FxHE HxW J:% J:/E Ej YEI:' fE Vol. x, No. x
xxxx 4 x A EXPLOSION AND SHOCK WAVES Mar., XXxXx

DOI: 10.11883/bzycj-2025-0270

mIEEAEHZBREERE RS
mEFBEIRER

FRAL REALL M OBLRERL A ELE K
(1. W RO TR A2 5 TR R, VIO O 2100943
2. RIS T LB TR B, T HI5 210004)

WEE: T F0 IR X 25 70 25 P 2 () P 8 X0 B oo o O 5 08 B A R A B B ARRE, DL 100~ 400 g IR X 25 N R A
10 55 VA R 5002 R) P F B R 0 R 06 F 7, R PR I g A R R A BB SR AT T 1D A TR P S [ oz T Ak R O I 7 R TR B
I, 38R T W R XE A RN P A e o U S R R R A U . SRR REEAN B E S AMRES RS
B2 TR R KRR IR AE 5 B T T B LG R R 1) A A I P UG R AR B L 3R R R 24 N AR N o IR TR W Y
TNT %5 3024 5 22 BB LU A0 8 6 00 38 0K 21 1100 il 2828 1K 34, 76 LU BR BE A 1.7 kg™ I, b 8B TR ¥ TNT 54004
B RBOE BB /MA 1.43, 1240 B R U BRSO B B onF b o O R W (E 7R A AR R T . @S T b B R
U A ) T B B T ASE TRY, 4 A 3R T S AR R 2% 5 R M S R AR TE A (R DX g e o 0 A P A DT R . B TR A
VI K NS BRI SR I ) B, BT TR R AR 24 N R A A R S R O TR 2, DL 100 g %% 24 A RS R O R R
200, 300, 400 g 2% 25 i & T AU HE A5 R 700 0 36 8 R (B 1 2,27, 3.21, 4.18 fif, #EFR AR IR B E =Y M R THE
WA T 2K,

KR JRREZ s B S IR i R ERRAS R ) ME AN

FE 4SS 0383.1; TISS EfRZERMKEE: 13035 XEKPRERS: A

Experimental study on the coupling of shock wave and temperature
field from a thermobaric explosive in a confined space
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(1. School of Safety Science & Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China;
2. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: In order to investigate the coupled enhancement effects of shock wave and temperature generated by thermobaric
explosives in confined spaces, internal explosion experiments were conducted with 100~400 g charges in a confined building
space. Pressure sensors and thermocouples were employed to obtain the explosion pressure and temperature data at different
locations within the confined space. The experiments revealed the evolution characteristics and propagation patterns of the
shock wave and temperature field produced by the thermobaric explosive. The results show that the temperature generated by
the internal explosion of the thermobaric explosive exhibits significant secondary heating and prolonged duration
characteristics. A decay model for the initial peak temperature based on the scaled distance was established. The TNT
equivalence coefficient of the shock wave from the internal explosion of the thermobaric explosive exhibits a concave
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hyperbolic trend with increasing scaled distance. At a scaled distance of 1.7 m/kg”, the TNT equivalence coefficient of the
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shock wave overpressure reaches a minimum value of 1.43, indicating that this position is the turning point where the energy
from aerobic afterburn combustion exerts a significant effect on the peak overpressure. A two-stage prediction model for the
peak overpressure was established, describing the contributions of non-ideal detonation and the aerobic afterburn effect of
aluminum powder to the shock wave in different regions. Based on the pressure rise caused by the expansion of detonation
products and the temperature rise due to afterburn combustion, a quasi-static pressure prediction model for the internal
explosion of thermobaric explosives was established. Taking the quasi-static pressure of the 100 g charge as the reference, the
quasi-static pressures for the 200, 300, and 400 g charges increased to 2.27, 3.21, and 4.18 times the reference value,
respectively, showing a nonlinear growth under the coupled effect of detonation product expansion and afterburn temperature
rise.

Keywords: thermobaric explosive; confined space; shock wave; temperature field; quasi-static pressure; equivalent effect
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Fig. 1 Schematic diagram of the explosion test setup in confined space

(a) Shockwave pressure sensor

(b) Thermocouple sensor

(c) Quasi-static pressure sensor
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Fig.2 Layout of the internal explosion test setup Fig. 3 Sensors used in internal explosion test
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Fig. 4 Shock wave time history curves at various distances for thermobaric explosives with different charge masses

P 4 24 100, 400 g 3R K 2 AR K (0 ot D IR A B o 5000t 90 0 e oo 0 S TR T 25 0 S 06
{8 Ap,,, BEJG SR E R SELLR, EA SRR FH B 7T 2 ms P, i D88 R P 5 IO 25 [ K AR 24,
PR PIETEAS; 2 ms J5, i I AR 2k R 20 S INERAE . SR i T BT A AR, B0 4 v R
T 22 38 S 5 bl 9, LR P 45 1A I SR & 0, AT A 2 ms Ji5 (1 2 65

