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N: rotational speed
m: mass flow rate
.

P01: total pressure
T01: total temperature

gas



Working MechanismWorking Mechanism

Based on an ideal gas law of Pv = RT, 
compression provides increase in pressure

The basic equations developed for the pump 
apply to the compressors with the difference 
that density does increase
The thermodynamic equation of state of a 
perfect gas must be considered in the 
detailed calculation(density, pressure, temp.)
Main difference in carrying out a compressor 
analysis, as opposed to a pump analysis, is 
the appearance of an enthalpy term in place of 
the flow work or pressure-head term
A single stage of a centrifugal compressor can 
produce a pressure ratio of 5 times that of a 
single stage of an axial flow compressor
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Centrifugal CompressorCentrifugal Compressor

P01: total pressure

T01: total temperature

Total Pressure & Temperature
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Thermodynamic Relations

T01: total temperature



Thermodynamic ProcessThermodynamic Process

r1

1: impeller inlet

2: impeller outlet

3: diffuser inlet

4: diffuser outlet



r1

1: impeller inlet

2: impeller outlet

3: diffuser inlet

note 
- static P vs. total Po
- static h vs. total ho
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Thermodynamic Relations
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Transferred EnergyTransferred Energy
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Energy transfer
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ho : total enthalpy
h  : static enthalpy

noting that units in two eqns must 
be taken a care in calculation

m : mechanical efficiency accounts  
for frictional losses occurring 
between moving mechanical 
parts, which are typically 
bearings, seals and disk friction
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Work of an ideal, isentropic, compression to the 
actual final pressure P3 from 01 to i



Compressor EfficiencyCompressor Efficiency
Compressor efficiency is defined as the ratio of the 
useful increase of fluid energy divided by the actual 
energy input to the fluid
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Overall Pressure RatioOverall Pressure Ratio
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Based on Eq. 2, 3 and 4, the overall pressure ratio is

experimentally
determined
quantity

useful in the range of 45o < 2 < 90o

* Pressure ratio = f(ideal velocity triangle at the impeller exit, 
the number of vanes, the inlet total temperature, the stage and 
mechanical efficiencies)

Stanitz equation
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Slip coefficient



Design of Impeller Design of Impeller 

The impeller is usually designed with a number of 
unshrouded blades for the inlet operating conditions,

V2’ W2

V2 W2’

Vu2’ Wu2’

Vu2 Wu2

U2

W2

rotation Rim of 
impeller

2 < 90o but bent near the leading edge
to conform to the direction of the relative 
velocity W1 at the inlet

0101,, TandPmN 



Shaft

vane

hub

b2

D2

D1
S D1H

Determine the shaft diameter

Determine efficiency
=f(Ns, Q)

T=P/N

Determine
shaft diameter

Determine
shaft torque

Compute
specific speed

Stress-strain 
relationP=E/m

d

Design of Impeller Design of Impeller 



Design of Impeller Design of Impeller 
Equations for the impeller inlet is completed by velocity 
triangle and gas property relations

Refer : http://www.grc.nasa.gov/WWW/K-12/airplane/isentrop.html
RTPPv  /

For a perfect gas

Determine the shroud diameter

Shaft

vane

hub

b2

D2

D1S
D1Hd

./ ConstPPv   

1

1

1

1

1















T
T

P
P oo

12
1

1

1

2
11








 





 M
P
Po







 
 2

1
1

1

2
11 M

T
To 

For the isentropic process



Design of Impeller Design of Impeller 
At the shroud inlet with velocity triangle and gas 
property relations
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For the inlet operating conditions, 

0101,, TandPmN 

The relative Mach number has its 
minimum where 1S is approximately 
32o (Shepherd, 1956)
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Determine the hub diameter & the fluid angle at the hub

Design of Impeller Design of Impeller 

Shaft
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From the mass flow rate

Hub
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Determine the hub diameterDetermine the hub diameter & the fluid angle at the hub
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Determine the impeller diameter

Design of ImpellerDesign of Impeller

Shaft

vane

hub

b2

D2

D1S
D1Hds
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Dimensional specific speed

Calculate output head
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Design of ImpellerDesign of Impeller

Choose compressor efficiency

Read highest compressor 
efficiency and corresponding 
specific diameter
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Design of ImpellerDesign of Impeller

Shaft

vane

hub

b2

D2

D1
S D1Hds

Determine the impeller vane angle and number of vanes
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Calculate the actual tangential velocity
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Based on vector relation

222 uu VUW 

222 UWm 

assume the slip coefficient of 0.85~0.90

Design of ImpellerDesign of Impeller

select a flow coefficient, 
0.23~0.35
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Design of ImpellerDesign of Impeller

Number of vanes
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Design of ImpellerDesign of Impeller

Impeller tip thickness

2
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Determine the impeller vane tip thickness



Estimate impeller efficiency

assume 0.5~0.6
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Design of ImpellerDesign of Impeller
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Assmp. : 
no external work and heat transfer 
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: ratio of impeller losses 
to compressor losses
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From isentropic process

Design of ImpellerDesign of Impeller

Impeller tip 
thickness
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Diffuser CompositionDiffuser Composition

1

2

3

impeller vaneless 
difusser 
with casing

diffuser 
vane

4



Diffuser DesignDiffuser Design

6% of impeller 
diameter

- some equalization of velocity
- reduction of exit Mach number
- rise in static pressure

constrVu 

angular momentum
is conserved in diffuser

r

Mass flow rate mbrVm 2

Gas experiences 
the isentropic process
in diffuser



Vaneless Diffuser DesignVaneless Diffuser Design

From mass flow rate

mbrVm 2

For constant diffuser width, b

mm rVVr  222

Angular momentum is conserved
in the vaneless space

uu rVVr '22
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Vaneless Diffuser DesignVaneless Diffuser Design
All properties are denoted
at the plane of sonic flow, 
M = 1

*****  mVTr

For constant diffuser width, b

cosVVV mr 
2 3

at position 2: supersonic
at position 3: subsonic

1'2 M
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From the continuity equation
**** coscos  VrrV 

Angular momentum conservation
*** sinsin  VrrV 
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Vaneless Diffuser DesignVaneless Diffuser Design
Dividing Eq. 2 by Eq. 1,
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Assuming an isentropic flow
in the vaneless region
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For the isentropic process
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Vaneless Diffuser DesignVaneless Diffuser Design
Assuming an isentropic flow
in the vaneless region
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* can be evaluated by substituting
= 2’ and M = M2’
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For the isentropic process
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Vaneless Diffuser DesignVaneless Diffuser Design

The radial position r* can be found by 
substituting r=r2 and M = M2’

From angular momentum conservation

**

**

sin
sin

a
a

a
V

V
V

r
r





1

**


















T
T

)1/(1
2

* 2
11

1
2

















 









 M

2/1
2

**

2
11

1
2

sin
sin

















 



 MM

r
r 




  2/1RTa 

2/1

* 





T
TM



)1/(1
2*

2
11

1
2tantan

















 









 M

Vaneless Diffuser DesignVaneless Diffuser Design

r3 can be evaluated from the known 3 and M3
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3 can be evaluated from a known M3

Select M3
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