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ABSTRACT

Underwater explosion properties for TNT, an ideal explosive, and DXD-04, a
nonideal explosive, were numerically modeled with a one-dimensional Lagrangian
hydrodynamic code. The equation of state parameters for detonation products
for TNT and DXD-04 were obtained from the BKW code, assuming complete
reaction, Burn of TNT was modeled by using the Chapman-Jouguet(CJ) volume
burn technique, a programmed-burn technique, assuming instantaneous detonation
reaction. Burn of DXD-04 was modeled by using the same technique and by using
the reaction rate calibrated from two-dimensional steady-state detonation
experiments, The calculations for TNT reproduced the experimental peak
pressure of the shock wave propagating through water with an error of 3.0%
and the experimental oscillation period of the bubble formed of detonation
products with an error of 2.3%. For DXD-04, the CJ volume burn technique
could not reproduce the experimental observations, When the reaction rate
calibrated from two-dimensional steady-state detonation experimental data, the
calculated peak pressure was slightly higher by 7.3% than the experimental
data, but the calculated shock profile was in good agreement, The bubble
period was reproduced with an error of 1.8%  These results demonstrated that
underwater explosion properties for an ideal explosive can be predicted by
using a programmed burn technique, and that, however, those for a nonideal

explosive can be predicted only when a well-calibrated reaction rate is used,
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S5oM ot Bustd ZUY FATE £308 AT BRige] YHEE ol Fold
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2 olg g o] 3lef(ideal explosives)olet Rttt o]AFHQ Fefo] £FHU FPY
HIRt A (scaling law)[3]o] 2 wiBrl. B8 43(~ 1 kg)8] 3jefo) it 5 ¢
AHE B3l Y AS4ES AAsta, T2 ool tistds FAYL AMR3l 2 35
UEALS AASH= ol dubzyal Agolrt 2 HAY AFLES WS Y £53FUA
B Bdlo] AAR ool i, 442 ek AR hE-EY ko tisteis ddA AR U
th FEEUAY S fYstaE o W U3, BF AU Ao £0FHW, ¢y, sy
g dZol AU ML stefol tisteds HEAANI E7HsE ARolth

FZolA BEEL mtIsteds ek FAmtoux| ke 3tefe] WhgollA whAddle 7)Aje]
AU EE ZiXAUX|7L o §a5A g0t 2BE E3oflE Bt siite
Yzl & F71A1717] #1351 cizie] -9 RDX 5] 7|29 3joto] W& e vjay e ikg
do] v & dFulE 5o EFL A/MIIIE Hol Al Fygo|ch. oyt Z§, Eoie
Fhubgo] 271 At FAmUAlE 24ASHA Eu, JZAUAE A Fo1ich ==
2 uto]A] Zr2 o] Ao|(shock-to-detonation transition)7} - #&ulsleZrt, IrmE ut
SEEIE Sudatel ujxe d3o] nf A, AHFHOE olE oty FuUPAS £ g
< 73k O o822 E A JeHA durh ol HUES vlo|AAY HHek(nonideal
explosives)olg} Rtth. HHPL o] A g vites FHEAI ol vlo]dFd 3ot
of thstod ALxA7L Tasich  uielA ulolAtH el 3lefe] £FFJuUHEALLS Yol &3l
oigt ¥cl,

$1o} 22 ol fE U oo £FIURHE &Y + AUs AAAL AN 7P A
o] Wasdltrh ol AN syo] AUEH, Aol glolE Ex ¢ 2 A4 AHY
o, oo £F Houedg HIKE £, AYe £0FE AUE HALHY 4 9ot

stope} FtpAke 5709 fAl e WA A (hydrodynamic equations), &, AR, FF, oy
#|2] 371¢] BEYY 2 (mass-, momentum-, and energy-conservation laws), AFEl®}AEAl(equation
of state), 8|3 HI2<& = Al(reaction-rate equation)el] 2]3le 7lae¥ 4 glon, {FASE
FE=(hydrodynamic codes)& AMHE-sPH X302 1 & Y 4 vk ¥|E FHT JepyR
Al e oA x| o}, W o]EA/AEF At HAARAE Fole, YL FFY ALY
et Alo] oA ot uwigld HEEEAE A3k Fo] vlo| Al et Iyt Mt
sj4 o] BYo|ct

