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Abstract 

Aviation compressor is a typical axial flow impeller machinery. In order to further study 
the influence of the original disturbance in the compressor stall process, by changing the 
angle of the compressor blades, artificially add a disturbance in the compressor working 
process. The data is obtained through experiments and analyzed. The analysis results 
show that the disturbance caused by changing the blade angle makes the stall point move 
to the right and enter the stall earlier, but the greater the speed, the smaller the right 
shift, and the disturbance develops into a stall group and causes the compressor to stall. 
After about three to five laps after the stall, the stall group split, creating two stall groups. 
The speed of the stall group before splitting is about 60% of the speed of the compressor. 
After the split, the speed of the stall group increases, about 85% of the speed of the 
compressor. Using mathematical statistics to analyze the collected data, it is known that 
there is a clear correlation between the position of the blade that changes the angle and 
the stall signal. 
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1. Introduction 

With the rapid development of the aviation industry, the performance requirements of various types 

of aircraft for aeroengines are increasing, and the research interest in aeroengines continues to 

increase. Compressor stalling has always been a constraint in the development of compressors. Under 

this circumstance, the safety of engines and aircraft is facing great threats. In order to ensure that the 

aircraft has higher safety during flight, the research on compressor stall has never stopped. The 

research on stall precursors and stall initiation process at home and abroad originated from the concept 

of intelligent engine proposed by Epstein[1] et al. in the 1980s. 

In the early stage of compressor stall research, the main focus was on the phenomenon, causes and 

mechanism of compressor stall. In 1986, Moore and Greitzer [2, 3] established a stable model of the 

compression system, the M-G model, which predicted the existence of a modal wave stall precursor. 

In 1990, McDougall[4] et al. first discovered the existence of modal waves in a low-speed compressor 

test and described his characteristics: a two-dimensional, large-scale linear stall disturbance, which is 

related to the internal compressor The circumferential unevenness of the flow field is related. In the 

second year, Garnier [5] found the existence of modal waves in both low-speed and high-speed 

compressors; in 1993, Dayzai [6,7] detected "Spike" type stall disturbances in subsequent experiments. 

At the same time, Vo et al. through detailed three-dimensional CFD numerical calculations, found 

that the formation of sharp pulses is related to the leading edge overflow and trailing edge backflow 

of the rotor tip leakage flow. 

Spike waves are a three-dimensional, small-scale nonlinear stall disturbance. There is still no unified 

conclusion in the academic circles about its generation mechanism. However, all rotating stalls 

develop from a small disturbance at the beginning to a stall group, which leads to a stall. The 

development process of small disturbances is worthy of study, which can help us better understand 
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the entire process of stall development. In the compressor, due to the intake angle, the eccentricity of 

the rotor and the casing, the change of the blade angle and the looseness, etc., the stall point of the 

compressor may shift to the right, the stability range is reduced, and the stability of the compressor is 

reduced. 

In this paper, two types of disturbance are artificially added to the compressor by changing the No. 1 

blade and simultaneously changing the No. 1 and 24 blades. Through the analysis and processing of 

experimental data, explore the influence of small disturbances on the compressor pressure rise flow 

curve. The position of the stall signal is analyzed, and the relationship between the position of the 

blade that changes the angle and the position of the stall signal is explored. 

2. Experimental system and measurement scheme  

2.1 Experimental system 

The experimental platform of this article is a single-stage low-speed axial compressor. The 

compressor has no inlet guide vanes and adopts a structural layout of axial air intake and radial 

exhaust. A distortion generator section is installed in front of the air intake. The blade adopts NACA 

blades, the number of rotor blades is 45, the number of stator blades is 60, the outer wall and inner 

wall diameter are equal, the hub diameter is 400mm, and the casing diameter is 600mm. Figure 1 

shows the research object of this article. The main performance parameters of the single-stage 

compressor under the design conditions are: Flow rate 6.5kg/s, total pressure rise 2500Pa (total 

pressure ratio 1.025), speed 3000rpm. Table 1 shows the specific parameters of the single-stage 

compressor. 

 

Figure 1: Rotor blades that need to be changed in installation angle 

 

Table 1: Parameters of low-speed axial compressor 

Parameter value 

Number of blades 45 

Chord length 

Leaf tip consistency 

53.6mm 

1.28 

Mean radius installation angle 

Aspect ratio 

Design flow 

Design speed 

Total pressure ratio 

60° 

1.866 

6.5kg/s 

3000rpm 

1.025 

No. 24 blade 

No.1 blade 
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2.2 Experimental program  

(1) Do not change the blade angle;  

(2) By changing the angle of the No. 1 blade, the installation angle of the No. 1 blade is increased by 

5°, 7° compared with other blades, and the installation angle of the other blades remains unchanged;  

(3) The installation angle of the No. 1 blade is unchanged. The installation angle of the blade and the 

No. 24 blade (the relative position is shown in Figure 1) is increased by 5° and 7°, and the installation 

angle of the other blades remains unchanged.  

Six Kulite pressure sensors (circumferential spacing 60°) are evenly installed on the wall surface 25% 

of the chord length from the front edge of the compressor rotor to collect dynamic pressure data 

during the experiment. At the same time, a Hall is arranged on the compressor shaft The sensor is 

used to determine the actual speed of the compressor. Before changing the installation angle, collect 

data at 1800r and 2400r speeds, 30 sets of data for each speed, and 5 sets of characteristic curve data. 

