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3D hybrid code

Fig.1-2
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2.1
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MHD
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3
3.1
)
3.2
Vi
Ve
(m, - 0)

3D hybrid code

MKSA

n.m,

av.

Mot

dt

e —

=-en(E+v,.3B)- BP,

3D hybrid code

=zdE +v, 3 B)

n P

(3.3)

(3.3)



(3.6) (3.9)

(3.5)

(3.11)

3.3

(3.1) (3.12)

Pe = neTe (34)

(34) (3.3 P
O0=- erL(E +v,3 B)- D(neTe) (3.5)
D38, =m(3,+3) 36)
J.J,
Bp =B- Bext Bpick (37)
Bex B pick
B3 B = MJ i (3.8)
Je
‘Je =-env, (39)
e Ve 6
1a1 Q
V,=-—& DP3B_-J, (3.10)
en %@ -
E 8 en =7Zen
=1 #1psp JB-39B-zTon (3.11)
Zenjm y
B__ B5E (3.12)
Ut



[ ]

Ca

[ ]
[ 1(311)
[ 1] [ ] 1) @2
[ 1(312)
[1 []
6
3.3.1
100
(3.2)
leapfrog ° 8
n+l n
Xi uX| :Vin+1/2 (313)
0 0 i
Dt
(3.1) 8 0
n+1/2 _ _n-1/2 L ~
Vi uV| :%efEn +%(Vin+1/2 +Vir'l-1/2)3 Bng (3.14)
n-1/2 n Dt/2 n+1/2 Dt/2
0 n n-12
(3.14) v
Vin+l/2 Vin+1/2 (313)
X-n+1
(3.14)
Av™? =g (3.15)
a b g d



a=——~=n
2m
b:ﬂB;
2m (3.16)
_qbt o,
=—B
g om
d=1+a’+b*+g°
E B
A S 0
3t 9 03
A=xg 1 -ap (3.17)
?b a 19
By +CE! +gu) - V'8
S=ay, +CEj +gv] - V'O (3.18)
m n m md
?’iz +CEz Ty - bvy+
c=gbt/m m=n-1/2 (2.15)
vz = AClS (3.19)
Al 0
o 2 ~
1gel+a abrg ag 198
At=Zamb g 1+b* bgad (3.20)
dgb bga 1+g° ¢
3.3.2
PIC Particle In Cell N
Fig. 3-1
8 \Y vV, V, V
(i.7.k)
‘
. Vv,
ah (i, j,k)=—=N (3.22)
Y,
ah 0n
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J; =Zeny, (3.22)
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2 L
/'-—'----/7 ------------------
JNT |7 V8
o— ¢
(1, J,K) (1+1, J,K)
Fig. 3-1 PIC
3.3.3
(1)
(3.11) (3.12) (3.12) B2
B™?=B"- %93 =4 (3.23)
(3.11) 0
e=2F L pemr)r- Lorepr- Loy (3.24)
n i mZe Ze e y
B" E" (3.23) B2
Bn+1/2 Jn+1/2 Vn+1/2 r.]_n+1/2 (324) En+1/2
Efed Bl
Efveg =-E"+2E™Y? (3.25)
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Bn+l - Bn+1/2 _ ED‘?’ EI’]+1
2

(3.26)

pred pred
0 pred Ebed  Bhe
VIR e e By
n+ —_— n+: u n+
Bpreelc:2 - Bpréd - ?DB E™? (3.27)
(324) E" Enve’
En+1 Bn+l
n+l _ 1 n+ 1 n+
E™="E 1’2+5Ep,§;;2 (3.28)
Bn+1 - Bn+1/2 _ %53 En+1 (329)
En+1 Bn+1 Vin+3/2 nin+3/2 Jin+3/2
i n n+1
n+3/2 n+1
(3.29) B
Bl (3.25) (3.29) @
ma)g _ Bin-_i-l(q+1) _ Binfl(q)
L it — I lge (3.30)
ma)g,j,k Bi,j,k
q ]k Xy
e
(2.24) n;
n 0
n, 0
(2)
D?E=0 SOR Successive Over Relaxation
SOR a
2 (3.31)

a 1+sin(o/NGMX)
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NGMX x vy z a 1.8
a=1 SOR
SOR
E, G, i,k =a{E (- 1),k +E,@i+1]jk)
+E,(,j- LK) +E,(i, ] +1K)
YE, (i, k- D) +E, (i, |,k+1)}/6
+(1- a)E,(,].k) ,(P=X%Y,2)

S

Xx,y,z v
X, =E,(i-Lj,K)+E,(i+1j,k)
+E (i, j- LK)+ E (i, j +1Kk)
+E, (i, j,k-D+E,(,j,k+1)
- 6E,(i,},K) ,(P=XY,2)

3.3.4 Digital Filter

PIC ¥ 0
.‘T
i Digital Filter 0
Filter 0
£rew M7, |+ SF IS + KF 59
i M +6S+12K
fiix O v Digital Filter
F% FX%  sideterm  corner term 0

