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In order to detect the aerodynamic instability of a multistage axial compressor more accurately and earlier, the harmonic Fourier
mean amplitude analysis method and heterotopic variance analysis method are developed. The dynamic instability prediction
performance of the two methods is studied on a low-speed and a high-speed two-stage axial compressor. The harmonic Fourier
mean amplitude analysis method is suitable for predicting the aerodynamic instability of a multistage axial compressor in the
form of a rotating stall. Compared with the traditional harmonic Fourier analysis methods, the harmonic Fourier mean
amplitude analysis method can capture the detail of the pressure signal more accurately and it can effectively prevent instability
misjudgment. The heterotopic variance analysis method is developed based on the conventional variance analysis method, and
it can be used to distinguish whether the compressor is in the rotating stall or the surge state. The heterotopic variance analysis
method can predict the aerodynamic instability ahead of the harmonic Fourier mean amplitude analysis method, and fewer
circumferential measuring points were employed. The layout of the measuring points also influences the detection of the
aerodynamic instability of the compressor. The aerodynamic instability of the high-speed axial compressor can be predicted
earlier by employing measuring points at the compressor outlet.

1. Introduction

As the power unit of an aircraft, the aeroengine may enter
various aerodynamic instability states (rotating stall and
surge), thus inducing thrust reduction, extra fuel consump-
tion, and critical problems. Once the aerodynamic instability
is likely to or has already appeared, measures such as adjust-
ing the fuel mass flow rate, the turbine inlet guide area, and
the installation angle of the inlet guide are often taken to sta-
bilize the engine down to the stable working condition. If the
working state of the aeroengine is misadjusted due to an
unreliable aerodynamic instability detection method, the
performance of the engine would be reduced suddenly. To
avoid potential flight safety risks, accurate and early detection
of the aerodynamic instability of the aeroengine is necessary.

Generally, the common working line and the stability
boundary are measured during the aeroengine test to
determine whether the stability margin meets the design
requirements. The working condition of the engine can be
changed from the stable state to the unstable state by fuel
step, nozzle area closing, adjustment of the turbine guide
installation angle, and injection of gas from the high-
pressure compressor outlet.

In the experiment of determining the stability boundary
of the compressor, the transition from the aerodynamic
stable state to the aerodynamically unstable state is real-
ized by controlling the throttle opening. The instability
detection device in the test bench is used to judge whether
the compressor is unstable. Once instability occurs in the
compressor, the power of the compressor motor and the
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valve opening area must be quickly adjusted to make the
compressor retreat from the instability state in time to pre-
vent damage to the compressor.

Early and accurate aerodynamic instability detection
methods are urgently demanded for an aeroengine no matter
whether it is in service or in the course of development. Many
scholars have carried out relevant research in this field, and
the detection of aerodynamic instability based on prestall dis-
turbances has become a research hotspot.

In 1986, Jackson [1] first proposed the prestall distur-
bance of modal wave through a single-stage axial compressor
experiment at Cambridge University, and then, McDougall
[2], Garnier et al. [3], Day [4–6], Tryfonidis et al. [7], and
Tu et al. [8] found the phenomenon of the modal wave on
several low-speed and high-speed axial compressors. The
modal wave was a kind of low amplitude disturbance, and
the wavelength took the compressor circumference as the
characteristic scale. The modal wave propagated between 20
and 50 percent of rotor speed in the circumferential direc-
tion, and it generally appeared in the first 10 to 100 rotor
rotation cycles before evolving into the stall. In 1993, Day
[4] conducted an experimental study and found that a sharp
pulse disturbance signal would generate in the compressor
before stall. The disturbance signal, also known as the
“spike,” had a large amplitude, and the wavelength was char-
acterized by the length of the blade passage. The spike type
prestall disturbance propagated at 70 to 80 percent of design
rotor speed in the circumferential direction. When the
disturbance evolved into the complete rotating stall, its speed
dropped to 20 to 50 percent of the design rotor speed. The
time interval between the occurrence of the spike type pre-
stall disturbance and the formation of the rotating stall or
the surge was no more than 5 rotor rotation cycles. Silkowski
[9] confirmed the existence of the disturbance signal through
experiments. The stall inception process was more complex
in a multistage high-pressure axial compressor. Day found
that the spike type prestall disturbance appeared before the
stall at 60 percent of the design rotor speed, whereas modal
wave appeared before the stall at 80 percent of the design
rotor speed. The fluctuation of the spike type prestall distur-
bance sometimes could be observed at higher rotor speed,
sometimes could not be observed [5].

