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V= W+ W2, pr = p2 (1)
pPr =Po1 U U1, P2 = Poz2 U2 U (2)
(1) (2 5 , , , Hugoniot
Us = C + St U, Ug = G + U2 (3
- bwe 2006 +DasV AT A L gL +paa + Paus)? - 4(Pa) Prs - Pas) (v + V) (4)
LbZ - 2(00252 _ p0131) - 02 0101 0191 01 02 01 A
2.2
®= >mci, Po= DmPa, S = Dmsi, & = D mow (5
N 1 Hugoniot ,
[12]
w = & + cir(1-9) (6)
L Gar 5
2.3
(Al + Fe;O3)  Ni + Al 1 Hugoniot
, Hugoniot 1 Table 1 Hugoniot parametersfor sveral materials
(1]
po/ (gem®) o (M/9) s Yo o/ (I (kg- K))
(2A1 + Fe2Os + PTFE)  3Al + Ni Al 2.790 5330 1.34  2.35 863
Fe:Os 5.274 4530 1.85 1.99 662
, 1 , 2 Ni 8.870 4600 1.44 2.0 401
PTFE 2.150 1840 1.71 0.6 1020
[13-14]
2
H(1) Table 2 Comparison of computational and experimental shock pressures
' GPa
, ; Poo/ (¢f cm?) Vi (m/'s) o
' Al/ Ni 2.44 Cu 1004 3.34 3.50%
Al/ Ni 2.38 Cu 669 1.65 1.9%1
(2) [13-14] . 13
Al/ Ni 2.38 Cu 430 0.77 0.7t
' Al/ Fe; O3 2.04 Al 1292 4.45 4.4 4.7%4
All FeeOs  2.08 Al 1183 3.83 3.9 4.1
3
(1) , ;
(2 , , ,
3 1 , ,
(1) ,
(2) , ,
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(a) 2Al+Fe,0,+PETF(18/52/30) (b) 3A1+Ni(58/42)
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Fig.1 Initial shock pressure as afunction of impact velocity
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(a) 2Al+Fe,0,+PETF(18/52/30) (b) 3AI+Ni(58/42)
45001 28001
E 505 0T o 505
4000F 8506 —— 5=0.6
3500F  —v—0=0.7 2000 —2— 6=0.7
) ——06=0.8 —v— 0=0.8
3000 ——5=0.9 —o— 8=0.9
sk —o—8=1.0 1500t =< 8=1.0
v 2500] «
& 2000 S
1500F 1000}
1000
500 2001
0 10 20 30 40 50 60 0 10 20 30 40 50 60
p/GPa p/GPa
2
Fig.2 Shock temperature as a function of shock pressure
(a) 2A1+Fe,0,+PETF(18/52/30) (b) 3AI+Ni(58/42)
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Fig. 3 Shock temperature distribution whend =0.7
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In% :Ing—%‘% (13)
B ,Tr , [19], Al + Fe: O3
486. 81 kJ/ mol , 2.1053 x 10"
y=1-exp[l- (k)"] (14
k ,n , [20] ,n=0.10
(12 4, , 2
, M.B.Bosough!®! ,
Y, Hugoniot
v
&- & =-yQ- ‘J‘ph(Vo - V) pn(V) = ° -'rV“ Py pJ (15)
2 (Voo - V)/2- VIY
Th = 'é/‘\ﬁ‘(ph - ps) + Trdexp[%/%(Vrd - v)] (16)
:Q )
4.2
2Al + Fe203 = Al,0; +2Fe- 3.97 ki/ ¢
(15) (16) 5 6
7 1s ( )
8 [21.13] , 3
(1) , ( )
(2Al + Fe; 03) 2000m/s , 1ms
(2
( ) 3
Table 3 Computational and experimental shock temperatures
, with chemical reaction
@ ’ Pool (g cm®) v (m/9) LLES
, 2000m/'s Al/ Fe20s 2.22 1292 3058.2 30002
(0.2 ms) All Fe; O3 2.02 1183 2795.1 2 700'*!

(a) 2A1+Fe,0,+PTFE(18/52/30)
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Fig.5 Reaction rate as afunction of impact velocity
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(b) 2Al+Fe,0,+PTFE(18/52/30)
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6 Reaction efficiency as afunction of time
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Theory analysis on shock-induced chemical reaction of reactive metal -

ZHAN G Xianrfeng, ZHAO Xiao-ning, QIAO Liang
(Ministerial Key L aboratory of ZNDY, Nanjing University of Science and Technology,
Nanjing 210094, Jiangsu, China)

Abstract : Based on the one-dimensional shock wave theory and the powder shock temperature risng
model , dynamical shock response, shock temperature risng and shock-induced chemical reaction were
theoretically analyzed for reactive metal s under high-velocity impact by consdering the effects of mate-
rial compactness and impact velocity on shock pressure and shock temperature, respectively. By conr
bining the calculated shock temperature of the power material and the chemical dynamics of shock-in-
duced reaction, a thermo-chemical model for shock-induced reaction in reactive metal materials was
presented by taking reaction eficiency into account. The calculated results by the new model presen-
ted in thispaper arein agreement with the corregponding experiments by L. S. Bennett , et al. Shock-
induced chemical reaction characteristics of reactive metal can be influenced evidently by material com-
pactness, impact velocity and material kind.

Key words: mechanics of exploson; shock response; one-dimensonal shock wave theory; reactive
metal ; shock-induced chemical reaction; impact load
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