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Table 1 The parameters of 2—5th Virial term in VPL equation of state

type value type value type value type value type value

b, -0.66384 b,. -189.99372 ¢, 0.04823 d, -0.47536 e, -1.41111
b, -2.22938 b,, 0.151 c, -13.29937 d,, -9.23296 e, -11.76662
b, -3.76416 b,, -1288.79745 . 0.05821 d,, 0.13787 e, 4.11905
b, -0.75062 q -1.13971 Cps -46.32937 d,, -5.01017 e, -1.79132
b 3.80288 c, -3.098 Ce 0.04815 d, —7.66459 e, 1.3182
b, -0.36819 c, -2.4284 c, -228.20755 d, -1.30421 e, -7.41373
b, 0.93732 c, -0.81449 d, -2.01873 ds -1.26119 €, —2.06695E-5
b, -0.73028 c, 2.19174 d, -5.01026 d, -0.84344 e, 0.01905
b, -2.04799 c, -0.64662 d, -2.47641 d, 3.65692 e, -5.12283
by, -0.39358 c, 1.79962 d, -1.16687 d, -0.96492 e, 0.00699
by, 0.06362 G -2.46679 d, 2.26874 d,, 5.23585 e, -17.62232
b,, 0.0644 G, -0.20237 d, -1.04884 d, -1.42016 e, 0.00121
b,, -57.13362 c -6.33735 d, 2.49129 e -4.36154 e -77.13466
b,, 0.10382 ¢, 0.01173 d, -4.57224 e, -1.86405

Note: b, c, d, e_ are fitting coefficients of the dimensionless virial coefficient-temperature relationship for second, third, fourth, and fifth orders, respectively.
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Table 2 Calibration results of molecular potential parame-

ters and correction term parameters of VPL equation of state
ek, b, MAPE

species Jem?-mol” A, A, /% Ref.

H,O 355.7 42.66 421 1341 1.132 [15]

H, 27.3  55.83 0 0 1.308 [16]

O, 1135 76.73 0 0 1.122 [16]

co, 178.3  103.39 0 0 1.437  [16-17]

co 101.2 9717 0 0 1.328  [16, 18]

NO 131.0 75.58 0 0 1.173 [19]

N, 97.4  93.92 0o 0 0.967  [20]

CH 148.7 8336 0 0 1.226  [16-17]

4

Note: &/k, and b, are parameters of Exp-6m potential.
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%3 ETN.NG.EGDN.Lig-NO HN, HN AN LR ¥E25 8 %5 C-) 801 50 1k
Table 3 Comparison between calculated and experimental detonation C-J parameters of ETN, NG, EGDN, Lig-NO, HN,,

HN, and AN
type p,/gcm”®  D/m-s” P,/ GPa T,/ K methods
7970 experiment'?”!
7780 (-2.38%) 25.8 4699 VPL
1702 8113 (1.79%) CHEETAH"!
ETN 7853 (=1.47%) 26.1 4745 VPLmM
C,HN,O,, 8080 experiment'?’
7850 (-2.85%) 26.5 4689 VPL
1722 8206 (1.56%) 26.8 CHEETAH"!
7924 (-1.93%) 26.9 4736 VPLmM
7650 25.3 4300 experiment! - 281
NG 7536 (=1.49%) 24.2 (-4.35%) 4377 (1.79%) VPL
C,H,N,0, -0 7624 (—0.34%) 22.7 (=10.28%) 4356 (1.30%) EquiC'!
7602 (-0.63%) 24.8 (-1.98%) 4281 (-0.44%) VPLmM
7300 experiment 2’
EGDN 7415 (1.58%) 20.5 5086 VPL
C,H,N,O, 149 7517 (2.97%) 20.4 CHEETAH"?!
7355 (0.75%) 20.7 5034 VPLmM
5620 10.0 experiment:**’
Lig-NO s 5609 (-0.20%) 9.5 (=5.00%) 3172 VPL
NO 5552 (=1.21%) 9.5 (=5.00%) 2869 Explo5'!
5622 (0.04%) 9.6 (=4.00%) 3196 VPLm
7570 16.6 4710 experiment™*"’
7403 (-2.21%) 16.2 (=2.41%) 4828 (2.51%) VPL EOS
HNs 127 7572 (0.03%) 16.4 (=1.20%) 4748 (0.81%) EquiCt?*!
7467 (-1.36%) 16.7 (0.60%) 4813 (2.19%) VPLmM
8800 21.1 experiment*?/
HN 8940 (1.59%) 20.1 (-4.74%) 3561 VPL
H.N,O, o4 8973 (1.97%) 30.1 (42.65%) 2232 EquiC'*!
8810 (0.11%) 21.6 (2.37%) 3542 VPLmM
4500 experiment'
AN
HN,0, 1.05 4526 (0.80%) 4.2 1685 VPL
4488 (-0.27%) 4.5 1750 VPLmM

Note: p,, D, P, T, are the loading density, detonation velocity, detonation C-J pressure, and detonation C-J temperature of explosives.