Li and Du [10–13] correlated the spike type prestall
disturbance with the unsteady tip leakage flow of the
rotor. In order to capture the evolutionary process of the
circumferential propagation of the tip leakage flow, a group
of time-resolved pressure transducers was arranged on the
casing along the circumferential and chord-wise spatial
direction. Results showed that the circumferential propaga-
tion dominated by the unsteady tip leakage flow existed and
occurred only after the emergence of the unsteady tip leakage
flow in the throttling process. The propagating speed and the
scale of disturbance gradually increase until the stage of tran-
sition to stall inception.

Li et al. [14, 15] investigated the aerodynamic instability
evolution of a transonic axial compressor. In the condition
of low rotor speeds, a disturbance appeared in the rotor tip
region and then developed into the rotating stall. In the con-
dition of high rotor speeds, a low-frequency disturbance in

the hub region caused the compressor to enter the instability
state. The new type of compressor instability named “partial
surge” which arises at high rotor speed was initiated by a
low-frequency axisymmetric disturbance at the hub.

Rzadkowski et al. [16, 17] carried out a Fourier analysis to
investigate the instability process in a 3.5-stage compressor.
It was found that partial blocking at the engine inlet caused
low-frequency harmonics to affect not only the first and the
second rotor blade stages but also the third stage, with only
slightly smaller amplitude values. A dynamic multistage
analysis was also carried out in their following work, and
advantageous suggestions in regard to the blade failure were
put forward.

In the early study of prestall disturbances, researchers
observed the existence of these small disturbances from the
original data and simple filter processing and then used
different data processing methods in order to observe the
existence of prestall disturbances in advance.

At present, the commonly used aerodynamic instability
detection methods can be mainly divided into time-domain
analysis method [1–9], frequency-domain analysis method
[10–17], bifurcation method, and chaos-based analysis
method [18–22].

The time-domain analysis was to analyze the pressure or
velocity signal fluctuation with time in a multistage axial
compressor. Filtering method, variance method, average dif-
ference method, correlation analysis method, and short-time
energy method were used to analyze the dynamic changes of
the amplitude, mean value, and variance of the pressure or
velocity signal.

The frequency-domain analysis method judged the main
impacting component by frequency and the corresponding
amplitude of the pressure or velocity signal. The commonly
used frequency-domain analysis methods include the fast
Fourier transform method, the short-time Fourier transform
method, the harmonic Fourier transform method, the power
spectral density method, the traveling wave energy method,
and the wavelet analysis method.

The aerodynamic instability prediction method based
on chaos theory focused on the pressure or velocity signal
time series of the compressor, and it can be subdivided into
the correlation integral method, the structure-function
method, the chaos attractor, and the correlation dimension
method.

However, prestall disturbances were sometimes observed
in high-speed axial compressors, because linear modal waves
did not necessarily exist while spikes may originate at a place
far from the probes, whose signals have been flattened when
detected. Moreover, the prestall disturbances are so close to
the stall inception that the signals are hard to be distin-
guished from each other. Therefore, it is necessary to develop
a suitable method, which can not only determine that the
engine is to lose stability in advance in the presence of the
prestall disturbances but also accurately and timely deter-
mine that the engine has lost stability in the absence of the
prestall disturbances.

The internal flow field of a multistage axial compressor is
natively unsteady. The fluctuation amplitude of the aerody-
namic parameter in the steady-state is smaller than that in
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the rotating stall or surge state. The emergence of two kinds
of prestall disturbances, the modal wave, and the spike will
increase the fluctuation range of flow parameters. Therefore,
the aerodynamic instability evolution process in a compres-
sor can be considered as the process where the fluctuating
amplitude of pressure, velocity, and other aerodynamic
parameters increase rapidly, no matter whether there are pre-
stall disturbances or not.

