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The Turbulence Enhancement Effects on the Stability of Coaxial Oxygen-jet Diffusion Flame
in a High Pressure Environment
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Abstract : Observations of coaxial oxygen-jet diffusion flames stabilized in a high pressure environment and measurements
of flame stabilization limits, flame base positions and stream lines as well as flow turbulence were performed when jet
turbulence and co-flow turbulence were enhanced. Comparing the results with those of the flames with no turbulence
enhancement, the flame stability characteristics and stabilization mechanism for turbulence enhanced diffusion flames
were discussed. For co-flow turbulence enhanced flames, flame stabilization limits, flame base positions and stream lines
were not so different from those of the flames with no turbulence enhancement. On the other hand, jet velocity at the flame
stabilization limits drastically decreased when jet turbulence was enhanced. From turbulence measurements and combustion
experiments, it was proven that turbulence intensity near the burner lip for the jet turbulence enhanced flow significantly
increased and the flame base position is located closer to the burner lip in comparison with the flames with no turbulence
enhancement and co-flow turbulence enhancement, the latter being due to enhanced mixing between jet and co-flow when
the flame is stabilized. From stream line observations, it was found that jet turbulence enhancement has significant effects
on the weakening the recirculation zone which is formed near the burner lip and plays an important role for the flame
stabilization especially at high pressure. It was also proven that flame base stability for jet turbulence enhanced flames at
high pressure is strongly related to the characteristic scale of the recirculation zone formed near the burner lip.

Key Words : Oxy-fuel combustion, Oxygen-jet flame, Stabilization mechanism, Pressure effect, Turbulence enhancement
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Coaxial jet burner
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Table 1 Experimental conditions
Used jet tube Jet tube type Typel Type II
Inner diameter d; [mm] 3.0 2.0
Lip thickness t [mm] 0.5 0.1
Pressure P MPa] | 01 [ 05 [o01 [ 05
Composition Jet 0,
mol fraction Xio2 [] 1
Coflow CH, + N,
methane mol fraction X, cus [-] 02-0.6
Max. inlet velocity |Jet U; [m/s] 60 70 60 70
Coflow U, [m/s] 60 | 47 | 6.0 | 3.6
Inlet temperature Jet T [K] 298
Coflow T, [K] 298
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(b) Turbulence intensity profile at P =0.1 MPa
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(d) Turbulence intensity profile at P = 0.5 MPa

Fig.2 Turbulence measurement results for Type I under the conditions of P = 0.1 and 0.5 MPa, Uj = 12.0 m/s and U, = 3.0 m/s

near the burner lip, # = 1.0 mm.
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Fig.3 Flame lifting and blowout limit for the coaxial oxygen-jet diffusion
various turbulence control conditions.
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Fig.4 Flame position for the coaxial oxygen-jet diffusion flames under the conditions of P = 0.1 MPa, U; = 12.0 m/s and U = 2.0 m/s.
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