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Influence of longitudinal air gaps within charge structure on the
detonation performance of explosives
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(National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: To investigate the effect of the longitudinal air gap on the detonation performance of HMX-based explosive, direct
observation of steel plate deformation and damage under forward and slipping detonation of HMX based explosive was
conducted based on the laser illumination combined with the ultra-high speed framing imaging technology. The multi-position
optical speed measurement technology was also introduced to continuously measure the speed of steel plate, which enables a
multidimensional characterization and quantitative research on steel plate damage under the influence of air gaps. It is found
that when the air gap width is 0.05, 0.10 and 0.20 mm, the motion mode of the steel plate changes obviously under the forward
detonation. The trend of the center point movement changes from step rising to oblique wave rising, indicating a notable
elongation of the lead time of detonation wave. And the steel plate also has an obvious deformation and breakdown. Driven by
slipping detonation, the motion patterns across various points of the steel plate are largely uniform, with only marginal
variations in the lead time of detonation wave. No significant deformation or rupture of the steel plate is observed. It is
considered that the wedge-shaped wave formed by the precursor shock wave and detonation waves is the key to the breakdown
of the bottom of steel plate in the case of forward detonation. However, the momentum component of the precursor shock wave
and detonation wave acting on the side of steel plate in the case of slipping detonation is small, so that no obvious damage
occurs. This article also provides a lot of quantitative data on the deformation of steel plates subjected to longitudinal air gaps,
which can provide high-precision experimental data for the related numerical simulations and theoretical analysis work.
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Fig. 5 Velocity-time characteristics of the bottom steel plate for various air gap widths
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Fig. 6 Velocity-time characteristics of the side steel plate for various air gap widths
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Fig. 9 Displacement and deformation characteristics of steel plates under different air gap widths
23 g

BRTEEE R 0 B (KE 25 H BB MG, 1 2% 1F v 9K ) Ko W B UK 20 T AR 45 A5 1328 sh a0 A — 3, i
Bk HsF [0 A0, 6 AR A [, 09 A0 3 T AC L5 1) B 0 1) A8 B iR 2, 5 2 B i MR 2 i R e 22 50 . KB
F£240.05, 0.10, 0.20 mm i, #8355 1F [m] 3K 50 B A H o0 50432 Bl ka3l B R T4 A8 S b =K 1
T, BN K A A AR R o 2, O SR MO AT I 1] L LA AR 5 AR R T R IR A G MR SR M R IR B T,
0 T A0 B 45 A B9 3 st AR 2 AR R [, s A BBk s TR A0 BB T, B AR A H B A S A AR T i 3R < 2
RE .

A AN 247 % i A AR ) BB DR 5 0 A R 2 L ) KB Uy ) o SR R 1 3K Bl ) 2 L TR SRS
25 5 v 1 3 T AN, I PR 30 )RR 0 B AR W T [ 3 B — R R AR i A AR TR iy
W, IR ol U e R A 2 A B (R, A
YELT AT I 5 | & R ) R 22 0k, Ak e R e e —
A R K o O 5 R BRI A KE 2y, 3R IE 2
TSt AL 77 A AR g ) o o D B R T o AR S
i, HMX KE 25 (e e J 3 29 R 8.7 km/s, KE 244k
155 40 mm, M5B 56 o 0.20 mm A IS FR AN A
) 4 5 BRI AT 1) (507 ms) A 340, AT 9K bt ke 7Y
YR 2R 10 ks, 5 EEHOA i AL B o
WA (BT 5 T 10 /s oy 38T R ok dp B R 3L AY
AR 1) 8 25 IR B — A T B ik & (18] 10),
H 5 P MR A R 5, K AR S E B 5 28 23 1 1 %]
7 Ab 3 AT, I S AR 2 R B VR T A il 7
BRI e

