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Fig. 1. (color online) Schematic view of the means of

laser-driven flyers.
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Fig. 2. (color online) Schematic view of laser-driven

flyer by temporally ramped pulse.
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Fig. 3. (color online) Schematic view of the flyer target

driven by temporally ramped pulse.
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Fig. 4. (color online) Profile of temporally ramped pulse.

()

1 1
11 12
fi$78] /ns

1
10 13

(a) VISAR R4 EIE; (b) ¥ di ik

Fig. 5. Experimental results of laser-driven flyer by temporally ramped pulse: (a) Raw VISAR image;

(b) flyer velocity curve.
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Fig. 6. (color online) Stress distribution within the flyer.
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Fig. 7. (color online) Schematic view of flyer launching

by plasma impact.
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Fig. 8. (color online) Experimental results of alu-

minum flyers launching by plasma impact.
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Table 1. Parameters of aluminum flyers launching by

plasma impact.
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008 1603 26 6.5 0.6
004 1769 26 7.2 0.3
006 2288 26 11.5 0.4
005 1734 35 5.8 0.5
003 1946 35 5.9 0.3
002 1960 35 6.0 0.5
009 2142 35 6.2 0.3
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Fig. 9. (color online) Experimental results of tantalum

flyers launching by plasma impact.
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Table 2. Parameters of tantalum flyers launching by

plasma impact.

WHEE R EHA£400 pm N

SR e/
RIS HR/ Jum  Jkmes™1 WIGEES A /ns

114 1424 20 2.6 0.3
115 1598 20 2.7 0.9
116 1064 20 2.0 0.8
117 1925 20 2.7 1.3
118 2697 20 6.5 0.7
130 2645 20 5.3 0.9
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Fig. 10. (color online) Contour lines within the tan-
talum flyer. The numbers in the figure denote the

corresponding pressure (GPa).
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Fig. 11. (color online) Schematic view of flyer launch-

ing by direct short laser ablation.
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Fig. 12. (color online) Schematic view of aluminum

flyer launching by direct short laser ablation.
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Fig. 13. Schematic view of flyer launching by direct

short laser ablation.
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Fig. 14. SOP results of multi-layered PI-Cu flyer
launching by direct short laser ablation: (a) Shot 124,
flyer impact on a flat glass window; (b) shot 128, flyer

impact on a stepped glass window.
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IERfI.

BT 22 Cu LTS, RATEHRT 22 Ta
KA HE ALK SR, SEIAE Bk 3 pr sl 9L,
AULER], 22 AP TRE A,
H#Ote i dcr e G, LRk mikg T
55 km-s~1 [ & COROEEE, 1 H O RA R
PR TE RN, NS SRR ARG E EIF R N
BRAHOCSEIG BEE T R AT (R

5 VISAR 2 Wi sz 46 A1 Lk, FIFH SOP 2 Wr (4
AR A N TR AT LAR K, 1o HEE e A U R
i, SRR W AT R SR
Fi iy DAJE RE S R 45 B

3 EKh RN SER A R g
Table 3. Results of flyer launching by short-laser ab-

lation.
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Ba, BATRIHEEOE RS A 1 RE 0L
MRy = B/ Eo (Eo 2 WBBOLRER, Er 2 &
FERE), B Er=pxnD? x HxV?/8, Hh, p&
AN QR B, S 2 AR AL D ROR
KA ER HIGRCHEE, VR CFEE. @
L ey TR, 2 AS B EE WOE E IR ALK
Fi AR 1.1 %, Fk e ilinid 2 4 PT1-Cu &
A 3R 1.0%, 55 B 7 AR ST A1 e 4 2%
#0.6%. XUl EOE EEINE € A O S
5 T VR AR () 1R B 3y AR v, RO e v
PR R AR T RS T R R L AR AR A
MIRERADAE. 110 I 28 BN T £ 7 2 B e i I )
T AR, I O bl A R R R 5 K,
AEZ NIRRT CTINEE.

