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Response Analysis of Mistuned System with Directionally Solidified Turbine Blades

ABSTRACT

HE AR

MARUSHIMA Shinya

Ban o g

AKIYAMA Ryo

Recently, in downstream stage, directionally solidified alloy is adopted to integral shrouded blades

against high combustion temperature in gas turbine. Directionally solidified alloy have elastic anisotropy,

and every blade has different crystal solidification direction, resulting in different elastic constant,

which causes mistuning-effect. In this paper, a response analysis of tuned and mistuned system with

directionally solidified alloy blades is carried out, in order to investigate the mistuning effect due to the

elastic anisotropy. Analysis was carried out for three kinds of mistuned patterns, and comparison with

normal materials blade was made.

Key words : Directionally Solidified, Elastic Anisotropy, Mistuning Blade, Forced Vibration, Turbine Blade
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Studies on Separated Boundary Layers over Ultra-High Lift Low-Pressure
Turbine Airfoils with variable Solidity: Effect of Freesteam
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T8 ML
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TANAKA Nozomi

ABSTRACT

This paper deals with experimental and numerical investigation on the interaction between inlet
freestream turbulence and boundary layers with separation bubble under Ultra-High Lift condition for
low-pressure turbine airfoils. The solidity of the cascade can be reduced by increasing the airfoil pitch
by at least 25%, while maintaining the throat in the blade-to-blade passage. Reynolds number examined
is 57,000, based on chord length and averaged exit velocity. Freestream turbulence intensity is 0.80%
(no gird condition) and 2.1% (with grid condition). Hot-wire probe measurements of the boundary
layer on the suction surface for LP turbines rotor are carried out to obtain time-averaged and time-
resolved characteristics of the boundary layers under the influence of the freestream turbulence. The
turbulence grid constituting of wires is installed upstream of the cascade. Numerical analysis based on
high resolution Large Eddy Simulation is also executed to enhance the understanding on the flow field
around the Ultra-High Lift turbine airfoils. Emphasis is placed on the relationship of inherent instability
of the shear layer of the separation bubble and the freesteam turbulence. Standard Smagorinsky model
is employed for sub grid scale modeling.

Key words : Boundary Layer Measurement, Large Eddy Simulation, Low-Pressure Turbine,
Separation Bubble, Freestream Turbulence
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Fig. 1 Inlet velocity fluctuations with and without
turbulence grid

Table 1 LPT blade geometry and cascade configuration

Chord length C 114mm
Axial chord length  C« 100mm
Span 260mm
Pitch ¢ variable

Inlet flow angle 531 47 deg
Outlet flow angle (3> -60 deg
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Fig. 3 Test cascade and indication of the measurement location
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Fig. 4 Target blade for boundary layer measurement
with measurement points
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Fig. 5 Implementation of the turbulent flow field
created by SNGR method into computational domain
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Fig. 6 von Karman-Pao spectrum (left) and wave number
vector k, and unit vector k' (right)

Table 2 Probability functions used to create random variables
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Fig. 9 Time-averaged velocity(up) and RMS(under)
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EXP, noGrid and withGrid for RRS-15%




Vol.38 No.2 2010.3

RIVYCABEREES-ECBALNBERBICSASTRANODRICETIME 121

noGrid - —~_ WithGrid
,_r. g~ % = |.oocr( : "l \
.\ H :ﬁ’}‘uﬂ | 80%Cx
1 ? [ JRp ¢ — /
\'s A RS

¥ 90%Cx

Fig. 12 Time-resolved flow field over the suction surface
near trailing edge for RRS-25%, Q=30
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Table 3 Gain of Kelvin-Helmholtzs instability
calculated from LES

noGrid withGrid
RRS-15% 40.1 40.9
RRS-25% 42.3 43.2
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Fig. 13 Spectrum of velocity fluctuation measured at
the middle of the shear layer EXP,
noGrid (top), withGrid (bottom), RRS-15%
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