1074 3N AS3 =52 B, A 30A A 11 Z, pp. 1074~1083, 2006

(=2

Key Words :

Aste vl Edlol=olA e dAd2 54

& 3t

o

,2006°3 849 30 AR
Detailed Heat Transfer Characteristics on Rotating Turbine Blade

Dong-Ho Rhee and Hyung Hee Cho

Flow(d ¥4/%)
Abstract

In the present study, the effect of blade rotation on blade heat transfer is investigated by comparing with
the heat transfer results for the stationary blade. The experiments are conducted in a low speed annular
cascade with a single stage turbine and the turbine stage is composed of sixteen guide vanes and blades. The
chord length and the height of the tested blade are 150 mm and about 125 mm, respectively. The blade has a
flat tip and the mean tip clearance is 2.5% of the blade chord. A naphthalene sublimation method is used to
measure detailed mass transfer coefficient on the blade. For the experiments, the inlet Reynolds number is
Rec=1.5x10°, which results in the blade rotation speed of 255.8 rpm. Blade rotation induces a relative motion
between the blade and the shroud as well as a periodic variation of incoming flow. Therefore, different
heat/mass transfer patterns are observed on the rotating blade, especially near the tip and on the tip. The
relative motion reduces the tip leakage flow through the tip gap, which results in the reduction of the tip heat
transfer. However, the effect of the tip leakage flow on the blade surface is increased because the tip leakage
vortex is formed closer to the surface than the stationary case. The overall heat/mass transfer on the shroud is
not affected much by the blade rotation.
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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
0 Mc?an 1.01 (22.5°)
Tip |1.17
Aspect ratio (I/C) 0.87
Spacing be;;z«:;n vane and 34 mm (0.227C)
Radius at mid-span 385 mm
hub/tip radius ratio 0.711
Blade inlet / exit angle 56.4°/-62.6°
Mean tip clearance (f) 3.8 mm (¢/C=2.5%)

Table 2 Design condition based on mid-span

Inlet flow velocity (Vg) / mean Tu | 8.3 m/s / ~ 9%
Mean blade inlet velocity (W;)/Tu | 15m/s/~3%
Blade rotational speed 255.8 rpm
Rec 1.5x10°

Table 3 Conditions for radial positions at the design
condition (V=255.8 rpm).

Radial position Hub Mid-span Tip
Radius 0320m 0385m 0450m
U 86m/s 103m/s 12.1m/s
W, 165m/s 150m/s 13.6m/s
B 59.8° 56.4° 52.3°
Incidence angle (i) | +3.4° 0° -4.1°
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Fig. 4 Static pressure coefficients along the blade at the
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= Blade Rotation
(a) Stationary blade (b) Rotating blade
Fig. 9 Schematic view of tip leakage flow behavior
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Fig. 10 Local Sh distributions on the blade surface
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Fig. 11 Streamwise distribution of pitchwise-averaged
She on the shroud for the rotating blade
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Fig. 15 Contour plot of She on rotating blade surface
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