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Screw compressor working principle



OneOne--DimensionalDimensional models assume that:

Flow and DeformationFlow and Deformation

To overcome that:
33--D  flow  and  stress  calculationD  flow  and  stress  calculation

CCM (Computational Continuum Mechanics) ⇒⇒⇒⇒ FSI (Fluid – Solid Interaction)

Screw compressor performance is affected by:
• Temperature and pressure field,
• Distortion of rotors and housing,
• Reverse effects to the flow,
• Leakage through the gaps,
• Rotor wear or even seizure in extreme cases

• Effects of pressure and temperature distortions are negligible!?



Geometry ratio 300Geometry ratio 300--10001000

Regions of highlyRegions of highly
turbulent flowturbulent flow

and fullyand fully
laminar flow laminar flow 

TransonicTransonic
velocitiesvelocities

Large pressureLarge pressure
gradientsgradients

High temperatureHigh temperature

Rotor distortionsRotor distortions

Multi phase flow Multi phase flow 

Problems associated with numerical Problems associated with numerical 
analysis and operation of  Screw Machinesanalysis and operation of  Screw Machines



CCM in Screw CompressorsCCM in Screw Compressors

- Finite volume method, block-structured hexahedral mesh
- Moving domains, sliding boundaries 
- Automatic running and analysis of the results

• TOOL:TOOL: SCORG - Analytical grid generation & Pre-processor
- Multidimensional stretching  Hermite transfinite interpolation,
- Boundary adaptation, smoothing, orthogonalisation and regularity check,
- Fast and reliable calculation of thermodynamic properties of real fluids
- Multiphase flow, novel boundary conditions, mesh movement
- Simultaneous generation and calculation of fluid/solid interaction
- Automatic transfer to the CCM solver, Post-processing 

• A commercial CCM solver(s) capable for efficient calculation
• “Expert system” for application in screw compressor 

• METHOD:METHOD: Advanced Grid Generation & commercial CCM solver 



Screw Compressor FSI calculations    
Conservation laws: continuity, momentum, energy, concentration aConservation laws: continuity, momentum, energy, concentration and spacend space
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-- Multiphase flow Multiphase flow 
OilOil - passive ‘species’ - exchange heat with gas
Liquid phaseLiquid phase – active ‘species’ – exchange mass

- Boundary conditionsBoundary conditions
Suction, discharge, oil port receivers
Walls close the system
Mass is added to retain constant pressure

- Properties of real fluidsProperties of real fluids
Based on the reality factor
Calculate compressibility factor
2% error, fast calculation

- User subroutines:User subroutines: mesh movement, initial conditions, source terms
- Control parametersControl parameters for CCM solver

PrePre--processingprocessing

,in inm Q!!

,out outm Q!!



PerformancePerformance

-- Volume flow (inlet and outlet)Volume flow (inlet and outlet)

-- Mass flow  (inlet, outlet, oil) Mass flow  (inlet, outlet, oil) 

-- Boundary forcesBoundary forces

-- Restraint Forces and TorqueRestraint Forces and Torque

-- Compressor shaft powerCompressor shaft power

-- Specific powerSpecific power

-- EfficiencyEfficiency
Volumetric and adiabaticVolumetric and adiabatic
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Grid generationGrid generation

- Rack generating procedure
-- Basic geometrical parametersBasic geometrical parameters
-- Discretisation on boundariesDiscretisation on boundaries
-- MultiparameterMultiparameter adaptationadaptation

- Transfinite interpolation
- Hermite blending functions
- Multidimensional stretching functions
-- OrthogonalizationOrthogonalization
-- SmoothingSmoothing
-- Regularity checkRegularity check

Block structured mesh for solid (rotors) and fluid passages



Cross sectional view of numerical meshes Cross sectional view of numerical meshes 

Rotors: 189,144
Entire mesh: 353,084

Rotors: 515,520
Entire mesh: 637,790

Rotors: 322,560
Entire mesh: 448,830



Moving mesh Moving mesh 
generated generated 
by SCORGby SCORG



SCORG



FSI for screw compressorFSI for screw compressor

Configuration 5/6
d1= 126.7 mm,  d2= 101.4 mm, a= 90 mm   
l=212 mm, l/d=1.66, wrap angle=320 deg 

Nominal clearance 65 mm   
n=5000 rpm

442 130 cells, 25 time steps/cycle



FSI for screw compressor FSI for screw compressor 
Examples:Examples:

Case 1: Oil injected air screw compressor
Pinl= 1 bar,  Pout = 6, 7, 8, 9 bar
tinl = 20 degC, tout = 40 degC

Case 2: Dry air screw compressor
Pinl= 1 bar,  Pout = 3 bar
tinl = 20 degC, tout = 150 degC

Case 3: High pressure oil injected screw compressor
Pinl= 30 bar,  Pout = 90 bar
tinl = 0 degC, tout = 40 degC



Oil injected Oil injected –– Pressure/VelocityPressure/Velocity



Oil injected Oil injected -- Pressure 3D viewPressure 3D view



Oil injected Oil injected -- Oil concentrationOil concentration



Oil injected Oil injected –– Concentration/VelocityConcentration/Velocity



Oil injected Oil injected -- Oil distribution 3D viewOil distribution 3D view



Experimental verificationExperimental verification

-- Meets Meets PneuropPneurop//Cagi Cagi standardsstandards
-- Compressor tested to Compressor tested to ISO 1706ISO 1706
-- Flow measurements  Flow measurements  BS 5600BS 5600
-- Certified by LloydCertified by Lloyd’’s of Londons of London

--Test rig enables oil flooded Test rig enables oil flooded 
and dry air compressors to be and dry air compressors to be 
measured.   Limits:measured.   Limits:

-- Power      <= 100 kWPower      <= 100 kW
-- Delivery  <= 16 mDelivery  <= 16 m33/min /min 

-- High accuracy test equipmentHigh accuracy test equipment
-- pp--αα diagram diagram –– piezoelectric transducerspiezoelectric transducers
-- Computerized data loggerComputerized data logger
-- Real time calculation and presentationReal time calculation and presentation



PP--αααααααα diagramdiagram



Integral parameters Integral parameters –– Power, DeliveryPower, Delivery



Oil injectedOil injected Pinl=1 b     Pout=7 b       n=5000 rpm 
tinl=20 oC   tout=40 oC



Pinl=1 b     Pout=7 b       n=5000 rpm 
tinl=20 oC   tout=40 oC   mag=20,000x

Oil injectedOil injected



Oil freeOil free Pinl=1 b     Pout=3 b       n=5000 rpm 
tinl=20 oC   tout=150oC  mag=1,000x



High pressure oil injectedHigh pressure oil injected Pinl=30 b    Pout=90 b      n=5000 rpm 
tinl=0 oC      tout=40 oC    mag=2,000x



FSI integral parameters FSI integral parameters PowerPower--Flow diagramFlow diagram



FSI integral parameters Psp-Flow diagram



CONCLUSIONSCONCLUSIONS
- Compressor rotors deform. Due to that, clearances change. That 
influence internal leakage, and deteriorate compressor performance. 

- Computational continuum mechanics is employed to analyse 
interaction between fluid and solid, 

-- SCORGSCORG - A stand alone program is developed to transfer screw 
compressor geometry and parameters to CCM solver automatically;

-- COMETCOMET GMBH ICCM was used for CCM calculation;

- Calculation results for oil injected compressor are compared with 
measurements

- Method is used to estimate influence of rotor deflection on overall 
screw compressor parameters.


