Abstract:
 
Over many decades, combustion played a major role in converting energy from one form to another by providing utmost comfort to human life. Recent implementations of strict regulations on combustion generated emissions are prompting for the necessity of sustainable, eco-friendly combustion systems, with optimal design characteristics in all engineering applications. Fundamental understanding of the combustion is vital to lower the impact of emissions on environment and to improve the performance, reliability and safety. Optimal design of such combustion systems demands rigorous experimental investigations, which require expensive experimental setups, where combustor designs are very complex. Computational modelling tools have been proved as an excellent alternative to tackle these complex situations and adequately developed in many fields. Among the available computational modelling techniques, large eddy simulation (LES) has evolved itself as a powerful predictive tool in turbulent combustion. Present work shares authors modelling experiences using LES in three different combustion scenarios.
 
Turbulent premixed flames propagating past solid obstacles in a laboratory combustion chamber has been modelled using LES. The mixture used is a stoichiometric propane/air mixture, ignited from rest. A wide range of flow configurations derived by the presence of baffle plates and their position were studied. A dynamic flame surface density (DFSD) model, recently developed by the author during his PhD is tested and presented for a wide range of flow conditions. All the flow configurations are divided into four groups for qualitative and quantitative comparisons between predicted results and experimental measurements. The concept of groups offers better understanding of the flame-flow interactions and the impact of number and position of the solid baffle plates with respect to the ignition source. Comparison of LES predictions against experimental measurements provides good confidence levels in the developed model and in using LES methodology.
 
LES is recently gaining popularity to simulate pulverised coal combustion. LES simulations have been carried out for pulverised coal combustion in 0.5 and 1.0 MWth combustion test facilities. Simulations are carried out by resolving the triple-staged low-NOx wall fired burner in both cases. Typical industrial bituminous coals are used. Predictions using LES are compared with Reynolds-averaged Navier–Stokes (RANS) calculations using the k-e model for turbulence and against available experimental measurements. The results suggest that LES can offer improvements over RANS in predicting recirculation zones and flame properties of the pulverised combustion systems investigated. Flame flickering frequencies from the LES simulations are calculated and validated against available measurements. LES simulations demonstrate the potential improvements in predictions of coal combustion.
 
Wake-stabilised jet flame in a cross-flow is studied using LES and RANS. Main objectives of this study are to understand important flow features, flame structure and to improve combustion efficiency. Although this study is currently undergoing, preliminary results from LES are compared with RANS and improvements in flame structure and flow parameters are highlighted.
