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【Purpose and Background of the Research】 

Combustion technology of fossil fuels still covers 
about 85% of total primary energy supply in 
Japan. Combustors such as IC engine and gas 
turbine are required to be more efficient and 
lower emissions. These improvements directly 
resolve the global/urban environmental 
problems. The flow fields in many combustors 
used in engineering applications are in complex 
turbulent combustion state in which strong 
interactions between complex chemistry and 
turbulence occur. Characteristics of turbulent 
combustion are dominated by hierarchical 
structures of turbulence and flame. It can be 
expected that a hierarchical structure inside 
flame is newly caused by chemical reactions at 
high Reynolds number conditions, since 
interactions between flame surface and coherent 
fine scale eddies in turbulence are enhanced. At 
high pressure, the instability mode of flame and 
the hierarchical structures of flame surface and 
inside flame are considered to have complex 
interactions.  
    In this research project, the hierarchical 
structures of flame surface and inside flame in 
turbulent premixed flames are investigated by 
the world's most sophisticated laser diagnostics 
and direct numerical simulation. Turbulent 
flame structures at high Reynolds number and 
high pressure which can be observed in practical 
combustors will be clarified and modeled. 
 

【Research Methods】 
The most advanced laser diagnostics and direct 
numerical simulation of turbulent combustion 
in the world are conducted to investigate the 
hierarchical structures of flame surface and 
inside flame in turbulent premixed combustion, 
and the turbulent flame structures at high 
Reynolds number and high pressure. 
Simultaneous measurements of several 
chemical species and fluid velocity in 
multi-dimensions are developed by combining 
planar laser induced fluorescence (PLIF) and 
stereoscopic particle image velocimetry (PIV) in 
the experimental approach, and cloud 

computing technology of massive parallel 
graphic processing unit (GPU) is combined with 
direct numerical simulation technology of 
turbulent combustion in the numerical 
approach.  
 

【Expected Research Achievements and 
Scientific Significance】 

Turbulent combustion mechanism in the 
practical combustors is going to be revealed in 
this research project. The clarified turbulent 
combustion mechanism will be applied to the 
development of more efficient and lower 
emission combustors, which will contribute to 
the resolution of global/urban environmental 
problems in the medium- and long-term.   
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