S S 100, 400 g il 1K 24 P9 KE AS [ 07 5 1 I 5 e R pih 4 o B 0 00 45000 A 3R B2 - 50 ms PR
S0 W B Ve ) £ A N w25 1 7N R 0 £ 8 N A 1 TR S B @ ST B0 vy Ao mL
TR AL T o 45 DN 555,400 Y Tk 0 (o e R 58 KT 50, 100 g 2625 F, 76 0.8, 1.0, 1.2, 1.4, 1.6 m
I A5 0400 G T B WAL 43 5310 Ky 384, 184, 104, 100, 88 C., HiASfk L3t 5 whdi BB JE A8 AL FLAR AL . 1 B,
25 DA 235 i) 1) A P ol AL KR U 1) B A vo T P AR R A I [ A ANAE 1.0 m Ak, 5's PRIREE 5 F 100 °C 11



% x WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

PR IR 371 5o X PPRFEE R LA (CHE I T BB A 7 IR T), i o X PN A RO Rp e g, it — 20 5
KT MERRAS R T B 4Eds i Ta]

400 2 000
—0.8m —0.8m
—1.0m — 1.0m
—12m
300 1500 ——14m
— 1.6m

& L & L
= 200 = 1 000

100 - 500

t/s
(a) 100 g (b) 400 g

P 5 R 24 b Ji e e 24 AR T %00 i B T 7 2k

Fig. 5 Temperature time history curves at various distances for thermobaric explosives with different charge masses
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Fig. 6 Quasi-static pressure time history curves of thermobaric explosives with different charge masses
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Fig. 7 Temperature time history curves at 1.0 m and 1.4 m for thermobaric explosives with different masses
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Fig. 11  Fitted curves of peak overpressure and positive impulse versus scaled distance for thermobaric explosives
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Fig. 12 TNT equivalence coefficients of peak overpressure and positive impulse versus scaled distance for thermobaric explosives

Eq= (RTBX )3 ™

RTNT




x4 WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

K Eq 4 TNT S80S 1 R B Ripy A1 Ry 2090 TR FEKE 24 RN TNT KE 24 7 A A [R) 8 e 04 {8 5 1E R o
T LRI

DAFECF TNT S580CY it AR FE 2 B, AS R KR 24 o B R 19 TNT 482005 & R AR b 2, Ik
FEAE . BN, A A FLACKEZS I TNT S50 5 22 800 Lo H8 R 52 b AR A B4, i 28 5 S 245090 1Yy
TNT S500CY 4k 2 R M8 4k PETN AU 7 BT30S S, R He 06 {0 E R b i 19 TNT S5 200Y
FRBIL B LA B R R . AT L, TNT S0t i 2 A8 fb 5 25 R B DA G . X TR R HEZY
TNT 55304 1 R AT 5T S W) AE DU 507 b I R, Ui 400 R B0, IR E 25 TNT S50 it &
BESTIE AT i A | /et B 12 AT 0L, SRR KE 2 PO KE BRI Y TNT 58502 2 R AU AR
MR AR AL A, 7E 1.0 m/kg'*<R< 3.5 m/kg'® YU I, TNT 258005 B 2500 1.43~1.64, H-7E
1.7 m/kg'” Ab IR B /IME 1430 MR KEZS I H of o i TNT S5R005 & 2800 0 28 T 5 2218 LTt 7EAH 1R
L (91 F B 9 BB P, I R b ) TNT 258504 2 2500 0.97~1.69, 1 1.7 m/kg' AbREZE 1.0, i Il # 1 0
{ECFIIE He b 1) TNT SER00CY it iR 0 28 Ak, T 45 G b oh D A48 B BAVE R 3E— 25 03 i .

PV Geit T AN )5 24 o ok I 0 24 9 AR A
() IE FEAVE R B I] o ph 2 m] 80, S & 2 DY e
Y 1E JEAE I B 18] 4 867 ps; 4k, 100, 200, 300,
400 g i T HE LR K 7 AR 1) v I ARG E 0.8 m
FE4EE) 1.6 m 43 HIAERS 1.49, 1.27, 122, 1.03 ms,  #Zlthis

®1 TREAHREEREEDHNGIES N SIEEERE
Table 1 Positive pressure durations of internal explosions for

thermobaric explosives with different charge masses

IEFEAE AR [E)/ps
d=08m d=1.0m d=12m d=14m d=1.6m

Ik P A 29 K R AR 1, <GB ) HO AT S8 100 46938 664.83 73616  882.87  958.18
BEBT BLATIA AR o R, A5 DA LE A T 200 63512 739.64 82507  964.68  994.61

(1) 459 A [ 8 4t 52 B A5 S B B H s A D 4 300 80125 81695 88098  997.53 101342
RIOR SR RU LS e SR WA LR 4 HES - AR 400 90462 95678 97894 104836  1085.44
B 13 Fis o IR E 24 J5 08 s v B i 1 e BT

R et N T 0 T—. -
PRI, B o O 90 2 ot B 25 6WJMK1 e
e 8, AT IR 1 B R 8 ) 1 0

e, TR 0 PR 40, ol BB O fﬁﬁ%wLnkg_J_,,uﬁff
LIRS0 B ST BT . 2T A B K 0 —
UL R O RARE TS . PG, SR 2 s

—200
0 TNT SHCHRE LRI 1T mke s orN
0 ! I n "

T I, 1A SO A a4 T A D 2 3 T 600

A, L s WG (A 1 A FH 1) ) 288 0 22t 3001 A ——100¢g
2 G IE R v 0 TNT 25850024 & 2 507 Ho 14 0 : ; . .

