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Aero-engine entrance conditions are not always ideal, and, for 

various reasons, inlet distortion may occur and cause inlet blockage 

and reduction of compressor performance. This study aimed to 

numerically simulate the effects of plasma actuators on the 

enhancement of low-speed axial compressor rotor performance under 

radial inlet distortion. First, compressor performance was 

investigated under radial inlet distortion with 15% and 20% blockage 

and their destructive effects on stall margin. Then, the effect of plasma 

actuators on rotor loss subjected to inlet distortion was investigated, 

using an algebraic model based on the plasma actuators' physics in 

the form of body force distribution in Naiver-Stokes equations. The 

results show that radial inlet distortion decreases the compressor's 

stall margin. In addition, according to the findings, applying plasma 

actuators boosts the flow momentum behind the distortion screen and 

reduces the blockage of the rotor tip region, leading to decreasing 

losses. Furthermore, at 15% blockage, the plasma actuators increase 

the stall margin from -11% to -5% versus the rotor in clean condition. 

 

Introduction 

Achieving high safety and increasing the operating 

range of aero-engine compressors are two critical 

purposes in designing aero engines. Sometimes 

the inlet conditions of the fan and the aero-

engine compressors are not ideal, and also, in 

some cases, the flow separation causes to create 

disturbances and distortions at the engine intake, 

which exposes the compressor to aerodynamic 

instabilities. Many scientific researchers have 

discussed the design and development of 
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compressors and fans in which the conditions of 

the inlet instabilities do not affect them. 

Consequently, their performance does not 

decrease.  

The inlet distortion is defined as non-uniformity in 

the properties of the inlet flow to the engine [1]. 

This non-uniformity is known as one of the most 

important factors in creating instabilities, which 

reduces the axial velocity and increases the 

incidence angle of the flow to the blades of the first 

row of the compressor [2]. These flow distortions 

affect the stability range of the compressor, and 
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their destructive effects cause a stall and even 

serge in the compressor [1]. When the compressor 

operates under the conditions of inlet distortion, 

the stalling process occurs at a higher flow 

coefficient, which means that the stability range of 

the compressor is reduced [3]. Some factors can 

lead to flow distortion at the inlet of the 

compressor and the inlet fan of the aero-engine, 

such as atmospheric vortices, fast maneuvers of 

fighter aircraft in the vortex created by other 

aircraft, the effect of vortices caused by weapon 

equipment, the bird strike to aircraft engine, strong 

crosswinds, compact inlets duct with high 

curvature [4]. Another factor that causes non-

uniform flow at the inlet of new engines is the 

advanced and novel arrangement and shape of the 

inlet duct of these engines, two of which are 

serpentine and S-type inlets [4]. 

These non-uniformities and disturbances occur in 

the form of pressure changes, temperature 

changes, the creation of swirling flow [5], and 

density changes. However, in most cases, the flow 

disturbances show themselves as total pressure 

changes at the inlet [6]. Many researchers have 

investigated the destructive effect of inlet flow 

disturbances on compressor performance 

experimentally and numerically [7, 8]. Baffle-

shaped distortions are the main methods of 

simulating inlet distortions, which are divided into 

two categories [9]: static distortion, which includes 

constant radial [10, 11] circumferential [12] or 

combined distortions, and dynamic distortion, 

such as rotating distortions [13]. In fact, radial 

distortions occur due to the increase in the 

thickness of the boundary layer at the inlet, 

significantly affecting the compressors' 

performance [14]. 

