Deflagration and Detonation

Explosives are those substances that have their own supply of oxygen in their molecules. When they are initiated, they may either burn violently (deflagrate) or explode disastrously generating shock waves (detonate). 

So, what are the differences between deflagration and detonation?

Deflagration

Consider a stick of propellant made of nitrocellulose (NC) and nitroglycerine (NG; i.e., a “double-base” propellant). 

When it is ignited at one of its ends, it burns rather vigorously, layer by layer. The salient points of a deflagration process are indicated in Figure 1.1.
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Figure 1.1. Deflagration of a Propellant Stick.

Deflagration has the following characteristics:

1.The propellant burns layer by layer.

2. There are different zones existing above the burning surface as shown, varying in temperature, pressure, concentration, and composition of gaseous products.

3. The hot gaseous products emerge away from the regressing surface.

4. The most important characteristic of deflagration is that the rate of deflagration (or the rate of recession of a burning surface, often expressed in millimeters per second at a given pressure) is much below the sonic velocity of the material (i.e., the velocity of sound through the propellant material).

5. The process of deflagration is sustained by thermal feedback from the flame to the surface temperature by means of conduction, convection, and radiation.

6. The rate of regression (or burning rate, r) heavily depends on the pressure of the surrounding gases (P), and, according to Vielle's law, a double-base propellant nearly obeys the equation r=bPn where n is the pressure exponent and b is a constant. The value of n depends on the propellant composition, the pressure

Detonation

When a cylindrical stick of trinitrotoluene (TNT) is detonated using a detonator, the following characteristics are noted during the process of detonation (see Figure 1.2):
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Figure 1.2. Detonation of an Explosive.



1. The detonation is accompanied by the production of a shock wave.

2. The wave front of the shock wave has a high temperature and pressure gradient (shock zone), which instantaneously initiates chemical decomposition of the shocked explosive layer of the undetonated explosive. The chemical reaction of explosion is completed in the chemical reaction zone. The shock zone is very narrow (∼10−5 cm) as compared with the chemical reaction zone (varies from 0.1 to 1.0 cm), and both of these zones together form the detonation zone.

3. The gaseous products flow in the same direction as that of the propagation of detonation.

4. The rate of propagation of the detonation front (velocity of detonation (VOD)) is more than the sonic velocity of the material (i.e., the velocity of sound in undetonated TNT). The VOD varies from 1500 to more than 9000 m/s for different explosives.

Summary of Differences

The important differences between deflagration and detonation are summed up in Table 1.1.

Table 1.1. Comparison of deflagration vs detonation.

	Deflagration
	Detonation

	It is a surface phenomenon (i.e., its propagation is by layer-to-layer burning).
	It is a shock-wave phenomenon (i.e., high-speed shock wave traveling through the explosive medium propagates detonation).

	The rate of deflagration is lower than the sonic velocity in the medium.
	The rate of detonation is higher than the sonic velocity in the medium.

	The products of deflagration go away from (opposite to) the direction of propagation of deflagration.
	The products of detonation travel in the same direction as that of the propagation of detonation.
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