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Abstract

Based on the working principle of the bowed blade, one guide vane of high-pressure stage of an
industrial steam turbine is optimized by means of a surrogate model of artificial neural network
and genetic algorithm. After CFD evaluation, the flow loss through the optimized bowed guide
vane is reduced by 6.65 percent which is expected to raise the stage efficiency by 0.28 percent.
However, the actual stage efficiency is calculated to rise only 0.16 percent. Analyzing the exit flow
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of the guide vane reveals that the flow angles vary significantly at both ends of the rotor blade. The
incidence of the rotor blade is raised from 10 to 20 degrees near the end wall. Blade profiles at the
tip and hub sections are modified to match the inlet flow. Incidence is reduced to raise the stage effi-
ciency by 0.4 percent. This paper demonstrates the necessity to retrofit the rotor blade to match a
bowed guide vane.
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Figure 1. Computational mesh
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Figure 2. End-bend blade and parametric model
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Figure 3. ANN model based on bowed blade feature learning
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Figure 4. Streamwise vorticity distributions and total pressure loss coefficient contours at stator outlet
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Figure 5. Total pressure loss coefficient at stator outlet
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Figure 6. Limiting streamlines and static pressure ratio contours at stator suction surface

& 6. FMRERMRALLEREL

m

DOI: 10.12677/mos.2024.131037 391 e RSE TR


https://doi.org/10.12677/mos.2024.131037

h
=

i
45

7 45 T AR 100680 90% ¥ R L 73 A o 10%F0 Q0% Ak, i 25 5 I g THTFR s g T
JEZE BRI, BRAR T A 22 AT 2 ) 55 v B OSSR E . TER A E, B S EAEX R A E
0.9~1.0 HyMF Fy #ifar JfiG, AR THEblnt v RS W& s .

BT B, Ui P T R AR RS R I 90 B R A P B R R S A [19] . 14 8 4Rt T AR B e e
Gy, —ERRIE AT DL i X 3R R G R R o i 25 IR THI BT SR I IE fE ) i Ok DX I B S 4
/N, BRI R B AR R S R AR TRl R A i X A R AL AR, AR ) i B XS B (1 S 11 55

1.00 |

0.75 F y/h=0.1 y/h=0.9
=O== === Original-S
070 =o0==v=P-20

0.2 0.4 . 0./6 0.8 1.0
FER 1) 5% Kex/C,
Figure 7. Static pressure ratio distributions at stator surface
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Figure 8. Limiting streamlines and entropy generation contours at the stator hub
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Figure 9. Relative inflow angle distributions at rotor inlet
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Figure 10. Reconfiguration of rotor model
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Figure 11. Static pressure ratio distributions at rotor surface
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Figure 12. Flow and entropy generation contours at rotor blade
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Figure 13. Reaction degree of stage
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