In an experimental study, Sundercock et al. 

investigated the effects of radial inlet distortions 

on a blade row in a transonic compressor. This 

study showed that radial inlet distortions at the tip 

of the rotor blade row reduce the compressor stall 

margin. Schmidt et al. also experimentally 

investigated the effect of radial inlet distortions at 

an axial fan's rotor blade row tip and hub. This 

investigation showed that this type of inlet 

distortion at the tip and hub of the rotor reduces the 

stage pressure ratio and the stall margin. In 2020 

Jichao et al. investigated the effects of this type of 

inlet distortion on the aerodynamic stability of a 

multistage axial compressor [14]. This research 

used two types of inlet flow distortions at the hub 

and tip of the compressor rotor. Performance and 

unsteady measurements were done under the 

conditions of these types of inlet distortions in the 

compressor. The results of this research showed 

that the radial inlet distortions at the tip of the blade 

row of the compressor reduce the stall margin by 

3.5%. In addition to experimental research, this 

type of inlet distortion has also been studied in 

various numerical research [15, 16]. 

The interaction of the tip leakage flow and the 

main flow passing through the passage between 

the two blades creates the tip leakage vortex. On 

the other hand, the tip radial inlet distortions 

decrease the axial velocity of the flow at the tip 

region. Therefore, this type of inlet distortion 

causes the tip leakage vortex movement towards 

the blade's leading edge, which leads to premature 

stall and high losses in the tip of the blade in the 

compressor [11, 17].  

In recent decades, researchers have used various 

active and passive flow control methods to 

improve the stall margin and increase the operating 

range of compressors under the condition of inlet 

distortion [18]. The casing treatment method is the 

most used passive method in controlling the inlet 

disturbance to the compressor. Also, some studies 

have investigated the use of inlet guide vanes to 

improve the performance of compressors [19]. 

Moreover, the flow injection method at the rotor 

blade row of the compressor is the most well-

known active method in various types of research 

[17]. Spakovszky et al. performed an experimental 

study to control the flow instabilities caused by 

inlet distortion by the air jet injection control 

method. The result of the study showed that the 

radial inlet distortions in a compressor with NACA 

35 rotor blade row reduce the stall margin by 10%. 

Meanwhile, the air jet injection method improved 

the compressor stall margin by 17% under the 

condition of inlet distortion [20]. However, using 

the air jet injection method as an active control 

method requires different equipment that adds 

subsystems to the engine, increasing the engine's 

complexity and weight. 

Using DBD plasma actuators as an active control 

method is a novel and innovative method in 

turbomachinery, especially in improving the 

performance of axial compressors. DBD plasma 

actuators are two or more electrodes separated by 

a dielectric material. In this method, the 

momentum of the particles in different regions is 

increased by the plasma discharge in such a way 
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that applying a high-frequency voltage between 

the two electrodes creates a strong electric field 

and locally ionizes the air molecules (producing 

cold plasma). Then, an induced and local 

momentum is added to the flow by the collision of 

moving charged particles with neutral air particles, 

which creates an induced force in the surrounding 

fluid field [21]. Hence, this method's advantages in 

flow control have made it attractive and valuable 

in controlling flow instabilities in turbomachines 

[22]. These plasma actuators have several 

advantages, including small size and low weight, 

fast response, no moving parts, small size, no 

adverse effect on the main flow, cheap and 

affordable price, and high reliability. [23]. A 

review of the research on using plasma actuators 

to modify aerodynamic characteristics shows that 

most flow control studies have been performed on 

external aerodynamics [24]. In contrast, few 

studies have investigated the use of plasma 

actuators in turbomachines. Accordingly, the 

effect of plasma actuators on controlling inlet 

disturbances in axial compressors has yet to be 

evaluated in the literature, and studies have only 

investigated the effect of these actuators in 

controlling tip leakage flow. 

Vo et al. presented the concept of using plasma 

actuators in tip leakage flow control in axial 

compressors [25] and numerically evaluated the 

most optimal location of actuators in controlling 

tip leakage flow. This study's results show that 

installing plasma actuators upstream of the rotor 

and at a distance of 7% of the blade chord length 

is the most optimal place for controlling the tip 

leakage flow and delaying the occurrence of a stall 

in a low-speed compressor. In 2012, Jothiprasad et 

al. used a linear volumetric force distribution in 

numerical simulations to model plasma actuators. 

