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Abstract: The objective of the present investigation is to 
explore the possibility of using different types of 
squealers to improve the performance of centrifugal 
compressor. The following experiments are carried out to 
achieve the objectives: measurement of performance of 
the compressor with rectangular squealers, elliptical 
squealers and sloping squealers, impeller exit traverse 
with a pre-calibrated five hole probe for all configuration 
at three coefficients, viz φ = 0.28 (near design),   φ= 0.34 
(above design) and φ = 0.18 (below design) and static 
pressure distribution on the shroud over the impeller at 
the above three flow coefficient. From the present 
investigation, it is concluded that sloping type squealer tip 
has beneficial effects in increasing energy co-efficient 
and efficiency of the compressor. 
Keywords: Centrifugal compressor, spacers, 
squealers, tip clearance, performance characteristics.  
Introduction  

The flow field in an impeller passage of a centrifugal 
compressor is highly complex, three-dimensional and 
unsteady. A designer for a centrifugal compressor should 
have complete understanding on the influencing 
parameters, there by one can design for better 
performance and efficiency. The performance of a 
compressor is inherently deteriorated by different loses 
that occur at different sections of the compressor stage. 
They are as follows: shock loss at an inducer inlet, wall 
friction loss within impeller channels, tip leakage loss, 
secondary flow losses, mixing loss at diffuser inlet, wall 
friction loss within a diffuser, sudden expansion loss at a 
scroll inlet, wall friction loss within a scroll.  

Pampreen (1973) concluded that clearance 
effects have pronounced influence on the 
performance of centrifugal and axial compressors 
compared to Reynolds number effects. Ishida and 
Senoo (1981) used two entirely different types of 
centrifugal blowers one with a radial blade impeller 
and the other with a backward blade impeller, 
measured the pressure distribution along the shroud 
at five flow coefficient and seven tip clearances. 
Senoo and Ishida (1987) observed the deterioration of 
compressor performance due to tip clearance of 
centrifugal impeller. They modified their theory on the 
tip clearance loss of centrifugal impeller to include the 
variation of slip co-efficient of the impeller due to the 
tip clearance, by deriving a rational relationship 
between two empirical parameters in the theory. They 
have compared experimental data in the literature 
with prediction, to select corresponding flow rates of a 
compressor with different values of tip clearance loss.  

Heyes et al. (1992) observed the effect of blade 
tip geometry on the tip leakage flow in axial turbine 
cascades. The investigation includes an examination 
of the performance of the cascades with a variety of 
tip geometries. The effects of using plain tips, suction 
side squealers, and pressure side squealers are 
reported. Ameri et al. (1998) observed the effect of 
squealer tip on rotor heat transfer and efficiency. 
Experimental investigations are performed to measure 
the detailed heat transfer coefficient and static 
pressure distribution on the squealer tip of a gas 
turbine blade in the five-blade stationary linear 
cascade. Results show that the heat transfer 
coefficient on the cavity surface and rim increases 
with an increase in tip clearance. The heat transfer 
coefficient on the rim is higher than the cavity surface. 
The cavity surface has a higher heat transfer 
coefficient near the leading edge region than the 
trailing edge region. The squealer tip blade provides a 
lower overall heat transfer coefficient when compared 
to the flat tip blade. Azad et al. (2000) compared the 
heat transfer and flow on the squealer tip of a gas 
turbine blade with that on a flat tip. Shridhara (2001) 
conducted tests with partial shrouds, with out partial 
shrouds and turbulence generator on centrifugal 
compressor with different values of tip clearance. The 
configuration with partial shrouds shows higher 
efficiency and energy coefficients compared to other 
configuration.  Krain Hartmut (2002) observed the 
effect of unsteady diffuser flow in a transonic 
centrifugal compressor. Comparative study of 
unsteady flows in a transonic centrifugal compressor 
with vaneless and vane diffusers were observed by 
Curi Michael (2005). 
Experimental facility  

The present experimental investigations are carried 
on a low speed centrifugal compressor set up available in 
the Thermal Turbo Machines Laboratory, Departmental of 
Mechanical Engineering, Indian Institute of Technology 
Madras, and Thermal Engineering Laboratory, Mailam 
Engineering College. 
  The experimental set up shown in Fig.1 consists 
essentially a centrifugal impeller driven by a 5 kW D.C 
motor with a rated speed of 2000 rpm. The D.C motor is 
directly coupled to the shaft carrying the impeller. The 
main components of the compressor are suction duct, 
impeller, vane less diffuser formed by the front and rear 
walls of the casing and volute casing of circular cross 
section and a delivery duct with a throttle outlet and 
nozzle at the inlet.  
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Fig. 1. Schematic of centrifugal compressor setup

Fig.2a. Types of squealers.