Ap/kPa

FRBE 1.7 mikg'® 25 HEARE] 1.0 HHE. e
N “J]%Il 2 3 SE \‘[] I‘J_:_I: A1 .

V14 % 400 g IIEAREG AR AL B 13 REZGT RIS 1E 0.8 m BOHEALY

PRSI FE 2 . 7RO 8E 0.8~1.4 m 4k, ¥v] b TR R

WLEEENA EUR RAS RS A B3l , HLRE & Rk 1 S Fig. 13 Shock wave pressure time history at 0.8 m for

Nt FER AT, DB BT ES o AR, MEH LR thermobaric explosives with different masses

RS B O, AT 4RSS R S L A TS TR 0 04 28 W T R b i, e 0T i i R TS M (BT U R 280
F A AT L, 0 0 vk D R 0 Pl g B 247 48 5 D B 5 7 0 T S R I AL (R4 FH = AR B9 R R A
e BE 2 2 AR A 7 A 1 e R R T o A SRR TV 0, B R TSRO E G SRR N B B 2 S o R
THT 5 B8 5% 7 W W R0 B, ANER A TR BE A W X, PR AR5 7 W L 2 T 9 <6 Jos JBORE 2 K A TR 4R
bl PTG SR Y o B, SN A B EA X, 5 TC SRR AR SN R Ry FE MR A, A



% x WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

AR B VA E R ACE L VA e s 001 —
4R gy o 1 B I 25 K AR 1 15~ 19 0 , e

frmt, s i SRS RIS 8 . AR ‘2*88 ~am
3C 100~400 g iR EZ, vhils ik 58575 B 0 —M

BAAE0.3~0.7 migEP . BERSSELRNE 5 ggg_—@\\\ —om
13, TR FEE FoRGE, HBM AR 5 o . .

U, LR 12 Hof e Y TNT S5300Y i R A 1283_ M —1.0m
1.7 m/kg"” Z RTINS T 5 Ik Ty 0 :

B2 B AR A BB 1 5 R W IR ] —08m
B, SRR I L W 15 3, R . = - - 2
4 D5 0 T 260 T, AEE 2 T o e P tims

O RER, [ R L PR A 24 i DR O TNT S50 gy 14 400 g i FE Kt A AR 200 s R 4
M RECEE LR R 1.7 m/kg“ ZIa iz Lot Fig. 14  Shock wave pressure time history of 400 g thermobaric
¥ /N T i S R AR I TNT 2858 24 5 ifh explosive at different measuring points

LA 1.7 m/kg'” AT 5 BORE SR B A, ASRERE XSR 19 TNT 88504 A== (8), - Bt & il &
DERE T334 99.7% F1199.8%. [FIBH, LA 1.7 m/kg'™ iy 5t 5 TR #DL i e A 245 8 TR DA (i ol 2 5, 405 285
RN (9) Fror, w6 i B L ) b 728 A O D05 5 R NI 15 s o 0 BBl B4R D0 2 4 )
N 99.6% A1 99.3%, LA 1.7 m/kg'™ V53 i, A AR R 1 I R HE 25 oot R TR W R PR JUL R E, 20501 i
T AR AR RS S O AT RS BRRIONAE AN (] DO ot 0 T 1) BTk

1200 T
! @ TBX test data
| —— TBX fitting curve |
! — TBX fitting curve Il
900 [ Ap b 11262 7254598 -2 291.63
m,TBX-[ 2
! R R* R
Q«j 1
|
ff 600 I : 344.17 | 2209.01 865.92
< Aan,Ter = R' + RZ' + R3.
|
300 ! /
! Il
! ]
l
0 1 Il 1 1 1
1.0 1.5 2.0 2.5 3.0 3.5
R/(mkg™'?)

