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ABSTRACT 

Synthetic jet has been confirmed as a novel flow control technology. However, the existing application research 

on synthetic jet in axial flow compressor is still confined to cascade or low-speed axial flow compressors, and 

rarely high-speed axial flow compressor. The effects of three vital parameters (i.e., the action position, 

frequency, peak velocity) on the aerodynamic performance and stability margin are systematically studied, with 

a high-speed compressor rotor as the object of numerical simulation. An optimal excitation position is 

determined, corresponding to the core position of the compressor top blockage, as indicated by the results, 

which increases the stability margin and efficiency of the compressor by 13.2% and 1.15% respectively. The 

excitation frequency has a threshold ranging from 300Hz to 600Hz. Only when the frequency of synthetic jet 

exceeds this threshold can it suppress the tip leakage flow. Besides, the jet peak velocity may not have a 

threshold. However, the higher the peak velocity, the greater the mixing loss between the jet and the mainstream 

of the compressor rotor will be, thus limiting the further increase of the compressor efficiency. 
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NOMENCLATURE 

M mass flow rate 

γ loss  

V velocity 

t  time 

V(t) velocity of synthetic jet 

Vmax peak velocity of synthetic jet 

F frequency  

Φ initial phase  

π total pressure ratio  

E power  

ρ density  

A  area  

η efficiency  

P*  total pressure  

T*  total temperature  

Vn  normal velocity 

a  inlet measurement sections  

b  outlet measurement sections  

   adiabatic index 

Ca length of axial chord(mm) 

T   period of synthetic jet  

IN  compressor inlet passage 

HUB  compressor hub  

TIP  compressor tip  

OUT  compressor outlet passage  

PAS  compressor passage  

μeff    comprehensive viscosity coefficient 

SM  stable margin 

SW  solid wall 

ns  neat stall 

sj  synthetic jet  

L  location  
 

1. INTRODUCTION 

The research on aero-engine has been committed to 

achieving excellent performance and wide stability 

margin (Saito et al. 2019). Experimental 

measurement and numerical simulation methods 

have made great progress as science and technology 

have been leaping forward. Researchers have gained 

a deeper insights into axial compressors' internal 

flow and instability mechanism, and they have 

developed a wide variety of flow control methods, 

some of which have been applied to engineering 

practice. However, the conventional flow control 
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methods have some defects. For instance, casing 

treatment improves the stability margin of the 

compressor at the cost of significantly sacrificing its 

efficiency (Zhang et al. 2019). Although end wall 

profiling (Kiran and Anish 2017) and vortex 

generator (Hergt et al. 2012) can enhance the 

performance under off design conditions, they often 

lead to the reduced performance of design points. 

Boundary layer suction (Zhang et al. 2018) and 

steady/unsteady jet (Wang et al. 2014) require 

complex external pipelines. Plasma excitation is 

capable of enhancing the stability margin and 

aerodynamic performance of the compressor only at 

low speeds (Vo 2007). Synthetic jet, a novel type of 

active flow control technology, shows the 

advantages of fast response, good effect, no complex 

pipeline, and low energy consumption (Smith and 

Glezer 1998; Amitay and Glezer 2002). It refers to a 

flow control technology with great application 

prospects, and it is a direction of axial compressors 

that is worthy of in-depth research. 

For compressor cascade, existing research has 

suggested that flow separation and total pressure loss 

can be reduced under reasonable excitation 

parameters (Culley et al. 2004; Matejka et al. 2008; 

Zander et al. 2011; De Giorgi et al. 2012). However, 

if a flow control technology is to be applied to the 

field of aero-engine, a systematical study of this 

technology should be conducted first in the 

compressor with a more complex flow field. Existing 

research results have suggested that the research 

object of synthetic jet in compressors is primarily 

cascade, and rare research objects are axial 

compressors. For instance, NASA Glenn Research 

Center has experimentally studied the synthetic jet 

on the suction surface of stator blades on an axial 

compressor, whereas its design speed is only 980 

rpm (Braunscheidel et al. 2008). For another 

example, Benini et al. carried out a numerical study 

on the arrangement of synthetic jet on the blades of 

NASA rotor 37, whereas they only studied individual 

working conditions (e.g., design point and near stall 

point) (Benini et al. 2011; Biollo et al. 2012). 

