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Abstract: This Technical Note calls attention to the fact that observed initiation of stall in an axial flow
compressor can be explained by the pressure pulses reflecting between the stator and rotor blades.
The phenomenon of reflection of pressure pulses between the rotor and stator blades of turbines was
first observed in in 1965 and reported in 1966. It can occur in turbines and axial-flow compressors.
Subsequently the reflecting pressure pulses were able to explain turbine and axial-flow compressor
blade vibrations.
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In 1994 PB. Lawless, K.H. Kim, and S. Fleeter [1] presented results of research “directed at
the identification of spatially coherent pressure waves that would serve as precursors to instability
development, including both the initiation of rotating stall and rotating stall during a surge cycle,
thereby extending the information on stall initiation in axial flow compressors”. Their experiments
were run on a three-stage axial flow compressor having 36 inlet guide vanes (IGVs, ny) and 43 blades
(np) of the instrumented (first) rotor at 2250 rpm (or rotor blade pass speed of 37.5 Hz). They observed
pressure disturbances propagating around the circumference initially at the rotational speed of 37.5 Hz,
which quickly become “adjusted” to a stall frequency of 14 Hz. This is illustrated in Figures 5 and 10
of their paper. Their Figure 5 is reproduced below (Figure 1).
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Figure 1. Rise of the first spatial mode magnitude and phase angular velocity from the first-stage

microphone array. Reproduced with permission from [1].

In “Summary and Conclusions”, they say that: “The transition to stall was observed to be
an abrupt process, with the eruption of a stall cell on rotor blades corresponding to a strong rise in the
spatial mode magnitude. However, a weak, circumferentially distorted pressure wave was detected
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that began adjusting to the ultimate phase propagation velocity of the finite stall pattern from within
5 to 26 revolutions prior to a significant rise in the mode magnitude and the indication of a stall cell
from the rotor blade pressure transducers. Comparison of the first and second harmonics of this signal
indicate that this disturbance is represented in the spatial domain by an impulsive-type waveform.”
They add that: “The impulsive nature of the weak pressure disturbance prior to stall suggests that these
events represent a short length scale event in the compressor that is propagating around the annulus.”

This description of the observed disturbances applies well to the reflecting pressure pulses
described by the writer in references [2-7]. The ratio of the circumferential speed of propagation of the
reflecting pressure pulses, Vy, to the rotor peripheral (or blade pass) speed, W, for the waves reflecting
between the rotor blades and the upstream stator vanes is given by Equation (11) of the writer’s 1992
ATAA 92-3075 paper "Wave Reflections in Subsonic Axial-Flow Turbomachines” [5].

From this equation, it follows that for the forward-running waves (1W x 1V)F with ny = —2
(reflections every second blade), reflecting every upstream stator vane (n = 1) we have:
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The same result is obtained for the backward-running wave (1W x 1V)B with n; = 2.

Lawless, Kim, and Fleeter observed a (stall speed)/(rotor blade pass speed) ratio of
14/37.5 = 0.3733, which is almost identical to the ratio Vyy/W obtained for the (1IW x 1V)F and
(1IW x 1V)B waves.

This finding shows that the circumferential (“adjusted” ultimate) speed of the pressure
disturbances, or stall speed, observed by Lawless, Kim, and Fleeter is the same as the calculated
circumferential speed of the reflecting pressure waves (pulses), and as a result, is a strong indication
that the observed rotating stall was initiated and driven by the reflecting pressure waves. That is,
that the pressure disturbances observed by Lawless, Kim, and Fleeter were in fact the reflecting
pressure pulses. This agrees with the expectations expressed in Section 1.6 on page 10 of the writer’s
1992 paper [5]. Whether it is the forward- or the backward-running waves that were observed in the
compressor tests by Lawless, Kim, and Fleeter could be determined from the knowledge of the shape
of the IGV vanes and of the Mach number at their exit.
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