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Abstract—The cost and performance of Inlet Guide Valve are optimized with designing new efficient mechanism for their 
actuation. Whirl motion is obtained by using variable inlet guide vanes, located upstream the air compressor in order to realize 
an angular deviation of the absolute velocity of the fluid at the leading edge of impeller. Inlet Guide Valve is an umbrella term 
which comprises both inlet Guide Vanes and the mechanism to actuate them. Inlet guide vanes provide an efficient method of 
turndown for centrifugal compressors. Guide vanes not only provide the inlet pressure drop but also impart a whirl motion to 
the gas as it enters the compressor impeller. Since this whirl motion is in the rotational direction of the impeller, it reduces the 
amount of work the impeller is required to do on the gas. It is this whirl motion that results in energy savings at the design 
conditions. 

Different iterations of mechanism design for actuation of IGV have been included in this research paper. The designs are 
then analyzed on factors such as economic viability, simplicity of operation & manufacturing, maintenance requirement etc. 
to find the best feasible design for air volume control.  
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I. INTRODUCTION 
 

Inlet Guide Valve is an umbrella term which 
comprises both inlet Guide Vanes and the mechanism 
to actuate them. Our focus initially is on design of the 
mechanism to actuate the Inlet Guide Vanes, the vanes 
will then be modified subsequently. A centrifugal 
compressor can be divided in four major parts, the 
inlet guide vanes, the impeller, the diffuser and the 
volute. And each of these components can improve 
performances of the centrifugal compressor.[6] 
Centrifugal compressors, sometimes termed radial 
compressors, are a sub-class of dynamic axis 
symmetric work-absorbing turbo machinery. It 
achieves a pressure rise by adding kinetic energy / 
velocity to a continuous flow of fluid through the rotor 
or impeller. This kinetic energy is then converted to an 
increase in potential energy / static pressure by 
slowing the flow through a diffuser. The pressure rise 
in impeller is in most cases almost equals to the rise in 
the diffuser section. One of the main components of 
the compressor is Inlet Guide Vane which is fitted at 
the suction end of the air compressor. Inlet guide 
vanes provide an efficient method of turndown for 
centrifugal compressors. Higher Energy savings can 
be realized using Inlet Guide Vanes compared to inlet 
throttling by butterfly valves. An inlet butterfly valve 
achieves turndown through an inlet pressure drop. 
Guide vanes not only provide the inlet pressure drop 
but also impart a whirl motion to the gas as it enters 
the compressor impeller. Since this whirl motion is in  

 
the rotational direction of the impeller, it reduces the 
amount of work the impeller is required to do on the 
gas. It is this whirl motion that results in energy 
savings at the design conditions. 

 
 Many factors have been considered in the design of 

the Inlet Guide Valves with low cost being the priority. 
Simplicity of the design is another criterion which was 
kept in mind while designing the mechanism for 
actuating the Inlet Guide Vane.  
 
II. LITERATURE SURVEY 
 

Over the past 100 years, applied scientists including 
Stodola (1903, 1927–1945), Pfleiderer (1952), 
Hawthorne (1964), Shepard (1956), 
Lakshminarayana (1996), and Japikse have educated 
young engineers in the fundamentals of turbo 
machinery. These understandings apply to all 
dynamic, continuous-flow, axis symmetric pumps, 
fans, blowers, and compressors in axial, mixed-flow 
and radial / centrifugal configurations.  

 
Imagine a simple case where flow passes through a 

straight pipe to enter a centrifugal compressor. The 
simple flow is straight, uniform and has no vorticity. 
As the flow continues to pass into and through the 
centrifugal impeller, the impeller forces the flow to 
spin faster and faster. Centrifugal compressors are 
also similar to centrifugal fans as they both increase 
the flows energy through increasing radius. In 
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contrast to centrifugal fans, compressors operate at 
higher speeds to generate greater pressure rises. In 
many cases the engineering methods used to design a 
centrifugal fan is the same as those to design a 
centrifugal compressor. As a result they can at times 
look very similar. 

A. Classification of Air Compressor 
Compressors are classified in many ways out of 

which the common one is the classification based on 
the principle of operation.  