™NT 52 olataql Feto] #H9, whg&mrt vad w2y oo, FUPLE FALE
(steady state)E 713Y 4 glh. w2l £FAd WSS /B3I E AdAle] FUdALS vl
A z [y 4 ock. o] A%, A} 7]1E(ignition or initiation)o] BHH FEAl= A4tol
E7Hssh, o] S8FokolA Zudidde] Aatidelo] JI7MER, &3 dhg& 7R3}
X233 vbe-7)H (programmed burn technique)o] dg] AMEEI it £ dAFoAes T2
3 ubg7PE S sl ) AlANEE71H(CJ volume burn technique)[4]& AME-3te INT Ejele] <+
% S84 Aabs|A it
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dFolE Rttt e ulol Al o] Fe, WFEHETL HlRY 7] did] £33
A WhgE JHEER e e WP EE I SUEAE AWY 4 glon oyt o}
o Fuhihg 45 F BARE 4 Q& W&EAo] FEdy M| "ot £ dFelMe
olxjxl 5]l Lee-Bdzil 7I'J(6]& AME3le] Hlo| Q] FUKHYE Hol:s dFulE I
1 DXD-04 3}ofo] thsted RAF[} WIEELEMNE AHE3t $+FHUFEE Akl sigct

2 a7e EFe 1ad 4G T8 A3t o4 3ol TNTeh Hlol A Stefql
DD-048) 4EFUSHE AWPLEH ot £3 UKL AFY 4 A& AU S
st glch, o



2 =8 742 o gk A 2 FolMe fAYY ZEE AHETl FAFeR fAY
Y BAAES E Fohe ol disted s 4708l A 3 FeMe AN 7Y of
st Jladin, 4 oM AN AAE 718312 I AAE AHA o 2l B3, 5
oA 2 A7 ZES Pt

FAGE WFAL AY, &5, duxY BEYE, WtgolAe] slefn} Ui EL do%
A AElE Jleths Ay, 123 sleko] WEBALER uiHE 458 J|&dtE S
o2 o]folx ). o] UAHNES T HEFE SF0l2 g EF L At 24

agrangian Z}¥7|(Lagrangian coordinate system)Z WHHA|F|H, vt} L ANEE

AN

_,..
e
o

R r(a—u_g_P_ (2)
Uz BE 3,

PdE _ __ 3 (@=D
it = @ lPUr] (3)

G4 = R(P, V. ) - (5)

#8] HEolM, WH4E, p, V (sl/7p), P, E&} Ut 2zt WE(density), |3 (specific
volume), ¢}¥(pressure), Y| j{-ol\X|(specific internal energy), 28|31 YA} % (particle
velocity)& YERATE  EZ t&= Aj7toln, r& AA]2FEA (fixed-coordinate system)ojA{e] T
ZtztEoltt.  av= ALY 7)513E  FZ(geometry)o] HVIY A4EA HAFZ(planar
geometry), HEHTZ(cylindrical geometry), F3tR(spherical geometry)o] tid}ey zhzb 1,
2, 39 k& Z=rh A= HEZE(reaction extent)E UERM, ¥hgo] dojulx] ¢S 3jodo
Mg 0, ihgo] UM etoldE 19 & Zteth  Lagrangian A #}2}¥(mass coordinate) M
< thxat o] "t

dM = pr“ Vdr (6)

4] (1) - (3)& dAx(heat conduction), EAF4it(mass diffusion), ZHAJ(viscosity)o] 23t
2% % ol (momentum transfer)3} -2 o]FW4l(transport phenomena)d} EAe] Fojzl: 29
(gravity)& FAIYOEZRN dojxm, o] 25L& Euler?] 2%54AAl(Euler’'s equations of
motion)o] 2} ¥tu},

- (3)2 a4y n]E WA A (hyperbolic-type partial-differential equations)o)
L E WAAY slols =] $ZHu}(shock wave)7t 'HARTE ATl WAL ALAY
Holg WAL 7]E3e AgAojr). o] £ZAu} (shock-wave front)S £3F o HoLsln
2 AT JGFoAM e FLEi4(spatial derivative)s FRIthrt HBE 428142
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7o BAGel Aito]l EaFstA Hch. 1BE, olF WAAEY +ABE 1317 Hslo
L olZAL(artificial viscosity)E £33l A3 XEAY o] =} 2l (parabolic-type
partial-differential equations, @AY WA2o] olo] &¥)el HelE ulfojol ¥l ol&
EEAY ol B e YA R AL ol&she Foltt. ouf AFAEE F
At AN E IA 243l A EUAANE 7L, FHTEAN gt Hold o