3 & w

R HOCTIT R MBOCRE, TP T =FAF
J7 O IR E) € SRR HT AT, X TR Kb i

G ELFBE IR &, T DR S5 75 E AT BT
Bevk, A I RATEAR RS, R RS [
SRR, X R, HRIEOL
B RE I EOR B, B #5255 RSO ELAE AR RIS
RATRITR. SR BG4 A T ARl
8 1077 SR AT DL LSRR I [ A O, BARELAR
JoE R IR e A FY, 5 T G 1 HOE ERAE A,
RKFEAR 7 T WU, i HLX A 5 26 SOt 35
FEERAR. SRl RS T8 — S P S A AR AE S B g
R RS, BRI 1T kmes L AR RS, T
SRR U S5 R e v SOR RGN 1 420 T 1
VERRIHESE. HE KOs BLFR e T s vT LAERAS 8 g
PR, H AT ARG P B LA 50 kmes—! 1)
AW, AT LB AT O hn s A e sk
BT T, (R s eh o A P 2R 3 B A B ™ B
IR AE AR T, dn SR E AT IR T REW IT, AR 2
B8 T RIS, 15 N2 5 MR R 2.
AT, R ATR T ORI O, BURT B &
(R SEE8 6 R ANBIE A B 1. 125 5 I SE B i 7o v, %t
TR R N R S T RS Y [

AT AT SER AR B T A0 IO BIS AT A A
B R B ) S SEIR B AR 2 W N B3 KK B, AR EROR
ERNsiolatil

SE

[1] Wu L Z, Shen R Q, Xu J, Ye Y H, Hu Y 2010 Acta
Armamentar II 31 219 (in Chinese) [, ThEGH, 1R
e, HimAE A 2010 e TR 31 219]

[2] Cauble R, Phillion D W, Hoover T J, Holmes N C,
Kilkenny J D, Lee R W 1993 Phys. Rev. Lett. 70 2102

[3] Jones A H, Isbell W M, Maiden C J 1966 J. Appl. Phys.
37 3493

[4] Glushak B L, Zhakov A P, Zhernokletov M V, Ternovoi
V'Y, Filimonov A S, Fortov V E 1989 Sov. Phys. JETP
69 739

[5] Stilp A J 1987 Int. J. Impact Eng. 5 613

[6] Chhabildas L C, Dunn J E, Reinhart W D, Miller J M
1993 J. Impact Eng. 14 121

[7] Hawke R S, Duerre D E, Huebel J G, Klapper H, Stein-
berg D J 1972 J. Appl. Phys. 43 2734

[8] Swift D C, Niemczura J G, Paisley D L, Johnson R P,
Luo S N, Tierney IV T E 2005 Rev. Sci. Instrum. 76
093907

[9] Paisley D L, Luo S N, Greenfield S R, Koskelo A C 2008
Rev. Sci. Instrum. 79 023902

[10] GuZ W, Sun C W, Luo L J 2002 Infrared Laser Eng.

31 428 (in Chinese) [## 16, FVEZE, PHIZE 2002 20585
WL THRE 31 428)

064703-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://118.145.16.231/jweb_bgxb/CN/abstract/abstract729.shtml
http://118.145.16.231/jweb_bgxb/CN/abstract/abstract729.shtml
http://dx.doi.org/10.1103/PhysRevLett.70.2102
http://dx.doi.org/10.1063/1.1708887
http://dx.doi.org/10.1063/1.1708887
http://dx.doi.org/10.1016/0734-743X(87)90076-5
http://dx.doi.org/10.1016/0734-743X(93)90014-X
http://dx.doi.org/10.1063/1.1661586
http://dx.doi.org/10.1063/1.2052593
http://dx.doi.org/10.1063/1.2052593
http://dx.doi.org/10.1063/1.2839399
http://dx.doi.org/10.1063/1.2839399

) I8 % 3R Acta Phys. Sin.

Vol. 66, No. 6 (2017) 064703

(11]

[12]

18]

[19]

[20]

Paisley D L, Montoya N I, Stahl D B 1990 19th Inter-
national Congress on High-Speed Photography and Pho-
tonics Cambridge, United Kingdom, September 16-21,
1990 p760

Niu J C, Gong Z Z, Cao Y, Dai F, Yang J Y, Li Y 2014
Ezplosive and Shock Waves 34 129 (in Chinese) [}
e, 2EEIE, HH, R4E, Hdkis, 57 2014 BIE ST 34
129]

Barker L M, Hollenback R E 1972 J. Appl. Phys. 43
4669

Xue Q X, Wang Z B, Jiang S E, Wang F, Ye X S, Liu J
R 2014 Phys. Plasmas 21 072709

Jing F Q 1999 Guide of Experimental Equation of State
p204 (in Chinese) [&4R# 1999 SLIWAEFFESF I (LA
Rl RAL) 58 204 1)

