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Fig. 1. Schematic of MagLIF process, including three main stages.
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Table 1. Values of coefficient Cy—Cs.

Cy [keV1/?

6.661 643.41x10°16
C,/keV2 Cs/keV2
4.6064x10°  13.5x10°3

Cy/em?s ! Cy/keV1
15.136x10%  75.189x107
Cs/keV3 Cr/keV3

—-0.10675x103 0.01366x10*

Cy/keV™!
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c — . 9 1 ml I
1+ 0.3922
f(xe) = 2 : 4
14 3.922 + 0.26x¢
B
Te = WeTe, We = Ev
meCo
3m.1/273/2
ro= e Le=T;
4v/2neg*n L
14 0.7562?
flxi) = 2 : 4
14 3.99z7 4 1.48x;
B
2 = wim,wi = EE,
miCo
3 i1/2T3/2
=" L= (12)
4\/meg*nL;

XHL ¢y MEZS GG m AT my;
H1:1IRA DT AR R0 F ik, my = 2.5my;
LA L A3 A T 5 B 7 B RO OB, AR S
T DTABHEREZ N 1 g/em®, IREEZN 10 keV,
WEI Ly F Ly G350 UE 22 S 7 #0095 e, i T
HLF LA B, e il i
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I 75 SR R AR Tl (R A W i 1T
s E), BTG E ASL (laser entrance hole,
LEH). #MBESOGHE ™ Az W3O 8 i Lk A
FRBE P, BRI (~2 ns) NP 2 55 5 TR
A, W R UM AR EEK (50300 eV). H
EXANTFLINAATE & S BB RSB BN
FRRL ] AN, i R T AT N B A R, X
S STV A S TET AR A ARO0E, AR B 2 B i TET AR 1)
HEMR T 2D 58 T ittty Achoh 1
TE—H4Erh 2% [Em T RN, 4 H DL R A B R I T 7
— 2k 7 R v N AR e TR ) T L BB R R
W N LA,

Laser Cls
/ '_____""“\ ]~ Cys x dt
|'rl \
TLEH | h
\ .}.'
> S
T rddr

P2 s T AN AT P B R IR
Fig. 2. Schematic of simplified model describing end loss ef-
fect.
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ropn KRN, BRI A OB AR AL B /T
rpn N, 25 R S TN, AR B0 T 2200 X T
rupn T8 FE N BORORL, Z AR S, TR WY
BRI A . AT P Al A, A8 TE AR TS
FUIE N PR, HWETREE Cyo N

Cus = V2P /p. (13)
TERE P IT A R BAI P de N, X T r <
rppn PHE—JZ A% G0 B 5 B SR 5 2% 18 Al
[z SO0, W 2 A AR, IR
] 25 A TR Clys x dt (1 B RO B it d M AT
E dE 2l SN 2255, 62 B4 o T PN REAE e
& h WEHTEI A BT R . bl LA B
AR dt IR B TN RE 2
dM =2mr - dr - Cg - dt - p, (14)

dE=—P.S§-Cyg-dt, E=e-M, (15)

A, r oy RIAR R IR UTAR 10 BT EOL S, p RN
JE, E Mg RSN BE, e S RORS NRRHI L
WBE, M IR N ERELI ST, S N RIS RIS T AR,
2V RN 52, J5A MHD Jy #2240 v 5t &2 F
AER 7 R N I — IR R I, (14) A (15) 23
S A L S TSSO S B R L R A R
dp Cls

a*‘PV'U:—TPv (16)
de Cls
P b OB L.

S T 28807 ) A Sy A5 780 R 255 R B 3 A4
OIS 47, WY BRRRR R, Al Ak m
TR FINRERIR, 81 ERFRUURLL & %
JEVAEE S (Fhith), Iofe DL BER L @, (X TK,
Dy 0 0.97); A5 5 RE TS LAk Bk 4, - ofe
VAR 2B @5 (R THIBUN H, &5 2174 0.61).

