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1. Swirlers

2. Vortex breakdown

3. Processing vortex core (PVC)
4. Inner recirculation zone (IRZ)
5. Outer recirculation zone (ORZ)
6. Liquefied petroleum gas

7. Eddy dissipation
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1. Axial Velocity

2. Circumferential Velocity
3. liner

4. Species transport

YO



E)l3 B9 5 (£BuUG wdeste ¢ Bho Cpudeste

757500 ——r———————— "

757000

L R

PR TN [N TN NN TN ST SN Y NN Y SO T

756500
o
756000
5 00-el its
----------- 3800000 elements
755500 - semmeeennes 3100000 elements -1
- 2300000 elements 1
755000 1

M - T BRI R —
0 0.02 0.04 0.06 0.08 0.1 0.12
Z

Figure 1- Investigation the effect of mesh on pressure distribution in double combustion chamber
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Table 1- Mesh’s Effect on maximum temperature in combustion chamber for ¢ = 0.72

Mesh 2300000 3100000 3800000 5100000
maximum temperature (K) 2543 2791 2847 2853
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Figure 2- Geometry used for validation [14]
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Figure 3- (a) Temperature (Kelvin) distribution contour from reference [14], (b) Temperature (Kelvin) distribution contour
by this study
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Figure 4- (a) Variation of axial temperature (Kelvin) [14], (b) Variation of axial temperature (Kelvin)by this study
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Figure 5- (a) Stream lines [14], (b) Stream lines by this study
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Table 2- Amount of inlet air flow in the liner for each simulation

Case g, (kg/s) g, (kg/s)
1 0.02 0.24
2 0.02 0.30
3 0.02 0.37
4 0.02 0.48
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Table 3- The mass flow rate of air passing through the liner in specified cross sections in kg/s

Case ZID = 2.6 ZID=1.8 ZID=1 ZID=0.7 ¢
1 0.24 0.21 0.08 0.04 0.72
2 0.30 0.24 0.09 0.05 0.063
3 0.37 0.31 0.11 0.07 0.43
4 0.48 0.42 0.15 0.09 0.35
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Figure 6- a) The percentage of air entering the chamber at each cross section, b) Combustion chamber geometry
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Figure 7- Steamlines inside the combustion chamber along the axial cross section, a) equivalence ratio 0.72 b) equivalence ratio 0.35
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Figure 8- Steamlines inside the combustion chamber along the axial cross section for the equivalence ratio equal to 1.14
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Figure 9- Flow lines in cross-sectional area for simulation with equivalence ratio equal to 0.46
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Figure 10- Vorticity magnitude (1/S) contour on an axial cross section of the combustion chamber at equivalence ratio equal to 0.35
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Figure 11- Graph of magnitude (1/S) the vortex on the diameter of several cross sections in the equivalence ratio equal to 0.35
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Figure 13- Graph of changes in the size of the vortex at the center of the length of the cylinder at different equivalence ratios
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Figure 17- Contour of the temperature (Kelvin) distribution at the axial cross section of the chamber in four different
equivalence ratios
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Figure 18- Fluid temperature changes (Kelvin) at the center of the chamber length in four different equivalence ratios
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Figure 19- Temperature changes (Kelvin) on the diameter of five cross-sections of the chamber in four different equivalence ratios
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Figure 20- Contour distribution of Mach number along the combustion chamber for equivalence ratio equal to 0.35
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Figure 21- Changes in the mass ratio of NO in the center of the chamber length for four different equivalence ratio
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Figure 22- mass ratio of NO2 species on the diameter of five cross-sections of the chamber in four different equivalence ratios
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Figure 23- Density changes in a longitudinal cross section of the chamber in the equivalence ratio equal to 0.46
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Figure 24- Density changes (kg/m”3) in the center of the chamber length in several different equivalence ratios
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Numerical simulation of the effect of the air-fuel ratio on NO emission
reduction in a gas turbine combustor with a double swirler
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The purpose of this study is investigating the effect of fuel to air ratio on the flow characteristics and NO
emission in a model double swirler combustion chamber. The air in this combustion chamber passes inversely
through the liner. In this research, by defining the boundary conditions and producing adequate mesh, and
using standard K-€ model for methane fuel, combustion simulations have been performed. The simulations
are performed in four different equivalence ratios, all of which are for the dilute phase of the fuel. The
physics of the flow inside the chamber showed that in the higher equivalence ratios than 1, the mass flow air
in entrance is not enough to keep the vortex breakdown and the stability of the flame, and thus prevents the
formation of flame. By examining the vorticity and the amount of power of each vortex breakdown inside the
chamber, the results showed that reducing the equivalence ratio increases the intensity of the vortex. It was
found that reducing the equivalence ratio not only reduces the maximum flame temperature, but can also
reduce the flame length to some extent. Finally, it was concluded that the NO production behavior is highly
depend on the fluid temperature and its change graph is very similar to the temperature change diagram in the
chamber, which results in a significant positive effect of decreasing the equivalence ratio on reduce the
production of combustion emissions.

Keywords: effect of the air-fuel ratio, Numerical simulation 3D, double swirler combustion chamber,
emission reduction
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