446 YaNAS3 =53 B, A 30 A Al 53, pp. 446~456, 2006

(=2

IAE EHul Edolte wjede] ot Ao WHslst
a9 9 ek d/E2AE S0 vA = 4
o35 .z s’

(005 118 23 A 20063 39 78 AALER)

Effect of Vane/Blade Relative Position on Heat/Mass Transfer Characteristics
on the Tip and Shroud for Stationary Turbine Blade

Dong-Ho Rhee and Hyung Hee Cho
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Heat/Mass Transfer(2/& 31 '2), Tip Leakage Flow(8 +2+%)
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Abstract

The effect of relative position of the stationary turbine blade for the fixed vane has been investigated on
blade tip and shroud heat transfer. The local mass transfer coefficients were measured on the tip and shroud
for the blade fixed at six different positions within a pitch. A low speed stationary annular cascade with a
single turbine stage was used. The chord length of the tested blade is 150 mm and the mean tip clearance of
the blade having flat tip is 2.5% of the blade chord. A naphthalene sublimation technique was used for the
detailed mass transfer measurements on the tip and the shroud. The inlet flow Reynolds number based on
chord length and incoming flow velocity is fixed to 1.5x10°. The results show that the incoming flow
condition and heat transfer characteristics significantly change when the relative position of the blade changes.
On the tip, the size of high heat/mass transfer region along the pressure side varies in the axial direction and
the difference of heat transfer coefficient is up to 40% in the upstream region of the tip because the position of
flow reattachment changes. On shroud, the effect of tip leakage vortex on the shroud as well as tip gap
entering flow changes as the blade position changes. Thus, significantly different heat transfer patterns are
observed with various blade positions and the periodic variation of heat transfer is expected with the blade
rotation.
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Fig. 2 Schematic view of guide vane and blade

Table 1 Blade configurations

Number of blades 16
Chord length (C) 150 mm
Axial chord (C,) '131.5 mm
Pitch to chord ratio Hub | 0.84 o
/C) Mejan 1.01 (22.5°)
Tip | 1.17
Aspect ratio (I/C) 0.87
Vane-blade spacing 34 mm (0.23C)
Radius at mid-span 385 mm
hub/tip radius ratio 0.711 .
Blade inlet / exit angle B1=56.4°/ $,=-62.6°
Tuming angle 119.0°
Mean tip clearance (7) 3.8 mm (#/C=2.5%)
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Table 2 Operating conditions
Inlet flow velocity (¥p) / meanTu | 8.3 m/s/ 9%
Vane exit angle 56.4°
Mean blade inlet velocity (W;) / Tu | 15 m/s/3.5%
Rec 1.5x10°

* based on inlet to exit area ratio

e e

I}

(a) Test blade (b) Test shroud
Fig. 3 Drawings of test blade and shroud
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Fig. 4 Relative positions between guide plate and blade
for stationary cases
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Fig. 11 Contour plots of She on the flat tip of blade for various blade positions at Rec=1.5x10’
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