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Table 1. Electrical action constants for aluminum.
LU/E AR Q/1010 A2s:m™
Qo 2.52
Grme 3.20
@ 4.86
@ 6.58

P T PR R R S B TR A L D R A
IR R IR AN SN AR (BRI VSt S D T
H AR IR B R R ST 2 4. — 51, A AR
ERRT s i, JEshi AR, [Hik
L /WS AT N B8 20 A ] 22 I, i A 3l
Jiz Rl 5 —J5 T, AR A /4y LR - R A
P S AR AR AR s 7 A8 LR K 22 S 38 v AR LY
XA ZR L A 4 L R T SR AN, eI
Je L PR O R IR A S AR AR ZE AT B 1. ARSC
I REE R BUE T A AR R A, RIS A
FE4R AL 58 FP-1 368 b i M AL # a5 14k
Fr A, i TER RS Ba ik e
TR RIS BN, T 35 Al oA A FAT A AR 11 4
FRRE R S 2RO S %, TR ] S it

— Y ) A S S MR AR ) 2R W A
& 1E 5 1) R BH - F VR T RSk A F 2 1 — Bt
SHPERETRAR S22 SOL1D #EAFREI44, 4351
5 FP-1 38 FAUH LR S04 R ZR 2
bR L B R SR A R TR L, AR TR RI
T FE N T B MR T R SEAKEE, JRgA T
FL A FH PR A 25 A BRI 40 P FH 2% 12

2 AN FLEWRIEMNE

FRME 1R B, r, HERISNE

1, A NEREEE, U LRl s kA,

5 HS Y BAHEAER RS2 ). R

Pt TARBE I, TeIe L N AR R il 2 A

R, B B AR AR, DI R ) il

Lizgh MRE ro > A, BNl R HER TR, WER
femisgh )y BT

d?r, ul? wJ?

Paer ~ 8n2r2A T 2A”

Horr, p HERMBHEE, wh B0, T

AR B, J = I/(2nr,) MR TEHE.

(1) AR E RSN 3 N

t 72 t
2 H 2
V:—/ —dr = —— Adr, 2

0 2pA 2p Jo ! @

Hrp, j = J/AFOREREE (RIS IRE,
HL AR PR T ).

1=
Gt

ro > A, (1)

1 AR R RS
Fig. 1. The sketch for solid liner implosion.
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Fig. 2. (a) The relationship between outer surface velocity
and electrical action with various liner thicknesses; (b) the
change of outer surface velocity with the liner thickness for
initial outer radius Ry, = 15.5 mm.

050701-3


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 Z 3R Acta Phys. Sin. Vol. 69, No. 5 (2020) 050701

AL T RE A B R e R R R G R B Y G &R
K 2(b) Frzs. Bh0.18 mm A 43 FL 5, SR
0.18 mm /NI, 5 a7 o R B I R ST AL P 1
. 5 (3) XA M — B )R 0.18 mm
R, i d R B JEE U/, axX AT (1) U
R, BIE T s B 5 5L R S .

ERIERY], SBEER RN, R
FEAE AT B RRITESR O I ZI A U A A HURR K, ST 17
B AR B R AR L B HEIN ) 2, B S 2
REMZIBREAE (L 0.7R,) T, WIEH
12 Bl A AR B A AR RIRT 3R A J R TR R
L, — Ok UL, S AR AL I IS 2l B R 03R4
PR SR DA B /1N, TR RO A7) B A R/ )N

IR RME—Z RN R, Shmsishfef
WM EES ENSE®. fINEESERLR
T NI 2R G, RZUATEA R B,
IMTE S R e AL SR SR AR R v, AR B

Q)/ Qv
0.05 0.10 0.15 0.20 0.25 0.30 0.35
T T T T T

2.85 - (a)

P /.—.\l
280 o =
J ~.

2.75
2.70 +
2.65 | /
2.60
2.55 F
2.50 | —a— Momentum vs. thickness

' s —e— Momentum vs. electrical

.
2.45 + action
1 1

I\Jmax/kg'rn'SA1

1 1 1
0.3 0.4 0.5 0.6 0.7 0.8

A/mm
Q(t)/ Qv
02 03 04 05 06 07 08 09
T T T T T T T
2050 - (b) /
2000
T 1950 |
@
E
g 1900
kv
3
2 1850 +
s
e
1800 - —e— Kinetic energy vs. thickness
¢ —*— Kinetic energy vs. electrical
1750 + action

1 1 1 1 1 1
0.15 0.20 0.25 0.30 0.35 0.40
A/mm

K3 (a) KA (b) BB REREE F 5% L AR
B
Fig. 3. Change of (a) the maximum momentum and (b) the

maximum kinetic energy vs. thickness and electrical action.

