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Numerical Simulation of Unsteady Three-Dimensional Flow Field in a Turbine Stage
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Abstract

In present study, we investigated the unsteady effect of rotor-stator interaction on furbine stage performance.
Unsteady RANS simulations were performed to clarify the unsteady three-dimensional flow field in a turbine stage.

e confirmed so-called r\pgaf pJ.of due to the “IQL'P which is

D amnpnening the Tawy Gald ar mid 3
concerning ne 1iow Iicid at midspan in the rotor, , WE C

similar to 2D calculation results. Simulation resulis also showed that inward radial flow was followed by the wake.
The strong secondary flow was periodically generated by the wake passing through the rotor, and then the passage
vortex near the endwall fluctuated in the radial direction. It was found that the total pressure loss coefficient in the
unsteady calculation was almost 12% higher than that in the steady calculation.
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(a) stator

(b) rotor .
Fig. 1 Computational grid
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Fig. 2 Entropy distribution and velocity fluctuation
vector at rotor midspan
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Fig. 3 Entropy distributions and secondary flow Fig. 4 Entropy distributions and secondary flow
vectors on crossflow plane at 25% chord vectors on crossflow plane at 120% chord
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Fig. 5 Spanwise distributions of circumferentially
averaged flow downstream of rotor
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(b) pseudo unsteady
Fig. 6 Limiting streamlines on blade suction surface
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Fig. 7 Time history of total pressure loss coefficient
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(c) t=0.46

(d) t=0.69

Fig. 8 Variation of entropy distribution at midspan
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Fig. 9 Variation of pressure distribution at midspan

This document is provided by JAXA.



METEEEY I 2 L—a U HERVRY 7 A2 00 480E 171

1.0 e ;
L // /'
// /'
L - e 4
0 |
0.80 - IO PO PSP UO P SORPROU I SOURUPRRPRRPPR
N I J
o L E
© | i
o ) [ p
© /
[ {
Q - : 1
° 040 b _
© - |
b L
LL
- steady \ . [ 1
[l ——— pseudo unsteady Y P
H =~ unsteady N & ¢
0.0 - : >

1606 7.0 180 180 200 21.0 220 230
Total pressure loss coefficient

Fig.10 Spanwise distribution of circumferentially
averaged total pressure loss coefficient
downstream of rotor
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