Based on the harmonic Fourier method and the variance
analysis method, two new methods to detect the aerody-
namic instability of a multistage compressor are developed
in the present work, which performs well in predicting aero-
dynamic instability at the low-speed and high-speed
compressor.

2. Methodology

2.1. Harmonic Fourier Mean Amplitude Analysis Method.
The harmonic Fourier analysis method is to expand the peri-
odic function of time into the sum of infinite sine and cosine
functions that can fit the original signal. The harmonic Fou-
rier transform can balance the circumferential nonunifor-
mity of the sampled signal. The results of the harmonic
Fourier mean amplitude analysis in a period of time are cal-
culated by the following formula:

a tð Þ = 〠
n

i=1
P t, ið Þ · cos 2π i − 1

n

� �� �
,
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where Pðt, iÞ is the pressure signal measured by i dynamic
pressure sensors at time t and n is the number of the circum-
ferential dynamic pressure measuring point. AðtÞ represents
the vibration amplitude of the sinusoidal harmonic at time t.
�AðtÞ is the mean value of the vibration amplitude of the sinu-

soidal harmonic, and the time window length before time t is
equal to T .

2.2. Heterotopic Variance Analysis Method. The conventional
variance analysis method is used to judge the strength of
the dynamic pressure signal fluctuation in a period of time.
If the amplitude of the signal suddenly increases and
exceeds a certain threshold, the compressor was considered
to be unstable. Based on the variance analysis method, the
heterotopic variance analysis method has developed the
capability to distinguish whether the compressor is in the
rotating stall or the surge state. Two measuring points are
arranged in different circumferential positions to measure
the dynamic pressure signal. The signal is then analyzed with
a time window of T . Two heterotopic variance analysis

parameters, σðtÞ12 and σðtÞ22, are calculated by formula (2)
and formula (3), respectively.
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A surge is a kind of unstable flow state with low-energy

fluid oscillating back and forth along the axial direction of
the compressor. When the compressor enters the surge state,
the measuring points at the different circumferential posi-
tions and the same axial position sense almost the same pres-
sure changes. In this case, σðtÞ12 is approximately equal to
zero, whereas σðtÞ22 can be very large.

A rotating stall is a kind of flow state with low-energy
fluid rotating along the circumferential direction of the com-
pressor. When the compressor enters the rotating stall state,
the pressure sensed at different circumferential positions
and the same axial position is different, so the difference
between the values of σðtÞ12 and σðtÞ22 is not obvious, and
both of the parameters are relatively large.

3. Experiment Equipment

3.1. Two-Stage Low-Speed Axial Compressor. The axial com-
pressor test bench was composed of a bell mouth, an inlet
pipe, a two-stage axial compressor, a volute, an exhaust pipe,
a throttle valve, a silencing tower, and a motor (Figure 1). An
electric throttle valve was installed in the exhaust pipe to
regulate the airflow, and a 200 kW motor was used to drive
the rotor and adjust the rotor speed. The detailed design data
of the compressor are presented in Table 1.

In the low-speed axial compressor test, six dynamic
total pressure probes embedded with Kulite dynamic sen-
sors and LMS SCADA III dynamic pressure measuring
instrument were used. Kulite CQ-140-350M type high-
frequency response microdifferential pressure sensors were
selected, and they were directly embedded near the measur-
ing point to ensure the high-frequency response of the probe.
All of the dynamic total pressure sensors measure the total

Figure 1: Test bench of the low-speed axial compressor.
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pressure at the tip area about 10mm from the outer casing,
and the maximum response frequency was 300 kHz. The
dynamic-state data acquisition system allowed online moni-
toring of the compressor and could provide measurements
of 32 channels with a sampling rate of 200 kHz per sensor
on a 16-bit resolution A/D converter. The sampling fre-
quency of the dynamic pressure was 4096Hz, which was
enough to catch the stall cell. Dynamic pressure probes were
approximately 100% chord length upstream of the first-stage
rotor, and the probes were placed at 90% blade height in the
radial direction. When the probe was arranged too far
upstream the rotor leading edge, the prestall disturbance signal
might not be detected, whereas the disturbance potential of the
rotor leading edge affected the measurement, and the wake of
the probe interfere the flow between the compressor blades
when the probe was arranged too close. The six measuring
points were evenly distributed along the circumference
(Figure 2). The arrangement of the sensors and the measuring
points of the low-speed axial compressor are presented in
Figures 3 and 4, respectively.

