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The investigation of combustion at the centimetre scale, or meso-scale combustion, has 
lately become an important research topic (see e.g. A.C. Fernandez-Pello, 2002 or K. 
Maruta  2010). Used as portable source of heat or mechanical work or thermo-electric 
power generators, such devices would deliver powers from 1 up to 100 W. As the 
characteristic length of the object decreases, scaling issues may lead to unsustainable heat 
loss, more complex combustion regimes and/or incomplete combustion. Small scale can 
hence significantly affect flame stability, overall efficiency and pollutant formation. The 
present work focuses on the 3D Large Eddy Simulations of a quasi-cubic 0.64 cm3 
air/methane non-premixed asymmetric whirl flow (R.A. Yetter et al., 2000) combustion 
chamber, with no moving parts. This study aims at gathering numerical tools and strategies 
for a better understanding and optimization of the combustion process inside the chamber. 
In order to capture transient combustion regimes, wall heat loss or non-flamelet combustion 
regimes, a finite rate chemistry modeling coupled to a skeletal mechanism by Coffee 
(1984) was adopted. As turbulence is weak, the relative importance of diffusive processes 
is enhanced and detailed molecular transport modeling is also used. The species diffusion 
velocities are computed thanks to mixture averaged coefficients (Hirschfelder & Curtiss, 
1969). Using our in-house LES/DNS code YALES2, we solve for the Low-Mach number 
reactive Navier-Stokes equations. In order to reduce the computational time, the popular 
specialized library CVODE (Cohen et al. 1996) dedicated to the time integration of stiff 
systems of ODEs is employed for species source terms computation. Methane and air are 
injected separately so both premixed and non premixed combustion may occur. The 
combustion efficiency of this non optimal burner is found to be close to 50%, and one may 
expect a large amount of unburnt methane and carbon monoxide. A 50 μm spatial 
resolution, leading to a 3.4 million cell grid, is able to capture the reaction zone, while SGS 
modeling is only active at the vicinity of the impinging jet zone. The flow structure, flame-
topology and combustion regimes are quite in line with previous ex- perimental work and 
less detailed numerical modeling (Sjostrand et al. 2014). Mixing of air and methane is 
efficient enough for combustion to take place in the premixed regime almost everywhere 
inside the chamber, mainly in lean conditions. High pollutant emissions have been found in 
exhaust gases like unburnt CH4 and CO. These may be due to quenching, stretching or to 
limited residence time. 
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