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Tip Leakage Flow on the Transonic Compressor Rotor
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Abstract

It is known that tip clearance flows reduce the pressure rise, flow range and efficiency of the
turbomachinery. So, the clear understanding about flow fields in the tip region is needed to efficiently design
the turbomachinery. The Navier-Stokes code with the proper treatment of the boundary conditions has been
developed to analyze the three-dimensional steady viscous flow fields in the transonic rotating blades and a
numerical study has been conducted to investigate the detail flow physics in the tip region of transonic rotor,
NASA Rotor ¢7. The computational results in the tip region of transonic rotors show the leakage vortices,
leakage flow from pressure side to suction side and their interaction with a shock. Depending on the operating
conditions, load distributions and the position of shock-wave on the blade surface are very different close to
the blade tip of the transonic compressor rotor. The load distribution and the shock -wave position close to the
blade tip had the close relationship with the starting position of leakage vortex and the direction of leakage

flow.
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Fig. 2 Computational grid for NASA Rotor67; (a)
Meridional plane (b) Blade surfaces and hub wall
(c) Tip clearance region
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Fig. 4 Predicted and measured exit survey data; (a) peak
efficiency operating point (b) near stall operating
point
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(a)
operating point (b) near stall operating point
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Fig. 5 Measured(right) and predicted(left) relative Mach number contours near peak efficiency; (a)peak efficiency
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Fig. 6 Dimensionless static pressure distribution on blade surface; (a) At choke operating point(b) At peak efficiency
operating point(c) near stall operating point
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Rotation direction

Fig. 7 Particle traces from the tip clearance at choke
operating point

Fig. 8 Particle traces from upstream at choke operating
point
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Rotation direction

Fig. 9 Particle traces from the tip clearance at peak
efficiency operating point

Fig. 10 Particle traces from upstream at peak efficiency
operating point

Fig. 11 Particle traces coming from upstream close to
blade surface near peak efficiency operating

point
she QAs AHe TSRS YA g
SRR 2N YEE A2 % & Fig. 11



92

A Bz Ze] § vtz offf Eeoj=
d vlrpele A Brpdle PAE FAE
AR g, o) Ao AHH He
o] Edlo]lt FYWHM FHI} x| AT
e ACRREH RAAFIANY AY =2
g9l F949 FASY FaRgdd 7d3te
2 ggdr.

Figure 99} 10225 H ¥ ¥ Edoltn B2
WellA F&3te FHdFS FHAE AE 45
Z-g3l= Aol Bdsict, av ol HEE
o 93t gA RN TS FHAF A
o] 2ANE FHeHUAN FHIA vIAAE &2
o ZARE Ad T d Byel= ¢gedd
gol uie} BHol=g wet FaAHggo) v A H
1=

x

Rotation direction

Fig. 12 Particle traces coming from tip clearance near
stall operating point

Rotation direction

Fig. 13 Particle traces coming from upstream near stall
operating point
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