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1. Mechanism

2. Flamelet Base Model

3. Finite Rate Chemistry (FRC) Model

4. Probability Density Function (PDF) Model
5. Conditional Moment Closure (CMC) Model
6. Mixture Fraction
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1. Flamelet Generated Manifolds

2. Iranian 25MW Gas Turbine

3. Reynolds Averaged Navier Stokes
4. K-¢ (Realizable)
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1. Density-weighted
2. Favre
3. Boussinesq
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Figure 1- Schematic view of the computational domain
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1. SIMPLE

2. EnVironmental (EV) burner
3. Diffuser

4. Pilot Fuel Ratio

5. Swirler
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(b) (c)

Main Fuel — = ' Pilot Fuel

Main Air

Figure 2- Schematic view of (a) EV burner, (b) inside view of the burner, and (c) pilot part of the burner
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Figure 3- Fuel path lines (green: pilot and red: main fuel path lines)
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Figure 4- Combustor specifications
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Table 1- Operating and boundary conditions
G309 &L bulph -) Jeux

Total air mass flow rate (kg/s) 4.4
Burner air mass flow rate 33
Total Fuel mass flow rate 0.08
Pilot fuel mass flow rate (kg/s) 0.014
Main fuel mass flow rate 0.069
Inlet air temperature (K) 700
Inlet fuel temperature (K) 300
Combustor pressure (bar) 13.5
Combustor pressure loss (%) 6%
Inlet air velocity at burner slots (m/s) 80
Turbine inlet temperature (K) 1500
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Figure 5- Computational mesh
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Figure 7- Grid sensitivity analysis on radial distribution of the axial velocity upstream of the flame front
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Figure 9- Spatial distribution of (a) tangential velocity, (b) axial velocity and (c) temperature at various planes of the computational
domain
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Figure 12- Spatial distribution of equivalence ratio and flame position (lines)
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Figure 13- Variation of (a) temperature and (b) CO emission (in the presence of 15% O,) as functions of equivalence ratio for
different global mechanisms and present modified mechanism
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The main objective of the present<paper is.to predict CO emission in a stationary gas turbine combustor
comprising 18 EV burners. To suchaim, k —e turbulent model along with finite rate Eddy dissipation
combustion model and a global two-step kinetic mechanism are used to simulate the reacting flow field in the
combustor. Primary investigations show that the global two-step mechanism underestimates CO
concentration at the combustor outlet by several orders of magnitude. Therefore, the global mechanism is
tuned to better capture CO emission. To such aim, temperature exponent of the Arrhenius form of reaction
rate is tuned as a function of equivalence ratio. Investigations show that the tuned global mechanism using the
present methodology accurately ‘predicts CO emission in the stationary gas turbine at various operating
conditions. The obtained results show that modifications of the global mechanism have no effect on the
overall flame shape and flame lift-off distance.

Keywords: CO Pollutant, k — € Model, Finite Rate Eddy Dissipation Combustion Model, EV burner
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