000 W A i =5, VPLm EO'S (1) 3500 7 ff 1 AS 150 B I AR
T CHEETAH F1 Explo5, W 2 f T VPL EOS, X 4k
5 VPLm EOS 1 Exp-6m 5 7E 1 i HF i AF JH 38 1Y
CHEA G, RR G LA SR ) R R B T AT
] HE R 200 B 0 N, A L TR Exp-6-00 35K S
Exp-6m #4419 AR 7 1 AR SR TR A R
S RACEVRE SIS . LA XA R % E &
A A S 1 9 A T 3 B VPLm EOS E VAN K T. 24
70 % 55 P e L A A v A ML L R A ] T DG K
T 2 2 KGR RE DR
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(1) XF N, wh s 45 P-V e R BRI LR,
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&4 CL-20.TKX-50 HMX @ # E T EEE C-) A0 S50 1
Table 4 Comparison between calculated and experimental detonation velocities of CL-20, TKX-50 and HMX under higher load-

ing densities

type po,/ gcm™ D/m-s™ P,/ GPa T, /K methods
9210 39.0 experiment'**/
1.942 9287 (0.84%) 37.8 (=3.08%) 4927 VPL
CL-20 9156 (=0.59%) 39.7 (1.79%) 4883 VPLm
CHN,,0, 9065 39.2 experiment'*’
1.93 9225 (1.77%) 37.3 (-4.85%) 4906 VPL
9094 (0.32%) 39.4 (0.51%) 4847 VPLm
9037 experiment!®!
1.8 9148 (1.23%) 31.5 3251 VPL
TKX-50 8997 (-0.44%) 32.4 3247 VPLm
C,H,N,, O, 8509 experiment!?”!
1.7 8648 (1.63%) 27.6 3332 VPL
8533 (0.28%) 28.8 3331 VPLm
9110 39.0 experiment! 2!
1.89 9184 (0.81%) 37.9 (-2.82%) 4274 VPL
HMX 9045 (-0.71%) 38.4 (-1.54%) 4300 VPLm
C,HN,O, 7910 28.0 4300 experiment 2"
1.6 8143 (2.95%) 26.8 (-4.29%) 4439 (3.23%) VPL
8030 (1.52%) 27.3 (-2.50%) 4407 (2.49%) VPLm
Note: p,, D, P, T, are the loading density, detonation velocity, detonation C-J pressure, and detonation C-J temperature of explosives.
gggg —— VPLEOS BEXM:
5000_:!&%“&_&%%” (1] w605 FE2G s WPk T R e 5 R (D], 4P .
4750 F Explos™" TREY BB, 2015.
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Fig.7 Comparison between calculated and experimental det-

onation velocities of LA under different loading densities
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Improvement and Application of Virial-Peng-Long Equation of State

PENG Yue', ZHANG Lei', XIE Ming-wei', YUAN Xiao-xia', MA Hong-liang', LI Fang', LI Ming®
(1. Shaanxi Applied Physic-Chemistry Research Institute, State Key Laboratory of Transient Chemical Effects and Control, Xi"an 710061, China: 2. Shaanxi
Applied Physic-Chemistry Research Institute, Xi'an 710061)

Abstract: To further improve the accuracy of the Virial-Peng-Long (VPL) equation of state (EOS) in describing the thermochemi-
cal relations of gaseous detonation products, and to enhance the accuracy of the VPL EOS in predicting the detonation perfor-
mance of energetic materials, the abnormal inflection points in the short-range repulsive stage were corrected based on the analy-
sis of the mathematical form of Exponential-6 (Exp-6) potential to obtain a novel exponential molecular potential: Exponen-
tial-6modified (Exp-6m) with the globally continuous and smooth potential function curve. On this basis, a high-order virial type
gaseous detonation product EOS: Virial-Peng-Long modified (VPLm) EOS was established based on the theoretical values of
2-5th virial coefficients of Exp-6m potential. On one hand, the detonation Chapmann Jouguet (C-J) parameters of oxygen rich
equilibrium explosives such as PETN and NG, as well as high-energy density explosives such as CL-20, were calculated using
the VPLm EOS. The results show that VPLm EOS can accurately evaluate the detonation performance for explosives. The predic-
tion deviation of detonation C-J pressure of PETN at higher densities less than 1.5%, and the prediction deviation of detonation
velocity of high-density CL-20 can also be controlled within 1.6%. The calculation accuracy has been significantly improved
compared to the VPL EOS. On the other hand, VPLm EOS was applied to calculate the detonation velocity of typical
metal-containing primary explosive, lead azide (LA), at different densities. The results show that the VPLm EOS had better accu-
racy in predicting the detonation velocity of LA than Explo5 and CHEETAH, and can more accurately evaluate the detonation ve-
locity of LA at higher densities compared to the VPL EOS.

Key words: Virial-Peng-Long equation of state;molecular potential function;detonation performance;lead azide( LA)
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In order to improve the Virial-Peng-Long (VPL) equation of state (EOS) for calculating the detonation performance of energetic

materials more accurately, an Exponential-emodified (Exp-6m) potential that can accurately describe the close range repulsion

curve was established by improving the original Exponential-6 (Exp-6) potential.
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