3.2. Two-Stage High-Speed Axial Compressor. The instability
dynamic process of a type of two-stage high-speed axial com-
pressor was studied. The design speed of the compressor was
18000 r/min. The type of measuring tools was the same as

Table 1: Design parameters of the two-stage low-speed axial compressor.

Parameter Value

Outside diameter/mm 900

Hub-tip ratio 0.6

Nominal speed/(r/min) 1500

Total pressure ratio 1.035

Efficiency 0.88

Mass flow/(kg/s) 25

Row First rotor First stator Second rotor Second stator

Blade profile NACA-65-010

Chord length/mm 122 106 130 117

Blade number 19 22 18 20

Radial clearance/mm 1.5 0 1.2 0

Figure 2: Structure diagram of the dynamic total pressure probe.

2nd stator2nd rotor1st rotor

PT_Rli

Flow

1st stator

Figure 3: Sensor arrangement sketch of the low-speed axial compressor.
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Figure 4: Measurement points sketch of the low-speed axial
compressor.
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that on the low-speed compressor test bench. Table 2 pre-
sents the location of the measuring point. The measured
parameters are the difference values between the local static
pressure and the atmospheric pressure. The arrangement of
the sensors and the measuring points of the high-speed axial
compressor are presented in Figures 5 and 6, respectively.

4. Results and Discussion

4.1. Two-Stage Low-Speed Axial Compressor

4.1.1. Harmonic Fourier Mean Amplitude Analysis.When the
compressor operates at a working point close to the stability
boundary, it can enter the rotating stall state when the valve
opening was shut down. Total pressure change due to the
instability was obtained by the dynamic total pressure mea-
surement. The modal wave was a small amplitude prestall
disturbance. To reduce the influence of the wake interfer-
ence, the measuring points were arranged at the inlet of
the compressor. The dynamic total pressure signal of the
two-stage low-speed axial compressor with uniform inlet
flow is shown in Figure 7, and the Fourier analysis of the
total pressure signal is presented in Figure 8. With a rota-
tional speed of 1200 r/min, the compressor entered the
rotating stall state at 8.51 s. In the fully developed stage of
the stall cell, there was only one stall cell in the whole
passage of the compressor, and the characteristic frequency
of the stall cell was 5.6Hz. The harmonic Fourier analysis
was carried out based on the signals provided by six
dynamic measuring points (Figure 9). The maximum
amplitudes of the first-order harmonic were taken as the
prediction indicator of compressor instability. 0.25 s, 0.5 s,
and 1.0 s were chosen as the time window, and 1100Pa was
taken as the warning threshold. Under all time windows,
the compressor instability was predicted at 8.32 s. The har-
monic Fourier maximum amplitude analysis was not suitable

in this compressor as there was little difference between the
prediction time of the three-time windows. Instead, the
harmonic Fourier mean amplitude analysis was applied.

