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Fig. 2 The interaction process between near-field strong shock waves in water and metal plates

2, m R AR T B kg m T w4 TR T AR 132 3
M, mes p, IR il AR G K 9% 8 kg-m 7
TERI IR IS 2 t = O, P AR 9B iR u, = 0.
1.2 KTIEFHBERTEENITEREE

i a2 F(2) G e MR i B u, BEAT BB, AT
SKAE ST p, W eRECTH AR B A SR 7, Bl GE o 4 8
AT Aok R e % L - ) 0GR R AR A5 B K 25K T R
YT 5 ) o U T -BE R SC &R o F AT L R T aE e
dr U T AE T 4@ iz sh B AT g N7 K R I S 4 AR o
o IR T R g AR {H R AR S Taylor 7 di B S
AL A vhvb P B9 AR TR A0H AR B O T 4 02 W
g Y46 AR Y R A B A A I i IR 6 AR Y
RSTEJI PRS0, Z )5 RO R 2R, BT
IRANRE AR AZ R Ty, PRI 7 Al 3 B 5K 31 e KB 2 5, K
4 @ MR = A 4y . BT L R O SR i 0
LS R 4 Je M fin i 3] i oK B AR T AR KR IR
bt e 7 o

T i A 4 JE Az B R T AR T A SR A o
P S, & SR Autodyn I 2K T 4R BR S K (E
5 BRI & m AR ny in SO A . ST K R R KRR
i PR B R R S I RCE T SR A, i ] 3 i

B3 KR KL ol B R 3 T e TROR R T R
Fig.3 Numerical calculation model of underwater explosion

near-field shock wave driving air-backed metal plates

CHINESE JOURNAL OF ENERGETIC MATERIALS

/N o K Euler-Lagrange #i & B 15 , W hr 25 K8k
400 mmx400 mmx200 mm. KRG , 7845 < 3 P 3 B
FEAEIE KSR, FE T 7K B 5 B2 R 200 mm, AN A
() DR PO I8 R A R SE 2 2 mm, KEZG S BRIE TNT 2%
25,2420 31 mm, WA R 3.1 mme AT IE R
F AR 4 T AR, RE T K B 34 ST T 4 JE T B K
R 19 Lagrange P A% B . B A FAD K R A RS R
15.6 mmx15.6 mmx3 mm, &5 J& 5 1] [ 4% R T
1.5 mm, K BEET7 ) WA R SF 8 1.6 mm. BB
B iR KECE RS W R, mE T mItE
102 R, Z2HREZRAERE, SRS EW E
Uity I Sty S 00 227 0K FH G R i R L Y-Z OF T R G
PR T8I

B v KR 25 BE 5 TNT, HOR S Jr B e 86 W LIRS
FRN RSN (3)

%
=Al1l - ——= |exp(-R,V) +
p RN) p(=R,
8(1 - exp(—Rz\7)+L1/e (3)
R,V %

i, p NIE T, GPas A, B, R, Ry, w g WL AR )7
FEEBCTNTSEZ (M R S 80 R R R SR IS S
BN RN

F 1 OTINTHEZWLRE TS H

Table 1 Parameters of the JWL equation of state for TNT"”!

P D P A B E

/grem™ /mm-ps” JGPa /GPa /GPa R, Ry w /MJ-kg™!

1.583 6.880 19.4 307.3 3.898 4.485 0.79 0.30 4190

25 SR MR AR SRS Iy Bl ik, ARy &
ﬁj\jhsl:
=(y - 1)pe (4)
Ly A R Y IS B p AL g em T e N B
ﬁ:g:?/—:ilj;]ﬁg9kj°kgqo ,E\-ﬁ:%%ﬁﬂﬂ%:{2ﬁﬁﬂio

~

[

=

N XK XXXX HF XX A& HXX#8 (1-13)



4

Mg, L, sk e ¥

F2 BRMRETESH

Table 2 Parameters of the equation of state for airl"®

3

v e/ kl-kg™
1.225%x107° 1.4

pl g-cm”

2.068x107°

IKTEBOE B B, R 5L T Shock A& 7 B 1Y
Two-Phase R HF2" . W& 4 ffR , HOR{LRE i 4l id
BRI MK BOKZE R, IR e iR — 38 W AR IR S