1. Positive Displacement, 
2. Roto-Dynamic Compressors. 

 
Positive displacement compressors can be further 

divided into Reciprocating and rotary compressors. 
Fig. 1 below shows the various types of Air 
Compressors. 

 
Reciprocating Air Compressors are further 

classified as, 
1. In-line compressors, 
2. V”-shaped compressors, 
3. Tandem Piston compressors. 
4. Single-acting compressors, 
5. Double-acting compressors, 
6. Diaphragm compressors. 
 
Rotary Air Compressors are further classified as, 
1. Screw compressors, 
2. Vane type compressors, 
3. Lobe and scroll compressors 

 

                         
Fig. 1 – Air Compressor Types 

 
III. CENTRIFUGAL AIR COMPRESSOR 
 

Compressors are used, for example, as part of a gas 
turbine for jet and marine propulsion or power 
generation, in superchargers and turbochargers for 
internal combustion engines, and in a wide variety of 
industrial processes. Centrifugal compressors realize 
compression by transferring momentum to the fluid 
and the subsequent diffusion to convert the kinetic 

energy into pressure. The momentum transfer takes 
place at the doubly curved blades of the impeller that is 
mounted on a rotating shaft. Diffusion takes place in 
the annular channel of increasing radius around the 
impeller, usually referred to as diffuser.       

 
Centrifugal compressors; also known as 

turbo-compressors belong to the roto-dynamic type of 
compressors. In these compressors the required 
pressure rise takes place due to the continuous 
conversion of angular momentum imparted to the 
refrigerant vapor by a high-speed impeller into static 
pressure. Unlike reciprocating compressors, 
centrifugal compressors are steady-flow devices hence 
they are subjected to less vibration and noise. This 
greatly improves life & reliability of the system. The 
operating costs are also greatly reduced thus making it 
economically viable. 
 
IV. INLET GUIDE VALVE 
 

Inlet guide valve is an umbrella term which 
includes both Inlet guide vanes and the mechanism to 
actuate it. Inlet guide vanes provide an efficient 
method of turndown for centrifugal compressors. 
Higher Energy savings can be realized using Inlet 
Guide Vanes compared to inlet throttling by butterfly 
valves. An inlet butterfly valve achieves turndown 
through an inlet pressure drop. Guide vanes not only 
provide the inlet pressure drop but also impart a whirl 
motion to the gas as it enters the compressor impeller. 
Since this whirl motion is in the rotational direction of 
the impeller, it reduces the amount of work the 
impeller is required to do on the gas. It is this whirl 
motion that results in energy savings at the design 
conditions. Fig. 2 shows the velocity triangle at 
impeller of Inlet casing. Fig. 3 shows the structure of 
compressor with inlet guide vanes. 

 

 
Fig. 2 – Velocity triangle at Impeller of Inlet Casing 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 2, Issue-2, April-2014 

 Design & Analysis Of Mechanism For Upstream Control Of Air Volume Using Inlet Guide Valve In Centrifugal Air Compressor 
 

26 

 

Fig. 3 – Structure of Compressor with Variable Inlet Guide 
Vanes 

 
B. Functions 
The functions of Inlet Guide Vanes are as follows, 
1. Imparting a whirl motion to the incoming air into 

the air compressor. 
2. Reducing the energy consumption of air 

compressor. 
3. Increasing the efficiency of air compressor. 
 
 Fid. 4 below shows the torque variation of a 

turbocharged engine during acceleration or increase 
in impeller speed. Fig. 5 shows the whirl motion 
imparted to the air by Inlet Guide Vane in compressor. 

 

 
Fig. 4 – Torque Variation of a Turbocharged engine during 

acceleration[7] 

 

 
Fig. 5 – Centrifugal Compressor with Whirl motion[7] 

V. DESIGN PARAMETERS 
 

 The following data was taken as reference for the 
design of actuation mechanism, 

 
1. Minimum opening diameter in fully closed 

position – 25 mm 
2. Bore diameter – 200 mm 
3. Inlet pressure – 1.033 bar 
4. Pressure after air passes through the vanes – 

1.033 bar 
5. Bearing type to be used – PTFE 
6. Bush type to be used – PTFE 
7. Number of Vanes - 11 
8. Oil free working of the design 

 
VI. DESIGN ITERATIONS  
 

After the design data was identified, iterations of 
design were performed / selected the results of which 
are discussed below. 