Accordingly, the existing research on applying 

synthetic jet in the axial compressor lacks 

comprehensiveness and systematicness. 

The main aims of this study are presented as follows: 

(a) To verify the effectiveness of end wall synthetic 

jet to expand the stability margin and enhance the 

aerodynamic performance of high-speed axial flow 

compressor. 

(b) To examine the influence law of three vital 

parameters of synthetic jet. 

(c) To reveal the influence mechanism of the end 

wall synthetic jet on the compressor through detailed 

flow and loss analysis.  

2. RESEARCH OBJECTS AND METHODS 

2.1 Research Object 

The research object of this study is an isolated rotor 

of an axial compressor test bench with a design speed 

of 15200rpm. The test bench comprises DC motor, 

booster, compressor rotor, exhaust section and 

measuring equipment (Wu et al. 2014). Air enters 

radially and exits axially. The geometric data of the 

rotor include the rotor blade of 30, the blade tip chord 

length of 30mm, the aspect ratio of 1.925, the blade 

tip installation angle of 37˚10΄, the blade root 

installation angle of 59˚50΄, as well as the blade tip 

clearance of 0.3mm. The main design indicators of 

the studied compressor rotor in this paper include the 

mass flow rate of 5.6kg/s, the total pressure ratio of 

1.249, and the adiabatic efficiency of 0.905. 

 

2.2 Numerical Simulation Method 

The computational domain from the radial inlet to 6 

times the chord length of the blade tip downstream 

of the compressor outlet is built, and the 

computational domain grid was divided using 

NUMECA IGG/AutoGrid 5. The calculation domain 

is divided into two sections. As depicted in Fig. 1, 

the static domain is from the radial inlet to the front 

of the rotor, and the rest is the rotating domain. The 

mesh size of the first layer is set to 5×10-6m. The 

rotor blade channel adopts O4H grid topology, and 

205 grids are set around the blade surface. To 

improve the simulation accuracy, the butterfly grid 

topology is adopted for the tip clearance. After grid 

independence verification, 960000 grids are 

employed for single channel calculation (Fig. 2). 

 

 
Fig. 1. Structure of compressor rotor. 

 

 
Fig. 2. Computational domain grid and local 

amplification. 
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ANSYS CFX software is employed for numerical 

calculation at 8130 rpm and 10765 rpm to compare 

the numerical results with the experimental results. 

To be specific, the turbulence model is k-omega, and 

the convection term is discretized in the second-order 

upwind. The inlet boundary conditions of the 

simulated compressor rotor are total pressure and 

total temperature. Furthermore, the outlet is the 

average static pressure, and the solid walls are 

specified with adiabatic and nonslip state. 

Figure 3 presents the total performance obtained by 

experimental measurement (Lu et al. 2007) and 

numerical calculation. It can be seen that they fit 

well, whereas there are also some errors. The 

possible reason for this result is the assumption of 

ideal gas and the turbulence model selection in 

numerical calculation. However, the trend of these 

parameters is consistent, and the distribution of 

outlet total pressure ratio given in Fig. 4 is consistent 

with the experimental measurement.  

 

(a) Total pressure ratio 

(b) Isentropic efficiency 

Fig. 3. Total performance obtained from 

experimental measurement and numerical 

calculation.

Fig. 4. Comparison of predicted and 

experimental radial total pressure distributions. 

 

2.3 Internal Flow Analysis 

The instability process analysis and synthetic jet 

excitation of the compressor rotor are simulated at 

8130rpm. Figure 5 presents the relative Ma at 99% 

radial span of rotor blade. The flow at the tip of the 

compressor rotor is good under high flow conditions. 

A low-speed zone appears near the trailing edge of 

the pressure surface at the peak efficiency point. 

Although there is a certain blockage to the flow at the 

tip of the rotor, it is not enough to block the whole 

blade tip due to the small range. As the compressor 

rotor throttles to the near stall point, the blade tip 

blockage area increases significantly due to the 

increased outlet back pressure, such that the 

compressor exhibits instability. 

A question is raised about why the compressor has 

more serious tip blockage with the increase of 

throttling. Figure 6 presents the radial velocity 

contour of the blade suction surface. Moreover, the 

hub wall is colored by static pressure to characterize 

the throttling degree. With the throttling of the 

compressor, the radial velocity of the flow close to 

the wall of the trailing edge increases significantly 

compared with the high flow condition. The increase 

of the radial velocity will enable some low-speed 

airflow originally gathered in the corner of the rotor 

to flow to the blade tip. On that basis, the diffuser 

capacity of the compressor will be improved, and 

more serious tip blockage will be caused. Thus, 

diffuser capacity and tip load are a pair of 

contradictions for the compressor. 

