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Abstract

Ripple loss of energetic alpha particles and neutral beam ions was calculated for reversed shear dis-
charges in ITER-FDR(Final Design Report). The result indicates that, compared with normal operation
with positive shear, reversed shear operation dramatically enhances the ripple loss. Ripple loss of alpha
particles can reach 25 % with the maximum heat load of 3.7 MW/m? on the outboard wall, while that of
a 1 MeV negative ion source beam can be as high as 20 % as well. The heat load due to alpha particle
loss is marginal in the light of a wall tolerance. The calculation suggests that the Toroidal Field (TF) rip-
ple in a fusion reactor should be designed to be less than 0.6 % at the plasma surface so that ripple loss
of alpha particles or beam ions can be acceptably low. Ferritic steel insert to the vacuum vessel, is a
probable solution to reduce the ripple loss to an allowable level in the ITER-FDR design with the TF
ripple reduction of by a factor of 0.4. With TF ripple reduction, ripple loss for alpha particles and beam
ions is expected to decrease to 10 % and 4 %, respectively.
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Fig. 1 lllustration showing the expansion of ripple well re-
gions along a magnetic field line for low g and high

q cases.
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Fig. 2 Orbit traces of 50 bounces for a 1 MeV triton.
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Fig. 3 Distribution of toroidal field ripple in the ITER-FDR
design.
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Fig. 5 (a) Plasma temperature and density profiles, (b) the birth profile of alpha particles, and (c) the deposition profile of a 1

MeV D beam for current drive.
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Table 1 Fast ion ripple loss evaluated with the OFMC code.

Positive Shear Reversed Shear
21 MA 12 MA 12 MA
Alpha particle loss
Upward VB drift 2.6 +0.3% 6.3 +0.5% 25.1+1.1%
Downward VB drift 2.4 1£0.3% 6.2 +£0.5% 25.0+1.1%
N-NBl ion loss
Upward VB drift no calculation no calculation 17.3 £0.9%
Downward VB drift no calculation 3.8 £0.4% 19.7 £1.0%
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Fig. 6 (a) Variation of g profiles and (b) the ripple well regions corresponding to the q profiles.
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Fig. 7 Ripple loss of alpha particles for the MHD equilibria
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MERDH L (ZNIZOVTIXSETMNS). = 2T,
Uy IVBRERRT A HEEIMEE LT, ABAY
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Fig. 8 (a) Poloidal cross section of an ITER reversed shear plasma (Fig. 4 (a)), and (b) the calculated heat load due to ripple
loss on the first wall at P, = 250 MW. The TF coils are located at the toroidal angles of 0° and 18".
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Fig. 9 Alpha particle and N-NBI fast ion loss in reversed ” b/_‘% &Fﬁ ﬁiﬁf ‘Edc‘ b 11\;IW/m Lz,
shear when TF ripple §(R,Z) is reduced by a factor BRRY T T AR 2 W LS.

of Fs.

(a)
E
&
O
[
—
<
Q
o

om =
(a8
E
%
S
0.
—d
=
a
o
]
e
l 2

0 5 10 15
TOROIDAL ANGLE (deg)

Fig. 10 (a) Ripple well region and (b) the heat load on the wall in a reversed shear operation (Fig. 4 (a)) when TF ripple is re-
duced by a factor of 0.4. The TF coils are located at the toroidal angles of 0° and 18",
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5. $EHEEE

ITER-FDR AR Y 7TEEREICBIT 51U v 7V HEE
FEHTL, LT OREE.

1) BBRY7TRETIR ¢TI AHNETHVLD
12, FBRYTHREDEEEHT, Uy TR
MRIEICB 2 5. ITER @ 12MA BRBR Y 7HE
T, T7 78T OY v 7IVIEENRE%, 1
MeV & N-NBIL £ F > DY v FIVIBEH 20 %12 E
T 5.

TNT7 ROy TNVERICE B EBEBARIX
SMIREENETRRE LD, Py=250 MW O &
%, BEAMISTMW/m? &4 5h. ZOMHEITE—RE
DFEEFHEL FBETH Y, HELHEMRT S0
oy FVBROEKBILETHS.