4 #EYE T Nernst R

N TR ook RE 2 A TR R DX 93
DA, 5 A TR i) MR 04 5%, 78 MagLIF 1
X T A R AR VR ES TE R b B il 1) 379K SIS RS
WEVRAE RN (4) 2CE5E 5 A5 o 1 275 2 THUAN SR 3 I
R, Bl BE7E 2 K AR R (EL 3 ),
AL T PRI, — R U 4 SR T Y
HL BH 325 | Sl R I, oy —Fh R A 1) LR
T2 Nernst #EY HOKN . @B #d (4) X
SIS 1 AR,

DT fuel

K3 mEE RS Y A R B
Fig. 3. Schematic of magnetic flux compression and diffu-

sion process.
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dB B
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MHD 3 fyA (i PG IK 3l AR 2 1 PR3 S5 5
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F TSI 6 e e v, DA P 1 1 3 2 L 2 s
B AR A — IR, B UPR kiR s)
A I DA ZE RS L A 2 LR =200 TRt Sy
TR 25 R 5 S 4 B R 22 R
MHD 55 3 5 X S50 B i AT — > REBIE,
IR TE R IZAE IE R B & 0.82 (0607 & IK)
H10.76 (0523 A& IK). X5 EF| L5 il i 5 2
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— 0523 shot
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< 1t
=
~
3
g
?:" 0
3
O
—1F
—92}
0 5 10 15 20
Time/ps

4 FP-1%¢% 0523 5 0607 % US540 5K 2 ey 7 00 44t gl 2%
Fig. 4. Experimental current curves of shot 0523 & 0607.

—— Experimetal data of 0607 (a)

1.5 — Calculated data from MIST
T
@
E 1.0t
4
<
>
5
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i
S 05t

0 L L
10 20
Time/ps
1.2
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5
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s 04F
=
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|
0 L L
0 5 10 15
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Pl 5 MIST 45 2 Y A e R i 2k 15 52 36 I 4 45 21
FIELE  (a) 0607 & IK; (b) 0523 &K

Fig. 5. Comparison of inner surface velocity curves between
the calculations and measurements: (a) 0607 shot; (b) 0523
shot.

035203-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 69, No. 3 (2020) 035203

(i) ik 2 5 ) Bl sl ] BB BUIT I B 45 R 1 & R
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FER ()4 ) A7 64T T RUNERS, X 0607 &Ik A
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Fig. 6. Calculated results of (a) grid position, (b) implosion velocity, (c) fuel temperature, and (d) fusion yield evolving with time.
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One-dimensional integrated simulations of magnetized liner
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Abstract

Magnetized liner inertial fusion (MagLIF) integrates the advantages of traditional magnetic confinement
fusion with those of inertial confinement fusion, and thus has promising potentials because theoretically it can
dramatically lower the difficulties in realizing the controlled fusion. For the systematic simulating of MagLIF,
we build up an integrated one-dimensional (1D) model to describe the complex process, which includes the
terms of magnetization, laser preheating, liner implosion, fusion reaction, end loss effect, and magnetic flux
compression. According to this model we develop an integrated 1D code-MIST (magnetic implosion simulation
tools) , and specifically we propose a simplified model to describe the end loss effect based on the flow bursting
theory, so the code is able to consider two-dimensional effects within 1D calculations. We also present a specific
expression of magnetic diffusion equation where the Nernst effect term is taken into consideration, which is very
important if there exists a temperature gradient perpendicular to magnetic field lines. Such conditions are fully
satisfied in the MagLIF process. We use experimental data of aluminum liner implosions to verify the magneto-
hydrodynamic module of our code, those shots (0607 & 0523) are performed on FP-1 facility (2 MA, 7.2 us),
and results show good agreement with the calculated velocity of inner flyer or target surface and other
measurements. Comparison with code LASNEX and HYDRA (used by Sandia Laboratory) is also made to
assess the fusion module, and the results show that our calculations are physically self-consistent and roughly
coincide with the results from LASNEX and HYDRA, a key difference appears at fuel temperature, and the
factors that might cause this difference are discussed. With this integrated model and 1D code, our work would

provide a powerful tool for the future experimental research of MagLIF.
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