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Table 1 Chemical formula, formation heat and density of explosives

Explosive  Explosive ) AHS/ Density/
type No. “ ’ ‘ d ‘ / (kJ/moD) (g/cm?)
17 5.8170 58.4764 40.7630 7.0739 1.3010 0.6505 —7925.22 1. 50
Emulsion 2% 7.5903 58.2367 38.8938 9.0871 1.0918 0.5459 —7127.45 1. 50
explosive 37 7.5434 51.1350 38.1277 9.4920 1.2466 0.6233 —6457.46 1. 60
47 8.3961 47.7992 36.1535 13.0819 0.9700 0.4850 —5271.94 1.76
57 1.6816 8.9815 8.2939 4.2232 0.2867 —1119.14 1. 80
Water-gel 67 1.3577 8.6432 7.4653  3.5724 0.2857 —1181.45 1.76
explosive 7" 1.1279 8.4141 6.8918 3.1131 0.2857 —1227.98 1.72
8% 0.9555 8.2423 6.4616  2.7684 0.2858 —1262.89 1.65
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Table 2 Parameters of the BKW equation suitable for various explosives

Explosives a B 0 K
RDX-type explosives 0.50 0.16 400 10.91
TNT-type explosives 0.50 0. 09585 400 12.91
Emulsion explosives containing Fe and Mn 0.53 0.16 3512 10.91
Water-gel explosives containing Al 0.52 0.16 3250 10. 91
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Table 3 Calculation results of detonation parameters of the explosives

Explosive D/ D/ D..../ Relative error/  pein/ Deatz/ Tean/ Terz/ o/
No. (m/s) (m/s) (m/s) %) (GPa) (GPa) (KD (KD (g/cm?)
17 — 3616. 37 — — 5.24 — 1665. 2 — 2.047
27 4132.23 4131.67 — —0.014 6. 87 — 1739.0 — 2.050
37 4366. 81 4347.52 — —0.44 8.12 — 1990. 5 — 2.188
47 5076. 14 5038.19 — —0.75 11.72 — 2304.3 — 2. 386
57 6202 6209.53 7713.75 0.11 17. 32 24.795 2884. 39 1786.77 2.40
67 5926 5917.65 7753.21 —0.15 15.16 24.895 2543.51 1738.73 2.33
77 5615 5623.18 — 0. 14 13.21 — 2258.70 — 2.27
g* _ _ _ _ _ _ _ _ _

Note: (1) The subscript “cal,1” refers to values from this research,and the subscript “cal,2” refers to values from Ref. [11] or the
original BKW program;
(2) Relative error=(Dey,1 — Dexp) /Dexp.

3.2 W iR

KM BKW R 3 3 5008 5% 2 00 B 1 40 A K 25 A= s R i B A L o B0 A KE 2519 0 K AR 18RS .
M TP 0 K Az kS i 2258 48 7 57 Debye [El AAREAL A K KE 25 Debye il B2 255K i PG 315 R A0
0 K A2 KA 9 XE 255 S BORA T 8 . 0L X T4 & O e Al 25, DRk 1o 7 5 rp s i R 2507
i BT LA BKW 2 P T 125 il 2 e 28 0 25 1 S5 S RO TR 20K

AR A8 ) 27 B L PR TR IRLR TR (298, 15 K, 0. 1 MPa) RIS E N Z AL & W) FE 3 IR H TR T ks
(B HEAE RS o DR BKW T2 Fe Bt R F 9 Bl R &L B 2 LA 0 KO RE B RS 0, LAPRAIE BT A5 1 432 7 W)
NREMIEME . P28 — @ ARV 18 T 3 18 1] 0 A 75 2 MRRE & % 50, DY L 0918 BKW B2 )7
L 2 307 2 (9 FRE 1 R A 2 e, U IR TR T K 24 9 90 Bk L N BE o (BN Hugoniot J7 21 o) B R
e 245 10 Lo A R 98 32 I Hugoniot J7 72 o i # I B 22 B & Forb s R T BT BKW A2 )5 3 5503 55
ZHUN TR 0 K A i R AKE 25 1 f o 5L TR TR B R R R R AR R BRSO R
A TR R A L R SR B T (R S Ak ) 4 2R R R SR W A AR R B I P
ESJ R E

1EI24T BKW JEURE F7 i, B AR ] DL 5 20 40 Gy s o 140 4ty T2 {2 s R0 L B8 ) 3 4 91 L 40 A
AE 2T 8 9 0 PO 7R SR S8 TSR AR EE R . (10 XA iR e P AT i AR A B4R . fE4A BKW
R W06 TR 5 200 46 TR LA R TR o R FEE ) 41 41 i R AT T LUAR 40 75 2 R BE L A JiL BKW 2%
M & — A e

