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Abstract:- This paper is about a new computational fluid dynamics developed for the transonic flow in a 

compressor rotor. Due to 3-Dimensional blade modification the arrangements satisfying the required boundary 

condition.  Engine compressor towards distorted inflow has to be taken in account which is already in the 

design phase. Flow separation over the blade surface reduction and elimination can improve better 

aerodynamic, performance, efficiency and stall margin. NASA transonic rotor tip critical in baseline blade rotor 

performance energizing the low momentum boundary layer, controlling the inception of stall. A Profile 

generator are attached on the inner casing of the rotor ahead to the loading edge of the rotor and it is 

influenced on the overall performance which has been studied. 
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I.     INTRODUCTION 

Rotating blades are usually attached with hub of the compressor.  The blades are tilled with a correct 

series with coincidence.  This shape is full fill in NASA 0037.  Tip span are usually aligned and attached in 

starting from rotating stall. A jet engine of high pressure compressor to investigation the effect of inlet total 

pressure distortions on rotating stall.  It will be occurred in spike type stall. A low momentum area near rotor tip 

leading edge causes the flow spillage and leads to stall inception.  Turbo machinery and transonic axial flow 

compressors have played important role to attain higher pressure ratio at every single stage of compressor.  A 

high level of aerodynamic performance must be maintained over a wide range of mass flow rate and speed. The 

successful operation and reliability of the axial flow compressor is greatly affected by its stability margin.  In a 

compressor specific speed there is a limit for both higher and lower mass flow which is called its operating 

range, the operating range is between the chock limit and stall point. Stall margin of the compressor can be 

increased by using various passive and active control techniques. 

 

II.     LITERATURE REVIEW 
[1] KAMARUL A.A predicted the reduction of flow separation over blade surface can improve better 

aerodynamic performance.  The design cases studied comprised of compressor operation at 80%, 90%, 105% on 

design rotational speed. 3D flow visualization and performance parameters were detailed to study the relative 

blade, Mach number distribution created by the model.   

[2] AVINASH KUMAR. Found the boundary layer separation and tip leakage flow between wall and 

the blade in axial flow compressor. The modeling effect is investigated to vortex generators in transonic axial 

flow in compressor stage. The rotor blade performing to energizing the low momentum boundary layer and 

controlling the stall. The profile will generate the vortex will be retrofitted.   

[3] JIAYE GAN tested jet engine high pressure compressor rotor to investigate the effect of inlet total 

pressure distortion on rotating stall which usually starts from tip span. 

 

III.    METHODOLOGY 
In this work to study the influence of different profiles on airflow in compressor rotor blade using 

CATIA and ANSYS fluent for strength following procedure is adopted 1) Modeling and Mesh generation.2) 

Flow analysis. 

 

3.1Modeling and Extraction of flow domain 

The data points for the rotor model and the computational domain were collected. The 3D model of the 

rotor blades are designed by using CATIA. Figure 1 show the circular  jets are decided to place on the 3D model 

of the rotor blade. Figure 2 shows the 3D model of the rotor blade along with the flow domain in the entire 

compressor. The values for the generated mesh near the wall zones are maintained at too which is as per the 

turbulence modeling requirements. A single passage approach is modeled and numerically solved with the 

assumption that flow is periodic within the passage. 

3.2Mesh Generation 
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Meshing of the computational domain is made using CFD as shown in Figure 3.Thus, the discretisation 

of the Hybrid structured grid elements were generated. 