The flow loss is quantitatively described by dividing 

the loss by region (Li et al. 2014). Since the fluid 

 

 

(a) m1                                 (b) m2                                       (c) m3 

Fig. 5. Relative Mach contour of 99% span. 
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(a) m1                                      (b) m2                                   (c) m3 

      
Fig. 6. Radial velocity contour of suction surface and static pressure contour of hub. 

 

velocity shear will produce dissipation, and the 

dissipation function is the only term in the fluid 

equation that can convert mechanical energy into 

heat energy, therefore, the loss amount of a divided 

region could be calculated by three-dimensional 

integration of the dissipation function. Subsequently, 

the loss source can be obtained by dimensionless 

inlet dynamic pressure. This method overcomes the 

deficiency of total pressure loss coefficient and 

expresses the local loss.  

The loss of an area is defined as below: 

𝛾𝑠𝑜𝑢𝑟𝑐𝑒 =
Δ𝑝𝑠𝑜𝑢𝑟𝑐𝑒

∗

𝑝𝑖𝑛
∗ −𝑝𝑖𝑛

=
∭𝑟𝑒𝑔𝑖𝑜𝑛𝛷d𝑥d𝑦d𝑧

(𝑝∗−𝑝)𝑖𝑛∬𝑖𝑛𝑉𝑛d𝐴
 (1) 

The tensor form of the dissipation function Φ is 

shown as below: 

𝛷(𝑥, 𝑦, 𝑧) =
𝜇𝑒𝑓𝑓

2
(
𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
)2 +

2

3
𝜇𝑒𝑓𝑓(

𝜕𝑢𝑖

𝜕𝑥𝑖
)2                                        (2) 

As depicted in Fig. 7, the loss source of the 

compressor rotor can be divided into five parts. 

① Loss of inlet: γIN. Its volume integration range is 

as follows: axially from the inlet measured section to 

the leading edge of the rotor blade; radial from 2% 

span to the casing.  

② Loss of hub: γHUB. Its volume integration range is 

as follows: axially from the inlet measured section to 

the outlet measured section; radial from the hub to 

2% span.  

③ Loss of tip leakage and separation: γTIP. Its 

volume integration range is as follows: axially from 

the leading edge to the trailing edge; radial from 85% 

span to the casing. 

④ Loss of outlet: γOUT. Its volume integration range 

is as follows: axially from the trailing edge to the 

outlet measured section; radial from 2% span to the 

casing.  

⑤ Loss of passage: γPAS. Its volume integration range 

is as follows: other areas.  

It should be pointed out that the tip leakage flow of 

this studied compressor rotor is mainly distributed 

above 90% span, so the radial boundary between tip 

leakage loss and passage loss is 85%. 

Figure 8 presents the proportion of each area loss to 

the total loss of the compressor. The proportion of 

 

 
Fig. 7. Loss division. 

 
(a) m1                                                      (b) m2                                               (c) m3 

Fig. 8. Proportion of each loss in total loss. 
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Fig. 9. Synthetic jet calculation model. 

 

γIN, γHUB and γOUT in the total loss changes little, while 

γTIP and γPAS change significantly. With the throttling 

of compressor rotor, the proportion of γPAS tends to 

decrease, whereas the proportion of γTIP increases 

significantly, reaching over 40%. As revealed by the 

change of loss in the respective region, the loss of the 

compressor rotor is primarily concentrated in the 

blade tip and passage. Thus, taking reasonable flow 

control measures at the blade tip is expected to 

reduce the loss of the compressor rotor. 

3.  SIMULATION MODEL OF END 

WALL SYNTHETIC JET 

As depicted in Fig. 9, the flow in the slot and the 

compressor channel are considered a single 

connected domain in the simulation of this paper. 