Squealer tip on pressure side

Squealer tip on suction side
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Fig. 2.Types of squealers 
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The major geometrical details of the impeller are 
given below:  
Pressure rise              : 300 mm of WG  
Volume flow rate                      : 1.2m3/s 
Speed of Rotation                    : 2000 rpm 
No. of blades of the impeller    : 16 
Inducer tip dia                           : 300 mm 

Inducer hub dia                         : 160 mm 
Impeller tip dia                           : 500 mm 
Blade height at the exit              : 34.74 mm 
Blade angle at Inducer tip          : 350 

Blade angle at Inducer hub        : 530 

 
Blade angle at exit a) hub: 750  b) mean:900  
                                 c) tip: 1050  
All the angles are measured w.r.t. 
tangential direction.   
Squealers 

Squealers are used to improve 
performance of the compressor. They are 
made up of mild steel of 3 mm thickness. 
Squealers are welded on suction side of 
the blade, pressure side of the blade and 
both suction and pressure sides of the 
blade. The meridional view and blade-to-
blade view of the impeller with the 
squealers tips are shown in Fig.2-3. 
Experimental programme 
 The objective of the present 

investigation is to explore the possibility of using various 
types of squealer to improve the performance of 
centrifugal compressors. The present experimental 
programme consists of testing the centrifugal compressor 
with following types of squealers:  
a) Rectangular squealer 
b) Elliptical squealer 
c) Sloping type squealer 
Performance characteristics for rectangular squealer 
 The performance study of centrifugal compressor with 
rectangular squealer is carried out at constant speed of 
2000 rpm for the following tip configurations. 
a) Rectangular squealer on suction side.ctangular 

squealer on pressure side. 
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Fig 4. Performance Characteristics of Centrifugal Compressor for 
Rectangular Squealer

 (Energy Coefficient, Ψ  Vs Flow Coefficient, φ ) 
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b) Rectangular squealer on both 
suction and pressure sides. 

c) Solid tip by filling the space 
between rectangular squealers. 
Under steady state conditions, 

the inlet static pressure across the 
nozzle, the delivery static pressure 
across the delivery duct, the input 
field & armature voltages and the 
input field & armature currents are 
noted down. The speed of the 
compressor is maintained at 2000 
rpm indicated by a non-contacting 
type tachometer. From these 
measurements, energy co-efficient 
and efficiency of the centrifugal 
compressor are computed and 
plotted against the flow co-
efficient. The performance tests 
are conducted for the above four 
configurations. Fig. 4 shows the 
performance characteristics in 
terms of energy co-efficient Ψ vs. 
flow co-efficient φ. Fig. 5 shows the 
performance characteristics in 
terms of efficiency η vs. flow co-
efficient φ. 

From the performance curves, it is found that 
pressure surface squealer tip configuration shows 
increased energy co-efficiency and efficiency of the 
compressor compared to other configurations. It is 
observed that the effect of suction side squealer tip on the 
energy co-efficient is comparable. In the high flow co-
efficient region, both configurations have nearly same 
energy co-efficient and efficiencies. In the lower flow co-
efficient region, configuration with pressure side squealer 
gives as much as 5% higher energy co-efficient, 
compared to that of suction side squealer. However, 
configuration with squealers on both suction and pressure 
sides gives lowest energy co-efficient. This is due to a 
large flow disturbance in the tip region for this 
configuration. 
Performance characteristics for elliptical squealer 

The performance study of centrifugal compressor 
with elliptical squealer is carried out at constant speed of 
2000 rpm for four configurations. Measurements are 
taken by following the above mentioned procedure. From 
these measurements energy co-efficient and efficiency of 
the centrifugal compressor are computed and plotted 
against the flow co-efficient. These curves are shown in              
Fig. 6- 7. 
Performance characteristics for sloping type squealer 

The performance study of centrifugal compressor 
with sloping type squealer is carried out at constant 
speed of 2000 rpm for four configurations. Measurements 
are taken by following the above mentioned procedure. 
From these measurements energy co-efficient and 

efficiency of the centrifugal 
compressor are computed 
and plotted against the flow 
co-efficient. These curves 
are shown in  Fig. 8-9. 

Table 1 provides the 
comparison of rectangular, 
elliptical and sloping type 
squealer tips. It is concluded 
that sloping type squealer 
tip configuration gives more 
reasonable and beneficial 
performance when 
compared to other types of 
squealers. 

