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Fig. 1. Experimental and diagnostic geometry.
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Table 1. The ejecta parameters at different offset: areal mass, max volume density, layer’s thickness and

average volume density.

d =5 mm d =10 mm d =15 mm
RilmE LN pin 3 mg/cm? 3.8 mg/cm? 5.4 mg/cm?
Asay-F-window 17.5 mg/cm? 18.0 mg/cm? 17.0 mg/cm?
SN LN pin 70 mg/cm? 85 mg/cm? 100 mg/cm3
Asay-F-window ~ 400 mg/cm? ~ 450 mg/cm? ~ 450 mg/cm?
7 [a] JE S Asay-F-window t=2.0ps, ~1.5 mm t = 4.0 us, ~ 3.0 mm t=6.0 us, ~ 4.0 mm
THhy Asay-F-window ~ 117 mg/cm? ~ 60 mg/cm? ~ 43 mg/cm3

ST 3 (a) BTos (9 LA 92 71 R Asay % (1)
CWHRIGE S R, T A T A A
(£10.6 GPa), 24352 Bl — 58 % 5 1905 ) I fi o b
AL TR ACRZS, W3 (d). B3 (d) 35300
JE HLAT BE T2 S 5 T DU HE B e XS R GE 4
JR AT B, AER S 145 5 W JE i S AR s 420 ok 1)
FHORAT R B r AR B i W 43 el IR 2%
T BT AR S5 U2, Tv2% I W g At e A 470 J
MIAHGAS R, BE TG40 HRE 1 Bl T 308 1 D) £
. Asay-F & A3 300 & REECK, BUEMIZE T &
2 P T A o )5 R e 1 pR T B A R A
S, FEARSZHLT AR S E R T AT BT R (S R
W, AEORE T B AU 1 s R A RO R v S 35 A
JEHA BT R TS (b), () M3 1 B
15, BE Sn FE 4 H BT 5 mm, 10 mm A1 15 mm K&
P PR K 200 T 220 000 43 B A7, THI R 5% S 4 0 3R 1 T
IrR299°3, 3.8 F15.4 mg/cm?, WS R £ K 35
43 %1°8 70, 85 F1100 mg/cm®, 5 PR 25 i IR
PH B IS 2 g G K R . A TS
W7 I IZARRAE I S 5 S R 2 T A0 40 T 7 =5 ] 11
HAALZ IR 2%, BB TR 42 o Bk < [A]A77E —
SE T RE e R R Sk BE SRR TR
TR R LE 2% 8] 38 B I8 A B TR 2 [ R 2% g
W BB, — & R B T 6 e B A BT (1 b
JE 77, 5 BUR A FE TR AL ZI4E 5, IR AT BL2
Wigh s 2 MR E R, A, BT HREA S
T E R AR, OGS W T 5wl R
OB R A5 R, HLAS R S T R E 2 Wi
T BT AE PR [ — X R, BRI, SCHR [9] 1 Zeller 5
IR AN TR) 0 38 7 T L PR A2 W 4 SR 4 BT F 9
TP IR PRI AR (0 T VR AR — e AN A EE. 3T
Asay-F &, #% B i LiF & DR %), B5 Sn A

i E B 5 mm, 10 mm A1 15 mm =00 5 1 0
e A T AR R P BT R B E A 20 N 175,
18 #117.0 mg/cm?, SEIA[F I & 512 Wras i
KIS B A R HRAE. Wl ATk, 5T Asay-F
TSI T < Rl B E DA I S 5 2
ANE AR ST Asay-F 2 M 5505 49) o & 2 A AH [
10 &35 SR U0 W A 7 7] 3 B s A I A A T AR e
WIRTE K. 55 Ak, o bEA R EE Z1 e H A e H il e 5
H )5 S Asay-F w25 KR, KA
BETHZ Wi g e i W K T Asay-F @245 R, 5
Kl 3 (a) B Asay-F T 0 2 FE AR R v T3 fms AR
R 8 R A AT R B A ST I SR A &, (H
2N, WA SR ) Asay-F & 12 W7 45 R
FEARTTEE.

