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Fig. 1. (color online) (a) Schematic of experimental setup; (b) Computation model.
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Table 1. The JWL parameters of RX-06-AF [14].

p/(kg/m?) P.;/GPa D/(m/s) A/GPa B/GPa Ry Ry w E
1658 27 7800 503.03 9.065 4.3 1.1 0.35 7.6
#2  SEMERIE S [15,10]
Table 2. The parameters of metals [15,16]
po/(g/cm3)  co/(km/s) S1 o a  Go/GPa Y(/GPa Ymax/GPa Tmo/K

LY-12 41 2.785 5.328 1.34 2.0 0.47 28.6 0.26 0.76 1222
ity 11.34 2.1 146 274 0.54 8.6 0.008 0.1 760
304 W 7.9 4.5 1.49 193 0.53 77 0.34 2.5 2380

VAT S S WOCHR [15, 16].
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Fig. 2. (color online) X-ray images, and density images by simulation, the yellow dashed line is the position

of inner surface by experiment.
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Fig. 3. Schematic of the lead colliding bulge structure.

4 HFTYE RO AT AT B EAE L
4.1 WS HRKREITE

S v R ' 2 R AT A S e X 4 R o ik
SN BB RSO A SR TR A BT T E e SR R
PGSR Y 62 A BE TH] 5 B SR F) i Kt S T
JEBEAT 73 BTt 78, AN SESS 65 EUR Hh R B N ST
FERT P 4.

FH S 56 1 2 PG 152 B9 B R 7 T A7 B AN [R] I
ZI B RURE AR BR, 5y A 1 BOE AR UL AT 2 I B
AR R T P AR AN R TE K= A SRR B 220 (i
BT 2.1 us A7 ps Bk P AR AN RIE A SR,
ERERATHR AT A4S B0 AN [3] i 21 95 A F1 AR A b
FRRE B R (2 LA 5).

AT UE B — MG R sk
W) o B KT RSB T e, P IX (FRIE) B A6
W9 O e R T8 2 IS T o B B 228 T 184 vy, 10— AN
FE 25 25 A T A RORE T B 1) i KT R R 2
RS AL

Eooooeees Time =9.5 ps ~ ====-- Time = 13.5 us
é Time = 16.5 ps
2
1E
>~ =
—1E
—2f
_3:||||||||||||||||||||||||I||||
-3 —2 -1 0 1 2 3

X/cm

B4 HASEIN 2000 2 R SR I S TH A B
Fig. 4. Inner surface position by optical images at

different times.

K3 AFI 2P K R TE RSB 5 i 7 B
Table 3. Micro-jet particles surface position in pole

and equator at different times.

13 A FRIEXSHEX

Time /us R /ecm Time /us R /cm

2.1 2.25 7 2.25
9.5 1.29 9.5 1.83
13.5 0.85 13.5 1.1
16.5 0.63 16.5 0.5
21E
E _A
1.9E -5
E L
g - AT
L7g &
-
51.55— —-—-B-—— Polar
N E - — A — — Equator
®N3E 3.
®oE =8
= E e
® 11E G-
E N,
0.9F L
E S
3 ..
07E hs
0.5 §_|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
4 6 8 10 12 14 16
B i) /s

B5 A S it o L AR S I o T 2 B [ 2 £ P
%

Fig. 5. Max velocity of micro-jet particles in pole and

equator.

79 A% PR 3T R A A0 SR i K TR R TR R
Gy R AE PR A (Rl A 3 O N B
ERIRISE 3, T AZ g0 AE 2 S 34T, 7EP AR

234701-4


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 23 (2015) 234701

B ARl s AR 5 K T 2 TS B I ol B IR £ R A
Hh 52 38 BEL 3 . TSR X R ST PR ) S5 K
AR ST — DL, A ST, H X
NGB T XIRE X T R0 B RIS, T
HI T UOM BB G 1 2 A Ja S22 A RN B SN
B, 18 UL E RS (A C, BAR E SRn E
1 VB 1 N B AR, (H T s S B AR
PSSRl DX H i A — B R, EAR
FL i R PR ORE 5 1 E T PR e R R 3 B A
RN, EL4 6] T3 32 J0) 7T R o o 8 i
FIH IR RIURE fie OB . AT T B 176 2 R B x
il DX PR Al B R 5 A P2 B ) S P B 52

T HAEBE R R IRk G R RS
WS ATEIEDLT, 70 Hr PR AN JRTE 1 B T a6 T
WECRURE B RH B2 BE 1 LV, BIAE RN /Rl b el
YN 7 2 1 B KB AR 3 5 A2 715 HE % £ [F)
— B Ik AR I i A

4.2 TREIMEBFHTHHBIREKXEERN

HE L

Asay T8 H P THURE 5 05 S 596 45 -5 70 1 1
W% P o R S5 30l P S AR — 2, P DA UK B 355
FRFA R N RS SONR AN 0 ) =M TR SR
TH]. TR VA REVREE 0.4 cm, [HJF% 2 cm. 40
Kl 6 frs.

