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Flowpath Optimization for Steam Turbines Employing CFD Analysis and Application
to Actual Blade Design
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Toshiba and Tsinghua University have developed an advanced aerodynamic design optimization tool for steam turbine stages employing computa-
tional fluid dynamics (CFD) analysis.  This tool consists of highly accurate and highly adaptive CFD programs for various parametric modeling tasks,
not only for the design of simple blade shapes but also for the optimization of more complicated models such as those including the effect of a rotating
blade with tip leakage, the configuration of nonaxisymmetric endwall contouring, and so on.  This tool is expected to enhance the performance of
steam turbines by providing completely three-dimensional optimized steam-path design that has not be attainable by human designers up to now.
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Typical stage of steam turbine

Y=V EBE LT, V—IVORRE L @R IO W
N5,

2 m#EkY—-I

Ll B L7z 5ol by — VO EZ R 2R, 20V —
WIEETY 7, F)-ili, ROBRBEIEOZDODET 2=V B
WENT WA,

FHAHEY 2=V TlE, EFV T EY 2N Db OERICIHE
DEHBIN AR SN IR A v ¥ 212 X > TCFD N 247
o FENTY —WIENEOFEHTY — L DA, TR DY — b5



— | EFUVIED2—L B }—E\ NURBS (£ &2 RERE |
[ Bh. s | L[ NURBSIZ&BRAVF>IER | (=
? [IoF92— | NURBSIc&2¥HiEmEs |
R ¥
ﬁfé FHEEY 21—l | ABSRARRITO— |
@ | mERm R —F \
2 | A, Kriging 58" \
4 ;
s BBLEY 21— | SEBREHEA(DOE)™ |
e [ BT H(GA, ASA, NSGA-I, etc)™ |
[ 2R EILF % (SQP, MOST, SAM, etc)™ ]
— [ ITFRN—NRT L |
NSGA-Il : Non-Dominated Sorting Genetic Algorithm
SQP  : Sequential Quadric Programming
MOST : Multifunctional Optimization System Tool
SAM  : Successive Approximation Method
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Outline of flowpath optimization tool for steam turbines
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Specifications of investigated turbine stage
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Comparison of blade profiles before and after optimization
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Comparison of shapes of optimal and original blades
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Profiles and flow features of optimized blade with tip leakage
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Optimized nonaxisymmetric endwall configurations (rotor side)
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Radial distributions of twist angle and lean displacement
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Comparison of radial loss distributions before and after optimization
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