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Experimental investigation of air injection effects on rotating stall alleviation in
an axial compressor
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Rotating stall alleviation in an axial compressor with deployment of air injection at its rotor blade row
Received 02 May 2016 tip region has been experimentally investigated. Twelve air injectors were mounted evenly spaced
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Available Online 23 July 2016 around the compressor casing upstream the rotor blade row. Initially, improvement of the compressor

overall performance was examined through air injection, especially at stall point condition.
Instantaneous flow velocities at various radial and circumferential positions were measured

Keywords:
Axyi::mmpressor simultaneously utilizing hot wire anemometry. Results obtained from these latter measurements
Stall inception together with signal frequency analyses, provided to describe the stall inception process and consequent
Tip injection flow induced fluctuations and also stall alleviation during the air injection process. Results show that a
Stall margin small amount of air injection at the rotor blade tip region can affect the rise in total pressure and more
specifically, increase the compressor stall margin efficiently. Air injection of less than 1% of the
compressor main flow rate through the injectors has improved the stall margin by 9%. Air injection at
the blade row tip enables this beneficial effects to extend throughout the blade whole span, especially
while working at the near stall conditions.
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1- Bell Mouth Air Intake
2- Spinner

3- Rotor Blade Row

4- Outlet Duct

5- Throttle Valve

6- Front Pressurc Rakes

8- Rear Pressure Rakes
9- Bearing #1

10- Bearing #2

11- Spiral Collector
12- Rotor Shaft

13- Bearing #3

7- Air Injector 14- Coupling #1

Fig. 1 Schematic layout of axial compressor test rig
G370 ypageS iy Sund asgazms o)lyz )b 1 JSb

i

15- Increasing Gearbox
16- Coupling #2

17- il Cooler

18- Electro-motor

19- Inverter

1- Air Supply

2- Pressure Regulator
3- Pressure Gage

4- Orifice

5- Manifold

6- Injectors

7- Rotor Blade Row

Fig. 2 Schematic Drawing of injection system
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Fig. 3 Performance curves of the compressor at injection and no-
injection cases
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Fig. 5 Velocity spectra in the frequency domain during different
operating conditions
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Fig. 6 Stall inception process (a: STFT contour, b: Instantaneous velocity signal)
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Fig. 7 Velocity signals during stall recovery process
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Fig. 8 Frequency spectra of velocity signals at the stall point (before and after air injection)
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Fig. 9 Velocity signals and their STFT analyses with different injection mass flow rates
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