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Effect of Compound Angle Injection of Fan—shaped Film
Cooling Holes on Film Cooling Effectiveness in
an Annular Sector Turbine Nozzle Cascade
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ABSTRACT

The present study investigated the effect of compound angle injection of fan-shaped film cooling holes on film cooling
performance on the nozzle vane surface in an annular sector cascade. Two different configurations were examined to investigate
effect of compound angle injection. The baseline has streamwise injection holes on the pressure and suction side surfaces and
normal injection holes in leading edge region. The other configuration has compound angle injection holes on the leading edge
and the pressure side surface. An annular sector turbine cascade test facility was used and the measurements using an infrared
thermography method were conducted at the exit Reynolds number of 2.2x10° and exit Mach number of 0.8. Total coolant mass
flow rate ranges between 5 and 10% of mainstream. The results showed that the baseline configuration shows skewed trajectory
of coolant downstream of holes on the pressure side surface, which is not observed in ‘flat-plate’ study and strongly related
to mainstream flow direction near the nozzle surface. On the other hands, the coolant follows the mainstream direction and
spread more uniformly on the pressure side surface with compound angle injection configuration. However as coolant mass flow
rate increases, compound angle injection induces stronger interaction of mainstream and coolant and film cooling effectiveness
drops quickly in the downstream region. Also, film cooling effectiveness in the suction side surface shows lower values for
compound angle injection configuration since compound angle injection on the showerhead region causes non-uniform

distributions of film cooling effectiveness due to stronger secondary flow.
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(a) optimized hole geometry
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Fig. 1 Optimized film cooling hole geometry and film cooling effectiveness at M=2,0 and DR=2.0®
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Fig. 3 Schematic of annular sector turbine cascade test
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Fig. 4 Infrared camera setup for measurements
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Table 1 Turbine nozzle vane configuration

Parameters Value
Number of Nozzle Vane 5
Number of passages 4
Inlet angle 0°
Exit angle 74°
Chord length 123.2 mm
Span (hW/C) 0.53 at inlet, 0.40 at exit
Pitch (p/C) 0.76

Plenum #2

Fig. 5 Cooling configuration of test nozzle guide vane
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configuration

(b) compound angle configuration

Fig. 7 Photographs of test nozzle vanes (black paint

coated)

Table 2 Film cooling configuration

Parameters Value
No. of Rows 7
hole diameter 1.5 mm

hole pitch p/d =6

thickness td =24

Injection angle Baseline Compound angle injection
LEl, LE2, LE3 a=90°, B=0° a=45°, 3=90°
PS1 (x/C=0.15) | a=35°, 3=0° a=35°, 3=15°
PS2 (x/C=0.28) | a=30°, [3=0° a=30°, =15°
PS3 (x/C=-0.67) a = 30°, B=0°
SS1 (x/C=0.11) a = 40°, B=0°
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Table 3 Typical test conditions of mainstream and coolant

Parameters Value
Mainstream flow rate(kg/s) 1.4
Mainstream Exit Reynolds number, Rec 2.2x10°
Mainstream Exit Mach number 0.8
Inlet turbulence intensity at midspan 2.6%
Mainstream temperature(K) 328
Coolant inlet temperature(K) 288
Coolant mass flow rate 5.7 10
(% of mainstream inlet) T
Density Ratio(p,/pe) 1.14

Table 4 Ejected coolant mass flow rate distribution based

on one—dimensional flow network analysis

Location m=5% m=7% m=10%
LEl, LE2, LE3 1.1% 1.7% 2.5%
PSI1 0.4% 0.6% 0.8%
PS2 0.4% 0.5% 0.8%
PS3 0.3% 0.7% 1.1%
SS1 0.6% 0.7% 0.9%
Slot 2.2% 2.8% 3.9%
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Fig. 12 Line locations for spanwise film cooling effectiveness distribution comparison

———  Baseline configuration
==== Compound angle configuration
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Fig. 13 Spanwise distribution of film cooling effectiveness on pressure side surface at different coolant mass flow rates
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Fig. 14 Spanwise distribution of film cooling effectiveness on suction side surface at different coolant mass flow rates
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