A 3 F%o] of-f FHojo} 3ttt QUFAE g A 7HA el B £ oL} de] ALg
H gt AE 9 31R|&= PiC(particle in cell)[4] Fel2A, vz} Zch:
_ _ _Kdar ,, U QU
a = ZV u or for ar >0 (7)
a =0 for -%—ra <0

A71o)M, K= ol Ard FF(space interval)ojth. UFHE q& YHY THE 7}
Ao, A} (1) - (5)elA <te P chaloll o4 Pot H 34 ) (P+q)& AHBRITh oY
% FFuE] o8 Y FUVHLE Hilsle], FAEUFY ol I He Ae ¥A

TE e, o] FIAe FAe AHE + e dolch. A (T)elA, (dU/ar)Y 2
SAvbd ZAcA e e I, FATRNA 4 ojd RolAe I ol MY = US 3
Eol2z, AxtAzjel & 4¥& A=A derh

sjofzl Euiub-g A3 E(detonation products)?] AelWBAlS IF=of ulel I PelE el
th & Aol Ms HM AT B A[71& ARt HM He B Aol Ao of st
X 3¢} Hugoniot FHE 714 (reference line)o. 2 3H= Mie-Griineisen AYElHAI[8]Z,
Zapitg A 71A it 0 AE Ak FRAERD JUE JIEHLE = beta(B) 4
NG AA 918 ARtk gEQl sleke] st T AEURAE BGEo ulel Zshe
AH-&-%ict,

ChEE Sl 34 2] Hugoniot ChYH O olefe} 2 MAALE FojATh:
D= C,+ SU (8)

oJ7lollA, D= 243} 4 E(shock-wave velocity), U $Zu}o] 23l 53 mAY YAE=
(particle velocity), Cs= 2<%(bulk sound speed)o|m, S Hla|ibgolry, e} T2 MY

Hugoniot& A}-&3te] Hugoniot FAdidolrel SZAuehy Pust wlURolyx] EBE Fshd thaxt

e NEE 9& 4 Atk

_ Cg(Va - V)

P = v, = s(V, = VIP )
— C%(Vo _ ‘/)2

Ev = 31V, = s(v, - WP (10)

of 710l A, ozl A} H= Hugoniot FAAdellMe] ghg oujsin, ofHx} o 2I|ZA(YLHL
2, 1 71} 300koi 2] Zh)& &mztch 4] (8) - (10)o)] &3} Hugoniot TFiditollale] el
(state)= ZAAHU, Hugoniot Z4 18] FEolAe Aels Z23Y 4 Qrl. 222, gy
l AefWA A 2= Hugoniot BHE 71EAMLE A&3H= Mie-Grineisen el P& AHET
th. &,

P, — Py = (I/V)(E, - Ep) (11)

oy 7|04, I'= Griineisen T}2lu]€|(parameter)(= 1/Vs [aP/8Elv)O|SL L Zt I'/Vs = [o/Vo B
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U812 e AAtEm, olHx} s& IA(solid)] EHE ouigrh. 4 (8) - (11)& AH83}
H,  FolA uFouiz|el FulstelM dele) gejele] U ARY 4 glch

Befe] W4 EY dele Aol chste] AMET Mie-Grineisen AEA A2} Hl¥ Feje
B BEIBAE AT ojd J|EHLEE U FE Ave FIERY JAUE ALY, 7|
48NN AFE: B(= 1/I)8] T AHE3le] theel Ao ostel Fbhikg 471Nl of
3 AP} UFoux g APk

Py Pr= (1 BV(E, — En) (12)
A7elA 7 Edel M2 ek olele) AEE ol gsle] Angck

n(Py) = 3 bl (V)19 (13)

n(Er + e) = 31 ;[ (Pp)] ¢ (14)

n(Te) = 3 d;[In (V)]0 (15)
aglx,

. Ay _ [ dln(V,)
B = Vf( aPR)V, = 6111(TR)]S (18)

olefHAL gol RE Ztz} 7lAle}t Z1EAdolA el L& &nsin, by, o, diE BF 7I9HE A4
(fitting constants)olth 4] (14)oA A e B8RS HEE 4 ST FAI517] ¢5ld
C3E Adolth.  #1e] AEOM, Py, Ta, Ead BKW IZE=[10]0] &J8le] A4t® € L A=
SUEREY ZHE 7]9gE st dojAc],

Helgelld dFR upel o], Hudae] A Aol W& EA o] Wash] oy
T4 Eefof tiste] Rbg&xof Tyt FRIL g Folrh  IEU, INT 5 o] A stelof
tistele USEEE FAStE O o8& AMEStdE Y Z¢ $2 ZAE €& + dch
ol B¢, oo WSLHEAS AMEEA EHid, P4 AT Aol lout il wixy
AAE 45 F vk ol BYY /EE dutFes Tead wgryelet gk o] Fo
A, B dFolA AR w2 0 AF wgrpieH, o] WHdME 7 A(cell)d] NEE
A7b 4&FE3 Zria 4R &,

Vo — V

A= RACE (17)

o7]elA, ofeiH=l Clx CJ HeMY k& ofuigiel.

