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ABSTRACT

The problem of non-ideal detonation propagation velocities in heterogeneous hybrid mixtures is studied
in the case of a high explosive with suspended fine aluminum (Al) particles. Since there exist difference
in the time scales of the characteristic induction and combustion of High Explosives and solid particles,
the process of energy release behind the leading shock front occurs over an extended period of time.
The problem is analyzed by the theory of the mechanics of multiphase media with mass, momentum
and heat exchanges between particles and gases. The numerical results match the available experimental

results of heavily aluminized (5~25% Al weight) HMX explosive obtained previously.
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pumx  : Base HMX density g AFE F AGR FHELASA olFojH o,
Ty : Boling temperature of Al ol x| IMAsr] Y, FaAFR L AL
Qy : Convective heat exchange rate ARG ALY ede Pt e A& oY B
0 : Diluted Al particle density 9 (Two-phase model)9] A7} A=At
P : Diluted HMX density 714, ol mde F7198hd] A AE 7
0o : Diluted Initial Al particle density 22, 4 W g49 JAE9 Ass V1S9
Po : Diluted Initial HMX density FaFAL A Al 2dHEek AE 93
dy : Diameter of Initial Al particle 4] Nigmatulinoll 2]&] Q= JATH1]. o] 2L
Cp  : Drag coefficient of an Al particle Fig. 13 Zo] F 1AL nAYA) 119 45
" : Dynamic viscosity g T, 33 A8t 2 E]%k‘:(al%k +
ty : Empirical burning time %, ol4A])2 Khasainov et al.oll st} @4
AH : Heat of reaction of Al S md 2 A bE A2
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Fig. 1 Structure of the heterogeneous solid explosive
mixture model with Al particles.
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U20/s YA} CHE HRE 2= "
OEUoM S4of thet =R H HF

A4 W RHSOl Sl daat8ol 23
2% EYHF2 Khasainov et al[2]¢] 4& W=
™ Eq. 7-133% o] A& 4 ATHKV model
by Khasainov & Veyssiere).

. 30 >y
o tb (1+0276 Re) ’ TAl—:ngn (7)
Jelse o=0
t, = Kd/v" ®)
F=32 % —u)lv—ul )
4 Pa dp
24 4.4
=4 +04
o=t e T2 1o
pd o= |
e R (11)
I
. 60Nuk,(Ty— Ty)
o 2 (12)
pAldp
N u=2+0.459 Re" pr®% (13)
[e13

of 4h8tE o] dH =A< (conductivity, k,),
T4 4 (Nusselt number, M), THE £ (Prantl
number, Pr), X (viscosity, n) & TLF EF
FES  NASAAA  Adst=  HZE o

CEA(Chemical Equilibrium with Applications)

£ AHgste] HolHE 4 ¥, 34 gE(curve

fitting) S &3t =&sATh

eAl/cp ey = cme
_ T s, <ey=cT,+1L,
L= leq—Ly)e, 5 ¢,T,+ L, < ey = ¢, T,+ 1L, (14)
T, o, L, <eyT, +L,+1L,
L, : latent heat of melting
L, : latent heat of boiling

Fig. 2 Assumption of uniform distribution.
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Fig. 3 Initialization of each diluted density of HMX
and aluminum.
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Virw © (V= V)pm = a = (1—=a)  (15)

po = Vi=V)pmud V, or g = Vopul V, (16)
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Table 1. 1&G model parameters(8]. Table 2. JWL EOS parameters(8].
Reaction rate parameters Unreacted JWL EOS
I 743e+11 ps ! A, 9522 Mbar
G 800 Mbar s~ ! B —0.059444 Mbar
G, 30 Mbar™ 'pis ! Ry 14.1
a 0.0 R, 14.1
b 0.667 w, 0.8938
c 0.667 Cy, 2.7806 ¢ —5 Mbar/K
d 0.111 T, 208K
: 822; Reacted JWL EOS
" 20.0 A, 16.689 Mbar
y 3.0 B 0.5969 Mbar
2 1.0 R, 5.9
R, 2.1
w, 0.45
BDNPA/F)< A=stglom, a&epe] whs md £ 0.102 Mbar em?/em? g
I AL ot o] Eq. 17-199%F 22 1&G
2d3 JWL EOSE Ab&sith wiERds
EOSS] wA 45 742} Table 17} Table 201 7] ot = (1=A) Cunpeated T Aepeaea  (21)
A 3F A THS].
Vit = (1_)‘)1’um»emed + AVscacted (22)
Wy = ](I*A)h(n*a)m
+ G (1= X)NPY G (1= \)NPY
+G, (1= X)NP? 17) 3. Znt ¥ =9
=L -1, v=2L
Po P B ATdAE 4¥ 23 59 2w
AAE i3t HMXC EH’G}OEI 20 mme] A&
Py = Ay (1= RwUV) ¢ foV 7} 100 mm Zo]E ZF= confined rate stick®l
. 01V p (18) st $x AL 3359t Confinerel A
B0t u Bt Peolr AL 2 mmolth AT
Fig. 49} Zo] Z7|o Al 2424 EZHAL
w W, kEEE 13Xk T8 I8 ¥ F3H(void)
P ea = A, (1 R 1V) St olty, Z+ ¥ FA 247 A= level set 71
wy ]_IRM E (19) & Abgste] BE@etH, AAHL zero level set
TAUm e ey omA 4Heg veht 9tk Fig 55 2w
F YAV 2R @2 &5 1E o] AE
=49 HH=(¢E, WHAdUA, 25)2 Eq. WEgor Rttt 7MAHE A9 rate stick
20-22¢9F o] ®F £¥= WA (standard mixture AdAFAZA FEAES} 2EAE, I8 A4
rule) &3t =&3E T H A= E&(burmed mass fraction)S HoFT
Table 3°ll+= Fig. 58 X314 AFAE o] &3l
Py (1=X) Pyreatea + A Prcactea (20) =4 1E ek HEYolMde B xolft Amolm

Meostn

| IP: 147.46.241 +** | Accessed 2018/01/16 10:29(KST)



H212 H[5& 2017. 10.

