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Abstract— the study and investigation about centrifugal 

compressor is being invested in this paper and the [3] 

objective of this paper is to present Vane consideration and 

test rig and its flow geometry on the vane surface. 

Compressor is  the devise in which air is compressed with 

high  energy and this energy is used for combuction which is 

the procedure of the engine after that the fluid is passed in 

the turbine and it expand through the exhaust and it produce 

the thrust. The main work of compressor is to produce the 

high speed with better compression and load .the section of 

compressor hoses the power for compressor rotor and its 

main work is to supply the air in sufficient amount to satisfy 

needs of combustor. When mechanical work of compressor 

and turbine are converted the potential energy and fuel is 

added in combustion and after that it expand through 

exhaust and produce the suitable thrust. The principle 

behind the compressor is the acceleration of working fluid 

and it follow the diffusion and to convert the kinetic energy 

for pressure rice. The primary and initial work is the 

pressure of the mass of air entering in the air entering and 

the discharge to the diffuser and the combustion chamber 

with correct velocity and pressure and temperature. In early 

days compressor had less efficient than now we have today, 

we entered the suitable amount of air flow in the compressor 

and high temperature to improve the laminar flow over the 

lot of aerofoil at high velocity and pressure. Compressor 

efficiency is based on least temperature rise, and presently 

the efficiency of the compressor is 85 to 90%. And the 

secondary purpose of the engine is to supply the Bleed air to 

cool hot section parts. Another use of the compressor is to 

supply the extract air supply for aircraft use. There are only 

two types of compressor which is centrifugal compressor 

and axial flow compressor before few years we used 

centrifugal compressor but now axial flow compressor is 

running in aviation industry. 

Key words:  Aerofoil, Vanes Variable, Pressure Ratio of 

Compressor    

I. CENTRIFUGAL COMPRESSOR 

The centrifugal compressor is referring as a radial flow 

compressor it is still use now, in small aircraft engine. in 

centrifugal compressor flow engine the performance of the 

compressor is to receive the air centre form the impeller is in 

axial direction and it accelerate the air in to towards the its 

rotational direction. The assembly of the compressor is  

consisting the rotor, stator, impeller, and the impeller is 

usually made to form aluminum, titanium alloy and it can be  

single or doubled sided. The single sided impeller is having 

its own ram effect and less turbulence  air entry this type of 

installation is suitable for aircraft installation, the  single 

stage sided impeller  designee is allow for  narrow overall 

engine diameter and high mass flow, this were be the reason 

which is used in past days engine. This designee is not 

receiving the whole ram effect    because the air has 

radically turned in the centre of impellers. The loss of 

energy due to rotation of impeller to the next section and the 

benefit of this energy is more than two stages. Main 

disadvantage in centrifugal compressor about that is yet it 

have one or more than two stages so  its most often used in 

small engine, i.e. Turboprop, Turbofan, Turbofan, it could 

not be found in Gas Turbine Engine so it have less mass 

flow rate. Use of centrifugal compressor is conjunction with 

the axial flow compressor but in small aircraft engine. 

 Inlet guide vanes:   The inlet guide vanes (IGV) 

allows wide capacity control of the compressor 

A. Advantage of Centrifugal Compressor: 

1) High Pressures ratio during per stage i.e. up to 10:1 

to 15:1 in dual stage. 

2) It has less weight. 

3) Efficiency of this engine is high ideally maximum 

tip speed is 1.3 Mach at tip. 

4) It has less weight and low coast. 

When starting of the engine it required less power. 

B. Axial Flow Compressor: 

The entering of the air flow in axial flow compressor is 

parallel to the rotation axis of the compressor. There are 

three types of axial flow compressor is used in aircraft 

engine i.e. Single-spool, dual-spool, three-spool, the 

meaning of spool it means one compressor and one turbine 

section is one spool. Single spool was used in past for long 

and small engine. But single spool used only in tubroshaft 

and turboprop engine. The doubled spool currently used in 

turbofan and turboprop engine. And the most modern 

technology is three spools which are used in long distance 

aircraft. Assumed that the fairing level in Turbine is 

constant and low pressure compressor will be changed with 

aircraft up and down motion on the inlet condition. Low 

pressure Compressor (LPC) provides the high pressure 

compressor as an output within the design limit so that N1 

compressor tries to supply the N2 compressor with constant 

air supply in particular power setting. 

