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- Variation of Leakage Vortex with Tip Clearance and Attck Angle-
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Abstract

Substantial losses behind axial flow rotor are generated by the wake, various vortices in the hub
region and the tip leakage vortex in the tip region. Particularly, the leakage vortex formed near blade
tip is one of the main causes of the reduction of performance, gencration of noise and aerodynamic
vibration in downstream. In this study, the three-dimensional flow flelds in an axial flow rotor were
calculated with varying tip clearance under various flow rates, and the numerical results' were compared
with experimental ones. The numerical technique was based on SIMPLE algorithm using standard k-¢
model(WFM) and Launder & Sharme's Low Reynolds Number k-¢ model(LRN). Through calculations,
the effects of tip clearance and attack angle on the 3-dimensional flow fileds behind a rotor and
leakage flow/vortex were investigated. The presence of tip leakage vortex, loci of vortex center and its
behavior behind the rotor for various tip clearances and attack angles was described well by
calculation,
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Table 1 Details of rotor blade element.

0.148 (0.178/0.207(0.230(0.252

(0,599)((0.7)1(0.8) [ (0.9) | (1.0)
Chord length, C(mm) 60 60 | 60 | 60 | 60

Solidity, C/t 1.550 [1.290|1.110{1.000]0.909
Stagger angle, ¥(" ) | 20.70 |30.80(38.70|43.60{47.10

Design angle of | 1920 |14.30[10.70{ 8.80 | 7.80

Radius, r(m)

attack, @’ (° )
Design inlet flow | 49 59 145,10(49.40(52.4054.90
angle, 8| (" )
Blade section
NACA.65 1610 |[1210]0910{0710|0610

Table 2 Experiment and calculation conditions.

Calculation
(WFM & LRN)

Experiment

#=Vn/U)| 0.74 | 0.68 | 0.63 | 0.56 | 0.74 | 0.68 | 0.62| 0.54

a® ) | 730 107 |13.23(16.90; 7.31 { 10.7 [ 13.4 {17.05

Vin(m/s) |27.35 [ 25.00 |23.05]20.50(27.32|24.95(22.95(20.40

Q(m®/s) | 3.57 | 327 | 3.01 | 2.67 | 3.56 | 3.26 | 3.00| 2.65

0.00 | 0.00 | 0.00 | 0.00

1/C 0.02 0.02]0.02 | 0.02 [ 0.02
(C=chord | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04
length) 0.0580.058/0.058/0.058

0_075' 0.075(0.075(0.075(0.075

#»(*) Experiment from (5)

Fig. 1 Grid configuration of rotor.
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Fig. 2 Performance curve of axial rotor.
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Fig. 3 Distributions of velocity components of
rotor downstream with angle of attack.
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Fig. 4 Distributions of flow variables at rotor exit
with tip clearance (x'/C=0.05, WFM).
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Fig. 8 Circumferential positions of leakage - vortex
with tip clearance (a=10.7° , WFM).
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Fig. 6 Circumferential positions of leakage vortex
with angle of attack (T/C=0.04, WFM).
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Fig. 7 Radial pqsitlons of leakage vortex with tip
clearance (a=10,7" , WFM).
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Fig. 8 Radial positions of leakage vortex with
angle of attack (T/C=0.04, WFM).
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