A=0ls YR} Che g9E 2ot "
Oi=uo|d S40 Tfst 2A/=

Computational Domain

! B ! \\\ Symmetric
shock 1' \|| D =20 : ‘ | free z
impact; | ,: Region 1. Evplasive‘l‘ s outflow
l‘\\ ,I' t =2  Region Il. Copper \\\ /,'
R AL N
L =100

Fig. 4 Computational domain of a 2-D cylindrical rate
stick tests: 2mm—copper confined rate stick (D
=20 mm, L = 100 mm).

4000
0= . - =1
| —mimm Burmed mass fraction
Pressure -0 =
-------- Temperature Lo P 0.8 =
z W : - i 3000 Z Z
] L i
g . _ g 2
-] .
Z 200 - é&, 0.4 ;
£ = 2000 s £
402 2
1~
i T | i - _— 1000 ]
20 25 30 35
X (mm)

Fig. 5 Structure of detonation wave representing the
reaction zone of PBX 9501 at t = 25 us.

= (von Neumann spike pressure, P,,), CJ
(Chapman-Jouguet) 3l ¢+8(P.), <%5(7,,) 1
g3 §h§ 49 Zo] (reaction zone length, X)
€ B3, 4847 Cheetahd 7o} M]3}t
FAHANA =E2H el & BARRS &<
shaAt.

FAEAANA, HMXS BE(pmx)E  1.808
g/cm3& AHgston, dFujE YA AVE
371A A% (05, 7, 15 pm)E SHEAT =3 &
FrlEe] RS 5-25%0] ek 24z 38t
L EFHE AAE Fiete HMXO| HEY

A7rd &FvE d4Ae FREd
719wt AFET=

3

° o8 o
1 o &8
o

\(

74 sl

FrE dAE el wEtA dHEvelA
&S5 5 2 ont Avpola b W= Fig. 6
< 53t AT & glon, AHe &4 HMX

Table 3. ZND & CJ condition of PBX 9501.

Calculation Reference
Py 39.5 GPa ~ 40 GPa [9]
P, 32.3 GPa 32.76 GPa [10]
1., 3391.7 K 3341 K [10]
X, 0.388 mm 0.33+0.05 mm [11]
s 0%
e 15%
= R
o 401 t=8us t=9us t=10ps
SN
= i |
= 35 { } !
A I i i i
g I i i i
A i i i i
30r ¥ f
i i s
.l‘il.i‘l.H.li{.iwlw.‘illi‘

65 70 75 80 85
X (mm)

Fig. 6 Detonation velocity decreased by aluminizing
15% with particle diameter 7 ym.

/\} gt rate stick®] Aol HMHL 7 umo
FrE YAIE 15% FHE ek Aol
Zt ~vtolg ¢HL FY ATtA ZHEHS

on, HEWA 4£=71 8823 m/sollAl 8631.63

m/s®E A& B ol ~ulolm ¥

39.1 GPa°llA 35.71 GPaZ 43S g

+ AUth

FA A ARE A, Fig. 7 YA37] 7 pm9

FrlE FHF SV gE 4" HAEE By

H, &¢FrE g2 didd og 7 HA 23

3 4 AEE AT & Ut o= I
Gogulya. et al[12]¢] AFZAHNAE YERL
o]/\]— 1:11—:4_0 7(4 2:5_]_- TZ] EH/“]OE o]% ]3]

ELﬂO A(double front detonation) %A= &

FEAVE 7beEs g & 4 UTh
dFHE UAES FAshs Aok HEH]

A &Ex Wl g #4 a4 A7} Gogulya

et. al[12]9] A% Az} ¥wE Fig 8 53 3

7\1 mg il

D GRS I
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E 2 e
2 § 82 00 i o Ex§ 05 ;l:m
£ E Tare
- —/— Cal 0.5 pm
201} = 800 ———F——
0 5 10 15 20 25
e YA L Al weight (%)
40 45 50 55
X (mm) Fig. 8 Detonation velocity versus Al content in HMX

Fig. 7 Detonation velocity decreased by aluminizing
with particle diameter 7um at t = Bus.
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based formulations : experiments[12], Two—phase
model simulation.

t=2.5us
t=Sus
t=75us
Pressure T
(GPa) 1 10 20 30

Fig. 9 Pressure contours of 25% aluminized HWMX
confined rate stick simulation with aluminum
particle diameter 7 um.
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o] 3= 5% ¥ ¢FvE YA FHH
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oA ek 0.6%= WA Egtow, YwA=
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< Aol dE5FeEM FF uZ ok A #Y
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S
B AFE Agddn AAY 551 AT
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