L= — |
— =

O
O Original Paper

SHaE orwzt 20| M8 E

DOI: https://doi.org/10.5293/kfma.2021.24.5.005
ISSN' (Print): 2287-9706

Measurement of Film Cooling Efficiency of
Fan—shaped Holes on Endwall of Turbine Blades

Heeyoon Chung”, Seokmin Kim”, Dong-Ho Rhee’, Young—Seok Kang’

Key Words : Gas Turbine(”7F2Ef¥)), Film Cooling(2'dZ)), Pressure Sensitive Paint( 2287/ E)

ABSTRACT

In this study, the adiabatic film cooling efficiency measurement using pressure-sensitive paint under conditions simulating the

actual turbine blade endwall environment was conducted to verify that the optimal fan-shaped film cooling hole developed

through the plate film cooling experiment was effective even in an actual turbine environment. Two end wall specimens with

the baseline fan-shaped film cooling hole and the optimal fan-shaped film cooling hole were fabricated and compared the

adiabatic film cooling efficiency at the endwall surface of the turbine blade. The optimal fan-shaped film cooling hole was able

to effectively cool a wider area with the effect of widening the expansion angles in both the forward and lateral directions

compared to the baseline fan-shaped film cooling hole. As a result, the turbine blade endwall showed different film cooling

efficiency characteristics than that of the flat plate due to the pressure gradient generated by the turbine blades. However, as

in the previous study results, the optimal expansion type film cooling hole showed better film cooling efficiency under all

conditions, and the difference became larger as the film cooling flow rate increased.
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Fig. 1 PSP calibration curves with different ambient temperatures
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Turbine Cascade

Fig. 3 Test facility: Turbine blade cascade

CCD Camera
& LED Lights

Turbine cascade

3

2" Flow Chamber

Fig. 4 Test facility: CCD canera and LED lights
for PSP measurement

Turbine Endwall (3D Printed)

Fig. 5 Secondary flow chamber and
turbine blade endwall specimen
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Fig. 6 Turbine blade endwall specimen:

Locations of film cooling holes on turbine enwdall

Table 1 Locations of film cooling holes on turbine enwdall

Brwa = Tdeg

Brae = 13deg

Brwa = 13.3deg

Fig. 7 Fan—shaped film cooling hole:
(a) Baseline design, (b) Optimal design

Hole # Fwd. Location [0-1] Lat. Location [0-1] Table 2 Geometric parameters for shaped film cooling holes

1 0.05 02 Parameters 7-7-7 Shaped Hole Optimal Shaped
2 0.05 04 (Baseline) Hole

3 0.05 0.8 Injection Angle, a 30° 30°

4 0.05 0.8 L,/D 2.5 2

5 0.36 0.2 Li/D, Lyd/D 3.5 4

6 0.42 0.5 L'D 6 6

7 048 0.8 Laidback Angle, Sy 7° 13.3°

8 0.68 0.3 Lateral Angle, B 7° 13°

9 0.77 0.7 Area Ratio, AR 2.5 4.5
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Table 3 Summary of test conditions

Test # N

Main Flow Rate [g/s]

(Per passage) 2833

Reynolds Inlet 400,000

number Outlet 570,000
Cooling Flow Rate [g/s] | 0.72 | 1.44 | 2.10 | 2.88 | 3.55
Flow Ratio [%] 025 | 050 | 0.75 | 1.00 | 1.25
0.728 | 148 | 2.15 | 2.95 | 3.64

*Based on inlet velocity
0410 | 0.833 | 0121 | 1.6 | 205

*Based on throat velocity

Mean Blowing Ratio
[pUlpU]

h/H [0-1]

0 O

0 0.2 0.4 06

ufU [0-1]

Fig. 8 Boundary layer profile at turbine blade
leading edge
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Fig. 9 Film cooling effectiveness distribution on turbine blade endwall with baseline fan—shaped film cooling holes;
cooling flow ratio of (a) 0.25%, (b) 0.50%, (c) 0.75%, (d) 1.00%, (e) 1.25%
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Fig. 10 Film cooling effectiveness distribution on turbine blade endwall with optimal fan—shaped film cooling holes;
cooling flow ratio of (a) 0.25%, (b) 0.50%, (c) 0.75%, (d) 1.00%, (e) 1.25%
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