0BIFZNZ TEM %3 LU TEM BIHIET 5 k% (C) L #k(Fe)D ik~ v B 7B aRm LT 5. fig
ProfE R, HREIZT 'L T 7 ATEWT ) LV TIREREREEZ A L, KREDECTHREENCET
Mixed-material #£f§f@ CTh 5 Z Enboolz. £70, SOHRBEII 2RO T THEHRS H ) CTEHICALE T2
ZEDNRETh ol BITB DD, BRHEREE OR S HIn OGS HEfE B R C EE R ER A F o T 5.
Mixed-material #EFE/E3 & D X 5 72 CHIBEIC R 2 O AR D701, 5F—HEICHERERE & U CRE L
7o SiaBr BICHERE L 7= Mixed-material HEFESE Do, & A /N—& % A L EICHERS L 72 Mixed-material HEFH
JEDHT7R L, EEAED Mixed-material HERSE O Wr i (HIAE EfRAT 2 50 U 7=, IRERAZRMRMTHE R & (X 7.2-
6 12 L7z, 5 Mixed-material HEFEE OFFEHTIC LV, HERGE O RBEEEIZIRE <01 T Type 1, 2D
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QFHHICHETED Z LR SNz, ¥ 7.2-6 1%, Type 1, 2 T ZNOFIEEERSZ B4 5 72D Ok
TEM % & % 250 b PRI D HEEEZ R LT 5[7.2-4]. Type 1 TIE, HREBEAOYIMBRICEEZ £ L
T HHEREENE X 100-200nm TR S, Z 0% 1D 500nm 2B E X DORFEE T & T HHRBE IR S
NTWD. Z OHEREE O FIBERAT SRR OF 721 TRAE L TR Y, TO% THRBBEARNFL EFoh T
Wb, BZHNDHIBEE L UL, HEREEREICTS DOBAM B A S, RENDEOHERE & k3 FED
HEFEE DO BWEZIRIRIL DOE NS & 0 4 L7 NERBUS I BRHEREIB ISP L, T OIS DSEWNG & B2 7- 2 b
Thd. —J, Type 2 1%, BN EOHEREE & IKFDN EOHEREE L E nm O L~V TR AITHE Y IR S L7 HE
BEEOFT, SN EOHREBICET L THE nm OA—F—DT YV AX Y 7R EL, EHOBEEERD
FEFTHhORETHD. ZOTVZRZ2Y o TORBNFHBEDILR Lo TWNDL ZENT-E Y L. 77U A
HZY T EFELTODEEEOHIZIIANY U AR I DHEBLEZ NI T A EELE TR T
WA, 2O X HIZ, Type 1,2 OFIHFEIIHEEOHE T O b OIXERZ2 523, WTHL b Mixed-material HEfEE
TERL O BRI CTER S N Tk OHEFEE N LR & o TIV A=A H DIV BV F A — VAT — /L DK
B2 HBEEZ 725 L TWD I ERHLNTH L. BT, MR RFBEHFEE H 2\ T2 SR E T b
NWEZ DX BRABEITES RN EBZ NS, FAYFICEWT IO R REBMEZE T, 77 X~k
FIREHC 2 T EOME 2 LianwZ E N EN, £/, ERTOIMENIm A Ay & U > FHBkEE %1}
HNLDOTHLIUERSH D, Fiz, @ ZHEH AR ZMEHIMEE R R DR 22, 2FELL Lok %
FHT2ICLTYH, BEHOMIGBIZR /LS bOT#T = FRRENEEZ NS, ITERIZBWTHE ZMET
LB TAT AR LMEITHHRY Y U APMAE D INTox MR Ch 5720, LHD CHU iz &
O e HERETE ORI AET D ATREME N B 2 b D.

