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Numerical simulation of pre-shock desensitization
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Abstract: To study and simulate the pre-shock desensitization in the TATB-based heterogeneous explosive, the impact
temperature and pressure based AWSD reaction flow model was implemented in a 2D structured mesh Lagrangian elastoplastic
hydrodynamics program. The reactant and product EOS parameters were calibrated against the Hugoniot experimental data. To
calibrate the parameters of the reaction flow model, one-dimensional numerical simulations of the shock initiation experiments
were carried out. We simulated the double-shock experiments in which a first weak shock was followed by a second strong
shock with a time interval of 0.45 ps. The results indicate the reaction becomes slower in the precompressed region and the
run-to-detonation distance is about 1 mm longer than that in the uncompressed region, which is consistent with the
desensitization in double-shock experiments. When simulating the corner-turning, the detonation wave passes through the
corner and forms a stable non-initiation region near the corner, which is consistent with the dead zone characteristics of the
corner-turning experiment of the LX-17 explosive with the same main composition. The numerical simulation results show that
the AWSD reaction rate model based on the impact temperature and pressure can well simulate the pre-shock desensitization of

heterogeneous explosives.
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Table 1 Davis EOS parameters of unreacted TATB-based explosive

Al(mm-ps™) B C z Ty, Ef(kI-g" a ep/(J-g K

1.93 4.26 0.30 0 0.56 3.80 0.7570 0.000 967

032301-3



B4 % IR, 45 TATBHEAR i 25 Bh o A 2 e A %3

122 BEFAWRETHEALEHK
PR P2 AR ] Mie-Griineisen JE 2UIRZS 5 220, ISR LR B 548, = WPRE T FE 0
Iy(vy)
g
K py v, BE, 53500 =00 7 . HLIRBURIEL B, p, B E, S S8 RZR 10 H J3 FI L Y BE, Griineisen &
(v )= 1+(1-D)F(v ) (F(v )22av? (v +v2"), a. k. v, n Fl b HTFESHD .
% JEAR R T 4 B R A8 Ak, i 2 5 SRR DT RIS 25 CT s Ay -
P05 /v) + 0.5 /v """ k= 1+ F(v,)

Pe = pi(ve) + [Eg - Ei(vg)] (11)

- 12
' (v /v )™ k—=1+a (12)
E[0.5(vg/ve)" +0.5(v,/ve) """
k= o (vg/v )ng ] -
gl Ve
A E=pv/(k—1+a). P2 -
E,-E;
Q%jg=n%w—i—£§ (14)
Cyg
AL L OIREE T(v,) A:
—ab/n ‘ 05 . -n 05 . n(a/m)(1-b)
Tivy) = 2 Peve [0.5(ve /v ™ + kfl(:g({f‘;)) | (1)
k—=1+a Cyyg (vg/vc)
S8 a. kv, n M b B EEE Y b R 2 TATB B Davis KEHESH
+ T DT 4L SIS B SR AR o r o B R K. Table 2 Davis EOS parameters of reaction products
(DAL CI s (2) % HILAE CI Ak f TATE-based explosive
7315 Rayleigh Z2ARY); (3) TR BT fif 24 ] 4k vem'gh) pfGPa n b efldgKD
Gurney ﬁﬁifﬁﬁ (4)/_:&1ZI§F£%%%H§/}H{/YH¢X¢9[‘ 0.835603 1.30 092685 1.4851 424266 0.85 0.001 072
0 D5 T 12 5 (5) 1 v, BRI, 4520 s 44 0
P8 B05F T BAR AR5 (6) BEAEHT 5 A JF I aff o - . Eeﬁ[;g]
T aw kv, p. B 5 GBS S b G AR Reattts
ZAAE T W b W BT AL R 25 TR 2 el R 80r " Ref[24]

Explosive

ST LI . S5 LREIED, bre 15 804524 5 60

PURERBROLER 2. FREMARRES T ]

K= RZE T 8 p-v W sT Al th 26 5 L5 45 R 1y

Ho A PR 1% 5 86 TR B A B 24 p-v il 20

LT Hipsder 90 p-v 2K 850 0.55 060 065 070 075 0.80 0.85 0.90
1.2.3 A EN VIV,

AR K 2545 AR 7= Wy 22 (8] s 3 -t Ll 2 P Fig. 1 Hugoniot curves of unreacted explosives and products
Mo A HRNEE, A

D =Ds= PDe, T=T,=T,, v=(1-A)vs+ Ay, E=(1-D)E+AE,,

vy =®v/[A+(1-2) D], Ve =Vv/[A+(1-2D)], D =v,/v, (16)

2 R EREBRHEEMRERESHIRE

2% AWSD FLRURL PBX9502 KE 24 A AL S, ARGEA ST TATB JE A 25 ol e 148 52 90 K0 19
POP [P WA IS HGHATIOM . BRI SHUILER 3, THARRU K 2 om 48 %y DR R0 fh 3 i i o

032301-4



B4 % IR, 45 TATBHEAR i 25 Bh o A 2 e A F3W

4 em KEZY, KELTHI MR FE N 1.890 g/om, — 4 b 0 42 52 90 S A5E40L 1) POP &1 WL I&] 2. 481515 31 52 46 Y o
5615 B EE PR B 0 0 O 1g(p/GPa)=(1.44+0.04)—(0.3420.04)1g(L" /mm), B ALY wh i JE ) 5 5
P2 I B Y ¢ B O 1g(p,/GPa)=(1.45+0.004)—(0.35+0.004)lg(L"/mm), & 3 I ASE 11 p,=12.514 GPa
SAER, ASTRIL B 2R B R R A R 2 R 5 SR 25 R A X L. BUEB AR R K AT S
S 2 AT A BT, AFLR U R L S 2 M 5, A BT R T R R R 2 el DT OC R A G sR B
S BT TARA . R L L REEE K PDV 5 BRI D-u G R B, DA AR TR 5 k0 A S0 Y
FEAE—E 2250, RHIANRIZE RIS S0 B A o R SN K E 2 ARZS 7 R XA b ARV E 24 rh A AL R B S AP A
T 22

®3 TATB EfFZ5 AWSD RESH
Table 3 Parameters of the AWSD model for the TATB-based explosive
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Fig. 2 Relationships between impact pressure Fig. 3 Particle velocity curves of shock to detonation
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Fig. 5 Simulated particle velocity curves of explosive by double-shock compression
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Table 4 Experimental and simulated results of distance and time of run to detonation by double-shock initiation

Sy I p/(g-em™) vy/(km-s™) p,/GPa p./GPa L'/mm T /us
S 9.845 1.716

3 o 1.881 1.669 6.1356 12.649 9
BB 10.141 1.679
iy 9.145 1.356

2 I 1.881 1.732 6.470 6 12.706 4
pAIERE 9.240 1.505
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Fig. 10 Density and reaction fraction distributions at character times for corner-turning by the AWSD model
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