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ABSTRACT

 This paper describes the development and surveys liquid fuel spray droplet modeling methods as used in the simulation of Trapped Vortex Cavity (TVC) combustors and afterburners.  TVC’s have demonstrated exceptional engineering performance characteristics in tests, including high combustion efficiency, low pollutant emissions, and lean blowout performance. The combustion zones in the TVC are staged radially, instead of axially, offering a compact design that may provide some advantages over conventional rich-quench-lean combustor designs. Configurations investigated include a single cavity with two driving air injectors afterburner TVC designs, with mixing augmentation provided by differential diffusion. While good agreement between experiment and simulation have been achieved in terms of predicting flow structures and combustor exit temperature, much remains to be understood in the details of the TVC’s operation.  Additional understanding of the details of the vortex residence times, entrainment of the cavity flow into the free stream, and pumping effects for inboard and outboard cavities in the presence of swirl are required. To extract this level of operational performance detail, the underlying accuracy of the simulation models must be well understood. In the case of CFD modeling of the TVC, primary attention is drawn to the liquid fuel spray droplet modeling, particularly the assumptions used on specifying spray initial conditions, such as droplet size distribution, velocity magnitude and directions, temperature, and injection location. 

The results of detailed three-dimensional, reacting, computational fluid dynamics (CFD) simulations of several afterburners are presented. The results from these simulations are used to facilitate the design of augmentor system technologies that have the potential of reducing emissions without sacrificing performance. The simulations are used to evaluate different fuel location and air injection configurations to identify and mitigate potential high temperature regions and to improve mixing. Furthermore, these simulations are useful for identifying key variables to investigate experimentally. 
Finally, this paper is also collates the literature and summarizes current state-of-the-art in specifying spray droplet boundary conditions with regard to TVC performance predictions. The paper will draw on the authors’ direct experience, and other work related to these devices. An attempt will be made to identify best practices and to provide guidance for improvements in this area of CFD modeling.  This work represents a preliminary analysis leading to future efforts on Jet –A pulse injection in TVC.

