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Abstract-- In this paper, the effect of Lewis num-

ber on the structure of one-dimensional flame of 
biomass combustion is analyzed. This effect can be 
observed by considering the non-unity Lewis num-
ber in the governing equations. The fuel particles 
vaporize first to yield a gaseous fuel of known 
chemical structure. The analysis is performed in the 
asymptotic limit, where the value of the characteris-
tic Zeldovich number is too large and the equiva-
lence ratio is larger than unity u1. The presumed 
biomass fuel is consisted of four components, mois-
ture, volatile species, fixed carbon and ash. The in-
cineration process of fuel can be described by some 
chained chemical sub-processes: evaporation of 
moisture from the fuel particles, volatile release/char 
formation, burning of the hydrocarbon volatiles in 
the gaseous space, and the combustion of char and 
tar components. 

The flame structure consists of three different 
zones which are, a preheat vaporization zone where 
the rate of the gas-phase chemical reaction is small, a 
reaction zone that consists of gas and Char combus-
tion where convection and the rate of vaporization of 
the fuel particles are small and a convection zone 
where diffusive term in the conservation equation is 
negligible. The obtained results from the presented 
model declare that the temperature and burning ve-
locity profiles are extremely affected by the variation 
of Lewis numbers.  
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I. INTRODUCTION 

Biomass is a clean and renewable source of energy and 
currently represents nearly 14-15% energy consump-
tion. In fact the necessity of biomass varies significantly 
across regions of the world. Biomass is becoming a 
more and usable fuel in the developed countries and be-
cause of the diversity of this general source of energy, 
so many scientists all around the world focus their stud-
ies on the different aspects of mathematically, numeri-
cally and experimentally modeling of biomass and or-
ganic fuels (Chen et al., 1998; William et al., 2001; 
Backreedy et al., 2002). There are wide ranges of bio-
mass fuels such as wood, short-rotation woody crops 
and herbaceous species which are studied for at least 20 
years.  Weng et al. (2006) introduce an extended inte-
gral model using char oxidation under different ambient 
oxygen concentrations to predict the pyrolysis of wood. 
Also the study of biomass/coal co-firing because of the 

greenhouse emission is the goal of combustion scientist 
(Senneca, 2007).  SO2 and NOx are alternatively bio-
mass pollutant which can be pyrolysed or gasified pro-
ducing a liquid fuel or a gas-like fuel such as carbon 
monoxide. Pyrolysis actually is the thermal destruction 
processes of organic materials and it is pursued by heat-
ing in the absence or shortage of oxygen. Sadhukhan et 
al. (2008) developed a simple mathematical model to 
describe the pyrolysis of a single biomass particle. 
Zheng et al. (2009) studied the pyrolysis characteristics 
of six representative organic components and their mix-
tures in a specially designed thermo gravimetric analy-
sis apparatus. Porterio et al. (2006) presented a mathe-
matical model describing the thermal degradation of 
densified biomass particles. Recently researches men-
tion the explosion ability and pyrolysis of biomass dust 
particles.  Fuel moisture content, fuel volatile content, 
and in the case of combustion on the fuel bed, air flow 
rate through the bed are the critical factors affecting the 
ignition velocity. Yang et al. (2004) present a mathe-
matical model to clarify the effect of primary air flow 
rate and moisture level in the fuel.  Wornat et al. (1996) 
experimentally studied on the two different type of sin-
gle particle of biomass char and achieved the burning 
rates and compare them to the high-volatile bituminous 
coals.  Cho et al. (1995) experimentally studied on 
burning velocity of multicomponent organic fuel mix-
ture and considered the char, tar and soot formation in 
the combustion process and plots are illustrated for fuel 
equivalence ratios between 0.4 to 1.5 at two different ra-
tios and two different temperature.  Ryu et al. (2006) 
experimentally studied over the fuel properties, equiva-
lence ratio and particle size for different particles com-
positions.  Saastamoinen et al. (2001) experimentally 
and theoretically studied the ignition wave propagation 
against the air flow in different packed beds of wood 
fuels and considered the extra factors such as air tem-
perature, bulk density of the fuel bed and particle size. 
Yang et al. (2003) experimentally studied on the effect 
of an external heat flux on the pyrolysis of the charring 
materials and they mathematically modeled the ignition 
and the combustion model based on Kung’s model. 
They assumed that the chemical reaction between the 
volatiles and char or between the char and the air are ig-
norable. Pure fuel chars were compared to blended 
chars with respect to their performance during combus-
tion is investigated in Kastanaski and Vamvuka (2006) 
and the kinetic parameters are slightly modified. Cetin 
et al. (2005) experimentally studied on the influence of 
Pressure of combustion area on the char structure and 