(4) HIED D IRT=F—EE

%6 FmOARM (2) THET LK 212, BRREFRE CTITHIE R IIREDNBR R EMZ R TV A2 &
TERN1THDLZ 2 WRT 5, BELRIICHERGFRETHL LT L LTHERF CIRE SCIZfaf L
TLEV, ffRETHEIRT 52 L1270 b, LD o TRENHIFNRE £ TRVIAA TR T2 —KIZHER 9% &
DR BNEE RONPE SN EFEHTH D, I<HLNTWD L) IC@BREETFERT 5, 20729
MBI L 72 2 EE RN T — Z13FAYF O 5 —BEO B L IR EHEENRIE TREZ S0 X 5 ITIREE S M L2
LD T D, RITHHRIFHRAKET SOL FEND PRI HEL R LA &S, 77 A~EE LIV LE
PEEBRZIBEND DHAICTESIRBEY) F—R"—D L5 RbONLELRA S, 720, Xikl7.6-1]0
Alcator C-mod FEIZ&H 5 & 512, SOL MU D FEkL 755 O R & IR B ICK L TEART MU 7 ZDESH
D MR- BEZALIMEINT LR Do T2 LW D ERGER N H Y | b L Z O EBiIBISR 2 B35 RIS A
o &I BB X DR A HRHHIER VIRA R B Z 5 2720 h LRV, WTFRIZ LT HMloEEK
DEEE THER T D LENH D,
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Phasel Phase2 Phase3
S < >

100

Pam?3

50
exhaust

0

0 500 1000 1500 2000 2500 3000 |
Time [s]

Phase 1 Phase 2 Phase 3
FCyan | 1.0 X 10°He/s | ~-3.5 X 10'¥ He/s | ~1.4 X 10°He/s

X 7.2-1 LHD EERKEBIZBIT 2B REERRCra) DL, EXHF D [He gaspuff] , [exhaust] ,
wall] 1%, ZRZRINBDLLDON) T AT AERE, R 7L 28EKE, BHkRE, #77(7.2-5].

Exposure position
First wall eq.

I

Rotating
Shutter

4.5L Port

SIS SIS

1 7.2-2 LHD FUBHBRBHEEREIC & DA RHREMERR], EiER Y v v & — O W RARRBEE 2 H\
BHOT 7 A< G AMBRB ZRNT 2 Z L8 TES. F—ETOPWLIZER LIEHREDOH
&, RALEIIH BB L+ 5[7.2-4].
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1000s

2keV-He
(TRIM-code)

X 7.2-3 NV 7 ARERKEIZ 1000 7, 3389 ), 9980 FIIRE L 7= 2T v L A#M(SUS316L) Ak o irEm TEM
#. FREOBEFREITXNE 2E EFIRL2[7.2-4].

E 2.0x10? . . . 50 E
2 Retention rate: =
L 6 X 1016 2 140 ©
< 15x10® - 1.6 X 10'*He/m?3s 40 s
S X
o ¢ 130 ©
o 20 | %
& 1.0x10 T
N 20 %5
© wn
T 5.0x10") ®?
S S
3 00" . . . ‘ __lg =
g 0 2000 4000 6000 8000 10000 =
I

Exposure time [s]

7.2-4 Mixed-material #EE DE X & £ ZICHIE S iz~ U MRIFORUERF & TR 0 B4R[7.2-4].

IAY

7.2-5 XA X—% B A JVREICTEK S~ Mixed-material #EEOBEE L, ZOWE TEM #£8 L O
TEM #Bizx5 3 5 REB(C) L #Fe) D TR~y 'L 7

&3



|Possible scenarios of exfoliation|

( \

Stress release
“Fracture at Fe layer”

Deposition
laye

NI - Crich
_p/

Fracture " %ﬁ Fe rich
point
[2000m| PFM

Blistering “racturs ot Felayer”
> 4 A/'/ } Crich
{ .
fg é‘:‘l‘ﬁy’ag@r&%ﬁgﬁ* &;@“‘ }Fe rich
Fe-rich Iayer ]
PFM
\ %

X 7.2-6 (Type 1) : LHD |23 & L 7= Si EAR EICHERE L 7= Mixed-material #55E OWiE TEM & & xtiad°2
RFE(C) L Fe)DTHR~ v ¥ L FHRIN D Mixed-material H:55/E FHEHE DX [7.2-4].
(Type 2) : LHD JRFEHL A N—F X 4 VREIZHERE L 72z Mixed-material #F5E & 1A CTH A ZE 2 D&
BEIER LR B X O 215 T S 5 Mixed-material #7588 F B #E 0K [7.2-4].

