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! Multi stage combustion

2 .

“ Cooling flame

* Swirl burner

* Hot spot temperature

’ Flameless Combustion

® High Temperature Air Combustion

" Moderate or Intense Low oxygen Dilution
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! Standard wall function
2 Viscose sub-layer

* Buffer layer

* Fully turbulent layer



U/Ur = 2.5 In(Ur yiv) +5.45

———————  inner layer —————>] “‘ *

U/Ur = Ur yiv

= outer layer
5 Y
S
buffer layer fully turbulent
scous or blending region or upper limit depends
sublayer region log-law region on Reynolds number
L
y'=s y'=30 InUryiv
Figure 1- Subdivisions of turbulent boundary layer [24]
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Figure 2- Operation difference between wall functions and wall models approach [24]
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! Enhanced wall treatment

% Menter-Lechner

? Standard wall functions

* Scalable wall functions

’ Non-equilibrium wall functions
® Mesh
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! Turbulent Reynolds
% Analogy
Baseline
* Shear-Stress Transport
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! Production

? Dissipation

* Viscous diffusion

* Turbulent diffusion
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Table 2- Fuel and air inlet parameters for simulation [21]
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Chemical compounds %99 CH, %TIN,+%210,
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Velocity (m/s) 9.32 22.38
Excess air A=1.25
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Figure 4- Front view of the structured mesh has been generated for the furnace
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Table 3- Boundary conditions of simulation
Gl dd (5550 ]y -V Jgumr
Input Output Walls
. calculated by no slip boundary condition and
Velocity (V) known (Table2) continuity equation wall functions
Temperature (T) , Thermal known (Table2) must be calculated known (Figure 5)
boundary condition
Pressure (P) Calculated by _Bernoulh s known (Atmospheric) zero gradient (VP = 0)
equation
Species (Y;) known (Table2) zero gradient (VY; = 0) zero gradient (VY; = 0)
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Figure 6- Temperature comparison from simulation and experiment in sections 1 to 5 (Mesh1: 50k, Mesh2:65k, Mesh3: 85k)
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Figure 8- Velocity profile of the air nozzle in the furnace entrance
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Flameless combustion is one of the newest combustion methods aimed at reducing environmental pollutants
and increasing efficiency in combustion systems. However, the selection of appropriate parameters for
utilizing this technology in various situations is determined through experimentation or simulation. One of the
main challenges in simulating flameless combustion, which is classified as turbulent combustion, is choosing
the appropriate turbulence model for the simulation. Most simulations employ the k-¢ turbulence model along
with the standard wall model. However, it is important to note that the simulations were conducted for a
burner that had no walls in its reaction zone. When simulations carry out in a confined environment like a
furnace, the flow regime near the walls becomes significantly important, meaning that the choice of
turbulence and wall models greatly influences the final results. This research focuses on exploring the physics
of turbulent flows and establishing relationships from various numerical models. It investigates different wall
functions and models within the k-¢ and k-o turbulence models, ultimately comparing three models: the
standard wall function, the Menter-Lechner wall function, and the k- SST model. The results indicate that
the maximum error in the Menter-Lechner model relative to experimental results is 5%, while the maximum
error for the k-@ SST model is 14%, marking it as the least effective among the models studied. Therefore,
based on accuracy and the results obtained from simulations, the Menter-Lechner model is deemed more
suitable than the standard wall model and the k-w SST model for flameless combustion simulations in closed
chambers.
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