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Abstract: The mixture fraction is a conserved scalar characterizing the fuel-air mixing. As a key reference sca-
lar for turbulent combustion modelling, its spatial distribution is usually obtained through 3D numerical simula-
tion, which are, however, time-consuming and costly for combustors with complex geometries. To overcome
such low efficiency in the iterative designing process, a low-order model was developed based on the Gaussian
plume function to compute the mixture fraction field in the swirl combustor to accelerate the evaluation of the
fuel-air mixing strategy and the parameterized design process. Compared with the conventional formulation, the
derived new Gaussian plume function includes the effects of convection and corrections due to swirl flows. A

mirror image reflection model was further developed to simulate the wall-plume interactions, together with the
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relevant corrections to ensure mass conservation. This newly derived Gaussian plume model was applied to the
low-older prediction of the mixture fraction field in a methane swirl combustor. Based on the database genera-
ted through 3D numerical simulations, the model parameters were optimized with the least square method first.
The prediction accuracy under broad working conditions was demonstrated. This study not only provides a no-
vel approach for quick predictions of mixture fractions in swirl combustors, but also sets an instance for further

development and application of the Gaussian plume model.
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Fig. 1 Schematic diagram of the development of a point source releasing gas in a straight air stream
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Fig. 2 Schematic diagram of discretizing the flow stream into thin sheets sweeping the point source
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Fig. 4 Schematic diagram of the development of multi-point sources releasing gas in a swirling air stream and the mirror reflection model
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Fig. 13 Comparison of the results from the low-order model and the 3D numerical simulations at the central plane
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Table A1  The values of parameters a, 8, a, b, m

parameter value
2.8

B 0.159 4

a 254.442

b 0.003 781

m 0.041 66

¥, JWe gDy G HIEUNR A2—AS Fi7R.
R®A2 ZHv,, NE

Table A2 The values of parameters v, ;

parameter value parameter value
Ve 1.800 936 v, 13 -1.800 936
Ve 5.280 076 Vo 14 -5.280 076
V3 8.399 388 V. 15 -8.399 388
Ve 10.946 296 Ve 16 -10.946 296
Vs 12.747 232 Vo7 -12.747 232
Ves 13.679 465 Vs -13.679 465
Veq 13.679 465 Ve 19 -13.679 465
veg 12.747 232 Ve20 —12.747 232
Vo 10.946 296 Ve -10.946 296
Ve 10 8.399 388 V.2 -8.399 388
Ve 5.280 076 Vs -5.280 076
Ve 12 1.800 936 Ve 4 -1.800 936

®A3 ZHw,, WE

Table A3 The values of parameters w, ,

parameter value parameter value
w, 13.679 465 W, 13 -13.679 465
W, o 12.747 232 W, 14 —-12.747 232
w, 3 10.946 296 W, 15 -10.946 296
W, 4 8.399 388 W, 16 —-8.399 388
w, s 5.280 076 W, 17 -5.280 076
w, ¢ 1.800 936 W, 18 -1.800 936
W, 7 —-1.800 936 W, 19 1.800 936
w, g —-5.280 076 W, 20 5.280 076
W, o —8.399 388 W, o 8.399 388
W 10 —10.946 296 W, 2 10.946 296
We 1y —12.747 232 W, 23 12.747 232
W, 12 —13.679 465 W, o4 13.679 465
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Table A4  The values of parameters p,

parameter value parameter value
Pi -0.001 958 P13 0.001 958
j2) -0.005 740 Pia 0.005 740
P3 -0.009 131 Pis 0.009 131
J2! -0.011 900 P16 0.011 900
Ps -0.013 858 P17 0.013 858
D6 -0.014 872 Pis 0.014 872
P7 -0.014 872 Pro 0.014 872
Ps -0.013 858 P2 0.013 858
Do -0.011 900 P2 0.011 900
Pio -0.009 131 )25 0.009 131
Pi -0.005 740 P 0.005 740
Pia -0.001 958 P 0.001 958

RAS BHq, WHE

Table A5 The values of parameters g,

parameter value parameter value
4 ~0.014 872 0 0.014 872
0 ~0.013 858 0 0.013 858
@ ~0.011 900 s 0.011 900
0 ~0.009 131 016 0.009 131
as ~0.005 740 n 0.005 740
7 ~0.001 958 s 0.001 958
e 0.001 958 1o ~0.001 958
as 0.005 740 - ~0.005 740
% 0.009 131 " ~0.009 131
10 0.011 900 . ~0.011 900
n 0.013 858 03 ~0.013 858
I 0.014 872 ™ ~0.014 872
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