of which charge is 500kg and burden is 22m,
the time is estimated to be 0.03 sec.

In our previous paper, it is calculated that
the pressure of the gas within the blasting
chamber maintains 0.02sec. The value of the
duration of the pressure in the paper agrees
with the time between the incidence of the

stress wave and the occurrence of the scab-
bing in this paper. This fact shows that sca-
bbing is caused by the driving force of ga-
seous products and not by the momentum
of the incident stress wave. (Technical Labor-
atory, Asahi Chemical Industry Co. Ltd.)
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Fig. 2.1 Uyemura’s SP-1 Ultra-High-Speed
Streak Camera.
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Fig. 2.2 Experimental arrangement
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Fig. 2.3 Streak photograph showing the
explosion of No. 8 detonator.
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Fig. 3.1 Optical apparatus for viewing ignition.
C:Hitachi-High-Speed Motion Analysis Camera.
M.C:Combustion chamber (9.0% CH,)
M:Motor
L:Reflector lamp.(600kW)

P:Protective glass.
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315

420

525

630

735

840

945

1,050

1,260

1,365

1,575

Fig. 3.2 (1) Framing Camera sequence of the ignition of the
CH,-air gas by No. 7 Copper detonator, (taken

1,155

1,470

at 105usec/frame)
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1,785

1,890

1,995

2,100
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2,520 3,360 4,200
g.s.
2,625 3,465 4,305
2,730 3,570 4,410
2,835 3,675 4,515
2,940 3,780 4,620
3,045 3,885 4,725
3,150 3,990 4,830
3,255 4,095 4,935

*>

Fig. 3.2 (2) Framing Camera sequence of the ignition of the
CH,-air gas by No. 7 Copper detonator. (taken
at 105pusec/frame)

Vol. 23, No. 5. 1962 (235) 15



RRRBREATVR L2 ~ L ECRTEOERRA
RSB 5 KA B D IR = = 3b & S AR
B —Msr L MR B T LA Ao, H
HA M. LD RIhooXEEEMRLFL R
TH B,

Fig. 4;1 M.L.D-2 Camera.
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Fig. 4.2 Exzperimental Arrangement.

C; Uyemura’s M.L.D Ultra-High-Speed framing ‘

camera, L; Light Saurce (Hg-Lamp), RM ; Para-
bolic Mirror (f=3m), S; Slit, MC; Combustion
Chamber, Pg; Protective Plate Glass.
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Fig. 4.3 The Model of the e?thOsion
phenomenon,
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Fig. 4.3-@® Time-distance diagrams of the

shock wave and the explosion
gas products. (No. 7 Copper
detonator)
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Fig. 4.3 The explosion phenomenon of the copper detonator

in an iron chamber. (interval between frames; 6.99ps)
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Fig. 4.3 The explosion phenomenon of the copper detonator

in an jron chamber. (interval between frames; 6. 99ps)
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335.62 342,61 349,60

Fig. 4.3 The explosion phenomenon of the copper detonator
in an iron chamber, (interval between frames; 6.99ps)
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Fig. 4.3-® Time-velocity diagrams of the shock
wave and the explosion gas products
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The Mechanism of the Ignition of Methane-Air Mixture

by Electric Detonator

T. Uyemura* S. Kinoshita** S, Nakahara** and K. Yamamoto**

In the present paper, the three types of
high speed cameras; (1) Uyemura’s SP-1
Ultra-High-Speed Streak Camera, (2) 16H
Prism type Hitachi High-Speed Motion Ana-
lysis Camera, and (3) Uyemura’s MLD-2
Ultra-High-Speed Framing Camera, have
been used in the investigation of the ignition

Vol. 23, No. 5. 2262

_of methane-air mixture(9% CH,) by instant-

aneous electric detonators in an iron cham-
ber (30cmx30cm sqare and 40cm high. )

It is found from the streak photographs
that the ignition probability of the methane-
air mixture by instantaneous electric detona
tors is mainly due to the explosion flame ; that
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is, the ignition probability becomes high with
increase of the lateral spread and the duration
of explosion flames. That seems to be the
reason why No. 8 detonator is more incendive
than No. 6 detonator.

The 16H camera caught the local combus-
tion process of the methane-air mixture which
had not been visible in photographs using
other cameras. The local combustions at
approximate center of the chamber may be
caused by the explosion flame and grow slow-
ly to the general combustion after 4 ~ 5ms
when a No. 6 instantaneous copper shell deto-
nator is fired. On the other hand, secondary
luminosities caused by shell fragments from a
copper shell seem to be unimportant fac-
tor. .

The explosion of a detonator is recorded
in the photograph by an appearance of a
spherical luminosity at the base charge posi-

tion. The shape of the lumitosity differs
entirely from that of the explosion flame
which is taken in a direct still photo-
graph. The luminosity seems to be due to
the shock wave produced by a high degree
compression of the methane air mixture by
a super-sonic expansion of gaseous products
with speed of 3,000m /sec. from the deto-
nator.

It may be concluded from these observations
using the highspeed cameras that the proba-
bility of the methane-air mixture by detona-
tors depends not only on the lateral spread
reach and the duration of the explosion
flame, but also on the local combustion pro-
cesses, that is, on their scales, disturbance
effects of gaseous products and the geo-
metric condition of shock waves reflected

from the walls of the chamber,
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