P15 R 2 il e PR e (LB L 1 B A2 A ) 23 BEAL 73 1T 2

Fig. 15 Piecewise fitted curves of peak overpressure versus scaled distance for thermobaric explosives

B 0.077 6R7 > +1.417 1.0<R<1.7 ®)
Gapn = 0.004 24R3?' +1.405 1.7<R<35
1126.2 -2 545. 2291.
AputExa = 626 + 545.98 + 01.63 1.0<R<1.7
' R R? R3 )
-344.17 2209.01 -865.92
Apmrexn = R + R + R 1.7<R<3.5

2.3 EERSED

I S T 24 1 DA 2 [ DN AR AR I, T RUHR S ™ A R veg IR U, T T B o o e B0 PN 9 0 O s
A SARRBE R TR A R i 225 8] PN T T i v SR A ELAF SR A . 046 el e 5 R A e BT
R AR RE S | AL At B2 T I R 1 PR B A s 1y B DRI, 88 P 2 [ P 5 2 T 0 RT3 30



x4 WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

Pos =Pv+ D1 (10)
K po WHERRSIE T, py Ry i O R 5 1B A 25 18] N B R 0 b T o34 py RS 5 RS 1Y) 2 () A 9
T
Pt I 5 R 1 2 ) P 3 e L IR T 2 AR e A R SRR KR P, LR FR S R K, R AE % 1A
23 (8] N 52 B 200, AT S 3 N 0388 K, B RA T

pv=po (37) (11)

s py R A 25 [RBTG5 MR8 2 i, ks v Ry SR KR 25 B KE A ) S T I AE AR HER S T
APRAR, m¥kg; v P 2 (A A, m
I _E T B R S T D T v 20 n] AR BRAR AR S D5 REE

r= () (%) 12
A n MY TR R, AR B, B 8.314 Pa-m*/(mol-K); g, A HE 25 HESE I, ki/kgs m, N5 P 25
[ AR T i, kg; ¢, s M 2 LA, kI/(kg K).
TESARSAF T, % 25 RN HERR S T py, AT RIR S MYV 1 RS

po=(oons 522) () =1 (V) 03
SR (13) X1 6 5 T ) JE A7 IR 22 PE 90 ©
B BIAERIN (14) FiR, %A RS H T AR IBX e v
5 B A T AR K 2 T Ty S k. 18 16 4 0r
H T RS TR ) Bl R 2 B i S ) A R LY w0l
AT . LA 100 g e 24 e X 07 19 i 25 P ) g
S FEUE, 200, 300, 400 g 5 24 [ ik X 1 6 e 2 < a0t o]
FE AR S8 2 2,27, 3.21, 4.18 4%, T, ) g
MYV BN, p, B MYV K T A LT 207
B MV IREERIR, po BYHG I A B W 2% o . . .
‘{’E%‘jﬁ Ejj %%}]ﬁﬁ Wﬁ{)ﬂ‘Zi’J/ﬂ{k}ﬁ%}ﬁ‘Wi 0.004  0.008 0.012 0.016 0.020 0.024
ORI 1 025 5, 4 3 P K 24 2 Hem
R L S HRA R 2 2 R B R 2 TR B A [ B 16 WERRA R ) BE P 23 [R] N 28 24 i 19 A8 4
. Tﬂ%éﬁ%ﬁi’éfﬁ , ﬁkﬁ@%éﬁ)ﬁ%ﬁ~%? Fig. 16 Quasi-static pressure in a confined space

as a function of charge mass

A R A A T 7, 3 PR A T K 24 1 AR A

RETE 5 ST BE UMD o DK DA 2 1) D9 B O A5 0 2 00— A 4011 2R e, (R 5 5 24 o ik g
G AT R LU KR 25 58 A, SR RN 32 IR, S B A s ) R B TR X X 2R A
A 2h, it HE— 20 R A HIL BT JRE PR AR FT, LA A P 700 0] o 6 25 T g e vl 90 0 A0 B 3 ) T
[C

0.864 M
Dgs = 1.279<7> 0.004§7<0.024 (14)

3 & i

ARSCE S I 100~400 g Ji e KF 2578 %55 P 25 18] N A AR U, 0045 1 R A il Dl 5 R B2 3 728 A
RRAE, 7 1 il AR 2 AR A e ol R B S DR R R, A B AR A
(1) I K 28 1 55 DD 2 [ PR I 7 A AR 2 AT I 28 ) R TR A R I AR AIE . R THilR 32 %



x4 WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

24t 5 S A SR LRI P o 8 T T 245 A 0 i 8 DA (L e s LA, S 1 R L ) S DA Y

(2) #3781 N 24 DA % e v DR T e 15 1 P i P9 8 AR o oo B PR WL ) TNT 453

ik FHOBE L R B 3 R T MU 2 A2 b, 7E LU BIHREE 1.7 m/kg"” Ik B e/ ME 1.430 LAZ L B4
WA 3 B, S T i S WL % A B B TS AR, St 3 T I S AR 25 BEARR SR AUV S o A
SR RSO AE AN TR) DX IBOXT ofe ki P 08 L F) 52

(3) T K 24 AR X T 25 T 0 B2 AR K P W I K5 I WA TG R 1 T, Tt 24 o i i i S AR 2 1 6

Ko DL 100 g 2245 R HE, 200, 300, 400 g 25 I UERAS R 140038 28 2.27, 3.21, 4.18 1. HEFRESET)
F4) 188 R 256 i 2 24 I 0 T DR, 8 A 4 [ PN AR A o v R S O LA R R A E

S5 3Rk
[0 BRTCHA, S, 53, 5. 6L PR AR 2 PO S R 2 RO ol ST TR R 0 B [, 8K 5 o, 2025, 45(12):

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

122202. DOI: 10.11883/bzycj-2024-0486.

CHEN F X, ZHANG G K, HE Y, et al. Influence of tunnel structural confinement on shock wave and fireball generated by
explosion of a thermobaric explosive in a tunnel [J]. Explosion and Shock Waves, 2025, 45(12): 122202. DOI: 10.11883/
bzycj-2024-0486.