Two-Phase K& LR BILAN
U,= ¢, + su, + s,u’ (5)

WHAEOLT,S, = 0,4 .

p

ingle :iquid zone

point of transition

single steam zone

Hugoniot curve lij{uid and steam two-phase 2qne

wiv,
4 KRB ARIR S O R

Fig. 4 Two-phase equation of state for water''*’

=53.04 ps
5 BB TNTK T ERIE 5 R Ab s e 4805 5 7% B 1) AL = 8]

Fig.5 Evolution contour of shock wave loading and plate velocity at 5 R, for spherical TNT underwater explosion

6 4 TNT K FHRHE 2 R~6 R, JHE B Ab 45 J8 € H
e - R 2 o D AR R, R A KA
S e o 90 R R T sl ) S A 0, LB R
K 245 v o7 B B0 P TP T R ) B W o B
o FHT 07 FUTT BN AT B, DA TROR R 2 3
AR B S O AT O AR B R . [
3 A 3k B 5 — AN IR 2T 0 Hh BLRR 5  3, iX
7 TR T3 A GO PR S S R S AR B

e 6 2 Ro~6 Ry AR HE BY b 2 % 7 B o,

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-13)

U,=c¢, tsu, (6)
X, o B 1647 m-s', S, AL 1.921,
408 C R R M R, R A Cowper-Symonds #4

BB RLR A, Rk

e
0'Y=(A+Bé‘;1) 1 +(3Dp1) (7)

(7)o, TR TT, AN JE AN F), MPa, B
N AR A AR ZR K, n o A B AL 4R B DAL g Ry R R
AL R B &, O B AR VAL 3 AR B AT L S 8N R % 3
JR o

£3 BRI ERRE FRSH

Table 3 Parameters of equation of state for metalplates'"’

E/GPa v A/MPa B n D q

210 0.28 264 400 1 40 5

t=73.04 ps

50 5 R, HBE AL & R (i B B Y N
5 R, W, vy P 48 5t 53.04 s B3k KO R, & i
19 wsZa 4y, €O o B Tk B de oK, =2 5 T8 i B i

sIEEE
Cycle 1162

Time 1 SE.C01 ms
Unis mm, mg, ms

t=108.6 ps

(07 L 45 A A B AR (2) v, % sf ] e AT A, B
FIHH vpasolve o8 K fif O T 4E HITE ® A R 1 A9 A5
PR SI-IFa] 2 2 . $24 4 2 Ry~6 R, A [F) BE B b 35
RN A IR 55 R B sh &5 R g, Hobom
ST ) 14 2 T B A B — A W {3 T FH A 5

HY 2% 4 AT AT, 7K O S 8 e ok R g e S
9K 2 4x J@ A RE 7 5 MR BE T AR e W A LA . 7
2 Ry~6 R, 7 Bl P, 4 B K, 4 Jis Wik 1) 1) i K ook
I SF oo D 06 1 P 7 3 Ul 3 RS I b, i o R HE
S XL

www.energetic-materials.org.cn



TNT JE 35 3 4 25 7K T 3T 37 4 10 o il B 480 2 9K 3l 4 1

20 40 60 80 0 2|0 4|0 5|0 80 40 60 80 100
600 —— acceleration process of the fragment(2R,) 600 3501  —acceleration process of the fragment(3R,) 1350 9501  ——acceleration process of the fragment(4R,) {250
300
5001 _ ]
250 _ 200 200
- 4007 200 £ 150- 1150
~ 300 150
=200 100 1% 100
100+ 50 50 150
0
0+ 07 10
, : : . -50 ; , . .
20 40 60 80 40 60 80 100
t/us t/us
6|0 8|0 190 1?0 60 89 1(?0 12[0 140
2001 —— acceleration process of the fragment(5R,) 200 160 —— acceleration process of the fragment(6R,) 160
19.06 ps, 19.81 ps
150 | 1150 1120
"o
E 100 | 1100 180
s |
501 | 150 140
01 ! 10 10
1
60 80 100 120 60 80 100 120 140
tlus t/us

6 TNTKFHEHE2 R~6 RAL 3 mm A5 6 (10 i o 1o 7
Fig.6 The acceleration process of a 3 mm-thick air-backed plate at 2 R,—6 R, for TNT underwater explosion