DR T B A3 BT S R it 2 TR A0 S5 ) BN
B, DS X5 2 MR S5 45 HH IR 1 IS 2006
WSEA) IO (%) 7% 18] 35 B8 23 A4S S AT LU, 2228 SR [9)
5 HA DR S E 470 I 2 S A B R R AL DN R E I 1
V) % B 43 A B 7 7%, X Asay-F & 2 Wi st {5 55t
17 T84k, SR WE 4. BT H ARSI 2 25
TGy v I G RS e AE R, HAS [F R
FHI s AR BT 2 45 SR AR A R E R, R A2 W
R 7 AT BT B ) I S AR AR — A S
PR, BRI, A SO 0 He A S T R A AT
A -FAEA. R A BB R BRI
3 RUFEABCE: 1) W RORLAE 7 [F] 32 B A0 1 R
L ORFEANAR 2) WA 5 A I 1) TR, AR I
W75 1A (5 Sn A i B HH T EE LT [A)) AEAE IS B I8 R
3) LEGUIBE ) 5 A5 1) S A 38 ST RARGE R, AN R
FHEZ W KA B[R — it . B 4 K
B, i A SO S RORE (432 Bl iE AL, A (R ),
T ) Jo AE 2% 18] S A BURZ K AR AE: (5 98

026201-4


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

) I % R Acta Phys. Sin.

Vol. 65, No. 2 (2016) 026201

sl IIEACRE R B: NI TR N S8R A AL RN
TRURURL < B ARUBZ AR RO BRI, A SORE B 4
71 AN [7) B 20 SRR ) 2 8] 2 B 70 AT B AL B 1 T
—IFZl, G5 RIWE 5. BB 515, =M A S
(Yol ORI 14 22 ) 5 P2 0 AT AR 25, Z2 0048 T/l
BT T AT DA 45 S 4 A e A R A DA 1 15
JE, < R it R T BRI A2 < I ARDURZ K
PEE R EE.

600
H H T
500 :/
l
|
7 400 d =10 mm, : d =15 mm,
§ t=4.0 ps \/t=6'0 ns
& 300 I
g |
> |
<200 I
I
I
100 !
I
|
0L P T T T R N
4 12 14 16 18 20

S /mm

Kla (MR 4 i Z00msed o7 2 A1 4 A
Fig. 4. (color online) The ejecta volume density vs.

spatial distance distribution at special time.

600

T
500 |
——d=5mm, t =2.0 ps

400 } ——d=10 mm, t =4.0 ps

-
g ——d=15 mm, t =6.0 ps
) ol
g 300
3
<
2001 WURT by RO
I I d=15mm d=10mm d=>5mm
100 |
3 I
of .

9 10 11 12 13 14 15 16 17
PEE /mm
5 (MTIRE) ¢t = 4.0 ps BRI 25 7% B 5 A1
Fig. 5. (color online) The ejecta volume density vs.

spatial distance distribution at a special time (¢t =
4.0 ps).

4 % #®

ARSI AR Gt e F R I E EAR RAIR, IX A
MRS FE 1 <8 o A T 74 7 vt IRl
P AE B IIBLR, RGBT RS A L2
KR AT TG S5 I A A R A7 A A TR L X
ZA L, AR BT R R I KRR et o T s
YO J5Ti2 i (K] Asay-F & 50K, BOAER, 2 W45t T

KSR S b i 28 T 4 Al 40 Jo 1Y Jot B T

JEEERIZABAE R, 45 1R E I ZURE
T T PR AR 420 S P ) 22 T A R, A T

TR« B ARUBZIR R, MNREhE T &R

ToF vt 2 T A58 400 J5 R I s A LR e B T o S
ST

SE

[1] Asay J R, Mix L P, Perry F C 1976 Appl. Phys. Lett.
29 284
[2] Asay J R 1978 J. Appl. Phys. 49 6173
[3] Vogan W S, Anderson W W, Grover M, Hammerberg
J E, King N S P, Lamoreaux S K, Macrum G, Morley
K B, Rigg P A, Stevens G D, Turley W D, Veeser L R,
Buttler W T 2005 J. Appl. Phys. 98 113508
[4] Zeller M B, Vogan M W, Hammerberg J E, Hixson R S,
Obst A W, Olson R T, Payton J R, Rigg P A, Routley
N, Stevens G D, Turley W D, Veeser L, Buttler W T
2008 J. Appl. Phys. 103 123502
[5] Zeller M B, Vogan M W, Gray G T, Huerta D C, King
N S P, Neal G E, Valentine S J, Payton J R, Rubin J,
Stevens G D, Turley W D, Buttler W T 2008 J. Appl.
Phys. 103 083521
[6] Zeller M B, Grover M, Hammerberg J E, Hixson R S,
Iverson A J, Macrum G S, Morley K B, Obst A W, Ol-
son R T, Payton J R, Rigg P A, Routley N, Stevens G
D, Turley W D, Veeser L, Buttler W T 2007 J. Appl.
Phys. 102 013522
[7] Buttler W T, Zeller M B, Olson R T, Rigg P A, Hixson
R S, Hammerberg J E, Obst A W, Payton J R, Iverson
A, Young J 2007 J. Appl. Phys. 101 063547
[8] Buttler W T, Hixson R S, King N S P, Olson R T, Rigg
P A, Zeller M B, Routley N, Rimmer A 2007 Appl. Phys.
Lett. 90 151921
[9] Zeller M B, Buttler W T 2008 Appl. Phys. Lett. 93
114102
[10] Chen Y T, Ren G W, Tang T G, Li Q Z, Wang D T, Hu
H B 2012 Acta Phys. Sin. 61 206202 (in Chinese) [k
%, EEER, B, FRE, TEH, ik 2012 ¥R
]k 61 206202]
[11] Chen Y T, Hu H B, Tang T G, Li Q Z, Wang R B, Wang
D T 2012 Scientia Sinica G 42 1076 (in Chinese) [Fkik
%, S, AR, BPRE, EORE, FAEE 2012 HEFR
% G 42 1076
[12] Chen Y T, Ren G W, Tang T G, Hu H B 2013 Acta
Phys. Sin. 62 116202 (in Chinese) [Ff/k ¥, EER, ik
A, I 2013 P)FEAEAR 62 116202
[13] Shao J L, Wang P, He A M, Duan S Q, Qin C S 2013
J. Appl. Phys. 113 153501
[14] Shao J L, Wang P, He A M 2014 J. Appl. Phys. 116
073501
[15] Ren G W, Chen Y T, Tang T G, Li Q Z 2014 J. Appl.
Phys. 116 133507