T4 MHOELSFE ML VBRI VD
RALEHIZL - TT I ARERTOY v LT
06% F CERBTCENLE, BBRYTHRETO TV
T 7R OEKITHI0%, N-NBLEHA F D
I A4 %ETTEL, £/, ZOLE, T
7R THERIC L B 8- BEAOBANIT 1 MW/m? &
%0, EBEOREEMLEST .

ITERFDR BRER Y 7THDY v FVIBEZ10%I2T
BOILERY v TIVRIEFE Fe=04 LWV HIE 725
A MADEZIZ XL > CEBRWTBELRMETHY[16], 725
A MEOFHPII2 A PO THEE L. $72, F82H
(171D & 9 REBEHME 7 = 9 4 M % BRASOREN
#e LTHWIIE, St REHeE L MRy v
TMVERGESEONDL A) Y 2B B, LAL, TE
LRITNELRL20wZ iR, 7294 MIOREIX, Y
v IVOERE G2 EERE 2Eblw)ZET
5 [18]. BB EFEWBEERICBIT 8507 v T
BROREIE (7)) RUTTRT & 9IS D e NY* 1§ 5
ZEns, Uy INVERENTELRTAELRVENI
7274 MAOHIREZHETHIEVERETHS. 7=
A MR TELLET TS AhbEETCHRETSZ
LTk T, 79 ASKETOY v 7 VEREE TR
HIHDBILPTELILIREDHETHOIPoTET
BYI[18], 771 MAXEFIEBSA Y THETOY v
TVBREEE WIS T2 HEN L BIRE L VS, 7
274 MEICL A 7T AHFEE~OBEBRIEFILEA LY
LEIZONDD, 7254 VDEARBREEICL Y S
7 ARHEKRBRLD LIFWOT v 7 b E— FEHHE
AW EEDHS. ZOMEICOWTIE, JFT2M T
D754 PHEERRIS) THENNEINETHA

2)

3)

AR 7 VAV RBICBIT B v TVBREOBAEMAT
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TR, B

J. Fiz, JFT2M Tl 72954 MREHIC X 5 NBI
WEAF DYy TVBREBERDEH L TBY, #
EOMEVERMICHARONDETTH 5.

19984 2 /], ITER RMEMEF IR E NGt B %
2 TCfka X ;b ITER (Reduced Cost ITER, RCITER) ®
Wt D5 2 L 28 ITER BELTIRES N, oK
A MITER TO VY v FVBEIZOWTHNRTE L.
RCITER O# LI ET > TWiWwas, BEN L Z 5,
BT ARYZ by (HAM), FT7TARZ by
(IAM), &7 AXRZ b ¥ ¥ LAM) PREINRTW S,
BUEaA M2 EELT RETERECIAM BT
LAM 22 W THREDHED b Tw b, RCITER D%
Jt & ITER-FDR @ F#TL % Table 2 127R$. 7 A7 b
WAL, Dy 7VHREDBEPOLARTERER/INT A—
FTHELH, DT 0RO baf ¥ Vg aA
VEFOEMNEHEIERSA S 779 X~ (ITER Tk %
W) ST A BT T, T 7 7 RTOY v FIVIR
Jelx~ A BT 5 [19]. ZDF%ES S, RCITER ©
BHOBPTIAM OU vy FPUHAIEREE 2L 2R
FHENE., 22T, IAMIZHT 2 v 7 LViBRD
FEEREARY. FETIE S A5 4% Fig. 5 () &
[T & U7, Table 2 M7 5 X<85 A — 7 13HEE
LTwawngs, 2OV A8 (EHAYT) 22w TidkE
M s = LT BLUZMAE 6;=035 2 L, T/, EF
ABEA Y 7ERICOVWTIE [,=9MA, R,=635m, Br=
538 T, A =3.63, a, =175 m, xo5=1.89, So5=049 & L 7=.
ZHDEXDIAM DY vy IVHEDORELIET VT 7T
DYy FIVIEEE Fig 11 1RT. 79 AXAERBMTOY
v IWVRIELA%TH A, FHEAY TREICBTLT IV
T rRAOY v FVEEIE, 3 %EE SRV, Al
RKRYTHEORA, BREZI16%2B2L5. LarL,
ITERFDR DA LR L LI, 7294 MRS
WL oTY vy PVEELEFRIC X004 BERT ST (T

Table 2 Parameters of ITER-FDR and proposed RC-ITERs.