HAHMA A, PALOVUORI K, ROMU H. Experimental studies on metal fueled thermobaric explosives [C]/Proceedings of
the FINNEX 2002 Seminar. Levi, Kittild: Puolustusvoimien Teknillinen Tutkimuslaitos, Julkaisuja, 2002: 211-218.
MOHAMED A K, MOSTAFA H E, ELBASUNEY S. Nanoscopic fuel-rich thermobaric formulations: chemical composition
optimization and sustained secondary combustion shock wave modulation [J]. Journal of Hazardous Materials, 2016, 301:
492-503. DOI: 10.1016/j.jhazmat.2015.09.019.

PEUKER J M, LYNCH P, KRIER H, et al. Optical depth measurements of fireballs from aluminized high explosives [J].
Optics and Lasers in Engineering, 2009, 47(9): 1009-1015. DOI: 10.1016/j.optlaseng.2009.04.011.

KIM C K, LAI M C, ZHANG Z C, et al. Modeling and numerical simulation of afterburning of thermobaric explosives in a
closed chamber [J]. International Journal of Precision Engineering and Manufacturing, 2017, 18(7): 979-986. DOI: 10.1007/
s12541-017-0115-3.

TURKER L. Thermobaric and enhanced blast explosives (TBX and EBX) [J]. Defence Technology, 2016, 12(6): 423-445.
DOI: 10.1016/.dt.2016.09.002.

EARE, BLLUE, 2250, 55 AR N 24 70 U 16 20 5 AR A o o BT A LA 5 40 A R (). SR 5 124, 2019,
39(1): 11-14,20. DOI: 10.15892/j.cnki.djzdxb.2019.01.003.

WANG Z A, ZHAI H B, LI Z R, et al. Study on propagation rules and distribution characteristics of explosion shock wave
loading on different explosives inside cylindrical device [J]. Journal of Projectiles, Rockets, Missiles and Guidance, 2019,
39(1): 11-14,20. DOL: 10.15892/j.cnki.djzdxb.2019.01.003.

Y, TSR, T, S (B R B N TR AT AR R SL I F AT (D). MRS bt 2019, 39(10): 102202. DOL:
10.11883/bzycj-2018-0327.

LI Z R, WANG S Q, JIANG H Y, et al. Experimental studies on characteristics of explosion pressure load in cylinder
apparatus [J]. Explosion and Shock Waves, 2019, 39(10): 102202. DOI: 10.11883/bzycj-2018-0327.

M 2, P AR IR S A IR 2 [R) PN A AR R DU N 0 BT [, BB A5 44, 2009, 38(5): 4-7. DOIL: 10.3969/j.issn.1001-
8352.2009.05.002.

CHEN H, TAO G. The test and analysis on overpressure generated by thermo-baric grenade explosion in limited space [J].
Explosive Materials, 2009, 38(5): 4-7. DOI: 10.3969/j.issn.1001-8352.2009.05.002.

LI X D, CHEN H J, YIN J P, et al. Corner convergence effect of enclosed blast shock wave and high-pressure range [J].
Applied Sciences, 2022, 12(22): 11341. DOI: 10.3390/app122211341.

TRdE g, R TUE L SRS RN X 24 B A ) P Rk 0 e Y 2 A (00, b AR AT 9T, 2019, 14(1): 52-58. DOL:
10.19693/j.issn.1673-3185.01263.

XU W Z, WU W G. Afterburning effect on blast load in confined space [J]. Chinese Journal of Ship Research, 2019, 14(1):
52-58. DOIL: 10.19693/j.issn.1673-3185.01263.


https://doi.org/10.11883/bzycj-2024-0486
https://doi.org/10.11883/bzycj-2024-0486
https://doi.org/10.1016/j.jhazmat.2015.09.019
https://doi.org/10.1016/j.optlaseng.2009.04.011
https://doi.org/10.1007/s12541-017-0115-3
https://doi.org/10.1016/j.dt.2016.09.002
https://doi.org/10.15892/j.cnki.djzdxb.2019.01.003
https://doi.org/10.15892/j.cnki.djzdxb.2019.01.003
https://doi.org/10.11883/bzycj-2018-0327
https://doi.org/10.11883/bzycj-2018-0327
https://doi.org/10.3969/j.issn.1001-8352.2009.05.002
https://doi.org/10.3969/j.issn.1001-8352.2009.05.002
https://doi.org/10.3390/app122211341
https://doi.org/10.19693/j.issn.1673-3185.01263
https://doi.org/10.19693/j.issn.1673-3185.01263

x4 WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

GOGULYA M F, BRAZHNIKOV M A. Pressure and temperature of the detonation products of explosive materials
containing aluminum of various dispersities [J]. Russian Journal of Physical Chemistry B, 2010, 4(5): 773-787. DOI: 10.1134/
$1990793110050131.