After changing the compressor angle, the corresponding data is also collected. 

3. Experimental results 

Draw the collected experimental data into the correlation curves as shown in Figure 2 and Figure 3. 

Through comparative analysis, the flow position of the stall point before and after the blade angle 

change is obtained, as shown in Table 2. 
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Figure 2: Curves of pressure rise coefficient as a function of mass flow(1800rpm) 
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Figure 3: Curves of pressure rise coefficient as a function of mass flow(2400rpm) 

 

Table 2: Stall point position before and after blade angle change 

Speed Angle unchanged Angle changed by 5° Angle changed by 7° The angle of two blades changed by 5° 

1800rpm 3.355 3.478 3.691 3.759 
2400rpm 4.673 4.738 4.903 5.005 
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Figure 4 Angle unchanged(1800rpm) 
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It can be seen from Table 2 that after changing the installation angle of the No. 1 blade, the stall point 

of the compressor pressure rise flow curve at 1800 rpm moves about 0.123 to the right; the speed 

increases from 1800 rpm to 2400 rpm, and the stall point moves to the right about 0.065; Change the 

angle of the No. 1 blade to 7°, the stall point will move 0.336 to the right at 1800 rpm, and the stall 

point will move 0.23 to the right at 2400 rpm; when the angles of blades 1 and 24 are changed at the 

same time by 5°, the pressure rise flow curve stall point is right at 1800 rpm It moves about 0.424, 

and when the speed is 2400rpm, it moves about 0.332 to the right. From the comparison of the results 

of the stall point change obtained by changing the blade angle at different speeds, it is known that 

changing the blade angle makes the compressor stall point move to the right, reducing the stability 

margin and making it easier to stall. At the same time, the greater the angle of change, the greater the 

shift of the stall point to the right. Rotation speed also has an effect on the degree of right shift of the 

stall point after changing the blade angle. The higher the speed, the smaller the right shift of the stall 

point. 
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Figure 5 Angle changed(1800rpm) 

 

Figure 4 shows the stall process of the compressor at 1800rpm without changing the blade angle. No. 

3 sensor first captured the flow separation. The flow separation gradually developed and expanded 

along the rotation of the rotating system, causing the entire compressor to enter a rotating stall. The 

time from capturing the flow separation signal to the complete stall of the compressor is very short, 

which is an obvious spike-type stall. A single stall group rapidly develops into two stall groups, and 

the speed of the stall group increases from 60% of the original rotor rotation speed. To 80%. Figure 

5 is a diagram of the stall process after changing the angle of the No. 1 blade. First, the stall signal is 

captured at the No. 3 sensor. The rapid development of the stall signal causes the compressor to stall. 

After two revolutions, the stall group splits into two stall groups. The speed increased from 65% to 

85% when it was single. It can be seen from the comparison that after changing the blade angle, the 

compressor enters the stall earlier, and the separation time of the stall group becomes slower. 

As the angle of the blade is changed, compared to the original installation position, the pressure on 

the leaf pot of the blade with the changed angle increases. And after the angle is changed, the air 

intake angle increases. On the back side of the blade, the airflow is more likely to separate from the 

leading edge of the blade to the trailing edge, thereby generating disturbances in the airflow. 
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Regarding whether the generated disturbance is an important cause of the compressor stalling in 

advance, we process the 60 sets of collected data, and use mathematical statistics for the results of 

each data to determine whether the stall disturbance is caused by a positive correlation. Appears at 

the position of the blade whose angle is changed. Among the 60 sets of data, 30 sets are the data 

measured without changing the blade angle, and the other 30 sets are the data measured after changing 

the angle of the No. 1 blade by 5°. When looking for the stall point of each set of data, the method 

used is that when the signal measured by the sensor has obvious up and down peaks, the signal 

collected by the previous sensor is considered to be the stall signal. This criterion is used to determine 

the specific stall point. position. Because each adjacent relative angle of the six sensors is 60°, the 

specific position of each sensor relative to the Hall sensor is not required. It is only necessary to know 

the position of a sensor that detects a stall signal relative to the Hall sensor at this time. By adding or 

subtracting a multiple of 60, all the angles at which the stall signal is detected are assigned to the 

same sensor, and the results are calculated using mathematical statistics to obtain the following 

histogram: 

 

Before

After

 

Figure 6 Statistics graph of stall position before and after blade angle changes 

 

The results of mathematical statistics show that before the angle is changed, the positions of the 

detected stall points are basically uniformly distributed within the range of 360°, and there is no 

obvious connection feature. However, after changing the blade angle, the position of the stall point 

has an obvious concentration between 40° and 60°, accounting for 24% of the overall data. Therefore, 

it can be inferred that after changing the blade angle, the disturbance produced has an important 

influence on the formation of the stall group that causes the compressor to stall. 

4. Conclusion 

(1) After the compressor changes a blade angle, the compressor stall point will move to the right, 

thereby stalling earlier. And the higher the speed, the smaller the degree to which the stall point moves 

to the right. Changing the compressor blades will produce a disturbance, which will affect the stability 

of the compressor during the continuous development process; 

(2) The speed of the stall group before splitting is about 60% of the speed of the compressor, and the 

speed of the stall group increases after splitting, about 85% of the speed of the compressor; 
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(3) At the blade position where the angle is changed, a sign of stall will appear, which will continue 

to develop, which will cause the compressor to stall earlier than if the angle of the compressor blade 

is not changed. 
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