 
The following iterations were designed, 
1. Geared Mechanism 
2. Pneumatic Mechanism 
3. Slotted Link Mechanism 
4. Linear Motion Mechanism 

 
After analysis of all the design iterations the most 

appropriate design will be selected for further study & 
developments. The main criteria on which the design 
will be judged & selected are, 

1. Cost 
2. Simplicity of Operation & Manufacturing 
3. Maintenance Requirement 

 
VII. GEARED MECHANISM 
 

The main components of this design are, 
1. Annulus 
2. Pinion 
3. Vane 

 
The geared mechanism will work on rotary 

actuation. A rotary motion will be provided to the 
annulus which will rotate over the housing. The 
annulus will be in mesh with pinions (mounted on 
vanes). The rotary motion of the annulus will be 
transferred to the vane via the pinion and the vane 
angle can be changed. The module of the Annulus & 
the Pinion should be matched for equal change in vane 
angle for all the vanes. 
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Fig. 6. – Geared Mechanism 

 
     Fig. 6 shows the 3D computer model of the Geared 
Mechanism. 
            
        Type of gear to be used - Spur 

C. Advantages, 
1. Direct motion transfer 
2. Least loss of power 
3. High precision 
4. High reliability 
5.High service life 

D. Dis-Advantages, 
1. High cost 
2. Lubrication required 
3. Initial belt tension required 
4. Intermediate angle not possible 

 
VIII. PNEUMATIC MECHANISM 
 

The main components of this design are, 
1. Compressed Air Cylinder 
2. Hoses 
 
The pneumatic mechanism will work on 

reciprocating action of piston and cylinder. 
Compressed air from the outlet of air compressor will 
be the input to the cylinder and by varying the pressure 
by controlling the flow rate of compressed air into the 
compressor the stroke length of the piston can be 
controlled. The piston will be connected to a ring 
mounted on the housing; the linear motion of the 
piston will be converted to rotary motion by the ring 
which will then be transferred to the vane via 
connected links.  Fig. 7 shows the assembly of the 
pneumatic mechanism. 

 
The compressed gas for the actuation of the 

pneumatic mechanism can be drawn from the 
compressor where the pneumatic mechanism is being 
used. Thus this eliminates the external need of using 
another air compressor for operation. 

The pneumatic mechanism will include design & 
installation of pneumatic circuit for proper actuation 
& working of the mechanism. Care is to be taken to 
prevent leakage from the circuit to maintain the 
efficiency of the system. 

 
Pneumatic logic circuits that can be used for the 

actuation are, 
i. AND Circuit 
ii. OR Circuit 
iii. NOR Circuit 
iv. NAND Circuit 
v. XOR Circuit 

E. Advantages, 
1. High Accuracy 
2. Less inspection required 
3. No requirement of electricity 
4. Intermediate angles possible 

F. Dis-Advantages, 
1. High maintenance requirement 
2. Bulky system 
3. High cost 
 

 
Fig. 7. – Pneumatic Mechanism 

 
IX. SLOTTED LINK MECHANISM 
 

The main components of this design are, 
1. Slotted Link 
2. Ring 
3. Pin 
4. Grub Screw 

 
When the handle is rotated it will rotate the ring as 

shown in fig. 9. The ring will have small projections 
on its outer surface. Slotted link will mesh with the 
projections on the ring. When the ring will rotate, the 
projections will move in the slotted link. This will in 
turn change the position of the guide vanes which will 
have slotted link fitted on them.  
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As the position of the pin changes in the slotted link 
the respective positions of the vane will also change in 
the housing. The various positions of the pin in the 
slotted link is shown in fig. 8. Markings of angles may 
also be provided to visualize the position of pin in the 
slotted link / vane in the housing at any point of time. 

