
Progress Towards an Efficient and General
CFD Tool for Propulsion Design/Analysis

C. F. Cox, P. Cinnella, and S. Westmoreland

Engineering Research Center for Computational Field Simulation

Mississippi State University

Mississippi State, MS 39762

The simulation of propulsive flows inherently involves chemical activity. Recent years

have seen substantial strides made in the development of numerical schemes for reacting

flowfields, in particular those involving finite-rate chemistry. However, finite-rate cal-

culations are computationally intensive and require knowledge of the actual kinetics,

which are not always known with sufficient accuracy. Alternatively, flow simulations

based on the assumption of local chemical equilibrium are capable of obtaining physical-

ly reasonable results at far less computational cost.

The present study summarizes the development of efficient numerical techniques for the

simulation of flows in local chemical equilibrium, whereby a "Black Box" chemical

equilibrium solver is coupled to the usual gasdynamic equations. The generalization of

the methods enables the modelling of any arbitrary mixture of thermally perfect gases,

including air, combustion mixtures and plasmas. As demonstration of the potential of the

methodologies, several solutions, involving reacting and perfect gas flows, will be pres-

ented. Included is a preliminary simulation of the SSME startup transient. Future en-

hancements to the proposed techniques will be discussed, including more efficient

finite-rate and hybrid (partial equilibrium) schemes. The algorithms that have been de-

veloped and are being optimized provide for an efficient and general tool for the design

and analysis of propulsion systems.
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