R4 2 R,~6 RAL ASF W0 H 1 5 7€ R st 2 b L

Table 4 Comparisons of incident shock wave peak pressures

and the plate acceleration process at 2 R;—6 R,

incident shock wave  first peak speed

acceleration

distance

peak pressure / MPa  wu__ ,/ m-s time / ps
2R, 1255.9 488.1 10.80
3R, 594.8 281.2 10.99
4R, 365.1 206.2 13.98
5R, 255.4 185.9 19.06
6R, 205.3 132.6 19.81

stafsEi
Cycle 122

Time 1.2056.002 ms
Units mm, mg, ms

a. the shock wave reaches the position of 2 R,
7 AR ZIEROE TNT KE 25K g K nh i 0% B i 3 500 = K

Fig.7 Free field pressure contour of shock waves of spherical TNT underwater explosion at different time

CHINESE JOURNAL OF ENERGETIC MATERIALS

AR08 ot T T B AR AR <6 TR A 3 3] e DR Y
I ] S8 2 1 R, 3R W vt 0 ey A BIK S BE T I SR B

e T ORTT R ERIE TNT HE25 K T 4EJS 2 Ry~6 R,
BB AL [ R R 5 B B 7 oK R R KEA
Yy v 0 4 50 2035 2 R A6 R %I 9 R 1 = &L & 8
g TNT K25 K F AR 45 2 Ry~6 R, HE B 4 A 1 3% %
J1-IE R .

SRIG B ERIE TNT 2 R~6 R ALK R ERKE A 35 15
D0 FLA5 R 5 3T & @ AGE B i v IR T A

b. the shock wave reaches the position of 6 R,

N XK XXXX HF XX A& HXX#8 (1-13)



6 BIS . F1L 3K T

1400 p— R e i S5 FM LA, 5 R A B an 9 AR 5 TR .
1200- = :Eggt e g::ﬂzg 23 1 FEE 9t 0 FOFR TR B3R 5 — A 06 (B 0 Y
10001 — shock wave pressure(5R) i 2], 5 ook 5 AV S 3 T R 200 %) 22 (88 %R 18 ek
e SRR | (I P O T T KA i A R — e (O EE I
S 6001 ZIHT (b, ) 2 Ro~6 R, HE I b B9 K v 1 i 3 wh ifs 9 I
= 400 3l 25 RS FE P 6 7 T A A T TR g il
2001 2oy A, U BB RS AS 2 Y R 7 B R K H A
0 W R o BT 2 A WL BRI RS R S Al
-2000 /S R S e e ey Eﬁfﬁﬁéﬁ%mﬂ%&%%ﬁ,ﬁ%E(ﬁ}%%ﬁi@]%
t/us T JE 5 5K 8 AR B0 ) A B AR R
8 KT ERIE TNTXE 251 1E IS 2 Ry~6 R BE B 4k 1 i1 3% JE 1 BN S0 R g, U A A P T . P 6 5 R R i
RELE BT, A R el 0 0 R 7 5N S I R

Fig.8 Free field pressure histories at distances of 2 R;—6 R, ZPUNT 10% 45 58 2 R I3 R HE 85 4b , — % A 1%t
after underwater spherical TNT explosion . . I
ZEW/NT 1% , R BITH SRR B e i A P

0 10 20 30 40 50 20 30 40 5080 0 30 40 50 60 70

1600 —— free field pressure (2R,) 1600 800 —free field pressure (3R,) —free field pressure (4R}
1400 — - pressure of incident wave (2Ry)]; 490 7007 — - pressure of incident wave (3R,) 1700 4007 —= pjessure of incident wave (4R,) 1400
1200 1 600 1600
1200 1 J
< 10007 W (o r2maps Pem 008 VPY 500 1500 - 0
e =22.83 15 5
o . P 5846 MPa {1000 & ] 1 &
= 800 ;2 Ty 2 X 0= 0] ]
S . 800 = = 200 200
600- M e Pt ™) 3 3001 4300 3
o0 200 4200
4007 100 ! 1D 100 4100
2001 ] 1007 i etz P i
200 o— Prcae™451.2 WP Jo o 1o
o j
; . . : 0 -100 : : -100 . ; .
0 10 20 30 40 50 20 30 40 50 30 40 50 60 70
t/us t/us t/us
40 50 60 70 80 90, 60 70 80 90 100 110
350 T T T T 350 T T T T
——free field pressure (5R,) 2501 —free field pressure (6R;) 1950
300 — - pressure of incident wave (5R;) 1300 — - pressure of incident wave (6R,)
250 1250 2007 41200
o 20] I g ] Jvss
=
= 1501 1150 =
= =100 1100
100 1100
=132.9 MPa
i Prses=153.4 MPa 501 4. Prcetes 150
7 T etoA 1P ] % b RS 1245 P2
01 10 01 10
40 50 60 70 8 90 60 70 8 9 100 10
t/us t/us

