[/ B S S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20261101

REIMET TNT AR ERRSE DT
B30, I, AREL RN BERL ERL TR AN KR

(1. LRI TR TS50, 28 HErg 232001;
2. BRRBEEHFIRAF, 7 T 510623)

THE: A TARRETAEE INT AR ERSEANE, 8 INT WEER UK TREETRE T RE W
MR R R, T ETERE, By TRELAHGT INT ABESRSEAWERTNAEA, #id Chemkin 3
WEET INT B & =8B R R, 34 4 AUTODYN A R TH i B b IE R E B HEA, RETREFET
TNT 255 A Z B R EEN T &, B ER TN TREIEEFARELE, FEIARMKENETH INT
AEIRE, SAERSENER T ESREENERMERTRIE, &RKH, FrE RN HEE RR 50 53 T
RIEFET INT HEREBSESD, SREERNTFHIEZN 5.9%, £ 8GR EER D TNT WRSEENER
ERBERY AR, FHREEZRN 27%. MERFEHNER, AEZAFLTEERS, T REFIHNE
YRR BL, MEEEAE N T, FREE A 101.332kPa & E 40kPa B, A EH T8 TN23.3%.

KR REFE; BRRN; BBHSEN; FASE; W&

FEESES: 0383;0521.9 SCEARIRAS : 13035

Bxpfie s, 4. MU T ARSI A (AL ARG NI (B i 4T 0 A,
A 22 18] AR B DA v o e A AR WY S 1 i, B PRI TRISE G o Bl 07 MR A b el RN AR, HER RS
Jis 73t A PR S A A B 25 AL, FEXE 2GR IR AS T, TNT KRR b e 25 . TNT
Fe ST DR TN 2, AR5 S R R BRI B P AE WA SR RE AL, SR ik 5 ) Bl TP R
RORAIRGE R NRETBUS M BE B, IE R HERRAS IS 03 0. HAT, O% T3 P23 [R) R E 7E 22 PR e 24
5, BEAE m AR AT S e DOB AR SR A 2 oo, IS A E it iR, s, &
FR A B R ADBRGB Y FEER . (RPN M, IS IR, SR TR,
FEBEIN, REL K AERAE RS i, ATt 2.

HERSAS IS 72 H T M2 A (1 vt vt L M7 0 ) MK 32 80 A 22 (B 2 RO F ), A
FER AR Sy, HONIEETR A A AR B E S ot HAT, 0T FEZS YRR IR Ik 0 (0 1L
SR AEH ISR ET o 45 %, “Zhong SE0HE T 1 I # P S [RI W I HERR S IS /i B, JF S
CONWEP Bt FARSHAT LU, B0uE TR AERATE . Bdri FOHRH T — M2 lEBRR BEA S 1A
RE AU S AR, FIT T TNT A5 0 25 76 % 11 %5 A1 A 1) A A AR S TR 0o Xu S50 1 6
DN T e 25 Pl s A 245 78 3 P 22 ) o 7 A (R A I 0, R P o e A 45 A s 2 T 0 T
DAETLEAT THEAE . Zhou SFEVARGMTFT 1 AR B 10 TNT JE 247 5 8 A1 25 18] AR A E (R i A
T ERT, B A A ] A A S R D ORI SR AW IR, WM IAE A0 FEAR X b

TNT oy R s s R 2, AR Ja e DR R N R . ) A BT I S T e e R
SRR IR T AR SR A I NREBURHRAE, 2t M SR TR e R O F S RS S s 7. H T
FH OAH ST TNT KEZG R IA BT g T AHSGHE T . Ornellas S5OV RINE 1% I 26 F

Wk B 2026-05-18; &H HHEH: 2026-06-25

HEEWH: EAEEYRBIEIRESTIH (2023AH051221); 24 BRFIEIES (2208085QA26,
2408085MA006)

FEEE: & H (1987- ), B, L, YR, EENHESKBRAGF. E-mail: lirui 89@126.com
WEEE: #h H (2001- O, 55, WIEAFSEAE, EEMFBIESEIT. B-mail:  1989940724@qq.com



