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

type value type value type value type value type value

b, -1.76358 b, . —57.48673 c, 0.04845 d, -0.71993 e, -17.56250
b, -2.22513 b, 0.14818 Cs -12.27360 d,, -8.50898 e, -4.58881
b, —2.66841 b,, —1305.43710 Cra 0.05856 d, —-0.01212 e, 18.27770
b, -0.75632 c -1.14019 Cis -43.70161 d, -15.88648 e, -8.71393
b 3.37443 c, -3.12627 Cio 0.04603 d, —-7.38927 e, 0.05914
b, —-0.38402 [N —-2.43735 c,, -215.78612 d, —-1.40048 e, -0.88679
b, 1.08068 c, —-0.83587 d, —2.35225 ds -1.31933 €, 1.328E-7
b, —-2.22385 Cs 5.18488 d, —-3.78631 dy, -0.87972 e, 0.00612
b, —-0.81853 [eA —-0.66549 d, —2.49397 d,, 3.52562 e, —-17.37990
b,, -1.56972 c, 1.80678 d, -1.23009 dyg -0.99915 e, 0.01819
b, 0.05199 Cy —2.44981 d; 2.23154 dyy 5.25646 e, —5.24886
b,, 0.10393 C, -0.21886 d, -1.09693 d,, -1.55510 e, 0.00104
b,, —-191.46520 Cio -6.32838 d, 2.20097 e, -1.57831 e —66.58590
b,, 0.06510 (e 0.00992 d, —3.78632 e, -12.25167

Note: b, c, d , e are fitting coefficients of the dimensionless virial coefficient-temperature relationship for second, third, fourth, and fifth orders, respectively.

TE A5 B 0 00 2 LU S0, @ H e E Al
7= ) oy 1 3 S 80, 0 VPL R 25 Jr B2 BB 95 U B 4
BRABTWINT R AR BB ILF £ ZAE
Y, S Mo i R pVT &R SR B T
2 3 2 S D T MATLAB H i 2 B B R
it A AL BRI B 0 TR S BT Tk
o B EBos 2 25 SOk e e 1 S RO G
5 2 % (4 Z [a) 1 A0 X% 22 T 43 B (MAPE) 40 3% 2
NS

LA F A S 0 0 1 3 S ROl VPL fiE
YT 8 08 7 W B2 o SR B T S G & T AR X

Chinese Journal of Energetic Materials, Vol.32, No.9, 2024 (942-951)

Fz2 VPLIREF Yo FHSEAM AL R
Table 2

ters and correction term parameters of VPL equation of state

Calibration results of molecular potential parame-

species elky | K b,/ cm*-mol™ MAPE/%  ref.

H, 25.4 57.11 1.248 [12]

o, 97.6 75.38 1.035 [12]
co, 164.4 105.33 1.157 [12-13]
co 96.4 98.12 0.965 [12,14]
NO 134.8 76.96 1.248 [15]

N, 83.9 96.28 0.671 [16]

CH 145.3 84.25 1.184 [12-13]

4

Note: &/k, and b, are parameters of Exp-6 potential.
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Table 3 Parameters of WCP equation of state

B

0K ’ [22]

Cp @D( VO)LZZJ BOLM
species

/ g-cmFox / GPa Fow Lo /K /)-g K
Cu 8.930 9.068 142.1074 5.05 1.98 321 1.08x107°
Ag 10.490 10.675 116.0718 5.21 2.41 231 6.00x107°
Pb 11.340 11.642 49.8341 4.86 2.74 87 1.45%107°
Ni 8.875 8.979 192.6397 4.76 1.83 450 1.21x107

Note: p,, I'y, @D(VO) , B, are the density, Gruneisen coefficient, Debye
temperature, and electron specific heat of metals at room temperature

and atmospheric pressure; p, ., B, and B’ are the density, bulk

0K? 0K

moduli, and the first-order partial derivative of the B, with respect to

pressure of metals at zero temperature and atmospheric pressure.
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7/