The groove is arranged on the outside of the casing 

to simulate the slit structure of the actuator. The top 

of the groove is the velocity inlet boundary condition 

of the synthetic jet  during the simulation, the 

velocity is expressed in Eq. (3), and the walls on both 

sides of the slot are set as adiabatic and non-slip 

conditions, respectively. 

max( ) sin(2 )V t V ft = +  (3) 

The groove is fully covered in the circumferential 

direction to simplify the model and eliminate the 

effect of the initial phase of jet velocity. Accordingly, 

the initial phase does not affect the results, and is set 

to 0 during the simulation. When the unsteady 

calculation of synthetic jet is simulated, the time term 

is discretized by the second-order backward Euler 

scheme, the physical time step is set to 1/20 of a 

synthetic jet cycle, and 10 virtual time steps are set 

under the respective physical time step. 

4.  RESULT ANALYSIS 

In this study, the effect of three vital parameters is 

primarily studied (i.e., the action position, frequency, 

peak velocity). The calculation is also conducted at 

8130rpm. 

The improvement of comprehensive stability margin 

(Yan and Chu 2021) is defined: 

..

. .

( 1) 100%
sj nsSW ns

sj ns SW ns

m
SM

m




 =  − 

 

(4) 

Where m denotes the flow, the subscripts SW and sj 

represent the prototype and the compressor excited 

by end wall synthetic jet, respectively; the subscript 

ns expresses near stall condition. 

It is worth pointing out that the power required when 

the synthetic jet is injected into the compressor 

should be determined using the method proposed by 

Jin (Jin et al. 2005): 

3

max

1
(0.26 )

2
E A V=                                              (5) 

Where E is the power, ρ is the density, and A is the 

inlet area of the synthetic jet. Thus, the calculation of 

compressor efficiency is revised as below: 

* * ( 1)

* * *

( / ) 1

/ 1 / / ( / ( 1)) / /

b a

b a a

p p

T T E m R T

 


 

− −
=

− + −

                   (6) 

The variation of efficiency is defined as below: 

100%
sj SW

SW

 




−
 = 

                                               (7) 

 
4.1 Effect of Excitation Position 

Six excitation places (L/Ca) studied in this study are 

listed as follows: L1=-16.67%, L2=5.56%, 

L3=22.22%, L4=44.44%, L5=66.67% and 

L6=94.44%. Moreover, frequency and peak velocity 

of synthetic jet remain constant as follows: f =600Hz, 

Vmax=50m/s. The settings of calculation parameters 

and other parameters of the jet remain unchanged. 

Figure 10 and 11 presents the effects of synthetic jet 

arranged at six places of casing on the total pressure 

ratio, isentropic efficiency, and stall margin of the 

subsonic axial compressor rotor. As revealed by the 

influence on the total pressure ratio, the end wall 

synthetic jet has little influence under the condition 

of large flow, but from the flow of peak efficiency 

point to the that of near stall point, except for the first 

two places, the end wall synthetic jet at the other four 

excitation places improves the total pressure ratio of 

the simulated compressor rotor. When the 

compressor excited by different places is at  the near 

stall flow rate of the unexcited compressor, the end 

wall synthetic jet at L3 increases the total pressure 

ratio by 0.14%. The first two places slightly affect 

the efficiency in  the whole flow range, and the end 

wall synthetic jet at the other four places significantly 

increases the efficiency. At the flow rate of m point, 

the end wall synthetic jet at L3, L4, and L5 increases 

the efficiency of the compressor by 1.15%, 1.4%, and 

1.35%, whereas the peak efficiency increases by 

0.34%, 0.67%, and 0.83%, respectively. As indicated 

by the effect on the comprehensive stability margin 

of the compressor, the variation of the 

comprehensive stability margin is positive, and it 

tends to first increase and then decrease. This result 

reveals that the synthetic jet at six positions increases 

the comprehensive stability margin of the 

compressor to varying degrees, whereas the 

influence results at different positions are different.  
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(a) Total pressure ratio 

 
(b) Isentropic efficiency 

Fig. 10. Total performance of compressor excited 

by synthetic jet at different positions. 

 

 
Fig. 11. Correlation between of comprehensive 

stability margin and excitation position 

 

The increase amplitude of excitation at L3 position is 

the largest, reaching 13.2%, and the increase 

amplitude at L1 position is the smallest, only 1.68%. 

Given the improvement magnitude of aerodynamic 

performance and stability change of the simulated 

rotor, the optimal action place of excitation is L3 and 

the worst action place is L1. 

