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A Parametric Study of Constitutive Relations for
PETN Based Explosive
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ABSTRACT

KYP model is a pressure-based chemical kinetics that describes shock to detonation transition of
energetic materials. In this research, the parameters of KYP model and JWL EOS for PETN-based
explosive, namely PBXN-301, were determined. A series of unconfined rate stick tests and two
dimensional hydrodynamic simulation were conducted to obtain the size effect behaviour of the
explosive. As a result, it was confirmed that the parameters obtained from KYP modeling have
more accuracy to predict the detonation velocities according to the inverse radius of PBXN-301

than the qualitatively obtained LLNL constitutive equations.
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Table 1. Experiment data from HANWHA(2017).
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Fig. 1 Configuration of unconfined rate stick test for PBXN-301 packed in PVC pipe.
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Table 2. Comparison of
depending on
Cheetah and Eq. 2 for PBXN-301.

inverse

dimensionless  velocity
radius  between

1/R Cheetah  Cheetah Eq. 2
(mm™) Uf(m/s)  UJD U,/ D
0 7155 1 1
0.02 7146 0.9987 0.9999
0.08 7128 0.9962 0.9995
0.14 7102 0.9926 0.9978
0.2 7077 0.9890 0.9947
0.26 7038 0.9836 0.9901
0.32 6995 0.9776 0.9842
0.38 6920 0.9671 0.9770
0.44 6887 0.9625 0.9684
0.5 6825 0.9539 0.9589
0.58 6740 0.9420 0.9445
0.66 6630 0.9266 0.9282
0.72 6529 0.9125 0.9146
0.78 6423 0.8977 0.9000
0.84 6314 0.8824 0.8841
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Table 4. Parameters for Equation of state and rate
equation for PBXN-301.

Parameters Cheetah  Ref.[4]
¢y (mm/ps) 1.49
Reactant s 3.30
r 0.77
A (Mbar) 2.055 27.13
B(Mbar) 0.038 0.018
C(Mbar) 1.407 0.012
Product 5 3.447 7.0
R, 0.908 1.6
w 0.287 0.35
I(ns™h 441.67
KYP 4
model  G(us'Mbar™) 1598.93
b 1.888

AARsAT W WXE HAdA 7] ERE
orolr 7] 913 147kA19] A -$(0, 0.02, 0.08, 0.14,
0.2, 0.26, 0.32, 0.38, 0.44, 0.5, 0.58, 0.66, 0.72,
0.78, 0.84 (mm™))ol wisle] A4k FF It
A9 9% ol U 21E Ry, 1
o3k AEE Q) 22kl FUd 2S5 A
=3

slefo] a3 AU CJ 4™ w3t
A ol Fasitt

PBXN-301¢] -9 ¥H-&73te] Zol= 0.2 mmo|
3, BEEET 57 Lol §hgo] A
£ AAHANA C] #HL 2052 GPa®lth. Fig. 3
& m4e 712 005 mmzZ & uw, ¥kSo]

PBXN-301 Void

{

o o

50mm

Fig. 2 Computational domain of a 2D cylindrical duct
for unconfined rate stick simulation  for
PBXN-301
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Fig. 3 Structure of detonation wave representing the
reaction zone of PBXN-301.

— 465 —



BF gbE(N = DEAS o] ¢go] 2052 GPa
o]i W&o %

dol7F 02 mm7b Hohes AE
Hojznh of W, W73k WellAe] Hoiehy

B

Analytical method(R , = 0.087mm, b = 1.888)

©  Cheetah size effect
—#- Present calculation

Dimensionless detonation velocity, U _J/D

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Inverse radius, R /R

Fi

0. 4 Dimensionless detonation velocity of unconfined
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Table 5. Comparison on dimensionless velocity
depending on inverse radius between
calculation and Eq. 2 for PBXN-301.

1/R Cal. Cal. Eq. 2
(mm™) Uy(m/s) U/ D U,/ D
0 7150 1 1
0.02 7146 0.9994 0.9999
0.08 7129 0.9970 0.9995
0.14 7101 0.9931 0.9978
0.2 7073 0.9892 0.9947
0.26 7003 0.9794 0.9901
0.32 6952 0.9723 0.9842
0.38 6901 0.9651 0.9770
0.44 6849 0.9579 0.9684
0.5 6794 0.9502 0.9589
0.58 6750 0.9440 0.9445
0.66 6650 0.9301 0.9282
0.72 6597 0.9228 0.9146
0.78 6502 0.9094 0.9000
0.84 6404 0.8956 0.8841
Density
(g/cc)
— 24
=g B

Fig. 5 Density contours for unconfined rate stick simulation of 0.2 mm™, 0.38 mm™, 058 mm™, 0.72 mm’,
090 mm™ and 1.02 mm™" inverse radius at £=1.0, 35 and 7.0 us with density range 0-24 g/cc
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Fig. 6 Propagation of detonation wave in 098 mm
and 5 mm for unconfined rate stick
simulation(range : 40-50 mm).
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Fig. 7 Size effect curves for the unconfined rate stick
test and simulation for PBXN-301.

