Chinese Physical Society

M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

EF MULTI2D-Z }2F 1 Z fia e sh7S B A= L BROT F2 AR 4L
%:uﬂi Tﬁ&‘

Simulation of forming process of Z-pinch dynamic hohlraum based on the program MULTI2D-Z
Chen Zhong-Wang Ning Cheng
5| {5 & Citation: Acta Physica Sinica, 66, 125202 (2017) DOI: 10.7498/aps.66.125202

1E 251515 View online:  http://dx.doi.org/10.7498/aps.66.125202
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/112

piad /\LE?EHESEE

Artlcles you may be interested in

HERRIE HL T A HR B0 70 A 78 B BE B e A ok R HT
Basic dynamic and scale study of quasi-spherical Z-pinch implosion
YE%4.2017, 66(10): 105203  http://dx.doi.org/10.7498/aps.66.105203

Z §ifi 4 7 R s R 2
Shock X-ray emission image measurement in Z-pinch dynamic hohlraum
YH%4.2016, 65(7): 075201 http://dx.doi.org/10.7498/aps.65.075201

Z Fil 245 ) 25 PR T Gl R A0 S B 5 1 R 3R U LU IT 7

Numerical studies on the formation process of Z-pinch dynamic hohlruams and key issues of optimizing
dynamic hohlraum radiation

YE = 4.2015, 64(23): 235203  http://dx.doi.org/10.7498/aps.64.235203

Xe J1 JF R SR AN G [R5 B e R 2 AT 7T

Time behavior and optimum conditions for the Xe gas extreme ultraviolet source
YH % 4.2013, 62(24): 245204  http://dx.doi.org/10.7498/aps.62.245204

Z $ii 4 57 BRI Bl 0 2 SRS R A0 SR 5T
Preliminary experimental study on implosion dynamics and radiation character of Z-pinch dynamic hohlraum
PP 22 H%.2013, 62(15): 155203  http://dx.doi.org/10.7498/aps.62.155203


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.125202
http://dx.doi.org/10.7498/aps.66.125202
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I12
http://wulixb.iphy.ac.cn/CN/abstract/abstract70133.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70133.shtml
http://dx.doi.org/10.7498/aps.66.105203
http://wulixb.iphy.ac.cn/CN/abstract/abstract67037.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67037.shtml
http://dx.doi.org/10.7498/aps.65.075201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65906.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65906.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65906.shtml
http://dx.doi.org/10.7498/aps.64.235203
http://wulixb.iphy.ac.cn/CN/abstract/abstract57140.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57140.shtml
http://dx.doi.org/10.7498/aps.62.245204
http://wulixb.iphy.ac.cn/CN/abstract/abstract55051.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55051.shtml
http://dx.doi.org/10.7498/aps.62.155203

32 % R  Acta Phys. Sin. Vol. 66, No. 12 (2017) 125202

£F MULTI2D-Z iR Z i 8B i S B AR
PR A AL
PREHE TR

(ALt HPEE S TSR AT, JEsT 100088)
(2016 4F 12 H 26 HYLH; 2017 4F 4 H 12 HIREME SR )

X AR SR 125 R P MULTI-2D #EAT S0, 386 k375 A0 77 FERE Ak, B ¥ Hh 7532 2 77 R AR e b 38 T
WA 2577, TERE B 7 FEASEH o 0 i RR AR 4, B it R S R IR A4 ) 24 FR Y MULT12D-Z. 3830F 78 3 03
T PP AR T S R UL R (1 1 K 2 4 3% B B, B4 T Sl P A P P Xt It 2 1 1 il 3
9. I FH B0 47 19 MULTI2D-Z F2 57 B30, 1 U8B v 8 MA F ik v PRI DI 50 1) 55 22 B 7 41 45 s 745 SR 1 T A
R, BRI T X JEIhER (430 TW) FIRER (£ 300 kJ) IR SHEE (21120 V) Sl 4a b il 45 1. 7250
B RIEE RO R, Wi B AAEES FARSE BT R h R A ) AL R, el A AT e K A A R
ol i o (R EL AR A P A R, A R T RE L A T P A AR, 2 % S A A 5 0 o el R YR A A R 4 A 1
RELEAT, IF HER T i b AME SR T SRR AR FRE 8. X B 4 BT B g A\ AT R i
BRORUGT I R DA R B2 B T ALt R B, [RII SR B 7 MUULTI2D-Z F%2 /5 7] i Z Sl 48 S 8 (3 (1 7%

FAREAU TR

KR 7 fidn, shaA B, SmA LA, MULTT-2D 727

PACS: 52.58.Lq, 52.59.Qy, 52.30.Cv, 52.38.Ph

1 5 =

Z 4§ 4 (Z-pinch) & B 3K 2l B = A 1) 58 137
TERT B &8ss & 11k (k) b, (2%
JIAE FE T R o PO R A B R 225 B R S A
2 TV o e SN B TRl e N 2
TR BRI X O, T8RS B R s . X e X
R SHIRAE A L R AR S = RARYEE L A RH4E
SRV R4 S 205 S AT 45 T2 RO S .