 

  
Figure1. Rotor Blade with Circular Jet Enclosure       Figure 2. Wheel Rotor Assembly 

 

      
Figure 3. Mesh Rotor Blade 

 

III. FLOW ANALYSIS 
The flow analyses were carried out using a commercial CFD package. The flow fluid was assumed to 

be an ideal gas, Shear Stress Transport (SST) turbulence model was equipped for the present study. To conform 

that results are independent of the mesh, grid independency studies were carried out and total 1,800,000 cells 

were created in the final flow domain. The wall boundaries of the blade, rotor and stator, hub and casing are 

specified with no slip condition. It indicates that the fluid sticks to the wall and moves with the same velocity as 

the wall. The design speed of the rotor (1800 rad/s).The total pressure and total temperature were imposed at the 

inlet (p inlet = 101330 pa, T inlet = 298 k) to recreate the experimental boundary conditions .As an outlet condition, 

To find the Design mass flow and chocked mass flow conditions at on design speed. Figure 4.shows the 

boundary conditions applied to the flow domain. 

 

 
Figure 4. Boundary Conditions Applied to the Flow Domain 

IV.    RESULTS AND DISCUSSION 
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The comparative performance of the baseline compressor and injection compressor at on- design speed 

and off-design speed. It is monitored that among the off/on design conditions, the flow follows the consistent 

patterns and the highest efficiency, stall margin of the compressor stage is improved by the compressor design 

speed. The flow physics of the compressor rotor for different design conditions were studied using velocity 

vectors, Mach number contours and velocity streamlines as mentioned below. 

 

Mach number 

  Figure 5 shows the comparative Mach number contours computed along the on/off design speed 

conditions. Concerning the calculated flow field, the plots were computed at span blade to blade Mach number. 

It is observed that a strong shock front was created and flow separation was combined along the flow at the 

suction side of the rotor blade at design speed. While in the formation of shock and flow separation region was 

much weaker compared to previous flows.            

In design speed, the flow was much smoother and flow separation was almost unnoticed. The reduction 

in shock strength is seen to directly affected the pressure ratio reduction .which disturbs the efficiency of the 

compressor rotor blade. It also indicates that the blade boundary layer and its interaction have been properly 

captured. 

                        
Figure 5. Comparative Mach Number Contours at Various Design Conditions 

 

Velocity 

Figure 6 displays the comparative velocity vector plots for peak efficiency condition at baseline rotor’s 

on/off design compressor speed. Vector plots are plotted at the span of blade to blade view for the velocity 

distribution over the operating conditions. As shown in the contour, high velocity is observed at the inlet 

condition which produces shock front where it gets reduced from the blade surface at trailing edge because of 

the flow separation. Though there is a difficulty to produce the well-defined tip clearance vortex pattern, its 

shock interaction with the flow is captured reasonably well. 

 

 
(a)                                                           (b) 

     

Figure 6. Comparative Velocity Contours at Various Design Conditions 

Streamline           
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Figure 7 shows the comparative detailed streamline patterns in suction side of the rotor for various 

design speed at maximum efficiency condition. The streamlines discharged from the leading edge and the 

separation lines are created at the suction side boundary. The 3D streamline patterns indicate fairly well the 

internal flow conditions created at suction of the rotor span. Forms of flow disruption were created because of 

the shock and the flow separation near the trailing edge which were also captured in the blade to blade Mach 

number contour as seen in Figure 5. Also for the off-design condition at maximum efficiency state, clearly 

reveals that there is less flow separation created compared with the design speed. 

 

     
(a)                                                                   (b) 

Figure 7. Comparative Streamlines on the Maximum Efficiency Rotor State at Various Design Conditions 

 

V    CONCLUSION 
A computational flow steady analysis for a transonic axial flow compressor rotor at on-design speed 

(1800 rad/s) and various design conditions was carried out. The flow pattern analysis for the Mach number 

distribution, streamline patterns and Velocity Vector Contours to provide a detailed conclusion. The purpose of 

this paper was to study the flow and performance parameters for better understanding over the design 

condition.It was found that the efficiency of the rotor has a direct impact from the shock front created. Thus, 

there is a reduction in efficiency due to the poorly produced shock front in design speed along with a big 

pressure ratio difference. Even though the velocity condition at design speed looks better than on-design speed 

(1800 rad/s), due to unstable flow condition along various mass flow rate, reduced efficiency was noted which 

negatively impacts the efficiency. 
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