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Abstract: The important'role of special-shaped charges in practical applications is gradually emerging. A combination of
theoretical derivation) eXplosion test and numerical simulation was adopted to focuses on the near-ground shock wave power
characteristics of curve-edge cylindrical charges under dual-end initiation conditions. The shape parameter Q2 was introduced to
characterize the geometric shape of curved cylindrical charges for dimensional analysis based on II theorem and explosion
similarity law. Static explosion tests of 20kg curve-edge cylindrical charges with different shape parameters were conducted, and

numerical simulation models were established after verifying the rationality to expand the shape conditions for regularity analysis.
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Analysis of the shock wave evolution process and ground overpressure distribution of curved cylindrical charges were conducted
from both qualitative and quantitative perspectives. The shock wave power characteristics of the curved edge cylindrical charge
explosion still comply with the explosion similarity law. The difference between numerical simulation and experimental results
was less than 10%, the numerical simulation can simulate the experimental results well at different distances, which verifies the
rationality of the finite element model. With dual-ends initiation, the detonation wave’s propagation of curve-edge cylindrical
charges conforms to the typical characteristics of dual-ends initiation, and the shock waves’ evolution conforms to the general
rule of near ground explosion. The explosive shock wave generated by curve-edge cylindrical charges has a similar wave system
structure to that generated by cylindrical charges, while there are differences in specific morphology and propagation
characteristics. The shape difference of curve-edge cylindrical charges significantly affects the flow of detonation products and
the evolution of shock waves. As the distance increases, the difference in shock wave characteristics caused by shape gradually
decreases. For 20kg curve-edge cylindrical charges with © = +0.30, the relative difference of peak @yerpressure decreases from
85.4% to -17.5% within the distance of 2m < R < 8m. Peak overpressure shape gain factor S, was introduced to measure the
influence of the shape parameter on the distribution of peak overpressure. Within the scaled distance of 0.6-1.1m/kg!?, when Q
is greater (less) than 0, S, decreases (increases) nonlinearly as the proportional distance incréasesyand as the aspect ratio increases,
the difference in overpressure peak values caused by shape parameters gradually decreases. Binary cubic polynomial that
conforms to the explosion similarity law was introduced to fit the change status of'peak‘overptessure and peak overpressure shape
gain factor as function of shape parameter and scaled distance. The deviatien’between'the calculated results and simulated results
is less than 20%. The results have certain reference value for designing atypical geometric shape charges and power characteristics
evaluating of warheads.
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Table 1 Geometric parameters of each charge
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Table 2 Simulation parameters of TNT
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Table 3 Simulation parameters of air
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Table 5/Geometric parameters of curve-edge cylindrical charges (£2=+0.30)

Q L/cm ri/em ry/cm r
0.30 44 5.5 11 46.75
-0.30 51.2 12.8 6.4 54.4
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Fig.11 Evolution of horizontal shock waves
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Fig.12 Trajectory of airborne peak overpressure
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Fig.13 Peak overpressure of near-ground shock wave within 1.5m
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Table 6 Difference of peak overpressure at typical positions of two curve-edge cylindrical charges

. e I U .
FE B /m Z{E/MPa X ERF
(92=0.30)/MPa (92=-0.30) /MPa
2.0 3.649 1.968 1.681 85.4%
5.0 0.401 0.571 -0.169 -297%
8.0 0.078 0.094 -0.016 =17.5%
4.0
0=-030 Q=030
35F 2.0m 2.0m
5.0m 5.0m
30 8.0m §.0m
2.5
£l |
&, |
1.5k ‘
1.0 |
0.5 _
00F | _ = - x" I - I
0 5000 10000 15000

s

P 14 2 BEES TS A [ % 24 (18 I - 1) fH 2

Fig.14 Overpressure-time curves at various distances
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Table 7 Geometric parameters of curve-edge cylindrical charges

T s L/cm ri/em ry/em r/ecm Q
1 44.0 5.5 11.0 46.8 0.30
2 43.6 6.0 10.9 50.9 0.26
3 43.2 6.5 10.8 56.2 0.22
4 42.8 7.0 10.7 63.0 0.19
5 42.4 7.4 10.6 72.3 0.15
6 42.0 7.9 10.5 85.3 0.12
7 41.6 8.3 10.4 100.5 0.10
8 40.8 8.7 10.2 136.8 0.07
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9 40.4 9.1 10.1 202.5 0.05
10 40.0 9.5 10.0 400.3 0.02
11 40.8 10.2 9.7 404.3 -0.02
12 41.6 10.4 9.4 208.5 -0.05
13 42.4 10.6 9.0 142.1 -0.07
14 43.6 10.9 8.7 110.1 -0.10
15 44.8 11.2 8.4 91.0 -0.12
16 46.0 11.5 8.1 78.4 -0.15
17 47.2 11.8 7.7 69.5 -0.19
18 48.4 12.1 7.3 62.9 #0.22
19 50.0 12.5 6.9 58.4 -0.26
20 51.2 12.8 6.4 54.4 -0:30

