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Conjugate Heat Transfer Analysis for High Pressure Cooled Turbine Vane
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ABSTRACT

Conjugate heat transfer analysis was performed to investigate the flow and cooling performance of the high pressure turbine
nozzle of gas turbine engine. The CHT code was verified by comparison between CFD results and experimental results of C3X
vane. The combination of k-0 based SST turbulence model and transition model was used to solve the flow and thermal field
of the fluid zone and the material property of CMSX-4 was applied to the solid zone. The turbine nozzle has two internal
cooling channels and each channel has a complex cooling configurations, such as the film cooling, jet impingement, pedestal
and rib turbulator. The parabolic temperature profile was given to the inlet condition of the nozzle to simulate the combustor
exit condition. The flow characteristics were analyzed by comparing with uncooled nozzle vane. The Mach number around the
vane increased due to the increase of coolant mass flow flowed in the main flow passage. The maximum cooling effectiveness
(91 %) at the vane surface is located in the middle of pressure side which is effected by the film cooling and the rib turbulrator.
The region of the minimum cooling effectiveness (44.8 %) was positioned at the leading edge. And the results show that the

TBC layer increases the average cooling effectiveness up to 18 %.
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Fig. 3 A view of high pressure turbine nozzle
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Table 1. Properties of CMSX-4
Density 8691.5 kg/m’
Specific heat capacity 860 J/kg - K

Thermal conductivity | 8471358 + 0.019374 T(* C) W/m - K

Table 2. The number of grids

Nodes Elements
Fluid domain 22,694,221 54,153,838
Solid domain 1,647,191 8,705,604
Whole domain 24,341,412 62,859,442
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Fig. 4 Grid of high pressure cooled turbine nozzle
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Table 3. Boundary conditions of high pressure turbine nozzle

Total pressure 3,0685 kPa
Main flow Temperature profile
(Inlet) Total temperature (Tave=1,673 K)
Turbulence Intensity 5%
Main flow . »
(Outlet) Static pressure 1,565 kPa
Total pressure 3,200 kPa
Coolant flow Total temperature 8374 K
(Inlet) pe :
Turbulence Intensity 5%
Coolant flow | ., ..
(Outlet) Static pressure 3,190 kPa

RTDF [%]

0 10 20 30 40 50 60 70 80 90 100
Span [%]

Fig. 5 Turbine inlet temperature profile
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Fig. 7 Mach number contours of (a)uncooled nozzle
and (b)Cooled nozzle
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Fig. 8 Cooling effectiveness at external surface of vane
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