T 4R N AE B R, T 1) 2l RE b 1R 8 5
&l 3(a) FE 3(b) 4 h B K sl it AR R Sl hg
Bt JE R R AR R R AR A OC R THR TS EOR
s AN B SN 0.7TRy = 10.85 mm. K Eh
Xif 17 JEE B 241 o8 0.57 mm, AH R IH — 1k B AR A
0.11; J KRENFEXHVEREZ N 0.2 mm, H—fLHLAE
FHE R 0.6; VBN X L, H K 0 RE X 10 i 24
0.14 mm, H—fLHEAEHER 1.0.

RS AR R AR B, T4 2R eE
J1RHEARACET, RN BE T FT . A
W AES RS BRI, AR E
a1 T g 35 B W B R B, A&l 4 R 85 R BoR,
T K B B A P AR S KRR U, FEE R AR,
HAEZ A 10.5 mm, JERE A0 (1) 28R BAREE,
SUWNGIE EY) 1593 AN iU AN ¥ YU LR % 304
PRI AERE R R, TR/ RS B R
fig .

4000 — T T
- 40.24
3800 //'/ ~
3600 40.22
n —o—o o
® 3400 b g
g 3400 40.20 &
3 3200 3
é 0.18 A
= 3000} I
—a— V. VS. Initial
2800 outer radius —40.16
—e— A\, vs. initial outer radius
2600 . 4
6 8 10 12 14 16 18 20 Zéll

Rp/mm

4 MR B T R BE B % 7 JE BE R f b AR Y A2 AL
Fig. 4. The optimal velocity and thickness of liner vs. ini-

tial outer radius.

F TR ER - B0 5 2 — A T A LN
e RARE M ER VR, AR RE Q, 1F
Oy [ A fAT e 4 S O A 2 AT T AR OUL, i
Rl 7 2] DL e e A A R A (— R/ T
Qv), MG FIPEAL AT, _E AR o foe 0 T 2 A A
PLFAR b A SR5E .

3.2 KEEGMRAERE

WRTETE, BERER R Q, FanEMIENE
BE RO AANZAAE, ZIEHE NS RN
i, WCE R RER I AR R A

Vlnax - _7Qb~ (7)

050701-4


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 Z 3R Acta Phys. Sin. Vol. 69, No. 5 (2020) 050701

2 MGTRBPRE RS

Table 2. The material constants for typical metals.
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Fig. 5. (a) The configration of impact experiment liner;
(b) the layout of PDV probe.
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Fig. 6. (a) The measurement velocity profile comparing
with the calculated results; (b) the velocity profile of 1D-

simulation and formula (3) via electrical action.
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Fig. 7. The comparison of experiment and simulation:
(a) The velocity profile; (b) the pressure and density profile.
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Application of electrical action to design and analysis of
magnetically driven solid liner implosion

Zhang Zheng-Wei ~ Wang Gui-Lin' Zhang Shao-Long  Sun Qi-Zhi  Liu Wei
Zhao Xiao-Ming Jia Yue-Song  Xie Wei-Ping

(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, China)

( Received 4 November 2019; revised manuscript received 23 December 2019 )

Abstract

As a typical cylindrical-convergent drive technique, magnetically driven solid liner implosion could
compress interior substance with a shock or quasi-isentropic manner, which has been widely used to investigate
the hydrodynamic behavior, the dynamic characteristics of material and fusion energy and so on. For aspecific
facility, the implosion parameters depend on material, radius and thickness of the liner, and the ablation of liner
restrict the optional parameters. The concept of electrical action is introduced via thin shell model, which not
only is the representation of states for conductive metal, but also indicates the change of liner velocity under
the condition of thin shell hypothesis. The result shows that the outer velocity of liner increases linearly with
electrical action and is directly proportional to liner thickness but inversely proportional to liner density. The
incompressible zero-dimensional model is used to calculate the dynamic parameters of thin shell liner, including
the implosion time, the outer interface velocity, the implosion kinetic energy, and the electrical action under the
condition of low linear current density. There exist optimal radius and thickness which can achieve the
maximum velocity, momentum, and kinetic energy. The aluminum is suitable for reaching higher velocity and
the copper can obtain higher pressure according to a proportionality coefficient @,/p which is an intrinsic
quality of metal. A one-dimensional (1D) elastic plastic magnetic hydrodynamic code which is called SOL1D is
developed to simulate liner implosion behavior. The modified relationship between resistivity and electrical
action is introduced to SOL1D, which can adapt higher hydrodynamic pressure. According to current waves,
the 1D code can be used to simulate liner implosion behavior for all kinds of current densities. The 1D
simulation liner velocity is in agreement with both the experimental results and the electrical action model for
liner implosion experiment on FP-1 facility. The simulation of isentropic compression experiment at ZR facility
shows that the magnetic diffusion process is suppressed at extra high current density and hydrodynamic
pressure, and the electrical action is larger than the experimental value of wire electrical explosion. The zero-
dimensional (0D) and 1D simulation show that estimating the liner velocity and liner phase changing via the

electrical action are suitable when thin shell hypothesis and low current density assumption are satisfied.

Keywords: solid liner, electrical action, zero-dimensional model, magneto-hydrodynamics simulation
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