2 MAHREFRITEEGRR SR

2.1 CHNOREF/BAMHBREMETHE

T 5 B B A ST R S O B VPL TS CHNO B
Fi AR A FEZG R 22 MR RE o T O A v PR B IR A T
TR T M, 2 T T AS [R) A K 2 1 R[] i 2
MRS, A KL (PETN) R o, BR S
(RDX) (48 2% C) K H1, LA B Js 2B #6-901 (RHT-901) (1)
B YT RE ) .
2.2.1 PETNZREitE

PETN B 48 75 1 72 42 0 AR R 35 H = W b 5 2R
B S AR D 38 A 1R RS B 2 T RS O R o
KBS 287, T PETN 5 380 S2 56 {4 A0 Xt 45 ok
B AR T e 2 B Y . Ik, B VPL
T T PETNE 0.25~1.76 g-cm™ 24 25 % i 5 [ 1) 45
Do FENG TGS SRS S0 (X b DA A 96 o 4
B TRV ESE, SR P4 VPL A EE o 0 4 B AR AR 0 55 2 )
PRAST7 R BKW FI VLW 78 T 5 e o v L A 4, ol
TS5 5 Semk [ 3] P £l BKWS, SCilik [ 25 ] A fifi
VLW DL R SCHR [ 3 e fift 1 1 B 3 44 4R 5 O 220 iR
J¥ CHEETAH 7E [a] B 2% 24 %5 32 2% 11 1 45 20 A9 31 55 i
77X LG, s 2 froR .

2 R A KER L, VPLIH A S S
8 Z [ A5 G A ARG ASTR) %% B R TH 5 25 S AR X 12 25 1
PEWIAE£2.1% LY, Fe RT3 22 N it 2.5%, 115
o B VEAE AN W) %5 2R B 0] WL T BKWS Al VLW,
CHEETAH " JCZ3 RS TT S B S % 7 W R 78

Chinese Journal of Energetic Materials, Vol.32, No.9, 2024 (942-951)

9000 T T T v - - '
— VPL

8000 — gkws® E
— CHEETAH"

7000 P VLW[25] -

[3]

soook ° experimental results

D/ms’

5000

4000 PETN i

3000

02 04 06 08 10 12 14 16 18
loading density / g-cm®

a. comparison between calculated and experimental results

16 —
——VPL
—— BKWS"
12r —e— CHEETAH |

—— VLW

=
= 8t - - - experimental -
< results”
[}
2 4 -
®
)
[0] I, S, SN - - _
/ \Z
-4

02 04 06 08 10 12 14 16 18
loading density / g-cm®

b. relative error between calculated and experimental results
B2 PETNAN[F]RE 25 % B T AR (-5 SR A0 H
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detonation products calculated using VPL equation of state
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Table 4 Parameter calibration results of JWL equation of state of the detonation products of RHT-901

parameters p,/ g cm™ A/ GPa B/ GPa

R ® E, / Mbar

2

value 1.705 297.3745 1.34495

3.3345895

0.6589378 0.3 0.0950146

Note: p, is loading density of RHT-901. A, B, R, R,, w, E are JWL equation of state parameters of RHT-901.
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Fig.6 Comparison between calculated and experimental val-
ues of cylindrical wall velocity history in standard cylinder
test of RHT-901
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Table 5
values of cylindrical wall velocity in =20 ps in standard
cylinder test of RHT-901

Comparison between calculated and experimental

type reference Uy, / ms™" relative error / %
experimental results [26] 1676 0

VPL in this study 1661 -0.895

VLW [4] 1711 2.088

BKW [4] 1861 11.038
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zine nitrate, CuNT—copper(1)-5-nitrotetrazolate, AgCN—sil-
ver acetylide-silver nitrate
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Fig.7 Comparison between calculated and experimental val-