[T S/ S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

TNT WEEJE R M RE . Kuhl 20008 o S50 % 1 25 48 P ISR RS, b T 28 SRR S5 N TNT
PARREIE, RILTNT MEAES SR RIREIE R ) 5P B B m T 2SS, RGP R
REE B RGEAE1ER o« Zhou SRR FT T 85 55 P 25 16 PO 438 i R s I et J HE 38 e 5 65 40 ) 25 [ )
SO, RIS RRRLSL AT SRR SRR AT o M RTOCTR RE N ORI AL R B R AR R AR IR T
AIREERRAG, Bbsem 5 R S R RER R, S mEFR AL 1. Bk, ALEFRAFRKE
IREET TNT X2 A 155 A R SR A

ASCFETF e RSP IEIETE . Chemkin #F. AUTODYN A3 BR TG HE A il vl 5 5L 25 B R VE 2
A, WMICEIRAEE T TNT FEZ)% (125 R W ERHEAT T KA B /i BUEBHUARIEH 7T, R
[FMEG FE 2 A0 TNT PR 1R S R S B B R 5 25 1 0 s e R A

1 IBpRE

1.1 RS E EE
BN Vs WIEIELIE 108 p, (05 23 8] A R A A HERT S IS 7] pgl DIME AT 2UREAT HHER

[2),

P (r-B
=| 2 (V-V)+AE,pV, |~~—"> (M
Pa ((n—l)( Ak J Z

A, pe MV, T RIANEZTI R AR s 9, By 23 B RWIAEPRNI ZR AN 2 SUARTR S W i 2 g
e AE NYEZGAEE P ) A RO S RE B . AR (1) NI A% P () M 24 N R HE R S S ) pos
FEELT B EAE) S ARIRH ()W KBS L.

1.2 BBEE (AE)

TSR] TNT AR A RE RO R 3 ] 7 KB Il B 5 JE AR B BRSRBIT B,
TNT f* A R WIHERETBUR L RE A Jo AP BE/ BB BEEVIHIY 8L AR ss ARl #4
MEE[HPMERREEBRIL, BUGREBAE R, K2 P25 (8] TNT PR T 5 R
JERAPRANET B, FE T e E ST E R N R RN S R AE,:

AE, =AE, +AE,
N, AEge M1 AE, 73 IR B2 85 JE WARE «
1.2.1 1B5EHE (AEge)

i Jd Becker—Kistiakowsky—Wilsort (BKW)ARZS J7 B IR SRR 22 7= P01 COWAN R 7 FE IR
WAk, R4S AR EE R, X INT JEZGRESH0HT T EIRTHE . B SRS
SIS EHE AT X, R R . HE 1AL, TNT B S 8N B THEAR 5 650 1 18] 1 22
NT 5%, FRUPNZFIGEENS HER IR TNT HIREIT N,

* 1 INT BESH
Table 1 Detonation parameters of TNT

)

Detonation parameters Theoretical results Experimental results!!3]
C-J pressure (GPa) 20.25 21.00
Detonation velocity (m/s) 6935 6930
Detonation temperature (K) 2955

FIRE, TFEARBRAE( kg) TNT FBESMAHR, 4RI TR 2. WK 2 HAJLLEH, B
T AEAAEY CO, Al HyO S5 LML, HE&= e &4 CHys Hay CO K C(s)SEZ AR TEAAMN
eI, HAER AN 253 PR TG .
2 TNT IRS = IE R T B R

Table 2 Calculated composition of TNT detonation products
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Detonation
CH, H, CcO C(s)
products
mol/kg 9.189E-04 6.814E-02 9.001E-01 2.262E+01
Detonation
0, H,0 CO, N»
products
mol/kg 1.765E-05 1.092E+01 7.296E+00 6.603E+00
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Fig. 1 Molar heat capacity at constant pressure-yerSus temperature.
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Fig. 2 Adiabatic coefficient'yersus temperature.
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Fig. 4 Numerical simulation model.
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Table 3 Air parameters at various ambient pressures

pa/(kPa) po/(kg-m3) Wwoy/(mol-mf)
101.332 1.225 9.374
80 0.967 6.970
60 0.725 5,063
40 0.483 3.385
YEZ5 TNT K Jones-Wilkins-Lee(JWL)R 25 75 Bt AT ok, g iA 0 o030,
O _p, ® \ b, K OF
P=A(l-—)e ™ + Bl554~—)e™™" +— 1
( Rlv) { R2v) V (10)
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BN 4 s
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Table 4JJWL equation of state parameters for TNT [1°]