They evaluated the effect of this active control 

method in enhancing the stall margin of a low-

speed axial compressor. This study showed that 

applying the induced force created by the plasma 

actuators opposite direction of the rotational speed 

is the most optimal configuration to delay the stall 

occurrence [26]. In 1400, Khoshnejad et al. 

numerically evaluated the effect of using plasma 

actuators on the physics of tip leakage vortex and 

investigated the losses caused by this phenomenon 

in a rotor blade row of the low-speed axial 

compressor. The results showed that plasma 

actuators reduce the losses caused by the tip 

leakage vortex and improve the stall margin of the 

compressor [23]. 

In addition to numerical studies, various 

experimental studies have been carried out in low-

speed [27] and high-speed [28] axial compressors 

to investigate the effect of plasma actuators in 

increasing the stall margin. In an experimental-

numerical study, Ashrafi et al. (2014) investigated 

the effect of plasma actuators on increasing the 

stall margin in a low-speed axial-centrifugal 

compressor. They used a low-speed compressor 

prototype with dielectric casing and blades, and 

the results showed that the plasma actuator 

improves the stall margin of axial and centrifugal 

compressors [27]. In another experimental study, 

Thomas Cork et al. (2017) investigated the 

application and effect of DC pulsed plasma 

actuators on stall control in an axial fan, in which 

the use of a DBD plasma actuator was tested to 

prevent or delay rotating stall in an axial fan. The 

obtained results showed that the improvement of 

the stall margin was up to 5% in the performance 

curve of the fan,  which was due to the fact that by 

reducing the power of rotating oscillations by 

using the plasma actuators, the flow coefficient of 

the stall was decreased and consequently the stall 

margin of the fan was improved [29]. 

This numerical paper examines the effect of 

plasma actuators in controlling instabilities and 

disturbances created due to radial distortion 

upstream of a low-speed axial compressor rotor. 

Also, the flow field in the compressor is simulated 

under the condition of radial flow distortion with 

15% and 20% of blockage, and the effects of these 

distortions are evaluated on the compressor 

performance. In the next step, plasma actuators 

were applied upstream of the rotor blade row of the 

compressor as an active control method to manage 

instabilities. Accordingly, the ability of this 

method has been evaluated in reducing the losses 

created due to these flow distortions. Moreover, 

the reduction of the undesirable effects of radial 

flow distortions in an axial compressor and its 

control have been investigated using plasma 

actuators. The main purpose of this study is to 

enhance rotor the stall margin, reduce the loss 

caused by flow distortions by using plasma 

actuators, and improve the tip leakage flow 

structure in different operational conditions.  
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Rotor geometry and flow distortion screens 

In this simulation, an isolated rotor blade row is 

used based on the NACA-65 series, including 12 

blades, and the flow passing through the rotor 

passage is in the subsonic range. Also, the 

rotational speed of the rotor is considered equal to 

1300 rpm. Table 1 shows some characteristics of 

this geometry used in various studies [30, 31]. 

Table 1. Geometric characteristics of the axial 

compressor rotor 

characteristic unit value 

Number of blades - 12 
Rotational speed rpm 1300 
Hub radius mm 135 
Hub to tip ratio - 0.6 
The ratio of tip gap to 

blade chord length % 1.7 

Chord length at the tip mm 117.5 
Tip stagger angle deg 56.2 

As mentioned in the introduction, a simulation 

using a radial distortion screen upstream of the 

blade tip area was performed to study the effect of 

boundary layer thickness growth at the casing of 

axial compressors on its performance. The effect 

of inlet distortions has been investigated by adding 

radial distortion screens in the rotor inlet, which 

are installed with a blockage percentage of 15% 

and 20% of the flow inlet area at a distance of 5 

times compared to the axial chord length of the 

blade tip (Cax) on upstream of the leading edge of 

the rotor. Figure 1 shows the distortion screens and 

their location. 

