EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-07-04

fSE T é%%(l%ﬁw WA TfinZET >
9*/IE$ AT—=I v N—FRAN/40Oy M
V&IO&@%%

t

TEE, 3% / HANAJIMA, Shun

EHMKRFERERE T 2HRR
ERARZEAFIRME. BT - T2HREHE
60

1

8

2019-03-31

https://doi.org/10. 15002/00021981



FBRFERERCE BEIZ TEHREBE Vol60(2019F 3 A)

NS

MEPERAA /Iﬁiﬁ'ﬁ’ﬁﬁtﬁ"éﬁ*ztﬁng A%

RIEART—C T N—FRR(48y kAP

790)551%

DEVELOPMENT OF A PILOT INJECTOR OF AN AERO ENGINE COAXIAL STAGED BURNER
WITH LEAN PREMIXED MAIN COMBUSTION ZONE

el %%
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Effects of swirl motion of air imposed on the kerosene liquid column issuing from a pressure swirl atomizer at low
injection pressures from 2 to 10 kPa were investigated at air pressure drop up to 2% by a coaxial and co-rotational
double swirler unit. The directions of air swirl and liquid were the same. The atomizer was designed for the pilot
stage of a coaxially staged lean-premixed burner for an aero gas turbine. The liquid column changes into a cone when
the pressure drop of air across the swirler unit reaches a threshold and, as a result, atomization was significantly
improved. The minimum pressure drop required for the transition was 0.8 % for the lowest injection pressure of 2
kPa. The addition of a non-swirling annular air jet between the swirling air jets from the inner and outer swirlers

improved lean blow out characteristics.
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Fig.1 Example illustration of an air-blast lean premixed
fuel injector with dual orifice pressure swirl atomizer

for pilot fuel injector (General Electric 2014).
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Fig.2 Photos of sprays in the Onion stage at 4PL=40 kPa
and Cone stage at 4 PL=400 kPa.
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Fig.3 Showing in the effects of 4PL on break up of liquid
column at 4PL lower than 10 kPa.
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Fig.4 Cross sectional drawing of the pressure swirl atomizer (left)
and insert with 6 tangential slots (right).
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Fig.5 Flow characteristics of the pressure swirl atomizer
for kerosene.
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Fig.6 Air swirl generating units consisting of coaxial inner
and outer axial swirlers.
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Fig.7 Schematic drawing of air chamber used for observation of
liquid film and droplet size measurement.
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Fig.8 Schematic drawing of combustion apparatus for
lean blow out measurements.
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Fig.9 Schematic drawing of two types burners equipped with
Type-A (left) and Type-B (right) air swirl generating units.
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Fig.10 The higher thresholds of swirling-air pressure drop for liquid
column-Cone transition and the lower thresholds of that
for Cone-Onion transition for kerosene.
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Fig.11 Mie scattering images of sprays.
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Fig.12 SMD for Type-A air swirl generating units.
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Fig.13 SMD for Type-B air swirl generating units.
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Fig.14 Lean blow out limits for Type-A and Type-B
air swirl generating units.
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Fig. 15 Comparison of Type-A and Type-B flames at a fixed
equivalence ratio ¢ = 0.8 and Tin=400 K.
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Fig. 16 Comparison of Type-A and Type-B flames at a fixed
equivalence ratio ¢ = 0.7 and 7:n=600 K.
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Fig. 17 Schematic drawing of 4 types coaxial staged burners.
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Fig.20 Lean blow out limits for Type-A and Type-B air
swirl generating units with 4 types coaxial
staged burners at 7in=600 K.
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Fig.21 Comparison of Type-A-WL and Type-A-WS flames at
a fixed equivalence ratio ¢ = 1.8 and Tin=600 K.
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Fig.22 Comparison of Type-B-NS and Type-B-WS flames at
a fixed equivalence ratio = 1.1 and T:=600 K.
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