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Abstract: An OpenFOAM-based solver for spray combustion simulation with the large eddy simulation ( LES)
and the flamelet generated manifold (FGM) method, was developed. A simple reduction of the temperature
was employed to account for the evaporative heat loss. The solver was firstly validated against the Sydney pilo-
ted ethanol spray flame benchmark EtF7. The predicted mean gas temperature and droplet statistics correspond
well with the experimental data and have similar accuracy to the spray flamelet model. The turbulence-chemis-
try interaction modeling may have a larger influence on the simulation accuracy. Then a realistic gas turbine
slinger combustor was simulated with 2 sets of operating conditions. The simulation results reveal different

flame characteristics of the 2 working conditions. The predicted total pressure losses are close to the measured
values.
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Fig. 1  Procedures of FGM method
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Fig. 4 Predicted radial profiles of mean gas temperature T, Sauter mean droplet diameter S, ; and

axial mean droplet velocity i]% at x/D = 30 with different meshes
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Fig. 6 Predicted radial profiles of the mean gas temperature with the experimental data in 3 different axial positions
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Fig. 7 Predicted radial profiles of spray droplets S, with the experimental data in 6 different axial positions
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Fig. 8 Predicted radial profiles of the axial mean droplet velocity with the experimental data in 6 different axial positions
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Table 2 Measured data in 2 working conditions

=

index working condition 1 working condition 2
air inlet mass flow rate i, /(kgs™) 2.313 2.707
fuel inlet mass flow rate m,, /(g-s™") 13.8 31.7
fuel air mass ratio ( F/A) /% 0.596 6 1.171 7
air inlet temperature 7', /K 300 300
fuel inlet temperature T}, /K 300 300
air inlet total pressure P, ;. /kPa 305.103 408.172
total pressure loss AP, /kPa 50.912 74.861
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Fig. 9 The computation domain of the realistic Fig. 10 Local geometric details of the computation mesh
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(¢) The predicted velocity distribution of working condition 2 (d) Streamlines lines of working condition 2
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Fig. 11 Predicted velocity distributions and streamlines at sectiony = 0
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Fig. 12 Predicted instantaneous and mean total temperature distributions at sectiony = 0
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Fig. 13 Predicted instantaneous and mean total temperature distribution at temperature measurement section
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Fig. 14 Predicted flame index distributions at section y = 0

%3

HERRAS IR IGTE A R A0 DX 3k 4 2 11 291

Table 3 Conditional means of progress variable source terms in different combustion zones

working condition

@y /(kg-m™s7)

&=-1 & =+1
working condition 1 5.03 4.44
working condition 2 13.82 7.03

3.5%.
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