SRR MRS TR), BRI R IR SN T, 2% 0 R A 3R ks ik 0932 B0 07 1 5 000 AR AR £, HoAE A
LT O AR [ 0 T R i R X A /0N A i A T A A 104 A5 T B IR 5 LA A AR 2
W23 A 52 B 1 3 B 2 ] P4 TS 350K 3 s 00 T I, 3t g 000 TR A AR O i A2 B 3R A SR S )
Bl B T B A3 T R R D IR o BT 1L R 12 43 00 Ay R T 1) 3K Bl R S T AL B 2 A AR PO AT
TRRE RN AR L AR AE 10 3K B BB SEEE S 0 B, SN AR IE 2l H Az B0 AR 2 U SO R i sh g sg e, T A
T B B ST A8 Akt I B R K A R AR Ak (R 2 D AR B Y BRAE AR ) B, ARUBRFEEE SR 0,05,
0.10 1 0.20 mm B}, 5} 4R iz 2y [7] B 52 B v i IR vk e B 190 A A8 22 0 T2 i ) ST 02 2R )5 T, T L Al

B 10 RSl S AN AR R A

Fig. 10 Illustration of the interaction mechanism between

detonation waves and air gaps

041401-6



45 %

SIchl, A BEZGEH NI SRR 2R T P RE A T

44

(432 Sl A A3 B B iy, B A1 R A fn s i e R Ok A e O, S SE PR i AR Ok B T
WD R R LR G o A U S0 BE 38 O, 38 B2 A R (T I3, T Dk 58 09 O, T LA B AR i e 2 i 2 44
R AR B A5 0 2010 S T TR o KSR R R 3RS T, el T K ok D 9 P, BB Bl 3 S SR U
L I U S0 B 1) o0 Kl i A AR P 2 D e T 1 i ] o g 56 A, A A 2R s
XRS5BT T

2.5%x10" 5 2.5x10" 5
A2.O><10” s 1 4/\ A2.0><10‘“-
E 15x101 qﬁ 3E Ersxaont
=] < g
2 2 S
£ 1.0x10" 128 E1ox107f
S T =
8 .
< 0.5x10" 11 <osx10vt
0 A,‘FMN_.WNJJ\IAM 0 0
5.0 5.5 6.0 6.5 7.0 7.5 5.0 5.5 6.0 6.5 7.0 7.5
Time/ps Time/ps
(2) 0 mm (b) 0.05 mm
2.5x10 5 2.5x10" 5
_2.0%10 14 2.0x100} 14
£ 15xa00 {3 E Ersxov} 13
= < I
) -
5 10<10° 128 E1ox107} 12
e
< 0.5x10" 11 Zosxioo} 11
0 10 0 10
5.0 5.5 6.0 6.5 7.0 7.5 5.0 5.5 6.0 6.5 7.0 7.5
Time/ps Time/ps
(c) 0.10 mm (d) 0.20 mm
11 R [R) B T T IV A B 4 3 52 B o e
Fig. 11 Velocity and acceleration characteristics of the bottom
steel plate for various air gap widths
8x101° 3.0 81010 3.0
2.5
o 610"} 120 ~§ 6410
E 2E
‘E/ 4x10'0 13 —\EE 4x1010
o [ = o= X [
g 10 £
k> T o33
S IR
2 2x10m} 195 7 2 2x00f
, 10
0 ‘—.N ‘.k""AJ,W\"““.”".""‘." A H I —0.5 0
4.0 4.5 5.0 5.5 6.0 6.5 7.0 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Time/ps Time/ps
(a) 0 mm (b) 0.05 mm

041401-7

H

Velocity/(km-s™)

Velocity/(km-s™)

Velocity/(km-s™")



545 % SRICA, e SRZGEER IR SRR KR 25 B A T P RE A T 55 4 3]

8x1010 3.0 81010 3.0
o 6x10f ~ 5 6x10%F ~
g 2 g o
= EY g
EpT: < 8 ax1omf =4
& g3 g
8 o8 °
Z 2x10"f = 2 ax10mf S
0 . . . . . . 0 . . ) ! ;
4.0 4.5 5.0 5.5 6.0 6.5 7.0 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Time/ps Time/ps
(c) 0.10 mm (d) 0.20 mm

