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A Study on the Numerical Analysis Methodology for Thermal and Flow
Characteristics of High Pressure Turbine in Aircraft Gas Turbine Engine
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ABSTRACT

In this study, a numerical analysis methodology is studied to predict thermal and flow characteristics of C3X vane with

internal cooling. Effects of turbulence models, transition models and viscous work term on temperature and pressure

distributions on the vane surface are investigated. These optional terms have few effects on the pressure distributions over the

vane surface. However, they have great influence on prediction of the temperature distributions on the vane surface. The

combination of k-w based SST turbulence model, v transition model and viscous work term are better than RSM turbulence

model on prediction of the surface temperature. The average temperature difference between CFD results and experimental

results is calculated 2 % at the pressure side and 1 % at the suction side. Furthermore computing time of this combination is

half of the RSM turbulence model. When k-w based SST turbulence model and v transition model with viscous work term are

applied, more accurate predictions of thermal and internal flow characteristics of high pressure turbine are expected.
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Fig. 3 C3X vane girds

Table 1 The number of grids for the C3X vane

Domain The number of girds
Main flow domain 820,000
Vane solid domain 290,000
Coolant flow domain 270,000
Whole domain 1,380,000
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Table 2 Boundary conditions of the main flow

Total Total Mach Total Mach
Pressure | Temperature| Number | Pressure | Number

@ Inlet | @ Inlet | @ Inlet |@ Outlet|@ Outlet
Experiment|242.1kPa| 811K 0.17 - 0.90
CFD |2421kPa| 811K 016 |131.8kPa| 0.90

Table 3 Boundary conditions of the coolant flow

Hole No. 01 02 03 04 05
Inlet Total | a0 o | a7680 | 38003 | 40406 | 35874
Temp. [K]
Mass Flow Rate| ) 3079 | 000436 | 000480 | 0.00522 | 0.00471
[kg/s]
Hole No. 06 07 08 09 10
Inlet Total 1 o) 10 | 36807 | 41648 | 44690 | 48014
Temp. [K]

Mass[}}:é% Ratel 00452 | 0.00431 | 0.00162 | 0.00101 |0.000633
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Table 4 Material property of ASTM 310 stainless steel

Density (p)
Specific heat (Cp)
Thermal conductivity (A\)

8030 [kg/m?]
502 [J/kg K]
AMT)=0.0115T+9.9105
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Table 5 Comparison of computing time in SST and RSM

Computing time [min.]
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Fig. 6 Effect of viscous work term on surface pressure of vane
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