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Study of supersonic flame acceleration within AN-based
high explosive containing various gap materials

Jinwook Lee* - TJai-ick Yoh*'

ABSTRACT

We study the gap effect on detonating high explosives using the characteristic acoustic
impedance theory and numerical simulation. A block of charge embedded with multiple gap
inserts is detonated at one end to understand the ensuing flame propagation through multiple
gap materials. The present high-order multimaterial simulation provides meaningful validation of

complex interface tracking algorithm as it is implemented in the SNU-Hydropack code.
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Fig. 1. K. Kim, J. Yoh (2011)
FEdede 2, A" A5 A [4ldAe=
multi-stage gap< &3 detonation®] Al7] =4
Fede AdF AP vk Aok 2", G4 AT
A= oled gapes FHASHEAL gl et
olgdd Hoe AREA e A 4 AR
w HFsHATH

ofo & AFlM= gapel Fdehs A AHA
o F53te, Yetves dFES A AR
1!, characteristic acoustic 1mpedance«] ge
I ol gk A2 E4S A= 2. o
Z gap= B§ detonation®] A7) ZHo]

Blobl m@ ojeHel 2L AE ¥ &

& §8 § dobl 489 sl By

1

of

SLoxe o o
m{o

o o r
X
o
fru
_L
=2

2y
o\
et
4y
2

g
o
=2
_{

:a
=
ru
ol
oy
o
i)
o
)

Hyperbolic systemoﬂ &3k =
Suksle @S AFSHA mARSH -?']5H
AAH AT Ayl gt ol &
level set method®] 7IA® &EHIQl Hybrid
particle level set method [5]¢} Ghost fluid
method [6]7} AH&% 3t}

;L_toe&kmr]rm

e oS o | e

2- E — OH:éI

B Ao A= Navier-Stokes Equations 7] &
o2 o, FegYom

Flg 2. C. Gato (2010)

Fig. 3. J. Li, et al. (2011)
Mie-GruneisenE AH&3t1, 31 U =A|
s WS
Arrhenius form¥} 8 7|%ke] JWL++ Z@o] A}
SH AT, 2ol oigk HERgE AW oot 7
o},

=29
2Abez] ffs 5= 7|hke

21 Navier-Stokes Equation

7| EH 02 Navier-Stokes Equation mass,
momentum energy®] HEWZAO R o] Fo|F
on, F71H 02 gpeciesol] g Al4ke] o] F
. ol & FALoE Hold offe}

oU oE oF

—+—=+—=SU
atata Y (1)
P PY; PU,
ou, P+ p puU,
U=|pu, |E=| puu, |F=| pul+p
pE u (pE+p) u,(pE+p) (2)
oY; Yl pYiu,
1
P
ar, @ ar, 1 I
;r +(arz arH r[r (Y 7“”)}
LN e VR
SU)= or @ a0 r

0%y, 07y Oty
or a a0
QU Ty U, Uiy =G, QU Ty U Ty U Ty =0, QU Ty +UpTep +UsTs =0y

ar a 20 (3)

+%[(u,r” U7+, -0,) -4, (PE+ )] ]
IA AdEe] 1 YR E-AY §HL,
detonation®] ¥olyr] A7tA o] WFHo] A7
of 3R &gkt AT, 1A AL W
< AgsA EBEAE] #std ted 2
deviatoric stressE 317 g\ T}.

=Q, 5, 5,9, +2G(D; - (4)

+Hary -200n)

o

S =§

ij ij, lr Ij cor

— 343 —



=S5 — S L + 2Gljij (5)

|Jtr
ucur: H: Dpi_ZGANuIr (6)
oldl, 7t AxkApe) elul ofaheh gk

= 1 _ L ou oy _Lfou _ou;

Dij:Dij‘ngkﬁij, Di”z[axj+axi], Q“z(ox ax]

2.2 Constitutive Relation

I A EZY Afole JWL FHe9 EOS
2o UehlE ogsl 2

£ ARgETh ol s
o,
_ Aa-Rw —Ryv CUCVT
p=Ae ™ +Be +—U (7)
— —Rw —Rpv
preacled = Ae +Be + Ul+w (8)
1(1
=—|=-1
punreacted N ( Un ) (9)
ptotal = (l_ Fm) punreacted + Fm preacted (1 O)
&, A Aede 443 HE =ZAE A
3 Mie-Gruneisen @ Ej] EOSE A-&3tAth o
%3 B A9E 47 Aoz Yend oe
7 2o

PoCe® Iy .
P(p.€) = poloe+ (17540)2[1 2 q)} o2 p

Cg(p_po)
oW, ¢ Tt o] HejHof girt
¢=1=p/p

otherwise (11)

s wkgel RAE fsiA sk 7]Eke]
JWL++8} &% 7]8ke] Arrhenius form©] AM&F
Atk 2zt EAdE oz Ygud o

Do _DpYi

Dt~ Dt M w=Zexp(-E/RT)p, (13)

24 73A9 4 7Y

Hybrid particle level sete] &= A &3t
AW FHo] A= HUTE T Level set
method+= Governing Equation> o} ¢} 2t}