ITER-FDR RC-ITER
HAM | 1AM LAM
Opearation Pulsed | Steady |Pulsed |Pulsed Pulsed
Major Radius Ry | 814m | 866m | 63m | 62m | 645m
Minor Radius a, 28m | 282m | 18m | 19m | 23m
Toroidal Field Br | 5771 | 533T | 65T | 55T | 42T
Plasma Current 1y | 21 MA | 12MA |127MA] 13MA | 17MaA
Aspect Ratio A 2.91 3.73 3.5 3.3 2.8
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(a) 13 MA positive shear

0 = 1.4% at surface

B OETRES B

8 = 1.4% at surface

19994E 5 A

(b) 9 MA reversed shear
0 = 0.566% at surface

5 T 1T 7T 5 T 5 T
Eo} Eof Eof )
N = N L N R J
-5 -5 -5

R (m)

—2.8% Lost

Fig.11

R (m)

—16.6% Lost

Ripple well regions and ripple loss of alpha particles in RC-ITER (IAM). (a) Pulsed opeartion and (b) reversed shear

R (m)

—6.1% Lost

steady-state operation with the ripple amplitude of 1.4 % and 0.56 % ( reduced by a factor of 0.4 from the original de-

sign).

SAIRETOY v Z7VEIF0.56%), Vv TIVEEIE
6 %ETTFRVABAY 7 ERIIKR T LEEZON
5. IAM P4t @ RCITER I22oWTRFEM2iT-o Tl
WRWAS, Uy PVBROT ARY NARERE» S E 2
T, LAM TIZIAM £ 9 U v FVIEEINRS 2 & 25
BENMETZWEBbNS. EBIZIE, ERERYTL
B, BRERY 7THRIC X 5% % &l o MAD E4 ¢
BPROBMREICD K ELBAHES=AEID 2D,
FARY PHOEMIT I A BIREREEDLBED
DB BTHASH. ITERFDR B X ' RCITER D V)
v VBRGNS WA B Z X, 79 AEKMmMIBIYT
50 v INVEE 06 %BEREICTNE, ARKY 7THRET
L7 NVT7 7RTOY v FVERIES BHBEOMERD,
E—BEBERT, TIVT 7B —HEICELTRY %R
WHLLBHEVIZETHA.

JT-60U ORBRY 7 79 X< Tk, WERH%ERED
BEENLEBICEED Mo/ VRSB S, <
NEEHNER E OBRERELTWS. /NFF g
HONEBIE EX By Hl (Ra 4 FVIHE) (EMT S
72, BITBERIEY v 7VH AR ECOSHES F
YO OSFFRTFOY v FVEER, BXUY v T
WHNFOU v VR CEEERITTIETCHS.
—%, AR THWI: OFMC 2— FT3, WFHEE
BB TEHABROMEEZERE L TR WD, &
BRI TICBY 2 BHAEEL WK TS bIFT
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BB L LIFIROBBER MR Z L 2B EICANRT
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EHRELY DL RLTHERD D, ZOROBED
DETHAH. T, ABRRITIEBIIE) v VK
DOFEBHELEEME ZREL, FAEFHNOZ UL ER
TEHIFHEICHARL Z LB S5BOBEL VS,

B

ITER @ MHD 4 % 24t L T2 2w 2 BA i LK
(RETFHERTF—ER), HRIBHK, BXOMiBEEER
K BEYE), 72954 MllcE 59 v P VERIZOW
THEBELZERZ L TCWRPWIERERK, Vy 7L
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BT, 2 X b ITER /35 2 —F (2o TIEHIE AL
W wegit R (2 QICHERET IR I
BHLEBHLLETZEYT. T/, ITERO buAf FVEEa
ANVBILENBI OB TFT—72R{E LTV
ITER #:F9— & @ Putvinski [ & IR BRICHEZ
RLET. MAT, TOWMRERITTHICH2D THE
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