Methodology and Numerical Scheme 

Numerical Simulation Method 

Simulations are considered for the entire rotor 

passages to model the effects of flow distortion. 

The solution domain of this simulation is divided 

into four blocks, including the stationary block 

with flow distortion, the rotor inlet block, the 

rotating block, and the outlet stationary block. The 

Ansys CFX commercial software is used to solve 

the Navier-Stokes equations in an incompressible 

and steady-state form. This software has the 

capability of three-dimensional analysis of the 

flow to solve the governing equations, including 

conservation of mass (Equation 1) and momentum 

equation (Equation 2) in rotational coordinates 

using the finite volume method. The turbulence 

model used in this study is the kω-SST, known as 

a proposed model in turbomachinery problems due 

to its high accuracy in high-pressure gradient flows 

and applying the modifications around the wall 

[23]. The residual values in the main equations are 

considered in the range of 10-7 to converge the 

numerical simulation. 
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Figure 1. rotor blade row with flow distortion screen, 

a) side view of the computational domain with the 

flow distortion screen, b) front view of the blade in the 

condition without flow distortion and with flow 

distortion screen 

Meshing 

Turbogrid and Ansys Meshing software have been 

used to produce multi-block meshing of the rotor 

passage and area of flow distortion block, 

respectively. In this meshing, 777118 elements are 

considered for each rotor passage, including the 

rotor's inlet, the rotating block, and the outlet 

block. So that 598670 elements are related to the 

rotating block, 80408 elements are related to the 

rotor inlet block, and 98040 elements are related to 

the outlet block. Consequently, a total of 9325416 

elements are considered for the simulation of 12 

passages, and 286344 elements are considered for 

the block of the inlet distortion region. 30 elements 
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are considered radially in the 2 mm rotor tip 

clearance region to simulate the plasma model 

efficiently, and the mesh density around the wall 

(y+) is less than 5. Figure 2 shows the mesh 

distribution structure on the blade and its hub in 

the computational domain. Figure 3 also shows the 

meshing in the rotor passage. 

 
Figure 2. Meshing on the wall of the computational 

domain 

 

Figure 3. Meshing in the rotor passage 

To ensure the meshing quality used in this 

simulation, the independence of the obtained 

results from the number of elements has been 

evaluated, which was done for a rotor passage and 

considering the variable of the total pressure rise 

coefficient in the passage. Figure 4 shows the 

results of this evaluation, which includes different 

types of meshing, from large to small meshes. This 

figure shows that the best number of meshes for 

this rotor passage is 777118 elements. Following 

that, negligible changes are observed in the 

pressure rise coefficient. 

Model of plasma actuators 

To evaluate the effect of plasma actuators on the 

control of the inlet disturbances of the rotor caused 

by radial distortions in these numerical 

simulations, the fluid dynamic effects of these 

actuators have been implemented to control these 

flow disturbances. Therefore, the actuators are 

placed at a distance of 7% of the blade tip chord 

length and upstream of the rotor. This distance has 

been suggested in various studies as the optimal 

value for low-speed rotors [25]. This method is 

effective in the injection of momentum to the low-

velocity area created behind the radial distortion. 

It also increases the velocity of the inlet flow to the 

rotor, which is schematically shown in Figure 5. 

 
Figure 4. Grid independency results 

 

Figure 5. Schematic of the installation of plasma 

actuator and flow distortion screen 

An algebraic model based on plasma physics, 

presented by Shyy [32], was used to implement the 

fluid dynamics effects  of plasma actuators as a 

flow control method to inject local momentum to 

flow. In this method, the distribution of the 

induced force of plasma actuators has been 

presented as an algebraic model that is 

proportional to the dimensions of the actuators, 

applied voltage and frequency, and the dimensions 

of the electrodes. This efficient model has been 

used in various applications in aerodynamics in 

recent years [33] due to its low computational cost 

and appropriate accuracy. Hence, these advantages 

make it one of the most suitable models for 

identifying the effect of plasma actuators on 

controlling disturbances of the inlet flow to a 
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compressor [25]. Ansys CFX software was used to 