MAIZ L, TRZCINSKI W A, PASZULA J. Investigation of fireball temperatures in confined thermobaric explosions [J].
Propellants, Explosives, Pyrotechnics, 2017, 42(2): 142—148. DOI: 10.1002/prep.201600150.

MAIZ L, TRZCINSKI W A, PASZULA J. Optical spectroscopy to study confined and semi-closed explosions of
homogeneous and composite charges [J]. Optics and Lasers in Engineering, 2017, 88: 111-119. DOI: 10.1016/j.optlaseng.
2016.08.006.

F WAL, H@IEA, SRR, . SRR 7E IR R R 245 8 ME i #2 b 0w 1 43 BT (7] K KE 252 4z, 2013, 36(4): 7-12. DOL:
10.14077/j.issn.1007-7812.2013.04.002.

PEI M J, TIAN Z Y, HU H Q, et al. Response analysis of aluminum in the process of thermobaric explosive detonation [J].
Chinese Journal of Explosives & Propellants, 2013, 36(4): 7-12. DOI: 10.14077/j.issn.1007-7812.2013.04.002.

W oR, A fd4E, Tk, ANEURIER G TNT/ALREZS A9 S5 AP e RE (9], KOKE 242231, 2013, 36(3): 46-49. DOI:
10.14077/j.issn.1007-7812.2013.03.011.

JIJR, SUJJ, WANG S Q. After-burning performances of TNT/Al explosive in small explosion vessel [J]. Chinese Journal of
Explosives & Propellants, 2013, 36(3): 46-49. DOI: 10.14077/j.issn.1007-7812.2013.03.011.

JUE, EAAR, e, SRR R 2 R0 RE B D B SCIR T ST [T). & REATRL, 2014, 22(5): 684-687. DOI: 10.3969/
j.1ssn.1006-9941.2014.05.020.

LU Y, WANG B L, HE Z Q, et al. Experimental research on energy output of thermobaric explosive [J]. Chinese Journal of
Energetic Materials, 2014, 22(5): 684-687. DOI: 10.3969/j.issn.1006-9941.2014.05.020.

FRFAL, AN, 2R, A5 A BRAS ) v i A 2 S BRSO i IR BT A (0], B EOR 5 TR, 2015, 15(17):
154-157,163. DOIL: 10.3969/j.issn.1671-1815.2015.17.0238.

YANJJ,JIN P G, LI H B, et al. Experiment investigation of thermobaric explosive afterburn effect in finite space [J]. Science
Technology and Engineering, 2015, 15(17): 154—157,163. DOI: 10.3969/}.issn.1671-1815.2015.17.028.

FAN X, ZHANG L S, WANG X. Study on theoretical calculation of quasi-static pressure for aluminized explosive in confined
space [J]. Journal of Physics: Conference Series, 2021, 1721(1): 012023. DOI: 10.1088/1742-6596/1721/1/012023.

LR, REPL, 2T, % JUE RS IR E Y2 n R KR RO R 2% (7], HREE 5 vhadi, 2024, 44(3): 032301
DOI: 10.11883/bzycj-2023-0011.

JI'Y G, ZHANG G K, LI G, et al. Explosion characteristics of thermobaric explosive (TBX) detonated inside a tunnel and the
related influential factors [J]. Explosion and Shock Waves, 2024, 44(3): 032301. DOI: 10.11883/bzycj-2023-0011.

St JE . a2 6 o AR 2 e RO (7. HERE 5 vl 2024, 44(6): 062302 DOI: 10.11883/bzycj-2023-
0381.

ZHANG X R, ZHOU T. Energy release characteristics of composite charge in confined space [J]. Explosion and Shock
Waves, 2024, 44(6): 062302. DOI: 10.11883/bzycj-2023-0381.

KR, 7R, XU, A TR KR 25 FE S ROV 1 S BF ST (0], K HE 25244, 2014, 37(5): 33-36,51. DOI: 10.14077/
j.1ssn.1007-7812.2014.05.026.

ZHENG C M, YAN R, LIU Z W, et al. Experimental study on oxygen consumption effect of thermo-baric explosives [J].
Chinese Journal of Explosives & Propellants, 2014, 37(5): 33-36,51. DOI: 10.14077/j.issn.1007-7812.2014.05.026.

T, FLEEA, R4S, 55 SN il I )t B HAR SRR B BUIRAMT [0]. AR, 2022, 41(11): 1-10,34. DOIL:
10.19708/j.ckjs.2022.03.240.

