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Table 1 Input parameters of the simulation model of the car-
bon black/potassium nitrate
field
parameters heading value data sources
b% GAMMA 1.09 Real
b B 6.70%107* Real
gas constant R 98.8 Real
E E 2.8x10° Real
reference volume" RHOF 0.1 characteristic value
w W 2.62x107° reference [27]%
B BETA 0.54 reference [ 27]
Sa SAVR 3000 characteristic value
parameter form function X, s X=2, s=0 default
density DEN 1.3 characteristic value

powder potential SIE 3.45%10° Real

Note: 1) Reference volume= powder volume/combustion chamber volume,
2) The unit system used in this study is different from the original doc-

ument, so the data is converted in units.

229K F 0.3 ms, AHXTR2EH 4.8%. LW p, i H
S5 R 29 0.5 MPa, JE 77 i /&5 A Jt A2 R T 520 69 R
TIALHE T UG K25 (B i K 25) PP AR R ) ol
B AR BB R kA B AR A
1.1 MPa, 1] W5 LI 45 SR 92 B b w55 29 0.6 MPa, X
FERE W T BT BOR FE AR B B
Y RE S AU 1 Real #1 e B8 Ak 2% i n 58 42 iF
AR S R RAS 0y . I SEPRAE B b, i
T2 T8 AR R, A2 h fE &
P o FNBR K K2R Ty STk B R 2R 0 FLAS B 1 R
TR IRZE ] 10% . A W MSC.Dytran % Tk 25 855
e A A L o P A

7 LA p-t il 2 i W S AS [ 22 A AE T S0 it
LA E IR B WA 5 IF 6 T R M Bl LA T

Patran 2018 21-Apr-19 16:25:36 5.48+0. Patran 2018 21-Apr-19 16:25:36 6.31+40.¢

A1:Cycle 14996, Time 0.00200003; PRESSURE; 5.46+0 A1:Cycle 44573, Time 0.00600006; PRESSURE; 6.3140,
5.45+0. 6.31+0.
5.44+0. 6.30+0.
5.43+0. 6.30+0.
5.41+0. 6.30+0.
5.40+0. 6.30+0.
5.39+0. 6.30+0.
5.38+0. 6.30+0.
5.36+0. 6.30+0.6f
53540, U 6.30+0.
5.34+0. 6.29+0.
5.33+0. 6.29+0.
5.31+40, 6.29+0.f
5.30+0. 6.29+0.
5.29+0. 6.29+0.

c. t=2.0ms d. =6.0ms

Fig.2 Pressure-time fringe/deformation diagram of the pressure cartridge with carbon black/potassium nitrate charge in closed bomb
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Simulation on p-t Curves of Deflagration of Pyrotechnical Compositions Under Constant Volume

ZHAO Xiang-run, YAN Nan, LI Chao-zhen, YAN Li-wei, ZHAO Bian-ling, WANG De-jun
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. R & D Center, Liaoning North
Huafeng Special Chemical Co., Ltd., Fushun 113003, China)

Abstract: Since the general nonlinear explicit dynamics software does not have a mathematical model suitable for simulating the
action process of pyrotechnic actuated devices, the dynamics simulation can only be performed by multi-software co-simulation.
In order to simplify the simulation process, the pressure-time history (p-t curves) of the pyrotechnic composition under constant
volume conditions was simulated using the newly embedded deflagration equation of state of MSC.Dytran software. Simulation
of slow-burning carbon black/potassium nitrate and fast-burning aluminum/potassium perchlorate were carried out and com-
pared with experimental results to verify the applicability and accuracy of the simulation method. The time differences when the
pressure rises to half of the peak pressure (0.5p,,) and reaches the peak pressure (p, ), and the relative errors of p, were com-
pared and analyzed between the simulation results and the closed bomb test results . Results show that when the pressure of char-
coal/potassium rises to 0.5p,,, the time difference between the simulation result and the test result is 0.03 ms, the time difference
when reaching p,, is 0.3 ms, and the relative error of p,, is 10%. Correspondingly, the time difference of aluminum/potassium
perchlorate at these two conditions is 0.02ms and 0.1ms, and the relative error of p, is 4%. The p-t curves simulation of pyro-
technic compositions using the deflagration equation of state in MSC.Dytran software has good accuracy and applicability.

Key words: deflagration equation of state; pressure-time history (p-t curves) ; carbon black/potassium nitrate; aluminum/potassi-
um perchlorate
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