026201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.89066
http://dx.doi.org/10.1063/1.89066
http://dx.doi.org/10.1063/1.324545
http://dx.doi.org/10.1063/1.2132521
http://dx.doi.org/10.1063/1.2939253
http://dx.doi.org/10.1063/1.2906107
http://dx.doi.org/10.1063/1.2906107
http://dx.doi.org/10.1063/1.2752130
http://dx.doi.org/10.1063/1.2752130
http://dx.doi.org/10.1063/1.2712177
http://dx.doi.org/10.1063/1.2722676
http://dx.doi.org/10.1063/1.2722676
http://dx.doi.org/10.1063/1.2982421
http://dx.doi.org/10.1063/1.2982421
http://wulixb.iphy.ac.cn//CN/abstract/abstract50426.shtml
http://dx.doi.org/10.7498/aps.62.116202
http://dx.doi.org/10.7498/aps.62.116202
http://dx.doi.org/10.1063/1.4801800
http://dx.doi.org/10.1063/1.4801800
http://dx.doi.org/10.1063/1.4891733
http://dx.doi.org/10.1063/1.4891733
http://dx.doi.org/10.1063/1.4896902
http://dx.doi.org/10.1063/1.4896902

32 % R Acta Phys. Sin. Vol. 65, No. 2 (2016) 026201

Experimental investigation of ejecta on melted Sn
sample under shock loading*

Chen Yong-Tao Hong Ren-Kai Chen Hao-Yu Ren Guo-Wu'

(Laboratory for Shock Wave and Detonation Physical Research, Institute of Fluid Physics, China Academy of Engineering
Physics, Mianyang 621900, China)

( Received 29 June 2015; revised manuscript received 27 August 2015 )

Abstract

Ejecta production from the metal surface under shock-loading is currently a focused issue both at home and abroad.
However, the traditional experimental techniques, such as piezoelectric pin, only diagnose the ejected data for low-density
ejecta but not for high-density ones, giving a poor understanding of this process. Particularly, when ejecta production
increases significantly as the loaded metal melts on release or shock, the measurement carried out by the traditional
piezoelectric pin becomes worse, and brings further missing knowledge in the ejecta evolution.

In this paper, an Asay-F window designed earlier by the authors based on the traditional Asay-window, is employed
to investigate the formation process of the ejecta from the melted Sn metal. As indicated by previous experimental
findings on shocked Pb sample, the Asay-F window is a reliable and effective tool for measuring the high-density ejecta
by comparing the result with those of the piezoelectric pin. The interface velocity within the Asay-F window measured
by Doppler pin system, is obtained. On the basis of momentum conservation condition, the physical quantities of ejecta,
such as accumulative areal mass, volume density and velocity, are derived from the interface velocity. By analyzing
the experimental data diagnosed by the Asay-F window, which is placed at different offsets from the free surface of Sn
sample, the expansion evolution of the ejecta is obtained. Through transforming the dynamic volume density to the
static one, the picture of the ejecta density distribution changes with the spatial distance at a specific moment, which
is explicitly displayed. It is found that the ejecta density distributions gained from the different offsets at the uniform
moment are consistent. As a consequence, the self-similar expansion evolution of the ejecta is experimentally confirmed,
which successfully avoids the unclear understanding of this process if only examined by the piezoelectric pin. This
experiment may lay the foundation of the formation of the ejecta production for the metal sample subjected to high

pressure loading.
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