 
Self lubricating material can be coated on the inner 

portion of the slotted link so as to reduce the friction & 
energy consumption & also improve the overall 
efficiency of the air compressor. 

 
 Lubricating oils / grease should be avoided so that 

the working of the compressor remains oil free as is 
the need. 

 
Fig. 9 shows the isometric view of the 3D computer 
model assembly of the slotted link 
mechanism.

 
Fig. 8 – Slotted Link  

 

 
Fig. 9 – Slotted Link Assembly 

 
G. Advantages, 
1. Ease of operations 
2. Compact System 
3. Intermediate angles  

H. Dis-Advantages, 
1. Less accuracy 
2. Fatigue failure possible in links. 

 
X. LINEAR MOTION MECHANISM 
 

The linear motion mechanism will consists of linear 
actuator for actuation. The linear actuator will be 
connected to the ring that will move on the housing. 
PTFE bearings will be used to provide in between the 
housing and ring for smooth movement of ring. Pin 
holder will be bolted to the ring and will mesh with the 
slotted link through a pin. The slotted link will be 
fitted on the guide vane using a grub screw. When the 
linear actuator provides linear actuation, the linear 
motion will be converted to rotary motion of the guide 
vane through the movement of slotted link and thus 
the vane angle can be changed.  

 
Fig. 10 shows the assembly of the Linear Motion 

Mechanism in Fully open position. The fully closed 
position is shown in Fig. 11. 

 
The linear motion can be provided through suitable 

gearing arrangement if rotary motor is used. Linear 
actuators can also be used which have advantage over 
rotary motors, since no extra gearing setup needs to be 
done for actuation. 

 
To prevent the friction / wear & tear of the sliding 

ring on the housing suitable self lubricating material 
can be provided on the housing. This will ensure that 
the mechanism remains external lubrication free to 
provide oil free air to the compressor. 

 
Two linear actuators can be provided on the ring to 

facilitate better accuracy & faster response time, 
however this will also add to the overall cost of the 
mechanism. Thus ensuring minimal friction will 
eliminate the need for second linear actuator, ensuring 
economic viability. 
 

 
 

Fig. 10 – Linear Motion Mechanism – Fully Open 
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Fig. 11 – Linear Motion Mechanism – Fully Closed 

 
I. Advantages, 
1. High precision 
2. Low Cost 
3. Faster response 
4. Intermediate angles possible 
5. Low weight 
6. Compact design 
7. Minimal number of components  

J. Dis-Advantages, 
1. Requirement of electricity for actuation 
2. Fatigue failure possible in the links 

 
XI. DESIGN ANALYSIS 
 

The design iterations were analyzed on various 
parameters the results of which are tabulated in table 
1, 

 
Table 1 – Analysis of Design Iterations 

 

 
 
CONCLUSION & OUTLOOK FOR FUTURE 
RESEARCH 
 

For over 100 years, the theories in turbo machinery 
is being researched & developed to make more 

efficient compressors. Inlet Guide Vanes when 
properly designed & operated can drastically reduce 
the energy consumption of compressor increasing the 
efficiency. Also, Centrifugal Air Compressor need to 
be oil free, thus suitable mechanism without need for 
lubrication needs to be incorporated to actuate the 
vanes. 

 
Though there are numerous mechanisms available 

for the purpose their still remains some room for 
improvement as is the case with every part in 
machines. Different design iterations were included in 
the paper with results of analysis on various 
parameters.  

 
Their still remains scope for further development of 

the included mechanisms with selection of the best 
possible mechanisms being the priority. The selected 
design will be then subjected to Failure Analysis to 
check for its reliability. CFD & FEA analysis will be 
performed to check for reliability of design & 
variation in Air Volume Flow because of the change in 
Vane positions. 

 
The Air Volume Flow change will also be studied 

for different geometries of vane designs to select the 
best possible design for maximum efficiency.  

The design will then be tested for effect on the 
strength on blade due to variation in air flow to 
prevent the failure of blade due to stress concentration. 

 
The Aero acoustic phenomenon can then be studied 

to prevent impeller failures. 
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