Korean Chem. Eng. Res., 52(6), 706-712 (2014)
http://dx.doi.org/10.9713/kcer.2014.52.6.706
PISSN 0304-128X, EISSN 2233-9558

HMXO| Q0| W Alfors 3 SBapss 2

H3S - S - LY 2 Dx TS Y B

Jor

AMdEtw ke85
120-749 M58 AdiET- AAIZ 50
o ela 3485t}
305-719 tAFAA] H797 AR 125
* *—}HO]—_“VL}@]—Qi TA
305-600 thA3AA] H37 FAFA= AKE 355
(014 39 31 AH<r, 20143 59 24U 98 A, 20143 52 29 A

Maximum Pressure and the Blast Wave Analysis of a Amount of HMX

Hweeung Kwon, Kyongjae Tak, Junghwan Kim, Min Oh*, Jooseung Chae**, Hyeonsoo Kim** and Il Moon

Department of Chemical & Biomolecular Engineering, Yonsei Univ., 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea
*Department of Chemical Engineering, Hanbat Univ., 125 Dongseo-daero, Yuseong-gu, Daejeon 305-719, Korea
**The 4th R&D Institute-2, Agency for Defence Development, P.O.Box 35, Yuseong-gu, Daejeon 305-600, Korea

(Received 31 March 2014; Received in revised form 24 May 2014; accepted 29 May 2014)

o oF

pedl =
Foke 1o oUIAS TFh WY Tol] Hulo] MAT A9 P, S A, &% D ;PSP
Za A 0] e U e Bl BEsel RS sk meb] Sule] ofat ok Bl EEwie] Aol
ok Festh B ATIE HMXSE 2 nESoke] Hrh et 9 FF} SIS BT WA HMX S
B30l w14 298 AP TS WAYHRAOH HMXS) ol W Zuba|Belol4S Fato] Hrh 19} 2
EFst SES BT T, F80] Geometry NN Uolrha ZPgska A At BEst S
Zagold sl Sl $1X19) FBE LA YELOR ol §H TNTE 3] ARelold % 24515 0m HMX

U

A
ol mlgho 2 HMXS] ATialel sie) 5l BEoEEE delsigin, B Qe HMXh 3 2
galeto] Zursiols 5 Al e W BEAEE ALY A Z)zellE $43 5 ook

Abstract — Explosives are reactive material that contain a great amount of high potential energy. They produce deto-
nation if released suddenly, accompanied by the production of strong light, high heat, great noise and high pressure.
Damage at surrounding detonation point is affected by high pressure and blast wave for explosives detonation. Conse-
quently, analysis of pressure and blast wave is very important. This study focuses on the analysis of maximum over-
pressure and blast wave of explosives for safety assurance. First of all, four cases of the amount of HMX were selected.
Secondly, maximum pressure and blast wave were calculated through detonation simulation along with a set of TNT and
HMX quantities. The peripheral effect of detonation point was analyzed by calculating overpressure and absolute veloc-
ity and considering detonation occurred in the center of geometry by HMX. Also, maximum overpressure and blast
wave of HMX were compared to equivalent amount of TNT, which was taken as a base case and verified through the-
oretical HMX graph. This study contributes to the base case for overpressure and blast wave of complex gunpowder
containing HMX.

Key words: TNT, HMX, Detonation, Explosive, Blast Wave

"To whom correspondence should be addressed.

E-mail: ilmoon@yonsei.ac.kr

fo] =& Mgty &4 wrdel Ads 7Idstel FauEglFyth
This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