9 JKTFHERIE2 Ry~6 RAL A M35 1 5708 &8 v A J1 % L

Fig.9 Comparisons of free field pressures and incident wave pressures of air-backed plates at 2 R,—6 R, in underwater explosion

R5 2 R~6 R AL [ 135 ol i I 5 A 5 WA K g Zi b3 2 o3 oK T T S 4 HE B bl % 0K Bl 4 T
Table 5 Peak pressures between free field shock wave and Wiz sh a7 3T 4 8 Wiz 30 1K F ir 348 4
incident wave at 2,76 Ry bl P+ F R TR 05 20, K F i
§ peak pressure of - peak pressure HRHE 1 o 0 T 0 4 IR K 38 SO 9 AT D7 208
istance free field wave of incident wave . . B . )
/ MPa / MPa /% P B0AE TR 7 v R ) T AT R Al Y L.
2R, 1266.9 1255.9 0.9 )
3R, 593.5 594.8 0.2 2 TNTHEZAKTIERHEEILE
4R, 351.3 365.1 3.9 )
21 REAR
5R, 246.6 255.4 3.6 . .
6 R, 193.1 205.3 6.3 2.1.1 TNT&%GE%EX%IK#
T B UE BB A R e TR T KN I

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-13) A A AL www.energetic-materials.org.cn



TN 3 4 A 24 K T 3 5 M A o i i 8 00 2% K o e 7
Yyl Ml B, KB 25 5 05 BT AT A TNTRAS A — 2, WA 310 mm RN 3 mm. (B fR P 5 2 K , 2K

KHEA T2 AM 2% E R 1.58 g-ecm ™, BRI %
Z5F 480 31 mm, MR 6860 mesT (SEIN) Y 4 R
TR RERE T AR ST 2 5 5 UK AS — B SRR AR
RHERE R 3 mm, 7 WK RS 15.6 mm, #E R
Q235A.
2.1.2 RWESE
RIS B MR BRI WE 10 iR, AR E -
IR R 3 )2 R R W AR C R AL, R R
576 BT R RE R ), B = R 61 A A
£ 5 € 5 MR — B, IR 6 S O 596.8 mm, (5] T RE

a. laser spots on the tested fragment

P2 24 o) A 2 2 T 5 AR R R PO 6 B OKOE 1
FE o PR, HE 24 3RO RS (B AT 52 A 1 RS I 4R 5 A
TR O B I e SPIN  R A R B IS DA EE N
kB E PDVOLEF L iRk 5 C R A i BE 2
60 mm. %56 2R F BT 22 NIA #9308 7 2%
I R g8 (PDV) I 2 7K N 8 AR J5 Bl <95 &8 €
F Y - ) AR L % PDV I AR A g i T S Ny
NI PXle-1078, J: i # ¢ 5] _E B KT 9000 m-s™, R 4E
A 98 8 GHZ , RAEHIA A 25.0 GS-S™', , A AUL
SRR A BE 152 B 100 us.

3 mm thick
prefabricated
flyers

hanging
rope

the charge

probe 2
water |
I
i 5 éi_mesft[[\ﬁe
! radius of the
| charge 80mm robe bracket 2

bottom table
b. testing arrangement

B 10 KELG/K T AR AT b o ol D AR 2l W O i L A SR B

Fig.10 Arrangement and schematic diagram of the acceleration of air-backed metal plates driven by near-field shock waves of

underwater explosion

] b, — 0 T R 17 # 9% TNT K 25308 3 48 1 o o D%
Ay X 4 e A 0 B BRI DY — O T R4S A JE R R
Ik R (0 SR -] il £k 56 IR AR (E {5 B 2 AR Y ME B
P, DA R T 4 @ Aias st B A 5 ol ik R 0 B Y
AR . PR RS T S ) PDV B R Sk
W I 0 5% € R s ghad # .

