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Direct Initiation of Spherical Gaseous Detonations

Initiated by a Planar Detonation in the Tube

by Hidenori Matsui

The present paper describes some results for the critical energy for direct initiation of spherical
detonations in acetylene-air, fuel (H,, CH,, C,H,, C,H,, C;H; individual)-oxygen and fuel (H,, CoH,, C;H,
individual)-oxygen-nitrogen systems initiated by a planar detonation from a linear tube into the larger
volume of the same explosive gas. v

The critical diameter for direct initiation at atmospheric pressure was determined by extrapolation
of the experimental relation between critical initial pressure for direct initiation and the tube diameter.
The energies for direct initiation were calculated from the critical diameter data and the detonation
properties using simple initiation model.

- The results lie between 107% and 10* joules within the whole experimented gas systems and composi-
tions. Comparisons with existing data from exploding wire and electrical spark indicate that the
present results are more than one order smaller than those of exploding wire or electric spark. This
may arise from the fact that the critical energies using exploding wire or electric spark is not based
on the effective energy but on the total stored energy (Er=1/2 CV?). However, the present data show
a good agreement with the results obtained from detonator based on the chemical energy. This sug-
gests that the energy transfer mechanism for these two types of igniter is almost same.

For hydrocarbon mixtures it is indicated that the critical energy takes on minimum value that are
widely displaced from the stoichiometric composition for combustion to CO, and H,O ; instead they are
fairly close to-composition corresponding to combustion to CO and H,O0. v

Minimun critical initiation energy for direct innitiation of spherical detonation in fuel-air mixtures

without acetylene are estimated at above 10* joules.
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Table {1 Variation of wave velocity when acetylene-air mixtures in the 8” larger vessel
are fired by a planar detonation in the 2" tube
2" BT HSWEF ORI 5 8" RE~THLRAALKOFEEEEEREL (7eFV
v ~Z25) B
Acetylene Critical condition Sub-critical condition
concentration . Initial Deto. vel.v in Deto. vel. in Initial Deto. vel. in|Flame vel. in.
[vol. %] press;lre v 2" tube 1Y, vess.el press;lre 2" tube 8" vessel
[ kg/cm®abs. ] [m/s] [ kg/cm?2abs. ] [m/s] [m/s]
7.0 4.8 1882 1548 4.7 1876 548
7.7 3.0 1899 1553 2.9 1900 557
8.8 2.1 1949 1505 2.0 1946 564
9.6 1.8 1965 1588 1.7 1964 564
10.8 1.6 1987 1686 1.5 1984 545
12.5 1.5 2017 1697 1.4 2013 410
14.5 1.6 2052 1663 1.5 2047 424
16. 4 1.8 2052 1591 1.7 2038 407
19.0 3.0 2014 1602 2.9 2003 387
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