A 2239 Yo Suvte] WWLEE nle] FIEAL, Heygenced] el o5t
o FWUIE JPAFIL Fiwprt ¢ Ao £eshs A 3 AulY SgeuAst UEEE Ao
2 ZpFch o] JIHL =Evt ©hedtn Z2Iao] foldtn FHUFAe] oyt Mgy AN
€ K737 wiEel i del ARz ok zu, ouAst FEs wasd oy sy
Al Aol LAY + glck O AFHNSIIEL & o WS FUFH oy ARE 2781A
2 olux]e W&ol o AT Aol AX dojuin EY Fodule] URKEF nl] AASA|
%71 2ol & o AA @4l Ji7he AE @& 4 Atk Y, o] PPN E &2 AT
HMEE AMEstolol st2e Zuiulrl o8] FAVFH22 HAl: o] gl E dFohe
A7 YL o] -&3le] ™NTY +F FwdAe AHAstsAch
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Bhob BN SENS B/ 1FVYY AWRHel Y FAY KBS NEEY B
Aol tistols WE Q77 ol FolA ok oleiR AFol TR 274 & £ welwl Yo

BE o7]olHE & Aol AR & EA o tisteint tefs] AsfRic

Fee 3of Fuhitg &EAlof cfit A= &EA0 FElE FEFLE AR {AGY
IAEE A& 1A Z1EWY AEAAE A8YE 4 URE AFE ZF e LR olF9
A gt} 3L}, Lee, Persson3} Bdzil[6]2 9AY F ¥} (detonation shock dynamics) o]&
< Bl vlo]dA A lefe] IE&LEEAS RASIYTE  o|EL FuAEY At AY, &F
3, oluA] BREYE, JepdEa el EEEA SR ol FojAL WAAEY Fol R
A2 3fi(solution)eh= Holl 2eiste], oz &3 U= APAAE B3l YPAE 5 RE
3 e AR HSEEAS BASCL  Lee 52 HUBA WA ES EA HBS F3lY
Hl2F AeE] E o Qe 1 AR wados P o] AnlE wHAE o' Hof, 2
2 Fadel AgAQ FHote] AR F& Atole] FA|(diameter effect)} Fxgdupe] H
(detonation-front locus) &2 AP AEE M3 FUAYSE VY 4 e U&=
AlE @At Lee T2 W& EAY YelE nlg] AAA U FAGQYHA A o3ty
FE=E 3yt ozl F[5]2 Lee Fl6]o] AR Wilel] o3t dFnmly A3
DXD-04 tope] whg-&=Alg At &,

A = 122.6(1 ~ )" exp (~0.7984 p*1/ P22 (18)
od7lolA pE gren’ TS WE, PE GPa ©9le ¢, t& s ©4]e AZtolth. & dAFolA
= 4] (18)& 283} DXD-04 3tefe] 3 ZUBALE HAIs|AsIA L

3. ALEHA 7y

3.1 Aatol] 2183 AYe Ae

4% T go] AHEY TNT Blor2 WUl 1.64 g/en’olm 37 154.4 me] FPOT, DXD-04
3}o¥(RDX/ammonium perchlorate/aluminum/binder 24/43/22/11 wt%)& WX 1.78 g/cm’oln A
147.5 o] 7P o2 Z§FAstdct. F o BE AULS 2950 g2 FUIA sict. AF
ok booster) 22 WUE 1.6 g/cn’®] 73 composition C-4 B}eFE AMEslglom, TNT FRbebo]
ASole A7 30 m, A3 28g, DXD-042] Aol A7 30.5 m, A3 50a, P4 T
FAell dxistddct. o] Aysterg 4 10 o] XA FEFAFAL, o] ete 2 HE WA}
= % 345 4¥E FHaogHY 3 - 98 XA 5 UY A|RE A& &)
Aot EYR g AEEER o|Fol JIRY AFFIIE R4l MX|E nlolanE
(microphone)& AM&3lod &A@sigct. 435 FUAEY A= Fig. 13 Lo Axlsidct. =35
A gollM @2 Arld FFne] ¢d¥} 71X AH5FI]1E Table 1o] 4F31gic}

Table 1. Experimental data from underwater explosion tests,

2ol Aed 323 ¢4 (bar) 7 ERFF7]
- 3 i (us)
TNT 228 168 261
DXD-04 208 ' 179 341




l

MXB-4
MXP-1 i Digitizer
Driver Driver £
Microphone Amp.