TE ELAI BE B 0.6~1. 1m/kg /3 Y0 [ P f w52 A 2% 247 1 a0 e T e o e B0 E T R 9. 6T 15 AT
RS Q 43 022, £0.15. £0.10+ =0.05 I F g i Jpk 8 s e o R BE ) R K R s L. 7E
AH ) EO A3 BE B Ak, A Ti) o [0 A e 247 7 A Py o B A7 E 255 o ORE LU RE RS 38, B it i [ A
B 24 R TR VAR 38 S BB IR B, L o 5 I A1 P 5 1 RSl ¢ e TR 28 24 g o b i TR 0
TE AP FE R T N U252, Bl LB BE B384 T 2% 24 A vy Yl e Ve 1 Moz K 9 M 34 2450
WAL /N T MR 2 . 7E 0.6m/kg!3 b, Q=+0.22 I B 1618 73 591 5.683MPa il
2.447MPa, Q=+0.10 I ph o R I8 20 514 4.697MPa Al 2.784MPa, BEFLIRS L Q # K, ik
R AR BTG R 7R 1.lm/kg!' A &b, Q=+0.22 i) PRI (E 7 4 1.033MPa il 1.654MPa, Q=
imoﬁﬁﬁﬁtE%ﬁ%ﬂﬁ1NM@ﬂmmﬂMm,mﬁ%%ﬁgﬁk Tk I8 R U {3 VAT Uik
/No BT UL A AR ZG TR S HL Q WK/, RIS (R INI32 FEAR 2 1 ok e 78 A i) B2 2 4k 1) 0 AT 1
e
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Fig.15 Overpressure-time curves of charges with various shape parameters at typical distances
FINEEIEE TR 28 5 7 S, B 8 TR S H Q 53 b T b o JBHE s W AE 2 TR) RIS MA 6 2R, 0f it
T VG2 24 o o B PR VAR PR 23 TR) G0 1 DU & oMo 255 Simoéns SEBOKIRIEFTE T BN S HL S0

Sp=Pa/p#(12)

A po FARTERSECN Q 1 il 32 525 24 78 5L 00 58 A 50T b TR TR VA, po 2R X6 N2 ) 3 T
B2 (R V 5KARLE A AR 75 [R5 A 1 3 H T R A

K 16 AR S EL Q 7 A EUE£0.22. £0.10+ 0 B AITEIRIY 25K 1 S, Bl L9 A 25 R K IR 101
o AFETEARSE Ml FAE2E 25, FH RS E TR 25 7 S, B2 (A AR AR — € Bl . 7E L)

14



wmOoE 5 &
Explosion and Shock Waves
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Fig.16 Shape gain factor-scaled distance curves of charges with various shape parameters
WEA 0 U3 B AR TR e 24 AR o e 151 e 3 Bl b T R R e e B R I R B . o #
SILIRSH @ #h& T AR ELAE fhid AL 3 251 /A R P VR, BCRR 2551 w=20kg, RS 4
Q=+0.30, KB HIE 2. 3. 4 SHTF AN [AHAR b ih 0 [ A 25 2 B AL . BTl R IEAE p 5
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R FEKEFLAR TRMBEIEERZEEMPa)
Table 8 P and Ap of typical aspect ratios (MPa)

R*=0.6m/kg'” R*=1.1m/kg!?
L/D.
0=030 ©=-0.30 Ap Q=030 ©=-0.30 Ap
2 6.11 2.24 3.87 1.04 1.74 -0.70
3 6.06 2.59 3.47 1.09 1.63 -0.54
4 5.93 3.14 2.79 1.24 1.65 -0.41
5 5.53 3.24 2.29 1.31 1.74 -0.43
F9 FPEKELHEB T RANBEIEERKIEZEEFREE
Table 9 S, and AS, of typical aspect ratios
R*=0.6m/kg!? R=1.1m/kg!”
L/D
02=030 ©=-0.30 AS, 02=030 ©=-0.30 AS,
2 1.62 0.60 1.03 0.79 1.32 -0.53
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3 1.56 0.67 0.89 0.78 1.18 -0.39
4 1.40 0.74 0.66 0.87 1.17 -0.30
5 1.26 0.74 0.52 0.84 1.11 -0.27

XFAFRARLC I L RS2, Ap AT AS, Y488 P B R 8 KT s o B LR R, A
TNE 24 1) S Ve 1 T IO 2R T~ T M XE 2, 0.6mykg !/ AL AN T34 2488 U (B K T N M 36 2,
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ANFI AR Z R 00 B oo i s VA 22 SR TRl - R KAR LG 0L IR 2 [N 7 224 AS, IO 80
INTNKRARLE T, BT 5 TR 25 5 7 251 AS, I ZE0HE 2 IBE KA LU KT e ds . BR7E
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Fig.17 The variation of AS, With'scaled distance
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Fig.18 The distribution of peak overpressure and its shape factor with shape parameter and scaled distance
HIE 18 W I, ERUEAE p FITEAREE 25 P57 S, BETAR 240 @ MIELGIBE B R™ A0 AUAF AL — 8 AUAEE
Me, 7E 0.6mikgS b, BETEARZHL @ WK, HIEIEME p AUBRINASH T S, K, 76 Llm/kg' &L,
BEIEIRS L Q #EK, KA p MTEARIE 25 K S, B3 . P T AFTEIRS 0 Q, B ELFIEE Bk,

16



wmOoE 5 &
Explosion and Shock Waves
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