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Decaying of Gaseous Detonation by Expansion (Second Report)

——Experiments on Some Fuel-Oxygen Detonations in Circular Tubes—

by Hidenori Matsur**

When a flammable mixture is ignited within a run of pipeline, the flame is often developed into a
detonation, causing é very high pressure resulting in serious damages.

If the detonation once occurs, it is difficult to interrupt it only by the use of conventional flame
arresters. However, there is a fact that the detonation can be decayed into the normal combustion
wave by enlarging the pipeline dimension on the way.

From this, the author reported, in the first series of this experiments, the decaying properties of
the detonation in the two-dimensional flat tubes for oxy-acetylene mixtures. There had still remained
some questions to be solved. The first is that how the properties would be if the detonation proceeds
and expands in the three dimensions. The second is whether the detonation decaying would depend
on the expansion ratio of pipeline dimension or the I.D.v of the driving pipeline.

In the present report, results of the experiments on gaseous detonations are introduced with C,H3-0,,
C,H,-0;, CgHg-05, Hy-0, and Town gas-O, mixtures with certain initial pressures. The detonations
were drived in a run of steel pipeline which is varied from 3/8 to 2 inches in nominal diameter. The
flange-jointed expanded steel pipeline is 4 inches, however 2 or 8 inches ones are also used for com-
parison. The wave velocities were measured by ion-probe before and after the enlargement of pipe-
lines, to determine the effect of initial pressure on detonﬁtion decaying. Piezo electric pressure tran-
sducers were used for measuring the pressures of the wave front in some experiments.

Main conclusions obtained are as follows ;

(1) When the detonation wave was expanded into a larger volume, the pressure of the wave front
and the velocity of it suddenly were decreased and the detonation was decayed into a combus-
tion. The difficulty of decaying for the stoichiometric oxy-fuel mixtures was in the order of
2C,H,4+-50,, CoH,+30, CgHg+50, 2Hy40, T.G40,.
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(2)

(3)

The limit of pressure of detonation decaying (Pgecsy) depends on the gas mixture and the
diameter of the driving pipeline (d), and is given by the following equation..

Piecay=K+-d7 %% where K is constant for each gas mixture.
To obtain a complete decaying of detonation, it is required to enlarge the diameter of the
pipeline at least by four times on the way. The larger the diameter of the expanded pipeline

is, the slower the acceleration of the flame after decaying becomes. So the decaying distance
glows longer.
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Fig. 1 Schematic of the apparatus and the arrangement of ionprobes.
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2C,H,+50,, 3/8—4in., Pi=100mmHg, 0.1ms/div.

(») In case of detonation not decayed
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Table 2 Limiting initial pressure of decay with different
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enlargements (mmHg).

HERAITWBIGET) (mmHg)

. Enlargement
\\\\\\Jgi) 1/8—4 3/8—4 1-4 2—8 24
Gas system ] , ,
C,H,+30, 750 410 200 100 40
CsH3+50, (1, 250) 700 340 185 60
2H,+-0, (2,120) (1, 150) 590 310 190
T.G+0, above 760 above 760 .| above 760 — 300
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Fig. 4 Limiting initial pressure of decay with
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Table 3 Variation of wave velocity before and after the enlargement at

different initial pressures.

BEEEEC~DEOFE
Pi Deto. velo. Flame velo. in wider pipe (m/s)
lH in smaller
(mmHg) | pipe(m/s) | 0~10cm | 10~30cm | 30~50cm | 50~70cm

100 2,115 135 660 630 2,705
200 2,240 175 870 3,110 2,220
400 2, 350 215 2,500 2,430 2,325
750 2,390 290 3,335 2, 430 —
760 2, 405 2,320 2,500 2,430 2,410

CoHy+30, 1/8in.—4in.
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Fig. 5 The wave velocity profile before and after the enlargement at
different initial pressures for stoicihometric CoH,-0; mixture.
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Table 4 Variation of wave velocity before and after the enlargements
with the different diameters of smaller pipe at the atomospheric

pressure.
BEEESE~DOMEROZE
(4) T.G+O,
Deto. velo. Flame velo. in wider pipe (m/s
Enlal(‘gerr)1ent ir_1 smaller )