) “T* | HE.P.
= 2]

I Trigger '

Fig. 1. Experimental setup for underwater explosion tests.

3.2. Axk3j4 1Y

2 dFolide dysteto] Fyoln o] Ty jere] AAMA JFAZLER IAY 4L 1
A} FPog FIgct. 1Y FAYY FUol AT composition C-4 FFFL, INTS 7
2ol 1.213 wo 3718] A 12702, DXD-042] Z$ol= 1 mn 7)Y A 2072 veglen, A
Ha) de] WEEE 18 ol o] A& 71FF % ARgsidet. NI F3e2 1.252 mn 371
A 50702, DXD-04 A2 0.9 mn 271 A 60712 Uit FAeF ojie E2, sterzil
oA 1 m olUjollE Aol AJE 1.5 mE, L o|FEE 107IAE o8 EE2LE o] A9
3715 2.0~3.0 mm olufell Azglo] wiel FxpH oz FIAA, A F £E& F B¢ BF ¥
4000702 3tch.  AjZizEE-S AZRFAEH] ¢BEE 2l 0.01 usE APt F
Aut gt AL E AA dERA FUIA BE Sl 27IUY & 2 barE Y3t
71E8] AFF7] AxoldEs AT ©BEE fIst, 271 49 100 - 2000 barg] HgoflA
AAH 7120 A527)8] 1HE& $9 2 barE &J4l5l A@X| o] cf-&3h= AAXE dorh

3.3 Axs AFL S AR

2 AFoA ARSI HM FelAAoME A B gAY FS §FH4JEl (condensed
phases)oll tisled, 21 (8) - (11) ollA&} o}, HugoniotE 7|EA L2 Jl= Mie-Griineisen AJE]
A ARgRch Al Ao AMEH A5 7hE Table 20 £5314r}

HOM Zeig B Mol 7hargefel FeldB A2 GRS T3Ashe TAERY FAS Jgde=
3l beta AEIUAAIG AMg¥tl B siao)A AMSY TN} composition C-4 Zlefol cizt 5
JdE=Z3 F4Y 714%E ATES B Z=E(101§ AHEsto Adstden, & 3o +531qlch
BKW Z=& 3fofe] 24, Ux, AUz QAR HE, diEe JUPEEY Afolul
Z|(Gibbs free energy)E& | 4Bsh= WhHo2 Hikx| =W Mgt AelE AT A (16)e]
A g odRe], YA A e FolX mlAFSA A (15)F nlE3te] Eol3ch
2 Mol ARERE CJ ARSI ATE AHEEE UMY YAEE(Ua) 2F vlAA (Vo)
o] ZHEX Table 3o $Sst4ch
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Table 2. Equation of

state parameters

Abg 2 composition C-4 ™ TNT DXD-04
po (g/cn’) 1.0 1.6 1.64 1.78
Co (mm/ us) 1.483 2.39 2.1 2.25
S 2.0 2.58 2.58 1.8
r 1.0 1.0 0.675 1.2
Cv (cal/gk) ™ 1.0 0.4 0.4 0.26
ar (1/K) ™ 6.0x10™ 1.82x10™ 5.0x10™ 1.5x107

¢ : HHu|Q (heat capacity at constant volume)

2
3

ar: MY A% A4 (linear thermal expansion coefficient)
: composition C-4 Bjee] S&4El Al A4EEL Atz 2 FBE )
22 ¢jome FHe) Ruso] glx] o2 A4t HAs MBS

Table 3. Fitting constants for the CJ isentropes and parameters for the CJ volume burn.