Many factors could lead to the instantaneous change of
the pressure signal such as the pressure distortion caused
by the wake of the separation zone of cones, lip, strut, and
prominence in the inlet. The random turbulence caused by
the boundary layer separation made the pressure parameter
fluctuate with time and space. The maximum value was taken
as the early warning signal to avoid misjudgment caused by
the instantaneous change. In the present work, the mean
value of the first-order harmonic amplitude in a period of
time was taken as the prediction indicator of compressor
instability, and 550Pa was taken as the early warning thresh-
old value. It was found that the smaller the time window was,
the earlier the compressor instability could be predicted. The
compressor instability was predicted at 8.32 s when the time
window was set as 0.125 s, whereas the compressor instability
was predicted at 8.53 s with a time window of 0.5 s
(Figure 10). The difference in the prediction time indicated
the measuring signal amplitude versus time. It is noticeable
that the fluctuation of the pressure signal near the warning
threshold could lead to the misjudgment of the stall. How-
ever, the fluctuation range was relatively small, and the last
entry above the threshold in the 0.125 s time window case
was still the earliest among others. The instability state was
predicted in advance by using 0.125 s as the time window
and adopting the mean value of the first-order harmonic
amplitude as the early warning parameter in this low-speed
compressor.

The prediction results of the mean amplitude of the first-
order signals and the second-order harmonic signals were
compared (Figure 11). When the time window and the early
warning threshold were set as 0.125 s and 550Pa, respec-
tively, the first-order signal predicted the compressor insta-
bility earlier than the second-order signal, which predicted
the compressor instability at 8.51 s.

4.1.2. Heterotopic Variance Analysis. Heterotopic variance
analysis was carried out, and the dynamic total pressure of
measuring points 1 and 4 was analyzed (Figure 12). One-
sixteenth of the sampling frequency (1/16 s) was chosen as
the time window. The difference between values of σ1

2 and
σ2

2 was not large. When 10000Pa2 was set as the stability
threshold, σ1

2 predicted the compressor instability earlier.
The compressor entered the instability state at 8.16 s, when
σ1

2 was equal to 10021Pa2 and σ2
2 was equal to 5814Pa2.

The instability prediction results were different among
the combination of measuring points along the circumfer-
ence. The machining error such as the incomplete symmetry
of the casing and the blade along the circumference and the
quality difference between the sensors and the probes might
lead to the difference. The heterotopic variance analysis of
the five combinations of measuring points 1 and 2, 3, 4, 5,
and 6 was carried out, respectively (Figure 13). Due to the
circumference difference of 120°, the stall cell does not appear
as a strict sinusoidal form. The selection of an appropriate
combination of circumferential measuring points was condu-
cive to determining whether the compressor instability

Table 2: Dynamic test parameters of the two-stage high-speed
compressor.

Number Test location Measuring point mark

1 Inlet of R1 at 0° PS_R1i_1

2 Inlet of R1 at 45° PS_R1i_2

3 Inlet of R1 at 90° PS_R1i_3

4 Inlet of R1 at 135° PS_R1i_4

5 Inlet of R1 at 180° PS_R1i_5

6 Inlet of R1 at 225° PS_R1i_6

7 Inlet of R1 at 270° PS_R1i_7

8 Inlet of R1 at 315° PS_R1i_8

9 Inlet of R2 at 90° PS_R2i_1

10 Inlet of R2 at 180° PS_R2i_2

11 Outlet of S2 at 90° PS_S2o_1

12 Outlet of S2 at 180° PS_S2o_2

13 Outlet of compressor at 90° PS_o_1

14 Outlet of compressor at 180° PS_o_2

5International Journal of Aerospace Engineering



PS_oPS_S2oPS_R2iPS_R1i

2nd stator2nd rotor1st rotor 1st stator

Flow

Figure 5: Sensor arrangement sketch of the high-speed axial compressor.
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Figure 6: Measurement point sketch of the high-speed axial compressor.
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occurred as early as possible. For the low-speed compressor,
the combination of points 1 and 5 was more appropriate.
When σ21,1−2 was set as the aerodynamic instability indicator
and the early warning threshold was set as 10000 Pa2, the
compressor instability occurred at 7.88 s.

