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Studies of Film Cooling Performance Improvement
by V-shaped Flow Control Device

ABSTRACT

A !

FUNAZAKI Ken-ichi

e

SAITO Suzuna

This paper describes a new V-shaped flow control device to improve film cooling performance of gas turbine

cooling holes. This is invented with the aim of reducing the aerodynamic loss and the thermal load of devices, which

are regarded as points for improvement of the double flow control devices (DFCD) invented by some of the authors.

This device is a V-shaped protrusion that is created by merging a pair of protrusions with the shape of hemi-spheroid.

In addition, this is attached to the turbine blade surface just upstream of each of cooling holes. The purpose of this

study is to optimize V shaped device, by use of CFD and Taguchi Methods so as to increase film effectiveness of the

cooling hole and decrease the device-based total pressure loss than DFCD.
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Fig. 2 Control factor

Table 1 Control factor’s level

Levell Level2 Level3 Level4

A : Angle 25deg 30deg 35deg 40deg
B : Distance 1.0d 1.2d 1.4d 1.6d
C : Height 0.3d 0.4d 0.5d 0.6d
D : Lengthl 0.5d 0.8d 1.2d 1.5d
E : Length2 1.5d 2.0d 2.5d 3.0d

Table 2 116 orthogonal table

A B © D E

Casel 1 1 1 1 1
Case2 1 2 2 2 2
Case3 1 3 3 3 3
Case4 1 4 4 4 4
Case5 2 1 2 3 4
Case6 2 2 1 4 3
Case7 2 3 4 1 2
Case8 2 4 3 2 1
Case9 3 1 3 4 2
Casel0 3 2 4 3 1
Casell 3 3 1 2 4
Casel2 3 4 2 1 3
Casel3 4 1 4 2 3
Casel4 4 2 3 1 4
Casel5 4 3 2 4 1
Casel6 4 4 1 3 2

Table 3 Weighting factor

Combination a b c
Ratiol 0.33 0.33 0.33
Ratio2 0.8 0.1 0.1
Ratio3 0.7 0.2 0.1
Ratio4 0.6 0.3 0.1
Ratio5 0.6 0.2 0.2
Ratio6 0.5 0.3 0.2
Ratio7 0.5 0.4 0.1
Ratio8 0.4 0.3 0.3
Ratio9 0.4 0.4 0.2
Ratiol0 0.4 0.5 0.1
Ratiol 1 0.3 0.6 0.1
Ratiol2 0.3 0.5 0.2
Ratiol3 0.3 0.4 0.3
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Table 4 Calculation conditions

Reynolds number Re=6,000
Blowing ratio BR=1.0
Density ratio DR=1.53

Mainstream inlet Velocity profile [m/s]

298.15 [K]
Secondary flow inlet 8.72X 107 [kg/s]
194.85 [K]
Mainstream outlet Static pressure 0 [PaG]

Fig. 3 Computational domain

(a) All domain

(b)

Fig. 4 Computational grid
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Fig. 5 Response graphs for major effect (Ratiol)

oy
Distancel
Width2), < \Width1
Fig. 6 Optimized DFCD
Table 5 Optimal parameters
A B @ D E
Ratiol 2 1 4 2 3
Ratio2 3 1 3 2 4
Ratio3 3 1 3 2 4
Ratio4 1 1 3 2 4
Ratio5 3 1 4 2 4
Ratio6 1 1 3 2 4
Ratio7 1 1 3 2 4
Ratio8 2 1 4 2 4
Ratio9 1 1 3 2 3
Ratiol0 1 1 1 2 4
Ratioll 1 2 1 2 3
Ratio]2 1 2 1 2 3 |
Ratiol3 2 2 4 2 3
Table 6 Rename parameters

after before

Optl Ratiol

Opt2 Ratio2, Ratio3

Opt3 Ratio4, Ratio6, Ratio7

Opt4 Ratio5

Opt5 Ratio8

Opt6 Ratio9

Opt7 Ratiol0

Opt8 Ratioll, Ratio12

Opt9 Ratiol3

Table 7 parameters of optimized DFCD

Angle 30 [deg.]
Curvature of fillet 0.1d
Distancel 1.3d
Distance2 1.4d
Height 0.6d
Lengthl 0.1d
Length2 0.1d
Widthl 0.2d
Width2 0.2d
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1ZA : Angle” Level 1 (25deg.) &B : Distance?SLevel 1
(1.0d) TH 5B, Lo L, Optl, 2, 4, 5CTIZB : Distance

n

0 5 10 15 20
x/d

Fig. 7 Contours of film cooling effectiveness
(Inflow angle = 0 deg.)
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Fig. 8 Contours of film cooling effectiveness
(Inflow angle = 5 deg.)
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Fig. 9 Contours of film cooling effectiveness
(Inflow angle = 10 deg.)
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Fig. 10 Area-averaged film cooling effectiveness
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Fig. 11 Total pressure loss factor
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Fig. 12 Contours of Device film cooling effectiveness
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Fig. 13 Device area-averaged film cooling effectiveness
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Fig. 14 Contours of Device film cooling effectiveness
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