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Effects of Relative Spatial Arrangement between Swirl Vanes and Fuel Injection Holes for
Main Nozzle on Fuel Distributions and Emission Characteristics of
a Lean-Staged Burner for an Aero-Engine
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The effects of relative spatial arrangement between swirl vanes and cross-flow-jet fuel injection holes for the main
nozzle on fuel distributions, flame structures and emission characteristics of a lean-staged burner for an aero-engine
were investigated experimentally by means of kerosene- and OH-LIF at an elevated pressure and temperature. A
quartz-made fully-contoured “optical main nozzle” enabled the investigation. Two arrangements, “aft vane (AV)” and
“mid vane (MV)”, were studied. For AV, the injection holes were located on the traces of hub-side swirl-vane cord
lines, and for MV, they were in the middle of the adjacent traces. For MV, the fuel distribution in the main nozzle
was relatively more uniform, the main flame was located more downstream, and both combustion efficiency and NOx
emissions were lower, than for AV. The present result suggested such arrangements could be one of the burner-design

parameters for tuning emission performance.
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Fig. 1 Schematic drawing of coaxial-staging burner.

2.2 IeEE & REESFLOMEM LB

M 21, REELZ228Y) ofEhEoR IS %Rk
MEHFLO R H MO ERROENEZ R TSR TH 5.
AVIECE (Aft vane) &, PARHEEHLASE FIANCIE, B
ZONY HVILRERD BRASEF I 5 mm T i Oz
i FCIRBEMICIER L2 EOBBIMNETLHETH
5o —7, MVE®E (Mid vane) &, BV AHIEELED
PRI E T A IO R A2 FRICIER L2 & & 0#%#FIC
MET 556 TH 5,

5 mm

_©<€—=MV(Mid vane)
@ €= AV(Aft vane)

Fuel injection holes

—~—— " .

Fig. 2 Relative position of the swirl vanes to the fuel
injection holes.
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Table 1 Test conditions for combustion experiments.

Conditions for LIF
Inlet pressure, kPa 700
Inlet temperature, K 760
Combustor pressure loss 4%
Airflow rate in total, g/s 320
Pilot fuel flow rate, g/s 1.82 'AFR;, :25.1 '@,:0,594)
Main fuel flow rate, g/s 593 ( AFR,294  ¢,:0.507)
Total air-to-fuel ratio, AFR, 41.3

Conditions for gas analysis
Pilot fuel flow rate, g/s 1.82 (AFR,:25.1 #,:0.594)
Main fuel flow rate, g/s 545~6.08 (AFR,:31.9-28.6

¢,:0.467~0.521)

*Air-to-fuel ratio, AFR
"Equivalence ratio, ¢
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Fig. 3 Experimental setup for combustion experiments.
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Fig. 4 Optical setup for LIF measurement.
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Table 2 Test conditions for spray experiments.

Inlet pressure, kPa 266
Inlet temperature, K 307
Injector pressure loss 9.3%
Burner airflow rate, g/s 220
Main fuel flow rate, g/s 5.93

Burner mounting flange

Laser
sheet

e
Inner shroud z l—

Fig. 5 Burner model used for spray experiments.
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(b) Kerosene-LIF intensity before and after correction (z =-22mm).

Fig. 6 Optical refraction correction.
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Fig. 7 Computational domain for LES.
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Fig. 8 Comparison of fuel/air mixing characteristics in premixing duct between AV and MV.
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Fig. 9 Probability density function of normalized kerosene-
LIF intensity.
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Fig. 10 Cross-sectional distribution of Mie scattering signal
from sprays inside and downstream of premixing duct.
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Fig.ll Radial velocity map near swirl vanes and fuel injection
holes.
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Fig.12 Spatial distributions of OH-LIF intensity at z=3mm.
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Fig. 13 Circumferential average of OH-LIF intensity.
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Fig.15 Effects of relative position of swirl vanes to fuel injection
holes on NOx emission indices and combustion efficiency.
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