7.3 FAEUFEORIE Yy o

AKEEDOZ A MADPLTIIEZ O R bFFMICTER INDRETH D LA OHIFEILE S 1T
wﬁwo~ﬁ\&@é%%%®%<ﬁ*mifﬁﬁ@ B AR L CETRRBRD D OFIEICE L CI3kE %
R 2 EERIROMREDP IR E > THORFFTIERWEE XS, L L, EENKEBICRY . OB E
FEZLEGUHBUF IO N E EO X HIZHIET 2 0 %5 2 TR 2T UEEEG 28T 720, FAYFE I3
HEBEE CIIRL REBELELTHHETH Y, A2 LD X 5 ITHIE L TEEET S 1Icon T, BRGNS
Iz D> TWRIT IR S 780,

ZD7d, RS ERET DRIBRE CTh o 7o, RAYFOFHAIKIEIC BT 20782 (H24 4FEE—H25 )
BV T HHIEFECHE e Oy 71T 2MF bITo CE e, 22 ClIEH 2 7 7 A~ibmO T HYJIHlE
BT TARBIREL T T A=ED "D > Thiat L T 72 [1-11 [3-7], & O IFE RN R #EPH %
PER U THMIERICS SN N2, 20 3EM TG LIEWNAZBEE X TH, BRI OSSR L L TRAT
TODREEIFELWVEBRTH-T-EEZ LD, Lo T, AEITIEZOFMIBER1-111CEY . Fiziom
FH LR AIZHOWTLL IR~ %

(1) foDHlE & oBER T

ERBERI IR G & LT D & THUET 7 A~ EE LN CTH D, LavL, 3.1 HiIlCl~_7= L 51T, B
BEFIGEN LT BIR B & A R—=Z HIENC BT 2D T T X< _F A= L L BEH LTS, Zhb %
EO XD IZHIEBIROHR T ALdh, £, HIlT —XORREMTET H & ZICHBIAIZIER LY, &
Ralb—va VHEORRERAT A ENEZ L0, S OREHIFERUF OB S AL T 5 BRI
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WD EMRELIRS D,

(2) By 75 —%DIEH

BEDRR THRITELXFHENGE > TETWVD, ZOHFITTEOBI R DOFFE LK T — 2 DERIC
XL ANRKEY, ZHEFHIZY I 2L —vay - a— RORRPHEL, SHEEHENHELS 2o 27717 THED
NEHLOTIERL, BRESNTEWARRT— 222 Iab—2 3 U PRIV TWDS 2 E N KREWV, ERAFEO
EEHIC BN TS BONFHIERNH > I 2L —3 g v a— RE2ERRCE LW EEHIE 21T 5 23,
ZOBRICE - FEEHAELTICHES 2 L3 TERVWO T, EELEE - ERT -2 2IENT 528105, Bl
TEDKRME FRIZB N TOE L OFERTT — X BEMI L. LD TIET T XA~ FE2 ot o4 & LT
bIED TNB[7.3-1], ZOFEFMENMCHATHL N E L CEE 2 Z LIXEENE- 7 L X iIcb ks
LTEHTEXLIHREEZADOT LI L THD, ZODITITEZOYMBLUIKH T HIEWVEMENRD D, SV
BEZIUE, FANFEZ R L, @A BA L O DR T — ¥ 2 L CE OB OEIRSIEICIEH T 5 & X
ey VT —=FIIMEETE LY — & LTRARNEFIET 5 2 LITMEW e, IR AR < Rdudz b
FE, T OEEENELS RDTHA S, FBIE, FAYFEROER ) O EEHEIR LS Yy V7 — 2 %
JFRUF LI OREEIZ L > TPORFTE 200 E VNI K TH D, ZOMBITFERFEOR N ZRDENDH0E 0D
ML B L T 5, BRI 50 5 kW OBRGIF A ELE TR LWE S 5 & & B E FUL & Rkt ok
D, WD ZAUE, 50 T kW4 —5% <H W R B BOOEBIFEFEIE NS + —10% < H W THALITRD
EH9LE9THAH, Lo, 50 7 kW DERN + —30%, W E+ —50% & WbhizHa, £ 0 X 5 Zedtmin
ROENDEEZ DN, EVWHEEZNE, B HNTREEICEERRD 50K >TEELDT,
EEAZEZR L CHARITIVREE TCE 2T A, | EWVIRENEHT 20 EEZ 220 EWNIT 720,
H L, ZOXIRFHEITGED HNZE I LWNE VI OTHIUE, BWKETT 7 X~ DMfEE THIAHKS €
TRWHIRI, T—48 (Ev 77 —4%) PEHINTWIMLERSDHTEAD, HIZZOX I RT—2Rbi
(2, FAFE ORI D 2D 2l o CEEHIEHA TE D 2 L 2RB L TW5, % 0 iX, JFRERE 5
ZANCL T, RVWEELOFHBMZHAMEICL T — X O, =2 — RO, BLOERFEEALTLH L
BN ZETHAI,

