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EQUATION OF STATE OF DENSE EXPLOSIVE.$ DETONATION PRODUCTS 

V. F. Kuropetenko 
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Equation of state of dense explosives detonation products is considered. For determining of two 
0

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) - l]pB + ,:p(p) (1) 

was considered by several authors. Form of y(p) and ,:p(p) 

functions and numerical values of involved parameters de

termine the area of applicability of constructed equation -of 

State(!-,). 

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 

Q upon initial explosive density p0 before detonation wave 

front. 

Conservation laws for strong discontinuity with instan

taneous energy release have the following form 

p(D - U) = r>o(D - Uo) 

P - Po= Po(D- Uo)(U - Uo) 

D = U + C, C = ✓ (JP/Jp), (2) 

E - Eo = O. S(U - U0 ) 2 

+ PoCU - Uo)/[Po(D - Uo)] + Q 

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

sible in normal conditions density p .. and a notion of normal 

detonation wave velocity D, for explosive with this density, 

and go on to non-dimensional variables: 

LI=~, 6= .P..., n-_!!____ 
p,;. p .. - p..Dr 

u C w = .Q. (3) M=-, Z=-, D, D, D, 

(t, = ~. p .. D 
J - .!2 - Dr' K= ~ 

Owing to invariance of (2) relatively to Galilei transform, 

_ we consider that 1.10 = O. We accept also that explosive 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 suppositions made, Equations (l)and(2)will 

take a form 

{ 

6 = W LI/ (W - M), 

ll=WMI.J, 

W=M+Z 

l 
J = 0. 5 M 2 + K, 

V = [~]. 

ll = (y - l)oJ + <1J 

(4) 

(5) 

System of six Equations ( ,f,) and ( S) containing nine 

functions of LI (ll, 6, J, W, M, K, Z, y, <t, ) becomes 

determined, if we set any three of this functions. 

Let' s write down adiabatic index N = (JlnP /J',np). in 

non-dimensional form 
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N ·= Z:6/ll (6) 

We shall exclude now M from (4) and replace Z by Nus

ing (6). Then we shall use thermodynamic equation 

(7) 

Let's differentiate (5) and substitute derivatives 

[arr] = (y _ 06 
a.I ' 

[ dfl] = d4> + (y _ l)J + 6.1 • ~ 
d6 J d6 d6 

into (7) and then (JP/a6), into ( 4 ). After excluding J 

and fl in obtained equation, we shall have 

d4> + ( _ l + 6 • ~] [wz + 2K(N + 1)2] 
d6 y d6 2(N + 1)2 

( y - 1) l\'lf'2 _ [ NW ] z _ 
+ (N + 1)2 N + l - Q 

(8) 

measured. Experimental data on W(.i!) for many cxplosi, 

fits dependence 

(12) ! 

where a= O. 7 ~ith satisfactory prcciscncs;. Substitution 

(12) into 01) leads to 

N • (N - 1 - 2a) 
y = 1 + N - a - (N - 1)2 • .i1<H•> • dK/d.i! 0 3) 

Let's in troduce some more limitations for N(.i!) a, 

K(.i!) functions. We shall demand that N-y--,,0 while 

-o. There is few data on explosive caloricity in literate 

and it has considerable spread. We present data from Ref 

[1 , 3- 9] in non-dimensional form and-_~pprcciatc it w i 

non-dimensional dependencies oo .ii, common for• diffcre -, 
explosives. From the condition of y finitcn=, i. c. com 

tion of simultaneous turning to zero of numerator and d 

nominator in (13), we obtain demands that K(.i!) must a , 

All the values on Jouguct points line depend upon .ii .. Let' s swcr: 

pass from differentiation by 6 in (8) to differentiation by 

.ii. After multiplying (8) by 

we come to 

d6 N + 1 .ii dN 
d.i! = ~ - N 2 • d,1 

d4> A dy 
d.i! + 2N(N + 1) • dL1 

(y - l)A + 2l\'lf'2(y - 1 - '/0 
+ 2N(N + 1) 

[ 
.i! d "/1"1 , 

X l - N(N + 1) • d.-.J -~• ;.) (9) 

where A= 2K(N + 1)% + Jl-Z. W it ,\ ,ile help of (4) and 

(5) we can expr= 4> through W, ti, N, Kand 6 

LITVZ ( y - l)tiA 
4> = N + 1 - 2N(N + 1) 

Differentiating 4> by ti in(lO) and excluding the derivative 

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

Wti(2N - y + 1) • dW + JP(y - l\")N 
d,1 

- (y - 1) (N + 1)2.i! • JK = 0 
d,1 

(11) 

~,,;s equation contains W (.ii), K (ll), N (ll), that can be 

1. N(ti.) = 1 + 2a, 
dti 4(1-a) 

forti=J., 

dK 
2. dti = 0 forti=O, 

for ti""=' 0 

We shall claim at last that caloricity Kisto satisfy the f<: 

lowing conditions 

for ti= 1 

Let' s define Yo• For this purpose we present P and E as t> 

sum of heat and cold components 

P = Pr(p,T) + Px(p) 

E = Er(p,T) + Ex(p) 

We consider Pr and Er to have a simple form 

Er = CrT, Cr = oonst 

(14) 

(15) 

Using (15) we can write down (H) in a following way 

PV = (y, - l)CvT + f(V) (16 ) 

where 

f(V) = V9>(V) + (y0 - l)Ex(V), V = 1/ p 
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Ne shall take into account that DP is a mixture of gases un

~ oonditions of mechanical and thermal equilibrium, satis

~jng equation of state 

PV, = (y., - l)Cv.T + f,(V ,) 

)sing additivity of.V and E in the m~ture 

V = ~a:,V,, E = ~a:,E, , 

(17) 

rhere a:,-mass concentration of i- th ingredient, we write 
t 
!own (14) -,- (17) as follows 

~re. (( yo; - l)Cv,T + f ,(V,) ) (l8) 

1 

( Yo - l)C~T + f( V) = 

CvT + E:(V) = ~re.(Cv,T -t-- Ex,(V,)) 

f T= 0 then (18) involves connection between cold com

onents of ingredients' equations of state and of mixture' s 

ne 

nd so, for a ny T*O ii must be 

Data on re., 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 

ursclves to consideration of averaged concentrations. 

lilhin this approach lhe value of y., calculated as 

>r trotyl y.=l. 373 is close to value y.=l. 378 for hexo

:n . Since the difference is in the limits of averaging er

>rs, so we take the common value y. = 1. 37 4 for trotyl 

ld hcxogen. 

the procedures of numerical solving of Equation ( 11) 

1 couple with above- mentioned limita tions on K( .1) and .y 

<l ) and simultaneous optimiza tion of experimental data on 

"(,1) and K (.1) approximation are omitted because of their 

,mplicacy. Obtained table dependencies are approximated 

ith functions 

{ 

Y~ for :r > 1 

Y = r. + <r~ - y.) • :r(3 - 3; + r) for X ~ 1 

{ 
Po,Di • A(x - l)• 

<p= 
0 for:r~l 

for :r > 1 

where x = o/6., A=O. 0139, y.=l. 375, r~ =l. 667, 

6 . = 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 Po> and D,. Values of po, and D, for compound ex

plosives can be expressed through p0,., and D,., of ingredients 

in a simple way 

where Ile,- mass concentration of i- th ingredient. Values of 

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

Explosive g/cm3 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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