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Flowfield and Emission Characteristics of Lean Premixed Injector
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Abstract: Based on the development trend of incorporating fuel holes into hollow swirler-vanes and avoid-
ing the auto—ignition and flashback of lean premixed injectors, an original lean premixed injector with multi-
point injection and the convergent outlet was proposed. Its fuel holes are located on the swirler—vanes basin and
there are a number of cooling holes in its premixing section. The flowfields and emission characteristics of the
lean premixed injector were investigated by experiments, and supplementary study on flowfields and fuel/air pre-
mixing uniformities were carried out by numerical simulations with the verification of experimental results. The re-
sults show that: the main recirculation zone (MRZ) is separated from the injector outlet for a certain distance,
which is conducive to the generation of detached flame and avoid the risk of auto—ignition and flashback. The
monitoring temperature results of the injector outlet in this paper also confirm that there is no spontaneous com-

bustion and tempering in the injector. The spatial mixing variance (SMV) values at the outlet of the nozzle are all
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about 4.7% under different pressure conditions, which meets the requirement that SMV of low emission combus-
) of the

lean premixed injector, at which its NO_ and CO emissions (@15%0,) could both meet the emission require-

tor should be less than 5%. The emissions experiment results show that dome equivalence ratio (@

dome

ments, ranges from 0.65 to 0.82, and its wide range of @, . can reduce the number of stages used in full ring

dome

combustor. In addition, when @, is lower than 0.70, the lean premixed injector is capable of achieving NO_

dome
emissions below 1.0x107° (@15%0,). Therefore, the original lean premixed injector proposed in this paper could
meet the stringent emission standards of industrial gas turbine.

Key words: Gas turbine; Low emission combustor; Multi—point injection; Lean premixed injector; Spa-
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tial mixing variance; Emission characteristics
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Fig. 1 Schematics of the lean-premixed injector
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Table 1 Non-reacting flowfileds test conditions

Parameter Value
Mainstream air/(g/s) 17.52
Inlet temperature/K 289.3
Inlet pressure/kPa 106.81
Seeding air/(g/s) 1.20
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Fig. 2 Schematics of cold flowfield test rig system
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Table 2 Technical details of the PIV setup

PIV measurement

Laser pulse duration/ns 5

Laser pulse energy/m] 200

Laser sheet width/mm 1
Double-pulse delay/ps 15

PIV repetition rate/Hz 5

PIV camera objective Image SX 4M 2360%1776,31fps
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Fig. 3 Single injector combustor test rig
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Table 3 Aerodynamic conditions of emissions

characteristics test

Case T K py/kPa @,
1 480 250~600,8 points 0.776
2 370~715,5 points 300 0.783
3 620 305 0.739~0.883,6 points
4 620 390 0.683~0.886, 10 points
5 715 295 0.653~0.868, 10 points
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Fig.5 Axial velocity in radial for different grids
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Fig.7 Comparison of CFD and Exp results of axial velocity

and fuel mixture distribution
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Table 4 Comparison of flow distribution between design

value and experimental value

Design Experimental Relative
Parameter
value value error/%
Injector air ratio/% 72 71.09 -1.25
Cooling air ratio% 18 18.86 4.82
Dilution air ratio% 10 10.61 6.12
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Fig. 8 Non-reacting flow characteristics of lean premixed

combustor
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Table 5 SMYV on different operating conditions

T,/K py/kPa b, SMVI%
Point 1 247.6 4.74
Point 2 349.3 4.67
480 0.776
Point 3 449.9 4.75
Point 4 541.8 4.77
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