(3) FAIDTRE L #i5%E

JEARA T2 MR 2> & FHLREUIRARIREE IR B v D, —J7, Bk LW RRBREEOMI R, 2R BRI
L0, Gl —OfICEERTICKIET 22 =B HTL A AREETSETE RV, ZRETOHETH
AR A2 1R LT b DI IUE L WO TH D43, FEUFCZ LU O JFBREE CIEAS BT A S C
WO TEBRSFRFE TRZ 2T 220, 207, Y OEEGIEII Yt o —8 L CH#Eikd 52 &
BROHILE D,

— 05, FAE OEERANBR A SR, EERIC Ko TRAET EEBRAO L Y 77 — XTI O Lk
) EIZBEN O THAH, T TCREBEEV Y=L XICZDEEFRELTCOLE Yy VT —2RENEM O Z &
DT EILEIE ORI FIREL 2D DT, ZOEMNOLDOMENKNETH D, #il& LT ITRIAM TEHEINTZ==
—INFy NT—2 ZANTET T X< OMBEHRIEICOWTOHEAK 7.3-1 1TRT[7.3-2], ZDXLH%%E
ZFNET T A~ ONEIEREEICR O THEATE 5L ZARH D LB LN LD T, FRUF OBE&FRF A&
ST BT, BEEREN EO R TLEHRFTO—BRE LTHRATRELD LB XD, HERND TRIAMIZZ DFE
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BRAAT O RN Y v v M D v LIy AL ER It
DIEE THHE T H D, W5 O PRI B2 72 fe/ R
FEORy Y —D—2FBELIZGA EOLXLDE v
7T — 5 & MU KU PR IE A ATRE D> & VY O A
To oD,

Za—FIRYrI—=0ZRAN-FSX LB I

TRIAM-1M

X 7.3-1 TRIAM C#HEI&SNh7z==2—F /L%
v N — 2 2RV X< LB

SIEFR A BB AE TR WD SLELTHLT, HE OB (REH)
FS XM BHBOBEERCCEFTEEL,

7.4 EE[RSR £ MHD ZEME (FPIEAT)

SRR A MHD ~EHE IR & 5\ d MHD ZEMETHIREND 7T A~/ F A —Z ORI L 2% L
A, ZORFUIFERYF CEET 2@ AN (R~ 2 « AU L) IS KFET 5.

Nh~2 7T X<vTlX, 77 A~ e MHD FHREEICBER L TR0, MUREiia sl Lok
MHD R EMENRFEAET DRI ARG HALRVREBIC 2D Z L IIZ LA LR . WEERDDIE, 07T
A~ B SRK THAT HEIREEENR MHD A Z2EMETH Y, [FIRLZEMERNRE LRWHIEANTEDRE Y Z
A R—=B iz @O0 Z LN TELPPEERAZRD L. Z OFITEERA 26 2 RELEM L, FICHAR
N s - N —=r 7 — RIKBME L OHEHIEREE— RRWM) TH 5[7.4-1]. TKBM 1377 X~ D
UIA D IREEHCC/E I 2 3 7 2 5 1T BE & 72 2 Bl O R EEUT L R CGENE W R TREEL T 572
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X 8-1 B=ZAE NI~ 7REFEEX, X 8-2 Z\HIfHMESLD FTE # A N—4 &A=
R=9m,a=3m, I, =21MA, B =59T, Pr =3GW, R# | AE bb~27FEEYF, FTE 21 LVEJF 3MA
BIAL T By =2.8, FMENL TP =31 085N B, T, BERBILBERE Gre=2~3 55N 5,

8.2 REFAN—% () REGRY A N—% (EiEE—)

KA DX A N—=RIZBT D77 A~vktmpf & L TRIEEREZ AW 7 A7 « 7%, BEIZ 1970 454X
MHBRFTENTETWDA, AT ORGHIFZES BRRICHERE L CE e, WD THERZHED DD
HD, ZOMWKERL A N—HIZONWTL, ED 7T A~ « A2 O/NGFEIC L Ea—0 0 5 [8-
9, AR TIXZDOL L a—%BE5I, WEERIA N—XIZBT 5 NETOMREMRICE LD D, #
TR OMIER] & LT, EREGRHFIEIT CRESERGGHE BN 2 D T D~ U VAR A SF FFHR-
d1[8-10], [8-11]~ D IAREJE & A /N— & O HRFHZI DWW T, £ O E A IR~ %5 [8-12] ~[ 8-14],

