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Abstract: Taking a classic transonic turbine blade as the research object, numerical simulation
methods were employed to investigate the effects of five tip clearance heights (0.23, 0.46, 0.69, 0.92 mm

and 1.38 mm) on the flow, heat transfer characteristics, and aerodynamic performance of the turbine rotor
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tip and its nearby regions. The results indicated that as the tip clearance increased, the supersonic region on

the blade tip expanded toward the leading edge, the flow separation point moved rearward, the interaction

between shock waves and expansion waves intensified, and the flow field complexity increased. The area-

averaged Nusselt Number at a clearance height of 1.38 mm increased by 9.9% compared with that at 0.23

mm. The strength and scale of both the tip leakage vortex and the horseshoe vortex intensified with the

increasing clearance, and their interaction became more pronounced. However, the area-averaged total

pressure loss coefficient showed a decreasing trend with the increasing clearance; the loss at 1.38 mm

clearance was reduced by 1.993% compared with that at 0.23 mm, indicating that the strong confinement

and concentrated mixing of the leakage flow within smaller clearances were primary causes of higher

aerodynamic losses. Furthermore, the absolute leakage mass flow increased significantly with larger

clearances, but the leakage rate per unit clearance height decreased accordingly.

Keywords: transonic turbine; tip clearance; shockwave structure; Nusselt number (Nu);

tip leakage; total pressure loss
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Fig. 1 Supersonic blade tip model
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Table 1 Numerical simulation calculation conditions
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numerical simulation
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Fig. 9 Pressure distribution along the midline of the M, section with different tip clearances
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