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Abstract
reductions of CO and NOx emissions are important because they influence the performance of the burner. We named

: We have developed a burner with high efficiency and low emission rate for the gas turbine combustor. The

this burner the “co-axial jet cluster burner” and, as the name indicates, it has multiple fuel nozzles and holes in a coaxial
arrangement. To form lean premixed combustion, this burner mixes fuel and air in the multiple holes rapidly. For
development of gas turbine burners, computational fluid dynamics (CFD) is a powerful tool to investigate the detailed
distributions of various emissions and temperature. In recent years, the large eddy simulation (LES) model has been used
for combustion analysis to analyze an unsteady combustion state in the combustor. Therefore, we have developed the hybrid
turbulent combustion (HTC) model to calculate the form in which the non-premixed flame coexists with the premixed
flame. Turbulent flow has been simulated using a LES with a dynamic sub-grid-scale (SGS) model. These two models
were programmed to our simulation tool. However, there were unclear points about their applicability to an actual machine
evaluation, especially prediction of CO concentration. In this study, we verified distributions of CO concentration by using
the HTC model. In addition, we analyzed the CO generation mechanism for the lean premixed combustion in the burner. We
found that CO is generated in the premixed flame zone and the flame quenching zone.
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Fig.1 Schematic of combustor with cluster burner.
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Fig.2 Schematic of perforated plate for multi cluster combustor.
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Fig.3 Schematic of a perforated plate and a fuel nozzle for the main
burner.
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Fig.5 Schematic of burner cooling position assembly.
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Table 1  Test conditions.
Unit  Comb. air Cooling air Fuel(CH,)
Temperature  [K] 623 623 298
Flow Rate  [kg/sl  0.0682 0.0212 0.00215
Outlet [MPal 0.101
Pressure
Burner F/A [] 0.0314
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Fig.8 Calculation results for temperature distributions.

CH,[ppm]
1.0X 104

I 0.0

Fig.9 Calculation result for CH4 mole fraction (instantaneous).
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Fig.12 Validation results for CH4 mole fraction along z = 60 mm
(time average).
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Fig.13 Calculation result for the progress variable (instantaneous).
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Fig.14 Calculation result for the source term of premixed combustion
(instantaneous).
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Fig.15 Calculation result for the source term of diffusion combustion
(instantaneous).
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Fig.17 Validation results for CO mole fraction along z = 90 mm

(Time average).
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Fig.18 Calculation result for CO mole fraction (instantaneous).
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L 7%.
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Nomenclature

4 Calculated cell area [mz]

C Progress variable [-]

Cs  Smagorinsky model parameter [-]

D Diffusion factor [mz/s]

Dy Fractal dimension [-]
f Weighting factor parameter [-]

G Normalized progress variable [-]

1 Flame stretch effect [-]

J Diffusion enhancement effect [-]

Ka*  Kalrovitz number [-]

Ma* Markstein number [-]

Pr Prandtl number [-]

Pr¢  Turbulent Prandtl number [-]

SLO Laminar burning velocity [m/s]

T Temperature [K]

14 Volume of control volume [m3]

Z Mixture fraction [-]

cs Model parameter of flame thickness [-]
L Inner cutoff scale [m]

w,  Production rate of diffusion combustion [kg/mS/s]
wg  Production rate of normalized progress variable [kg/m3/s]
w; Production rate [kg/m3/s]

w,  Production rate of premixed combustion [kg/mS/s]
Y; Mass fraction [kg/kg]

Greek symbols

A Grid scale [m]

p) Fractal parameter [1/m]

o) Increasing rate of flame surface area [-]
5,  Flame thickness [m]

n Kolmogorov scale [m]

u Viscosity [Pa * s]

o Density [kg/m3]

Subscripts

b Burned

sgs  Subgrid scale

u Unburned

(87)
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