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Table 1

sive formulations with different aluminum powder contents"**’

Explosion energy of HMX-based thermobaric explo-

content of other explosion energy

HMX / % Al/ % -
components / % /g
77.5 10 12.5 6869.6
72.5 15 12.5 7150.9
67.5 20 12.5 7432.4
62.5 25 12.5 7734.6
57.5 30 12.5 7956.8
52.5 35 12.5 8255.7
47.5 40 12.5 7835.9
42.5 45 12.5 7562.3
37.5 50 12.5 6792.1
32.5 55 12.5 6022.0
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Table 2 Explosion energy of RDX-based thermobaric explo-
sives with aluminum powder of different particle sizes in vari-

ous atmospheres'™”

explosion energy / J-g”"'

Gaseous filler RDX/AI RDX/AI
RDX/LiF RDX/ALO,
(90 pm) (5 wm)
Nitrogen 7050 7302 3863 3848
Argon 7067 7230 3877 3819
Air 16634 16965 7747 7290

Oxygen:Ar=(20:80) 16905 17025 7953 7756
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Table 3
sives with aluminum powder of different contents and parti-

cle sizes™*

Detonation heat of RDX-based thermobaric explo-

detonation heat / J-g”"'

o ) . . grain gradation
Al/% micron aluminum nano aluminum )
aluminum powder

powder powder . m )
20 6933 6624 6835(15:5)
25 7192 6889 7149(12.5:12.5)
30 7451 6932 8016(20:10)
35 7924 7522 8386(30:5)
40 7865 7615 8196(30:10)

Note: m_...:m_ _ represents the mass ratio of micron aluminum powder to
micron* Mnano

nano aluminum powder.
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Fig.4 Variation of blast overpressure and impulse with Al

mass fraction®*
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Table 4

thermobaric explosives with different aluminum contents'®*’

Implosion shock wave parameters of HMX-based

A% overpressure  impulse shockwave duration
/ kPa / Pa-s™! / ms

20 2446 3252.0 94.6

25 2615 3517.3 108.4

30 2854 3805.1 130.7

35 2653 3574.4 1121

40 2360 3102.7 90.4
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Table 5 Air blast shock wave overpressure and impulse of HMX-based thermobaric explosives'**
W-1 W-2 W-3 W-4 W-5
distance
/m overpressure impulse overpressure impulse overpressure impulse overpressure impulse overpressure impulse
/ MPa / MPa / MPa / MPa / MPa / MPa / MPa / MPa / MPa / MPa
1.2 1.230 240 0.960 198 1.180 216 1.060 208 1.020 193
1.8 0.250 99 0.320 111 0.330 119 0.280 112 0.310 115
2.4 0.170 82 0.130 83 0.150 89 0.170 88 0.150 87
3.0 0.092 77 0.087 78 0.084 77 0.091 79 0.083 73
4.5 0.046 69 0.044 71 0.051 73 0.046 70 0.044 64

Note: W1 represents an aluminum powder content of 20%, W2 represents an aluminum powder content of 25%, W3 represents an aluminum powder content of

30%, W4 represents an aluminum powder content of 35%, and W5 represents an aluminum powder content of 40%.
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Fig.6 Sketches of enclosed device and sample assembly for experiment'®”’
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Fig.8 Overpressure curves of explosives with various particle sizes of aluminum powder at 1.0 m(a), 1.2 m(b) and 1.5 m(c)

from the bursting center **
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Table 6 Overpressure distribution of explosive formulations

Influence of aluminum powder particle diameter on

with various particle sizes of aluminum powder'**’

overpressure / kPa

granularity / wm

5m 7 m 9m
45 92.69 59.64 34.22 21.68
7 98.09 61.29 32.80 21.24
45:7(75:25) 105.4 60.37 35.55 23.11

5 pm 2 A5 A 30 ) 5800 2 B RE IR B (R R
#2095 wm Ze A AT DL G008 S 5 2 5 B R A 245 19
Je BRSNS I B Hp 2, JF IS 0 R A A gy, ke el D A 4%
A B SRR AR el 2 ol A R E R . LR R
Ay Y T A P 0 R v 396 R, T A T e ) 22
Koo T 25 B R RLAR A I BB MBI A 8 Bl SR e
it I A) 54, A AT BE Y B T 2 DRORE A8 0 i LA R Y
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Fig.11 Typical fireball shapes for three explosives ®
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Fig.12 Layout of the experiment in the tunnel™
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THFE AR B, J R S L B Y s 7 56k B2 R
52 N i) 1215 5 5 BB A0 A0 K A O

WY BSOS I PR K 2 A e AR TR Y O, ik B AT
T R AR A ARk BE 2 ST Tk AR R R
AR Tk . LVEVR B (E 20% S R 480 R0 9 AR &
{EL, 25 3 TR 28 8 0 DL B0 85 S0 O IR T AR
I, U R T i ok 4 28 LRGN o B R AR AR L) I

7 PBXCRIELIE K25 A BRI 7

IF 5% Y il b 3 Gk Rk B R R A B L4 X AR A Y 3T
BB T & 30% BB (Y IR R KE 25 R & A 20% 5ROk
1) PBX K 25 14 22 2 BB 8800 o %o 48 0 i U #E A 4K
25 (] A B AT A AR 3, 3 S R DA O Sk Bk B BK
JE i 15 (spherical hypothesis) 1% 38 PN 45 )5 fr 51 18
s 1] 4 44 B4 A1 [l i 15 (peripheral hypothesis) |, 4l
RKT7IR .

Table 7 The evaluation of energy releasing efficiency of PBX and thermobaric explosive'® "

Q.oc / Lokg™ 1/ %
samples Qroc / Lkg™ S 0/ %
spherical hypothesis  peripheral hypothesis  spherical hypothesis  peripheral hypothesis
PBX 319.89 216.89 192.25 60.1 67.8 64.0
Thermobaric explosive 436.34 321.15 311.10 73.6 71.3 72.5

Note: Q. is theoretical oxygen consumption, Q... is experimental absolute oxygen consumption, 7 is energy release efficiency calculated from oxygen consump-

tion, 7 is average energy release rate obtained from both assumption methods.
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Fig.16

mobaric and TNT at section A11 in tunnel'®’
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(a)Oxygen concentration of thermobaric explosive at section A2 near tunnel opening, (b)Oxygen concentration of ther-
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Research Progress on the Influence of Aluminum Powder on the Typical Blast Damage Elements of
Thermobaric Explosives

LIU Wei, WANG Jing-yan, HAN Zhi-wei
(School of Safety Science and Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The content and particle size of aluminum powder in thermobaric explosives (TBXs) directly influence the energy out-
put structure of explosions, significantly affecting the characteristic “post-combustion effect” of TBXs, which is crucial to the for-
mation of the “thermobaric effect.” This paper discusses the influence of aluminum powder content and particle size on the ex-
plosive energy, pressure effect, thermal damage effect, and asphyxiation effect of TBXs. It also analyzes the mechanism by
which aluminum influences the post-combustion reaction, identifying the optimal content and particle size range for aluminum
addition in TBXs. Looking ahead, future research should focus on the reaction kinetics of energy release from aluminum powder,
develop corresponding testing methods, and thoroughly analyze the energy release process of TBXs, providing a foundation for
the precise control of formulation design and energy output structure.
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