X/cm

K6 (FITIREG) 204625 — M Ea R SR
Fig. 6. (color online) Groove model of lead with some

angle.

xR BN RBER S, a8y s S5 80
— B )R T R O R, Hoixdd
R R T HOCA T IROIN A8 B 3K T A N iR T 4 2 T
BY R )Z RIS B O N BOE B B BUE AR LS
B, XEX AREA B AT ARV = 0.94 km /s B
FrnE; FARALE TSRO V = 0.72 km/s (1)
KAmE (W T).

SHEMEHE, 0 = 12°RF, V = 0.72
km /s IS BT 77 A2 R A Mg 0K fi RO FEE O 1.32 km /s,

V' = 0.94 ki /s BT A ) ROBERIURE f5e K H
1.68 km/s, 5525 P a6 i K FERT & B (S
SIS ), B AR A 8 o7 B AR AR mE e KT8 L RES
T, I T 5 B S R O S B i S R R B i K
PR PSR A, X B R e] T T 3
At ST o 1 A8 S5 PSS ) AR i K

0.1p

P . -
- oE |—~— — Pb — — =1 Al
~ E ! |
| —O0.1E 1 :
E 1
2 —0.2F |
E £ |
= 703: | |
3 —0.45 : \
E —os5f !
5 0o |
E 1
B 70.75 ) |
£ —08E !
o] E |
S —0.9E l
E —1.0:““|““"“"““"“"““"“"““
T? 2.2 2.3 2.4 2.5 2.6
> R/cm

Velocity _polar/(km/s, Time = 7 ps)

7 (MFEA) (a) 2.1 ps B %] X = 0 fhAH (b) 7 us
WZ]Y = 0Bl i)z N AR

Fig. 7. (color online) Flyer inner velocity at (a) 2.1 ps
X =0 axis, and (b) 7 us Y = 0 axis.
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Fig. 11. Density images by simulation, the yellow dashed line is the position of inner surface by experiment.
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Fig. 12. Pressure image of the colliding area at 6.8 us,
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13.5 us.
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Simulation study of the colliding bulge and surface
micro-jet of metal flyers driven by detonation”
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Abstract

In the cylindrical implosion problem, the phenomenon of colliding bulge and surface micro-jet formation of two-layer
metal flyers, which are driven by two slip detonations in opposite direction of the pole, is studied by simulation using
Euler’s program. Simulation results of the inner surface travel times of the lead flyer coincide well with the experimental
results. In the polar position, there is a fracture cavity in the lead flyer, and a blunt bulge is formed on the inner
surface. At the equator, large-scale fracture particles are generated as the inner surface of the lead flyer is growing.
It is considered that the colliding bulge at the equator which seem to be continuous in the X-ray images is actually
discontinuous, and it is composed of large-scale fracture particles and small-scale micro-jet particles. By analysis of the
inner surface position on the optical images at different times, the maximum velocity of the lead micro-jet particles is
obtained. It is found that the maximum velocity of the micro-jet particles is declined in the pole region, but at the
equator its maximum velocity is increased with time. It is considered that the subsequent loading waves on the colliding
bulge area may cause higher speed of micro-jet particles than the first loading wave. And then, the groove micro-jet
model of the lead, which is loaded by impact, is used to be equivalent to the uniform disfigurement surface micro-jet. It
is proved that both the micro-jet maximum velocity in the pole region and the velocity at the equator can be formed by
the same uniform disfigurement surface, and the correctness of the experimental optical image is also verified. Finally,
the restrained method of the colliding bulge and surface micro-jet in this problem is studied by simulation. The micro-jet
maximum velocity of the lead flyer can be declined by changing the two opposite initiation points to the points close to
the metal flyers in the pole region, and the main cause of collision bulge at the equator is that the Mach reflection is

formed in the collision area because of the low sound velocity of lead.
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