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Limits of Gaseous Explosion and its Velocity of Propagation.
Rempei Goto.

General properties of gaseous explosion are reviewed and some new simple
theories by this author and his collborator are proposed.
1. Characterestics of Explosion.

According to the author’s opinion, gaseous explosion is essentially hetero—
geneous. It seems to proceeds through two kinds of stages as follows:

(1) Primary stage. —- generation of locally concentrated reaction zone (or
a flame) in gaseous phase or on a solid surface by the energy supplied ext-
ernally. There exist Certain limits in the energy and gaseons conditions.

(1) Secondary stage. — propagation of the reaction zone whose activa-
tion energy can be supplied by the primary process or every react‘on zone.

In order to elucidate these characterictics from the atomistic view point,
the auther and his collaborator has proposed some theories as follows.

2. Propagation Velocity of a Detonating Flame.

It is very complicate to discuss the propagation velocity of a flame the-
oretically, because it ts generally accompanied by thermal or hydrodynamic
confusion. But the detonating flame whose velocity is largeér than the sound
velocity may be considered to be free from such confusion and so its pro-
pagation may be treated as a continuity of the secondary activation stage.
The energy released by the flame front may be reserved by the reactant
melecules as their kinetic energy and parted equally to the every degree of
freedom of those molecules. Assuming that the detonation velocity corresp—
onds the mean translational velocity V of the reactant molecules whose
tatal mass is M, the following relation might be held;

| fe, 1
g—z—fMVz—](Q+e) };-l-—z—RT €D)

where J is the mechanical equivalent of heat, @ heat of reaction,s energy
of activation, f: the degrees of freedom of translaion and F the total degrees
of freedom.
Neglecting ¢ for @,
Ve m;: ftRT
V= ‘/Tx<1+7@7_- 2
where 7 is f./F.
Calculated values of V show good agreement with the observed values
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for 15 kinds of detonation (Table 1).
3. Lower Limit of Composition.

If C: is a lower inflammation limit of combustible gas in volume ratio,
number of molecules of supporter-gas (O; and Nz) per one molecule of

combustible gas is given by —é approximately.
1

In the elementary reaction, the sum of the reaction heat and activation
energy may be released and distributed among the surrounding molecules
as kinetic energy. It is assumed that the flame propagation might occur
when the energy distributed for every degree of freedom of the inert mol-
ecules (O + Ni, or 0;) exceeds the activation energy e. Accordingly the
starting condition of explosion may be given by the équation

(Q+e) Gl RT=e (3
where @ is the heat of reaction, ¢ the activation enrgy, and F the total
number of degree of freedom (7 for Oy and Ny) of the supperter—-gas mol-
ecules. If ¢ can be neglected for @, the equation (3) becomes
»§§c1+;%ﬁR1u=e 4

The equation (4) gives the linear relation between C; ahd 7; and the
activation energy e can be evaluated from this relation. It has been found
that @x C; is nearly constant (about 11 kcal) for many kinds of organic
compounds (Fig 2). It means that the activation energies take almcst the
same value (about 1.9 kcal/mol).

Activation energies for H, and CS, are estimated to be exceptionally small.
Upper limit of inflammation can be treated in the similar way as above.
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Table 1. Propagation Velocities of Detonation Wave.

Reactions ; M }le QM fi fo ‘ fo | F ‘f:/__{; V;f;;equ;r?ssec
1. H2+%02=H20 18| 6831380 3 6|3 | 12 025 | 2000 | 2820
2. Hy+Cly==2HCI 72| 440/ 061 6 4 4 | 14 | 043 1553 | 1765
3. coju.;l_oﬁco2 44| 676/ 154 3| 8| 2 | 13 o.23§ 1778 | 1135
4. N2 4+20,==2C05 4N, 116 | 2580 2.22 91 18| 6 33 | 027 2290| 2195
5. CH;420:==2C0,+2H,0 80218 [273| 9, 20 8 37 024 | 2410 | 2513
6. CoH,;430,==2C0,+2H,;0 124323 | 260 | 12 28 | 10 [ 50 0.24} 2442 | 2559
7. chg+g~og=zcoz+Hgo 106 | 312 | 295 9 ’ 22| 7 38 o.24§ 2500 | 2941
8. NH3+%03=12N3+32H30 41| 83 | 202 5% 10! 55 22 o.27§ 2300 © 2390
9. chs+%og=2cog+3H20 142 1372 | 261 15 | 3413 | 62 024 2364 : 2363
10. CSz+30,==C02+250; 172|265 | 154, 9 24| 6 | 39| 023 1794. 1802
11. C3H3+-50,=-3C0,+4H,0 204|485 | 236! 21| 48 | 18 | 87 | 024 2245 2280
12. C4Hm+],§’og~_-4cog+5ﬁgo 266 | 634 | 238 27 | 62 | 23 : 112 0.24; 2250% 2270
13. CsH;3+80,=-5C0,+6H,0 | 328 | 780 | 240 | 33 = 76 | 28 1137 | 024 2266 ' 2371
14. C9H3+1§503=6C02+3H20 278 | 750 | 260 27 66 | 21 | 114 0.24 - 237oj 2206
15. C2H5OH+%OZ=2CO;:+3HQOI 142 | 438 | 308! 15 34 ' 13 | 62 | 0.24 2530? 2356
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