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Confinement and Fnergy Deposition Rate of 3.52 MeV
Alpha Particles in JAERT Experimental Fusion Reactor and

Demonstration Fusion Reactor Plasmas
Kacru MINO¥ and Tatsuzo TONE

Division of Thermcnuclear Fusicn Research,
Tokai Research Establishment, JAERT

( Received May 25, 1978 )

Two-dimensicnal confinement, loss and energy deposition rate
of 3.52 MeV alpha particles produced in D-T reaction were studied
for JAERL Experimental Fusion Reactor(JXFR) and Demonstration Fu-
sion Reactor(JDFR) plasmas, using the drift kinetle equation of
alpha particles. The effects of spatial distribusicns of plasma
current, lon temperature and plasma density were examined; these
changes have large influence on the results. The loss rate of
alpha particles to the source gquantity is larger in the cuter re-
gion of plasma than in the inner region. The more peaked the dig-
tribution, the smaller beccmes the tctal loss rate. The momentum
increase caused by alpha particle loss was estimated.. In the ap-
pendix is given a manual on the computer program(ALPHA) developed

for the research.

Keywors: Alpha Heating, Confinement, Drift Equation, FEnergy De-
position, JXFR, JDFR, Momentum Increase, Resistivity,

Spatial Distribution, Tokamak
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Fig., 1 Configuration of a tokamak plasma.
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Table 1 Reference Values of Plasma Parameters.

\\\\\\?ase -

Case A Case B
Plasma JXFR JDFR
Parameter
<<n>>(m_3) 1020 1020
<<T>>(keV) 7 15
T, {keV) .01 0.0L1
n, (¥ 109 1019
I (MA) 4 10.4
A 4.5 3.89
v (m?) 300 1540
S (m?) 400 1119
Sw  (n?) 467 | 1243
a . (m) 1.5 2.7
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CED X, YOMERDTNE, [=4, A=45, 50 47 =01 0BG, HEHELAD
FOkHoNAE e OREREDRAEE, 0 BELLD, TASIBL—RLTHE,
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Fig 2 iZ8 T, S=1D8G, (f)~k OBBFH VIR LTOEOTEINT 20N KE T

& 50, AMInK OB EEFRT, (D LCHBREETFORBTH S, S=—10BE1, sH»

(FIDBEET L, REKIOBEET T, (b), (c), (d) /Y HERFRETHS, 7 v 2KH T
Th

Focos Xy WX LT EH I DI HC S, én‘ =112, t¢3=41(esec) i+ 5,

P, T ATRETOEEN T & 25 L LT,

Table 2 Alpha Orbit Pitch Angle Values Used for Numerical Calculations.

COSxp 0.0 | 0.156|0.309

0.45410.588|0.707|0.809 0.891 0.951,0.988 | 1.0

Y-HXIS

T T T T T T T T T T T T T T T T T T
" N-H1 0.kl Q.41 -0 -0 0.00 0.20 0.40 0.80 0.80 1.00

X-AX15 X8= 0.50 ¥B= 0.0

Fig. 2 Alpha particle orbits passing .at the point (XB,YB)=(0.5,O), in
the case of I=4, A=4.5 and J(z)=1-z2, Costreaming and counter-
streaming particles correspond to S=-1 and S§=1, respectively.
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[ o Caselh), (5= 5%, Xa=0-5lﬁl‘

Bounce Time

0 .05 1o -
Cos X

- Pitch Angle Variable -

Fig. 3 Bounce time of alpha particles passing at the point (Xg,Yp)=
(0.5,0), in the case of I=4,A=4.5 and J(z)=1-z2, Costreaming
and counterstreaming particles correspond to 5=-1 and S=1,
respectively. I
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T kpohi<FL> £Figdiomt. (Ac) OEADEERAH OBAEIE~ T &I
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%ﬁ%bmﬁ,%ﬁ%ﬁﬁmﬁf%f7¢@f;@H—fumotwé%éwﬁﬁéﬁ%%u¢
KB EN DAY

(= T2 MmN
| o Lase (AL, J(3)= (15"

(@) {my,n=t1,0)
SFLY | () tmy,ny )=, 1)
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e
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0
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Fig: 4 Loss fraction of alpha particles for JXFR.
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FIROASSREKHON S, 20T, HFE, GENROIHINEEHE L2 LT 0L LTS,

T = (Te—Ta) (1-C2) " 41, O (@a)

2m,

(= (Mo —ng) (1= 3 ) P tn, . . (28b)

BT gy IR e P LT OBAET T, R0D, (9ABKTELAANTEDT L, Theh,
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by = o 1. fdr a8, (24a )
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D-T Thermonuclear Fusion Reaction Rate.
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5 10 10% 10

Ion Temperature T (keV)

Fig. 5 Thermonuclear fusion reaction rate of D-T plasmas,
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[
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0 05 1.0

Cos X
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Fig. 6 Distribution function of alpha particles at the point (Xg,Yp)=
(0.5,0), in the case of I=4,A=4.5 and J(g)=1-72. Costreaming
and counterstreaming particles correspond to S=-1 and S=1,
respectively.
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(352MeV) 28, HEERICTES T LI LWL -THRONE, THbhE,

