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Turbo Machinery

ROBUSTN ESS EVALUATION AN D RDO OF 
A CENTRI FUGAL COMPRESSOR IMPELLER
Effi ciency enhancement concerning fl ow and mechanical properties in turbo machinery by performing sensitivity 
analysis and Robust Design Optimization with optiSLang® and ANSYS®. 

The economy‘s ever-increasing need of energy and, at the 
same time, the rapidly declining resources, have made effi -
ciency – and hence Robust Design Optimization (RDO) – one 
of the most important challenges for engineering at the 
moment. During energy transformation, in almost every 
application the turbo machinery is one of the most impor-
tant parts of the process chain and shows a high potential 
for optimization. The following case describes the optimi-
zation workfl ow of a highly stressed centrifugal compressor 
impeller. The project aim was to fi nd a new geometry with 
improved performance considering its fl uid and mechani-
cal effi ciency in accordance with suffi cient safety margins.

Multidisciplinary optimization, which includes both FEA and 
CFD simulations, is associated with a signifi cant amount of 
computation. Therefore, it is essential to fi nd effi ciently a de-
sign fulfi lling both the terms of fl uid mechanics and the re-
quirements of structural mechanics complying with suffi cient 
safety margins. In order to reduce the required computational 
effort, prior to the optimization a sensitivity analysis is recom-
mended. This enables the user to identify the most infl uential 
input parameter. Additionally, by this fi ltering, a reduction of 
variables for an effi cient optimization is achieved.

The use of stochastic sampling methods combined with 
high-quality meta-models make it possible to detect the 
parameter space to be analyzed, to determine safely the 
most important variables and to fi nd the desired optimum 
with a minimum of solver calls. The software optiSLang de-
veloped by the Dynardo GmbH provides all required algo-
rithms in a fully automated workfl ow. 

Parameterization and sensitivity analysis
Depending on the number of input parameters, using op-
tiSLang’s stochastic sampling methods, a “Design of Experi-
ments” (DOE) is created concerning the whole parameter 
space. The next step is generating a geometry model and 
the corresponding FEM and CFD meshes out of each design 
point. In order to ensure a stable and fully parameterized 
process fl ow, this step is conducted entirely within ANSYS 
Workbench. By the use of highly integrated software com-
ponents, a consistent parameterization and, therefore, a 
smooth fl ow of optimization will be ensured. Based on the 
geometry created with DesignModeler and Blade editor, 
the network setup of the CFD part is done in Turbogrid and 
the FEM mesh is generated with the meshing tool within 

ANSYS Workbench. After the results of all design points are 
available, an evaluation is carried out in optiSLang. With a 
sensitivity analysis using the Coeffi cient of Prognosis (CoP) 
and the Metamodel of Optimal Prognosis (MOP), the most 
infl uential input parameters are identifi ed and can be used 
for an effi cient optimization.

Optimization
A geometry of the compressor impeller generated with a 
conventional CFD design software is taken as a starting 
point of the optimization. This geometry already has good 
fl ow mechanical properties. Due to a design process con-
cerning only the terms of fl uid mechanics, however, the 
stresses within the impeller geometry are far out suffi cient 
safety margins. Therefore, the aim of the optimization is 
to lower the stresses in the mechanical analysis to a safe 
level. At the same time, the good fl uid properties have to 
be remained. Before the previously reduced parameter set 
is used for optimization, optiSLang offers the possibility to 
utilize the pre-calculated design points from the sensitivity 
analysis for a fi rst optimization step. This is done by using 
the MOP. optiSLang determines, out of a variety of suitable 
meta-models, and possible subspaces of important param-
eters, the meta-model, which has the highest prediction ac-
curacy of the result value variation. This is indicated by the 
CoP. Based on this meta-model, a fi rst global optimization 
can be run without initiating further solver calls. Only the 
identifi ed optimum on the meta-model must be validated 
with an additional numerical calculation. Based on the 
previously determined design improvements on the global 
meta-models, further optimization steps can be performed. 
In this case, an adaptive response surface method is used. 

In several steps, the parameter space around the previously 
determined fi rst optimum is adapted. In these parameter 
spaces, using the meta-models, again design points are cal-
culated and a new optimum is determined. 

Results
The result of the optimization shows the desired proper-
ties. Both the three-dimensional plots and the evaluation 
of fl ow and mechanical characteristics clearly demonstrate 
that the aims are achieved very well. By the use of mod-
ern automated optimization methods, a stress reduction 
is possible while retaining good fl uid mechanical proper-
ties. Here, the combination of optiSLang‘s stochastic and 
optimization algorithms with the parameterization and 
preprocessing capabilities of ANSYS Workbench proved to 
be a powerful tool. The tight integration of the software 
components allows a high degree of automation and, thus, 
a time-and resource-effi cient optimization process. With 
a minimum of required solver calls, even a complex, high-
dimensional optimization problem can be effi ciently solved.

Authors // M. Geller, Ch. Schemmann, N. Kluck 
(Research Computer Simulation in Mechanical Engineering, 
University of Applied Sciences and Arts Dortmund) 

Start geometry

Optimal geometryOpt

Generation of 
design nodes

Evaluation of 
design nodes

Results Meshes

Best nodes Parameter

Generation of 
geometries & meshes

FEM & CFD 
calculation

optiSLang®

eeGeeeGGeGeGGGGGG

optiSLang®

vEvvEEvEvEEEEEEEE

Optimization workfl ow optiSLang-ANSYS Workbench

CASE STUDY // TURBO MACHINERY



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