(1) RIESRY A N—FFFROER

77 Xwxtiniael L CRESBEZ AW AL, CRETICHEBEINTE L, 1974 FITIE,
KED 4 A3 RETRGES V2 M~ 7 B G F UWMAK-1 (B W THRIR Y F 7 Atz iz
BA N—=HE PRSI TOD[8-15], IBMEREAIF T, & BECIIR Y T U A0ANE O B B R %
FANTZ3% 5T HYLIFE-I X OV HYLIFE-II & U TIRE I N TV H[8-16], FH—BED KI8T RIE
ZREDNNED B YA S, BRIE SIS Ko THEANZY B WIEFE %2 R 5 KSF (Kunugi-Sagara type
Free-surafce) 7%, ~ VU B /VRIELREGSF FFHR OR% G CIRE I TV 5[8-17], APEXTEEIO—E L LT,
KED -7~ 7 BEZEEG LT ARIES-RS DFREFTIE, A F U AN E T IT R O Enl o — Mt CTH—EE
Lo T 1% . EOWMEZEFAL LT TS, XA 3 —F 23 % & V9 CLIFF (Convective Liquid Flow
First-wall concept) OREFENIESR ZA72[8-18], MRIKEBEOHTTH U F 7 AEESA 181°C LK<, KFEW
JREDRENTCDIZV YA 7 ) T HRRBT 200K b H D2 Lnh, FaxREETHEDATHD, il
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X, BT O N~ 7 BEEE T-1IM [8-19], A Z U 7O kB~ 7 AI4EE FTU (Frascati Tokamak Upgrade)
[8-20]. M ONAALA DAY HVREERE TI2 [821ICBWTCHH & T\ 5, KED b~ 7 BdEE LTX

(Lithium Tokamak Experiment) Tl, KEFEDEIEY T U LEEZHNTH, JKWT' T A /3T A —H i
FTRWZRAF—FALIADEZGOLND Z & NEIESNT2[8-22], RILV KEDEIR b I~ 7 BlAEE
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BIRIAEETZLLEOT) 7T R THR STV A[8-23], LaLAans, BEaF s Tk Lz
ARG R CERESBW R AT 5 Z LITE LV, — 7, IIESE O SERITmBAMIC bR LD, &
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D=5 MZ 1 GWmPOEAKFEE—L 2 YT, FIHEFREBESE DL, WK F L2 =0y Mid
FRIREEIZIR > T, 15-20m/s & W) BT — MRIZI SN D, 2D X9 @il ThivX, 1GW/m? &
W) BEEBEATIC B A S 5[8-24], RIA®E ZFMBACHE S L HAUZONTH, BRa 2 D0
AN TER, flxE, BERLIATIS: (TEMHD, Thermo-Electric Magneto-Hydro-Dynamics) % |7 %
J7:0E LT, LIMIT MER S 72[8-25], HEO B~ 7 AEEE HT-7 T, LIMIT & REEOA A % Ff
OWIAY F 7 Y 2 Z— FLLL (Flowing Liquid Lithium Limiter) % i\ 72 75 X~ SR 13 T4 7-2[8-26],
WA, WSH - BRI K > TIRE I 172 ACLMD (Actively Convected Liquid Metal Divertor) Ti&, B—L >
Y EAOCTRESBZIEER SE 5827, ZNHOEMNEZHWD HFRoMIZ, BEHEHCL ARG
%o T-3M TlE, IET U 7 L Ga D% TS, =7 RICLEEbDORY I Z—L LTHWLR
72[8-28], DAt 2 DD RS DMNTHIA R E A it L CHEVWVRIEOBE 2 /L3 2 J73[8-29]. B IR IR
BET HR, WERSROERE WL HR e ERNH 0 | FRCkE O 2 DIFBEIZ 1986 D ERE TIRE X
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(2) RIEERBE A N—F DY I NRGREHE~D5E

B GBHFRFZEAT Clk, KA Y B VEEE (LHD) ORERZ FEIC LT Y VBRI EVE JF FFHR-d1 O
&R DM 8 531 TU 5 [8-10], [8-11], FFHR-d1 D & A /N—F ZHEHIBW T R T O 5o, Jilh |