model this method, and CEL programming 

language was also used to implement this 

volumetric force distribution. Finally, this 

distribution was added to the Navier-Stokes 

equations as an additional term for generating 

momentum. Through the observations and 

experimental tests, Shyy et al. presented a model 

based on the linear distribution of volumetric force 

created due to plasma effects in a small triangular 

area with a length of b=3 mm and a height of a=1.5 

mm. Figure 6 shows the electric field distribution 

of Shyy's algebraic model, according to which the 

smaller length and width of this area are evident 

compared to the diameter of the compressor. 

 

Figure 6. linear electric field intensity distribution in 

Shyy's model [32] 

In this model, the changes in electric field intensity 

are linear. They are defined according to equation 

5, where the variable Eo is the intensity of the 

electric field at the beginning of the applying area 

of plasma actuators and is calculated according to 

equation 6. In these equations, V and d are the 

maximum voltage between two electrodes and the 

distance between them, respectively. 

(5) 
1 2oE E k x k y= − −  
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The constant values 𝑘1 and 𝑘2 are calculated using 

equations 7 and 8, respectively. In the following 

two equations, 𝐸𝑐𝑟 is the intensity of the electric 

field in the breakdown state, which is calculated by 

considering the intensity of the electric field in the 

boundary between the plasma and fluid region and 

is equal to the breakdown value (in the direction of 

the A-B line). The components of the electric field 

in the directions of x and y are calculated using 

equations 9 and 10, respectively It is important to 

note that the electric field's intensity below the A-

B line is lower than the intensity of the electric 

field in the breakdown state. 
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Finally, the volumetric force distribution is 

calculated using equation 11, fully explained in the 

study [25]. Table 2 shows the variables used in this 

equation and their values. The duration of plasma 

discharge (∆t) is very small compared to the time 

scales in fluid flow, and this volumetric force is 

only applied to the fluid during the time ∆t (time 

of plasma formation). This time is only half of the 

alternating flow cycle, and the plasma production 

is done only during this time. Therefore, the 

volumetric force obtained in the second half of this 

cycle is ignored due to the lack of plasma 

production or a very small amount of it. Also, due 

to the high discharge frequency, the force applied 

to the fluid is assumed to be a constant average 

force concerning time, which is constant 

throughout the cycle. In this simulation, the 

applied frequency and voltage are considered 3 

kHz and 4 kV, respectively. 

Table 2. Characteristics of the variables used in the 

simulation of Shyy's model [32] 

Variable symbol unit value 
Applied frequency 𝑓 kHz 3 
Total charge density 𝜌𝑐  1/cm3 1011 
Time of plasma 

discharge 
∆𝑡 s 10-6 * 67 

Breakdown electric 

field 
𝐸𝑏  kV/cm 30 

Applied voltage 𝑈𝑎  kV 4 
Efficiency factor 𝛼 - 1 
The height of the 

plasma region 
a mm 1.5 

The width of the 

plasma actuator 

region 

b mm 3 

Distance between 

plasma actuators 
d mm 0.25 

The exposed length 

of the electrode 
- mm 0.5 

Covered electrode 

length 
- mm 3 

Electrode height - mm 0.1 
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Results 

Validation of compressor performance curve 

The numerical simulation of this paper was 

validated in the condition without plasma actuators 

and flow distortion with the experimental results 

presented in reference [34] at a rotational speed of 

1300 rpm. The results of this validation are shown 

in Figure 7. In this figure, the compressor 

performance curve obtained from numerical 

simulation is compared with the experimental 

results, which are presented in terms of the total 

pressure rise coefficient (ψ) before and after the 

rotor versus the flow coefficient (𝜙) in the rotor. 

