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Abstract−− Analysis of heat and mass transfer in 
a burning vertical surface exposed to a fluid flow 
parallel to the surface is presented. The combustion 
process considered is steady and the burning surface 
is in equilibrium vaporization. A fast gas phase reac-
tion is assumed to occur between the fuel and the 
oxidizer. The flame sheet approximation is used to 
describe the reacting flow. The governing equations 
describing the conservation of mass, momentum, 
energy, and species concentrations were solved nu-
merically along with appropriate boundary condi-
tions. Schvab-Zeldovich variables were used to 
eliminate the mass and energy generation terms 
from the governing equations. Calculations were 
done for two different fuels and for a range of Rey-
nolds number. Computed results included the distri-
butions of velocity components, enthalpy, and con-
centration of fuel, oxidizer, products, and inert gas, 
and the position of the flame sheet. 

Keywords−− Diffusion flame, conjugate heat 
transfer, heat and mass transfer.  

I. INTRODUCTION 
Diffusion flames are observed during the combustion of 
a solid, liquid, or gaseous fuel.  Some common exam-
ples include fires, furnaces, and burners. Many of these 
combustion processes occur under the combined influ-
ence of a vertical buoyant flow and an external forced 
flow. The analysis of such a mixed convective flow is 
the objective of the present investigation. 

The laminar natural convective burning of a vertical 
fuel surface was first addressed by Spalding (1954). 
After making several simplifying assumptions, a simi-
larity solution was obtained for the boundary layer flow 
on a flat surface. Williams (1985) introduced a mathe-
matical transformation, known as the Schvab-Zeldovich 
transformation, to simplify the governing equations. 
Shih and Pagni (1978) described a laminar, free and 
forced, mixed-mode diffusion flame adjacent to a verti-
cally burning fuel slab using Schvab-Zeldovich vari-
ables, boundary layer and local similarity approxima-
tions. The solution presented flame position, concentra-
tions, velocity profiles and surface fluxes, and showed 
that the flow characteristics were more complicated than 
superposition of two limiting flame cases. Kinoshita and 

Pagni (1980) performed a numerical analysis of a 
steady, laminar, two-dimensional, non-radiative bound-
ary layer. Based on the results, explicit functional fits to 
numerical flame heights were obtained for free and 
mixed-mode flows. The comparison with theoretical 
results indicated quantitative agreement. Liu et al. 
(1981) solved the two dimensional laminar thermo-
buoyant flow diffusion flame with the gaseous fuel in-
jected uniformly through the vertical surface. Fernan-
dez-Pello and Pagni (1983) performed an analysis for 
mixed, forced, and free convective combustion on a 
vertical fuel surface which made use of the laminar 
boundary layer approximation to describe the gas flow 
and the flame sheet approximation to describe the gas 
phase reaction. They used a parameter as a function of 
Reynolds and Grashof number to develop a solution that 
is uniformly valid over the entire range of mixed flow 
intensities. Kodama et al. (1987) investigated the proc-
ess of extinction and stabilization of a diffusion flame 
on a flat combustible surface for oxidizing gas flow 
parallel to the fuel surface. Theoretical results were vali-
dated using a simplified experimental approach. Di 
Blasi (1994) developed a two dimensional, unsteady 
model of the degradation of porous cellulosic fuels to 
volatiles and chars to simulate downward flame spread. 
Ray and Wichman (1998) numerically investigated a 
diffusion flame using a model heat loss profile. The 
radiative intensity, width, and location of the heat loss 
profile were parametrically varied to assess the sensitiv-
ity of the flame to heat losses. The emphasis was placed 
in the extinction of the flame due to increased heat 
losses. Costa (1998) studied the effects of differential 
diffusion on unsteady one-dimensional diffusion flame. 
Bula and Rahman (1998) analyzed a diffusion flame 
adjacent to a burning vertical surface exposed to a hori-
zontal fluid flow parallel to the surface. Calculations 
were done for two different fuels and for a variety of 
Reynolds numbers. The computed results included the 
distributions of velocity components, enthalpy, and con-
centration of fuel, oxidizer, products, and inert gas in 
the entire boundary layer region. Ramadan (2003) stud-
ied the effect of the Damkohler number and non-unity 
Lewis number on a two-dimensional, steady, laminar 
diffusion flame anchored by a dividing plate in a rec-
tangular channel. The results showed that an increase in 