T z
H&=2nﬂ1{fzﬂ,mnxdx+fzf;Snde}, =
o . L1 . .

nd -~ TEbEShS, N@ER 2a) LD,

‘é z ’ T

L™ + - H f

Hy = —— = L{[z hg sinl’d?ﬁ-fz hg szdx} ) &
Sp Ey 2 0 0

EEG D, « BUAKR ¢ TE S 1A R T, Case Aba kST R & & DKoo sE e
@@%C,0uﬁbf§b?&ﬂg7®&§mm509:%—ﬁﬁ@@ﬁmé<uatw5®ﬁ
b, RBEDHEICHUTES Lic b0E<y> TRHT, Table 3(A), 3B)OBHE
SNTRD o< Hy>%Fig 8 IR T, CcCTid, BFRE LA A VEREESE LOSEE L,
Moﬁ% ﬁ%%%&@nli%% ELTWG, B2, RBRT L cedil, 77 » HFROD
# BI0R LT3, Table 3(A) & 3(B) DESICHT 2RBAKELTAH 2 &, 3(B OEEE
TNT MBS R TRAGHELAE R LTS, 77 ZX7DLTH, Ty s K
%%EME&%E£Dﬁ<,f§f?®ﬁﬁﬁ<ﬁ,i@%<ﬂﬁ(pécﬂﬁyxﬁ@@§m
HREN LT AT P RFRAEE LTEORMBETTY V7 » K To6 LR FRS A OTHES
XECF, T, FHEE, FHEERS LTS, EASGOENIL-TETLT N FAEKT
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Table 3(A) Indexes for Currert Density,
Temperature and Number Density
Distributions in JXFR,

index | - |
m) By (M |0y M3 ing
Case !
|
al 1700110
T
2
2 ' =f1]0
a 1 : 1 1 3
|
a3 1 2z 1 4
| 3
I
bl 110 170
' 2
b2 111 )1 3 1)1
i I
1
! 4
b3 1 : 2 1 3
=
el 10010
: : 3
[ 3
c2 1,11 3 1 2
! 4
c3 1 : 2 |1 3
2m, .0,
J(@)=(1-277+)
2
T()=(T -T ) (1-c ") + 1,
2
a(c)=(n_-n_ ) (1-z°"H"3 + n,

Table 3(B) Indexes for Current Density,
Temperature and Number Density
Distributions in JDFR.

) l ]
Index ‘ , b
mp ‘0] o mp Ny \M3 . N3
Case ; | ‘
I 4 ) 1
a1 1lo|l1fo| o
1 | 2 l,
a2 1,111 =11
| I 3 !
! L4 |
d3 1 : 2 1 : ‘3‘ |
! ;




JAERI~-M 7723

Table 4(A) Power and Neutron Flux in JXFR.

Case \
al a2 a3 . bl b2 b3 cl c2 | c3
Value
Pu (MW) | 16.6 _24.1 32.9 21.3 52.7 82.9 27.6 80.9 135.9
in(gg) 0.0355| 0.0516 1 0.0704 0.0456| 0.113 0.178| 0.0591] 0.173 0.291
Table 4(B) Power and Neutron Flux in JDFR.
Case
Valu -4l dz . d3
Pa (MW) | -728 1160 © 1369
MW
-infaz) 0.586 0.933 1.10
Case (a2)

Fig. 7 Energy deposition rate of alpha particles fbr.(c,e) space, in

. the case of (a2).
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Plasma Radius .

alpha particles in the
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05t

Energy Deposition Rate of Alpha Particles

Plasma Radius

Fig. 8(B) Energy deposition rate of

cases of (al),(a2) and (a3)

shown in Table 3(A).

Q
<]

Plasma Radius

alpha particles in the

Energy Deposition Rate of Alpha Particles.

alpha particles in the
cases of (bl),(b2) and (b3)
shown in Table 3(&).

Fig. 8(D)

cases of (cl),(c2) and (c3)

shown in Table 3(A).

Plasma Radius

Energy deposition rate of
alpha particles in the
cases of (d1),{(d2) and (d3)
shown in Table 3(B).
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3 -TEALNE, 77 AvRECEHNAOEERI4 v, & LTWE, A4 K (4b) A
WTEEEAD &, '

. r
r, = ¢ :Aérp{J
. a S(: 2 0

ST

(l+cos? ¥) h;sinxdx

z
+ !2(1+coszx) hy sin¥dy }’ Ly
1]
EIRE, BFHIL, Fglf)= I (—0) 7500 B LCHNE TH %, Table 3(A) THZ 54
5gé@n;%nguﬁﬁ;C®MK$%Lﬁ?ﬁmmmoﬁmﬁmﬁ%ﬁﬁbnfﬁﬁj%&®
%ém;of9b§aéﬁ.6ﬁ%n»%§n@%ﬁ5—¢ﬁﬁbnfméo(aU@%émB—
CZHPBECR LTRSS, TOMROBEGRE -2 @8R ES D, 2ESIE5BEREDL

nTWh, g/, B TREWLF, ,, 3,

T ) ‘
J‘O Igadf <[};>
— : 29

f Fruee — fapim 1 ’
: f j AT Sg rdrdf) 2J' O Cdl
0 0 ’ 0

iZX - THZ 564, Table 3 DEF/¥F A —4 —iZ2WTRDIFER A Table 5 iR (al) D
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. Table 5(A) Alpha Particle Loss Rate in JXFR.

