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NUMERICAL ANALYSIS OF FLOW IN LINEAR TURBINE STATOR CASCADE

WITH TRANSPIRATION COOLING
- INFLUENCE OF COOLING AIR ON INTERNAL FLOW -
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In this study, in order to investigate the influence of cooling air on the secondary flow in the turbine cascade
with the transpiration cooling, the flows in the two types of linear turbine stator cascade were analyzed
numerically. The first one was the turbine stator without any cooling and the second one was that with the
transpiration cooling. Moreover, in order to reveal the influences of the secondary flow and its intensity on the
cooling efficiency of turbine blade, the computations were performed with the parameter of the inlet boundary

layer thickness on the endwall. The computed results clarified that the horseshoe vortex was weakened at the

leading edge by the interaction with the cooling air out of the blade surface. Moreover, it was revealed that the

horseshoe vortex and the passage vortex enhanced the cooling efficiency on the blade surface near the endwall

by the transporting the cooling air out of the blade surface toward the endwall.
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Fig.1 Model configuration and computational grid
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Table 1 Properties of PM1

& | Dpulmm] | alkg/mq | Alkg/(m3-s)] | ke [W/(M-K)]
0.10 3.058x108 | 1.666x 109 0.817
0.12 1.730x108 | 9.217 x 108 0.770
0.14 0.05 1.065%108 | 5.544x108 0.730
0.16 ' 6.968x107 | 3.543x 108 0.693
0.18 4.777x107 | 2.371x 108 0.661
0.20 3.398x107 | 1.645x10 0.631

Table 2 Properties of PM2
& Dy, [mm] a [kg/m‘] B Ikg/(m3-8)] | ket [W/(M-K)]
0.50 0.50 1.356 x 10° 4113 x 104 6.062

Table 3 Boundary conditions

Boundary condition Location in Fig.1
Cooling flow inlet i
Cyclic a-d-h-e, b-c-g-f
Main flow inlet a-b-c-d
Outlet e-f-g-h
Symmetry a-b-f-e
Wall d-c-g-h

Table 4 Main flow inlet conditions

Total pressure Py, [MPa] 2.0
Total temperature T, [K] 1566
\Velocity C_, [m/s] 79.4

Table 5 Cooling flow inlet conditions
Total temperature T, [K] 723
Cooling air flow ratio M [-] 0.015
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