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Heat/Mass Transfer Characteristics on Stationary Turbine Blade
and Shroud in a Low Speed Annular Cascade (I)
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Abstract

For the extensive investigation of local heat/mass transfer on the near-tip surface of turbine blade,
experiments were conducted in a low speed stationary annular cascade. The turbine test section has a single
stage 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 flat tip geometry and the mean tip clearance is about 2.5%
of the blade chord. Detailed mass transfer coefficient on the blade near-tip surface was obtained using a
naphthalene sublimation technique. The inlet flow Reynolds number based on chord length and incoming
flow velocity is changed from 1.0x10° to 2.3x10°. Extremely complex heat transfer characteristics are
observed on the blade surface due to complicated flow patterns, such as flow acceleration, laminarization,
transition, separation bubble and tip leakage flow. Especially, the suction side surface of the blade has higher
heat/mass transfer coefficients and more complex distribution than the pressure side surface, which is related
to the leakage flow. For all the tested Reynolds numbers, the heat/mass transfer characteristics on the turbine
blade are the similar. The overall averaged She values are proportional to Rec”® on the stagnation region and
the laminar flow region such as the pressure side surface. However, since the flow is fully turbulent in the
near-tip region, the heat/mass transfer coefficients are proportional to Rec’®
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Table 1 Blade configurations Ao Jzgdo] IYHEE A4, Azsrg).
Number of blades 16 FEPE SUHOE 114G, 95N goR 2 1
Chord length (C) 150 mm NE TGRS A REY
Axial chord (C;) 131.5 mm ARy =M Bty Yo Yzagy =
Pitch to chord ratio I\I/I{::n (I)f)‘: 22.5%) g3 Eyol= AlH #99 Eyojt nzaw ¥
/C) Tip 1:17 ’ ol At wl(static pressure tap)S A X3l AH
T 000 3 sl=sgelds 438 SASRem, Gup
. ) = Kol 2| & (<] =]
Spacing between vane | ., ©0227C) ;Hfgﬂ ol ~L7-07H94 At B ARG dYEE
and blade E4E& 1284
Radius at mid-span 385 mm
hub/tip radius ratio 0.711 24 A8 =A
Blade inlet / exit angle | B,=56.4° / B,=-62.6° 2 4gLe Edol= dFolA e Reynolds 57}

Turning angle
Mean tip clearance (¢)

119.0°

~3.8 mm (/C=2.5%)

Table 2 Operating conditions at Rec=1.5x10’

Inlet flow velocity (V) / mean Tu

Vane exit angle

Mean vane exit flow velocity (V))*
Mean blade inlet velocity (W;) / Tu
Mean blade exit velocity (W) *

Rec
ReC,cx

83 m/s/~9%
56.4°

15m/s
15m/s / ~ 3%
18 m/s
1.5x10°
1.8x10°

* based on inlet to exit area ratio

% of Axisl chord
Shapes of gap
Tip clesrance [mm]
“
3

. Pressure side pap (measured)
[} Suction sile gap (Measured)
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Fig. 4 Drawing of test blade and mold plates
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Fig. 14 Comparison of Nu/Re.;,,,“"5 with other studies of
mass transfer experiments
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