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Three Dimensional Unsteady Flow Analysis in Turbomachinery

by

Kenji Hirai™, Hidekazu Kodama™, Osamu Nozaki*?, Kazuo Kikuchi*2, Toshio Nishizawa*2, Atsuhiro Tamura'2, Yuichi Matsuo*?

ABSTRACT

A three-dimensional time-accurate Reynolds-averaged Navier-Stokes code has been extended for use in a parallel
supercomputer called Numerical Wind Tunnel(NWT) developed by the Japanese National Aerospace Laboratory. The
power of parallel supercomputer enables us to perform a more accurate computation of the unsteady flowfield within a
multipassage configuration. The first step was to validate the CFD results using the experimental measurements of the
stator-rotor configuration of a high pressure turbine. The CFD results also explained the flow mechanism appeared at
the exit of the rotor. The second step was to investigate the flowfield with hot streak inflow of the high pressure turbine.
Introduction of hot streaks in the analysis showed the effects of the relative circumferencial positions on the hot streak
distributions through the turbine stage, and also showed some features of temperature fluctuations on the rotor blade

surface.
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F+1 Target Design Value of HP Turbine

Parameter Design Value
Mass Flow Rate ka/s 194.5
Inlet Total Pressure _kPa 1000.3
Inlet Total Temperature °C 1700 Level
Pressure Ratio 2.7
Adiabatic Efficiency % 90

» Based onreport by T.Maya et al.{1995)
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Flow Analysis in a Low Aspect Ratio Cascade

Masanori Tsutsumi, Yuichiro Hirano (MHI)
Atsuhiro Tamura, Kazuo Kikuchi, Osamu Nozaki, Toshio Nishizawa (NAL)

ABSTRACT

Flow in the low aspect ratio turbine cascade is highly three-dimensional, and considerable amount of total
pressure loss is produced because of strong interaction between two secondary flow vortices at the midspan.
In this study, the secondary flow in a high pressure steam turbine blade row is numerically analyzed by a 3-D
compressible Navier-Stokes code using high accuracy upwind TVD scheme (CAS3DM). The calculation
results are compared with experimental data measured using five-hole Pitot tube.
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