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Application of laser-wipe cleaning for removal of soot deposition on glass surface to
visualization of flame inside the pilot cup of a coaxially-staged aero-engine fuel injector
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A coaxially-staged aero-engine fuel injector with optical access through its contoured quartz-made inner- and

outer- shrouds was developed by our research team and has been successfully applied to its optical investigation, in

particular of its pilot flame surrounded by its pilot cup. However, with sooty flames it suffers a glass-surface fouling

problem due to soot deposition. To enable visualization, a laser-wipe cleaning optics was developed, with which the

soot on the glass-surface was removed by the laser irradiation, over a wide area owing to its “wipe-cleaning” feature

achieved by the steering mirror on a rotational traverse. The cleaning laser was operated at 10Hz repetition rate and its

energy density for one pulse was 1mJ/mm2. The dynamic structure of the pilot flame under a combustion oscillation

condition with a modest soot deposition rate was successfully captured, which provides phase-delay relationships

among pressure, fuel concentration and heat release, not only in the main combustion chamber but also inside the

injector.
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Fig. 1 Schematic drawings of coaxially-staged burner (Note the
figure is for metal version with burner lip cooling) .
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Fig. 2 Schematic drawings of experimental setup.
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Fig. 3 Optical setup for visualization.
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Fig. 4 Optical setup for laser-wipe cleaning.
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Table 1 Test condition.

Pilot model U8

Inlet pressure, kPa 487
Inlet temperature, K 545
Combustor pressure loss* 4%
Airflow rate in total, g/s 259
Pilot fuel flow rate, g/s 1.58
Combustor air-to-fuel ratio, AFR 164
Pilot air-to-fuel ratio, AFR) 238

*Percent of inlet pressure
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Fig. 6 Direct photographs showing effects of laser cleaning on
visibility of pilot flame.
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Fig. 8 Effects of laser-wipe cleaning on time-dependent behavior
of sum of OH* intensity in specified regions.
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