ues of detonation velocity of five energetic metal salts

222 BRUBERCSHITE

RMEF B 7 Hp g 1 3 S 30l B — a2 A HLE
Mu R R EE R A T R 6 B R A A 2
B 3.571 g-em™ N R E S EGEAT TORE B0 L, 45 2
— 21 M R TR S R C) R B K R s R S ]
XiF B B % T o 1 0T 4 1A 56 VPL S WCP Xt fE 4 )R
IR MERE T S R E . R L, (6 A O B2 VPL AT WCP
W& RS TE3.571 g-ecm” FTHIEHE D 58 % Q)
JE T pey, 35 SCHR 31 ] Hic 88 00 SE A UE AT T X L,
mk 6 iR, ALLVES, R VPLY WCP fig 48 4 Fil
B JACE IR T C) B8, 5 R 5 Sk [ 31 19 %
FH v R A5 ) 1) S 6 18R] AH 25 A8 B 4%, 3k it —
R W VPL 5 WCP 68 1% o i 7000 % B 4 )& 6 1R 5%
CIZ¥.

F6 BHEAH(3.571 g-emT)EH SRR C) RS RAE S
KA X L

Table 6 Comparison between calculated and experimental
values of detonation velocity and detonation CJ pressure of
lead azide(3.571 g-cm™)

type experimental results®" calculated results  relative error / %

4807 m-s™' 1.714
17.78 GPa 3.855

D 4726 m-s”'
Py 17.12 GPa
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Table 7 Calculation results of detonation CJ parameters and JWL state equation parameters of detonation products for CuN, .,

parameters py/gcm™ D/m-s™ pe,/ GPa A/ GPa

B/ GPa R R, »

E, / Mbar

1

value 2.215 5640 15.36 179.11568

1.10224

3.319194 0.6540107 0.19 0.083062

Note: p,, D, p are loading density, detonation velocity, and detonation CJ pressure of CuN
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ues of detonation driven flyer velocity history for CuN, ,,,,
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wases As By R, R,, @, E are JWL equation of state parameters of

R8 KRR BRI RS
Table 8 Material constitutive model and equation of state

parameters of flyer

type experimental results®? calculated results  relative error / %

Upne 2483 mes™ 2459 m-s™' -0.967

type experimental results®?’ calculated results relative error / %
verae 2483 mes™! 2459 m-s™' -0.967
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A Novel Equation of State for Detonation Products and Its Application in Predicting the Detonation
Performance of Explosives

PENG Yue, ZHANG Lei, XIE Ming-wei, MA Hong-liang, YUAN Xiao-xia
(Shaanxi Applied Physic-Chemistry Research Institute ; State Key Laboratory of Transient Chemical Effects and Control s Xi'an 710061, China)

Abstract: For accurately describe the thermodynamic relationship of detonation products under high temperature and pressure,
so as to achieve reliable prediction of the detonation performance of CHNO elemental/mixed explosives and energetic metal
salts. In this work, a new equation of state (EOS) : Virial-Peng-Long (VPL) for gaseous detonation products, was established
based on the theoretical calculation of the 2=5th order virial coefficients of Exp-6 potential within a wide dimensionless tempera-
ture range. At the same time, a new EOS for condensed metal products: Wu-Chen-Peng (WCP) EOS, was established by intro-
ducing a more accurate“cold pressing” term, and a “lattice vibration” term which considered the changes in the thermal motion
of metals under high pressure. Then, the VPL EOS was applied to calculate the detonation parameters of some typical CHNO ele-
mental/mixed explosives, and the detonation CJ parameters and driving capacity of some typical energetic metal salts were evalu-
ated using VPL and WCP. By comparing with experimental values, it is shown that the prediction deviation of detonation veloci-
ty of pentaerythritol tetranitrate (PETN) is within £2.1%, with a maximum of about 2.5%; The absolute prediction error of the
stable speed of copper cylinder driven by RHT-901 is less than 1%. VPL EOS and WCP EOS in this work can accurately evaluate
the detonation performance of energetic metal salts. The relative error of detonation CJ parameters calculation for lead azide is
within £4%, and the absolute value of relative error in predicting the speed of copper azide driven flyer is within 1%.

Key words: explosion chemistry; equation of state for detonation products; energetic metal salts; detonation performance; virial
coefficients
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