4.2. Two-Stage High-Speed Axial Compressor. High-speed
axial compressors are easily damaged when working at the
instability state; hence, the compressor needs to be adjusted
quickly to exit the instability state when instability occurs.
The static pressure at different positions during the dynamic
instability process of the compressor is presented in
Figure 14. Static pressure signals detected by measuring
points at different circumferential positions at the inlet of
the first rotor were almost the same. The same situation
occurred at the outlet of the second rotor, the outlet of the
second stator, and the outlet of the compressor. Meanwhile,
different pressure pulsations at different axial positions indi-
cate that the airflow pulsated along the axis of the compressor
and the compressor was working at the surge state. It is
noticeable that although the two-stage high-speed axial com-
pressor was in the surge state, there are some differences in
the dynamic signals measured at different circumferential
positions. Earlier detection of compressor instability can be
achieved by an appropriate measurement layout. The inlet
static pressure at PS_R1i_1 gradually rose from 5.393 s, indi-
cating that from this time, the compressor entered the surge
state. The static pressure increased slowly at other positions
of the inlet, for example, PS_R1i_2 starts from 5.486 s.
The time when the static pressure of the two measuring

points at the inlet of the second stage rotor increased
was also not the same. PS_R2i_1 began to increase at
5.487 s, whereas PS_R2i_2 began to increase at 5.454 s.
Both the static pressure at the second stage stator outlet
and the compressor outlet began to increase at 5.487 s.

4.2.1. Harmonic Fourier Mean Amplitude Analysis.
According to the previous research results, the prestall dis-
turbance (the modal wave or the spike) can be detected by
arranging the dynamic pressure sensor at the compressor
inlet. The harmonic analysis of the dynamic static pressure
in the instability process of the two-stage high-speed axial
compressor was carried out (Figure 15). The mean value
of the first-order harmonic amplitude was taken as the insta-
bility prediction parameter. The warning threshold value was
20 kPa. When the time window was set as 0.08 s, 0.04 s, and
0.01 s, the compressor aerodynamic instability was predicted
at 5.411 s, 5.399 s, and 5.395 s, respectively, indicating that
earlier prediction can be achieved by adopting smaller time
windows.

Figure 16 displays the change of the second-order com-
ponent under the harmonic Fourier analysis. The mean
amplitude of the second-order harmonic component was
larger than that of the first order. The mean value of the
second-order harmonic amplitude was still used as the insta-
bility prediction parameter. When the time window was set
as 0.08 s, 0.04 s, and 0.01 s, the compressor aerodynamic
instability was predicted at 5.406 s, 5.398 s, and 5.395 s,
respectively, indicating that the second-order analysis was
more suitable for the aerodynamic instability detection in
the high-speed axial compressor.
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Figure 13: Analysis results of the heterotopic variance with different combinations of measuring points.
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Figure 14: Static pressure changes at different positions in the dynamic instability process of the compressor.
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4.2.2. Heterotopic Variance Analysis. The static pressure at
the inlet of the compressor was processed under the het-
erotopic variance analysis method. Measuring point 1
was combined with points 2, 3, 4, 5, 6, 7, and 8, respectively,
and 20 kPa was taken as the early warning threshold value.
The instability onset time under different measuring point
combinations was compared (Figure 17). When the combi-

nation of points 1 and 2 was adopted, the compressor insta-
bility started at 5.380 s. While points 1 and 7 are combined,
the compressor entered an instability state at 5.386 s. If σ22
was used to determine the stability, the compressor entered
an instability state at 5.384 s. Therefore, for the high-speed
axial compressor, σ21 was more favorable to detect the com-
pressor instability.
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Figure 15: First-order harmonic analysis results of the inlet static pressure during the instability process of the compressor.
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Figure 16: Second-order harmonic analysis results of the inlet static pressure.
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According to the calculation formula of the two
parameters, σ21 and σ22, under the heterotopic variance
analysis method, σ22 was larger than σ21 when the compres-
sor was at the surge state. The development of the surge
which was generated first at the inlet or the outlet of the
compressor was a process of axial transmission. Therefore,
the layout of the measuring points also affected the com-
pressor instability detection results. Considering that most
of the practical applications of the aeroengine adopted the
detection result of the pressure signal at the compressor
outlet, the measuring section is arranged at the compres-

sor outlet in the present work. Variation of σ21 and σ22 dur-
ing the compressor instability process is presented in
Figures 18 and 19, respectively. When adopting the combi-
nation of two static pressure parameters at the compressor
outlet, the compressor aerodynamic instability could be
detected the earliest. When taking 20 kPa as the warning
threshold, the compressor instability started at 5.378 s.
While using σ2