The near stall flow point in Figure 10 (b) is selected 

to compare and analyze the internal flow field of the 

compressor excited by the end wall synthetic jet at 

different places, so as to reveal the excited 

mechanism. 

Figure 12 presents the change of relative Mach 

number contour of 99% span in one cycle under the 

excitation (T1 to T8 represent typical moments in a 

synthetic jet cycle). As depicted in the figure, when 

the synthetic jet position is 2mm before the leading 

edge (L1 position), the top blockage degree of the 

rotor is slightly reduced at the blowing stage, 

whereas it is restored at the suction stage. In general, 

the blockage change of the rotor top is not 

significant. The reason is that the blowing and 

suction effects are far away from the blocked low-

energy air mass, and the excitation effect cannot be 

effectively played. As the position of synthetic jet 

moves backward, it is closer to the low-speed flow 

area, thus resulting in the rotor tip blockage. Both 

blowing and suction are capable of blowing or 

absorbing low-energy fluid and reduce the degree of 

blade tip blockage. The figure also indicates the 

blowing and suction effect of synthetic jet on low-

speed flow at rotor tip achieves the optimal effect at 

L3 position, because L3 position is roughly in the 

core area of blade tip blockage of the unexcited 

compressor. At the blowing stage, high-speed jet 

generated by the excitation blows the top blocked 

low-energy air mass downstream. Accordingly, the 

figure reveals that the blocked core area moves 

downstream. Moreover, due to the phase lag 

characteristic of the compressor rotor response 

caused by the end wall excitation, this trend 

continues until T7 at the suction stage. So the 

blockage at the blade tip of the compressor is 

alleviated, and the stability margin of the rotor is 

effectively enlarged. Nevertheless, as the excitation 

position continues to move backward, the effect of 

blowing and suction begins to weaken. When the 

synthetic jet is in L4 place, the blade tip blockage 

area is divided into two parts with nearly the same 

area under the action of the jet at the blowing stage. 

Since the excitation position is in the core position of 

the blade tip blockage of the prototype compressor, 

the blockage of the divided upstream part is still 

more serious than that of the downstream part. The 

blockage of the upstream part becomes more 

significant as the position of the synthetic jet 

continues to move back to L5. When the position of 

the synthetic jet moves back to the trailing edge L6 

of the rotor, it can hardly blow and suction the 

blocked low-energy air flow, and stability margin of 

the compressor cannot be well improved. Therefore, 

it can be concluded that for the subsonic axial flow 

compressor simulated in this paper, the best 

excitation position is the core position of the tip 

blockage. 

Figure 13 presents the magnitude of various losses of 

the prototype compressor and the changes of various 

losses of end wall synthetic jet excitation at different 

positions in a cycle. γTIP changes most significantly, 

followed by γOUT, and a slight difference is identified 

in other losses. With the change of the different 

action position, γTIP shows a "V" shape change law. 

Moreover, γTIP under the excitation of L3 reaches the 

minimum, which is reduced by 44.13% and 40.5% 

on average in a synthetic jet cycle respectively. 
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T1                  T2                  T3                  T4                  T5                  T6                 T7                   T8 

(a) L1 

 
 

T1                  T2                  T3                  T4                  T5                   T6                 T7                   T8  

(b) L2 

 
T1                  T2                  T3                  T4                  T5                    T6                  T7                   T8 
 (c) L3 

 
T1                  T2                  T3                  T4                   T5                   T6                   T7                  T8 

 (d) L4 

 
T1                  T2                  T3                  T4                  T5                  T6                  T7                   T8 

(e) L5 

 
T1                  T2                  T3                  T4                  T5                  T6                T7                  T8 

 (f) L6 

Fig. 12. Relative Mach contour of 99% span. 
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(a) Loss of inlet 

 
(b) Loss of hub 

 
(c) Loss of tip leakage and separation 

 
(d) Loss of outlet 

 
(e) Loss of passage 

Fig. 13. Variation of various losses of 

compressor. 

4.2 Effect of Excitation Frequency 

Seven frequencies studied are listed as follows: f 

1=25Hz, f 2=50Hz, f 3=100Hz, f 4=200Hz, f 

5=300Hz, f 6=600Hz, f 7=1200Hz. Moreover, action 

place and peak velocity of synthetic jet remain 

constant as follows: L/Ca=L3, Vmax=50m/s. The 

settings of calculation parameters and other 

parameters of the jet remain unchanged. 

