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AERO-ENGINE LEAN-BURN FUEL INJECTOR
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The visualization of the pilot flame of a coaxially-staged aero-engine lean-burn fuel injector, not only
downstream but also inside of the pilot nozzle was successfully performed at realistic aero-engine
conditions. Optical access toward the inside of the nozzle was achieved through the inner and outer
shrouds, both of which were made of transparent quartz. The image distortion caused by complex
contours of the two shrouds was corrected by an in-house software based on optical ray tracing. OH
chemiluminescence, OH-LIF, kerosene LIF and Mie scattering were employed for optical diagnostics.
Two pilot burners with different design were investigated and the difference of their flame structures
and its relation to the characteristics of exhaust gas emissions and of lean blow out are discussed.
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VISUALIZATION OF PILOT FLAME STRUCTURE OF AN OPTICALLY-ACCESSIBLE COAXIALLY-STAGED

temperature and pressure
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Fig.1 Schematic drawing of coaxially-staged burner
(Note the figure is for metal version with burner
lip cooling).
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Table 1 Test conditions for combustion experiments.
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Fig.2 Schematic drawing of experimental setup.
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Inlet temperature, K 760
Combustor pressure loss 4%
Airflow rate in total, g/s 316
Pilot fuel flow rate, g/s 1.44-3.63
Pilot air-to-fuel ratio, AFR, 31.8-12.6
Conditions for gas analysis
Pilot fuel flow rate, g/s 1.44-6.67
Pilot air-to-fuel ratio, AFR, 31.8-6.85
Conditions for lean blowout
Case A Case B
Inlet pressure, kPa 700 487
Inlet temperature, K 760 503
Combustor pressure loss 4% 4%
Airflow rate in total, g/s 316 270
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Fig.3 Optical setup.
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Fig.4. Optical refraction correction.
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Fig.5 Visualization of flame in pilot nozzle and combustion
chamber (Case A, AFR,=30.1, Exposure time; 20ms).
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Table.2 Pilot Air Fuel Ratio at Lean Blow Out.

Case A Case B
U8 type, AFR g0 34.7 46.7
D8 type, AFR g0 35.4 33.3
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Fig.6  Spatial distributions of time-averaged intensity of line-of-sight OH chemiluminescence, cross-sectional OH-LIF,
kerosene- LIF and kerosene Mie scattering on x =0 plane for Case A.
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