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TNT RDX
B : :
2.1
2.1.1 (ODTX) )
@ 12. 7rmom( 2.29) T ,
, T t
c ,INT RDX B 1.51 1.13 1.25K)/ (kg- K) ,
To 293K, e=c(T- To) =A T, 1
1 ODTX
Table 1l Datafor ODTX tessand esimated resultsfor thermal energy densities
NT RDX B
t/'s AT/ K e (/g t/'s AT/ K e (K/g t/'s A T/ K e (Kl g
6920 190 0.28 7590 159 0.18 7940 153 0.19
2290 210 0.32 1740 161 0.18 3980 157 0.20
832 230 0.35 759 163 0.18 3970 158 0.20
302 243 0.37 525 171 0.19 3020 160 0.20
115 263 0.40 363 173 0.20 1200 161 0.20
39.8 277 0.42 302 179 0.20 380 170 0.21
15.8 290 0.44 191 181 0.20 251 172 0.21
120 182 0.21 110 177 0.22
87.1 186 0.21 50.1 189 0.24
45.7 198 0.22 25.1 198 0.25
28.8 207 0.23 16.1 207 0.26
14.5 214 0.24 12.0 220 0.27
2.1.2 (el
20mg 8 : T
t ( )
, 2
2
Table 2 Data for explosion point tegsand egimated resultsfor thermal energy densties
TNT RDX B
t/'s AT/ K e (K/g t/'s A T/ K e (K/g t/'s A T/ K o (Kl g
10 445 0.67 15 215 0.24 10 235 0.29
455 0.69 10 220 0.25 5 258 0.32
1 500 0.76 5 240 0.27 1 348 0.44
0.1 550 0.83 1 296 0.33 0.1 506 0.63
0.1 385 0.44
2.1.3 tel
Velicky R=1Q, d=63.%m
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Q= Ult = (V/R

t=Q RU= 4.@s

B me = 0. 759, P =1.69g cm’ , D =1.27cm,
h = me/ PJTD?*/4) = 0.35cm
B K =0.26W/ (m- K) , T =4.@s, B

0 = ,/‘EE/(chB) =0.7@m

P =0.10%1Q-m,
| =S- Rp = (Ud/4) - (RIP) = 3.0cm

B
me =Pe T[(d+D)° - o] L/4
Ma =Pp-TLd - L/4
B ., Pr=2l.44g cm’ ,ca =138/ (kg K) , B
Q = Q[esme/ (ceme + camg)] = 0.03Q
e = Qs/ mg
3

3
Table 3 Data for hot ignition tes with high pressure and etimate resultsfor
thermal energy densities

IAY /J / MPa tihs e (ki/ g
o] 0.02838 126.6 4.0 0.13
110 0.0517 9.6 4.0 0.23
130 0. 0690 83.0 4.0 0.31
150 0. 0950 71.0 4.0 0.42
2.2 (
Boyle , 1 R
=6.35Mm, L =12.7mm 1.0GPa; 80m/ s;
, 1.0ms 2,

W=1Ff - w/2=2TR - (p/2uwt/2
:p 1V 1t 'Il"I

0.5 , 0.05 0.1 el - , INT B
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, M =0.06 ——————— Velocity piston

— Confinement cvlinder

Palvethylene bufYer
5 = m alvethvlene buller

3n = ‘E o /P re Cre Explosive sample

Poivethvlene butler

a=cd T/ (cnld T+ cemed T)
= AP/ (AP + ce P r) —— Transfer piston
1— D "‘t‘ s
U A+ Jorp kel §K) rrection of shide
— oW/ m =aw/ (TR -5 -p) = -
€= m= R-0-p) = Fig.1 Ted arrargament
1. o-d- 1. 1 C v ﬁ for explodve sidngon ged
4 p K/pc
P M cK : t , Jt ,  t=1.0ms;
c=0.5K)/ (kg- K) p =7800kg/ m" K =46.4W/ (m- K) B =
1 1_ 1
Loyt i
4 P Kkipc
e=fB- pv
1.5 A Reaction 1 5} ® Reaction
4 A No reaction * o O No reaction
1.0 1.0}
(3] [
& 5
o =
0. 51 0.5
A
a
(4] 1 1 1 1 1 0 . L - .
0 20 40 60 80 100 0 20 40 60 80 100
v /(nvs) ¥ 1n1/s)
2(@ TNT 2(b) B
Fg.2(a) Daafor TNT diding Fg.2(b) Datafor Conp.B diding
4 : ( 2)

: , [7]
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Table 4 Datefor explosive diding tegs and estimated resultsfor thermal energy densities
c/ p/ K/ B/ i vl e
(K (kg K)  (kgn) (W (mK)) ((-9/ky Ga (Mg (K9
TINT 1.51 1600 0.30 0.06 5.0x10°° 0.9 20 0.9
B 1.25 1690 0.26 0.05 3.7x10°° 0.8 2 0.7
2.3
2.3.1 sl
TNT RDX , 5
5
Table5 Data for shock wave testsand esimated resultsfor thermal energy densities
t/ @9 p/ MPa AT/ K e (K g
TNT 0.7 18.0 707 1.1
RDX 1.0 17.0 477 0.5
2.3.2 el
ZND § = :
e( VE) _ e( V) ~ pi - (an)Z
p, Po , Vo Zpg Dz 235 D2
Po ,D e CJ N =0.9
: 10° 10°°s
TNT RDX B , 10 's™ , t=10"°s
6
6
Table 6 Data for detonation wave testsand esimated resultsfor thermal energy densities
Pof (kg/ m) D/ (M 9) o/ GPa e (K g
INT 1634 6930 19.1 1.2
RDX 1767 8700 33.8 2.0
B 1720 7990 29.5 1.9
2.4 rROX M !
1 L et
300W Q.- RDX : et
' Heated ticld
R =0.9mm . !
RDX 3MPa s :
®10mm x 2.5mm, m = 300mg,p = 1.64 I\ 5 7
g o (90%TMD) |, ¢ = 1.13k)/ (kg- K) , K = Sample 1 :
0.2W/ (m- K) }
3 1
t ,RDX 3

