o e e

B

B et DR

(;\ d&u&yéw ”

(£



PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON

INTENSE DYNAMIC LOADING AND ITS EFFECTS
CHENGDU, CHINA, JUNE 9-12,1992

EQUATION OF STATE OF DENSE EXPLOSIVES DETONATION PRODUCTS
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Equation of state of dense explosives detonation products is considered. For determining of two functions of density,
drawn into equation of state, Jouguet points line equation is deduced and functions of density on this line are consid-
ered instead of functions of initial density of explosive. Limitations on front velocity . caloricity and adiabatic index
dependencies upon initial density are formulated. Values of equation of state parameters for several explosives are list-

ed.
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Equation of state of explosives detonation products

(DP) in the form

P = [y(p) — 1]pE + ¢(p) ey
was considered by several authors. Form of y(p) and ¢(p)
functions and numerical values of involved paramecters de-
termine the area of applicability of constructed equation of
statet? =81,

We shall use'reliably determined in laboratory experi-
ments dependencies of normal detonation wave velocity D,
particle velocity u behind the front, and explosive caloricity
@ upon initial explosive density po before detonation wave
front.

Conservation laws for strong discontinuity with instan-
taneous energy release have the following form
p(D —U) = po(D — Up)

P — Py = po(D — Up) (U — Uo)
c=vprlap). @
E—FEy=0.5(U — Uy)? )

+ PoU — Us)/[po(D — Un)] + @

Let' s introduce & notion of crystal i. e. maximum pos-

AD=U+C,

sible in normal conditions density py and a notion of normal
detonation wave velocity D, for explosive with this density ,

and go on to non-dimensional variables ;

4 pa’ pa’ PaDi

u c ._D
M=%, Z=p, W=p ®
-2 £ v _ 9
o= T KTnm

Owing to invariance of (2) relatively to Galilei transform,
we consider that up=0. We accept also that cxblosivc pres-
sure and energy are negligible in comparison with P and E
in Jouguet points. After passing to variables (3) and in ac-
cordance with suppasitions macic. Equations (1)and(2)will
take a form

S=Wa/(W— M),

IT=WM4, “@

W=M+12 '

J=0.5M+K,

%)
¥4,

nN=((-bu+o

7= [ )

System of six Equations (#) and (5) ocontaining nine
functions of 4 (IT, 6. J. W M, K. Z, y. ® ) becomes
determined, if we set any three of this functions.

Let’ s write down adiabatic index N = (3inP/3inp), in

non-dimensjonal form
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N =72/ (6)
We shall exclude now M from (4) and replace Z by N us-

ing (6). Then we shall use thermodynamic equation

ol a7 aran

%)= (3], + &5 S
Let’ s differentiate (5) and substitute derivatives
i
(5], =o-ve
an _ do _ dy
[dd],”‘ s T DIt
into (7) and then (3P/36), into (4). After excluding J
and 17 in obtained equation, we shall have

91 [yt 4o 4 (L 2KOL LY

dé 2(N 4+ 1)?
(v — DNW? [ NW )2 _
o T {N+1] =0 @

All the values on Jouguet points line depend upon 4. .Let’ s
pass from differentiation by ¢ in (8) to differentiation by
A. After multiplying (8) by

dé N+1 4 dN

ia~- N N dA
we come to
@, A dy
dA 2NN +1) d4a
(y— DDA+ 2MNW2(y — 1 — N)
2NN+ 1)

a4 dN .
TR FD T @

where 4 = 2K (N + 1)? 4 W?. Wit the help of (4) and

+
X[l

(5) we can express & through W, 4, N, Kand é

_ AW (y—1)44
TN+1 2NN+

'] (10)