The values of the total pressure rise coefficient and 

the flow coefficient in this diagram are calculated 

using equations 12 and 13, respectively. In these 

equations, Δ𝑃𝑡, 𝑈𝑡, and 𝐶𝑥 are the total pressure 

difference before and after the rotor, the velocity 

at the tip of the blade, and the axial velocity of the 

rotor inlet, respectively. According to this figure, 

the results obtained from the numerical simulation 

are consistent with the experimental results. Figure 

8 compares the results of the total pressure rise 

coefficient in the radial direction of the blade with 

the experimental results, which shows the high 

accuracy of the numerical simulation. 
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Figure 7. Validation of the compressor performance 

curve (1300 rpm) 
 

 

 

 
Figure 8. Validation of total pressure rise coefficient 

distribution along the blade span 

Plasma model validation 

In this simulation, the plasma actuators are placed 

at a distance of 7% of the chord length of the blade 

tip upstream of the rotor and on the casing to 

control the instabilities created due to the radial 

distortions. Moreover, the plasma model has been 

validated to add this model to the Navier-Stokes 

equations. First, this model is used on the flat plate 

according to the reference geometry [32], and the 

results are compared with the reference results 

shown in Figure 9. This comparison is performed 

at the voltage of 4 kV and the frequency of 3 kHz. 

The obtained results of this diagram indicate the 

high matching between the simulation and the 

reference results. After modeling validation, the 

plasma model was also applied to an annular 

cylinder casing by mapping the cartesian force 

distribution into cylindrical coordinates. Indeed, 

the plasma model is implemented on the inner 

surface of the cylinder, and its induction flow is 

simulated. Figure 10 shows the related results. The 

results of Shyy’s model applied to the cylindrical 

casing show that the general effects of plasma 

actuators on the cylinder are similar to their effects 

on the flat plate. 
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Figure 9. Results of plasma actuators applied on a flat 

plate at different free flow velocities and according to 

the geometry of Shyy's study 

 

Figure 10. Results of plasma actuators applied to the 

cylinder at different free flow velocities 

The effect of plasma actuator on flow distortion 

The effect of plasma actuators has been evaluated 

in different operational conditions of the 

compressor with 15% and 20% blockage at the 

rotational speed of 1300 rpm, presented as the 

compressor performance curve in Figure 11. This 

figure shows that in the condition without flow 

distortion, plasma actuators increase the stall 

margin of the compressor. In other words, the total 

pressure rise coefficient increases in the area near 

the stall, and the stall flow coefficient is reduced. 

It is important to note that the stall is proportional 

to the areas where the pressure rise coefficient 

decreases as the flow coefficient decreases. This 

figure shows that flow distortion with the 

percentages of 15% and 20% reduces the stall 

margin of the compressor and causes premature 

stall (creating stall at higher flow coefficients), 

which increases by increasing the blockage 

percentage. The plasma actuator improves the 

rotor's performance in the flow distortion 

condition, which is more in 15% blockage. Indeed, 

by increasing flow distortion, the effectiveness of 

plasma actuators to flow control has decreased . 

 
Figure 11. compressor performance curve in different 

operational conditions (RPM 1300) 

One of the methods that can express the 

destructive effects caused by inlet distortions and 

determine the effectiveness of flow control 

methods in compressors is the displacement of 

stall points in different operational conditions. The 

relative changes are presented with two 

approaches to quantitatively examine the amount 

of changes in the stall margin and the pressure rise 

coefficient of the stall in different operational 

conditions. The first approach evaluates the 

amount of changes in different conditions 

compared to the base state without flow distortion 

and plasma actuators. On the other hand, the 

second approach evaluates the number of changes 

in the stall flow coefficient and the total pressure 

rise coefficient in the presence of flow distortion 

and plasma actuators. One of the methods 

presented in the literature references for 

investigating the number of changes in compressor 

stability is equation 14, which shows the relative 

changes in the flow coefficient compared to the 

two different conditions. 

