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Abstract: A dry low emission (DLE) micro gas turbine combustor with variable nozzle
position and multi-point fuel injection was put forward. In order to gain the effect of differ-
ent fuel-staged methods on the combustion performance for the combustor, and the effect of
fuel distribution mode between pilot and primary on combustion performance, different dis-
tribution modes of the combustor were experimentally studied by numerical simulation. Re-
sults showed that: the change of fuel nozzle position had little effect on the emissions. With
the increase of two-stage fuel distribution ratio, the NOx emissions decreased first and then

increased, and there existed an optimal fuel distribution ratio to minimize NOx emissions.
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There existed obviously a primary recirculation zone (PRZ) in combustor, helping to facili-

tate ignition and propagation of flame., The amount of thermal NOx produced was directly related

to the size of the region above 1950 K and the highest gas temperature. The NOx emissions of the

designed combustion can be reduced to below 50 mg/m’ under all working conditions with natural

gas as fuel, which can reach the level of low-emission combustion (less than 50 mg/m®).
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Fig. 1 Schematic diagram of the combustor
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Fig. 2 Enlarged schematic diagram of combustor head
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Table 1 Overall design parameters of combustor

AP E R/ (kg/s) 1.491
HEH R /K 445,27

HE T 3% /kPa 327.7

NOx HE i #t #6 #5 / (mg/m®) <50
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Table 2 Different nozzle combinations

UES A W 1 2 45 T 5
1 1+2+3
2 2+3+4
3 1+2+4
4 1+2+3+4
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Table 3 Fuel mass flow rate for pilot and primary stage

TH Bt /107 (kg/s)

G = EYE% EMK '
A 0. 981 8.175 0.12
B 1. 254 7.902 0.16
C 1.526 7.630 0.20
D 1. 744 7.412 0.24
E 3.052 6.104 0.50
F 3.815 5. 341 0.71
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Fig. 3 NOx essmions under different fuel distributions
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Table 4 Comparison of simulation and experiment results

FHIRIE/K

T OG> W2/ %
LEAR IR SR
A 1063. 05 1049. 36 1.29
B 1054.11 1038. 05 1.52
C 1042. 65 1020. 79 2.09
D 1038.33 1015. 23 2.22
E 1059. 42 1045. 41 1.32
F 1089. 17 1063. 27 2.38
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Fig. 6 Comparison of NOx emission between experiment

and simulation at combustor outlet
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Table 5 Calculation result of N,

T CHOBEEGHEC 510 &/ N./
WY R M (mg/mD 100 10
A 0.0379 0.0251 2.92 8.74 1.76
D 0.0343 0.0265 2.87 4.45  1.26
F  0.0398 0.0132  2.07 15.61  2.78
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Fig. 9 Temperature distribution under different fuel
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Fig. 11 NOx emssions distribution under different fuel

distributions at X=0m
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Table 6 Average combustion performance at combustor outlet

TG 13 /K Fu O, Fidk 48 CO, Fi 434K NOxHRRLR
(mg/m*)

A 1053. 05 . 306 0.146545 0.036613 39. 36

1043.11 . 276 0.146216 0.036392 34.79
C 1022. 65 . 240 0.147467 0. 036845 23.21
D 1018. 33 . 231 0.147 357 0.036530 20. 08
E 1059.42 . 282 0.146785 0.036681 35.65
F 1072.17 . 293 0.146876 0.036951 38.22
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