P12 ANIR] B B2 T 000 TR A A ) S 8 ek B2

Fig. 12 Velocity and acceleration characteristics of the side steel plate for various air gap widths
3 & B

R BIE S 2 AL N 1) NS K 2 AR SR R RE AR, SR R IR M 24 e 14 75 sCH3E T 4 B S
ARG 1) B, 458 73 R LA AN 5 HE PDV IR 25 75 05 W DN 1 A 1) b 8 B MR B2 AR B . 45 2R3, R
B EIE A 0 I CHE25 e SN ) , % 5% 1 1) BIK 8l B 28 R IR 2l T B AR 2% i ) o sl B B AR — B, S Bk s (1]
UL BEAS AR [, 44 3 T oA WL 58 31 B AR T8 Je il IR o 2, 5 B 2 B AR S i o A 2200 0 OB SE A
0.05. 0.10, 0.20 mm I}, #5552 1F [0 9K Bl T TR A9 M Hh 0 50 1)z 2l 4 el 9 IR XL T A 2 Dhy e gl 5L T
B A A AR R IRl 2, ARSI BTN 1] | 7 A% 28 5 OB B8 B AE AR O s MRS AR UKl T, MMl
AR A% a5 132 SR AA [R], FCs RS B A i) 42 o i, AARCR B 2 i A ek R P B G . S
S I [ 9K IS, 35 0 ook iz PP 000 552 A G P R D52 2% 2 T o S AR AR T ARl 2 ) S i A 5 30
2 S NS U oR i P S /i (o R TR E e o i o R S N S 9 R T 0 187 N

AT AR S R R DEEE | B TR RIS HR IS, S RAR B HR HEEOR SCHE

B E 3 Hk:

[1] DUBNOV L V, KHOTINA L D. Channel effect mechanism in the detonation of condensed explosives [J]. Combustion,
Explosion and Shock Waves, 1966, 2(4): 59-63. DOI: 10.1007/BF01261518.

[2] BJARNHOLT G, SMEDBERG U. On detonation driven air shocks in the air gap between a charge and its confinement [C]//
Proceedings of the 8th Symposium (International) on Detonation. Albuquerque, NM, 1985: 1069.

[3] SOUERS P C, AULT S, AVARA R, et al. Air gap effects in LX-17 [J]. Propellants, Explosives, Pyrotechnics, 2006, 31(4):
294-298. DOI: 10.1002/prep.200600040.

[4] DAVIS W C, HILL L G. Joints, cracks, holes and gaps in detonating explosives [C]//Proceedings of the 12th Symposium
(International) on Detonation. San Diego, CA, 2002: 220.

[5] TANGUAY V, HIGGINS A J. The channel effect: coupling of the detonation and the precursor shock wave by precompression
of the explosive [J]. Journal of Applied Physics, 2004, 96(9): 4894-4902. DOI: 10.1063/1.1787913.

[6] BRAILOVSKY I, SIVASHINSKY G. Precursors in two-phase detonation: an elementary model for the channel effect [J].
Combustion Theory and Modelling, 2014, 18(1): 117-147. DOI: 10.1080/13647830.2013.870354.

[7] BRAILOVSKY 1, SIVASHINSKY G. Precursors in two-phase detonation: occurrence of a contact discontinuity [J].
Combustion Theory and Modelling, 2015, 19(6): 833—-855. DOI: 10.1080/13647830.2015.1105385.

(TS E¥)

041401-8


https://doi.org/10.1007/BF01261518
https://doi.org/10.1007/BF01261518
https://doi.org/10.1002/prep.200600040
https://doi.org/10.1063/1.1787913
https://doi.org/10.1080/13647830.2013.870354
https://doi.org/10.1080/13647830.2015.1105385

	1 实验方法
	2 实验结果与分析
	2.1 分幅成像结果
	2.2 PDV测试结果
	2.2.1 速度-时间曲线
	2.2.2 爆轰波超前时间
	2.2.3 位移变形

	2.3 讨论

	3 结　论
	参考文献