For clarity, Fig. 14 only shows the excited 

compressor rotor’s performance at three typical 

frequencies. As depicted in the figure, under the high 

flow condition, the end wall synthetic jet with 

different frequencies has similar and slight influence 

on the performance parameters of the compressor 

rotor. When the compressor rotor works at the flow 

rate between the peak efficiency point and the near 

stall point, the end wall synthetic jet with different 

frequencies increases its pressure ratio, and the 

greater the excitation frequency, the stronger the 

rotor's compression capacity. Nevertheless, little 

difference is identified in efficiency improvement. 

Figure 15 presents the variation of the 

comprehensive stability margin of the compressor at 

seven excitation frequencies. As depicted in the 

figure, the synthetic jet at seven frequencies expands 

the comprehensive stability margin of the 

compressor, whereas there is no linear correlation 

between the change of the comprehensive stability 

margin and the excitation frequency. Besides, this 

change is divided into three sections as follows. 

 

 
(a) Total pressure ratio 

 
(b) Isentropic efficiency 

Fig. 14. Total performance of compressor excited 

by synthetic jet at three typical frequencies. 
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Fig. 15. Variation of comprehensive stability 

margin of compressor at seven jet frequencies. 

 

Under the low-frequency (25Hz, 50Hz) excitation, 

the change of the comprehensive stability margin is 

small though the rotor’s performance can be well-

promoted; at the low-frequency stage, the 

comprehensive stability margin shows a linear 

relationship with jet frequency. When the jet 

frequency rises to the intermediate frequency (i.e., 

100Hz, 200Hz, and 300Hz), the comprehensive 

stability margin of the compressor increases 

significantly, reaching 9%-10%, and it remains 

stable in this frequency range. When the jet 

frequency increases to a high frequency continuously 

(i.e., 600Hz and 1200Hz), the comprehensive 

stability margin of the compressor increases again, 

reaching 12%-14%. According to the compressor 

performance and stall margin changes at 7 excitation 

frequencies studied in this paper, a preliminary 

conclusion can be drawn as follows: when the 

excitation is arranged at the optimal place of the end 

wall of the rotor’s casing, the total performance will 

be more significantly enhanced, and the 

comprehensive stability margin will be more 

expanded with the increase of the jet frequency.  

From the perspective of working for compressor: 

when the peak velocity of the synthetic jet is the 

same, the higher its excitation frequency, the more 

work it does to the air flow in the compressor rotor 

per unit time, and the jet momentum will quickly 

reach and exceed the minimum momentum 

controlling the flow field at the compressor blade tip 

in a longer time. In other words, the low-speed 

clogged area at the compressor blade tip will not be 

recovered before it is in the next blowing or suction 

excitation. Accordingly, from this point of view, for 

the subsonic axial flow compressor in this paper, 

there may be a threshold value for the excitation 

frequency of the end wall synthetic jet that can 

completely "control" the flow field at the compressor 

tip and keep it under "control". This threshold 

frequency is between 300Hz and 600Hz. 

Figure 16 shows the magnitude of various losses of 

the prototype compressor and the changes of various 

losses of end wall excitation at seven frequencies in 

a cycle. Their jet peak velocity is the same, so, the 

most significant effect is still γTIP only when the 

excitation frequency is different. Under high 

frequency excitation, the tip leakage loss is greater 

than that of medium and low frequencies at the time  

(a) Loss of inlet 

(b) Loss of hub 

(c) Loss of tip leakage and separation 

(d) Loss of outlet 

(e) Loss of passage 

Fig. 16 Variation of various losses of compressor. 
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(a) Total pressure ratio 

 
(b) Isentropic efficiency 

Fig. 17. Total performance excited by synthetic 

jet at different peak speeds (f = 600Hz). 

 

4.3 Effect of Jet Peak Velocity 

The effects of three jet peak velocities of 25m/s, 

50m/s and 100m/s are investigated. Moreover, the 

action position is still L3, and the frequency is 

selected as 600Hz greater than the threshold value. 
The settings of calculation parameters and other 

parameters of the jet remain unchanged. 

Figure 17 shows the performance of the studied high-

speed subsonic axial compressor rotor when the 

synthetic jet is excited by the above three different 

peak velocities. As depicted in the figure, they all 

improve the compressor rotor’s performance. 

