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Comparative Study of Near-Wall Treatment Methods for Prediction of Heat
Transfer over Gas Turbine Nozzle Guide Vane
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Abstract: The comparative analysis of near-wall treatment methods that affect the prediction of heat transfer
over the gas turbine nozzle guide vane were presented. To achieve this objective, wall-function and low
Reynolds number methods, and the transition model were applied and simulated using NASA’s C3X turbine
vane. The predicted turbine vane surface pressure distribution data using the near-wall treatment methods were
found to be in close agreement with experimental data. However, the predicted vane metal temperature and
heat transfer coefficient displayed significant differences. Overall, the low Reynolds method and transition
model did not offer specific advantages in the prediction of temperature and heat transfer than did the
wall-function method. The Reynolds stress model used along with the wall-function method resulted in a
relatively high accuracy of prediction of the vane metal temperature and heat transfer coefficient.
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Table 1 Boundary conditions : Main flow
Location Variables

Total Pressure = 243.5 [kPa]
Inlet Total Temperature = 808 [K]
Turbulence Intensity = 8.3 [%]
Outlet Static Pressure = 180 [kPa]
Table 2 Boundary conditions : Coolant
Channel Mass Flow Inlet Total Inlet Turbulence
Number Rate [kg/s] Temperature [K] Intensity [%]
1 0.167x10"! 3495 5
2 017410~ ! 351.0 5
3 0.148 10! 3405 5
4 0.16510"* 343.0 5
5 017510~ ! 3335 5
6 0.16510" ! 363.0 5
7 0.161 107" 3415 5
8 0.550<10 2 365.0 5
9 0.349 %1072 389.5 5
10 0.171<10" 2 419.5 5
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