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Optimization of Flow and Heat Transfer Performance

for Double-Rim Squealer Tip in Gas Turbines
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Abstract: To enhance the heat transfer performance of a double-rim squealer tip for the first-stage rotor
blade in an aero-engine turbine, the squealer tip structure was optimized in this study. A Kriging
surrogate model coupled with a multi-objective genetic algorithm (MOGA) was employed to
optimize the area-averaged heat transfer coefficient and turbine-stage isentropic efficiency, giving
rise to a turbine-stage double-rim squealer tip exhibiting favorable aero-thermal performance.
Steady and unsteady numerical simulations were performed to compare and analyze the aero-thermal
characteristics of the optimized double-rim squealer tip with those of a conventional squealer tip and two
types of typical double-rim squealer tips. The study results showed that the optimized double-rim
squealer tip featured an inner rim lower than the outer rim, and a greater inner rim height on the
suction side than on the pressure side. Steady computation results indicated that, with the turbine-stage

isentropic efficiency unchanged, the optimized squealer tip exhibited noticeably improved heat transfer

ks B 3. 2025-10-13, TEER A EWE Q998 W A 2ZGAGMEE . B 4. HH4 S0, Bl
H . ERFHE LIS A 58 98 Bh 5 B (J2019-111-0007-0050) 5 B PE 4 H 4R Bl 24 3k 4 ¥ Bl H (2023-]JC-YB-340),
2% AR ] . 2026-01-13 2% R AL . https: //link. enki. net/urlid/61. 1069. t. 20260113. 0948. 002



46

2R L AF AR T U BE T 50 3 4 $A R RE DG AL F 5 155

performance, for it achieved reductions in heat transfer coefficient at the squealer bottom, in the rim

area, and over the entire tip of 30.36%., 2.96%, and 9.52%, respectively, relative to the

conventional squealer tip. The inner rim structure was observed to effectively suppress the scale

of the cavity vortex system, thereby mitigating the impingement of high-temperature leakage flow

on the squealer bottom. Unsteady computation results suggested that the optimized double-rim

squealer tip effectively reduced the amplitudes of temperature and pressure fluctuations within the

squealer; furthermore, suppression of cavity vortex development by the optimized inner rim structure

led to a 5. 65% decrease in the time-averaged area-averaged heat transfer coefficient. The study is

expected to provide a theoretical basis for the design of first-stage rotor squealer tips in practical

turbine stages.

Keywords: turbine stage; squealer tip; double-rim; heat transfer; optimization design; unsteady
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Fig. 1 Computational model of the blade

with double-rim squealer tip
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Table 1 Parameters for the computational model of the blade

with double-rim squealer tip
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Table 2 Boundary conditions for steady-state numerical

simulations
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Fig. 2 Heat transfer coefficient distribution contours on squealer

tip obtained from three turbulence models and experimental

measurements
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Fig. 3 Axial distribution of pitch-averaged heat transfer
coefficient at cavity floor obtained from three turbulence

models and experimental measurements
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Fig. 4 Model and numerical simulation meshes

of turbine double-rim squealer tip
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Table 3 Meshes independency analysis of blade tip
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Fig. 5 Design variables for the inner rim wall
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Fig. 7 Scatter plot of optimized objectives
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Fig. 9 Heat transfer coefficient contours on four squealer tips
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rim, cavity floor, and entire tip
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Fig. 11 Pitch-averaged heat transfer coefficient distribution

for four types of squealer tips
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four types of grooved blade tips model
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Fig. 14 Contours of isentropic efficiency on the axial plane

for four types of squealer tips
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Fig. 15 Locations of monitoring points in numerical

simulations
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Fig. 16 Transient history of temperature and pressure

at monitoring points for different squealer tips
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Fig. 17 Spectral analysis between the conventional squealer

tip and the double-rim squealer tip configuration C
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Fig. 21 3D transient flow streamlines in traditional squealer tip
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the unsteady axial-plane flow of the traditional squealer

tip
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Fig. 23 3D transient flow streamlines in the double-rim

squealer tip configuration C
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