1. pipe (m/s) 0~10cm 10~30cm 30~50 cm 50~70 cm
1/8—4 2,210 145 835 765 3,325
3/8—4 2,230 295 575 1,165 3,030

1 —4 2,285 630 850 1,135 2,530
2 —4 2, 330 1,995 2,380 2,300 2, 350
(m) 2H;+0,
Deto. velo. Flame velo. in wider pipe (m/s
Enlan(‘;glfn;ent ir} smaller pipe (m/s)
. pipe (m/s) 0~10cm 10~30cm 30~50cm 50~70cm
1/8—4 2,710 190 1,555 3,145 2,945
3/8—4 2,790 365 800 3,335 2, 860
1 —4 2, 830 2,555 2,985 2, 820 2,860
2 —4 2,910 2, 850 2,915 — —
() CsHg+50,
Enlargement Deto. velo. Flame velo. in wider pipe (m/s)
(in.) in smaller
: pipe (m/s) 0~10cm . | 10~30cm 30~50cm 50~70cm
1/8—4 2,325 200 1, 480 2,355 2,325
3/8—4 2,355 1,950 2,410 2,410 2,300
1 —4 2,380 2, 285 2, 410 2,410 2,380
2 —4 2,425 2,395 2, 440 2, 405 2, 375

Pi : Atomospheric pressure
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Table 5 Variation of wave velocity before and after the enlargements with different
diameters of larger pipe at the atomospheric pressure.

BHEEECANDIEREROFE

Deto. velo. Flame velocity in wider pipe (m/s)
Gas system Enlarg ement in smaller
(in.) pipe (m/s) 0~10cm 10~30cm 30~50cm 50~70cm
3/8—4 2,230 295 575 1,165 3,030
T.G4+0,4 / 03
, 3/8—2 2,235 660 2,040 2,325 2,325
' 3/8— 2,790 800 3,33 5 8
2H,+0, /8—4 7 365 5 2, 860
3/8—2 2,785 760 2,985 2,780 2,740
—> A , 2,41 ,410 R
CyHy+50, 3/8—4 2, 355 1,950 0 2,41 2, 300
3/8—2 2,370 2,270 2, 355 2, 380 2, 380

Pi: Atomospheric pfessure
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Table § Calculated values of detonation velocity at various initial
pressures. (m/s).

1A EC R 5 EERIEEME (m/s)

Pi. (mmHg)
100 200 380 760 1,520
Gas system
C,H,+0, 2, 806 2,851 2,893 2,937 2,981
2C,H,+4-50, 2,322 2, 357 2, 392 2,430 2, 469
C,H,+30, 2,284 2,317 2, 347 2,380 2,414
C;Hg+50, 2,276 2,306 2,335 2, 366 2,397
2H,4+0, 2,755 2,786 2,821 2,858 2,896
T.G+0, 2,195 2,222 2, 247 2,274 2,302
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Fig. 6 Dependence of the detonation velocity on the pipe diameters
for equimolar T.G-0, mixture.
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Fig. 7 Comparison of calculated (broken line)and
7 observed detonation velocities for CoHy-Og
| [ mixtures.
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Decaying of Gaseous Detonation by Expansion (Second Report)
——Experiments on Some Fuel-Oxygen Detonations in Circular Tubes
by H. MATSUIL

Research Report of Research Institute of Industrial Safety.
RIIS-RR-22-2, 1~11 (1973)

Gaseous detonations in CoHy-0p, CoHy-05, Cglig-0,, Hy-0, and Town Gas-O,
systems were initiated in the narrow part of the steel pipe whose diameter was
enlarged at the half way of it.

The wave velocities before and after the enlargements were measured by ion-probe
method to determine the limiting initial pressure of detonation decaying.

It was found that the limiting pressure depended on the gas system and the
diameter of the narrow part of the pipe.
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