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Abstract: To investigate the influence of main stage swirl number on NOx emissions in a centrally-
staged lean premixed prevaporized combustor across wide operating conditions, three-dimensional
numerical simulations were used to analyze the turbulent combustion and NO formation characteristics
during the reference emissions Landing and Take-Off (LTO) cycle. And the simulation methodology was
validated against experimental NOx emission data. Furthermore, the influence of main stage swirl number
on NOx emissions under LTO cycle conditions was simulated and analyzed. The results revealed that the
influence of main swirl number on NOx emissions varied under different operating conditions. At idle
conditions, an increase in main swirl number enhanced fuel-air mixing in the pilot combustion zone,
leading to higher combustion temperature and elevated NOx emissions. Under high-load conditions, as the
main swirl number increased, additional airflow was entrained into the re-circulation zone, further

reducing the fuel-to-air ratio in the lean primary combustion zone and thereby decreasing NOx emissions.
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With increasing main swirl number over the range of 0.5 to 0.9, total NOx emissions during the reference

emissions landing and takeoff cycle decreased.

Keywords: lean premixed pre-vaporized combustor; main stage swirl number;

landing and take-off (LTO) cycle; NOx emission; primary combustion zone
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Fig. 1 Schematic of combustor dome and liner

N T BEFE %k BT & LTO i 36 T80 T
NOx HE HE RE, #4587 #A 58 % NOx fiF il ik &
el 2 s o I R G BB h 3 A
A w0 B 1 BORS DN B, Horb, i
BN T I e & A O Gl i B R AT ) A
Sl GE o K TP A ) o 06 B T 22 3 Bk
P e e e AR e A B A, AL 3 R . K R
R IR P i+ OB BE 1 7 AT A,
IEESR AR 2007 300 KA BE B A/
XUJZBE 2 [8] (4 SCHEAE, /NEE T T v A 4L,

20250157-2



AR T ARG HOT AR NOX HEHOE W 1 K (L

BB B JrEEB T3 BR, TETH R & T SR R AR A5

s M SR g 3 9% L (FRUR AR it B2t/ AR T )
— FAR Jy it L CEMR T /25 i) o

HTHES
D\ :>

2 R RGORER
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Table 1 Experimental conditions for single sector combustor

T SR T,/K pJ/MPa  m/(kgs) FAR
X3 1.00 5073  0.591 0.691 0.012
Y 025 6522 1368 1.524 0.019
BT 014 8161 2197 2.056 0.023
BET® 010 851.8 2224 2.034 0.025
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Fig. 4 3D simplified model of single sector combustor
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Fig. 5 Computational domain of single sector combustor
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Table 2 Operating conditions for numerical simulation

T SR /K  po/MPa g /(kgs)  FAR
et 0.14 810.9 2.865 2.504 0.026
R 0.10 843.6 3.266 2.799 0.028
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Table 3 Spray parameters

55 SMD/mm 6/(°) my/(kg/s) v(m/s)
TR 0.0114 90.0 0.007 0 102.87
FRRH 0.0050 12.2 0.0213 24.27
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Fig. 16 Comparison of fuel vapor mass fraction, temperature and NO mass fraction with variable main stage swirl number
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