(1) BWEetE, (2) @A T A (3) DR EREED R, (4) 07 ERGERE,
FO (5) mWIHEVAFHERE, ICEABEINTND, RO OERZMT-I 720, i 5 IXiRik 4R
WMy T—MORDHTNVIT 4 v 7 U IHIZANN—2DH#%EHEZ L. REVOLVER-D (Reactor-oriented
Effectively VOLmetric VERtical Divertor) & 44 f51F72[8-12] ~ [8-14], FFHR-dl (F~V A kv ¥ A 7O
EFCTH Y  BEEMSS 2 A L ORE L LHD[8-31]1 L FHL TH D HEE DK E SIZLHD D 45 TH Y |
AU BN TANVRERIE 15.6 m, 7T X~ L TOREREITR 5 T, EAH 11358 3 GW TH 5,
FFHR-d1 D% A 73— [JHARAIC LHD & [FEROME A Fro, —RAIICHBICREIND F I~ 7 DX A
W= L5 &, LHD ONY BVE A N—=F T kA ZVHFRICGRaA XV HFRIC SRR ST
WhHTm, T RXAIENHBENKRE <, BIZIXLHD CTlE2 mEELEZEZX LN TVDH[8-32], ~VU ¥
AN=B DT T XIS OBFEAR AL, FEARPNBES IR K > TERATZHNR E 5728, FFHR-
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JATHE T o 5[8-33], LI LRG| kT Ly ORI BRER & 72 2 Rl &P SR I3V Ik, ATRE
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—HREEN A T T U A BN RN & HEORRERE SN TWD, ZNLERIRLED b
DL LT, RIEBREEY ¥V —0257225 Y I ZFEL A /3—4% REVOLVER-D DREE R4 S4172[8-12]
~[8-14],

REVOLVER-D TIIikiAe)E & L TIMA X2 W5, ZOELRMEIL, BAKETH L Z & (KA
(~230°C) THHZ &, BRENEFE T, KX Ml b, KOZEERENZ LIZH D, IBMAXDA
¥ FERAT R Ty U —E LebD%, b—F ZARMID T T X< MEDMERIZ /> TWAALE 10 &
FTZRWT, BAMEMRE 2 IRV FHA TWH TV 3T ¢ v ZEIZHAL, =37 v 27 I XL LT
2% OH REVOLVER-D OREAMIRTH D, M~ r LRiey | 7T A< EREEEINARE T, BT ¢
AT T a PRI DRI REE T, KE R RIEEORAEITER T 5 RIS R ORI A Z &
T DMBEINIRNTZD | H A N—Z ~OMEFROME AT E S Th D L S 25, B L., RIEERETTCT
TR PNEERL, WG EEEFROEREMGTHIETRAET IR —L Y 74— A2 ED MHD %)
RIZHOWTIE, FALRADHRUIZ ISRV ILEOME TH 5, FFHR-dl ORESGENLIZ I Tt X
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EMND, TVIT 4y ZENIZY I E R LGE, BIIRIZIB > TBEIT 277 X<k, ~ U Iy A
N LFHT 2R I ZI2/EZE L, B b &5, REVOLVER-D IZB W TAEMA X v U —K
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IND, BZER 7L UTR, BEFRIN CERBATRER Y FA AR T e =R 1R 7T H 05, 10
v MDY FAFR T EIEFIZHNDZ LT FA N FU LI EZIHT 5 2 L1X 5 RETHh 5,
REMA R ZAFER SE D 72D OWREERAR 7 b—F APNANCERE L, REA X OFFBR IR % #)H <
THZETRERRN TN ERMET D, b —F APWRIBEIRIZITN S T &\ 2 BBESEBFET D729,
B =Ry o TR IR T H AT DI IR RGER A T LN B D, Z D78, REVOLVER-
D TlIEifaE~ 7y NOBK Y —/NV FE h—F ARNANCRET S, =AITT 4 v 7 U I ZITiE~
U NN A N—F Feg@ g < @BURE A EA T 5, REVOLVER-D Cldiig KEVA M 25 170 MW/m? &
TFRLTWD, 20X REBAMTH-> T, IRKRSBIRE LR D R TE UL, BREA XKD
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IR 200°C FREEICIMZ D Z EIEHaaEETH 0 | E> TR L7 = 7 A NAO TR miiE
550°C LINTHIEM TE D, FFHR-dl D6, ¥ v U — 1 &EFTd 72 0 £ 3,000 & /B & 95 i 4 fEfr
THZENMBELRD, GEBEIEF A LoIZBWT, AT N 7 A0~ RIGHRBERERAR 7L LT,
1 BH7Y 5100 Fo HREREFESNTND Z LMD, JWREIART 3,000 b KL ) Ry 7 iE+0%
BAfREL B2 bD, % U —% KT 2L, B bH A KEKRE TRERBRIND L OI1C, B
N X o TR E TR L L, 20k, RERIARLEMI X > TESICHKIFELT 5[8-38], ki
DL, EORMERIT 27T Av NEZERGHERE % 5 2 5 /elE) & 5 72 %, REVOLVER-D TlILME
MAICTF == T =7 HOWVIETA YEONEEIAFHFAL, ENHT 2N eRwESEL L
Tl A —E L LT, M2 RENLTHI LEMFT LTS, 2085 2N 2 AT 252 TR
WL (=AY =y b)) | EANT. ZOSEBEWERIA O 72D ORFFE S Blts L TV 5 [8-39],
REVOLVER-D THhiuE, Jeicili <7z FFHR-dl DX A N—Z |ZHEHREND 5 OO FIHEE L TE 5 Af
REMERN S 5, B1H, REVOLVER-D %, (1) 74 v F A2 Ml LT Lo SE220 72 O FIEI R X
DEEBRE R EOLEN R BRERE W, (2) EZEEHBNICKE SN LBERE b —F ZARANZD 4
BERICECE SN D T2 DRST « KBBARS TH O, AT F U AMEREW,  (3) T SN 5 TR
WX, b LIe A XRMEIREEALD T DI DN R ETh Y, YETH D, (4) vv U —Hk
ERMNHFIATHZ LT, mOEEREE A FEZBATRE,  (5) SR ORIESRIEEZ T\ D729,
EWIHEVERTIERE 2 R T HE. L W TR REZ A L TV D,

