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j&RH : Are we there yet? Requirements and challenges for the reliable prediction

of turbulent combustions

Combustion in gas turbines, rockets, and other propulsion devices are often accompanied by unstable
operating conditions and pollutant emissions. The accurate prediction of such combustion-dynamical
processes introduces significant challenges. The selection of an appropriate combustion model and solution
approach for the numerical prediction of reacting flows remains an outstanding issue. Often, expert
knowledge or experimental data is required to make an informed decision in selecting a suitable model. By
addressing these issues, this presentation discusses the development of a Pareto-efficient combustion
(PEC) framework for application to complex chemically reacting flows under consideration of user-specific
requirements about quantities of interest, desired simulation accuracy and computational cost, and a set of
combustion models. PEC utilizes a Pareto efficiency, and introduces a manifold drift term as a measure for
determining the adequacy of using a certain combustion-manifold model to predict selected quantities of
interest. As such, this formulation represents a general description for the selection of combustion models,
thereby overcoming limitations of monolithic combustion models. The capability of the PEC-framework is
demonstrated in application to a series of flames of increasing complexity, including a tribrachial flame, a
turbulent DME jet-diffusion flame, and the simulation of gas-turbine combustor. Results obtained from PEC-
calculations are compared with benchmark simulations, and improvements in predicting flame dynamics and
emissions are discussed.
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