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Fig.1 Temperature profiles of the shock waves
propagating in high density fluid with
chemical reaction. L=25A, Up=1.0 km/s, E,/
k=10000 K, AQ/k=4500 K.
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Fig2  t-zdiagram of the temperature contour. {(a) L=25A, Up=1.0

km/s, E/k=10000 K,

AQ/k=4500 K. (b) L=25A, Up=0.8 km/s, E,/k=10000 K, AQ/

k=20000 K.
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Fig.3 Characteristics of detonation propagated in
high density fluid as a function of initial
density. Up=1.0 km/s, E /k=10000 K, AQ/
k=4500 K, solid curves: C-J values obtained
by using Kataoka's equation of states,

81, B OBIRREM O S

Uplkm/s] | D(R-H)lknv/s] | D(cal)(km/s] [ T(R-H)[K] [T(cal)[Kl| P(R-H)[ X 10™atm] | P(cal)[X10™atm]
1 22.1 11.6 8075 6777 4,31 2.81

0.9 23.9 11.4 7995 6632 1,16 2.72

0.8 24.7 11.1 7650 6683 3.98 2.79
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Fig5 (a) Two dimensional view of the configura-
tion of each particles after the passage of
detonation waves. This snap shot only
shows a small part of the cell. The defect
caused by the potential anomaly (a=1.2¢’) is
located at the plane of y=10.5. (b) Tempera-
ture profiles of the detonation waves propa-
gating a solid crystal with defects. The
defect is located at around z=250 A.
L=21.1A, Up=0.9 km/s, E,/k=10000 K, AQ/
k=5000 K
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Fig.6 Temperature profiles of the shock waves
propagating in solid crystal withdefects.
L=21.1A, Up=0.9 km/s, E,/k=15000 K, AQ/
k=20000 K; (a) with out defects, (b) 16 layer
defects, (c) 32 layer defects.
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Fig? Snap shots of the particle configurations and temperature profiles of the shock waves propa-
gating in solid crystal with the defects of atomic size void, L=21.1A, Up=0.75 km/s, E/k=15000

K, DQ/k=20000 K.

IZHEWTIIREAD S 58 LIZH b O HikEk 618
B ~DEBBRZ o TV MSICREND LS,
REEGBONIE TR TBOFRILIZEA Y RGN
2V, EHIZZOBOORETO T 74N RS
AW, IET DT 74 M2 LT O RIE OIS
INEW,

36, LORTEELREC LT (U=0.85km/s)
KRB B HBBBICHOWTLI B oo, =
ORI T-REA0iB % b TR g ¥, =
DETFNMZEIT DB T REEOBBITNE W, EHICTE
PRIV -2 L DRE LT, hoBHREL KXW
U=0.8km/s, E /k=15000K, 4 @/k=20000KD}{riz

Kayaku Gakkaishi, Vol. 63, No. 3, 2002

2T, KKk WED, 16 BORE, RU32K
DE ROV THAREIT - -, B R A2 K617 35,
2 MORMREBEET WA IBEL ~ OB AR
ZoTWH I EHRS,

3.3.2 ZADOBFREBETNIZBZBH/B~OER
TFA4AQr—2a Y RED L SR T- B OB T
ICHFE LW O T-REGIZOVWTHEE L -, 444
OB T RMETFMICBIT AR FERBRIE LT, X
XX HOORLT-% 45, y HNOBIT-% 25, z D
PIT 285K N 2(4,2,8) L&tk ¥ 5,
L=21.2A, E/k=15000K, A Q/=20000K 0>%{t K