2,13−14, the compressor lost stability at
5.377 s. Thus, it was more preferable to arranged the mea-
suring points at the compressor outlet to detect the aero-
dynamic instability.
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Figure 17: Results of the heterotopic variance analysis of the inlet static pressure during compressor instability.
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Figure 18: Variation of σ21 at R2 inlet, S2 outlet, and compressor outlet.
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5. Conclusions

In the present work, early and accurate detection of the aero-
dynamic instability compressor was realized on a multistage
axial compressor under two newly developed methods: the
harmonic Fourier mean amplitude analysis method and the
heterotopic variance analysis method. The harmonic Fourier
mean amplitude analysis method can avoid the instability
misjudgment due to the sudden change of pressure signal
caused by external interference during the operation of the
compressor. The method requires at least three measuring
points arranged along the circumference, and it is suitable
to predict the instability state of the rotating stall. The hetero-
topic variance analysis method has fewer requirements for
the number of circumferential measuring points, and it can
identify the type of aerodynamic instability (the rotating stall
or the surge).

When the harmonic Fourier mean amplitude analysis
method is used to predict the compressor aerodynamic insta-
bility, the selection of the time window matters. The pressure
fluctuation generates when the time window is too small,
whereas the early warning of the compressor instability is
delayed when the time window is too large. Early warning
with first-order or second-order components needs to be spe-
cific. There is only one stall group in the low-speed axial
compressor studied in the present work; thus, the first-
order harmonic analysis is suitable. When the aerodynamic
instability occurs in the high-speed axial compressor, the
surge process is accompanied by the rotating stall. The
second-order harmonic analysis is more appropriate because
dynamic pressure signals were relatively complex in this case.

The heterotopic variance analysis method is more suit-
able for the detection of compressor aerodynamic instability
than the harmonic Fourier average amplitude analysis
method because it requires fewer circumferential measuring
points. The compressor aerodynamic instability can be

detected earlier by appropriate measurement arrangement.
For both axial compressors studied in this paper, the hetero-
topic variance analysis method can predict the instability ear-
lier than the harmonic Fourier mean amplitude analysis
method. The prediction in the low-speed compressor and
the high-speed compressor is advanced by 0.44 s (9.6 rotor
rotation cycles) and 0.018 s (5.4 rotor rotation cycles),
respectively.

The layout of the measuring point influences the result of
the aerodynamic instability detection. An appropriate layout
of measuring points helps to detect the aerodynamic instabil-
ity of the compressor earlier. In the present work, for both
low-speed and high-speed compressors, dynamic pressure
sensors are arranged along the circumferential direction at
the compressor inlet section (about one chord length
upstream of the compressor) to measure the dynamic signal
during the dynamic stall process of the compressor and
determine the type of the stall precursor through signal anal-
ysis. The advantage of this method is that the measured sig-
nals are only affected by the rotor potential disturbance
before the stall cell is generated, and the prestall disturbance
can be observed more obviously in the dynamic stall process.
If the starting position of the stall can be determined in the
first place, and then, the signal detected by circumferential
measurement points arranged on this cross-section is ana-
lyzed through harmonic Fourier mean amplitude analysis
or heterotopic variance analysis, the instability prediction is
going to be much earlier. For the high-speed axial compres-
sor studied in this paper, the surge signal develops from the
outlet to the inlet, and the aerodynamic instability of the
compressor can be predicted earlier by arranging the measur-
ing point at the compressor outlet.

Machining error and installation error also have a nega-
tive effect on the early warning results under the heterotopic
variance analysis method. Since the machining error and the
installation error have randomness, researchers can only find
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Figure 19: Variation of σ22 at R2 inlet, S2 outlet, and compressor outlet.
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out the right circumferential detection position by trying.
Future research of evaluating the effect of machining and
installation errors on heterotopic variance analysis will be
helpful to figure out to what degree can the location of the
circumferential sensor affect the prediction results.
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