Hayes D B, Hall C A, Asay J R, Knudson M D 2003 J.
Appl. Phys. 94 2331

Edwards J, Lorenz K T, Remington B A, Pollaine S,
Colvin J, Braun D, Lasinski B F, Reisman D, McNaney
J M, Greenough J A, Wallace R, Louis H, Kalantar D
2004 Phys. Rev. Lett. 92 075002

Shan L Q, Gao Y L, Xin J T, Wang F, Peng X S, Xu T,
Zhou W M, Zhao Z Q, Cao L F, Wu Y C, Zhu B, Liu H
J, Liu D X, Shui M, He Y L, Zhan X Y, Gu 'Y Q 2012
Acta Phys. Sin. 61 135204 (in Chinese) [BE5E, 754K,
T, FiE, Bhett, R0, AR, BRGNS, WEE, RE
B, Ao, XA, KRB, B, R, BEE, K
2012 PJRE4R 61 135204

Shui M, Chu G B, Zhu B, He W H, Xi T, Fan W, Xin J
T, Gu'Y Q 2016 J. Appl. Phys. 119 035903
Fratanduono D E, Smith R F, Boehly T R, Eggert J H,
Braun D G, Collins G W 2012 Rev. Sci. Instrum. 83
073504

21]

22]

24]

[25]

[29]

064703-8

Prisbrey S T, Park H S, Remington B A, Cavallo R, May
M, Pollaine S M, Rudd R, Maddox B, Comley A, Fried
L, Blobaum K, Wallace R, Wilson M, Swift D, Satcher
J, Kalantar D, Perry T, Giraldez E, Farrell M, Nikroo
A 2012 Phys. Plasmas 19 056311

Smith R F, Eggert J H, Jeanloz R, Duffy T S, Braun
D G, Patterson J R, Rudd R E, Biener J, Lazicki A E,
Hamza A V, Wang J, Braun T, Benedict L X, Celliers
P M, Collins G W 2014 Nature 511 330

Ozaki N, Koenig M, Benuzzi-Mounaix A, Vinci T, Rava-
sio A, Esposito M, Lepape S, Henry E, Hiiser G, Tanaka
K A, Nazarov W, Nagai K, Yoshida M 2006 J. Phys. IV
France 133 1101

Shui M, Chu G B, Xin J T, Wu Y C, Zhu B, He W H,
GuY Q 2015 Chin. Phys. B 24 094701

Okada K, Wakabayashi K, Takenaka H, Nagao H,
Kondo K, Ono T, Takamatsu K, Ozaki N, Nagai K,
Nakai M, Tanaka K A, Yoshida M 2003 Int. J. Impact
FEng. 29 497

Kadonoa T, Yoshida M, Takahashi E, Matsushima I,
Owadano Y, Ozaki N, Fujita K, Nakano M, Tanaka K
A, Takenaka H, Kondo K 2000 J. Appl. Phys. 88 2943

Tanaka K A, Hara M, Ozaki N, Sasatani Y, Anisimov
S I, Kondo K, Nakanoa M, Nishihara K, Takenaka H,
Yoshida M, Mima K 2000 Phys. Plasmas 7 676

Ozaki N, Sasatani Y, Kishida K, Nakano M, Miyanaga
M, Nagai K, Nishihara K, Norimatsu T, Tanaka K A,
Fujimoto F, Wakabayashi K, Hattori S, Tange T, Kondo
K, Yoshida M, Kozu N, Ishiguchi M, Takenaka H 2001
J. Appl. Phys. 89 2571

Brown K E, Shaw W L, Zheng X X, Dlottb D D 2012
Rev. Sci. Instrum. 83 103901


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1660986
http://dx.doi.org/10.1063/1.1660986
http://dx.doi.org/10.1063/1.4890851
http://dx.doi.org/10.1063/1.1595710
http://dx.doi.org/10.1063/1.1595710
http://dx.doi.org/10.1103/PhysRevLett.92.075002
http://wulixb.iphy.ac.cn//CN/abstract/abstract48172.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract48172.shtml
http://dx.doi.org/10.1063/1.4940244
http://dx.doi.org/10.1063/1.4732823
http://dx.doi.org/10.1063/1.4732823
http://dx.doi.org/10.1063/1.3699361
http://dx.doi.org/10.1038/nature13526
http://dx.doi.org/10.1051/jp4:2006133224
http://dx.doi.org/10.1051/jp4:2006133224
http://dx.doi.org/10.1088/1674-1056/24/9/094701
http://dx.doi.org/10.1016/j.ijimpeng.2003.09.045
http://dx.doi.org/10.1016/j.ijimpeng.2003.09.045
http://dx.doi.org/10.1063/1.1287219
http://dx.doi.org/10.1063/1.873851
http://dx.doi.org/10.1063/1.1342189
http://dx.doi.org/10.1063/1.1342189
http://dx.doi.org/10.1063/1.4754717
http://dx.doi.org/10.1063/1.4754717