— 101 —



B2 7 UK & BRI ER T R T-E L AT B ORI

. 1 2 3 | 6
Up[km/s] 0. 85 0. 85 0.75| 0.75 0. 65
D[km/s] 11.4 11.4 10.8 10.3 9.9
T BTN T HES LTV D, 1R IR SEsR 0O TRLIE (X
10000 C-JiRME LY HIXBA ML Ao TVDA, “hig%
9000-{ T,=300K 5. 2ps AOLEEID K o TRISIAO WA & 513 TR T-O i it
8000-{ ©4=1- 78¢/cm’ WA E o7 BB ZFI R RBEDTHHEEXD
7000-| Up0. 65kn/s na,
oo TEEOEEe" %226 L EOITLIT o128, ZOBATYH
> Up=0.65km/s £ T LUMBRE(CIEB L2V LA
g 5000+ o oo & b KK T-RHD H AL SV TR 57
= 4000 ., (1,2,3)3 £ UWU,3, DD KMz D\ T, Up=0.75km/
3000 s& LTHEE T, WO LIBHERKIEE
2000- LTW3B, & HITBHRBE~OIEBIZ L B2 i (TR T
1000 EIXRFORMTERL L THo 1, BARLE z HFo
0 bR b e BFRODEBLRD1-5,4,2,4)F5 L 114,3,4)D4
0 50 100 150 200 250 300 350 400 BICONT, BB G B EE R OB T4 2R
Z-axis[A] Too H#1X Up=0.7knm/s ¥ CIREHITEBT 5, L7
Fig.8 Temperature profiles of shock waves propa- DRBIZHWTIIEC, R LLHTE (RAOKE
gating in solid with a defect of atomic size ) RES>TROLATV DL HXONS.(1,26)E
void; U,=0.65km/s, E,/k=15000K, AQ/k= 4,3 0)DEERDEIZDNTIL, JEHOMEIE~T b
20000K, size of the void is (4,2,8) ( see text). FRFG o FLTHHLIBRT 42605,
REGDOFER LY bR & SHABBBNEBE T DRI T
B E LTS,
THREITo7. BT%2(4,2,1)E3HNT,
Up=0.8km/s & UTe A ICIT Wi RE ) & 43P H ~ DR 4 8 B
BIIBNEINRh o, T T LI ERBIMEKRE EHRTHOLNERL2EREUTFIZE LD S,
<LTHU3DEL, Up=0.75km/s & L THE LT~ 1. @FRBIZOVTIE, 5000 IE DR T- 3 DOMD 3t
-, ZOBRAICIHBEE~OEBAE S h, C0 L Btk > TEE (K »omTmEHEE Rt
EOPEROR THERAD 2 Kk, BLUGHET o BIEBEISRERTVSH, BEKIZHSVWTH
77 ANERTIORT, BEEOERTERE L DI 5000 BB T- R CAHATE AT CTHRRBMINL X
WAEREA ER L TRV R EN S, oK <—H&L, MDIEIZ L HBBBEUNMIR Y TH D, &
X2 Lo TR, BHROGEB~OH T- RO BRA K IZHREN GBE~OEB L L TE B,
ENZ EBNMD, BAOKE &((4,2,2),2=1,2,3,4,6) 2. BE P OBREORTIIHEPOFEN L IR,
&, BB ICIEB T HEOMKE Upds L UM SR BE BT I C-JIRIE £ D @VRIE S A BN D
DORFEER 2T, ZAOHTRMET VL, o BNHD, TDRIEANADKE SIIEHB TR
EEZDETALY LHREICHT I BN KEL, ¥F—ORBRITKET S,
ZHOKE SOMME & IR ICEBT 8T8 3. B T-READIEAEIZ L Y HiRE A D G HBAM
EXETT 52 &, L RBRIE T LA TOY HY, RTFHIEIC L - Tk, SFREASBERICEET
ANKESRDIBEEMSABDIENRENT:, Do BFXRMh, E<ICF 4 Rar—varnk e
U=0.65km/s, E/k=15000K, 4 @/k=20000K & L, ABBEOBRBEMICS N TE OO TREREN %
(4,2,8) 0> s - 2% B it lif 8 o0 1R BB B 0 il % (X1 8 {2 IR FFoTwatExbhb,
o T O R F— « EHBMOWRKE FCIE, K
BaAs 22V A ICiE U=0.85km/s ¥ T L ARSI References
B LR2VN, READ/EE F Tkt OB T- 4% L v B 1) J.Massoni, and R.Saurel, Phys.Fluids 11,710
- 102- KL



(1999)

2) D.L.Bonnett and P .B.Butler, J. Propulsion
and Power 12, 680 (1996)

3) D.D.Dlott, Annu.Rev.Phys.Chem., 50, 251,
(1999)

4) M.Tarver, J.Phys.Chem., A101, 4845 (1997)

5) C.M.Tarver, L.E.Fried, A.J.Ruggiero and
D.F.Calef, Proc. 10* Int. Detonation Symp.
Pp.3-10(1993)

6) D.D.Dlott, and M.D.Fayer, J.Chem.Phys., 92,
3798, (1990)

7) BXY, BVERs, 7 0UBNE, Ay, sSHILA

¥, KEREE, 55,229 (1994)
8) MNAHE -, BAY), KHESEE 63,49(2002)
9) T. Kawakatsu, T. Matsuda, A. Ueda, J. Phys.
Soc. of Japan, 57, 1191 (1988)
10) B. M. Rice, W. Mattson, S. F.
Trevino,Phys.Review E, 57, 5106 (1998)
11) Y. Kataoka, Bull. Chem. Soc. Jpn.,65,2093
(1992)
12) C.S. Coffey, Phys. Rev. B. 32, 5335 (1985);
ibid. 34, 5674 (1986); J. Phys. C 4,253 (1987); J.
Appl. Phys. 62, 2727 (1987)

Molecular dynamics simulation of the shock initiation processes

in energetic materials

Yasuharu Kikuchi*, and Mitsuo Koshi*

Molecular dynamic simulations have used to investigate shock initiation in energetic materi-
als. Shock to detonation transition(SDT) is induced by a simple exothermic bimolecular reac-
tion. It is confirmed that the shock-to-detonation transition (SDT) in high density fluids could
be simulated by a conventional molecular dynamics simulations with relatively small num-
ber of sample particles (about 5000 particles). Temperature profiles of the detonation waves
in solid crystals were found to be sensitive to the model for the chemical energy portioning to
the translational energy (or lattice energy). Effects of the defect in crystal were also investi-
gated. A void of atomic size could largely accrete the SDT. On the other hand, a defect caused
by the potential anomaly is rather insensitive to SDT.
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