Fg.3 Heaedfiddfor the sample
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_ T 2 2 2
V—6-5-{3[(R+6) + R]+0%}
RDX
e=Q/ m= Q/IpVv
7
7
Table 7 Data for laser tetsand esimated resultsfor thermal energy densties

Mm Jem™t Mm /m /(K g /' ms

9.29 1076 55.6 162.9 0.7 28.6

9.50 1052 27.2 130.3 1.1 6.9

9.64 1037 11.8 72.2 1.4 1.3

10.27 973 31.8 120.8 0.9 9.4

10.59 944 11.4 56.3 1.2 1.2

10.76 929 6.8 30.7 1.1 0.4

, 4
2.9 -
TNT +2. 1.1 RDX +2.1.1 Comp.B +2.1.1
~ 2.0F 02.1.2 0 0219 ] 0212
iy 422 4231 421.3
2 1.9 x2.3,1 X X232 x2.2
N 1.0_° X \ 0232 X 024 02.32
LI x e
» a .
0.5 "“f-t-u-\*._i ¢ ..“'WH'H i MHH-U..

FHg.4 Edimated resultsfor therma energy dendties e in ignition and ddlay time t

[31.
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)

(4)
) , 2.2
3.1 3
Es Es
Es = 0.1Ea
' E ,a
Es: C2p2/3(Mm)1/3
‘M m ,m=1.66x10 "kg p .C
e = EA/pV = 3E/ (Pr)
r=34m 8
8
Tabd 8 Data for thermal energy trandated from surface energy
and egdimated resultsfor thermal energy densities
M p/ (kg m’) c/ (kv 9 E/ (/ nf) e (K g
TNT 227 1.64 2.08 435 0.8
RDX 222 1.80 2.62 728 1.2
B 224 1.75 2.42 612 1.0
3.2 s
Ex= Gb a
:G , b ,a G=0.1GPa,b=1nm,TNT a=
0.15nm, E=1.5x10""J :
8 12 E
=1.5x10"%J, E=0.9K/g
4
4.1
TNT(G HsN:Os) RDX(GsHsNsOs) CHON
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( 210K/ nol) ( 420K/ nol) , o
, 9 10 E ,e
: 500 ;
ol : 1000 : GPa
9
Table 9 Some common bond energy for energetic materials
/ (k3/ rol) / (K3 rol) / (KJ/ rol) / (K3 ol) / (K mol) / (K3 ol)
C-N 226 c-0 314 C-H 359 O-H 460 O=N 451 c=0 627
N-N 113 c-C 263 N-H 347 C=N 351 c=cC 422 C-NO; 1003
O-N 255 O0-0 146 H-H 431 N=N 334 0=0 489 N- NO; 966
10
Table 10 Activation energy and egimated resultsfor critical thermal energy densities
E/ (ki/ nol) E (K/ g e (Ki/ nmol) e (K g
INT 143.8 0.63 63.5 272.5 0.28 1.2
RDX 196.9 0.89 40.1 443.9 0.18 2.0
B 180.2 0.80 42.6 425.5 0.19 1.9
4.2
, , C—N
N—N O—N , C—N N—N O—N

NG, , C—N N—N O—N

, 125.4  250.8KJ/ mol



132 19

D O~ WN P

10
11

12

831,811 , . 10 1. : ,1974. 40
James J. Sme Unlved Poblems of Bxplosve Sengtivity. UCR-7898 ,1964
, . . : ,1991.126 128
Dobraiz B M.LLNL B¢plosves Handbook. UCR.-52997 ,1981
. . : ,1999. 6,75 ,117
Veicky R W,Voig H W. A Holigic Approach Directed towera (ontrolling the Inbore Deflagration. ADA196635 ,
1988.5 ,6,14
Boyle V ,Fey R ,Blake ©. Qornbined Pressua Shear Ignition of Bxplodves. In: Proceeding of the 9th Symposum on
Detonation. Porland Oregori:{< n.],1989.1 11

) 1

2 . : ,1979.5
,1085.7 11
. . : ,1982.129 47 49,65 69
Odmark H.Laser Ignition Bxplosves: Hfects of Laser Wavelength on the Thresold Ignition Energy. Energetic Matert
as, 1994 ,12:63 83
,1964. 74

STUDY ON CRITICAL THERMAL ENERGY DENSITY FOR
ENERGETIC MATERIALS BY MAGNITUDE ORDER ANALY SIS
Zhang Taihua ,Ding Yansheng ,Chen Li

(Laboratory for Nonlinear Mechanics o Continuous Media ,
Ingtitude d Mechanics , Chinese Academy d Sciences , Beijing ,100080)

ABSTRACT Dataon svera inportant sendtivity teds are analyzed again by a method of magnitude or-
der edimation ,then a concept on the critical therma energy dendty isformulated. It is edimated whether
thermal energy densties abgorbed to its threshol d for generally recognized mechani sm of shock-induced hot
oot formetion. Its essence is probed into by chemica kinetics. It is conddered that the critica thermd
energy dendity may be the characterigic parameter for energetic meterid ignition.

KEY WORDS energetic materids ,sendtivity ,ignition ,critical therma energy densty



