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Positive displacement rotary machinePositive displacement rotary machine
Brief history:
The operating principle known for 

more than 100 years

1942 Lysholm of SRM – patent on  
working principle and profile.

1952 Nilsen - patent on circular 
profile,  SRM  designed first  
commercial  screw compressor. 

Until 1990’s SRM was practically the 
only licensor of screw 
compressor technology

1985 Independent development of 
screw compressors begins with 
rack generated profiles from 
Rinder, Stosic and some 
Japanese companies.

1995 Significant increase in number 
of screw compressor 
manufacturers. 

2005 Screw compressor industry 
needs tool for concurrent 
engineering of screw 
compressors.
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Dry & oil injected:
• Air compression
• Refrigeration
• Process fluids 

(35) 50 – 800 mm dia
0.3 – 800 m3/min 

High Volumetric efficiency

80% of industrial compressors produced are 
screw compressors

Screw compressor applicationsScrew compressor applications

17% energy produced in developed countries  used for compression

25% energy in USA during summer is used for refrigeration and air-conditioning

General considerations General considerations 
about the role of design in about the role of design in 
a business or enterprisea business or enterprise
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The Engineering Design ProcessThe Engineering Design Process

Analysis

Synthesis

Simulation
Evaluation

Optimisation

Implementation

Design Process Design Process –– Ideation PhaseIdeation Phase
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Design Process Design Process ––
Refinement phaseRefinement phase



Dr Ahmed Kovacevic

Methods and Tools in Screw Compressor 
Design 5

Methods and Tools in Screw compressor designMethods and Tools in Screw compressor design

- SCORPATH (Screw Compressor Rotor Profiling and THermodynamics)

- 2-D CAD Software:  AutoCad 2000+

• 22--D design tools D design tools -- Conventional approach  

- SCORPATH  (Screw Compressor Rotor Profiling and THermodynamics)

- 3-D CAD MDT, Inventor, Catia, Solid Works
- SCORG (Screw Compressor Rotor Grid)

- CFD (CCM)    Comet, Star, CFX, Fluent

• 33--D design tools D design tools -- More modern approach 

--DISCODISCO (Design Integration for Screw COmpressors)

• 33--D design management D design management -- Concurrent approach 

60 
%

35 
%

Only 
rear

users

SCORPATHSCORPATH

-- Profile GenerationProfile Generation

-- Tool CalculationTool Calculation

-- ThermodynamicsThermodynamics

-- Forces CalculationForces Calculation

-- CAD InterfaceCAD Interface

--Property CalculationsProperty Calculations

--OptimisationOptimisation

• TOOL:TOOL: SCORPATH

• METHODS:METHODS: Envelope meshing, 1D Thermodynamics, 
Multivariable optimisation 
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Basic Screw Compressor Geometry

Rotor lobe profiles must be defined together with the 
remaining parameters with which the rotor and housing 
geometry can be fully specified. 

•Rotor profile: x and y coordinates, pressure angle

•Helix/lead angle, rotor length 

•Interlobe, end and radial clearance

•Suction/discharge ports

General case: non-parallel and non-intersecting axes
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Meshing condition (Envelope conjugacy condition) 

Meshed profile
( ) [ ] [ ]

[ ]
2 2 2 2 2 1 1 1 1 1

02 02 02 02 2

, , , , , cos sin , sin cos

cos sin , sin cos ,

t x y z x C y z y z

x y x y p

θ τ

τ τ τ τ τ

= = = − Σ − Σ Σ + Σ =

− +

r r

[ ] [ ]

( ) ( )