I AR, N AN Z 58 45 S 56 R0 AR
WIS TR K E e, B WAL “aie— 57 M
“B—57(PTS) &kt I 23 E kT 7 K&
1) 22 B 7, 41 45 SE 5 wF 7T P01, 77 36 [ Sandia 925
FEWZHE AT BESLIG T FR AR T I E TR
200 TW. Be& 2 MJ. k5 5 ns i X 54 ik ot, g

DOI: 10.7498/aps.66.125202

BHWOR IS 15% 081, 163 F 7y EH T K241
Magpie 3¢ B FAREAT 7 K2 122 [ 7 5 46 FE 04
SIS AL, KB T 2 Mot Mz WiHoR, xf 22 [F
VH Rl A PN R ) 2N B B RE AT T RN L S A
5L [9-11]

T Z S Aa i 2 R, LIRS R L R R AR
A 9T A de A N s H . 75 Z 4 48 0] 42250 59 3R 3l
LR RSBt FETRR— A RN
ST R AL AR B3 — NS AT BB 38 20 KRR () S
W HET AR T =il Z $6 460 % B 2
i, B Ui X 5 S L A R B R 5 A s (121,
TR e S P i S Y AT B KU A T 70 B, L S 3 1)
XPPRE IS LLAF, KA b Rei 2 I L R R AR s
SRR E R, (HE A B A R, &2
FE O B 1) SR Bl LA A RE Ak B R AR m KR, AE

« [ E AR RS ES: 11675025) MER AR RS ESHH (HAES: 11135007) % IIKIEME.

T #{E/E#. BE-mail: ning_cheng@iapcm.ac.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

125202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.125202
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 125202

A B I R, oAz O AR I B2 B XL
JZ 22 [ 7, 4 45 T 1R A B T R o 9 B R O LR
TRRIRE, RS B A i o SR AR B 45 K (1 3
BE LA T B o 77 A i e, oK S B AR YR A R
WAL SR RN 204k, I B AN 5 7 22 B 55 85 1A A%
e, T E BRI A TR i — A 52 20 SR (1 4 S 34 5%
RN B TE 22 B N RSN AS I R R i), Rk 3L
A, EShAS BT Z 4 N RS R, 3
BE -X G BE L e ik (VLR AT) FH B AR JL 55 K
A TE T, MRS AT [ 1 A SR & R LU
v, BRI AT REAE DR BN HLIR KRR ) Z i e 3 E
SO E L SRR AR k. BT S B T Z 46
) RZ IR B 20 ROR AR [ R B AR Rz — 18],

Z%: 8 FREh A B s U 10) R
)% FE H 15 mg/ce # R 46 2] T 35 mg/cc, T HLF
15 400 eV RIFE 5 FE 2] T 300 eV; 32 i i Fe 4
(VAR S5 B T 77 4R T KT 180 kJ %R U RE &,
Horp BRI T R 40 kI %R ST RS R UL RE R
Ch A HE AL KT T BB 1 1 /4 el P K R 32 Y
PS5 B TR AN Y PR R A R M R s e LN, AT
A ) T A B AR I RSB BR G B S ik P R TR
5. WWAMEZZEE LR UGEAT T R Z 564630
A B IS e SRR L R T sE e D)) AT
1 x 1005 x 1010 M7

5 B3 44 OGP 20 R R AR BFE P LAS-
NEX S0 T wintsid, & ST Z 440 3K 3 i ot
PR AR A 5L U718, JFok LASNEX F2 /7 /2
SRV =R (BT B T AR SRR ) SR SR AR
TR, 55 P R0 43 (PO 15 M 24 TR 5 AR 1 Z 43 4
BLAFE P 3 AR AL, BT R FH B B 7 VA
SRR B R AR A T BN R I A e
F g 7 AREARRL AR 2R W Hall 208 F1 Nernst
RN, 723 6] 4k b TR B A B s o 22 B PN R B
TR G AR B TR VA Th I B AL P R, DA FE
AR ot 5 B 0 R A e AR R AT T AR A ) D),
22 [ BRI [AIFE 100 ns 2247, TSR35 HO#E FL 45
A JLANNFD . BRI 21 H 7 7= 40 b SIS0 2 1
(B R 3%, oo 0 L) 4 v 30%, B AL 4 350
(SRR B L E T PR . LSS R T
7§ 405 PN R BT A A AN B 7 A e A b i
T2, B TE T TR IR US55 B8 14 B 0 DR R 2 o 4
R P T A PR S BT R R S e, T
B NATT SR G b PR A S 4 SR s (1 T A .

