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Characterizing the cleaning mechanism of a detonation wave 

A detonation wave is physically a combustion process initiated by a shock wave. 

Detonation waves are very high strength, high velocity combustion waves which are 

similar to normal shock waves. The detonation wave is a coupled shock wave and 

combustion process. The shock front increases the pressure and temperature 

similar to a normal shock wave  

The Zeldovich-Von Neumann-Doring (ZND) spike is the initial shock wave and the 

combustion process takes a finite amount of time so it follows behind the initial 

wave. It travels at a supersonic velocity and consequently involves extremely high 

pressure differentials.  

A normal deflagration wave, on the other hand, propagates at a subsonic velocity, 

does not involve shock compression and hence pressure differentials involved are negligible. 
 

Shock waves vs Detonation waves 
 

Shock wave  

A large-amplitude wave formed by the sudden compression of the medium through which the wave moves. In 

physics, a shock wave or shock is a type of propagating disturbance. When a wave moves faster than the local speed 

of sound it is a shock wave. Like an ordinary wave, a shock wave carries energy, and can propagate through a 

medium; however it is characterized by an abrupt, nearly discontinuous change in pressure, temperature and 

density of the medium.   

When a shock wave passes through matter, energy is preserved but entropy increases. This change in the matter's 

properties manifests itself as a decrease in the energy which can be extracted as work, and as a drag force on 

supersonic objects; shock waves are strongly irreversible processes. When the object breaks the sound barrier, the 

pressure wave becomes a shockwave, which forms a cone of pressurized air molecules moving outward in all 

directions. 
 

Detonation wave  

 A detonation wave is essentially a shockwave supported by a trailing exothermic 

reaction. It involves a wave travelling through a highly combustible or chemically 

unstable medium, such as an oxygen-methane mixture. The chemical reaction of 

the medium occurs following the shock wave, and the chemical energy of the 

reaction drives the wave forward.   
 

A detonation wave follows slightly different rules from an ordinary shock since it is driven by the chemical reaction 

occurring behind the shock wavefront. A detonation will also cause a shock to propagate into the surrounding air 

due to the overpressure induced by the explosion.  
 

The detonation waves produce peak pressures of several hundred atmospheres which fall of very 

rapidly however, the resulting pressure gradients expand at supersonic speeds throughout the 

internal surfaces of the boiler very quickly moving around and encompassing the tubes; the 

supersonic waves serve to scrub all surfaces circumferentially to effectively remove the ash 

deposits.  