REVOLVER-D OEBUZ [T 7ZffE & LT, WA RGO ZE(, e AR, MHD 23ROk
b, ANy 2V 7 OFBRETEHM, B REE & R A X O IAFMERRGE, ~Y BT T X~ ~ Dk H 52
REZR EMBT oD, ARV EZET T, IS OB E R T AT DI MAE IR TN D,

8.3 N MREH IR BHREE

ITER SO #RER 52 2 8 % 2 JFRUFA C O BUHRER BE O T C BU#RER ., 36 J OE HR ST EITili 2 9 2 il e 22
FORFE DOV OWTUIBEIZ NIFS LAR— hE LTHEOD LTS [1-1], T7bb | BIFA LEE 7 it
PREROFRE & NGRS Th D, 2O L AR— MDD AV TLARICH o R BT IINE L 72> THRND T,
HEAT ERL VAR — MRS SV, LA — RO ATT NIFS g #t% (tosho@nifs. ac. jp) (2L
W,

8.4 REFHUE ~4 7 v BN DT AT LHIRRE (FFHHIRA)

N~ 7 B GSEE Tk, 77 A~ Ol a fifs U, BB —BE~OERZ BT 572Dl2, 7T X~D
PLEFEAR % IEREZRHAL[AE T 2 BN H 0 | BT EICHKEHINAW LR TS, & Z AP KIHR
DFE T IR T OB R L HHEO OTEEEREEIC L 2 AR ED D, BRE P —DITERZ#iZ 5
FEWICE AN @R, MEREHITHELUTOL YIRS,
® USBRIIC X DB TE ) 2 BE T B T2 OMERA DR AF I LR E TE 220,
® HEDKT : MHEBMN T T X~ bimE 2 & & EfRIC X 2MERIC L VEENEE, Eiish

D, Fio. MR SEBMATH D Z L bR ZEE L < T 5,
® FEoasd RU 7 bk 1HIZEE2ERMEEIET, MooiRZnEET 5,
TS HRFE B BT & DA B O RE R IR 5 7 — & DN,

105



IO DORBEAMRIT D200, = v 7 A« 7T 2 7 RGERT L, R EHE 720 & oo SE R i
LR CTHH[8-40], L—F —KHEHEMRH LERKOKN T E LTI AREERDZ 252
BHo ITARMMIFEM KT CTHLOT, T AREIFETEEmME LTHIRADNL, ~4 71D
B & LU CTRH C & 5 (8-3),

FEFFOFSE L TEUTFARTF b D,

® IR - AT MOTG O FITHET HZ LN TE D,

® T T FIHEMAE RO TT I AvDIHFICRETE D,

® [HEtARTEMIEOMIBIIFE SRR L TR TE 20T, ERFHTHIE 6,

FOHEHIHGER THOERMTICHA T 2B FBESMOFHINEL LTEENRH Y | BRGNS
WEEZ B, BAEEE 2 CEBMFIENCEHE T, RO ERERHER E 7D, MIZHIRO 2 S THRA
X AERFTH D,