(14) ( ) ( ) ( )
1 2 1stall stall stall     = − 

 

Figure 12 shows the changes in stall margin and 

pressure rise coefficient in different conditions 

compared to the base state, without plasma 

actuator and inlet distortion. According to this 

figure, the plasma actuators increase the stall 

margin of the compressor by about 5 % in the 
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condition without inlet distortion. Also, this figure 

shows that the flow distortion screen with 

blockage percentages of 15% and 20% has caused 

a 12% and 17% reduction in the compressor stall 

margin, respectively. 

Applying plasma actuators to inject momentum to 

the low energy area behind the flow distortion 

screens has partially restored the inappropriate 

conditions created due to the radial flow 

distortions, which can be seen in the total pressure 

rotor coefficient in the rotor. As shown in Figure 

12, the flow distortion screen with a percentage of 

15% reduces the total pressure rise coefficient by 

about 16%. Furthermore, applying the plasma 

actuator in the same conditions reduces the 

pressure rise coefficient by about 10%, which 

shows the effectiveness of the plasma actuator. 

Figure 13 shows the changes in the stall margin 

and the total pressure rise coefficient in the rotor 

under different inlet distortions with blockage of 

15% and 20% with the presence of plasma 

actuators. As shown in this figure, applying plasma 

actuators in the condition with 15% blockage 

improves the stall margin by 6% and improves the 

total pressure rise coefficient in the rotor by about 

7%. Also, the stall margin is increased by about 

2.8% in the flow blockage by 20%, and the total 

pressure rise coefficient is increased by about 

6.5%. 

The loss coefficient of the rotor is another variable 

that can be used to evaluate the undesirable effects 

of flow distortion and the effects of plasma 

actuators in improving performance in the rotor. 

The rotor loss coefficient in reference [34] is 

calculated using equation 15, where 𝐶𝜃 is the 

tangential velocity and is calculated as an average 

from the hub to the tip of the blade. Also, the 1 and 

2 indices indicate the plane before and after the 

rotor. The rotor loss coefficient was validated in 

design conditions by comparing the results of 

numerical simulation with the experimental results 

of the reference [34], shown in Figure 14. This 

figure shows that the simulation results are 

consistent with the experimental results. 

According to this figure, it is clear that the blade 

hub and tip are the main sources of loss in the flow 

passage. According to this figure and due to the 

installation of radial flow distortion in the blade tip 

region, the flow passage loss in the blade tip region 

is expected to increase. 

(15) 
2 2 1 1

2

( ) /

/ 2

t
p

t

u c u c P

U

  


− −
=  

 

Figure 12. Changes in the stall margin and the total 

pressure rise coefficient in different conditions 

compared to the state without distortion and plasma 

actuator 

 

Figure 13. Changes in the stall margin and the total 

pressure rise coefficient of the rotor with different 

distortion screens with plasma actuators 

Figure 15 shows the effect of radial inlet 

distortions with different percentages on the 

distribution of the loss coefficient along the blade 

span. Also, it shows the effect of plasma actuators 

with the presence of flow distortions on the rotor 

loss coefficient at the flow coefficient of 0.43. As 

is evident in this figure, the presence of a 20% 

radial inlet distortion screen in the blade tip area 

causes the most significant amount of loss in the 

blade tip area. Also, applying plasma actuators has 

reduced the loss coefficient in the presence of flow 

blockage. In fact, applying plasma actuators has 

improved the adverse effects of flow blockages. 
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Figure 14. Validation of the loss coefficient 

distribution along the rotor span in design conditions 

 

Figure 15. Distribution of a loss coefficient along the 

rotor span in flow coefficient of 0.43 and different 

operational conditions 
As mentioned before, radial inlet distortions of the 

blade increase the flow loss at the tip, which causes 

premature stall and reduces the stall margin. 

However, plasma actuators reduce the undesired 

effects of these instabilities by injecting 

momentum in the tip leakage region.  

