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ABSTRACT

The firtst-order conditional moment closure (CMC) model is applied to CH4/air swirl
diffusion flame in a gas turbine model combustor. The flow and mixing fields are
calculated by fast chemistry assumption with SLFM library and a beta function pdf for
mixture fraction. RNG k-e model is used to consider the swirl flame in a confined wall.
Reacting scalar fields are calculated by elliptic CMC formulation with chemical kinetic
mechanism, GRI Mech 3.0. Validation is done against measurement data for mean flow
and scalar fields in the model combustor [1]. Results show reasonable agreement with
the mean mixture fraction and its variance, while temperature is overpredicted as the
level of local extinction increases. The second-order CMC model is needed to consider
local extinction with considerable conditional fluctuations near the nozzle.

Key Words : Conditional moment closure (CMC), Swirl flow, Scalar dissipation rate,
Steady laminar flamelet model (SLFM)
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Fig. 1 Conditional mean temperatures
according to the scalar dissipation rate, chi
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Figure 2. A schematic drawing of the
Stuttgart model combustor

Table 1. Test conditions
Air CH4 :
(e/min) | (g/min) ALY Py1ob fatet Tt (K
1095 418 349 0.65 0.037 1750

Py, thermal power § <75g,0,,, equivalence ratio for the overall mixture ;
f glob» MiXture fraction for the overall mixture ; T, glob adiabatic

temperature for the overall mixture with inlet temperature T(') =295 K
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Figure 3. Computational grid
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Fig. 4 Comparison of velocity fields :
experiment (up) and simulation (down)
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Fig. 5 Radial distributions of mean mixture fraction, mixture fraction variance, turbulent
kinetic energy and mean temperature at h = 10mm (symbol : measurement, line : prediction)
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Fig. 6 Radial distributions of mean mixture fraction, mixture fraction variance, turbulent
kinetic energy and mean temperature at h = 20mm {symbol : measurement, line : prediction)
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Fig. 7 Radial distributions of mean mixture fraction, mixture fraction variance, turbulent
kinetic energy and mean temperature at h = 40mm {symbol : measurement, line : prediction)
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Fig. 8 Flame structures at h = 10mm r = 0, 10, 20, 30mm (symbol : measurement,
line : prediction)
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Fig. 9 Flame structures at h = 20mm r = 0, 10, 20, 30mm (symbol : measurement,
line : prediction)
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Fig. 10 Flame structures at h = 40mm r = 0, 10, 20, 30mm (symbo! : measurement,
line : prediction)
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