32 % R  Acta Phys. Sin. Vol. 66, No. 6 (2017) 064703

Experimental progress of laser-driven flyers at the
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Abstract

Laser-driven flyers have unique advantages of high flyer velocity, low cost, simple facility compared with the flyers
driven by other conventional dynamic high-pressure loading techniques. With the fast development of laser technique,
launching hypervelocity flyers with high-intensity laser pulse has become more and more prevalent. In this paper, we
introduce the recent experiments of laser-driven flyers at the SG-III prototype laser facility.

Three ways of launching hypervelocity flyers are developed and introduced, respectively. In the first way, multi-
layered aluminum flyers are gradually accelerated to a terminal velocity of 8 km/s, which is measured by optical velocime-
try, without melting and vaporization. The pressure distribution within the flyer shows that the temporally ramped
pulse ablation generates a compression wave, and the flyer is accelerated by this wave and its reverberation within the
flyer. In the second way, a strong laser ablates the low-density reservoir foil and generates strong shock in the foil.
The shock wave is strong enough, and when the shock breaks out from the free surface, the foil will unload as plasma
towards the flyer with a density profile. The plasma decelerates upon colliding the flyer, and the single-layered flyer is
gradually accelerated by the momentum transition. In our experiments, single-layered aluminum foil and single-layered
tantalum foil are accelerated to 11.5 km/s and 6.5 km/s, respectively. According to the pressure distribution within
the flyer, the flyer is also accelerated by the compression wave produced by the plasma collision, which is similar to the
case of direct ablation by temporally ramped pulse. However, the way of plasma collision could better reduce X-ray and
electron preheat and obtain cleaner flyers. In the last way, the flyers are launched by direct strong short-laser ablation.
The multi-layered aluminum foil is accelerated to a high average velocity of 21.3 km/s by using a 3-ns quadrate laser
pulse at 351 nm after spatial homogenization. A line-velocity interferometer system for any reflect (VISAR) is employed
to monitor the processes of flyer launch and flight in a vacuum gap and the shock velocity associated with phase change
in fused silica target after flyer impact is inferred. The reflectivity variations of the VISAR fringe pattern and the
shock velocity in the fused silica suggest that the flyer owns a density gradient characteristic. Furthermore, specifically
designed multi-layered flyers (polyimide/copper) are accelerated by shock impedance and reverberation techniques to
a super high averaged velocity of 55 km/s, which is much faster than recently reported results. Light-emission signals
of shock breakout and flyer impact on flat or stepped windows are obtained, which indicates the good planarity and
integrity for the flyer. Compared with single-layer flyers, multi-layered flyers have a good planarity, and a high energy
conversion efficiency from laser to flyers.

In this paper, we give a comprehensive analysis and comparison of the experimental designs, technique means and
data results about laser-driven flyers. This would provide a reference for further experimental study of laser-driven flyers
and also verify that the SG-III prototype laser facility is a very promising facility for studying the hypervelocity flyers
launching field.

Keywords: shock wave, laser-driven flyers, dynamic high-pressure physics, plasma

PACS: 47.40.Nm, 47.80.Cb, 47.85.Dh, 52.38.Mf DOTI: 10.7498/aps.66.064703

* Project supported by the National Natural Science Foundation of China (Grant No. 11504349) and the Key Laboratory
Foundation of China Academy of Engineering Physics (Grant No. 9140C680305140C68289).
t Corresponding author. E-mail: shuiminl123@163.com

i Corresponding author. E-mail: jane xjt@126.com

064703-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.064703

	1引    言
	2激光驱动高速飞片实验研究
	Fig 1
	2.1 整形斜波脉冲加速飞片实验研究
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6

	2.2 等离子体射流碰撞加速飞片实验研究
	Fig 7
	Fig 8
	Table 1
	Fig 9
	Table 2
	Fig 10

	2.3 短脉冲激光烧蚀加速超高速飞片 实验研究
	Fig 11
	Fig 12
	Fig 13
	Fig 14
	Table 3


	3结    论
	References
	Abstract