The following formulae 
are used to calculate the 
flow parameters:  
Flow Coefficients, φ 

The actual volume 
flow through the 
compressor is expressed 
as a non-dimensional 
parameter flow coefficient 
φ, defined as the ratio of 
radial velocity to the 
peripheral velocity at the 

impeller exit.  
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where  V- volume flow rate  
   d2  – impeller tip diameter  
   b2  – width at the impeller exit 

Cr2 – radial velocity at the impeller exit 
U2 – peripheral velocity at the impeller exit 
The actual volume flow rate is obtained from the 

Squealer tip on both sides 

Solid tip obtained by closing gap

Fig. 3. Details of configurations tested.
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Fig 6. Performance Characteristics of Centrifugal Compressor 
for Eliptical squealer

 (Energy Coefficient, Ψ  Vs Flow Coefficient, φ ) 
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Fig. 5 :  Performance Characteristics of Centrifugal Compressor for 
Rectangular squealer

(Efficient, η,  Vs Flow Coefficient,  φ  ) 
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Fig. 7 :  Performance Characteristics of Centrifugal Compressor for 
Elliptical squealer

(Efficient, η,  Vs Flow Coefficient,  φ  ) 
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Fig 8. Performance Characteristics of Centrifugal Compressor for 
Sloping squealer

  (Energy Coefficient, Ψ  Vs Flow Coefficient, φ ) 
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calibration curve of the inlet nozzle corresponding to 
the static pressure differential at the nozzle section. In 
the present investigation, the flow coefficients 
selected are: 
φd = 0.28 (near design)  φ1 = 0.18 (below design) and 
φh = 0.34 (above design) 

Energy Ccoefficient, ψ 
The specific work W for the centrifugal compressor is 
expressed non-dimensionally as the energy 
coefficient, ψ   

2
2

2
U
W

=ψ  

where the specific work W is obtained as the 
difference of specific total energy between inlet and 
exit of the impeller. For incompressible flow, the 

specific work is given by  

zgCCPPW SDsD ∆+
−

+
−

=
2

22

ρ
 

where Pd and Ps are the average static pressure 
measured at the exit and inlet sections and Cd and Cs 
are air velocities at the exit and inlet sections 
respectively. ∆Z is the geometric level difference 
between delivery and suction flanges and ρ is the 
density of air.  The density of the air is calculated from 
atmospheric pressure and temperature.  
Efficiency, η 

The efficiency is the ratio of fluid power output to 
the coupling power input of the compressor.  
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Neff  = Fluid power, Watts  
ρ    = Density of air, kg/m3 
V =  Volume flow rate, m3/s 
W = Specific work, m2/s2 
Nc =  Coupling power,watts  =    ηm [ VaIa +VfIf] 
η c =  Efficiency of the motor  
Va =  Armature voltage, Volt  
Ia  =  Armature current, Ampere 
Vf =  Field Voltage, Volt  
If = Field current, Ampere  
 
Conclusions  
1. Sloping squealer tip configuration gives more 

reasonable and beneficial performance when 
compared to other types of squealers. 

2. Pressure side squealer tip has beneficial effects in 
increasing energy co-efficient and efficiency of the 
centrifugal compressor for rectangular, elliptical and 
sloping type squealers. 

3. Suction side squealer tip has comparable beneficial 
effect on the energy co-efficient and efficiency. 
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Nomenclature  

b2 Width at the impeller exit  
d2 Impeller tip diameter 
Cd  Air velocity at exit  
Cr2 Radial velocity at the impeller exit  
Cs Air Velocity at inlet  
IA Armature current, Amps  
IF Field current, Amps  
Nc  Coupling power, Watts=Ἀm[VaIA+ VfIf ] 
Neff   Fluid power, Watts  
Pd  Average static pressure at exit  
Po2 Total pressure  
Ps  Average static pressure at inlet  
Ps2 Static pressure 
Pws Static pressure on the diffuser hub or shroud 
wall 
U2  Peripheral velocity at the impeller exit 
V  Volume flow rate, m3/s 
VA Armature voltage, volts  

       VF Field current, Volts 

ZgCCPP sdsd ∆+
−

+
−

=
2

     work   SpecificW       
22

ρ
 

∆Z Geometric level difference between delivery 
 and suction flanges 

 

Table 1. Comparison of rectangular, elliptical and sloping type 
squealer tips 

Energy coefficient Efficiency Squealer 
Configurations RS ES SS RS ES SS 

Pressure side 1.1 1.2 1.3 0.42 0.45 0.48 

Suction side 1.0 1.15 1.2 0.39 0.42 0.44 

Both pressure 
and suction 
side 

0.75 0.82 1.0 0.30 0.33 0.35 

Solid tip by 
filling the 
space between 
squealers 

0.95 1.0 1.1 0.35 0.38 0.4 

RS – Rectangular squealer; ES – Elliptical squealer; 
SS – Sloping type squealer tips. 