el Dey/ peil A/ B/ E/
(grem?)  (msT) (GPa) (GPa) (GPa) R, R, ® (GPa)
1.63 6930 210 371.2 3.231 4.15 0.95 0.3 7.0
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201, Rk, AR SUR FURE 40 N TNT WL RE, FIF 454 AUTODYN £ R e84 i 4
AMEEAE I R BT 4 Chemkin B AFTHEAS B FIAFMRE 2 F T TNT W JERAEEIN A TNT
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3.3 Mg TRV St 3 4

f#i il AUTODYN £ R JCHAFBEATREIAEE T TNT 1245 P BUE A ALRT, 75 kA7 R R ST
WS AT, DARH 5 BRI & B ) IR R~ o SRR SR A 054 1.04 2.0 F13.0 mm PUFH RA%
RAFEAT WS 20, 3R45 T 1 (215 mm, 40 mm) A A 2 (215 mm, 60 mm) 47 B &bt
R DJ-FE 4, Wil 6 Fim. B 6 AT LAE H, BEMIRS RSFIEP 0, Wil o7 B ik (8
SN S BT B RS R, i R - R M 2R R . LR A 2 ANASRII A
AR A RSE T ki i i - R 2R, RT DACR IS RS AE 0.5~1.0 mm RT3 BBl A ) B0 540
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I Ry B R R S5 T SRR
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Fig.6 Comparison of pressure-time curves at different measuring points with different mesh sizes
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Fig. 7 Time histories of mole amount for detonation products under different ambient pressures.
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Fig. 8 Afterburning eneérgy of TNT under different low-pressure conditions
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Fig. 9 Comparison of theoretical prédictions, numerical simulations, and experimental results for quasi-static pressure.
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HERf I, BTN 1R 2N 5.9%.
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(3) ARSI R FEPNH] TNT ARG RN, S8 TNT 7525 1 25 (8] 9 B i ER A 1K T PR .
B WA IAIE K 77 101.325 kPa R %2 40 kPa B, JERARE NBE T 23.7%, #EFHSIEIIFKT 23.3%.
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Pressure Characteristics of TNT Internal Explosions under Reduced

Ambient Pressure

LI Rui', SUN Rui!, LIU Keyang', HU Minghang!, CHEN/Y ajing", WANG Quan', LI Xuejiao!, XU
Xiaomeng!, CUT Xiaorong?
(1. School of Chemical and Blasting Engineering, AnhuiNUniversity of Science and Technology, Huainan
232001, Anhui, China;
2.Hongda Civil Explosives Group Co/, btdyGuangzhou 510623, Guangdong, China )

Abstract: To investigate the quasi-static pressure characteristics of TNT internal explosions in confined spaces under low-
pressure (LP) conditions, this study incorperates both the detonation process and the afterburning reactions of TNT under
various ambient pressure conditions. Based on’energy conservation, a theoretical model was developed to predict the quasi-
static pressure generated by TNT internahgxplosions under LP conditions. The Chemkin software was used to simulate the
afterburning reactions of TNT détenation products under LP conditions. By incorporating an additional energy release model
into the AUTODYN finite_element software, a numerical simulation framework was developed to characterize the energy
release behavior of TNT+intetnal explosions in LP environments. To validate the accuracy of the theoretical model and
numerical simulations;<INT ‘intetnal explosion experiments were conducted under various LP conditions using a self-
designed sealed explosion Viessel with an adjustable vacuum degree. The results indicate that the proposed theoretical model
can accurately prediet-the-quasi-static pressure generated by TNT internal explosions under LP conditions, with an average
error of 5.9% relativie’to the experimental data. The finite element simulation results incorporating afterburning energy show
good agreement with the experimental results, with an average error of only 2.7%. As the ambient pressure decreases, the
oxygen content in the surrounding air is reduced, thereby inhibiting the afterburning reactions of the detonation products and
further lowering the quasi-static pressure. When the ambient pressure decreased from 101.332 kPa to 40 kPa, the quasi-static
pressure was reduced by 23.3%.

Keywords: low-pressure conditions; afterburning reaction; quasi-static pressure; confined space; internal explosions