7 B AT T Z 45 40 R 3 3 45 2 s 1) S 58
AHE AT B19-21 0 BTk R E B R
IX B FL R LRI ) S B 8 B (A5 e 15) H3R131
S 2 L 153 T AR 1) AU 5] ) X O ER S T A
SN IR R IR EUR SRS . HUE
PR AU B A S () — 4k LT B0 A B T st
Tt 1) 2 W BRARFAE, 404540 o L THI () N AR T, 25
J&E  EL U P NV S U P P s A R LA R R,
I I T ORI 1 I R 4

MULTT & 51 F2 7 42 VG 9E 2 1f] Ramis 2% %I
R, TR e i i P A5 S A b R AR 4 O
F AR ELAE LR, dnisoe i 2 R R AR v 3%
o -SEE TR EAE SR, & MUTLI —4Ef2
J¥ 2 f# H Fortran i 5 4w 5 1), 1994 4 Ramis #(4%
TR T — Rl R P IE & r94, T4 5 MULTI 2
. & =2 ERRE, BT MUTLL R 507
4 MULTI-IFE, MULTI-fs, MULTI-1D, MULTI-
2D FIMULTI-3D &5 hit A%, T & AT #0822 I U 1,
AR B T Bz i 224, st &, —
YR —AEFR T OO R 1 LR R A,

A B BRI 2 ZE W iS4
B, F /54 ) — 4E Y SRR A RE L A
UF RO IR Zh 2 B L OS2, PRk, AR SO Ak
FEUR R BOG M 20 R AR AU 5 MULTI-2D i
1T, e ATREN T Z S48 FE L Z i 46 SR Eh A8
P 24 AR AR K L SR AR g S O T BRI . AR
VIR b e ORI R — MR IR,
o UL P I A S TR 5 R A S ORI AL
AT RET AR R, Rk, B R SRR,
R AT R BB -hr i B H SRR AR 254 = A T
¥, BeALHRAE PR R = AR AR KR T, BT
by 36 G5 7 AL A A AOL H DR] PX) A BR  TT IG v 4k S B
{17 ) 850, A B e A 3L A ) L AR] A TR 38 A 2H 45 1
RS2 2% (1) PR S A7) B ] i

2 MEHLBMEFER
SR 6 S B R 0 27 T3 R0 48 B A Z i 4
B 7155 AT (20201 R B e T RN
0
5 =~V (pu). (1)

X p RWBTE L, w TS, ¢ (A

125202-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 125202

RN

%(pu)JrV-(puu)qLVp:JxB, (2)
Hrbp NR R, BARRAAERAFTE; J x B
TR B BRI ZE ), T NIRRT,
B W BRE. AEAERARE Z fi 4, v LS
FEHE ) 1 1) 53 & By, BRI, J8A6 22 J14E A4
PRA (r, 2 85 R) T RIRIL N

o Bg 8(7’39)
fri_m or
- B@ 8(ng)
Je= e 9z

XHf AL RIS f AR e T RA 2 5 1 2
e sTFIETIEN

0

ot

_V.S4W, (3)

K, e BIMRRA R RN EE; V- (peu) Ron BALRS
[EIRANTRAR BT N BE; pV - w e BT, V- F
AL FERNRER; V- SRR RRRUTE, W2
RO INF, HAE 4R ARFR RN RIRIE A

2 2 2
W= (i) e l(5) + Gorrm) |

Horh, oy NEEE T W77 1 855 TR R, o
Yo iy S

fEERSTHiE v, WA R I /N T, T —

I %1, ST ER T LA R HERR S . fE RS

ST B, RSO AT, fE e Oy AR A )

P

n-VI, = 1)\711 =—q, (4)

Horb, n 2R T710); g, A& AL AR SR ST B UTAR BE;

N, RSy v AR ST B BAE, SAPRH IR

A AT o BT I, AR A SR 1D R B v 4y
AR,

—(pe)+ V- (peu) +pV-u+ V- F

2hv3
XL WA E 5399 2 EH%%%Z*MEM\?Z WL, T
NPFUR L. 5 25 R& B 7 VA AL B AR S i T R,
YIS B A A AR 7y AT 2
P — 1
A
X B SR AR X E SO

P _ * P / v
1 /A—/O (I2/X,)dv,

L=

n-VI= = —q, (5)

HH I, g IP = oT /1 RIR L, q, FUIE XA
ﬁ%ﬁiﬁ’ﬁﬁ/\{a o N Stefan-Boltzmann ¥ 1. 1
JE I 2 T IR, B EIE R - VI =~ n - VT,
GRS AL L R Ve v

I~1IF
T A £358 5 eI

://I,,ndndz/
= —A(/nndn) VIP ~ —

—An-VIY,

167\ T3
AT &

M IS w2, 2 ) 25— ) A il 2 3 5 DA
TRIE AT
1 1/4
T, = {40 /n Idn] , (6)
WA TTRE
aalf—Vx(uxB)—Vx(vmVxB). (7)
WZJEOT7 M I B, £ Z 4k B bx R T
(7) AL
0By 0 0
o %(UZBG) - E(UTBG)
0 10
Tor {“mrar(m@}
0 0By
+ox (e ) )

For, wg, w20 0 R RARHY G 2 R 5 1) ) I B 43
B W BAR B on = no /A SPATHE BOCHR
N Spitzer BFHZE n = 1.15 x 1072 1n AT3/%(s),
Ho 2 P B
A SR S I g Al ek SR TH R L R

7f Thomas-Fermi # {6 #E£ 22 ~, More$g H T — 4>
B E AR P o NREFE, B4r
g/em?, T, NHL TR, ¥HA7eV(4111605 K), Z A
JR PR, A NN EFRE € X NI REE
R = p/(ZA), Ty = T.)Z*3, Ty = To/(1 + Tp),
a = 14.3139, B = 0.6624, v = aQ’, f(z) =
z/(1+z+ V1+2z), WFHHBEBEE: = f(x)Z.
Horpr Q MR R4 T

a1 =3.323 x 1073, ay = 0.971832,

az = 9.26184 x 107°, a4 = 3.10165,

A=aT? + a3T "

bo = —1.7630, by = 1.43175,

by = 0.315463,

125202-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 125202

B = —exp(by + by Ty + b 1Y)

c1 = —0.366667, cy = 0.983333,
C =T + e,
Qu=AR", Q= (R°+Q)V°.