Table 6. Comparison of the fully developed detonation
velocity depending on inverse radius for

PBXN-301.
1/R Cheetah LLNL Cal.
(mm) Uym/s) U m/s) U, (m/s)
0 7155 7455 7150
0.02 7146 7453 7146
0.08 7128 7420 7129
0.14 7102 7394 7101
0.2 7077 7351 7073
0.26 7038 7295 7003
0.32 6995 7247 6952
0.38 6920 7201 6901
0.44 6887 7172 6849
0.5 6825 7123 6794
0.58 6740 7088 6750
0.66 6630 7000 6650
0.72 6529 6944 6597
0.78 6423 6893 6502
0.84 6314 6847 6404
4o AL JERIYI, Table 68 FA14
U 5AE GET HEEE 9 eEel vl
HHE S5 FA3 FE 2 Cheetaholl A A
3 JWL SerHE d=ste] At 2Axrt
Bdol A AZD st Add Astel

3l A3 dHolH ¥ 2SS &AL F AUtk
Aol A AE3t st HE AR Fgvhsol



H =4 U4 AL JWL EOS dtekulele] A A
}o] Cheetahol| Al Al F¢+ shetw]E] BT 74 o]
2 & 4=zt Fokske] vEbd Zlelnh A
o2 B 01%%% AR s grt A

Fob WA Soll A A Y
36‘}04 tilolEi—% dethd AT A=A
=Y 5 S AoE ogd

o°"

mlo _izi

=

to mo wot L i

_‘TLrN

3& B

PBXN-301¢] thsle] KYP R&3 JWL EOS
j_].a}.u]]’-ﬂ,_a_ @X—l@}l\\q‘ H]—Q._/i\_t: UJ H]—Q‘Z'g] ;z]_
E}ﬂlEi“ SU8A & el A Cheetahs 53l
A =&¥ JWL EOS d&ghu|El9} LLNLY ¢
et e g 77 dEste Aske SR O
A3}, Cheetah?] FIH|EES s Al Ed 0]
A A7l AA Ag dolEe ZHTE A
o 2 AFE 53 stk BAF skt
TN g EHE 4A File PS¢
Atk ol ThFe T/ Hihsiekol] tis) A
7hs & Aoz JlgHh

b

F 7l

B oATE EFsiere U4l 4 =g
N ZzAEeEZ 339 FurgstdFie A
do2 FPAAFY

m
K
M
ot

— 468 —

Lee, E. L. and Tarver, C. M,
“Phenomenological ~ model of  shock
initiation in heterogeneous explosives”,
Physics  of Fluids, Vol. 23, No. 12,
pp-2362-2372, 1980.

Souers, P. C., Anderson, S. Mercer, ]J.,
McGuire, E. and Vitello, P.,, “JWL++: A
simple reactive flow code package for
detonation”, Propellants, Explosives,
Pyrotechnics, Vol. 25, No. 2, pp.54-583,
2000.

Kim, B., Park, J., Lee, K. and Yoh, ]J.J.,, “A
reactive flow model for heavily aluminized
cyclotrimethylene-trinitramine.”,  Journal of
Applied Physics, Vol. 116, pp.1-9, 2014.
Brigitta M. Dobratz, “Properties  of
chemical explosives and explosive
simulants”, Lawrence Livermore Lab,
UCRL-51319, 1972.

Fried, L. E.,, Howard, W. M. and Souers,
P. C., “Cheetah 2.0 wuser's manual”,
UCRL-MA-117541 Rev. 5, Lawrence
Livermore National Laboratory, Livermore,
CA, USA, 1998.

Wackerle, J., Johnson, J. O. and Halleck, P.
M., '"Shock initiation of high-density
PETN," 6th symposium on detonation,
ACR-221, LA-UR-76-1201, pp.20-29, 1976.
Wackerle, J., Rabie, R. L., Ginsberg, M. G.
and Anderson, A. B., "A shock initiation
study of PBX-9404," in proceedings of the
symposium on high dynamic pressure,
LA-UR-78-1219, pp.127-139, 1978.