SHIY C, KONG D R, XU C D, et al. Status analysis of shock wave pressure measurement and sensor technology in explosion
field [J]. Measurement & Control Technology, 2022, 41(11): 1-10,34. DOI: 10.19708/j.ckjs.2022.03.240.

ZHAO Y F,LI Y N, HAN Z W, et al. Effects of main components on energy output characteristics of thermobaric explosive —
a case study of typical formulations [J]. Defence Technology, 2024, 38: 205-216. DOI: 10.1016/j.dt.2024.03.008.

P, HH . SRR T 25 A2 S B0 7 2 5 1) 2 RO v A R T AR (0], ARk S ks, 2013, 33(4): 375-380.
DOI: 10.11883/1001-1455(2013)04-0375-06.

Zhong W, Tian Z. Calculation of quasi-static pressures for confined explosions considering chemical reactions under isobaric
assumption [J]. Explosion And Shock Waves, 2013, 33(4): 375-380. DOI: 10.11883/1001-1455(2013)04-0375-06.


https://doi.org/10.1134/S1990793110050131
https://doi.org/10.1002/prep.201600150
https://doi.org/10.1016/j.optlaseng.2016.08.006
https://doi.org/10.14077/j.issn.1007-7812.2013.04.002
https://doi.org/10.14077/j.issn.1007-7812.2013.04.002
https://doi.org/10.14077/j.issn.1007-7812.2013.03.011
https://doi.org/10.14077/j.issn.1007-7812.2013.03.011
https://doi.org/10.14077/j.issn.1007-7812.2013.03.011
https://doi.org/10.3969/j.issn.1006-9941.2014.05.020
https://doi.org/10.3969/j.issn.1006-9941.2014.05.020
https://doi.org/10.3969/j.issn.1006-9941.2014.05.020
https://doi.org/10.3969/j.issn.1671-1815.2015.17.028
https://doi.org/10.3969/j.issn.1671-1815.2015.17.028
https://doi.org/10.3969/j.issn.1671-1815.2015.17.028
https://doi.org/10.1088/1742-6596/1721/1/012023
https://doi.org/10.11883/bzycj-2023-0011
https://doi.org/10.11883/bzycj-2023-0011
https://doi.org/10.11883/bzycj-2023-0381
https://doi.org/10.11883/bzycj-2023-0381
https://doi.org/10.11883/bzycj-2023-0381
https://doi.org/10.14077/j.issn.1007-7812.2014.05.026
https://doi.org/10.14077/j.issn.1007-7812.2014.05.026
https://doi.org/10.19708/j.ckjs.2022.03.240
https://doi.org/10.19708/j.ckjs.2022.03.240
https://doi.org/10.1016/j.dt.2024.03.008
https://doi.org/10.11883/1001-1455(2013)04-0375-06
https://doi.org/10.11883/1001-1455(2013)04-0375-06

x4 WA, 4 IRIRKE2Y S 1] R e U S IR A IR T A % x

[26]

271

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

371

[38]

[39]

[40]

DUAN X Y, GUO X Y, JIAO Q J, et al. Effects of Al/O on pressure properties of confined explosion from aluminized
explosives [J]. Defence Technology, 2017, 13(6): 428-433. DOI: 10.1016/j.dt.2017.05.018.

TROTT B D, BACKOFEN JR J E, WHITE III J J. Design of explosion blast containment vessels for explosive ordnance
disposal units: DAAA21-72-C-0129 [R]. Dover: Picatinny Arsenal, 1975. DOI: 10.21236/ADB016707.

LI XY, HUANG Q H, LUO X G, et al. Thermocouple correction method evaluation for measuring steady high-temperature
gas [J]. Applied Thermal Engineering, 2022, 213: 118673. DOI: 10.1016/j.applthermaleng.2022.118673.

SRR, iz, N, 45 BORGUAR TR /K 8 SR B OB [T]. 028 2741, 2023, 44(15): 528866. DOL:
10.7527/S1000-6893.2023.28866.

HU Z J, FENG Y C, HE Z C, et al. Ignition and combustion characteristics of micro-sized aluminum particles in H,O and
0, [J]. Acta Aeronautica et Astronautica Sinica, 2023, 44(15): 528866. DOI: 10.7527/S1000-6893.2023.28866.

WANG L Q, KONG D R. Mapping function model representing the relationship between explosion shock wave pressure and
wavefront temperature [J]. AIP Advances, 2023, 13(6): 065011. DOI: 10.1063/5.0155382.

TR, A0, EAFHE, S5, BB B 2T IR B 1 IE S S b e B SRR EAY (D] S TR, 2009, 30(12): 1663-1667. DOL:
10.3321/j.issn:1000-1093.2009.12.018.

ZHANG D Z, L1 Y, WANG D W, et al. Experiment investigations on normal reflected blast wave near the spherical
explosive [J]. Acta Armamentarii, 2009, 30(12): 1663—-1667. DOI: 10.3321/j.issn:1000-1093.2009.12.018.

