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Table 1.  Parameters of the planar foils.
kg MM BEER/um ETEN/mm K /mm AT R dy/mm HFFEL d)/mm N FHE2 dy/mm
XA R b 20 10 20 10 5 5
XU 5B A il 20 10 20 10 15 5
C3
HWOGRR
EHGAHAL

b

Laser
532 nm
PR

ARG

1 2B RGOGHR B S RERa i K
Fig. 1. Optical path of the diagnostic system and assembled load diagram.
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Fig. 2. Side-on laser shadow graphs of the experimental load with different structures: (a) Symmetric load; (b) asymmetric load.
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Fig. 3. Diagram of 2-D foil-backpost geometry of axial dir-
ection view. Current flows into the foil from the bottom and
flows out of the foil down to the return current post. w is
the width of the return current post, b is the width of the
foil, d is the distance between foil and post. z is the coordin-
ate of the element, z' is the coordinate of the studied point,
R is the distance between the element and studied point, 3,
is the surface current density of the foil and i4is that of the
backpost. ¢, is the flowing depth of current in the foil and
65 is that of the post boundary.
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Fig. 4. Assuming equal distribution of current, calculated
numerical B-field on slab by single-row model comparing to
the theoretical value. Current depth is 20 pm, slab region is
from -5 to 5 mm and j, is the average current density. Blue
line is the numerical result and red plots are the theoretical
result.
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Fig. 5. Diagram of the load structure with double foils from
axial view. d, is the distance between the further side foil ay
and post boundary B, dsis the distance between the other
side foil oy and post boundary f,, dy is the width of the re-
turn current post, 7 is the surface current density, 6 is the
current depth where subscripts «q, 31, as, (5 correspond to
foil-1, post boundary-1, foil-2, post boundary-2, respectively.
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Fig. 6. Distribution of surface current density of the symmetric load structure with double foils. d; = 5 mm, d, = 10 mm, d3 =
5 mm corresponding to the parameters in Fig. 5. Red (black) lines represent the foil «; and foil aw, blue (green) lines represent the
backpost boundary 3, and backpost boundary (,, respectively. (a) The foil is loaded in the center; (b) the foil has an initial 0.3 mm

offset on the left.
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Fig. 7. Distribution of surface current density of the asymmetric load structure with double foils. d; = 15 mm, dy = 10 mm, dy =

5 mm corresponding to the parameters in Fig. 5. Red, black, blue, green lines represent the foil o, foil «a,, backpost boundary £,
backpost boundary f3,, respectively. (a) The foil is loaded in the center; (b) the foil is set an initial 0.3 mm offset on the left.

SEEE R 10 5 LA B R REE] 154, TR T
e Ry BN 300 S48 B A AR . [ A S0 AL Y F
T2 [ A ey, (L R A v T LA 3 v 400 1 2
SRR I AR ALY, (224 AR5 ] 37 A g i) B 3 R
WX —REAE R R Y W O A A B, 30 ]
TRAEXTFRA (2 = 0) 00 767 L %) PR 37 25 2 L4 ) s
1R, TP R R I A3 O 2 AR Y 52%. [l
FEEFER B (2= -0.3) AR s v, 1
E34 2 AR 61%. [E1JAE 55 TS 7 0 ) FEL 3
BRI D

FEXFFRAUN G2 2R TR LS R 7 s, &5
IR 5 7 ST i T v 5 194 T L 3 28 R X 5 T
ol s R v X IO S, EL A P 30 0 B v 30l B
ST 66.4%, WCHIE o 5 33.6%. I ER

TS B, b 045 A T H % B R AR R By
REE, HEHBFAEC 8y 5 67.2%, 8, /5 32.8%.
SR S TR B R R U A C A R L SR
SN i B2 A L S R O A A 1S 5 X R 2 4 4
FEAALL.

