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1. Trapped Vortex Combustor (TVC)
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. Large Eddy Simulation

. Root mean square

. Micro-mixing

. Intensity of segregation

. Momentum Flux Ratio (MFR)
. Front-Wall-Fueling (FWF)

. Back-Wall-Fueling (BWF)
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1. Filtered Mass Density Function (FMDF)
2. Favre-filtered equations
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1. Wall-adapting local eddy-viscosity (WALE)
2. High order, compact-differencing
3. Runge-kutta
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1. Stochastic differential equation (SDE)
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Figure 2- (@) Geometry and dimensions of the considered typical trapped vortex combustor, (b) Fuel jet entrance geometry on the
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Table 1- Fuel and air jet positions for considered configurations

Configuration No. L/D h, (mm) h, (mm)
1 0.60 91.7 25.0
2 0.70 78.6 21.4
3 0.85 64.7 17.6
4 0.93 59.1 16.1
5 1.00 55.0 15.0
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Table 2- Inlet parameters for mainstream, fuel jet and air jet inlets

Velocity Fuel Mass
Boundary Reynolds Number (m/s) Fraction
Mainstream Inlet 29000 8.4 0.01
Fuel Jet Inlet 2200 7.1 1.00
Air Jet Inlet 10200 23.6 0.00
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Figure 3- The nodes distribution over turbulence resolution for L/D = 1.00
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Figure 4- A/q distribution on the TVC center-plane for L/D = 1.00
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Figure 5- Fuel mass fraction on the center-plane of TVC for L/D = 0.85 obtained by MC scheme (left) and FD scheme (right),
(a) Instantaneous field, (b) Time-averaged field
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Figure 7- Instantaneous fuel mass fraction distribution at different locations for L/D = 0.60
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Figure 8- Time-averaged fuel mass fraction distribution at different locations for L/D = 0.60
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Figure 9- Scatter plots of fuel mass fraction obtained by MC and FD schemes for L/D = 0. 85 (a) instantaneous values, (b) time-
averaged values
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Figure 10- Normalized instantaneous velocity magnitude on the TVC center-plane for L/D = 1.00
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Figure 8- Normalized mean velocity magnitude along with longitudinal velocity profiles at different sections on the TVC center-plane
forL/D =1.00
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Figure 9- Instantaneous vorticity magnitude for L/D = 0.85
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Figure 10- Mean flow streamlines along with time-averaged fuel mass fraction field for all L/D's
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Figure 13- Variation of (a) mixedness parameter, (b) spatial unmixedness along the cavity for all L/D's
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English Abstract

Large eddy simulations of fuel-air mixing in a trapped vortex combustor-
effect of cavity length to depth ratio
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Turbulent mixing in a trapped vortex combustor is investigated using large eddy simulation
coupled with filtered mass density function. The impact of cavity length-to-depth ratio (L/D) as a
crucial geometrical parameter on fuel-air mixing quality is evaluated under non-reacting flow
conditions. The vortical structure analysis along with various quantitative measures such as mean
cavity and near stoichiometric equivalence ratios, global fuel distribution and mixing efficiency
curves are invoked to compare different L/D ratios. The predicted results show that increasing
L/D ratio from 0.60 to 0.85 improves mixing quality within the cavity due to expanding the main
vortex. Further increment of L/D ratio to 0.93 temporarily impairs the mixing quality, whereas
more increasing this ratio to 1.00 leads to resumption of mixing quality improvement.
Nevertheless, L/D = 0.85 provides the best mixing curves and fuel distribution about mean cavity
and near stoichiometric equivalence ratios, and consequently the best mixing quality. These
findings are commensurate with expectations based on the vortical flow structures inside the
cavity.
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