SEBR AR S A R G R T R AR YRR R S B R W [ AR o) R 2 R SR IR A
K MnFe, O, Ml Al, Oy M2 CJ K57 Wy ) Ml — 7 Wy e — ol ] A b 2, ASCRRC10-11 155 oK » 1 A Ak 247
KB LAEZ 0, O3 Oh 5 SC B8 AR S 5 BRW ARZS J7 2 S R Ml — b o 5 B D R e e L 5
PR RR LA R R ME . P TR T I B 92 56 T B, BOME R A VR Ay 14 8 T R R R L (ELR A ) 2R A 24
WER S B A LR X M E 7 — e TR LR RIATHY

4 & &

X% BKW RS F . /S THEABRESIOTIEREF. ZEFBE T UITEF S C.H.ON JT
RIE B RSN BRI ASHERES B TR RIELBESE. RAFHE WA RY . T
T & Fe Mn JCRE M FLALKEZ U K& Al JC 2R BY/K K 265 B 48 32 2 80, 18 T B (8 -5 S0 56 18 A9 AR X i 22



g

14 TN A FRRAE S IR S RO TR 123

AHE 100, ZRRFYRE T BRKW RS J5 T 1 M 5% 5 IR R AR LA A K A 5 T3 T A9 2 S 9 TR ABIE 5

M5

DA K g M LA R R L B e A Sk 7 AN A S 3t T3+ T A,

References:
[1] Cowan R D,Fickett W. Calculation of the detonation properties of solid explosives with the Kistiakowsky-Wilson
equation of state [J]. ] Chem Phys,1956,24(5):932-939.
[2] Mader C L. The time-dependent reaction zones of ideal gases,nitromethane,and liquid TNT,LA-3764 [R]. Los Al-
amos, USA:Los Alamos Scientific Laboratory,1967.
[3] Levine H B,Sharples R E. Operator’s manual for RUBY, UCRL-6815 [R]. Livermore, USA : University of Califor-
nia Lawrence Radiation Laboratory,1962.
[4] Cowperthwaite M, Zwisler W H. TIGER computer program documentation. ADA002791 [R]. Menlo Park, USA:
Stanford Research Institute,1973.
[5] Mader C L. Numerical Modeling of Explosives and Propellants [M]. 2nd Ed. New York: CRC Press,1998: 389-
394.
[6] Mader C L. An equation of state for nonideal explosives, LA-5864 [R]. Los Alamos, USA: Los Alamos Scientific
Laboratory,1975.
[7] Mohan V K. Reparameterization of the Becker-Kistiakowsky-Wilson equation of state for water-gel explosives [J].
Combust Flame,1983,50:207-218.
[8] WeiB X,Wu X, Tang ] J. The calculation research of emulsion explosive detonation parameters with BKW equation
[J]. Explosive Materials,2001,30(6) :1-5. (in Chinese)
TR, R, HEE T BKW RS Jr B SR M 5 R S 80 B gE L)L SR as 44, 2001,30(6) 1 1-5.
[9] WeiB X,Tang ] J,Wu X. Formulation design of emulsion explosives and application of BKW state equation [ J].
Mining and Metallurgical Engineering,2002,22(3) :29-31. (in Chinese)
HRM L R, R . AR 2 A TT B0 S BRW RS TT R RS (], 5716 TR ,2002,22(3) :29-31.
[10] Wang X H. Research of nano-Mn (Zn) ferrite synthesis by detonation of emulsion explosive [ D]. Dalian: Dalian
University of Technology.2008. (in Chinese)
E/NL FUARKE R G Ak Mn(Zo) 8 AR AT SE (D], K% . KL T. R4, 2008.
[11] LiR Y. Detonation synthesis of nanometer alumina and control study about its phase and dimension [ D]. Dalian:
Dalian University of Technology,2006. (in Chinese)
225 B8 . K AL R I 1 S S BB R AL R RO i S R 5T (D], K% - K #LT. R4 ,2006.
[12] Tang W H,Zhang R Q. Introduction to Theory and Computation of Equations of States [ M]. 2nd Ed. Beijing:

Higher Education Press,2008:197-199. (in Chinese)
1V SCHE SR AR A8 7 RS KOS e LML 25 2 M. db ot . & % 20 AL, 2008:197-199.

Calculation of Detonation Parameters of Special Explosives
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Abstract: The calculation code based on BKW (Becker-Kistiakowsky-Wilson) equation of state was pro-
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grammed, which was not only able to calculate the detonation parameters of traditional explosives con-
taining C, H,O and N elements but also calculate those of some special explosives containing plenty of
other metal elements. The detonation parameters of the emulsion explosives containing Fe and Mn ele-
ments and the water-gel explosives containing Al element were calculated using this new code and
were compared with the experimental values and the data from published papers and original BKW
program. The results indicated that the calculated parameters are well satisfied with those obtained
from experimental data with the relative error less than 1%. In the calculation process,only the chemi-
cal formula,density and formation heat of explosives at normal temperature and pressure are needed.

Key words: detonation parameter;equation of state;explosive
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