Case | 1| a2 | a3 | b1 | b2 | B3| e1| 2| e3

Value

. 2.3 2.3 |6.22 [5.11 [6.18 [1.27 |1.88 |1.93 |4.05
L,tot | x1071 |%10=2=10-% | x1072 |x10~3 x10-3ix10'2 x1073 | x107Y

Table 5(B) Alpha Particle Loss Rate in JDFR.

Lase d1 d2 a3
Value

6.71 5.54 4.71

FL,tot x10-3 x10=4 x10~5
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Table 6(A) Toroidal Momentum Input Rate, the Ratio of the Centrifugal Force of
3.52 MeV Alpha Particles to Ion Pressure, Current Input Rate of Alpha
Particles and the Ratio of the Momentum Input Rate to the Resistive
Force of Ions and Electrons, in JXFR.

Case !
al a2 a3 bl i b2 b3 cl | ‘c2 c3

Value !
et > N 1.60 12.55 [2.98 [3.19 |6.00 |7.55 |4.67 |9.55 |1.25
et w3 X107 %107 | 107" | x10~% ! x107% | x10™% | x10™% | x10™% | x10~3

<<M >>2/m <<n >> | 4.48 ,6.12 16.13 |1.14 |1.26 |1.14 1.82 |1.91 |1.62
= S | x107%| x107% %10 4| x1073' x10-3 |x10-3 x10~3 x10-3|x10-3

<<P>>
2eTa? <<l »> 5.46 8,70 |1,02 [1.09 |2.14 12.58 |1.59 |3.26 14.26
N x10% ‘xloL+ x10% |[x10% |x10° |x105 x10% | x10°% [x10°
<<M >> 7.70 11.23 |1.43 |1.53 [2.89 |3.63 [2.25 |4.59 |6.01
"_E%E_ x1073 x1072[x1072 |x10=2| x10=2 [x10~2 [x10~2 %102 | x10~2

Table 6(B) Torcidal Momentum Input Rate, the Ratio of the Centri- '

' fugal Force of 3.52 MeV Alpha Particles to Iom Pressure,
Current Input Rate of Alpha Particles and the Ratio of the
Momentum Input Rate to the Resistive Force of Ions and
Electrons in JDFR.

Case
Value d1 dz de
. N 1.07 1.21 1.14
<M >> ) x10™3 x10~3 x10™3
<<ﬁa>>2/m<<ﬁa>> 8.54 5.58 4,06
- ~y -4 _
<< x10 . x10 x10
2 . V
2ena <<M >> 3.6% 4.1% 3.8?
m % (A) x10 x10 x10
<<Ma>> 2.02 [ 2.28 2.14
-1 | -1 -1
s x10 ? x10 x10
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5160 | < B o <Hy> < Hy-oghter 110 | ¢EPVTC=1R
61~70 | Fy, tor, << Mo D ST I 10 ha % fy 12 L DDATAL)
EHEH—F
HF A AN AR Format
1~20 | =7 offi, BfIitkeV E 20.7
21~40 T, O, BfridkeV E 20.7
A~60 | <m0, BRE(mT) E 20.7
61~80 na O, BfE(m™) E 20.7
ETH-F
BT A A A" R "| Format
1 ~20 my OE E20.7
21 ~40 ny Off E20.7
41 ~60 my OE E20.7
61 ~80 ny OfE F 207
mEH—F
| B3 A A H A A Format
1~10 N o1& I10
F9H-F (N=1DE&lEng,=0EF3)
B 5 A B A E Format
1 ~10 n, @ f# I10
11~21 n, O @ I10
41~50 Ny & I10
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HIOH-—F (N=1, n;, =00 :5DH)

7 A AT A B Format

1~10 ¢ RERE oo F10.0
F1LH-F

A A H A" EH Format

1 ~10 M © 110

FI2H - F (M=1DLEEZm,=04%53)

# 5 A AT A R Format
1~10 ms O M8 I 10
11~20 ms, @ & I 10
41~50 Me, © 1 I 10

BI3A-F (M=1, ms, =002 & EDH)

il AN AT AR E Format

1~10 f B &= 5 E100
Bl4H-F

PN A hH A B Format

1~10 K o # 110

5 H—F (K=1DLEH k, —0LF5)

RN A A K Format
1~10 | ke ©ff I 10
n~20 | x, o I10
H~50 | ky O f& 110

B16H—F (K=1, kg, =0& LIz &D&)

55 L A oA - F Format
1~ | xEEOE (FUT V) F 10.0

A1 # — F D& Table TIZRT,
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