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NUMERICAL STUDY OF TURBINE BLADE COOLING TECHNIQUES

K.Y. Kim," K.D. Lee,” M.A. Moon,” M.W.Heo,” HM. Kim,” J.H. Kim® and A. Husain’

This paper presents numerical analysis and design optimization of various turbine blade cooling techniques
with three-dimensional Reynolds-averaged Navier-Stokes(RANS) analysis. The fluid flow and heat transfer have been
performed using ANSYS-CFX 11.0. A fan-shaped hole for film-cooling has been carried out to improve film-cooling
effectiveness with the radial basis neural network method. The injection angle of hole, lateral expansion angle of
hole and ratio of length-to-diameter of the hole are chosen as design variables and spatially averaged film-cooling
effectiveness is considered as an objective function which is to be maximized. The impingement jet cooling has been
performed to investigate heat transfer characteristic with geometry variables. Distance between jet nozzle exit and
impingement plate, inclination of nozzle and aspect ratio of nozzle hole are considered as geometry variables. The
area averaged Nusselt number is evaluated each geometry variables. A rotating rectangular channel with staggered
array pin-fins has been investigated to increase heat transfer performance and to decrease friction loss using KRG
modeling. Two non-dimensional variables, the ratio of the height diameter of the pin-fuin and ratio of the spacing
between the pin-fins to diameter of the pin-fins selected as design variables. A rotating rectangular channel with
staggered dimples on opposite walls are formulated numerically to enmhance heat transfer performance. The ratio of
the dimple depth and dimple diameter are selected as geometry variables.
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(b) Boundary conditions
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(c) Computational domain
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Fig. 1 Geometry of fan-shaped hole
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Table 1 Results of optimization (M = 0.5)

Design variables s

a(°)| B(°) | L/ID | RANS | RBNN
Reference | 30.00 | 1400 | 6.00 | 02201 -
Optimized | 4238 | 1955 | 745 | 02598 | 02622
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Fig. 2 Computational domain and geometric variables
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Fig. 4 Geometry of rotating rectangular channel with
staggered pin-fins
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Table 2 Results of optimization for 3=0.25

Design variables F

H/D S/D RANS KRG
Reference 2.00 2.00 0.7689 -
Optimum 2.19 2.09 0.6781 0.6565

Fig. 5 Geometry of rotating channel with dimples
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Fig. 6 Area-averaged Nusselt number comparison varing Hd/d
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