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ABSTRACT.  The importance of radiation heat loss in laminar and turbulent diffusion flames at normal 
gravity has been relatively well recognized. There is currently lack of quantitative understanding on the 
importance of radiation heat loss in relatively small scale laminar diffusion flames at microgravity. The 
effects of radiation heat transfer and radiation absorption on the structure and soot formation 
characteristics of a coflow laminar ethylene/air diffusion flame at normal- and micro-gravity were 
numerically investigated. Numerical calculations were conducted using relatively detailed combustion 
chemistry and complex thermal and transport properties, an acetylene based soot formation model, and 
a statistical narrow-band correlated-k non-grey gas radiation model. Radiation heat transfer and 
radiation absorption in the microgravity flame were found to be much more important than its 
counterpart at the normal gravity.  
 

INTRODUCTION 
 

Thermal radiation is often the dominant heat transfer mode in many systems involving large scale and 
high temperature, such as furnaces and combustors, and fire spread. The importance of radiation 
transfer in combustion and flame processes has drawn increased attention over the last few decades. 
Even in relatively small sized laminar discussion flames radiation heat transfer can still be important to 
influence various flame processes, such as extinction at low stretch [1] and soot formation [2,3]. This is 
because radiation heat transfer affects the flame temperature, which in turn alters various kinetically 
controlled phenomena due to the strong temperature dependence of such processes. The strong 
coupling between radiation and soot kinetics in sooting flames at earth gravity was first recognized by 
Kaplan et al. [4] and Sivathanu and Gore [5] in their numerical studies using crude combustion 
chemistry based on either the one-step reaction model or the state relationship. The importance of 
radiation heat transfer in laminar diffusion flames at earth gravity was later numerically investigated in 
several studies by Liu et al. [2,3,6] using detailed combustion chemistry, a semi-empirical (acetylene 
based) soot model, and the statistical narrow-band correlated-k (SNBCK) gas radiation model. These 
studies revealed that even in such fairly small flames thermal radiation loss can still be important and 
should be accounted for in numerical modeling of laminar flames, especially for the 64 mm tall laminar 
coflow ethylene/air diffusion flame [2] and the oxygen enriched ethylene counterflow diffusion flame 
[3], where the soot loading is relatively high. On the other hand, however, radiation absorption can be 
important or relatively unimportant, depending on flame configuration (counterflow or coflow), flame 
size, and soot loading. The strong coupling between flame temperature, soot formation, and NOx 
emission and thermal radiation due to gas and soot in propane-fuelled oxygen-enriched turbulent jet 
diffusion flames was more recently investigated by Wang [7] using advanced soot formation and non-
grey gas radiation models. Their study once again found that accurate modeling of thermal radiation 
due to both non-grey gas and soot is very important for accurate predictions of soot and NOx formation. 
It is worth pointing out that it is essential to employ an accurate non-grey gas radiation model in an 
overall flame model for the validation of either a combustion chemistry mechanism or a soot formation 
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