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A review on the Equation of State of Unreacted Explosive Materials
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Abstract

For simulation and analysis of detonation in explosive materials, we need to use equation of state (EOS) for closing of the
governing equations. In high explosives, the EOS is divided into two categories, EOS of detonation products and unreacted
materials. Most of the explosion specialists are familiar with EOS of detonation products. Therefore, this paper is about
introducing and investigating the EOS of unreacted explosives. Some of the applications of such equations are modeling of
detonation initiation and extinction, sympathetic detonation, etc. Specially, unreacted EOS is used to describe the non-ideal
and curved front detonation propagation. Some of the famous unreacted EOS which are investigated here, are: Mie-

Gruneisen, Murnaghan, Birch-Murnaghan, and Rose-Vinet.

Keywords: Detonation, Explosive Materials, Equation of State, Unreacted Materials.



I1PAP bl g sler —Y il oylod — 0 o — 0 juw JUo — (53 531 2 190 damigi 9 i

dp
E-I- V.(pu) =0

%(lp) +V.(4pu) = pR o

ﬁ(pu) +V.(puu+1IP) =0
] p

a(pE) +V.[pu (E + E)] =0

(iSly 5 R ST ¥ game oy juS A (S8 P gl o o5

5,5 E=e 12|l g o A31s 059 55, € GLed P ey o

25 Opyet @l e 4 plgiee |) 398 DVolas arilbge JS oy

by 5

U, + V.F(U) = Q(U) ™)

ol ol sl e Sls 5 U=(p, Ap, pu, pE)’ ol o as

Al 28,5 b o b jleaiVlagad olge ;o ST5 g5l Jow po

Y ggome Slass ol ply ) OYolee ol a6l (1S

SYolae g Lalgy o STy Jol SYolee pogdle d(laalolre olass

1392 waly> 533,50 53 n )

> SYoleo @

bolso aclsd @

G Joe @

adlie il 5o Gjgm S 5 gL aslsd i ;5 T0 0 50

S 03 )18 S j5e

odl oYoles Y

o 4S5 545 oo 03wl T g V(P slaceeS 5l Sioliydgo s jo
olbie jo 1y oole Cursg a5 locueS) SusSwg Sle sloceweS
adoles Iy LacaS cpl oo gabaly aiiiis (WS oo oy S5
o sl DYolee (LS o clls doles 008 (Soliyoge 5 >
Laosssy sl sl p (S doles SO lgicds poiioge 5 (55,5
99 4o 0, omaie Slge Con yo > Wolee 5,5 o )8 colatuls 5o
(o0 a5 gu) S5 DY game Sl dlolee @

(a3 gad) adgl 0lgo Cl> dlolee @

Jols ouls a5 g Slgo (gl oolainls 50 slacdls dlolee aloz ;)
30 Db oo a0y SYolae cpl 4y 155l j0 a5 5 S o L
@S e a9 i (65,535 Slge (gl 018 5 > dolre glail anlol

NS0 )8 o y5e 5 (Brre (655 29)

FA

doddio -

5 Adl oo 0ole (Sinlinoge 5 slacaaS o sladal, > dolas
)‘\ b.aLa:u_..oS "‘”‘5%5" 9 0090 > g )L..'Lé oo O 6|A.Ia.g|) Is,a
SYolro )y g (Byme il Lacpl ay bas BB L u ol
Loyl i Ly celizte alolas jo 5l oolann! Sl Lo 4y S jsboay o>
LSl izren g (Sanldge i SlacreS arubre sl p 35290
A Gy g iy OYolee JLS o SeS dlolee G lgreay oolasul
Wl SYolse Goy 10 g (655l dlg 0, Sles (g5l Jas o
S g adgl b as g olge cll> aolae 51 8, a5 Al sdwel i
aS (60,5 alaz;l .ol ool Hle w0 dolae (pl 0,5 5 Coon
b il 5o STy (ol pazmen albosssy (iinn 5 siloae
g9 d9als 5T 0y sl o S e JUisil o ysiligss
J—dos o5 Lol (sl yie Jodod (e oams S oty jo S
OES 55 055 1 o aulsB U jlndil 0o 7 5 0 | See S5 zge
sy il ke il i b oyomiine ool 4y 055 2,5 L dlolS 4
L 5500 oloms 551l auy3 dmosyoy ol o g ol loxal
L 5 (DDT") ST,5 4 alads 51,38 L (SDT) ST 4 S 51,38

7. . e ¥ " sl .
2 epleanlp gz (b aidl o @il S zee (Bgals g Jlgs
Y game cl dolre 4 ST L Lo 18] .06)lo jga> oo LS o
oolawl 35 adgl olg o > dolae wub g 2T sod Caws s olgs
ISl eslewl U STy Ll gl Jaw (o e 09d
695 adozjl il 1Sty b Ldow pilins a5 olos )95
S 3edlg> (69,0 gl slg e cll> adolae (505 IS4y ZNDO
A ad sl aal S delsl o aS LYs play azgi b as ol
adolee ploeany (65,515 olge 039> )0 a5 ally, (owyn 9 (Brxe

STy silwJoe 5l 3Lis g0 Y oleo -

oolaiwl —aaSTy gl (gamaiz O¥olas 51 STy (g5lw Joe 1y

109 oo

1- Sympathetic Detonation Initiation

2- Shock to Detonation Detonation

3- Deflagration to Detonation Transition
4- Detonation Extinction

5- Zeldovich, Neumann, Doring
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2- Detonation Shock Dynamics
3- Direct Numerical Simulation
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