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Motivation

ÅTurbo Machines show:

ÅRotating and stationary 

Parts

ÅTransient Flow Field

ÅChoke, Stallé

Åé

ÅDynamic Blade Loading

Åé

High Requirement 

for Optimization
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Å1.5 Stage Axial Compressor

ÅIGV(n=37) 

ÅR1 (n=71, Gap @ Shroud 2% Span)

ÅS1 (n=91, Gap @ Hub 2% Span)

ÅPressure Ratio Ʉ=1.4

ÅMass Flow Rate 10.6 [kg/s]

ÅDiameter d = 0.525 [m]

ÅRot. Vel. ɋ = 9300 [rpm]

ÅBlade Mach Number Mu=0.75

ÅSpecific Speed ns= 1.3

ÅSpecific Diameter ds=2.3

ÅLoad Coefficient Ɋ=0.45

Primary Design, PCA Engineers



© 2011 ANSYS, Inc. September 15, 
2011

4

Outline

ÅParametric Geometry

ÅAutomatic Meshing

ÅAutomatic Solution
Fluid Mechanics

Structural Dynamics

ÅSensitivity Analysis

ÅDesign Optimization

ÅRobustness Evaluation



© 2011 ANSYS, Inc. September 15, 
2011

5

Process Overview
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Process Overview
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Geometry, Aero Dynamic

ÅCamber/Thickness for

ÅIGV, R1, S1; 2-3 Layers

Å5 ɓi per Layer, 3xThk

ÅHub, 8 radii (const. Shroud) 

Å47 CAD Input Parameter
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Geometry, Blade Design

ÅCAD Design of

ÅHub/Shroud Solid

ÅCasing, Filets

Åé

ÅDesignModeler

ÅCAD-Interface

Blend-Radius

CFD-Mesh

FEM-Mesh
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Meshing, TurboGrid

ÅHigh Quality 

Meshing

ÅAutomated for 

Turbo Machinery

ÅParametric Mesh 

Sizing
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Meshing, General

ÅHex-Dominant

ÅAutomatic Size Functions

Åé
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CFD Simulation

ÅCFD Solver: CFX

ÅNodal based FVM

ÅCoupled Solution + AMG

ÅMass & Momentum, Energyé

ÅTurbulence Model:

ÅShear Stress Transport

One sector by passage, MFR:

ÅProfile Transformation

ÅPeriodic Interface

V A A V

V A AdV d d S dV
t



© 2011 ANSYS, Inc. September 15, 
2011

12

Transient Blade Row Method

Profile

Transformation

Mixing Plane

Frozen Rotor

Time

Transformation

Time Inclining

Fourier

Transformation

Shape Correction

Phase Shift

Harmonic

Transformation

f(t)ŸF(ɋ)

R&D

S2

S1

R2

R1

ROTOR

STATOR

VRPR PS

unequal pitch ÅAccurate accounts for unsteady interactions

ÅUnequal pitch between row passages

dictates full or partial wheel modeling

ÅRequire large computing resource

Phase-shifted boundaries

a consequence of 

pitch change
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CFD Post-Processing

ÅGeneral Post-Processor

ÅTurbo Mode

ÅHighly Automated

ÅCustomize able
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CFD Post-Processing
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Quality Assurance Iteration Error

<1%
Variation of 

Monitor Point

at Iteration 250Goal Residual

Residuals

Total Pressure Ratio

Efficiency

Total Temperature Ratio
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Quality Assurance Discretization Error

Mesh Min Angle Max Exp. #Nodes

1 29.59 15.2 ~50000

2 30.85 6.69 ~100000

3 31.52 4.90 ~150000

4 35.73 4.60 ~250000

Convergence study on 

scalable high quality mesh 

to minimize numerical error

Rotor

Stator

IGV

Total Pressure Ratio

Total Temperature Ratio

Polytrophic Efficiency
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Mechanical Simulation Procedure

ÅMechanical Equation System

Linearization

Decomposition

ÅStatic System (Pre-Stress)

ÅModal Analysis

ÅLinear dynamic System
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Model Order Reduction

ÅApproximation

Åleads to reduced dynamic System

Åorthogonality of ū leads to 

ÅFourier Transformation

ÅTime to Frequency Domain
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Fluid-Structure Coupling

ÅDisplacements

ÅRot. Velocity

ÅCFD-Pressure
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Static Structural (Pre-Stress)

ÅStatic Solution:

ÅDisplacement 

ÅStrain & Stress

ÅNumerical Error

ÅPre-Stress for 

further Analysis
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Modal Analysis

ÅPre-Stressed Modal Analysis:

ÅEigen Frequencies and Vectors 

ÅData for further MOR-Analysis
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Forced Response Analysis

ÅHarmonic Analysis:

ÅModal Superposition

ÅFluid Load F(ɋ)

Åv. Mises Stress ův.M(ɋ)
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47 (59) Input

Parameter

24 Output 

Parameter

Objective:

Efficiency = max

Total Pressure = max

Stress < Limit

No Resonance

Process Summary and Objectives

11 Input 

Constraints
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optiSLang Integration/Interface

ÅDirect Integration

ÅCorrelation Matrix

ÅCoefficient of Prognosis

Å2D and 3D Plot

ÅAnthill Plot

ÅPictures of Design xxxx

Åé
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Sensitivity Analysis


