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Abstract

The research deals with the investigation of the thermal characteristics on which affect flame structures
and thermal performance of a self-aspirating porous medium burner (SPMB). The simulation of SPMB is
analyzed using one dimensional, volume-average approach and local thermal non-equilibrium model coupling
with adopting the basic jet theorem (Composite Variable by Schvab-Zelovich Transformation) on cylindrical
laminar jet in case of the combustion of free jet of fuel issuing into quiescent air. The rate of fuel consumption is
described by single-step arrhenius rate equation and liquefied petroleum gas (LPG) is served as fuel. The
predicted results are used for further improvement of SPMB. Thermal characteristics that are investigated are
firing rate, equivalence ratio, optical thickness and porosity. Both gas-solid temperature profiles throughout
simulation domain are reported and burner performance is presented by heat recirculation and radiant output
efficiencies. Predicted results show that the effect of equivalence ratio and firing rate is significant and strong
influence on combustion location, temperature structures, post flame length and burner performance. Further
improvement of SPMB should be focused on: firstly, primary air entrainment, secondly, the entrainment of jet

diffusion flames for the beneficial radiation feedback of jet diffusion flame.
Keywords: porous medium, Self-aspirating, heat recirculation, jet diffusion flame
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5. IMsFyanHal

2

A = Pre-exponential fator or Area [m]

Cp = Specific heat capacity at Constant Pressure [J/kg K]

D = Diffusivity of gas, Diameter [m2/s]
= Activation Energy [J/kmol]
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E, = Exponential Integral Function [-]

FR = Firing rate

h = Enthalpy [J/kg]

h, = Volumetric heat transfer coefficient [W/m3 K]
I, = Intensity of Radiation on Inlet Plane [W/m2]

I, = Black Body Radiation Intensity [W/m2]

I, = Intensity of Radiation on Outlet Plane [W/m2]
Pr = Prandtl Number [-]

q, = Radiative Heat Flux [W/m2]

R = Universal Gas Constant [J/kmol K]
R,r = Radius [m]

t = Time [s]

T = Temperature (K]

T, = Ambient Temperature [K]

u = Axial velocity [m/s]

w = Production Rate of Species or Sink Term [kg/s m3]
X = Distance [m]

X = Dimensionless Distance [-]

y = Mass Fraction of Species [-]

V = Radial Velocity [m/s]

€ = Porosity or Emissivity or Turbulent eddy diffusivity [-]

K = Absorption Coefficient [m-1]

7\,, k = Thermal Conductivity [W/m K]
P = Density [kg/m3]
(0} = Stefan —Boltzmann Constant [W/m2K4]
(I) = Equivalence Ratio [-]

T = Optical Thickness [-]

8 = Boundary [-]

+ = Positive Direction
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= Negative Direction

Net

= Surface

wanvalmiuals

g = Gas

s = Solid

0,1 = Initial

b = Black Body

C = Combustion

eff = Effective

E = Exit

m = Mean

P = Pressure constant
R, rad = Radiation

T = Temperature

00 = Infinity

JetTip = End of Jet Combustion
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