AN T JE SR MULTI-2D 2 7 B R, R T
fo e BRI 7T Z 41 4 S FCAH DG A BE i), 75 22
WA TR, (R B T RE IR s AR 2%
77, ERE 5 5718 5 F2 BRI 75 0 BRI AR T 1t
b, ST SR ELBE R TG I — A F R AR T T 5
Foak A PRI S O R T AR SRR ) 2R
7, AR A S BT AR

MULTI-2D 2 £ M WFE T, i T A X Bhar )
ThRe A H g A, I A A, 55 AT A A5 20 g S A
EIARR e Hd iy AN BEASEE, i 1 R, R
PR R G ST A e AL AR AR . SR N T B
PERIIEA. 16 EAREIAEER A AN IR SR A
23l fE RIS DUACIRAS T FE S IR B2 Ah
INRe RN, ORI, AL
WINR IR B Y. B R ELEE YR A T R,
DL KSR S L ik SR I S T S RS TR
K QEOS T2 A B HPR A 5 FE 5 % (29501,

P HE I
ZHAAN

TS T I,

-I

(o, [FOGRE R

& 4
e &
55 2 uftes
i BB | st
iy fish
ShAs B

e H N

I«

K1 MULTI-2D f&/FHEGR 454
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Fig. 3. (color online) The comparison of magnetic field profiles in radial direction calculated by two-

dimensional and one-dimensional magnetic inductance equations: (a) ur = uz = 0; (b) ur(r;) = —uUm,
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Fig. 4. (color online) The evolutions of magnetic field profiles: (a) The effects of plasma parameters on the
magnetic field evolution when the the plasma is at rest; (b) the effect of fluid motion on the magnetic field
evolution when the plasma is moving towards the axis at a constant velocity um = —5 x 10% cm/s, which is
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denoted by u1, as well as the plasma is moving at a convective velocity u,(r;) = — Um, which is denoted
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by ugz. The magnetic field at boundary interface is fixed, Bm = 128 T.
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Fig. 5. (color online) The variation of velocity of magnetic field diffusion with time: (a) The plasma is at
rest; (b) the plamsa is moving at a certain velocity. The conditions used in the simulations are the same as

that in Fig. 4, besides the u, which denotes the plasma at rest.
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Fig. 7. (color online) The variations of some macroscopical quantities with time during the formation process

of dynamic hohlraum: (a) Outer radius of wire-array (R), current (I), X-ray power (P) and energy (E);

(b) outer radii of wire-array (rwa) and foam (rcpg), convergence ratioes of wire-array (Ratio 2) and foam

(Ratio 1).
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Fig. 8. (color online) The spatial profiles of some physical quantities at 146 ns: (a) Radiation, plamsa

temperatures, and density profiles; (b) velocity and density profiles; (c) magnetic field and density profiles;

(d) spatial distribution of radiation temperature. The part of a line with symbols of circle belongs to foam,

and it with symbols of plus belongs to wire-array.

125202-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 125202

w
(=}
(=)

T/eV, Ty/eV, p/mg-cm~3
= ®)
S S
S S

(e}

0.20

1000
900 | (c) |
800}
700}
600}
500}
400}
300}
200}
100} L

N DY
0 0.05 0.10 0.15 0.20

r/cm

B/T, p/mg-cm~3

40

[\~

(=)

1

1

1

1
A

|
N
=}

u,/10% cm-s—1, p/10 mg-cm—3
(=)

0 0.05 0.10 0.15 0.20

r/cm

0.20 @ | 125
120
1 ]
015 115
g
1®}
= 010 ] 110
105
0.05 ]
100
0 95

0 0.1 0.2 0.3 0.4

z/cm

9 (MTIRE) 150 ns N FINZI S BRI R (a) 5ESHER L PIBGE R A ; (b) BEEFE LN AT; (c) WA L5 A7

(d) ESHEFE 51 5 A

Fig. 9. (color online) The spatial profiles of some physical quantities at 150 ns: (a) Radiation, plamsa temperatures, and

density profiles; (b) velocity and density profiles; (c) magnetic field and density profiles; (d) spatial distribution of radiation

temperature. The part of a line with symbols of circle belongs to foam, and it with symbols of plus belongs to wire-array.