C. Pressure Ratio of Compressor: 

When we talk about Gas Turbine Engine so it is necessary to 

achieve better pressure ratio consideration in general and 

higher the compression. The design of compressor is to 

achieve higher pressure ratio and low mass flow rate on the 

better output. Compressor pressure ration is to determined 

by measuring total pressure after last stage compression, and 

Fan by-pass ratio of the mass flow through the fan duct, 

divided by mass airflow which flow through the fan duct the 

core portion of the engine, and air flow is passes through the 

outer part of the fan blade and after that the fan exhaust. 

1) Advantage and Disadvantage of the Axial Flow 

Compressor: 

1) Efficiency if this engine is higher at extendible 

pressure per stage behavior. 

2) High mass flow for a given frontal area and low 

drag coefficient. 
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2) Disadvantage: 

1) When engine is starting than it required high 

power. 

2) High coast manufacturing. 

3) Weight is so high. 

II. INTRODUCTION 

The study about compressor and vanes is probably 

completed, generally lower knowledge about the complex 

and destroyed flow in the long blade of centrifugal 

compressor, when we talk about compressor than its 

necessary to know about impeller and diffuser. The main 

objective of this [1]paper is to achieve batter flow and high 

optimum condition for compressor and batter flow behavior 

of the compressed air on the vanes and the phenomena of 

the per stage rotor and stator of compressor vanes in 

different angle flow, if we arrange the vanes at particular 

angle i.e. 30   degree this can be helpful for batter flow 

behavior, and we can reduce the poor performance of 

compressor vanes and achieve the high compression, and 

this angle is satisfy optimum Condition, When the study of 

compressor vanes is probably completed than design process 

is shows the load acting on the bearings and vanes. A  

polytrophic process introduce to calculate the air pressure on 

the vane segment during the compression process, and with 

the help of Newton law to calculate the air pressure load 

acting on bearings and vanes. For measuring the[2] bearing 

load the experimental setup were also built and, in the 

design process you can never say to design process is begin, 

most important part in the design process is the weight 

estimation if we reduce the weight than we can solve 

various problem in Aviation and other field also with the 

help of this paper we are trying to convey the this type of 

problem, if we use like Bones type structure because bones 

are very less weight and the this structure is very hard and 

less weight if we make this type of thing than that day is not 

far with us we will be do the further more implement in 

Aviation field and its change the whole aviation world. 

From the history of aviation world from to be that time we 

are using the aluminum and their alloys anywhere in the 

world and lots of aircraft parts also and automobile field. At 

the entry of centrifugal compressor and one exit of the rotor 

impeller, diffuser vanes which convert high kinetic energy, 

the principle can be put together to pressure as we want on 

the compressor. There is one disadvantage in rotor vanes 

that is friction, during the period of compression there is 

rotary motion in rotor. 

 Centrifugal Compressor Stage: - In the Impeller 

section are made with aluminum at 15 back swept 

blades with 38 degree.    

The diffuser with flat wedge allows the   

continuous adjustment of vane angle, the radial gap between 

impeller and diffuser outlet, due to that and the vane suction 

side angle is α 4ss that shows in radius r4/r2. Behind of that 

there is a mechanism for diffuser, that is independent 

variation in vane angle and radial gap is required. Form the 

view of research independent adjustment is necessary it will 

be helpful for compressor. The high mass flow rate is 

required in large vanes angle. At low mass flow rate we get 

small vane angle, so the length of the spiral vane less space 

will increase the thickness of boundary layer, and this form 

the boundary layer. 