BB, FAA R, 25 VR 2 A B A1 i Hh 7S g v i o D A (0], R AR 5 eidi, 2016, 36(1): 38-42. DOL:
10.11883/1001-1455(2016)01-0038-05.

ZHAO XY, WANG B L, LI X. Shockwave characteristics of thermobaric explosive in free-field explosion [J]. Explosion and
Shock Waves, 2016, 36(1): 38—42. DOI: 10.11883/1001-1455(2016)01-0038-05.

FEETAE . FEZGERIE (M. Jbat: JEEH TR AL, 2016.

HUANG Y S. Explosives theory [M]. Beijing: Beijing Institute of Technology Press, 2016.

JURAR, %8, IRWAR, 55 A A FLALHEZ TNT Him RERIGHTST (1] 5 T4, 2011, 32(10): 1243-1249.

FAN J Y, FANG Q, ZHANG Y D, et al. Experimental investigation on the TNT equivalence coefficient of a rock emulsion
explosive [J]. Acta Armamentarii, 2011, 32(10): 1243-1249.

A, P, INGG, SF. BT R PR IE TNT M KA L0 5T [J]. B4 5 oy, 2021, 41(10): 102101. DOL: 10.
11883/bzycj-2020-0432.

GAO J M, ZENG D, SUN L, et al. Experimental study on TNT equivalent coefficients for two new kinds of propellants [J].
Explosion and Shock Waves, 2021, 41(10): 102101. DOI: 10.11883/bzycj-2020-0432.

XIAO W F, ANDRAE M, GEBBEKEN N. Air blast TNT equivalence factors of high explosive material PETN for bare
charges [J]. Journal of Hazardous Materials, 2019, 377: 152-162. DOI: 10.1016/j.jhazmat.2019.05.078.

VER, 2275 1, TR, 55, YUIE IR E 25 oh i AR 48 R v iR 9T (0], 4%, 2018, 35(3): 42-48. DOL: 10.3963/
j-1ssn.1001-487X.2018.03.007.

XUK, LI X D, MAO HY, et al. Experimental study on blast wave characteristic of thermobaric explosive inside tunnel [J].
Blasting, 2018, 35(3): 42—48. DOI: 10.3963/j.issn.1001-487X.2018.03.007.

KHRISTOFOROV B D. Effect of properties of the source on the action of explosions in air and water [J]. Combustion,
Explosion and Shock Waves, 2004, 40(6): 714-719. DOI: 10.1023/B:CESW.0000048277.31127.06.

XU QP,LIZR, WANG X J, et al. Experimental performance assessment of thermobaric explosives in free field and internal
blast tests [J]. Combustion, Explosion, and Shock Waves, 2022, 58(1): 93—105. DOI: 10.1134/S0010508222010105.

2, A, RIS, SE. AR DU AE HERRS OB AL R B SE [J]. T B M, 2020, 61(2): 28-34. DOL: 10.3969/j.issn.
1000-4882.2020.02.003.

LIY, ZHANG L, DU Z P, et al. Theoretical and experimental study on formation of quasi-static pressure in internal blast [J].
Shipbuilding of China, 2020, 61(2): 28-34. DOI: 10.3969/.issn.1000-4882.2020.02.003.

(GHEgE ¥ AR)


https://doi.org/10.1016/j.dt.2017.05.018
https://doi.org/10.21236/ADB016707
https://doi.org/10.1016/j.applthermaleng.2022.118673
https://doi.org/10.7527/S1000-6893.2023.28866
https://doi.org/10.7527/S1000-6893.2023.28866
https://doi.org/10.1063/5.0155382
https://doi.org/10.3321/j.issn:1000-1093.2009.12.018
https://doi.org/10.3321/j.issn:1000-1093.2009.12.018
https://doi.org/10.11883/1001-1455(2016)01-0038-05
https://doi.org/10.11883/1001-1455(2016)01-0038-05
https://doi.org/10.11883/1001-1455(2016)01-0038-05
https://doi.org/10.11883/bzycj-2020-0432
https://doi.org/10.11883/bzycj-2020-0432
https://doi.org/10.1016/j.jhazmat.2019.05.078
https://doi.org/10.3963/j.issn.1001-487X.2018.03.007
https://doi.org/10.3963/j.issn.1001-487X.2018.03.007
https://doi.org/10.1023/B:CESW.0000048277.31127.06
https://doi.org/10.1023/B:CESW.0000048277.31127.06
https://doi.org/10.1134/S0010508222010105
https://doi.org/10.3969/j.issn.1000-4882.2020.02.003
https://doi.org/10.3969/j.issn.1000-4882.2020.02.003

	1 密闭空间内爆炸试验
	1.1 试验设置
	1.2 试验工况
	1.3 内爆炸特性

	2 结果与讨论
	2.1 温　度
	2.2 冲击波
	2.3 准静态压力

	3 结　论
	参考文献