706



HMXS] ol uhe s

LA B

oA AN AFQEERE ohufE} AL FofellA o] ARE-
] ARl TR ERS TNTS} 28 aZglerolebar 3 4
ATH HMXS$} - 1Zgloke %Z‘% NUAE Eeatar glom UH
T HE S Bl =2 ¢ A5 A ek ar
spef Fk A ¢ 9l FFuE o] B %”a“’é%k
o] F .31
TNT 4 HMX$9} 22 1Z 3]k s;am AaLe] A= A, It
%5}7]' T2 AukEo] UitH2). arFstepe] o)t sl v
2 ZFSto)7] wiioll Baker= % %}% =7dsP7] flato] FI9
AHY A] 71F0] B= INTE F5oli FLAIZTH3]. F¢E557) v
Eglokze] Flkalols vl At s 4 sk
o= F=2 FolM 9] F oM7L Aol ot ARl AdE
@f“} %‘ﬂea oL :‘L‘E-L}W}ﬂc AR Ao AR a1 QITHA4].
23 TS VL0 ® TNT Bds Arteial ot ‘:”]ﬁrﬁL
Aol ] J?SH}\L_ 74]*}0] 7Fs3tAl HATHS]. ¥ AT ES
43 CFD(Computational Fluid Dynamlcs) *]EEIO]
OPO% UﬂEV}J} b A] 2k J)3) oS5 el ARk
sid W Ry AdE Ae F7HE Bl F
01'021 AlE#e1A SHATH6]. Lee TR 7kAZ
‘“1} HIWSHAI[7] 4 & ‘il ik AlEYo)l S
Alell 71018k eH8]. oR1E W ek AR 11
FAsk7] #1ste] Eulerian solver— AR5l AaE 7
F718 22 Lagrangian solverl*] Eulerian solver® Ato
WAkl WEsAT-E JASIITHI]. AAEA] vheket 4t
Fote] Tuel s fatal Qlok TNT % HMXe] %2
A 28 A pA| gkl xR 0% 7hA AR Wiglskal o] 9k
Al ko] jﬁ%%}oﬂ ¥ e e e SARE ddetar
of &S Fot. sleto] ket A AT oY WA
EEZ5} S AR FARS HALSE 4= 9lojo} i}, slok Eula)
A2 ZAERARS 1950301 A= 91o 19602k 19703 H el
oA ofe] 7HA] =] aiA 7 Ee] EhekAl X1 It kel
A2 A 242 2]t (Eulerian), 2} 1%+ (Lagrangian)?} ALE
(Arbitrary Lagrangian Eulerian) 3] ©.2 1-ro] AE T,
NEPeE Fk A Fgfoli} ZFurt ol HujE]o] HEot
Al & FE = 7 7] witel] mEsleke] ik Pkl st
o] ggel Jrprt HQsitt. 2 ATellM= ofe] it d o) ES
71%22 319 D Geometrys 2 } Lagrangian®} Eulerian
‘ﬁg E’\]oﬂ o|g3fo] FL AlE ol dE X O]-Oﬂ"/]- HMXS] &S
HFRE ARESto] Hof A9t 9 ZE ok s SEeola s
OJ i’g—%@r‘m’ TNTS} Hlwate] HMXS] 2ozl Hoff et 2l =%
FoEwe] 2715 EAEh

o>

—

Erﬁ_
HHW”"&““*
o (Y ot o 2 X |

rE
HHN' o
.

5
Eml‘)mhm
%

N ool
ole Cﬁjl?_]:
QL‘N«EEN

N

2.2 B
TR e AIZE ot gl dltRe] ouR7) WEshe
ﬂﬁjzﬂ %@}140@%“a‘ﬂﬁuj}ﬂﬁmwnﬂémwiéﬁ
m:a ¥ %

i
rlo
o g

o ]7]3]_ _-.L_H1-§],b‘1—

T
b

w] 3Ly
>

L] 707

d (o]

(o]

o)
e 2 gl

2
:

o]m] 7323t oy o] eJelo] wheks F2R 7}
71A) e s Aol Z1A] AR i slels
T}, Zako ] g]ﬂ Zalyl 318k Zulg Ui
FAs ZEAo| 93t =)

]l Fitolu] Akg}, e, S5 Bl Sk Fo) 3}

¢

)
=

(¢}
¢

=5

oo
™
of
oo
N,
k=)
b
é
1
r&L‘
J]-H
mﬂ‘.
W
E

o]
it
> o

o @ ox O =
=

&

e

i)

M2 g ofn
ok O,

>

0;

s
T
1_,

0]% 18991 Chapman} 1906%3 Jouguetel] 215}k
A= 5453 th= CJ(Chapman-Jouguet)©]
| x.0] o]Roltt. CJo|EelA FEES F=
k3t oA B3kt g s}

[e] O 2~ O
g A B 548 2

Ik, CIOIE-E Seo] 714 0.2 kst wES3] o)
] %@—;}E 7].7(-10] 0101\:]. §}0bo] EHL 1\]
ol Bl ] Al siotel 271271 B whg ) Al
b}, S, MINkg-S Buke F75e] dsh 1w

g I 2

@

oo o g
e

o

5

2
>
ol
3t
L o
=)
I

Ry

)
E
o

o

4 2
o my
lo
&
=2
°
RS
it
mﬁ
3

2

oA gL
]
bz
i)
5
dlo
L>

=

o, oX,
o 1> ofo
=2
=

(o
iy
ot

B AEE =102 F3FIH10].
Hofdriar 71g gk o] 20)7] o] TNTS} 28 s} Zllof] 2 uh=
|2olm] ik k3 o] it

TNTS] b 52 b dx|eA 2] o) AAR s} WEse A
A RO R A TNTZF Fdshd 1A TNTE 2L

(')
—
r

1y

3
i
i
pe
i

)

Fig. 1€ CI FHlele-4 ashe 210 slelo] 020 Zut
3
v

O

3910] hAw Ao} doju EEshe} e oA S WEet
A EER 39 FPEEsL BRE olF 1A S 0w otele A

SAE, R 5 WS §k) G0l S0
Aeel 9 we) ZEoje] FL ulg FH AT vl
AEP AlZte] A b t)7] o g uﬂowr;} Fig. 2= 0|24 0%
Zx]4 0 B HE] o] 3 X Ho A S E A7l whE Zulk ok

