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ABSTRACT

In this study, a numerical analysis was performed on the first-stage nozzle of a high-pressure turbine. OpenFOAM, a
well-known open-source CFD code was used in this study and its feasibility for analyzing high-pressure cooled turbines was
evaluated in comparison to Ansys CFX. The geometry considered in this work is the first-stage nozzle of a high-pressure
turbine in a turboshaft engine, which includes internal cooling passages and film-cooling holes. Both solvers used numerical
schemes with same order of accuracy, and the k—w SST model for the turbulence model. The computational mesh was
generated so that the y* value of the nozzle surface was below 1.0. The analysis results show similar performance between
two solvers in terms of the flow around the nozzle vane, the mass flow distribution of the coolant, secondary flow within the
passage, and area-averaged cooling effectiveness. However, a slight difference is observed in the maximum acceleration on the
suction side. Furthermore, differences in coolant behavior near the wall are observed, and this results lead to difference in the
cooling pattern on the suction side. Consequently, the feasibility of using OpenFOAM for the numerical analysis of

high-pressure cooled turbine is confirmed.
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Table 1 Summary of thermodynamic properties

Ansys CFX OpenFOAM

Heat capacity
at constant pressure

Polynomial Eg. JANAF

Viscosity Sutherland’s law

Thermal conductivity Kinetic theory

Table 2 Summary of numerical schemes

Ansys CFX OpenFOAM

CFX 2023 R1
(Coupled solver)

rhoPimpleFoam

|
Solver (Segregated solver)

Steady state

Temporal scheme with LTS

Steady state

Convection scheme High resolution 2nd order upwind

Turbulence model k—w SST model

Turbulence scheme Ist order upwind
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Table 3 Number of elements for mesh dependency test

# No. of cells
Case 1 6.55 x10°
Case 2 1.14 <107
Case 3 131 <107
Case 4 1.62 <107
Case 5 2.04 x107
Case 6 245 %107
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Fig. 5 Result of mesh dependency test using Ansys CFX
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Table 4 Results of area—averaged cooling effectiveness
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