t = 152 ns LAJm, Z2FR MR IR 55 & 1 R 48 8 i
48, IR S T B ARG B — P RO, R
P B M R E— 2D R K, AR IR o DN Y R
e, v B3 ) SR AN SR P A v el TR
T, A A Y0 AR P UL 2 AR S T R AR S48 T, e
BFNZA170 eV, EAMWIRIEA EIRA 728, AR
FEAE v 7 180 73 A 1 341 21 P A2 55 (WL 10 (a)), 1B
LI 9 (d) AT LA 3, e AT B AT 50 4R A X35
£ 2 7R PTG R, d T SR AR R oK,
P30 R e B DL e R R B R (FRA RER 20
T, SEAR AR SRS AR, B, X Fahas
TR IR B R AR L SE R T 5, 7 AR K Bh
LT B RO/ g T 3 2 TR EE ) SR 7,
UL A 8 1) P 110 30 25 3 s v e S 37 ) I T o 11
R 2 i) X4, Aot HL A 54 S T X R s 246 A e K s .
Rk 24 Tk R O A R T B e o P 4|
(0 X e 5, S XM A Tk v ) D L B SR A )
28 TW.

FEAR ) — 4k b2 B W) FUIR L (R il ) A
A5 S L P 2 T o A R IS T ) 38 5% 2R B A

REAIE, L 22 P 55 B8 1 R 1R AT R K 8 S e kv K
AT R 8 S AU A TR AR b | e S I 5 A i e
P B S 18] o B8 4 5 — 4 by B AR T 4 S IR
W12 FE P CRMHA IR0 25 32 201 DL &[5 41 i
o5 G U] ARABL R 5 LT 300 Fr 2 s 8 ST Ui 5
553k [20] W25 R i, #6542 120 eV A 4. HiH
MULTI2D-Z 2 - #5408 25 B8 s T s 7 i 145 21 1
YRR B B AR R R AT EER. (RSO IR RAE Y
AR E R SIS FREAS — 2 RV 5 B Tk
IFR S RIS TE B — 2 I HARSCRESS AR A 1
A8 ey R 1) 77 1) b )38 S .

4 % #

PR R R L NYA RS Ny R -  BU S
MULTI-2D 2 7 H 34 I 7 s A 77 B AR e A, ()
I B ¥ b 75 I A Bl & S E 7 FR R S R R AR
T 52 B0 IE AR 26 71, T e & S 18 J7 72 vp 3 in i
INFABESEIR I, FEAEAH R L7 o AT 2. i B

125202-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 125202

500

400

300

200

T/eV, To/eV, p/meg/cm=

100 |

0.08 0.10 0.12

1200

1000

800

600

B/T, p/mg-cm—3

400

200 ’

0.10 0.12

10 (MTIR ) 152 ns I &I 212 82 (0 24
Ay (d) B hS FE  8) 2 A1

- 60
. . (b)
o
o 40F ____p N
£ y
2 /.I
~ 20 s
< A
=" P ? ]
[ -- ~o ’ \
@ ot &~ " --
g
o
=l
= —20f
>
3
—40
0 0.02 0.04 0.06 0.08 0.10 0.12
r/cm
T,/eV
0.15 170
(d)
160
0.10 1 150
§
~ 140
=~
0.05 1 130
120
0 110
0 0.1 0.2 0.3 0.4
z/cm

(a) %@L « W0 B RN BE L4341 (b) S ERNES FE 43405 (c) Thdm P B JE 5y

Fig. 10. (color online) The spatial profiles of some physical quantities at 152 ns: (a) Radiation, plamsa temperatures, and

density profiles; (b) velocity and density profiles; (c) magnetic field and density profiles; (d) spatial distribution of radiation

temperature. The part of a line with symbols of circle belongs to foam, and it with symbols of plus belongs to wire-array.

BRE PP LR (O B6AE, {618 MULTI-2D F2 7 ot &
J& 7 MULTI2D-Z F27, BN 26 T 3E 4514 I A% 1
TERE S RE AR 1 AR, AT LARL T Z 4 46 3K B
MBS BB T Bl g it RS

I FH Bt ] () 3% A 7 R AR 7 A X i3
9 BRI AL A AR AT T — e g, R IR
R B ()38 O 2= M il 3 I 8 SR04 el TR
(AR (U Z 4 4 55 B8 - 1) 41 407 02 3 ) 2 4 i)
Rk S R S N Tl N S Y B
I ) ()38 I, TR D, R E TR, Win e s
FooE; Y5 B R DIE R Fi 4 ), WA B0 B
LI N 25 s R B, AR S [E] T AR i Bl
KPP IR S B TR, MR —RiZ23); 4
S B A8 DL =428 /N T 952> 1 3 B A3 47 02 )
I, Rk B HICHE BEBE /N T I8 sh M BE, RIS
BOSFERE M55 7, I I AR, Xt
WA AT, G B T B AR Z 446 2 &R A
F WL AL S i 55

