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Table 1 Characteristics of balloons used in the study

Average | Standard Partide x

|
Name | diameter | deviation | densitg' Structure | Material 3 Note
(mm) | (mm) [(g/emd)| 1 -
GMB | 0.047 | 0.019 | 0.212 | Mono-cell | Glass | “K-25” of 3M
SMB | 0.49% | 0.093 | 0.230 | Multicell | Silica | Jiltica balloon
I P A Acrylonitrile/ . Expancel
RB-1 0. 053 4 0.023 0. 027 | Mono-cell vinylidene chloride ; 91 DE
T i T I T T
_ | i e | F‘SO ED,
RB 2 0. 07? \ 0 029 0.022 | Mono-cell Acrylonitrile | Matsumoto
RB-3| 0.472 | 0.062 | 0.051 | Multi-cell | Polystyrene | Lxpanded
polystyrene
* . Expanded
_ l -
RB-41 1.728 0 2737 7. 0.032 | Multi-cell Polystyrene polystyrene
- . Expanded
RB-5 2. 420 | 0. 403 J 0 064 Multi-cell Polystyrene polystyrene
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Fig. 1 Explosive for the optical observation test
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Fig 2 (a) Streak photographs of the emulsion explosive sensitized
with GMB with the thickness of 10, 20, 30 and 40 mm.
(b) Contour of the detonation front derived from treating the

streak photographs

(c) Detonation front curvature in each explosive sample
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Fig. 3(a) Streak photographs of detonation front in the emulsion explosives sensi-
tized with different sizes and materials of balloons
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Fig. 3(b) Contour of the detonation front derived from treating the streak
photographs
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Fig. 3(c) Detonation front curvature in the explosive

Fig 4 A streak photograph of detonation front in the
emulsion explosive containing RB-4 with a di-
ameter of 1.73 mm
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Table 2 Detonation velocity and curvature of detonation front observed in emulsion

explosives sensitized with different kinds and quantities of void materials
) w 1—¢ Dy Dg, S | & | L

) | (g/cm’) | (m/s) | (m/s) | (mm) | (mm) | (mm)

GMB | 0.05 | 0.90 | 0.585 | 4040 | 4584 | 87.2 | 2.97 | 1.36

GMB | 0.05 i 1. 05 0.711 | 4670 5292 60.5 2.35 1.97

GMB | 0.05 | 1.15 |0.796 | 4760 | 5742 | 52.5 . 2.57 | 2.3

GMB : 0.05 l 1.25 0.880 | 5090 6169 72.8 * 3.64 1. 61

Void | dg
material | (mm

SMB : 0.50 | 0.90 | 0.578 | 3980 | 4548 | 59.7 | 2.13 | 2.41
|

SMB | 0.50 | 1.05 | 0.707 | 4070 | 5268 | 56.3 | 3.66 | 2.27
SMB i 0.50 | 1.15 {0.793 | 3510 | 5726 | 49.1 | 5.43 | 1.98
SMB | 0.50

1.25 | 0.879 | 3340 | 6160 | 44.3 | 5.79 | 2.71

?
|
RB-1 | 0.05 | 0.90 |0.640 | 4720 | 4981 | 70.4 | 1.05 | 1.02
| |
|

RB-1 | 0,05 | 1.05 | 0.750 | 5150 | 5568 | 48.7 | 1.04 | 2.39 '
RB-1 | 0.05 | 1.15 |0.824 | 5380 | 5904 | 36.9 | 0.94 | 2.55
RB-1 { 0.05 i 1.25 |0.807 | 5150 | 6250 | 38.5 | 1.94 | 2.44
RB-2 | 0.08 | 0.90 | 0.640 | 4410 | 4981 | 70.7 | 2.32 | 1.88
RB-2 | 0.08 | 1.05 | 0.750 | 4900 | 5568 | 563.6 | 1.84 | 1.80
RB-2 | 0.08 | 1.15 | 0.824 | 5320 | 5904 | 39.8 | 1.12 | 2.44
RB-2 | 0.08 | 1.25 | 0.897 | 5210 | 6250 | 20.7 | 1.41 | 3.37
RB-3 | 0.47 | 0.90 | 0.634 | 4040 | 4959 | 63.5 { 3.36 | 1.96
RB-3 | 0.47 | 1.05 | 0.746 | 3730 | 5509 | 71.7 | 6.62 | 1.49
RB-3 | 0.47 | 1.15 | 0.821 | 3210 | 5874 | 68.2 | 8.84 | 2.28
RB-3 | 0.47 | 1.25 | 0.895 | 2040 | 6237 | 63.4 | 9.58 | 2.24
RB-4 .73 | 0.60 | 0.418 | 2910 | 3860 | X x X
RB-4 1.73 | 0.80 | 0.566 | 2860 | 4612 | X X X
RB-4 173 | 1.00 |0.713 | 2550 | 5347 | X X X
GMB(Al) | 0.05 | 0.91 | 0.576 | 4320 | 4572 | 71.1 | 1.12 | 1.25
GMB(AD) | 0.05 | 1.07 |0.703 | 4930 | 5378 | 66.4 | 1.58 | 1.76
GMB(AD) | 0.05 | 1.17 |0.798 | 5380 | 5806 | 43.1 | 0.90 | 1.87
GMB(AD | 0.05 | 1.27 |0.888 | 5690 | 6231 | 34.9 | 0.88 | 3.95
GMB(WI15) | 0.05 | 1.25 | 0.881 | 5320 6087 | 39.1 ! 1.41 | 2.60
GMB(W19) | 0.05 | 1.25 ; 0.881 | 5210 | 6027 | 54.7 | 2.12 | 2.55

dp; balloon diameter, p ; explosive density, ¢ ; void volume fraction,
Dy; detonation velocity, Dg,; ideal detonation velocity, S; curvature of
detonation front, £ ;reaction zone length, L,; detonation lag at the edge of the
charge, X; not available

