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Study on Aerodynamic Characteristics of Gas Turbine Cascade Endwall
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Gap Cooling Air Mixing
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Abstract: To address the unclear mechanisms of jet interaction and complex mixing between
multi-source cooling structures and secondary flows in the endwall region of gas turbines, cascade
wind tunnel experiments and numerical simulations are conducted to investigate the mixing
characteristics of discrete film cooling holes and gap jets, as well as their impact on the
aerodynamic performance of cascade endwalls under three cascade exit Mach numbers (0. 2, 0. 3,
and 0. 4) and three cooling air blowing ratios (1.5, 2.0, and 2. 5). The results demonstrate that
increasing aerodynamic loading on the cascade leads to a stronger tendency for gap cooling air to

migrate downstream and for cooling air from film holes near the gap to flow out. The secondary
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flow significantly affects the accumulation of cooling air in the passage vortices and near the
endwall region, leading to increased aerodynamic losses. At low Mach numbers (0. 2), an
increase in the cooling air blowing ratio enhances the tendency for upstream gap jets and pressure-
side horseshoe vortices to detach. The passage vortex loss area expands towards the pressure side
and the near-endwall region, with an average total pressure loss coefficient increasing by 0. 15 %.
At high blowing ratios, gap jets can be drawn in by the horseshoe vortex, reducing the
attachment effect in the area adjacent to the blade shoulder. At high Mach numbers (0. 3 and
0.4), the influence of the horseshoe vortex on the pressure side is more significant, and the
detachment point advances, significantly increasing the area of the low-pressure region
downstream of the gap. The average total pressure loss coefficient in the passage vortex area
increases by 0.1% to 0.16% with the increasing blowing ratio. The coverage area of the cooling
air from the film holes near the gap is small, suggesting that the design should increase the

distance from the gap and adjust the flow rate of the film holes to prevent detachment in the gap

region.
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Table 1 Geometrical parameters of cascade
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Fig. 1 Endwall gap and film cooling hole structures
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Fig. 2 Experiment test rig of turbine cascade aerodynamic performance
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Fig. 3 Experimental measurement facilities
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Fig. 6 Mesh of the endwall cooling structures
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