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1. Inverse Diffusion Flame
2. Jet
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1. Discrete Ordinates (DO)
2. Stefan-Boltzmann

3. Thermal (Zeldovich)

4. Prompt
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Figure 1- Schematic view of combustion chamber
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Table 1- Geometrical data of combustion chamber
Fuel inlet zone (mm) r=0.0-6.0
Air inlet zone (mm) r=16.5-27.5
Furnace diameter (mm) 150.0
Furnace length (mm) 900.0
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Table 2- Inlet boundary conditions

Parameters Fuel Air

Axial velocity (m/s) 15.0 12.8

Radial velocity (m/s) 0.0 0.0

Turbulent kinetic energy (m?/s?) 2.26 1.63
Dissipation rate of turbulence (m?/s®) 1131.8 692.0

Temperature (K) 295 295

Swirl number 0.0 0.4
Mass fraction of O, 0.0 0.2315
Mass fraction of N, 0.0 0.7685

Mass fraction of CH, 1.0 0.0
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Figure 2- A view of mesh grid of computational domain
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Figure 3- Mesh dependency analysis, temperature on centerline
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1. Gambit

2. Fluent

3. Second Order Upwind Method
4. SIMPLE
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Figure 4- Comparison between present modeling and experiment data[26], temperature on centerline
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Figure 5- Contour of static temperature in combustion chamber (Air swirl=0.4 , Fuel swirl=0)
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Figure 11- Turbulence intensity on transverse line of x=0.05 m for different swirl numbers (Co swirl mode)
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Table 3- Total heat transfer rate to the walls (kW)
swirl 0 0.2 0.4 0.8
Co-Swirl 34.68 35.20 35.64 35.65
Counter-Swirl 34.68 34.87 35.41 35.55
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Table 4- Maximum rate of NO formation

swirl Rate of NO Rate of prompt NO Rate of thermal NO
(kgmol/m?3s) (kgmol/m?3s) (kgmol/m3s)
0 6.42e-6 6.20e-6 2.91e-7
0.2 2.70e-6 2.67e-6 2.91e-7
-0.2 3.31e-6 3.26e-6 2.90e-7
04 3.20e-6 3.02e-6 4.51e-7
-0.4 2.63e-6 2:40e-6 3.25e-7
0.8 6.51e-6 5.62e-6 1.48e-6
-0.8 5.99-6 5.49¢-6 7.87e-7
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Figure 17- Amount of NO at outlet
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Table 4- Comparison of optimal design in current study with the reference case[26]
NO density at outlet CO flow rate at outlet
(ppm) (gr/minxe-7)
Optimal case 1.34 0.369
Reference case [26] 1.58 5.08
Improvement percentage (%) 15.2 92.7
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English Abstract

Numerical and two-dimensional study of the influences of the
swirl of fuel on the structure and the environmental features of a
gas diffusion flame
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The positive influence of the swirl of reactants on the air-fuel mixing has been widely discussed in previous
studies. However, they have been mostly focused on the swirl of air. The present work numerically
investigates the influences of the swirl of fuel on the structure and the environmental features of a diffusion
flame, while the swirl of air is kept constant. The results show that the increase of fuel swirl is associated with
the increase of mixing rate, flame width, and flame peak temperature, and the decrease of CO emission and
flame length. However, the trend of the variation of NO with fuel swirl number has a minimum somewhere in
the middle. The results also illustrate that the co- swirl injection leads to higher mixing rate, peak
temperature, emission of NO, and lower emission of CO, as compared to the counter-swirl injection. In this
work, the optimum swirl of fuel is observed to have the same value and to be in the same direction as the
swirl of air. In this case, the emissions of NO and CO are decreased by 15.2% and 92.7% as compared to the
reference design (in which the fuel has no swirl), respectively.
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