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Aerodynamic design and flow field analysis of integrated combustion
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Abstract: A design method of combining overall configuration with local refinement for the
integrated aerodynamic design of the combustor and the first-stage turbine guide vanes in a heavy-duty gas
turbine was proposed. Three-dimensional numerical simulations were conducted to analyze the
aerodynamic performance under different numbers of unit bodies and leading-edge truncation lengths. The
results showed that the leading-edge structure had no significant effect on the outlet flow parameters, while
increasing the truncation length effectively reduced the total pressure loss coefficient to below 5%, thus
validating the effectiveness of the proposed method. Flow field analysis revealed that the integrated
combustion vanes exhibited compound characteristics of axial contraction, circumferential swirl, and radial
skewed flow, with blades and endwalls jointly governing flow acceleration and turning. Compared with
conventional guide vanes, the integrated design eliminated the mechanisms of leading-edge impingement
stagnation and horseshoe vortex formation, while wake-vortex-dominated periodic vortex pairs became the

primary secondary flow structures.
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Fig. 1 Aerodynamic design results of the integrated combustion vanes
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