FIF MULTI2D-Z #2/5 %f 8 MA HL /K P 42

WA 7 il 46 9% 3 1) 3 & A I T2 Bah ) s B kAT T
B, AL T %A R I O R Bha R
J R A AR 5 [ P9 A RS AU 5 SR A AR AL,
R SRR 5 AR [ B AL KT T — 2 CRMHA F2
Fe BB EE R0, U T A T R TE
A RV TSR, AR R A I, E Z i 45 4
IR IR e A EE A SRR R LR, B
SRR A S B ISR, 8 22 [ A 1 A PR
W, JFE IR AL 45 T A A B T R (R S TV R
HEARSE, AEIIR PR I 2K, 22 55 1 1 M hl 4 v
TRAE, T AR 56 (K10 it ol e AR S, 0 S v i
EE TR AR, AR S A IR TR
HH A S AR 1 A% i LA L B 1) A e PR, 4%
S PR AL 1 21 L i, YRR T AR SN IR B T R
M54 (49120 eV), IF HER T s B FHIa o, 58
S EERY PR A L E A, A IR
Jei, i A i A PR R AT, YR S B T AR R SR N
SR 4, e o R S i B2 Ak S 5 T, e S 4 £ A
[70 5 ) (R 220 ST i G I, ABLAE AR 170 7 T (¥ 240 20 1k

125202-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66,

No. 12 (2017) 125202

= T

ARTF . MR R E A R LR, TR
o R B0 AL L R A VR T 22 B AT TR R B R T
A&, DAE RS 200 2 AL s KR M B B
RS A AN 1) B 1R 2 ] X 35

BN 7S B T I 2 0 H5 A A ADU0) A DG S 56 1
WY B FE M EERR, DA Z S 15 1 24 R SR A
MWt R EER. 50T ERLTENR
J&E MULTI2D-Z #2723 Hom S Y, 1P Al IR 45
A DX A a1l 3 o ALADL 65 SR P

R L 50 P 1 v S MO R 0 SC R0 R
1 T 50535 W 9 53R o 9 22 6 A % o ) R4 3
5 5 BIF 94 30 19 2 R 9T 5076 9F 95 T AF oh 48 T 1 96 S0
FE. R E TR BT S (PTS) BB 1 Z
S 2 T\ 24 7 i A0 5 25 B A 92 4 SR A A A
4 5%,

SE

[1] Matzen M K 1997 Phys. Plasmas 4 1519

[2] Qiu A C, Kuai B, Wang L P, Wu G, Cong P T 2008 High
Power Laser and Particle Beams 20 1761 (in Chinese)
[BSZ 7, M, E52F, RRI, AEER 2008 SEEOGE S5k T R
20 1761]

[3] Huang X B, Zhou S T, Dan J K, Ren X D, Wang K L,
Zhang S Q, Li J, Xu Q, Cai H C, Duan S C, Ouyang K,
Chen G H, Ji C, Wei B, Feng S P, Wang M, Xie W P,
Deng J J, Zhou X W, Yang Y 2015 Phys. Plasmas 22
072707

[4] Dan J K, Ren X D, Huang X B, Zhang S Q, Zhou S T,
Duan S C, Ouyang K, Cai H C, Wei B, Ji C, He A, Xia
M H, Feng S P, Wang M, Xie W P 2013 Acta Phys. Sin.
62 245201 (in Chinese) [{Ehn3h, {EHEZR, TR 5, 5KIEH,
FDIE, BAiE, RREHYL, a0, T, i3k, (%, 2,
T, FHY, W TEF 2013 PR 62 245201)

[5] Jiang S Q, Ning J M, Chen F X, Ye F, Xue F B, Li L
B, Yang J L, Chen J C, Zhou L, Qin Y, Li Z H, Xu R
K, Xu Z P 2013 Acta Phys. Sin. 62 155203 (in Chinese)
[ERTER, W KB, BRVERT, M, B, ki, e, B
BEJN, MK, 2830, ZRIEZE, AR E, VFEE-F 2013 PR 4R
62 155203]

[6] Deeney C, Nash T J, Spielman R B, Seaman J F, Chan-
dler G C, Struve K W, Porter J L, Stygar W A; McGum
J S, Jobe D O, Gilliland T L, Torres J A, Vargas M F,
Ruggles L E, Breeze S, Mock R C, Douglas M R, Fehl
D L, McDaniel D H, Matzen M K, Peterson D L, Ma-
tuskaW, Roderick N F, MacFarlane J J 1997 Phys. Rev.
E 56 5945

[7] Spielman R B, Deeney C, Chandler G A, Douglas M
R, Fehl D L, Matzen M K, McDaniel D H, Nash T J,

(10]

(12]

125202-11

PorterJ L, Sanford T W L, Seaman J F, Stygar W A,
Struve K W, Breeze S P, McGurn J S, Torres J A, Za-
gar D M, Gilliland T L, Jobe D O, McKenney J L, Mock
R C, Vargas M, Wangoner T, Peterson D L 1998 Phys.
Plasmas 5 2105

Stygar W A, Ives H C, Fehl D L, Fehl D L, Cuneo M
E, Mazarakis M G, Bailey J E, Bennett G R, Bliss D
E, Chandler G A, Leeper R J, Matzen M K, McDaniel
D H, McGurn J S, McKenney J L, Mix L P, Muron D
J, Porter J L, Ramirez J S, Ruggles L. E, Seamen J F,
Simpson W W, Speas C S, Spielman R B, Struve K W
2004 Phys. Rev. E 69 046403

