
SIMULATION OF FLOW-
INDUCED VIBRATIONS IN 
TURBOMACHINERY

Vibrations in Turbomachinery

Due to the interaction between 

rotating and stationary turbomachinery 

components,thetransientfluidflow

is characterized by periodic pressure 

fluctuations.Thoseoscillationsexcite

vibrationsoftheblades.

MpCCI FSIMapper

ThetoolMpCCIFSIMappertransfers

thepressureexcitationfromtheCFD

calculationtoa(notnecessarilymatching)

structuralmesh.

Sincestructuralvibrationanalysesworkin

thefrequencydomain,theexcitingpressure

fluctuationsneedtobegivenasfrequency

dependentdata.Inthiscontext,both

conceivableCFDsimulationscenarios–

transientorharmonic–aresupported.

InthecaseofTransient CFDresults,the

pressurefluctuationscanbeautomatically

transformedbytheFourierdecomposition

(seeFigure1)inordertocreatethe

frequencydependentloadingforthe

vibrationanalysis.

Harmonic CFD resultsmeetbydefinition

thedemandsontheloadingforvibration

analyses.Forperiodicsourcemodels,

they are mapped in consideration of the 

inter-bladephaseangle.
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1 Fourier transformation of 

transient pressure field.
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Software Solution

MpCCIFSIMapperisavendor-neutral

mappingsoftware,buildingaunidirectional

file-basedinterfacebetweensimulation

tools.Itoffersdifferentspatialinterpolation

algorithmsinordertotransfersimulation

resultstoastructuralsimulationmesh.The

mappingalgorithmshandledifferentsource

andtargetmeshdiscretization,element

types,geometriesandunitsystems.

MpCCIFSIMapperallowstoreaddata

ofvariousCFDresultformatsaswellas

twoEMresultformats(seetablebelow).

ThesupportedEnSightGoldformatcan

beexportedbydiverseCFDtools(e.g.

ANSYS Fluent,ANSYSCFX,STAR-CCM+,

STAR-CD,OpenFOAM,etc.)whichenlarges

thepracticability.

Themappeddataisexportedintothe

nativetargetsimulationsyntaxofAbaqus,

1 Periodic source mapping surface (CFD). 2 Valid target surfaces (FEM), periodic and full.

ANSYSMech. APDLorMSC.Nastran

whichallowsthedirectinclusionasload,

boundaryorinitialcondition.Here,static,

transientandharmonicloadcasesare

supported.

Special Features

Often,periodicmodelsareusedin

turbomachinerysimulations.Inorderto

facilitateastraightforwardmappingto

astructuralmodel,MpCCIFSIMapper

offersthepossibilitytomapdatabetween

differentlyshapedsourceandtarget

sections(seeFigure1and2).Also,the

mappingtoafulltargetmodelispossible.

Inordertocreatethecomplexloading

forstructuralvibrationanalyses,

MpCCI FSIMapperisabletoperform

aFouriertransformation(including

windowing)oftransientpressuredata.

Here,theEnSightGoldformat(.case)is

supported.Thetooloffersfeaturesaswin-

dowing,timerangefilteringandfrequency

truncationfortheexport.

Moreover,MpCCIFSIMapperisabletomap

complexpressureexcitationamplitudes

resultingfromharmonicCFDsimulations

astheNonLinearHarmonicmethodof

FINE/Turbo(.cgns)ortheHarmonicBalance

methodofSTAR-CCM+(supportedvia

EnSightGold‘.case’).Astheharmonic

loadingofcyclicsymmetriccomponents

exhibitsaspecialperiodicity–described

byatemporalinter-bladephaseangle–

MpCCIFSIMapperconsidersthisangle

when mapping between different source 

andtargetsections.

Theincluded“Harmonic”Wizardallowsto

mapseveralharmonicloadingsatonce.
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CFD Structural Simulation

• ANSYSFluent(.cas,.dat)

• ANSYSIcePak(.cas,.dat)

• ANSYSCFX(.csv)

• EnSightGold(.case)

• FINE/Turbo(.cgns)

• FloTHERM(.flofea)

• FloTHERMXT(.txt)

• FloEFD(.efdfea)

EM

• MagNet(.vtk)

• JMAG(.nas)

• Abaqus

• ANSYSMech.APDL

• MSC.Nastran

• LSDYNA*

*OnlyforFouriertransformedtransientdata