P 8 45 T X AR A8 R[] HE 3 A A =
VLI BT AE T T () 35 A RIS AR 19 32 0T
AL R R RF ST (K 8(a)) L
VR A A2 3 g Ry 5 S 5 T AR 0 DA T AR,
KBTI S5 5 PR A R G AR VA2 R
] 43t f, [ e 1 RS vp ok DR IV B R
J T I, 20K S BRI S I K. 7R
ot £ VERT, 55 5 TR R B A7 78 ] O 2R
I SR R R 1 8(b) 4 TR

035205-6


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

Y1 12 % 48 Acta Phys. Sin. Vol.71, No. 3 (2022) 035205
b
@ 4 ®) 50 © 50
& & J
S S =
= 6k S 15 S 1.5+
> > >
w 1 172}
g 4t g 1.0 2 10} /—\
o = o
g ERE E
22r g g 057
- - -
) 3 3
© 9 O 0t . . . . . O . . . . .
—6 74 72 6 -6 —4 -2 0 2 4 6 -6 —4 -2 0 2 4 6
Distance along foil surface x/mm z/mm z/mm
'S 2.5 I 2.5 '3 2.5
3 3 3
[a] [a] [l
= 20r = 20t = 20t
< 15 ¢ 15 < 15
= 00 = 70 5 00
5 1.0t 5 10} 5 10t
E E g
< 0.5 = 0.5 < 0.5
< [ )
=R . . . . . BRI . . . . . BRI . . . . .
Q -6 —4 -2 0 2 4 6 Q -6 —4 -2 0 2 4 6 Q -6 —4 -2 0 2 4 6
z/mm z/mm z/mm
;5; 1.6 ;.5; 1.6 ;!é: 1.6
§ 1.4 (§_ 1.4} § 1.4}
~ 1.2} ~ 1.2 ~ 1.2
<€ 10} < 10} < 10}
El El Ei
bao 0.8‘ 3 ED 0.8} ;:‘:D 0.8}
@ 0.6f ® 06l ® 06l
& 04l £ 0af g o0af
) o) o) Y
° 0.2} ° 0.2} ° 0.2}
3 ) 5]
=0 E 0 Z 0

-6 —4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 —4 -2 0 2 4 6

x/mm z/mm z/mm
z/mm z/mm z/mm
-6 —4 -2 0 2 4 6 —6 —4 —2 0 2 4 6 —6 —4 —2 0 2 4 6
0.30 T T T T T 0.30 T T T 0.150 T T T
0.25 0.25 0.125 |
:l,?; 0.20 | :L?: 0.20 ;“6; 0.100 |
2 2 2
= 0.15 = 0.15 Ni 0.075 |
<2 0.10 } < 010} <2 0.050 |
0.05 | 0.05 | 0.025

0 0 A \ A
—-0.6-04-02 0 -0.6-04-02 0 0.2 04 06

0.2 04 06 00604-02 0 02 04 0.6
fa (poj30) fa (10730) fa (2p0539)
[§l 8 N[EIARL T A o A0 4 H % B v A L R B RE R B T L MR IS IR ERE (a) BURE SR (b) T3

WA () H TR B F Y BE 0 A A (R A i i ). G
EZZTEPF FREEZIIRIN, [ 8RR 32 IR I oy &, f, 9\ T o3 b

Fig. 8. Curves of current distribution, magnitude of B-field, magnitude of force and vectors of force along the foil: (a) Based on cur-

\-Eijjaﬁ(ﬁiﬂﬁﬂﬁﬂ]%m%* s & R IR | g S EL

rent division model that inductance dominates; (b) based on equal current division model; (¢) based on current division model that
its density concentrates on the center (assuming Gaussian distribution of current).
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Fig. 9. Optical side-on self-emission images for the symmetric structure load with double foils (No. 17222): (a) Laser shadow graph

of load in the initial condition; (b) exploding time at 26.6 ns; (c) exploding time at 60.4 ns.

10 BUA X R 75 B B 67 28K ST 30 il 1) ] UL Y TR (No. 19103)

JEMLe, G AR KEHE

(c) 0.20

0.15

V]
0.10

0.05

0 5 10 15 20
z/mm

(a) 27 ns; (b) 67 ns; (c) Ja P R A S O €5 1] 5 X5k 7 A5 8 A X 56

Fig. 10. Optical end-on self-emission images for the symmetric structure load with double foils (No. 19103): (a) Shot time at 27 ns;

(b) shot time at 67 ns; (¢) the image in yellow box is treated with flase color. Corresponding mean column gray value curve G with

position z is calculated on the top.

P11 UM A X R R 5 £ 2 S5 8 A0 i) ) DL ' 4 S P B (No. 16189)

(b) 49.8 ns; (c) 70.8 ns

(a) WIHR IS 20, IS 108 [0 70 i 07 2, 9IRS 2 oF IO 3T 3 .