2
2 2 2 02 02 02 02 2

1 1 2 1 2 1

, , sin cos , cos sin ,

sin cos , sin cos , cos sin

y x p x y x y p

p y p x C p x C

τ τ τ τ
τ
θ

∂
= − = + − =

∂
Σ − Σ Σ + − Σ Σ − − Σ⎡ ⎤⎣ ⎦

r

1 1 1 1 1 2 0
t tθ τ θ τ

∂ ∂ ∂ ∂ ∂ ∂⎛ ⎞ ⎛ ⎞× ⋅ = − × ⋅ =⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠

r r r r r r

( ) ( )1 1 1 1
1 1 2 1 1 1 1 2cot cot 0

x y y x
C x p p x y p p p C

t t t t
θ

∂ ∂ ∂ ∂⎛ ⎞ ⎡ ⎤− + − Σ + + + − Σ =⎡ ⎤ ⎜ ⎟⎣ ⎦ ⎢ ⎥∂ ∂ ∂ ∂⎝ ⎠ ⎣ ⎦

General case: non-parallel and non-intersecting axes

General case:
• non-parallel and non-intersecting axes

rotor – hobbing tool relation

Special cases:
• p2=0

rotor - plate milling tool, grinding tool relation

• Σ=0
screw compressor rotors  
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Rotor profile
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Meshed profile
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Meshed rotor profile

Willis meshing condition
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Profile of a plate milling tool/grinding tool
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Profile of a hobbing tool
Full meshing conditions for:
Non-parallel and non-intersecting axes 

Elements of a rotor profile Profile
Sealing line
Clearance distribution 
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Rotor parameters

Demonstrator profileDemonstrator profile

• Rotor generated “N” profile  (not patented “N” profile)
• A primary lobe is provided  on the male rotor 
• Profile consist of series of circles on the main and the gate rotors
• Readily available to try
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Demonstrator profileDemonstrator profile

• Segment A1B1 is a circle of 
the radius r1 on the main rotor
Angular parameter t varies between -θ1<t<0

• Segment B1C1 is a circle of 
the radius r3 on the main rotor, 
Angular parameter t varies between π-ψ1<t< π-θ1

• Segment C1D1 is a trochoid on the main rotor 
generated from  the circle of radius r4 on the
gate rotor
Angular parameter: -θ4 -τ1 <t< -π-τ1

• Segment  A1D1 is a circle of radius r2 on the 
main rotor, 
Angular parameter:  0<t< θ2. 

‘‘N’ ROTOR PROFILEN’ ROTOR PROFILE

• Rack generation procedure 

• Straight line on the rack
(involute rotor contact)

• Small torque transmitted

• Large displacement

• Strong gate rotor

• Short sealing line

• Clearance distribution
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Thermodynamic calculations Thermodynamic calculations 

1-D “chamber” model:
• Differential approach: conservation of 
continuity, momentum and energy 

• Working fluid: Ideal or real 
• Heat transfer between the fluid and 
solid compressor parts

• Liquid injection modelled
• Model is independent on a compressor geometry

• Limitations:
• Fluid flow is assumed “quasi” one-dimensional
• Kinetic energy neglected in comparison with internal energy
• The flow through inlet and outlet chambers assumed to be isentropic
• The  flow through clearances assumed to be adiabatic

Thermodynamic calculations (2)Thermodynamic calculations (2)

• Internal energy in in out out
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• Leakage flow 
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Thermodynamic calculations (3)Thermodynamic calculations (3)

• Liquid injection

• Ideal fluid

• Real fluid
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Pressure loads 

Radial forces
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Rotor torque
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SCORPATHSCORPATH

-- Profile GenerationProfile Generation

-- Tool CalculationTool Calculation

-- ThermodynamicsThermodynamics

-- Forces CalculationForces Calculation

-- CAD InterfaceCAD Interface

--Property CalculationsProperty Calculations

--OptimisationOptimisation

• TOOL:TOOL: SCORPATH

• METHODS:METHODS: Envelope meshing, 1D Thermodynamics, 
Multivariable optimisation 
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SCORPATH1SCORPATH1
General envelope meshing condition for crossed helical gears 
used to generate profile points on both rotors from 
predefined points on either rack or any rotor

1D - Chamber model - Numerically solves conservation 
equations of mass and energy, equation for instantaneous 
volume and equations that describe leakage flow, heat 
transfer, inlet and outlet flows, …

Integration of resulting forces and calculation of bearing 
loads

Export shapes of ports, rotors … for further use with CAD 
systems


