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Abstract: The high—fidelity numerical simulation of the complex geometry of an aero—engine slinger com-
bustor requires efficient meshing and boundary condition processing methods. We use the implicitly immersed
boundary method in curvilinear coordinate system combined with large—eddy simulation and transported probabil-
ity density function turbulent combustion model to develop the self-developed software and realize the high fideli-
ty simulation of the slinger combustor in WP11. The three main flows in the combustor are accurately resolved in
the flow simulation, and the three flows account for about 75%, 12.5% and 12.5% of the inlet flow, respectively.
The two—phase combustion simulation uses different grid labels for droplet motion in the Lagrangian frame and
turbulent combustion in the Eulerian frame, and the simulated outlet radial temperature distribution pattern is

consistent with the experiment with an average relative error of 17.95%, indicating that the self-developed soft-
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ware based on this method can accurately simulate the two—phase turbulent combustion phenomenon in the sling-

er combustor.

Key words: Numerical simulation; Immersed boundary method (IBM); Large—eddy simulation (LES);

Transported probability density function; Turbulent combustion model; Slinger combustor
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Fig. 1 Schematic diagram of the structure and internal

flow of the slinger combustor

Fig. 2 Geometric model of the slinger combustor
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Fig.3 Schematic diagram of the scan line penetrating into

the model via the edge
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Fig.4 Schematic diagram of the relationship between the

grid marker and the real wall when using IBM
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time step
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Fig. 9 Time-average temperature distribution of jet flame along the radial direction

Table 1 Relative error of temperature distribution of each

section
d Relative error of Relative error of
Flame-E/% Flame-F/%

1 13.30 19.57

2 11.51 21.23

3 12.77 18.60
45 22.38 7.16
60 13.79 8.61

Fig. 10 Triangular surface grid of the refractory
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Fig. 11 Z-axis central section background grid with parallel

chunking schematic
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Fig. 12 Z-axis central section background grid and grid
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Fig. 13 3D grid marker schematic
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Fig. 14 3D velocity vector diagram of cold flow field
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Fig. 17 3D grid markers for solving gas phase combustion

and droplet particle trajectories
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Fig. 19 Central section transient kerosene mass fraction

and velocity vector diagram
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Fig. 20 Central section transient temperature cloud map
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Fig. 23 Scatter plot of heat release rate distribution on the

hydrogen conservation plane

Fig. 24 Total temperature probes on a turbine guide vane"
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Fig. 27 Time-averaged radial temperature distribution of

the combustion chamber exit measurement point
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Table 2 Relative error between the simulation and
experimental value of temperature distribution at the

outlet of the combustion chamber

Relative height  Experiment/K  Simulation/K  Relative error/%

0.1650 924.4 928.9 0.48
0.3325 959.7 929.5 3.14
0.5000 980.0 1039.7 6.09
0.6675 1049.6 1265.1 20.53
0.8350 799.5 1275.4 59.51

Fig. 28 Cooling airflow through a turbine vane
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