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Abstract: To reduce flow resistance in internal cooling channels, accelerate the local flow of cold
air, and enhance vortex disturbances near rib walls for improved heat transfer, a novel matrix
cooling structure for turbine blades is developed by incorporating tapered holes in the rib plates.
This study constructs a new type of tapered hole rib matrix cooling channel and conducts a multi-
objective optimization design. Numerical simulations of the Reynolds-averaged Navier-Stokes
equations (RANS) are performed to investigate the effects of the rib spacing-to-width ratio (&),
rib angle (@), and cone angle (8) on flow and heat transfer. A response surface prediction model
for the Nusselt number (Nu) and friction factor (f) is established, and its effectiveness is analyzed. The

non-dominated sorting genetic algorithm [[ (NSGA-1I ), combined with the technique for order
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preference by similarity to ideal solution (TOPSIS), is used to optimize and identify the best
structure within the studied parameter range. The average errors of the response surface
prediction models for the two objective functions are 0. 967 % and 2. 182% , with maximum errors
of 3.063% and 4.517%, respectively. Under conditions of Re=5 000 and ¢=2 000 W/m*, the
optimal structural parameters are found to be £#=2. 461, a=54.774°, and f=1. 415°. The errors
in the optimized results for Nu/Nuy,» f/f,s and F are 0. 32%, 3. 38%, and 1. 51%, respectively,
indicating the effectiveness of the optimization method. The tapered holes facilitate the generation
of downstream vortices, effectively reducing flow resistance while enhancing heat transfer

uniformity. Compared to the original structure, the optimized design achieves a 6. 37% increase

in Nu/Nuy, a 17.69% decrease in f/f,, and a 13.43% improvement in the overall heat transfer

coefficient F, resulting in enhanced cooling performance.

Keywords: matrix cooling; turbine blade; multi-objective optimization; conical hole
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Fig. 3 Mesh divisions and local mesh details of matrix
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Fig. 11 Set of all solutions generated by the NSGA-I[
optimization algorithm and the set of Pareto frontier

solutions
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simulation results
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Fig. 12 Comparison of inner wall surface Nu distributions
between conventional and optimized tapered-holed

matrix cooling channels
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Fig. 13 Comparison of horizontal cross-section temperature

distribution between conventional and optimized

tapered-holed matrix cooling channels
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Fig. 14 Comparison of velocity distribution and internal
streamline characteristics in the horizontal cross-
section of conventional and optimized tapered-holed

matrix cooling channels
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