GMB(Al); Five weight percent of aluminum is added into the explosive
formulation,

GMB(W15) and GMB(W19); Water of 15% and 19% in the explosive
formulation respectively
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Fig § Comparison of the reaction zone length in the emulsion explosive
derived from the detonation wave curvature () and that determined
from the diameter effect on the detonation velocity (O)

AV TCIEHATa 77 A NKEMRTHDZ e ¥ %00
BELTWHY, FAARIEICH L TILEATE R
neELTW3,
bhAbhoORRIZL>THONETHBS, 6
W-KX & AW CRISHUIRE X & #:RD7=#E R % Table
21/ LI, Zh6moh, MiEgHIBWTERLAR
EKEBW LD TV Vb BEyringdR?,
RO LIGMEER OREEFAED 6 RD b /- FUSHEIR
REAL O EIT-T, #R%Fig. 51377, W-K
KXPOHBE SN RISEIRRE S EIXQ) XN 6RO L
NIREIRE SAICHER TN EREREZTTHO0
AEITHERHL S -B’LTWS,
IBRERER»ORICHROR S 2 ROBFHEE L
TIRERBDIEFMZNL 20 B, 1= & 2 iTBdzl? 1%
Wood-Kirkwood #ia% — kL L = EHRIETHERE
DR HROABRL L=, ThIITRBETOMEB L IR
g, EERLBOEEEOMRIERENSMN, Z0R
BIIMEEORBEICBHTCESILOTHY, =R
& B L UPBX-9404icx L THRBR LB L Tl —
EMNAONhTWS, ZOEBRNERBRIKICEMATTHES
I MITRIEE N TV 2V,

Souers™ ZAHEREICE W TRIEFIROEHE &
X DEBDRNKACHFRSITOh B E LT,

D(R)/D()=1—Xs/o R (4)
I I TRIMBIEER, DR)BLUD(o)IZELEN

Kayaku Gakkaishi, Vol. 62, No. 1, 2001

REBLOCERAEEICEBIT S1B0EA, o 1HREEH
OBHEDERWERDTHE TH S, o IXFEMRD
AEREICH L TRERXTE X LN D,

(5)

bhbhORBRTCHEOLNLT—FIZBWTII X H
mm?DA—¥—, Ri325. SmmTdH 3D T(B)KDexp
BUIBPTE, old2&HRTENTES, ZD
& Z (D RIZEyring®D R, (3) IZIZAe Hievy, F7e,
Souersis & UGarza'' IZPAEDOREE 2 3517 5 BEREE O
L3RISEIRE & L X, S L, CHESITbhB L L,
PBX®= b X ¥ ROBEBIN L TZOFHETH
HNT=LoAs, BELEEOEBHE THLNREHR
BEEHBNIL —BFH 2R LE, BEETIC
bDhbNOEBRERIZH L TZOBFEL Y ROLAT-
Lo#Table2 122 L=A, ol TROGAK
EHRRE S DLW —BiIZBD bhieh o=, “hit
Fig. 36 bbnd L o1z, bhbhiclk-TRES
-8 THOBEIIC BV TIBERTE A PO 6 TH
TWRZ LRREMEICL I b0 L B3,

AR TRV G EERRBRIC L HREORGH
Wk E0IHEL, (oOBIEMERISEMR L TR, T
=T LK% 5 %EN L RIS ORI E A 5
LR OIS K 2 HE S REH(ZRRP
0.12, 1RIKEHETHIL, 25g/cm’®) DIBHH ARG R %
Fig.6 (a) 8 L UFig.6 (b)iZ, R NY—2 BRIz L3

o =1llexp(-8X;/R)+2



& =042 & =030 & =020 & =011
joan--l-
\ SN
Water 11% Water 15% Water 19%
(o)
Water o
=1
lus
o

Fig. 6(a) Contour of the detonation front derived from treating the streak
photographs for the aluminized emulsion explosives or the emul-
sion explosive with higher water content
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Fig. 6(b) Detonation front curvature in the emulsion explosives
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Detonation behavior of emulsion explosives (II )
Optical observation of detonation front in emulsion explosives

Yoshikazu HIROSAKI', Tetsuya SAWADA', Yukio KATO",
Hideki HAMASHIMA", and Shigeru ITOH™

The detonation front curvatures were observed with an optical technique for the emulsion explo-
sives sensitized with various sizes of inorganic or organic microballoons. The detonation fronts in the
emulsion explosive sensitized with smaller voids up to 0.6 mm are smooth, and those in the emulsion
explosives containing larger balloons are shown to be turbulent. The reaction zone length calculated
from the Wood-Kirkwood equation, which relates the curvature of the detonation wave front and the
reaction zone length, correlate fairly well with that derived from the Eyring's equation, which gives
the reaction zone length from the diameter effect of the detonation velocity. The effects of the increase
of water content and the addition of aluminum powder into the emulsion explosive formulation were
evaluated by observing the detonation front curvatures to calculate reaction zone length.
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