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Numerical Analysis on the Blade Tip Clearance Flow in the Axial Rotor
— The Variation of Leakage Vortex with Tip Clearance —
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The substantial loss behind axial flow rotor was generated by wake, various vortices in the hub

region and the leakage vortex in the tip region. Particularly, the leakage vortex formed near

blade tip was one of the main causes of the reduction of performance, the generation of noise and

the aerodynamic vibration in rotor downstream. In this study, the three-dimensional flowfields in

an axial flow rotor for various tip clearances were calculated, and the numerical results were

compared with the experimental ones. The numerical technique was based on SIMPLE algorithm
using standard k-¢ model (WFM). Through calculations, the effects of the tip clearance on the

overall performance of rotor and the loss distributions, and the increase in the displacement,

momentum, and blade-force-deficit thickness of the casing wall boundary layer were investigat-

ed. The mass-averaged flow variables behind rotor agreed well with the experimental results.

The presence of the tip leakage vortex behind rotor was described well. Although the loci of

leakage vortex by calculation showed some differences compared with the experimental results,

its behavior for various tip clearances was clarified by examining the loci of vortex center.

.M 2
5 An el G5 odu o Huigel 4
AZ, 2252t 3 A og dAlE 7 e
oJerez el o)$ AR ALY HEL FAGe
Aoz oreid dohFig 1), oleld f5o da
*g]9), odAgsta o3k
e, Adidigta ) A s}

o2 olal, £4

"9 74w

o}, dulF e w

HFx e,
2255
Al

A Zel

qaks) 45 A,
A Fo] uladgh

et zto

E

4=
T



FRAAA Aoe SAFEol g 54 337

\\Fluid

casing

Casing wall
Soundary (ayer

/
Auﬁnn

Horseshos
vortax fraiting
vortax

Fig. 1 Flow pattern in axial turbomachinery.
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Table 2 Experiment and calculation condition.
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:Vzm °
o /U al chord length)

N

Vam(m/s)

0.02, 0.04
Exp. 0.68 10.7| 24.89 ’ ’
0.075

0.01, 0.02,

Cal. 0.68 10.7| 24.85 |0.04, 0.058,

0.075, 0.09




Table 3 Details of rotor blade element.

0.148/0.178]0.207]0.230)|0.252

Radius, r(m) 0.5 (0.7) | (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,

(%) 20.70/30.8038.70,43.60|47.10

Design attack

R 19.20(14.30110.70
angle, @™ (°)

8.80 | 7.80

Design inlet flow

o

39.90/45.10{49.40|52.40154.90
angle, 8*,(°)

Blade section

NACA-65 1610

1210 | 0910 | 0710 | 0610

Fig. 2 Grid configuration of rotor.
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