Stage :- Diffuser :- 

-Shaft speed       = 

35200/1min 

 

- Constant Meridional  

diffuser height = 

11mm 

- Impeller tip speed = 

498 m/s 
-Number of vanes = 23 

- Relative tip Mach 

number Impeller inlet   

Maw1=   0.95 

-Vane angle = 16.5 degree 

 

 

-Absolute Mach Number 

Impeller exit Ma2 =0.94   
- Radial gap = 1.10 

-Max total pressure ratio 

=4.07    

- Vane wedge angle = 

6.65 

-Max corrected mass flow              

= 2.47 kg/s 

- Invariant diffuser channel 

divergence angle 2ᶿ =       9 

- Max total Isentropic 

efficiency =  0.83 

 

- Diffuser channel length- 

width- ratio = 

9.0 

- Tip radius =   135 mm 

 
-Diffuser channel area ratio = 

2.42 

 

- Number of blades – 15 

 

 

 

- Diffuser channel aspect 

ratio = 0.70 

( LWR, AR and AS are 

changing with α4ss and 

r4/r2) 

- Back swept angle at exit  

= 38 degree 
 

 
Table 1: Stage Data for Nominal Speed and Diffuser 

Reference Geometry 

 
Fig. 1: Adjustable Geometry Parameters Α4ss and R4/R2. 

Figure shows the vane suction side angle α4ss and 

r4/r2 this is indicated ratio by the impeller outlet and 

diffuser inlet. 

 
Fig. 2: Diffuser Vane Adjusting Mechanism 
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The figure 2 is the adjustment mechanism of the of 

design parameters, vanes are in the outer wall of the 

diffuser. In the two degree of freedom vane gap and radial 

gap can be adjusted. 

 
Fig. 3: Setting Range of the Vane Angle at Radial Gap. 

A. Experimental Investigation: 

(Note: this experimental data are taken form Compressor 

Maps for diffuser geometry) 

Compressor maps measured 12 different geometry, 

if we combined the different vane angle (α4ss = 16.5◦, 14.5◦, 

12.5◦, 10.5◦) were combined with three radial gap. Figure 4 

shows the exemplary diffuser geometries. The General 

influence shows the parameters on the overall operating 

performance. 

 
Fig. 4: Compressor maps for different diffuser geometries 

If we decrease angle of vane with radial gap with 

less mass flow rate and high pressure ratio in small vane 

angle diffuser is not only surge but chocking condition is 

also acts with small vane angle. 

 
Fig. 5: Schtematic Shock Configuration at Choke Limit 

At diffuser throat vane angle is increase than due to 

addition of small vane angle, choking condition are 

exceptional. For avoiding the chocking condition we 

increase the radial gap with particular vane angle , in the 

leading ledge of the diffuser it achive the Mach Nu = 1, with 

mass flow rate of air is capable to better mass flow rate and 

it is necessary for the diffuser choke. 

B. Investigation of Impeller – Diffuser Interaction and 

Flow Losses: 

This investigation is the interaction between impeller and 

diffuser on the flow quality and efficiency of the stage of 

compressor. This investigation is concentrate of impeller 

and diffuser radial gap as determinate the degree of flow, 

with the help of degree of flow we understand the suitable 

influence quality of impeller and diffuser. 

 
Fig. 6:  Measuring Planes of Probe and L2F Measurement 

Total experimental data and measurement is not 

considering only taking 

First experimental 

III. CONCLUSION 

Point is that is the adjustable diffuser in compressor control 

problem All investigation were carried out about centrifugal 

compressor with regard to the influence of those geometry 

parameters, the diffuser vane at the stage performance 

allows an independent vane angle arrangement of diffuser 

and radial gap between impeller exit and diffuser vane inlet. 

Measurement of pressure is unsteady in the diffuser that 

channel pressure fluctuation are appearing which is grater as 

compare to pressure fluctuation in the vane less space. For 

farther research lots of research is running, most interesting 

this is measuring losses that are necessary for future 

research. 
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