F .SITek =Ffigik tliajn Yk
ik Tk Tk
F ic,ojr,nker = fi,j-l,k-l +fi,j+1,k—l +fi,j+1,k+l
e P T
ik tlijer Yk
HFg ke T ek F ) 1k
M S K 12 4 1 (3.34)

new 1 1 i 1 mer
Fitk <« —Fi ik +1_2F " +EF Pk
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Digital Filter

12 Digital

(3.34)
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(3.36)

(3.37)

Digital Filter



3.4 Hybrid code

Dt
CFL CourantFriedrichsLewy
Dt < X
VA
Dt,Dx- O V,
V1
mnm
5
w,,Dt <0.2
Wci
5
Dx>c/w,
c/wy  Dx
w
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4.1
3) NbTi
Nbgsn NbTi
Al NbTi Al
1:2 NbTi 9K He
He 42K 2T NbTi
100 10°A/cm? 1 1
40 60
IC SCSC
rncoil
l. = 2BoR, (4.1)
m
[
S =_° 4.2
=S (42
mcoﬂ %c csc(rNbSSn +2r AI) (43)
Je R, I NDTI ra Al
R =05m r,., =857glcn® r, =27 glen?
Je 0 10
J.= 50000 A/ci
8 30
hoop /76' %.'i - (44)
I:hoop lc Rc ac
fgf =1.89 g/CnT? S, =330 MPa
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SCC mCC

S — I:hoop

CcC Zp %

rncczzldqcscc/‘gf

26 kg
6000 kg
4.2
5 my
:.‘f?‘ 23100:( Z )3100[%
A my,| ( )
5 = (z ) T 1 <P/ +100 [%
1 <P/
h Z
h a
4.3
4.3.1 A
Fig.4-1
1m ZY 0 s 0.3m
8
Z -Tm 7m XY 6m 6m
Table 41 - ®)

40000 time step 11.08ns
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4.3.2

Fig. 4-1

Table 4-1
Coil radius [m] 1.0
Coil current [MA] 3.57
Coil position along Z [m] -1.0
Plasma coordinates (X,y,z) [m] (0,0, 0)
Plasma radius [m] 0.3
Plasma energy [MJ] 4
Plasma mass [mg] 110
Atomic mass [AMU] 197
Atomic number 79
Time step  t[ns] 0.277
Calculation region [m] 12.0 12.0 14.0
Mesh number 120 120 140
Number of particles 100000

Fig.4-2 11.08ns

h 49.1% a 0.0%
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4.0
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4.0
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0.0

0

1
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4.0
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Fig. 4-2

0 5.54 11.08ns
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4.3.3 B

Fig.4-3
z
1m ZVY
;
Z -fm 7m XY
Table 4-2 g

40000 time step 11.08ns

Fig. 4-3
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4.3.4

Table 4-2

: . Cl1:1.0
Coil radius [m]
C2:1.0
, C1l:3.57
Coil current [MA]
C2:3.57

Coil position (x,y,z) [m]

C1:(1.0, 0.072.0)
C2:(-1.0, 0.0,-2.0)

Plasma coordinates (X,y,z) [m] (0, 0, 0)
Plasma radius [m] 0.3
Plasma energy [MJ] 4
Plasma mass [mg] 110
Atomic mass [AMU] 197
Atomic number 79

Time step t[ns] 0.277
Calculation region [m] 12.0 12.0 14.0
Mesh number 120 120 140
Number of particles 100000

Fig.4-4 11.08ns

h 47.1% a 0.4%
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4.0
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4.0
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X[m]
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4.0
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Z[m
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Fig. 4-4
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4.4

441 A
Fig.4-5

0 Z

a

1m X-Y

8 0.3 m

6m 6m

Table 4-3

L L 30, 40, 50cm

step 11.08ns

—_—C

Cl C2 4 8
8
-Tm 7mX)Y
3
L 30cm C1
40000 time

Fig. 4-5
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Table 4-3
Coil radius [m] cl:10
C2:1.0
Coil current [MA] Cl:357
C2:3.57
_ . Cl:-10
Coil position along Z[m] C2:10
Plasmacoordinates (x,y,z) [m] (0, 0, 0)
Plasma radius [m] 0.3
Plasma energy [MJ] 4
Plasma mass [mg] 110
Atomic mass [AMU] 197
Atomic number 79
Time step  t[ns] 0.277
Calculation region [m] 12.0 12.0 14.0
Mesh number 120 120 140
Number of particles 100000

4.4.2

L 30cm

L 40cm 11.08ns

L 50cm 11.08ns

L h
8

L 30cm C1

h 69.7% a 4.3%

C1l
A

Fig.1-3

Fig.4-6

h 71.0% a 3.3
h 69.7% a 4.6%
a

X-Y

h 69% 6.
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Fig.4-7 11.08 s
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0 5.54 11.08ns
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