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Review on the Gas Turbine Combustor Sizing Methodologies using
Fuel Atomization and Evaporation Characteristics
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Abstract

The current paper reviews the main characteristics and the operating principles of major fuel atomizers used for gas turbine
combustors, including various empirical SMD equations for each atomizers. We have summarized various methodologies for
evaluation of the combustion efficiency and for combustor sizing from the selected SMD data. It is found that the combustor
sizing as well as the combustion efficiency are totally dependent upon the SMD calculation resutls, which means that special
cares should be taken in choosing the SMD empirical equations.
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Fig. 3 Example of simplex atomizer!'®
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Table 1 Combustor inlet conditions

Table 4 Calculated SMD for airblast atomizer

Table 2 Fuel/air/gas properties

Fuel viscosity, zr [m%s] 804
Fuel density, or [kg/m’] 1.32x1073
Surface tension, o [N/m] 0.0277
Air density, p, [kg/m’] 3.221
Combustion gas temperature, 7. [K] 2,272
Specific heat of the gas, C,¢ [J/kgK] 2,191
Mass transfer number, B 3.75

CEA(chemical equilibrium with applications) Z& 73
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Table 3 Calculated SMD for pressure atomizer

Radcliffe equation, Eq. (2) 101.3 pm
Jasuja equation, Eq. (3) 78.2 um
Lefebvre equation, Eq. (4) 65.6 um
Wang equation, Eq. (5) 26.7 pm

Inlet pressure, P, 3 [Pa] 409,396 Lefebvre equation, Eq. (4) 65.6 um
Inlet temperature, 77 3 [K] 468 Rizk equation, Eq. (7) 59.7 um
Inlet air flowrate, ri7; [kg/s] 5.696 Shanawany equation, Eq. (8) 83.4 um
Fuel flowrate, 1, [kg/s] 0.125 Goris equation, Eq. (9) 91.7 pm
Fuel temperature, 77 [K] 298
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Table 5 Estimation of combustor volume (by Lefebvre
SMD equation)

Combustion efficiency controlled by

. 0.81
evaporation

Combustor volume calculated by

-3 .3
evaporation eff., Eq. (15) 1.581x107 m

*Reference
Combustor volume calculated by
reaction eff., Eq. (14)

1.536x107° m®
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