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Abstract : This paper proposes a unified model that can be applied to the premixed and diffusion flames based on the
author's premixed combustion model [1-4]. The proposed model has the following features. 1) It includes the laminar flame
speed and the gradient of the mixture fraction as parameters. When the gradient of the mixture fraction is close to zero, the
model is also close to the previous premixed combustion model as an asymptotic form. 2) It considers the effects of pressure
in the combustor, unburned gas temperature, and flame stretch on combustion based on the laminar flame speed. 3) The
effect of turbulence is considered through the turbulent eddy viscosity of all turbulence models. To verify the accuracy of
the model, the counterflow diffusion flame presented by Tsuji and Yamaoka [8] was numerically simulated, as an example
of a laminar diffusion flame. Further, a turbulent diffusion flame, which was assisted by the burning of a pilot jet [9], was
demonstrated using the united combustion model as an example of the turbulent diffusion flame discussed by Barlow and
Frank. The flame is well known as Sandia Flame D. Both results were in good agreement with the experimental data. These
comparisons with the experimental data and this agreement confirmed the proposed unified model was able to accurately
simulate diffusion flame.
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Table 1 Numerical conditions
Parameters Conditions
Pressure (MPa) 0.1
Temperature of unburned gas (K) 300
Air inlet velocity (m/s) 1.5
Fuel inlet velocity (m/s) 0.06
Fuel Methane
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Table 2 Constants on RNG k-¢ model

Cu Oy O Op Om Cel
0.085 0.719 0.719 0.9 0.9 1.42
Ce2 Ce3 Ceq o B
1.68 1.42 -0.387 4.38 0.012

Table 3 Boundary conditions

Parameters Premixed gas | Burned gas Air
Density (kg/m3) 1.17 0.180 1.17
Temperature (K) 294 1880 294
Inlet velocity (m/s) 49.6 11.4 0.9
Ycny 0.156 0 0
Yo, 0.197 0.052 0.233
Yu,0 0 0.117 0
Yo, 0 0.097 0
Y, 0.647 0.734 0.767
Open ¢ > Open
boundary| boundary
(C
)
Air-Co-flow
Unit: mm
Fig.9 Calculation domain around burner
¢ 300mm

Diffusion flame

Air

Pilot jet
Premixed gas

Fig.10 Temperature distribution around burner
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