A4 composition C-4 TNT DXD-04
b -3. 310314 -3.682037 -3. 555302
be -2, 479521 -2.347354 -2.293060
b3 2.184403x10™" 2.433056x10™ 3.378271x10™
by -4, 364660x107 -1.587291x107 -4, 801696x107
bs -1.378974x107 7.234051x10™ 2. 742050x10™
c1 -1. 518809 -1, 540093 -1, 569032
cz 5.354022x10™ 4,810369x10™ 5.223480x10™
c3 7.233409x107° 7.131012x10™ 7.578653x107
c4 5.412677x10”° 5.126562x10™ 6.031022x10™°
Cs 1.696404x10™ 1.384498x10™ 1.830272x10™
di 7.656719 7.568542 7.993717
dz -5.110052x10™ -4,186292x10™ -4,562920x10™
da 7.432831x10™ 9.667027x10™* 1. 484669x10™
ds -2. 455482x107 -1.276227x10* -3.143977x10™
ds 7.726335x10™° 5.423225x10™ 2.493616x10™°
Cv (cal/gK) 0.5 0.5 0.5
ec (mbar-cm’/g) 0.1 0.1 0.1
Uo (mn/ s) 1.970 1.767 -
Vo (cm’/g) 0. 4628930 0. 4513780 -




4. 43 2% E9

1 X} Lagrangian I =& ARE-3te] TNT 3o} 3 kgz} DXD-04 B¢t 3 kg +F FHUA|EE A
B3l Btof FAlogRE Az 3 nt 4 nolMe] £F FFule] AT YUY (peak pressure)S
Table 40 E3tgct. = 4oiAd, T30 1g7|He] AdFYU ¢ AY LIPS A8t 4
3R INT 3 kg Bpofo]] cidt Aatsja Az Aol vf¢ & dxjsH= RAe2 Jeiyrh 29
U, 22 NRg71E& DXD-04 3tefol 83 Azpe APXL 30% oY ulf- & Aol RAF
sttt ol MNTY] ZRojl= Eububgol nfg wi2A dojur] wjel] T2 W-grgel ¢t
HQl whg 7133 vl A dxsh, DXD-049] Fhih-g2 A dojuRg 22 i3y
e 7HE3 & AlolE Ho|7] wiEolvh. 1R DXD-042} Z2 ulo]FAl 3ote cfsle:
2239 HgEE AMNY £+ gon, A RAY UEHEAE ALg3toio}l YTt E Table
4oll= F3A] YRR, T et BREY FHe, SUFMAML Azslt S wiel, W-gU)
W BAGe] AEXLt] o217t Frlshe A2 Jeldoh e Suvbg AG7IAY ey
BAlL sjofo] oA 0T (W] WHERIthE RSt dojzon, FAnY] Hutaty Al
M= o] &Ao] wix] fajestael dAont o3ty WMy PR3P enR, olgyt 7}
Botol A AAE g MEXET & Fubo] glon, I A7 BuFAdo2 e Aslst d
A5 FrstA "l

Table 4, Peak pressure of underwater shock waves at 3 an 4 m distance
from the explosion center,

7AzlE 43 49 (bar)
ste} T
3nm 4m
Al¥ ) ) 228 168
TNT CJ A 3ukg 235 167
2} (%) 3.0 -0.4
A A 208 179
Hhe & e Al 222 192
DXD-04 L} (%) 5.8 7.3
CJ A FH-g 278 238
23} (%) 30.8 33.0

Befe] FEg AabsiMolde dolAM Zlat At GFUZol AFIAEE AHEs, o
AZF=2 ol wiel AFUgo] A HlA "ok AFHEY AFE A 4 A5
Y2 AP /AN AA = FFzbdo] @nistA Heln, yA ARsid FAwAL sinE
A HG ARAR A2 oA Bk 2eE=, At AEAY vlas FFgee] ok
gt Y& 7IELR ofFoiAof jirh

TNTS} DXD-048] 4% JuAg Hisiyeosry oz Aguyzl dPoZXE dofd uhy
& 72} Fig. 29} 304 wlastich.  A4H 343 = A3 ABR R} oF2H20~30 ps)
watoul, myFY vlaE $l3te] YR EWAE AT A 2ol AP K}
ozt whE A2 A" 7Y Aol ARA R} % £ wiEe)] & ZAzjelth
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TNT (3 kg, 3.07 m)

250 '
[ ! ———- CJ volume bum
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Fig. 2. Shock wave profiles at 3.07 m away from the explosion center for a TNT charge,
Arrival time of the calculated wave was adjusted for easy comparison,

DXD-04 (3 kg, 4.06 m)
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Fig. 3. Shock wave profiles at 4 m away from the explosion center for a DXD-04 charge.
Arrival time of the calculated wave was adjusted for easy comparison,
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log(# = 2.783 — 0.858log(Ppu) (20)
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Fig. 4. Bubble oscillation period for a TNT charge,
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Fig. 5. Bubble oscillation period for a DXD-04 3 kg charge.
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