Fig. 11. Optical side-on self-emission images for the asymmetric structure load with double foils set in different distance (No.

16189): (a) Laser shadow graph of load in the initial condition, foil 1 corresponds to the far side and foil 2 corresponds to the near

side; (b) shot time at 49.8 ns; (c) shot time at 70.8 ns.
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B 12 SR X AR AR I £ A8 S 56 il i mT LG ER S R (No. 16214)

JI5E 2 o 1o 3 i 37

(a) 12.6 ns; (b) 33.6 ns; (c) 75.6 ns. WM 1 X N7 2L 367 B,

Fig. 12. Optical end-on self-emission images for the asymmetric structure load with double foils (No. 16214): (a) Shot time at

12.6 ns; (b) shot time at 33.6 ns; (c) shot time at 75.6 ns. Foil 1 corresponds to the far side, and foil 2 corresponds to the near side.

Bl 13 XU X A 25 e £ 2k S 38 il vy 1T LB EN%: (No. 19110)  (a) 79 ns; (b) 99 ns; (c) 119 ns
Fig. 13. Optical end-on self-emission images for the symmetric structure load with double foils (No. 19110): (a) Shot time at 79 ns;

(b) shot time at 99 ns; (c) shot time at 119 ns.

t/ns

P 14 20 wm SRR AR R ] T] WO A AR ST T IEHR R 51 RIS Zid O (UKL B, AR B BE (B Fh € 00 17 56 2R A b R 7

Fig. 14. Diagnosed images sequence of axial visible end-on self-emission in exploding experiments of 20 um Al foils. Images are

treated with false-color where color scale is shown on the right.
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RN . ABALAAEE DT ] -5 IR 5 T % 1) i 45°

Fig. 15. Diagnosed images sequence of surface self-emission in exploding experiments of 20 pm Al foils. Images are treated with

false-color where color scale is shown on the right. The shooting angle are 45° relative to foil surface orientation.
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Fig. 16. Different designed cathode plate structure: (a) Nor-

RS
by

mal structure; (b) inner fovea structure; (c) outer fovea
structure. Shadow regions connect the backpost and blue

regions connect metal foils.
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Current channel in plasma of inverse exploding planar foils”

Liu Yong-TangY?  Sheng Liang?! Li Yang?
Zhang Jin-Hai?  Ouyang Xiao-Ping?
1) (Department of Engineering Physics, Tsinghua University, Beijing 100084, China)
2) (State Key Laboratory of Intense Pulsed Radiation Simulation and Effect,

Northwest Institute of Nuclear Technology, Xi’an 710024, China)

( Received 12 August 2021; revised manuscript received 14 September 2021 )

Abstract

In the research of Zpinch, the initial establishment of current in load, current density distribution mode
and current evolution characteristics in different stages are of great significance in studying the development of
plasma dynamics, analyzing plasma instability mode, and carrying out the MHD numerical simulation. Thin
planar foil is an ideal configuration with continuous two-dimensional structure to study the problem. Based on
an ideal model that consists of foil-backpost configuration under the assumption of infinite length in reverse
exploding condition, the establishment, distribution and evolution of the current channel, magnetic field
distribution characteristics and the force state of foil plasma by the inductive mode are calculated and analyzed
theoretically. Relevant experiments are carried out on the QG-1 facility with about 1.4 MA peak current and
100 ns rise time to verify the calculated results. The self-emission graphs of exploding foils are recorded by
visible-light frame cameras from side-on view and end-on view. Different load configurations are utilized
including symmetric and asymmetric condition both assembled with two 20-pm-thick aluminum foils. The
results show that the establishment of the initial current in foil (0—70 ns) accord with the expectation of the
inductance model. The inductance feature determines the distribution of the current in this stage, which causes
the current to aggregate in foil edges and then the edges will suffer much higher magnetic field and J x B force
than the center. This results in the formation of a clamp plasma morphology. The later images (70120 ns)
show that the intense emission region will transfer from the foil edges to the center, which proves a transfer of
current channel. So the magnetic field and J x B force in the foil center increase and a peak convex plasma
morphology forms then. It shows that the current distribution will be affected by the plasma evolution process.
The convergence process of ablated plasma with current finally leads to rapidly switch the current channel (in
60-80 ns).

Keywords: exploding foils, inverse configuration, inductive mode, current density distribution
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