CERIE1], Bkl wAlshl Gele QAH o Fole 5 1)
sjof o] Qo Wl wb AR kg okl dus, £t
H_,] _,_x—l Z—]H%kﬁ_ KeXo) 01%./:‘1]'_1_’_ ﬂl:]— % §}°‘=0]14- 7]_ %
25 AREo] tdell eEehs ahd F oFEe 23t qbeol] =l
T 7] HEI BEE o] flste] Wolink, 1AL AR 5%

Pressure

Volume
Fig. 1. Chapman-Jouguet detonation [10].
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Fig. 4. Pressure variation in accordance with explosives quantity and distance (TNT and HMX).
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Table 2. Maximum pressure in accordance with explosives quantity
and distance (Over 7,46 kg of TNT and HMX, Unit: kPa)
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10m 708 1,650 2,650
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7.46 kg 21.1kg 471kg

2m 19,100 28,300 34,000
4m 6,610 11,800 16,600
8m 1,820 3,670 5,880
10 m 1,120 2,390 3,900
15m 462 1,010 1,770
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Table 3. Maximum blast wave of explosives quantity and distance
(TNT and HMX, Unit: m/s)

0363 kg 135kg 2.17 kg 327 kg
2m 1,610 2,510 2,750 2,960
4m 635 1,070 1,430 1,870
6m - 671 816 953
8m - 445 562 679

0351 kg 134kg 2.17kg 325kg

2m 1,960 3,040 3320 3,570
4m 764 1,310 1,770 2,290
6m - 816 990 1,160
8m - 542 683 824

£ s Eske] vlwste] B S5 Q1o Table 2& #of #ASHE o+

Table 3 Z40lA TNT Y HMX9} 22 71Z 3|0k En1) A 7} 7]
glof w2 Ao A& S et Table 3014 71252 TNTS}
HMXS] ofo|r] AlZFHe F4] 02 RE] 9] #gloltt. TNTS} HMX
o] & ST7MA 7HAA Ei= ArlE WAste 7 PAA Fd) FE)

TNT Explosion Abs.Velocity(1.35kg)

3.00E403
2.50E+03
200403
Q
% 1506403 —m
k'l —4m
L]
v T
3 1006403 i
.<n —8&m
5.006402
0.00E+00

000E+00 1.00E+00 2.00E+00 3.00E+00 4.00E+00 5.00E+00 6.00E+00 7.00E+00

-5,00E+02
Time(ms)

TNT Explosion Abs.Velocity(3.27kg)
3.50E+03

3.00E403
2.50E403
2.00E403

1.50E403

Abs.velodity(m/s)

1.00E+03

5.00E402

0.00E+00
0.00E+00

2.00E+00 4,00E400 6.00E+00

8.00E+00

1.00E+01

-5.00E+02
Time{ms)

I
3
g
3
§

Abs .velodty(m/s)

W EZglar B
S TS A

711

S5 EESIRlth Tkl TS A AdSet I 5
7Fehs A3 Kol FHkakell #AIgle] 2m AHeIM INT=
ok 1,610 m/s, HMX:= 1,960 m/s ©]32] ull-$- w2 &5 Wi}
Fig. 7& TNT9} HMX2] -FAkst fo] Zk}91-S 739 HMXZ}F TNT
Hrot 1.20~1.220 ZZ0557F =2 AS & c}.

e
52 o

2

=
ru

= AT aeluAEd F Astete e T Hakgo]
HMXE el mel F Al o] A —% { gatolom Ho #t gl
EA*E%: AnFetnt. areuAlad & the 2]l 249 TNTZF
ek 7395 TR shar 741*&% HMX] Frj 23t 8l #5
sttt HMXS] Sof 2iqke: 4] 0 27 E] A7} 7}
Jol Ba5 vk, SXHA O vl whE Nhgo] wh el

A7} EH 0 2 A °F 4,190~13,300 kPa H$19] 32 ¥ %}%
st ofoll TAe] 2m AeMs UFE And Jre 91
= 7Her HMXe] o] & el wdktE A Al
i 2 Fh Aok Bl Ho) FEuEEE HMXE] el wt
°F 1,960~3,570 m/s?] H91E H3ITE HMXE} thE=l TNTE H

I_IPrl_ll
T

.I>m

Sk
=
E}

D&

]

oﬁi

_l

HMX Explosion Abs.Velocity (1.34kg)

3.50€+03

3.00E+03

2.50E+03

2.00E403

1.50€+03

1.00€+03

5.00E402

0.00E+00

0.00E+00  1.00E+00  2.00E400  3.00E+D0  4.00E+00  5.00£400

-5.00E402
Timefms)

HNX Explosion Abs.Velocity(3.25kg)
4.00E+03

3.50E403
3.00E+03
2.50€+03
2,00E403
1.50€+03
1.00£+03

5.00E+02

0.00E+00 =
0.00E+00 100E+00 2.00E+00 3.00E+00 4.00E+00 5.00E+00 6.00€+00 7.00E+00 8.00E+00

-5.006+02

Time{ms)
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