Lebedev S V, Mitchell I H, Aliaga-Rossel R, Bland S N,
Chittenden J P, Dangor A E, Haines M G 1998 Phys.
Rev. Lett. 81 4152

Harvey-Thompson A J, Lebedev SV, Patankar S, Bland
S N, Burdiak G, Chittenden J P, Colaitis A, de Grouchy
P, Doyle H W, Hall G N, Khoory E, Hohenberger M,
Pickworth L, Suzuki-Vidal F, Smith R A, Skidmore J,
Suttle L, Swadling G F 2012 Phys. Rev. Lett. 108 145002
Swadling G F, Lebedev S V, Harvey-Thompson A J,
Rozmus W, Burdiak G, Suttle L, Patankar S, Smith R
A, Bennett M, Hall G N, Suzuki-Vidal F, Bland S, Yuan
J 2015 Phys. Plasmas 22 072706

Leeper R J, Alberts T E, Asay J R, Baca P M, Baker
K L, Breeze S P, Chandler G A, Cook D L, Cooper G
W, Deeney C, Derzon M S, Douglas M R, Fehl D L,
Gilliland T, Hebron D E, Hurst M J, Jobe D O, Kellogg
J W, Lash J S, Lazier S E, Matzen M K, McDaniel D
H, McGurn J S, Mehlhorn T A, Moats A R, Mock R C,
Muron D J, Nash T J, Olson R E, Porter J L, Quintenz
J P, Reyes P V, Ruggles L E, Ruiz C L, Sanford T W
L, Schmidlapp F A, Seamen J F, Spielman R B, Stark
M A, Struve K W, Stygar W A, Tibbetts-Russell D R,
Torres J A, Vargas M, Wagoner T C, Wakefield C, Ham-
mer J H, Ryutov D D, Tabak M, Wilks S C, Bowers R
L, McLenithan K D, Peterson D L 1999 Nucl. Fusion 39
1283

Ning C, Feng Z X, Xue C 2014 Acta Phys. Sin. 63
125208 (in Chinese) [T°/, FEN, Bl 2014 Y H %
63 125208]

Bailey J E, Chandler G A, Slutz S A, Bennett G R,
Cooper G, Lash J S, Lazier S, Lemke R, Nash T J,
Nielsen D S, Moore T C, Ruiz C L, Schroen D G, Smelser
R, Torres J, Vese y R A 2002 Phys. Rev. Lett. 89 095004
Rochau G A, Bailey J E, Maron Y, Chandler G A, Dun-
ham G S, Fisher D V, Fisher V I, Lemke R W, Mac-
Farlane J J, Peterson K J, Schroen D G, Slutz S A,
Stambulchik E 2008 Phys. Rev. Lett. 100 125004

Ruiz C L, Cooper G W, Slutz S A, Bailey J E, Chan-
dler G A, Nash T J, Mehlhorn T A, Leeper R J, Fehl D,
Nelson A J, Franklin J, Ziegler L. 2004 Phys. Rev. Lett.
93 015001

Zimmerman G B, Kruer W B 1975 Comments Plasma
Phys. Control. Fusion 2 51

Slutz S A, Peterson K J, Vesey R A, Lemke R W, Bailey
J E, Varnum W, Ruiz C L, Cooper G W, Chandler G


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.872323
http://dx.doi.org/10.1063/1.4926532
http://dx.doi.org/10.1063/1.4926532
http://dx.doi.org/10.7498/aps.62.245201
http://dx.doi.org/10.7498/aps.62.245201
http://dx.doi.org/10.7498/aps.62.155203
http://dx.doi.org/10.1103/PhysRevE.56.5945
http://dx.doi.org/10.1103/PhysRevE.56.5945
http://dx.doi.org/10.1063/1.872881
http://dx.doi.org/10.1063/1.872881
http://159.226.36.45:8080/journalx_aps/manuscript/Manuscript!view.action?id=80158416103&tgcthave=false
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.4152
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.4152
http://dx.doi.org/10.1103/PhysRevLett.108.145002
http://dx.doi.org/10.1063/1.4926579
http://dx.doi.org/10.1088/0029-5515/39/9Y/306
http://dx.doi.org/10.1088/0029-5515/39/9Y/306
http://wulixb.iphy.ac.cn/CN/abstract/abstract59729.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract59729.shtml
http://dx.doi.org/10.1103/PhysRevLett.89.095004
http://dx.doi.org/10.1103/PhysRevLett.100.125004
http://dx.doi.org/10.1103/PhysRevLett.93.015001
http://dx.doi.org/10.1103/PhysRevLett.93.015001

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 125202

[19]

A, Rochau G A, Mehlhorn T A 2006 Phys. Plasmas 13
102701

Meng S J, Huang Z C, Ning J M, Hu Q Y, Ye F, Qin
Y, Xu Z P, Xu R K 2016 Acta Phys. Sin. 65 075201 (in
Chinese) [F1H1E, B, &K, #AEHE T, HE, B 7F
BV, ok R 2016 Y7H%AR 65 075201]