2.2 KEER

K11 %TNTJ:’E“M(T:‘&%%&’E@WJ%E%HE
W AR AT B R R FIE 3 S, Forp RO AR AR TR AR
FEoe i, B BE A R AR TR .

KRB KE R o, PDV B T WA A 6 47 18 3k
CSER A Il R 12 pros . m I 12w e
TNT KE 245 7K T 8 K o i B 094 FH R, P A 283k i i s
B &R Y g K 4 I 1827 mesT I
189.1 mes™', fin 2 BJ 8] 5359y 18.7 s 1 18.1 ps, M

CHINESE JOURNAL OF ENERGETIC MATERIALS

B 11 R0 5 A 0 T T A A e A
Fig. 11

ments

AR K Y 0 SR A B — et T HL, R
KO B IR 00 (5 07 LAY 1R 25 A A —1.7% A
1.7 % , i 8 5K 2y B 8] 32 22 530 514 1.9% F1 5.0% , 1
A5 UL (A O 25 R T S . IeAh 505 BE5 1R

Plates and cylindrical shells retrieved after experi-

N XK XXXX HF XX A& HXX#8 (1-13)



B, FL, sk %

0 20 40 60 80
—— probe 1

189.1 m-s" probe 2 | 200

150 150
F‘U)
E 1007 100
=

50+ 50
0 0
[ , ,
0 20 40 60 80
t/us

B 12 TNTXEZURh S R ik iy PDV i 45
Fig.12 PDV test results of metal plate acceleration driven by
TNT

7] ) 2, 72 25 OB AR TR 350 v 6O 3K B G
LSRN SIN S N 0 2RI
2.3 EEIIGIE

W e s RS TNT KB 25 K 2 4
5 R AL & A £ L 3 45 SR A3 AR A B K (2) b B

Fo M EAH SR AR

43 5045 BIAE AR R A S ol o o B R B 4 R
(R0 43 530 8 RO 0 ol A B ) , i 5 A
H 37 o o O B A5 S AR AR L S R R 13 TR .
A0 K e R R a0 R (B P, PR i
R ST B 1 A S 0% R 3 Fn A R 3 TR D AR LA 2
RIWE6,

0 15 30 45 60
350 " — -free field pressure(simulation) 350
— -preesure of incident wave(simulation)
3001 — -preesure of incident wave(probe 1) 1300
— -preesure of incident wave(probe 2)
2501 4 1250
200 ly ]
s i S R L 200
= chv\ - W\ ). 3
Sw 0 FARAIIN g
[} \:'\-\_\(..(.\/-
100+ i S 1100
50 ,;? B H Ok R T
I~
o =+ 10
0 15 30 45 60
t/us

13 TNTHEZ5KR TR A 3% 0 5 A SR F

Fig.13 Free field pressure and incident wave pressureof TNT

Table 6 Comparison between simulation results and experimental results

1

maximum speed of fragment / m+s~ peak pressure of incident wave / MPa

free filed pressure / MPa

testing value V, simulation value V testing value P, simulation value P

simulation value P,

182.7 189.1 185.9 252.2 263.8 255.4 246.6
error/ %
1.7 1.7 - 2.3 7.0 3.6 -
V.-V P~ P.||Ps-P
Note: error of maximum speed: ‘ £ 5‘;error of peak pressure: ‘ 4 FE| M
S FE PFE
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Frid s, 50 TAL N 7 frs o AUl b, 5 ke 2y

