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Abstract:  Axial flow compressor is one of the most 

important parts of Gas turbine. In design of Axial flow 

compressor the work presented comprises of basic flow 

parameters and dimensions of parts, this makes the 

further design process quite simple and the results will be 

helpful to take further changes or improvement at the time 

of detailed design. The objective of work presented is to 

design Axial flow compressor by using mean line method 

for a given mass flow rate and required pressure ratio. 

The parameters determined also include thermodynamic 

properties of the working fluid, stage efficiency, number of 

rotor and stator blades, tip and hub diameters, blade 

dimensions (chord, length and space) for both rotor and 

stator, Mach number, flow and blade angles (blade twist) . 

The same parameters are also determined for all five 

stages. The twist of the blades can be calculated along the 

blade length at any required number of sections selected 

by the designers to obtain smooth blade twist profile. 

NACA 65410 profiles is used to generate coordinates of the 

blade. Further, in the process the first stage of axial flow 

compressor blade is developed using Solid works 

modeling. Also CFD simulation has been carried out using 

Ansys CFX to validate the results. Also Static structural 

Analysis has been performed to check whether the rotor is 

safe at given speed. 

 
Index Terms - Compressor, NACA, Axial flow, rotor, stator  

I. INTRODUCTION 

      Axial-flow compressors are used in medium to large thrust 

gas turbine and jet engines. The compressor rotates at very 

high speeds, adding energy to the airflow while at the same 

time compressing it into a smaller space. The design of axial-

flow compressors is a great challenge, both aerodynamically 

and mechanically. [1]  

    The aerodynamic compressor design process basically 

consists of mean line prediction calculation, through flow 

calculation, and blading procedures. The mean line prediction 

is the first step within compressor design. It is a simple one- 

dimensional calculation of flow parameters along the mid-

height line of the compressor where global parameters as the 

annulus geometry, the number of stages, and the stage 

pressure ratios are scaled [2]. 

It is necessary to design Axial flow compressor at preliminary 

level and require parameters can be checked at initial level so 

further improvement can be made at primary level before start 

a Detailed design.  

   The mean line prediction process as it is performed today is 

a very quick and reliable method for compressor preliminary 

design Typically, the results of the preliminary process are 

obtained by time consuming manual parameter studies based 

on engineering intuition or experience. The final one-

dimensional solution is used as an initial guess for the 

subsequent design process, e.g. for through flow calculations 

[4]. 

   These calculations also include thermodynamic properties of 

the working fluid, stage efficiency, and number of rotor and 

stator blades, tip and hub diameters, chord, length and space 

of blade for rotor and stator, Mach number, flow and blade 

angles. A repeated stage calculation is made to calculate the 

above parameters along compressor stages.  

   The traditional approach to axial-flow compressor 

aerodynamic design was to use various families of airfoils as 

the basis for blade design. American practice was based on 

various families designed by the National Advisory 

Committee for Aeronautics (NACA),the most popular being 

the 65-series family[5].NACA 65410[6] Airfoil is used here to 

generate blade coordinates. 

   In the 1954,Donald M. Sandercock, kovach and Seymour 

Lieblein designed a five stage axial compressor and carried 

out an experimental investigation with all rotor rows operating 

with transonic relative inlet Mach numbers designed as 

research unit to study the potentialities and problems arising 

from the compounding of transonic stages. 

II. DESIGN PROCESS 

The steps involved in design of axial flow compressor is 
 

Shown in figure 1. Suitable design point under sea level static 

conditions [5], given pressure ratio is 4.15 and Air mass flow 

rate is 20 kg/sec. Also, Axial velocity Ca= 170 m/s and blade 

speed is 250m/s is considered. 

III. ANNULUS DIMENSIONS 

Stagnation and static properties can be found by simple 

thermodynamic equations and the Enthalpy-Entropy diagram 

which is shown in fig.2 

Once P0, T0 and P, T at entry and exit have been found.  
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Fig 1 Aerodynamic Design input and Steps 

Density can be determined by 
RT

P
=ρ . At inlet, radius at tip 

can be found by, 
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 .From hub tip 

ratio and H= rt – rr. blade height and radius at hub can be found. 

Also,
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stages, In case of Exit, Area

aC

m
A

.ρ
= .Also Blade Height, 

H=Area/(2.π.rm). Tip radius at exit,
2

hrr mt +=  

and
2

hrr mh −= . 

IV. ESTIMATION NUMBER OF STAGES 

 

The number of stages is found by dividing total 

temperature rise in all stages by Temperature rise per stage. 

Where ,
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Fig 2 Enthalpy-Entropy diagram 

V. STAGE BY STAGE DESIGN 

The rotor and stator of a stage are shown in figure2 Note 

that all angles are referred to the axial velocity vector Ca. Air 

exits from the previous row of stator blades at angle of α1with 

absolute velocity C1.The rotor rows has tangential velocity, 

and combining the two velocity vectors gives the relative inlet 

velocity  vector W1 at angle β1.At rotor row outlet the velocity 

triangles are similar to those draw for the axial flow pump,and 

absolute velocity vector C2 moves into the stator row where 

the flow direction is changed to C3 with the absolute velocity 

C3The diagram have been drawn showing a large gap between 

the rotor and stator blades. In practice, the clearance between 

the rotor and stator is very small. 

If the following stage is the same as the preceding one the 

stage is said to be normal. For a normal stage C1=C3 and α1 = 

α3. V2 is less than V1, showing that diffusion of relative 

velocity has taken place with some static pressure rise across 

the rotor blades. The air is turned towards the axial direction 

by the blade camber and the effective flow area is increased 

from inlet to outlet, thus causing diffusion to takeplace. 