® ENEZRNFMISE : FHANC X D RpEEN D 2
o i/ pREIRE L « EMERE 5B AR

DFEY R - 22 AR O R G FIE & 22 5 WREMEE TR TV %, BB HIER 2R FHI T /3 A
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8.5 7L —ZIZHTBREK (AR5 )

TEH 7T X~ BN IE &2 F2 ki L TV D BRI, RNEICHERE S Kl L AR AR LT 528 TT 7 A=n
S ET 5 2 L BB STV 5 [8-41]~[8-43], FBUFICEIT 27 T A~ IABLE N 1e I BN 5 B b
EZ D72 AR DOHIECIRARED 7 Z X< VR & PR EF L 2 2 Gl TE O HeL 23 FFEIF O FEBUZ X
VEEARRR T D, FNHBIEADIRIK & 72 2 HaFEIE ORIFEL, & OBE R L ORIBET 2 HEfEE OJE S 1254603
HDHHLDODEZERBNDOELNUTHAL TWD [8-44], FAUFIZIB W T b BaNOE 5T THA T 2 HEREE #
B2 B 2 7= OIIEZHOFHUIRR A LI & T 203, FRNICEZEOFHER ZRET 5 2 LIEES TIER,
BEMRHIEE LT, 77 A~ REBICER I EA A XD 7 b— 7 HlE R AESE L0 TIERL BAL
THRMEOEN Y A XOHEREEHIEEZ I - &SI LV FRSE, 77 A NBASEDLNEBRIMNHERT D
ZEREFLY, EDOXA IV TBINRBALSNALOTRIZLIT O 120, HEREERE & IO Y ELS % BfE
TOMENRDY | ZOTDIITEFHENLAL 2D, MEEMEY KT Z & CHREREN G &/ Z S D5,
LR O EBRIEE TEEBRIE T RIS PICTRHEREE [8-44] ~ [8-48]1 MBI S LT\ 5, £7-, EPERER Bk E
FEBRTII 7 V=7 RN L VR T A~ DS HRET 2B B S T 5 [8-42] [8-43], LHD Tl 30MW 2
BEDTINEN T CTHOBLEERFIRI AR I 2 28 5 BEE O T b BE e NMMIB ABLGUIBII S /gy, W R EE o
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HEFEE DB I B AT T E F B CIRIRE X A S — & & T EBREEE T BT 5 238, ITER
FLFREFTIIFAN—FEI LT AT UoMEASND & TRREND 12D, BUROWFFERE R & I3 R 2K0%
NEZBND, BIEOEREMZE TIIIMEAT & UCiE IMWREE, MERMITE Tb 1 REEBRE L, BE
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WREf] 2 4L 1X 92 & 1Z k5D, L2>L DEMO IC81F 5 | R D7 7 A~ B TIX Z 0BG N B2 e LT
b, 1AM ERIE 1 4 AL EsEER A T E 5 5 B TIIHEREE O R 3 X OVHIBEA R A3 5 rTREMEDY E W,
HWREEDOIRR LR 0MBEIIF A N—F L XA NR—=2 Ly 7L O CORHETHRAEL, ITER O7=DHIZT A
FEATS>TCND JET DX v T AT U H A NR—=Z BN T HEWEICB W TEBITHEZE I Tk v [8-50], #
YT AT 2 EWNZ EBHEREE R RITRN R , TUNKRFICRE S TWD QUEST LMEEIND & 7 AT & ]
WTERIR N~ 7 5@ ik, BT 40kW, BRI 1x10"® m RED T T X~ ThH 0, REFMKESIZH
VAT UHERERE R HIEET D 2 L AR ESTE Y, DEM0 TH X VS AT HBENE & D ERMERNEW T &
ERLTND, SLICHRBBIREAILT L L% FCRAERT, LD TOEFE CIdEpe U 7= HEfEE o HIE
B THNLIAEL, 77 ASA~EHTH S > THEBRIITIRA L 77 X~ Z S i~ L 38Tz, 20
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HiFR 2 E L TRV BEMER L& ey, £72, BHERERICOW TR T 2 ICITEE RN &
HEMEED AR CERE L, T IS INDIREEREEBIMAT ¥ /L TERL, TOELEZ B
TR HiENH 5 (EDDYCAL=2— R[8-55]), ZDERART v ¥ MIEEDORHEMREFKT Z &M
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