Xiao D L, Sun S K, Xue C, Zhang Y, Ding N 2015 Acta
Phys. Sin. 64 235203 (in Chinese) [ #7%, #MRHL, EEA,
K44, T 7 2015 PR 64 235203]

Xiao D L, Ding N, Ye F, Ning J M, Hu Q Y, Chen F X,
Qin Y, Xu R K, Li Z H, Sun S K 2014 Phys. Plasmas
21 042704

Ramis R, Ramirez J, Meyer-ter-Vehn J 1988 Comput.
Phys. Commun. 49 475

Ramis R, Meyer-ter-Vehn J, Ramirez J 2009 Comput.
Phys. Commun. 180 977

24]

[25]

125202-12

Ramis R, Meyer-ter-Vehn J, Ramirez J 2016 Comput.
Phys. Commun. 203 226

Liberman M A, De Groot J S, Toor A 2003 Physics of
High-Density Z-Pinch Plasmas (Beijing: National De-
fence Industry Press) (in Chinese) [Liberman M A, De
Groot J S, Toor A # (FMK4: %) 2003 @ E Z fidiss
By (et ERy Tk hRA)

Ning C, Yang Z H, Ding N 2003 Acta Phys. Sin. 52 415
(in Chinese) [T/, #i&4e, T 7* 2003 YW 52 415)
Murakami M, Meyer-ter-Vehn J, Ramis R 1990 J. X-Ray
Sci. Technol. 2 127

Salamann D 1998 Atom Physics in Hot Plasmas (New
York: Oxford University Press) p28

Kemp A J, Meyer-ter-Vehn J 1998 Nucl. Instrum. Meth.
A 415 674

More R, Warren K H, Yong D A, Zimmermann G 1988
Phys. Fluids 31 3059


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.2354587
http://dx.doi.org/10.1063/1.2354587
http://dx.doi.org/10.7498/aps.65.075201
http://dx.doi.org/10.7498/aps.64.235203
http://dx.doi.org/10.7498/aps.64.235203
http://dx.doi.org/10.1063/1.4871394
http://dx.doi.org/10.1063/1.4871394
http://dx.doi.org/10.1016/0010-4655(88)90008-2
http://dx.doi.org/10.1016/0010-4655(88)90008-2
http://dx.doi.org/10.1016/j.cpc.2008.12.033
http://dx.doi.org/10.1016/j.cpc.2008.12.033
http://dx.doi.org/10.1016/j.cpc.2016.02.014
http://dx.doi.org/10.1016/j.cpc.2016.02.014
http://wulixb.iphy.ac.cn//CN/abstract/abstract8829.shtml
http://dx.doi.org/10.1016/0895-3996(90)90006-8
http://dx.doi.org/10.1016/0895-3996(90)90006-8
http://www.sciencedirect.com/science/article/pii/S016890029800446X
http://www.sciencedirect.com/science/article/pii/S016890029800446X
http://dx.doi.org/10.1063/1.866963
http://dx.doi.org/10.1063/1.866963

) I8 % 4 Acta Phys. Sin. Vol. 66, No. 12 (2017) 125202

Simulation of forming process of Z-pinch dynamic
hohlraum based on the program MULTI2D-Z"*
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Abstract

The radiation hydrodynamics code MULTI-2D, which was developed by Ramis et al. in 2009 (2009 Comput. Phys.
Commaun. 180 977) and adopted the single temperature fluid and unstructured lagrangian mesh, is modified into a
radiation magnetohydrodynamics code MULTI2D-Z by adding the program module of evolution equation of magnetic
field, and self-consistently considering the Lorentz force in the module of motion equation and the Ohmic heating in the
module of energy equation. The newly developed module for magnetic field was validated to be reliable. The module is
used to study the magnetic field diffusion process, and it is found that the diffusion is weakened due to the increasing of
plasma temperature and density and the fluid convection, in which there is minus grads of velocity in radial direction.
The new code MULTI2D-Z is used to simulate the formation process of dynamic hohlraum driven by tungsten wire-array
Z-pinch at an 8 MA current level. The obtained results are that X-ray power and energy are, respectively, ~30 TW
and ~300 kJ, radiation temperature in foam is ~120 eV, and the implosion trajectory of wire-array is also obtained.
The calculated results reveal that the magnetic field is mainly distributed in the outside of tungsten plasma during
the hohlraum formation. The foam expands due to the radiation heating from the shock wave created by the collision
between wire-array plasma and the foam. The thermal radiation wave, which is characterized by radiation temperature,
spreads towards the central axis faster than the plasma temperature. When the thermal radiation wave spreads to the
central axis, the radiation temperature becomes comparatively uniform in space, and is almost equal to the plasma
temperature except at the place of the shock wave. These results help the people to better understand the magnetic
field diffusion and convection in Z-pinch, as well as the formation mechanism of dynamic hohlraum driven by wire-array
Z-pinch. It is also indicated that the newly developed code MULTI2D-Z can be considered as a new tool for simulating

Z-pinch and its applications, such as inertial confinement fusion and magnetically accelerated flyer plates.

Keywords: Z-pinch, dynamic hohlraum, radiation magnetohydrodynamics, MULTI-2D code
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