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ABSTRACT 

 Here, for the first time, the enhancement of deflagration-to-detonation transition 

(DDT) using distributed photo-ignition of nanoparticles is demonstrated.  Distributed 

photo-ignition was carried out by suspending photo-sensitive nanomaterials in gaseous 

fuel/oxidizer mixtures and flashing them with an ordinary camera flash.  This resulted in 

the photo-ignition of the distributed nanomaterials and a subsequent distributed ignition 

of the fuel/oxidizer mixture, followed by deflagration formation and acceleration to 

detonation in a closed tube.  Experiments were performed in a closed tube 7.62 cm in 

diameter and 100 cm long using quiescent stoichiometric ethylene/oxygen mixtures 

containing varying levels of nitrogen dilution: 0%, 20%, and 40%. DDT run-up 

distances, the distance required for the transition to detonation, were measured using 

ionization sensors to track the combustion wave trajectory for both photo-ignition and 

spark ignition experiments.  DDT run-up distances obtained by distributed photo-

ignition were found to be a factor of 1.3-4 shorter than those from spark ignition, holding 

all other parameters the same.  Photo-ignition experiments were performed using single-

walled carbon nanotubes with Fe impurity (70% by weight) and Al and Fe nanoparticles. 

Comparisons show slight dependence on nanomaterial, but further studies are necessary.  

It is hypothesized that distributed photo-ignition enhances DDT due to the increased 

energy release rate, a consequence of the quasi-volumetric consumption of fuel and 

energy release, resulting in an increased rate of energy imparted to the combustion wave, 

a greater acceleration rate for the combustion wave, and a shorter DDT run-up distance. 

 