Differentiating @ by 4 in(10) and excluding the derivative

from (9) lead us to Jouguet points line equation in the form

Wa@N —y+ D - T wr - myx

, dK
—()’—-1)(1\'+1)’A-M——0 an

This equation contains W (4), K (4), N (4), that can be

measured. Experimental data on W(4) for many explosit
fits dependence

W = g° 12y,
where a==0. 7 with satisfactory preciseness. Substitutjon -

(12) into (11) leads to
_ Ne(N—~1—2a)
y—l+N—a— (N — 1)« &5 . dK JdA
Let's introduce some more limitations for N(4) ar

(13)

K (4) functions. We shall demand that N—y—° while
—0. There is few data on explosive caloricity in literatu
and it has considerable spread. We present data from Ref:
[1, 3—9] in non-dimensional form and\,a'pprcciate it wi
non-dimensional dependencies on 4, common for differe
explosives. From the condition of y finiteness, i. e. \o;)m

tion of simultaneous turning to zero of numerator and d

nominator in (13), we obtain demands that X (4) must a:

swer;
g2
L N@D)=1+20 i =i0—w
for 4= 4.,
dK
2.*‘1:1-—0 fOl’A—-O,
I SR R S P

Cda T v —1
We shall claim at last that caloricity K is to satisfy the fc
lowing conditions

dK
K = Kg, E_O for 4=1

Let’ s define yo. For this purpose we present P and £ as U
sum of heat and cold components

(14)
E = Er(p,T) + Ex(p)
We consider Pr and Er to have a simple form
Pr = (Yo - I)PE‘r
i (15

Er = CyT, Cy = const
Using (15) we can write down (14) in a following way
PV = (yo — DCT + (V) (16)
where

FW) =VeW) + (o — DE(V), V=1/p
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Ne shall take into account that DP is a mixture of gases un-
L conditions of mechanical and thermal equilibrium, satis-
;jng equation of state

PVi= (ya — 1ICuT + (V) an
Jsing additivity of ¥ and E in the mixture

V=V, E= >k,

vhere &,—mass concentration of i—th ingredient, we write
t
own (14)—(17) as follows

(yo — DDCT + f(V) =

Zm((ym — DCT + £:VD3 (1

OT + Ex(V) = D, alCnT + Ex(V.))

fT=0 then (18) involves connection between cold com-
onents of ingredients’ equations of state and of mixture’ s

ne
FW) = Dlef V), Ex(V) = D jebu(Vi)
nd so, for any T70 it must be
(e — DCr = > (ya — DaCr, Cv = > &l

Data on e&,, y,y» Cr for some explosives is given in
efs. [1, 7, 8). According to various theories, mass con-
:ntrations of DP ingredients differ. That’ s why we limited
urselves to consideration of averaged concentrations.

/ithin this approach the value of y,, calculated as

Yo = [E (yu — Dacn) /( ZE.CV.)

x trotyl y,=1. 373 is close to value y,=1. 378 for hexo-
:n. Since the difference is in the limits of averaging er-
1S, so we take the common value y,=1. 374 for trotyl
« hexogen.

the procedures of numerical solving of Equation (11)
t couple with above-mentioned limitations on K (4) and y
4) and simultaneous optimization of experimental data on
"(4) and K (4) approximation are omitted because of their

wmplicacy. Obtained table dependencies are approximated

ith functions

Yoo forr>1
r={

Yo+ (Yoo — o) = (3 — 3z + 1) for z << 1

pauDt « Az — 1) forz>1
[0 forr <1

where z=6/6., A=0. 0139, y,=1. 375, y=1. 667,
8,=0.35, m=2.284.

To complete construction of DP equation of state for
certain explosive it is necessary to determine only two pa-
rameters py and Dy, Values of py, and D, for compound ex-
plosives can be expressed through pos and D, of ingredients

in a simple way
po = 1/( D e/ pou)

where &;— mass concentration of i-th ingredient. Values of

Df = Emibi'v

po and D, for several explosives are listed in the table.

Explosive g/cem? km/s
Trotyl 1.633 7.15
Tetryl - 1.730 7.74
PETN* 1.770 8.35
Hexogen 1. 820 8. 80

* Pentaerythritol Tetranitrate
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