Figure 16 shows the effect of plasma actuators on 

reducing the loss in the rotor tip leakage area in the 

dimensionless relative total pressure contour, 

which is in the front view and at a distance of 

x/Ca=0.15 (x is axial distance from the leading 

edge of the rotor) and in the operational conditions 

at the flow coefficient of 0.43 in the presence of 

flow distortion screen with the percentage of 15% 

and 20%, with and without applying the plasma 

actuator. It should be noted that the values of this 

diagram have become dimensionless compared to 

the dynamic pressure of the blade tip flow in the 

design conditions. In Figure 16, dark areas show 

the region with high losses. In this figure, it is clear 

that by increasing the percentage of flow 

distortion, the amount of losses in the blade tip area 

increased. However, applying the plasma actuators 

decreases this loss due to the injection momentum 

in the low energy area of the tip leakage region. 

Also, the comparison of figures 16-a and 16-c 

shows that by applying plasma actuators, the area 

with high loss gets close to the blade's suction 

surface and reduces the losses and distortion in this 

area of the passage. Figure 17 shows the 

dimensionless axial velocity contour in the rotor 

passage at 0.97% of the blade span and the flow 

coefficient of 0.43 in different operational 

conditions. In this figure, the axial velocity values 

become dimensionless compared to the linear 

velocity of the blade tip in the design condition at 

the flow coefficient of 0.5. With the presence of a 

flow distortion screen, negative velocity increases, 

representing the reverse flow in the rotor passage. 

This issue is more severe in the flow distortion of 

20% than in the flow distortion of 15%. Also, the 

comparison of Figure 17-a with Figure 17-b shows 

that in the flow distortion with blockage of 15%, 

applying the plasma actuators cause to transfer 

area with low velocity into the rotor passage, 

which reduces the flow distortion in this area. 

While in flow distortion of 20%, the amount of 

passage distortion areas is more than the flow 

distortion of 15%. Therefore, plasma actuators 

improve the flow field. Also, it can be seen in this 

figure that by increasing the amount of flow 

distortion, the effectiveness of plasma actuators 

also decreases. 

 

Figure 16. total pressure contour in relative 

coordinates, from the front view of the compressor 

section and in the middle part of the blade in 

operational conditions at a flow coefficient of 0.43 and 

at an axial distance of x/Ca=0.15 from the leading 

edge of the rotor 
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Conclusion 

This paper investigates the effect of plasma 

actuators in controlling disturbances created due to 

radial distortions upstream of an isolated blade row 

of a low-speed axial compressor. First, the flow 

field in the compressor is simulated in the 

condition with radial inlet distortions of 15% and 

20%. Then, the destructive effects of this type of 

disturbance on the overall performance of the 

compressor are evaluated. Next, by using plasma 

actuators as a novel active control method, the 

ability of these actuators to recover the undesired 

conditions created due to disturbances in the 

compressor is evaluated. Accordingly, the most 

important results obtained from this research are as 

follows: 

1) Radial inlet distortion affects the 

compressor rotor's overall performance, 

which reduces compressor performance, 

increases losses in the blade tip leakage 

region, and causes a premature stall in the 

compressor.  

2) By increasing the percentage of radial inlet 

distortion from 15% to 20%, the stall margin 

of the compressor decreases from -11% to -

13%. In general, the performance of the 

rotor decreases with the increase in 

distortion percentage.  

3) Plasma actuators improve the performance 

of the rotor in the condition of radial 

distortions by injecting the momentum into 

the low-velocity area behind the flow 

distortion screens.  

4) At a flow distortion of 15%, the plasma 

actuators increase the stall margin from -

11% to -5%, indicating a positive effect of 

this active control method to reduce the 

undesired effects of flow distortion.  

5) By increasing the flow distortion 

percentage, the plasma actuator's effect 

decreases. Also, these actuators only affect 

the tip leakage region and do not affect the 

main flow field between the rotor passage. 

 
Figure 17. Dimensionless axial velocity contour at 

0.97 blade span, for different operational conditions at 

flow coefficient of 0.43 
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