ol - A" . URYS

DOI: https://doi.org/10.5293/kfma.2020.23.2.005
ISSN' (Print): 2287-9706

Cooling Performance on Second Stage Turbine Nozzle Vane with
Film Cooling and Internal Cooling Configurations in Transonic
Linear Turbine Cascade: Overall Cooling Effectiveness Measurement

Dong-Ho Rhee", Young—Seok Kang’, Jaiho Kimr, Jaebin Lee”, Chang Yong Lee”

Key Words : Transonic Linear Turbine Cascade(H5< {18 E/¥] 7J27]0]E), Second Stage Turbine Vane(2'dF E%E] ]9}, Overall
Cooling Effectiveness(</ 422 ), Fan-shaped Film Cooling Hole(# & B2z} &), Internal Passage Cooling(-2+%
Z Y2}, Infrared Thermography Method(3/</<] L34 71H)

ABSTRACT

The present study investigated the cooling performance of the second stage turbine nozzle vane using a transonic linear

turbine cascade test facility. For experiments, 500 hp or 2,250 hp compressor and electric heaters were used for mainstream

supply and 50 hp compressor for secondary flow supply and a single nozzle vane with adjusted sidewalls on each side of the

nozzle was installed in the test section. The test nozzle model having complex cooling configuration was made of Inconel 718

using metal 3D printing technique. The overall cooling effectiveness of the cooled turbine nozzle vane was measured using two

Infrared cameras. Four different sets of experiments were conducted under two different mainstream conditions, subsonic and

transonic conditions and the corresponding Reynolds numbers of the mainstream are 6.5x10° and 1.3x10° based on chord length,

respectively. The results showed that overall cooling effectiveness on the nozzle vane surface is dominated by internal heat

convection in a rib-roughened surface, film cooling flow around the leading edge region and heat conduction around the hole

and pin-fins. When comparing the results at different inlet Reynolds numbers of the internal cooling passage, the internal

cooling configuration has more dominant effect on overall cooling performance than film cooling. Therefore it is obvious that

overall cooling effectiveness as well as film cooling effectiveness should be taken into account to assess exact cooling

performance and characteristics on turbine nozzle vane cooling design.
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Fig. 2 Schematic of test section

(b) photo of IR camera installed in a test rig

Fig. 3 IR camera installation in test rig
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(b) Calibration curve for two different IR cameras
Fig. 4 Calibration of IR cameras
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Fig. 5 Test airfoil with pressure taps
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Table 1 Turbine nozzle vane configuration

Parameters Value
Number of Nozzle Vane 1
Number of passages 2
Inlet angle 33°
Exit angle 82°
Span (W/C) 0.74
Pitch (p/C) 0.86
hole pitch pd =7~14
Film injection angle o= 35°
cooling showerhead 3 rows of circular holes
geometry pressure side 1 row of fan-shaped holes
suction side 3 rows of fan-shaped holes
Internal rib attack angle 45°
passage rib pitch ple = 10~20
geometry slot pressure side cutback
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Fig. 7 Photographs of 3D printed test nozzle vane (before coating)

Table 2 Typical test conditions of mainstream and coolant

subsonic transonic
Parameters .. ..
condition condition
Mainstream flow rate(kg/s) 1.8 3.8
Mainstream inlet Reynolds 6.3x10° 13x10°
number, Reic
Mainstream inlet Mach number 0.19 0.27
Mainstream temperature( C) 74.5 97.5
Coolant inlet mass flow
rate(kg/s) 0.064~0.079 | 0.090~0.125
Coolant inlet temperature(C) 7.3 14.8

Table 3 Test conditions for cooling flow

Inlet Reynolds number of Film and
Test Test internal passage (x10%) Srlr?;sgogg‘l;g
conditions | No. rate (% of
P1 P2 P3 P4 mainstream)
S1 48 | 53 | 65 | 33 1.17
Subsonic S2 5.9 53 6.5 4.7 1.48
condition S3 7.2 2.8 6.6 2.1 1.19
S4 5.0 1.1 9.1 | 48 1.73
T1 49 | 32 | 90 | 98 0.91
Transonic T2 9.5 | 3.1 89 | 9.7 1.14
condition T3 130 | 6.0 89 | 9.7 1.39
T4 88 | 60 | 9.0 | 140 1.73

Table 4 Film cooling flow conditions at P1 and P2

Test Test Egig:ifgt Temperature Density
conditions No. . ratio Ratio
ratio
S1 2.0 1.25 1.3
Subsonic S2 2.5 1.25 1.4
condition S3 33 1.26 1.6
S4 32 1.25 2.0
Tl 0.71 1.29 1.1
Transonic T2 1.6 1.29 14
condition T3 2.2 1.29 1.8
T4 24 1.29 1.8
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cooling holes obtained from numerical simulation
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