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Numerical Investigation of Stability Enhancement with
Tip Air Injection in a Low-Reaction Transonic Rotor
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Abstract: In order to further improve the stable working range of the low—reaction compressor, the effects
of tip air injection on extending stall margin were studied in the first—stage transonic rotor of a three—stage low-re-
action high—load compressor by three—dimensional numerical simulations. Stability—enhancing mechanism and
the impact of injector axial positions on stability enhancement and aerodynamic performance of the rotor were dis-
cussed. The results show that tip air injection suppresses the breaking of the leakage vortex under the near—stall
condition of the rotor by weakening the interaction between the tip leakage vortex and the passage shock wave and
eliminating the large—area blockage of the blade lip passage, which result in widening the rotor’s stable operating
margin. As the injector moves axially upstream from the tip leading edge , the increment of stall margin presents a
trend of increasing first and then decreasing. Considering the effect of stall margin improvement and the overall ro-
tor performance parameters, the optimal injection axial position is 5% of the rotor axial chord length upstream of
the tip leading edge. Tip air injection changes the radial distribution of the rotor aerodynamic parameters. The
compression work of the outer 15% span is reduced, and the load of other spans increase.
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Table 1 Geometric and aerodynamic parameters of the

compressor rotor

Parameter Symbol Value

Blade number n 36

Tip speed/(m/s) u 370

Tip axial chord/mm C, 69
Tip camber angle/(*) AB 54.4
Tip clearance/mm g 0.4
Aspect ratio AR 0.8

Tip relative Mach number Ma 1.21
Design mass flow rate/(kg/s) m 16.92
Design pressure ratio a 2.68
Design efficiency n 0.93

Tip loading coefficient 1 0.7

R

Lower profile Upper|profile

(a) Profiles of injector

Rt Injector inlet

(b) Structure of injector
Fig. 1 Schematic diagram of the injector structure
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Fig.2 Schematic diagram of the computational domain
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