Similar diffusion of the absolute velocity takes place in the 

stator where the absolute velocity vector is again turned 

towards the axial direction and further pressure rise occurs. 

 

If Rotor inlet is considered as Station 1, 

From the set of equations as below, Air inlet angle and Air 

outlet angle can be determined: 

As no inlet guide vane α1 is considered as Zero. 

 

Whirl velocity 1tan.11 αθ aCC =    

 

Absolute Velocity 

1

1

1
cosα

aC
C =    

 

 

Consider mass flow rate, Pressure ratio, Axial velocity 

                     

Calculate Annulus dimensions using continuity equation 

 

      Select appropriate adiabatic efficiency 

 

    Calculate stagnation pressure and temperature 

              at inlet and outlet 

 

          Estimate number of stages 

 

Calculate inlet and outlet stagnation pressure and  

         temperature for every stages 

 

Calculate radius at hub ,Tip and Mean for each stage 

 

Determine variation of Air angles from root to tip 

 

   Calculate number of blades for each stages 

 

Calculate Blade height, Pitch, chord and Stagger angle 

 

     Generate blade coordinates for stator and 

             rotor for all stages 

 

        Study its compressibility effects 

 

Check weather all requirements are satisfied 
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Fig 3 Velocity dia. At inlet and outlet 
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If Stator exit is considered as Station 3, 
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VI. FREE VORTEX CONDITION 

 

In Free vortex condition the assumption is made [10]: 

CW. r = Constant. So,
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=β .Here subscript ‘x’ is assumed as 

subscript ‘h’ in case of hub radius, and subscript as ‘t’ in case 

of tip radius. 

 

VII. MCKENZIE METHOD 

By using McKenzie method for rotor and stator pitch and 

chord can be found.[9] 
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So Stagger angle can be found by following equation: Stagger 

angle=
2

1

θ
αξ −′= .By following the method as above, one 

can get, Stagger angles of blades of rotor and stator. By 

assuming H/C ratio, one can get chord(C) of the blade, and 

also pitch of the blade can be found by assuming Pitch chord 

ratio. 

 

Number of blades can be found by,  

S

r
n m×Π×

=
2

. 

VIII. ANALYSIS OF DESIGN USING CFD TOOLS 

Analysis of design involves following steps. 

A. Creating a Geometry/Mesh 

B. Defining the Physics of Model 

C. Solving the CFD Problem. 

D. Visualizing the Results in the Post – processor 
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A. Creating a Geometry/Mesh 

For generation of geometry SOLID WORKS software is 

used. The blade profile coordinates are exported the software. 

With the help of the blade coordinates, base profile is 

generated. Here, we have assumed same airfoil NACA 65410 

from hub to tip for rotor and stator for all stages. 

 

 
Fig 4 Blade 

             

 
Fig 5 Rotor 

 

 
Fig 6 Stator 

 

 
 

Fig 7  Rotor Cavity 

 

 
 

Fig 8 Stator Cavity 

 

 

 
Fig 9 Assembly 

 

Meshing in Hyper mesh 9 
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Fig 10 Meshing 

 

Meshing has been carried out by Hyper Mesh. The type of 

element selected here is Tetrahedral. 

In case of Rotor, 

No of Nodes = 426980 

No of Elements = 1874548 

In case of stator, 

No of Nodes = 445880 

No of Elements = 1952008 

 

B. Defining the Physics of Model 

In this step we are defining the physics of Model. This 

includes specification of type of fluid, defining the domains, 

Inlet and Outlet Boundary conditions, type of analysis, 

turbulence model, and heat transfer model etc. The following 

assumptions are taken for defining physics. 

1. Steady state condition 

2. No leakage losses 

3. Friction between walls and fluid is neglected. 

 

C. Solving the CFD Problem. 

CFX-Pre Solver parameters are set as under. 

1. Air as an Ideal gas is taken as Working fluid. 

2. The "K- ω" model is used for turbulence. 

3. Two domain interfaces is used. Rotor Domain is 

Rotating and Stator Domain is Stationary. 

 

 
               

 
 

Fig 11 Ansys CFX  Boundary Condition 

 

After Setting Boundary conditions and Solver parameters, 

a definition file is written to be used in ANSYS CFX-Solver 

Manager for Solution of problem associated with the physical 

variables. In solver manger the number of iterations and 

accuracy is specified. A result file is Generated after this 

operation and results can be analyzed with help of CFD Post. 

The Procedure described above is repeated for all remaining 

stages and results can be obtained from the result file. 

 

D. Result of CFD Analysis 

 

Pressure distribution at exit of stage 1 

 
 

 
Fig 12 Contour Total Pressure 

 

The theoretical and Analytical value of total Pressure is as 

below : 

Theoretical result - 1.45 bar 

Analytical result - 1.49 bar 

Variation - 2.07% 
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Fig 12 Contour Total Temperature 

 

The theoretical and Analytical value of total temperature is as 

below: 

Theoretical result - 330 K 

Analytical result - 333K 

Variation - 0.90% 

 

CONCLUSION 

With available data i.e. Mass flow rate, Pressure ratio and 

Pressure at given Altitude. The Blade profile has been 

generated for both Rotor and Stator analytically. The other 

possibility of flow separation is also checked with Mach 

number and Pressure co efficient.  

The calculation spread sheet is made so by input the values 

one can get the required parameters to generate the blade 

coordinates.While comparing theoretical design results with 

analytical results, it is observed that the CFD analysis results 

are in agreement within acceptable range of theoretical results. 
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