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An Analytical Study on The Structure and Boundary Conditions of
The Premixed Flame Stabilized in Conductive Cylindrical Tubes

Nam II Kim

ABSTRACT

When a flame is stabilized in a tube of a finite thickness, a conductive heat transfer
through the tube significantly changes the wall temperature and affects the flame
characteristics. Thus the tube length and thermal boundary conditions affect on the
structure of the flame in a conductive tube. A one-dimensional analytical study was
conducted by employing two energy equations for tubes and mixtures and a species
equation for the mixture. Variation of the maximum temperatures and indicating
displacements were observed. A parametric study on the effects of inner Peclet numbers,
normalized wall conductivities, and heat transfer conditions of the tube was conducted.
This study provides essential data for a more efficient computational simulation of.the

flame stabilized in conductive tubes.
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% normalized wall temperature

7"  normalized gas temperature

¥"  normalized gas concentration

i normalized distance from a flame
6 flame thickness
7

normalized flame speed
S, laminar adiabatic flame speed

T, inlet (room) gas temperature
T, adiabatic flame temperature
T,, activation temperature

ij normalized flame temperature

2= dd

k, gas conductivity

k, wall conductivity

k" normalized wall conductivity
Le Lewis number

Ze  Zel'dovich number
Pe; Peclet number for inner diameter

Pe,, Peclet number for wall thickness
Mu; Nusselt number at inner surface
MNu, Nusselt number at outer surface

e emissivity of tube surface
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