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Three-Dimensional Computation of Reverse Flow in a Low Pressure
Steam Turbine Rotor under Low Load Operation

Chikamune MASUZAWA** Yuichiro HIRANO and Masahiro ISHIDA

*4 Mitsubishi Heavy Industries, LTD., Nagasaki Research and Development Center,
5-717-1 Fukahori-machi, Nagasaki-shi, Nagasaki, 851-0392 Japan

Reverse flow which occurs in a low pressure steam turbine rotor under the low load operation
was analyzed by the three-dimensional turbulent flow computation. The computed flow angles at the
inlet and exit of the rotor agreed well with the experimental results in the scale-model turbine and
also with the results based on the quasi 3-D inviscid flow analysis. It is clearly shown that the spiral-
type vortex appears due to the reverse flow at the rotor root, and in addition, the leading-edge
separation occurs on the pressure surface over the rotor blade height, especially a large separation
occurs at the root side due to a high incidence angle. The present study suggests that the unstable
flow might be caused by the spiral-type vortex and the leading-edge separation under lower load

operations.
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Table 1 Specifications of rotating blade
Rotating Speed  (rpm) 7000

Blade Height (mm) 437
Hub /Tip ratio 0.467
Blade Tip Speed (m/s) 598
Pitch/chord (Base) 0.246
(Mean) 0.593
(Tip) 0.974

Stagger angle (Base) 34
(Mean) | 47 1°
(Tip) | 745°

5\#, Last Rotating Blade

“I4~ Last Stationary Blay
=
i

=

Fig.1 Meridional section of scale model turbine
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(a) Variation of rotor blade profile from root to tip,
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(b) Definition of flow angles at inlet and exit of
rotor blade

Fig.2 Last stage rotor blade profile and flow angle

Fig.3 Computational grid for last stage rotor
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(c) Completely 3D analysis

Fig.4 Meridional velocity distribution
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Fig.5 Local mass flow rate at rotor exit
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Fig.6 Relative flow angle at rotor exit
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Fig.7 Relative flow angle at rotor inlet
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Fig.10 Blade-to-blade velocity distribution
at rotor mid-span
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