Comparing the working lines of the compressor rotor 

under the excitation of three velocity, it can be seen 

that the near-stall mass flow rate decreases with the 

increase of jet peak velocity, while the total pressure 

ratio increases and the isentropic efficiency under 

medium and low flow conditions increases 

significantly. However, with the increase of the 

velocity from 50m/s to 100m/s, the near-stall mass 

flow rate is reduced, and the isentropic efficiency 

upgradation is only equivalent to that at 25m/s. It can 

be obtained by comparison and calculation that under 

the action of three different jet velocities, the 

compressor rotor’s total pressure ratio increases by 

0.106%, 0.136% and 0.169% respectively, and the 

efficiency increases by 0.85%, 1.15% and 0.91% 

respectively. 

As revealed by the above analysis, the following 

several views can be obtained: first, for the studied 

compressor rotor and its performance improvement,  

 
Fig. 18. Correlation between improvement of 

comprehensive stability margin and jet peak 

velocity. 

 

there may be no threshold value for jet peak velocity, 

which is different from the threshold value of 

excitation frequency. It can significantly produce an 

effective effect on the compressor rotor, as long as 

the synthetic jet is at the optimal action position and 

at the medium or high excitation frequency. Second, 

there is no positive correlation between the excitation 

effect and the jet peak velocity. In other words, the 

greater the jet velocity, the less the improvement of 

the compressor performance may be. Under the high 

jet peak velocity excitation, the efficiency is not 

significantly increased though the compressor still 

achieves a higher total pressure ratio. The possible 

reason for this result is that when the jet velocity is 

too large, the velocity difference between the jet and 

the low-energy flow at the top of the blade is also 

large, resulting in more mixing loss during the 

purging or suction process, which affects the 

efficiency improvement. 

In order to further clarify the coupling effect of jet 

peak velocity and excitation frequency on the 

working characteristics of the compressor rotor, we 

also calculated the influence of the above three jet 

peak velocities at 300Hz and 1200Hz jet frequencies. 

Figure 18 presents the correlation between the 

improvement of comprehensive stability margin of 

the subsonic axial compressor rotor excited by end 

wall synthetic jet and the peak jet velocity. At the 

excitation frequency of 300Hz, the improvement of 

comprehensive stability margin is nearly linear to the 

velocity, while at the excitation frequency of 600Hz 

and 1200Hz, the expansion rule of comprehensive 

stability margin is similar to influence rule of the 

velocity. That is, when the jet peak velocity 

increases, the comprehensive stability margin 

increases significantly at first, and then slowly. The 

above results also show that in the study of excitation 

frequency in the previous section, it is reasonable for 

us to estimate its threshold higher than 300Hz. 

Figure 19 illustrates the variation of various losses 

inside the compressor rotor. When stimulated by 

synthetic jet with different jet peak velocities, γTIP is 

smaller than that of the unactuated compressor rotor, 

and γTIP decreases at other times except 0.25T and 

0.375T with the increase of jet peak velocity, which 

indicates that increasing the excitation velocity is 

beneficial to restrain the tip leakage flow, reduce the 
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Fig. 19. Changes of various losses of compressor. 

 

top blockage, and increase the stall margin of the 

compressor rotor. However, at the too large jet peak 

velocity (100m/s), the losses at 0.25T and 0.375T 

exceed that of 50m/s, suggesting that the excessive 

jet velocity leads to the increased compressor rotor 

loss and the decreased isentropic efficiency. 

5. CONCLUSION 

(1) This study confirmed that synthetic jet control 

technology can also expand the stability margin of 

high-speed axial compressor and improve its 

performance. 

(2) The synthetic jet has an optimal position on the 

end wall, which is located above the tip plug core. 

Under the excitation of that place, the low-energy 

fluid can be effectively purged or pumped through 

purging and suction, such that the blockage of the 

blade tip can be reduced. 

(3) Action frequency should have a functional 

threshold. For the subject and situations studied in 

this paper, the threshold ranges from 300Hz to 

600Hz. 

(4) Under the excitation of the best position, due to 

the increase of mixing loss between mainstream and 

jet, although the peak velocity increases, the 

compressor rotor’s stability margin and aerodynamic 

performance will increase slightly. 

(5) There are still some deficiencies in this study. in 

the future, experimental research will be conducted 

to further verify the conclusions of this study. 
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