%, 08, 0
at o oy

olwl, §=02 ¥ 2

0 (14)

=4 kel ARl H

H, B3 YRrE ¢< 08, B2 JRE > 02
2dEY. o] 42 53 WENO 7|Ho=Z Z&EF
3, NP AE 3% Runge-Kutta 7| o2 A
2 "k

A A A A ok7E = AAMEY] HFS WA
st7] 1% 271387} ofe 23 o] o] Fozitt,
¢.+S(p)(IVel—1)=0 (15)
oluf, S& o3 Zrh

_ ¢
Vor+ (1—Ivel)2Aaz?

e wRe H8E  do  RAse
Dissipative 574& d1237] 314 Hybrid
Particle Level Set Method”} &-&%t}. olwf 2zt
particles-2 ot o] 215 we} advection® T

dr, —-—
p _
o = ulz, (16)

25 Ghost fluid 7%
EA&HR JERET &
A A ] WM e
fluid method”} 2 &-#t}.
AL dERY] EXE Zb= ghost cell& A
goks ZolM &2tk 2 5 Ghost Band el A
= 29 AAZNA dHY &= 2oe &
218 AL o]83l] Ghost B2 ¢#EHI &
EE W ol&3th I Hol AEZ A

>



LSO
o,
u)
o
ol
>
ftlo
o
oo
ob
2
iy
rlo
2t
P
il
ftlo
p)
>

26 ZA=A
717:]]?-101]/&1& WA wrake] L% ol 2¥o] o

soild __ | fluid
v =)t (17)

27. Characteristic acoustic impedance

A3 3lE homentropic planar waveol| Al &%

ol

}+= characteristic acoustic impedance= T2 2]
HEsoh mjdue] 545 wo= Aojdn o)
o] & 19 A uH | 27 9] reflection ¥}

Transmission 22} Th2-3F o] 3|2 T}7].

e — G T— 2pme
me+ e’ P26 + P10y (18)
3. /él—?.l— gg'

1HEE A} R=0 m ¢ F& JFo=
Axial Symmetric®] Cylindrical Coordinate®]T.

Gap2 Z = 0.02 m%H Z = 0.0265 m<l 3ol
AABkaL glom, ymAe g9 BF oy
A &2 QM - 100 (Ammonium Nitrate

Emulsion)© 2 494 ok R = 001 m o *
< Free Boundary Condition®] Z&=o] gltt.
272002, 7=0 A XA +2¥Fo g =7
4% 300m/sE 1 "lo]ZAE % B FUH £
S =2, Gapel AH8¥d =42 6082-T6 Aluminum
7} High Strength Steel©]|t}. o] EdE| A8-2
=8 32 Table 1 ¥ Table 20 <} Sl
3, AF8%H Mesh sizes= 0.1 mm X 0.1 mm®©]

=

4. At Zot A

HI
1z

Ast® Ay 292 Fig. 4 ¥ Fig. 5 2t
Detonation®] Gap(Zt&H o2 ZA|E o] Gap
o AA™eIt)ol HEFsHEA e A F
ZHAE WA Eo 94 A oA &4
2 HEo}7lE= reflectiono] 1, ® ©E dus=
GapHl9] EZ=E I+ transmissiono| o} g
A, ol¢k FAlol mESIA gapd] Fdo]l WP
AA EZY " g oA &4, =H 9
25 Aol mE oA &4te] Al TG
=3

GapHl & A3l shock wavew A= Tha
AARE TUEA A & H T 7};]; uﬁq
A At shve el fAASE 1 duA =
A=Z9| transmission ©]1, = T e gap
WZ2| reflectiono]th o w A WAZ 1 oy
A - AEEHE 4HY Aol wEt $%9]
TR EZAA HASt= detonatione] A7
7} A drh

, gap WE Fol2+ reflection wavets
oA Tl 7 W RbAREC] g B
BAMe R Foteh, §1%Fe] iy =d=
transmission® gap WZ9| reflection®E o
= ‘)r““jr oj# gk g el RbEo] f|Fo 91|

oA EdolM ¢¥ peak #hol 5T

[]
S o
g

].

lo & ot o > {0 fo
Hu-lu:gltrlrn
KU
(RO
01)11
-
N
(3
N
N
q
fu
2=}
i
v
A
o
aQ
Q
<

ALE F&E olF oldHoRE E o)
1088 F<d FhollA EF 2(gap) = —‘?—*
oAl =4 2004 EF 308 SR ¥
steho g FaEE AR B 5
9] Transmissionft= 24 (18)Y ZAHE
AEo g2 AL Fgolth ol ot Ao

2pycy ) 2psc;
p1e1tpals Palytpscs

T= T, T,= (19)

— 345 —



Table 1. Material Property and Coefficients for QM—100 [SI unit]
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2.96965 1260 300 0.0367e+11 9.1e+6 1.0 0
Table 2. Material Property and Coefficients for Various Materials [SI unit]
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Fig. 5. Pressure distribution — detonation propagation through High Strength Steel gap
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