F7 ORFEE I TNT B TNT A 48462

Table 7 TNT and TNT based aluminized explosives with different formulations

number component of charge content/ % size of aluminum / um  radius of charge / mm density of charge / g-cm™ mass of charge / g
1# TNT/AI 95/5 2 31 1.60 201.2
2# TNT/AI 85/15 2 31 1.68 210.9
3# TNT/AI 75/25 2 31 1.76 222.6
44 TNT/AI 85/15 0.2 31 1.68 212.3
S5# TNT/AI 85/15 20 31 1.68 213.5
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Fig.14 PDV test results of metal plates at 5 R, driven by underwater explosion of different formulated aluminized explosives
-5 5 1 1 2 2 -1.0 0.5 0.0 0.5 1.0 15
50 (l) T |0 |5 |0 |5 30240 42 T ‘ T |5 v 250
= acceleration time 401 = acceleration time | 245
45 = maximum speed 230 = maximum speed
p . 38 1240 _
2 401 el 2 36] 2 = 125 @
E ] 1210 § 2 344 1230 §
S 1200 & s 2 125 &
® 15 = 307 1220 €
s 307 1190 2 3 2
= £ 3 28] 1215 £
s 257 1180 € S 267 1210 €
4 24 1205
207 I 22 1200
1160
15 T T T T T T 20 T T T T 195
5 0 5 10 15 20 25 30 10 1902705 0.0 g2 05 1.0 120 15
aluminum powder content/ % Ig(aluminum particle size / pm)
a. different aluminum powder contents(2 pm) b. different aluminum powder particle sizes(15 %)
15 N[RSRRY & i DR TR RO I o S [ A 3

Fig.15 Acceleration time and maximum speed of plates for different aluminum powder contents and particle sizes
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SEARR TNT/AL 85/15 K 24 1 ) I 48 o 15 1% FE A TNT
Y 25 K LA T W I T 4R 25 U VT 45 4 9K 3
W 7 3 Y 0

F8 AIRMETTKEZ KT HEAE 5 R AL A ST vt i 0 {8 )
Table 8 Peak incident shock wave pressure at 5 R, in under-

water explosions of different formulated explosives

peak incident wave  average val- comparison with
number
pressure / MPa ue / MPa TNT results / %
0 263.8
258.0 -
0 252.2
1 248.1
246.2 -4.6
1 244.3
2 232.3
235.5 -8.7
2 238.6
3 188.5
189.1 -26.7
3 189.6
4 267.2
265.4 2.9
4 263.5
5 230.4
231.4 -10.3
5 232.3
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Near-field Explosion Shock Wave Loading and Driving Characteristics of TNT Based Aluminized Explosivess

LIU Jian', BAI Fan’, ZHANG Long-hui'
(1. Beijing Institute of Electronic System Engineering , Beijing 100854, China; 2. China Ordnance Industry Testing and Research Institute , Shaanxi 714200,
China)

Abstract: The pressure of underwater near-field explosion is high and damping rapidly, which is difficult to test accurately. To in-
vestigate the near-field explosion shock wave loading and driving characteristics of aluminized explosives, a model was estab-
lished to calculate the incident shock wave pressure according to the theory of strong shock wave driving air-backed metal plate .
Firstly, the free-field shock wave pressure at 2 R;—6 R, (charge radius) distance of spherical TNT charges and driving law of 3
mm-thick air-backed steel plate were calculated by numerical simulation. Then the shock wave pressure before cavitation was
calculated based on the velocity - time history data. Finally, tests of underwater explosion driving 3 mm-thick air-backed steel
plate at 5 Rywere conducted on TNT and five different aluminized explosives, which verified the accuracy of the shock wave
pressure calculation model. Results also show that for every 5% increase in the content of 2 pwm aluminum, the acceleration time
of plates increases by 4.4%. With larger particle size of aluminum powder, the acceleration time of plate is longer, but the maxi-
mum velocity is smaller. 20 pm and 2 wm aluminum powder absorbs energy in the detonation reaction zone, resulting in a de-
crease in the detonation velocity and pressure of TNT. While 200 nm aluminum powder may partially participate in the detona-
tion reaction zone and release energy, which positively supports the propagation of detonation waves.

Key words: aluminized explosive;underwater near-field explosion;shock wave;metal plate
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(d) Experimntal cylinder and beroptic probe (e) Experimental spherical aluminized expllosive

During the process of the movement of metal plates driven by underwater explosion shock wave, there must be mathematical
laws between the shock wave pressure and the movement of plates. In the case where the near-field explosion shock wave
loadings of aluminized explosives is not easily directly measured, this study constructed a model based on the velocity of the
metal plate to calculate the incident shock wave pressure skillfully. And the effectiveness and applicability of the model were
verified through numerical simulation methods. Finally, underwater explosion tests were conducted on TNT and five different
TNT based aluminized explosives combined with the PDV, obtaining the shock wave loading and driving characteristics of
different aluminized explosives, revealing the detonation reaction mechanism of TNT based aluminized explosives from the

macroscopic perspective.
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