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Abstract - Axial flow compressor plays a major role in gas 

turbine and jet engines, ship powerplants, power stations 

and many industrial applications. The axial flow 

compressor consists of stages which comprises of a 

stationary part called stator and rotational part called 

rotor. In this study certain design changes in the stator 

blades has been considered and the influence of design 

changes in compressor performance such as the pressure 

ratio (ratio of the total air pressure exiting the compressor 

to the air pressure entering into the compressor) are been 

analyzed. NACA 65410 profile with the aspec ratio of 0.5 is 

considered for stator blade.  The blade is designed in 

CATIA V5. Two ‘M’ cuts are created at the trailing edge 

of the stator blades. CFD analysis has been carried out 

using ANSYS CFX tool to analyze the flow over the stator 

blades. Continuous vortices are induced in the trailing 

edge region due to the presence of ‘M’ cuts on the stator 

blades. Vortices patterns for each stator and their 

influence are compared. 
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I. INTRODUCTION 

 

In turbomachinery a blade or row of blades rotates and 

imparts or extracts energy to or from the fluid. Work is 

generated or extracted by means of enthalpy changes in the 

working fluid. Turbomachines may be further classified into 

two categories: those that absorb energy to increase the fluid 

pressure, i.e. Pumps, Compressors, and Fans, and those that 

produce energy such as turbines by expanding to lower 

pressures. A compressor is a device which increases the 

pressure of  gas by reducing its volume. Axial-flow 

compressors are dynamic rotating compressors that use arrays 

of fan-like aero foils to progressively compress a fluid. 

Number of airfoils is set in rows, usually as pairs: one will 

rotates and other remains stationary. The rotating airfoils 

accelerates the fluid, are known as blades or rotors. The 

Airfoils which is stationary, also known as stators or vanes, 

decelerate and redirect the flow direction of the fluid, 

preparing it for the rotor blades of the next stage. Axial 

compressors are typically multi-staged. 

The traditional approach to axial-flow compressor 

aerodynamic design was to use various families of aero foils 

as the basis for blade design. NACA 65410 Aero foil is 

considered for the design of stator blades 

II. ANALYSIS OF DESIGN USING CFD TOOLS 

Analysis of design involves following steps. 

1. Geometry 

2. Physics of the Model 

3.  Solving the CFD Problem 

1. Geometry 

The stator blades are designed in CATIA V5. A cascade of 

three stator blades is assembled in a rectangular plate. The 

chord of the stator blade is 200 mm and the length of the blade 

is 100 mm. The aspect ratio (ratio between length of blade to 

chord length) of the stator blade is 0.5.  

 The ‘M’ cuts are made in the trailing edge of the 

stator blade. Two types of stator blades are designed based on 

the position of the ‘M’ cuts. In design 1 the ‘M’ cuts are made 

in the sides of the trailing edge. In design 2 one ‘M’ cut is 

made in the centre of the trailing edge and the other ‘M’ cut is 

made in the side of the training edge in the stator blade.  

 The two ‘M’ cuts considered in the design 1 are made 

in the trailing edge of the stator blades with dimensions 10 

mm and 80 mm from the reference axis. In design 2 the ‘M’ 

cuts are made in the trailing edge of the stator blades with 

dimensions 40 mm and 80 mm from the reference axis. A 

cascade of three blades are made with one end fixed for the 

analysis. 
Table -1 Dimensions of ‘M’ cut 
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Base length 10 mm 

Height 10 mm 

Angle 60 0 

Cut phase line 5 mm 

 

 

Fig. 1. Stator blade with ‘M’ cut at tip  

 

 

Fig. 2. Stator blade with ‘M’ cut at tip and mid span  

 

 
Fig. 3. Cascade view stator blades with ‘M’ cuts at tip 

 

Fig. 4. Cascade view stator blades with ‘M’ cuts at tip and midspan 

2.  Physics of the Model 

The specifications of the analysis domain is with 5287463 

number of hexagonal elements. 

 
Table – 2 Boundary Conditions 

Type of flow Subsonic flow 

Mach number 0.5 

Total pressure 20 bar 

Normal speed 170 m/s 

Mass flow rate 20 kg/s 

Flow direction Normal to boundary  

Turbulence medium of intensity 5% 

Static pressure 1 bar 

Mass flow rate 20 kg/s 

 

3.Solving the CFD Problem 

CFX Pre-Solver parameters are set as under. 

1. Air at 298K is taken as working fluid. 

2. The solid domain motion is taken as stationary.  

Using ANSYS CFX-Solver Manager for Solution of problem 

associated with the physical variables such as velocity, 

pressure and mass flow rate are monitored.  

 

III. RESULTS 

The pressure and velocity distribution across the stator blades 

without ‘M’ cut, ‘M’ cuts in the sides of the stator blade 

(Design 1) and ‘M’ cuts in the center and sides of the stator 

blade (Design 2) are analyzed and studied. 
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Fig. 5. Contour Pressure for stator blades without cuts 

 

 

Fig. 6. Contour Pressure for M cuts at the tips 

 

 

Fig. 7. Contour Pressure for M cuts in tip and midspan 

 

 

Fig. 8. Contour Velocity for stator blades without cuts 

 

 

 

 

 

 

 

Fig. 9. Contour Velocity of M cuts at the tips 

 

 

Fig. 10. Contour Velocity for M cuts at the tip and midspan 

 

IV. FUTURE WORKS 

The analytical work can be continued with following 

considerations, 

 The angle, dimensions and the number of ‘M’ cut can 

be varied and its influence in the performance of the 

axial flow compressor can be studied.  

 The cuts can also be done in the rotor of the 

compressor. 

 The design can be experimentally verified with the 

results.  

 The distance between the blade orientation in the 

plate can be varied and its influence can be observed.  

 This design can also be used in the stages of the 

centrifugal compressor and the compressor 

performance can be studied. 
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V. CONCLUSION 

           From the results of the analysis it can be observed that 

the vortices pattern formed in each stator blades varies with the 

change in position of the ‘M’ cuts in the trailing edge of stator 

blade. The pressure is apparently increased by 6.2 % in the 

stator blades with ‘M’ cut when compared to the stator blades 

without ‘M’ cut.  

  Continuous vortices are induced in the trailing edge 

region due to the presence of ‘M’ cuts on the stator blades 

which indicates the pressure change because of vortex effect. 

Vorticity patterns for each stator are studied and their influence 

in the performance of the compressor is interpreted. 

  Thus it can be conclude that trailing edge ‘M’ cuts 

on the stator blades is majorly influencing on the pressure 

ratio of the stages thereby significantly changes the overall 

pressure ratio of the axial flow compressor. 
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