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Investigation of a Droplet Combustion with Nongray Gas Radiation Effects

Chang Eun Chot, Jae Hyun Park and Seung Wook Baek

Key Words : Single Droplet Combustion (%} o 2 o] £
g, g (DOM), sl 753k a

Abstract

Radiative Heat Transfer (8 AL A
(WSGGM)

Single liquid droplet combustion processes including heating, evaporation, droplet burning and

flame radiation were theoretically investigated by adopting nongray gas radiation model for the

radiative transfer equation (RTE). n-Heptane was chosen as a fuel and the numerical results

were compared with the experimental data available in the literature. The discrete ordinate

method (DOM) was employed to solve the radiative transfer equation and the weighted sum of

gray gases model (WSGGM) was applied to account for nongray effect by CO, and H,0. There-

fore, detailed effects by nongray gas and its comparison with the gray gas model could be figured

out in the results. It is found that the radiative heat flux is higher when the nongray model is used,

thereby reducing the maximum gas temperature and the flame thickness, but the total burning

time increases due to the deceased conductive heat flux in nongray model. Consequently, a better

agreement with experimental data could be obtained by using nongray model.
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Table 1 Properties of »-Heptane

Property of n-Heptane |Symbol Value
Density o 684kg/m?
Specific heat C, 2.219 KJ/
kgK
Conductivity A 0.140W/mK
Boiling point Ts 371.4K
Latent heat of vaporization] L  316.5KJ/kg
Heat of combustion Q  44600KJ/kg
Reaction order a'r, &0 a'r=1.25,
@' 0=0.5
Activation energy E, 60K J/mol
Pre-exponential factor A 0.82x10*
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Table 2 Coefficients for Emissivity (Mixture=CO2 and H20) - Smith 5[12]
r=1latm, 0.001< PS<10.0atm - m, 600K < 7 <2400K
Mixture, pu/pc=1 Mixture, pu/pc=2
k 1 2 3 1 2 3

Ak 0.4303 7.055 178.1 0.4201 6.516 131.9
be,n,1 X 10 5.150 0.7749 1.907 6.508 -0.2504 2.718
be 2 X 10 -2.303 3.399 -1.824 -5.551 6.112 -3.118
be, 2,3 X107 0.9779 -2.297 0.5608 3.029 -3.882 1.221
be, 4 X 10" -1.494 3.770 -0.5122 -5.353 6.528 -1.621
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