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Table 1 Structure types and formulations of 4 different charge samples
structure

charge samples
outer layer

inner layer

homogeneous charge HC
Al/DNTF(60%/40%)
Al/binder(94%/6% )

composite charge A
composite charge B

composite charge C

DNTF/HMX/AI(40%/30%/30% )

Al/PTFE/binder(60%/35%/5% )

DNTF/HMX/AI(40%/30%/30% )
DNTF/HMX(40%/60%)
DNTF/HMX(40%/60%)
DNTF/HMX(40%/60% )

Note: The mass ratio of the additional insensitive agent was 2% in the preparation of the sample containing DNTF. The data in bracket is mass fraction of composite

in the charge.

detonator
/

inner layer

‘ . DP2Tmm ‘
@30 mm

a. schematic diagram of assembly structure

b. photo of samples

B R HC S AR Sy KoR E
Fig.1 Photo and schematic diagram of thermobaric charge
HC and A
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Fig.2 Testdevice and layout
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Fig.3 Sketch of test device for quasi-static pressure
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Fig. 4 Average noise reduction processing of quasi-static
pressure test curve
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Fig.5 Test curves of overpressure, quasi-static pressure and

temperature increment in the tank
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JITEC, XoF T VA 1 AF T 1 T 0 25 e 0 i 4k, LR (R A Akt
0= B P51 A O N B R B T ST I W S A |
W . P 5c R T A S A B R B9 IR 5 e
AT A Ak i £, mT 0 2 Fofr il 2 11 4% (A A8 fb i 35 M 01
WA 2 S AR o R T LA o T B O T R A R 1Y
5,
22 AEEHAVNELERMITLE

F2WAN T AR 2 A SRS T A
W3 A U 2 DR 1 R T) 288 A% S AR It 5 SR T 1
fHo XS MAIHETWER, TUES, 3ME
HH A~CIT RIS 35 % 25 HC A AL, BRI AE
EAMABARIE T, F— P 25 1 ob i 0 s 06 {E
Ap,, AHIE T 2SR 0 W (B (Ap,, ), I J32 369 Jonn e i
AT I 3% 25 59, 0 2 4 A 4R R s B 3ot AR 11
S R T E T HAS ] 2% 2 2 () A 0 2 G, kB
PLBI 5] 28 25 HC A6 25 ORI T A 0 40006 o R &
B s H A 2 A 6 25 RO AR GHEL, A 1 6 AL 7 B R .

R 2 AR 025 ) Bk e
Table 2 Peak values for various physical quantities in air and

nitrogen environment

charge Ap,/ MPa (quL )./ MPa AT /K
samples air N, air N, air N,
HC 8.01 7.54 0.613 0.329 1067 592
A 7.13 6.86 0.638 0.370 1293 720
B 5.21 4.79 0.605 0.231 1121 367
C 5.44 5.16 0.501 0.259 927 438

Note: Ap,, (Ap, ), and AT represent the peak of overpressure, quasi-static

pressure and temperature increment respectively.

FEl 6 H 4 25 25 45 K s D 1 55— A RS — A
PR (3o 55— A 8 O U0 98- 1 o o 3 0
Ap,, 55 A T W (T 26 B B U 5 U 0wl o
T 6 T L I A 2 7 58 SR SR T
Ap, 825 S BN T =AW 22 SRk L 3 R A
SR B B B ) o A0 B 0 o AR AT B0
25 ERHE R A A 26 A B Ap,, {1 8 1 51 % 25 24 {%
10% . 55 =AW (F 0 4 1 5 5 25 41 85 T 20 20% {1 1
EUIRBE T L HCE AN (A R KR R e X A
i
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R3 NEBON B BRI R AL fE

Table 3 Mechanical energy released at different reaction
stages kj-g™
charge E. E +E, E, E,/E,,
HC 4.111 2.206 1.905 46.3%
A 4.279 2.481 1.797 42.0%
B 4.057 1.683 2.374 58.5%
C 3.360 1.837 1.522 45.3%

Note: E,, is the total mechanical energy released, E,, E,, E, respectively rep-
resent the mechanical energy released during the detonation stage,

the anaerobic combustion stage, and the aerobic combustion stage.
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By 0 0 o R ) 25 S Ol R A A A A RE T 1) S5
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Explosion Process and Energy Release Characteristics of DNTF-based Layered Composite Thermobaric
Charges

SHEN Fei'’, Ll Ling-feng’, WANG Hui’, YU Wen-li', WANG Xuan-jun'
(1. Rocket Force University of Engineering » Xi'an 71025, China; 2. Xi'an Modern Chemistry Research Institute, Xi'an 71065, China)

Abstract: In order to explore the effect of 3, 4-dinitrofurazan (DNTF) on the explosive energy release process of layered compos-
ite thermobaric charges, various double-layer composite charges were prepared, with the content of aluminum powder in the
outer charge adjusted from 60% to 94%, and the content of DNTF adjusted from 40% to 0. Then, explosion tests were carried
out in a closed tank under nitrogen and air environment. Based on the correlation between quasi-static pressure and effective me-
chanical energy, the released energy of charges at different reaction stages was obtained. Moreover, the afterburning process of
aluminum powder from different charges was analyzed according to the evolution of fireball. The results reveal that the dispersed
DNTF particles are easy to be ignited and grow rapidly after being shock-dispersed when the mass fractions of DNTF in the outer
charge is 40%, which can improve the anaerobic combustion rate of aluminum powder and the aerobic combustion rate of alu-
minum powder at the edge of the cloud, thus the combined mechanical energy released during detonation and anaerobic com-
bustion is raised 12% than that of the homogeneous charge with same composition. Whereas, when the DNTF in the outer
charge is replaced by polytetrafluoroethylene (PTFE) in the same proportion, the combustion rate after dispersal is significantly
reduced as well as shock wave overpressure and temperature, and the total mechanical energy released decreased by about 22%
than composite charge containing DNTF in its outer layer. Moreover, when the outer charge is all replaced by aluminum pow -
der, intensely aerobic combustion with longer duration will occur in the high-concentration aluminum powder cloud, the total
mechanical energy released drops by only 5%, while the combined mechanical energy released by detonation and anaerobic
combustion drops by 32%, and the peak shock wave overpressure has a considerable reduction. The above indicates that DNTF
in the outer layer of the composite charge plays an important role in enhancing the combustion rate of the aluminum powder
cloud and energy release rate in the early explosion stage.

Key words: composite thermobaric charge; 3, 4-dinitrofurazanfuroxan (DNTF) ;internal blast; quasi-static pressure;blast fireball;
energy
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