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Abstract:
The Pulse Detonation Engine (PDE) has recently drawn significant attention in the aero-propulsion
community for its potential advantages in performance and inherent simplicity over current propulsion
concepts. It is an unsteady propulsion device based on the detonation mode of combustion. The design
and optimization of a PDE propulsion system are complex due to the unsteady nature of the propulsion
cycle and the strong coupling of the propulsive flow with the vehicle configuration and the ambient
environment. Numerical modeling has a major role in the development of this technology. This
research presents a systematic parametric investigation of PDE performance using an unsteady
numerical simulation model which is second order accurate in space and first order accurate in time.
The numerical modeling was performed using an automated Java based computational fluid dynamics
(CFD) software written with modem objected-oriented programming technique. One- and
two-dimensional transient CFD models were employed in a systematic manner to study the propulsive
performance characteristic of the PDE under different operating conditions. Effects of PDE combustor
length, fill pressure, initial temperature, ambient conditions, and equivalence ratio were examined
through numerical simulations. Both uniform and non-uniform fuel-filling schemes were investigated.
Systematic computations were also performed to investigate the effects of nozzle length and nozzle
expansion ratio.

This study reveals that the addition of a nozzle to the PDE combustor has the potential for a significant
improvement in the PDE performance. The obtained results indicate that the presence of a divergent
nozzle enhances the impulse generation rate, whereas the presence of a straight nozzle or a convergent
nozzle leads to a slower impulse generation. The cycle time was also found to be considerably affected
by the nozzle geometry. It was observed that for very high altitude cruises when the ambient pressure is
very low, the presence of a nozzle significantly increases the specific impulse of the PDE. The results
suggest that a variable geometry nozzle, capable of adapting with the cycle-time and the ambient
conditions, is suitable for PDE performance optimization. This study also confirms that the specific
impulse can be considerably increased through mixture control; it was found that the use of a leaner
mixture dramatically increases the specific impulse of the PDE. 
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