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Analysis of Cooling Performance according to
Film Cooling Hole Location in the Turbine Cooling Cavity
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ABSTRACT

In this study, the film cooling effectiveness according to hole location in the turbine blade cooling cavity was investigated.
Specifically, the film cooling effectiveness of a laid back fan-shaped hole with a 60 degree injection angle on the cooling cavity
partition wall was considered and compared with that of a reference hole(7-7-7) with a 30 degree injection angle. Computational
analysis was performed using the Reynolds-Averaged Navier Stokes(RANS) model, and film cooling effectiveness was
calculated at a Reynolds number of 10,000, a density ratio of 2.0 and a blowing ratio of 2.0. As a result, the laid back

fan-shaped hole installed on the cavity partition wall with a 60 degree injection angle showed high film cooling effectiveness
compared to the reference hole.

Nomenclature fwd . Forward direction
lat . Lateral direction
Symbols m : Mainstream
c . Coolant
D ! Hole diameter [mm] aw . Adiabatic wall
L . Hole length [mm]
M . Blowing ratio 1.0 2
Re . Reynolds number
a . Injection angle [°] 7IAHRY &9 S Yl "Rl 4 5= A5HS
B . Expansion angle [°] 2 Ageta ot olggh 12 32 A AMRE= &)
n : Film cooling effectiveness 9] 38 225 2IkelH, Yl 89 YA o Az
P . Density [kg/m’] gt AIE op7IRit) webA, ZEAERIY 2 oS 55
M : Dynamic viscosity [N s/m?] Shal AR S BAsH| HeliMe 1=skE ¥zt 7]
m . Mass flow rate [kg/s] o] BFA o7 AgEofof gt} Rl W2 7|e2 T<d
& AASH: AS dol, #d3 4 X5 S8 €59
Subscripts slsto] Ao EHulel 9 S USA7|=d §
AR AT sttt
cyl . Cylindrical section gzt 712 BNl a2 Bl AEE= g4l R
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(a) Side view

D ﬁlat
(b) Top view

Fig. 1 Geometry of laidback fan—shaped hole

High heat load
v

(a) Film cooling hole on the outer-facing wall

High heat load
v

(b) Film cooling hole on the cavity partition wall

Fig. 2 Location of film cooling on coolant cavity
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(a) Geometry of domain with 30 ° of injection angle
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(b) Geometry of domain with 60 ° of injection angle

Fig. 3 Geometry of domain according to hole location

Table 1 Cases for assessing the effect of injection angle
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Case No. Ref 1 Ref 2
Injection angle () 30° 60 ° B Lo A= A AT EY 0] Ansys CFX 20242 AL
Hole diameter (D) 0.4 mm 3lo] 32+ RANS(Reynolds Averaged Navier—Stokes) 3f
Forward expansion anle (P ’ g SR FHE AT HEE T0m/sol, IR %
Lateral expansion angle ([3i) 7°
Hole length ratio (L/D) 6
Metering length ratio (Ley/D) 25 Table 3 Boundary condition
Hole installation location Outer-facing wall Location Boundary condition
Temperature 298K
Table 2 Cases for assessing the effect of hole location Mainstream Inlet Velocity 70 m/s
Turbulence intensity 10%
Case No. ! 2 3 4 Outlet Static pressure 1 atm
Injection angle () 60° Temperature 149K
. Inlet
Hole diameter (D) 0.4 mm Coolant Mass flow rate 0.47 g/s
Forward expansion angle (Bgwa) 7° 10° | 13° | 16° Outlet Mass flow rate 0.45 /s
Lateral expansion angle (Byx) 7° 7° 7° 7° Top Adiabatic wall
Hole length ratio (L/D) 8 8 8 8 No-slip condition
. . Bottom L
Metering length ratio (Lcy/D) 2.5 25 1 25 | 25 Adiabatic wall
Hole installation location Cavity partition wall Side Translation periodic
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Fig. 4 Numerical domain and boundary conditions
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Fig. 8 Distribution of film cooling effectiveness
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