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Summary

Combustion is one of the major science applications areas of the APDEC ISIC Center. The focus of our combustion work is on developing and applying tools for high-fidelity simulation of flames with detailed chemistry and transport. The simulation software provides an end-to-end capability that includes data analysis tools for interpreting simulation data.

Combustion of fossil fuels continues to provide most of the energy required for transportation and for stationary power generation. However, in spite of its fundamental scientific and technological importance our knowledge of the combustion process is surprisingly incomplete.  Laboratory measurements are difficult to make and often limited in the level of detail they can provide about a flame. Theory provides a number of important insights but is unable to treat the chemical complexity of realistic flames. The multiple-scale character of combustion problems leads to daunting computational requirements for traditional simulation methodologies.
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The adaptive methodologies being developed in APDEC are ideally suited to the multi-scale, multi-physics simulations typified by combustion. We have developed a simulation capability based on a low Mach number formulation that increases the time step by as much as two orders of magnitude compared to approaches based on a compressible formulation. The algorithm is implemented in a parallel adaptive projection framework and combines high-resolution finite difference methods with local adaptive mesh refinement. 

We have recently begun applying this methodology to turbulent premixed combustion. Premixed turbulent flames are of increasing practical importance. New designs for natural gas burners based on novel approaches for stabilization of premixed flame have demonstrated potential for efficient energy generation with very low emissions. In spite of this practical importance, turbulent premixed flames still pose significant research challenges to the combustion community. The goal of our current simulations is to provide detailed simulations of laboratory-scale flames that can be used to bridge the gap between theory and experiment and to facilitate the [image: image3.jpg]


analysis of experimental measurements.
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The initial focus of our work has been on simulations of a turbulent V-flame, depicted in Figure 1. For this simulation, methane chemistry and transport is modeled using the DRM-19 mechanism derived from GRIMech-1.2 along with its associated thermodynamics and transport databases. An image of the computed instantaneous flame sheet is shown in Fig. 2. This computation required the integration of the reacting flow equations over a domain that was more than 1500 cc in volume for more than 0.1 seconds. Without the combination of adaptive mesh refinement and the low Mach number formulation, this computation would not have been feasible. 

We have performed a number of detailed comparisons of the computational results with the available experimental data. In Figure 3, we compare centerline cuts from the experiment and the computation. This comparison shows that the computation captures the overall flame shape as well as the characteristic wrinkling of the flame. A further comparison is provided in Figure 4, which compares the turbulent flame brush. The turbulent flame brush represents the statistical distribution of the flame surface.

Future Plans

We have only begun to explore the data generated by this simulation. We are continuing our comparison with the available simulation data and are beginning to use the data for detailed analysis of the flame dynamics and to understand the interplay between turbulence and chemistry in the flame. In the longer term, we plan to apply the tools we have developed to the low swirl burners being developed at LBNL.
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Figure 2.  Computed instantaneous flame surface





Figure 3.   Numerical solution (left) compared to experimental measurement (right)  (Courtesy of R. K. Cheng)





Figure 4. Experimental (red) versus computational (blue) flame brush








Figure 1.   Experimental photograph of  premixed turbulent methane flame. (Courtesy of R. K. Cheng)
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