RO b u St DeS I g n Realize Your Product Promise™
Optimization of an

Axial Compressor

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Johannes Einzinger
ANSYS Germany GmbH



Motivation
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Primary Design, PCA Engineers

A1.5 Stage Axial Compressor £ 3
AiGv(n=37) «B»
AR1 (n=71, Gap @ Shroud 2% Span) 2
As1 (n=91, Gap @ Hub 2% Span) PG A
APressure Ratio Y= T
A Mass Flow Rate 10.6 [kg/s]

A Diameter d = 0.525 [m]
AESURSREN. =
A Blade Mach Number M,=0.75
A Specific Speed n .= 1.3

A Specific Diameter d.=2.3
ALoad Coefficient
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Outline

AParametric Geometry
AAutomatic Meshing

A Automatic Solution
— Fluid Mechanics
— Structural Dynamics

A Sensitivity Analysis
ADesign Optimization
ARobustness Evaluation
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Process Overview
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Process Overview
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Geometry, Aero Dynamic
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Geometry, Blade Design

ACAD Design of SR
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Meshing, TurboGrid
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CFD Simulation

ACFD Solver: CFX
ANodaI based FVM

—Ip¢dV+¢p¢V dA = @Fqu dQ\+IS dVv

ACoupIed Solutlon + AI\/IG
- AMass & Momentu
~ ATurbulence Model:
T4 AShear Stress Transport
“Z'---__ " —One sector by passage, MFR:
AProfile Transformation
APeriodic Interface
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Transient Blade Row Method

Profile Time Fourier Harmonic
Transformation Transformation Transformation Transformation
Mixing Plane Time Inclining Shape Correction f (t)gYF(
Frozen Rotor Phase Shift R&D
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CFD Post-Processing
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CFD Post-Processing
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Quality Assurance Iteration Error
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Quality Assurance Discretization Error

1.60

Convergence study on
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to minimize numerical error
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Mechanical Simulation Procedure

AMechanical Equation System
M-Gi+D-u+Ku)-u=f,+f ()
— Linearization
— Decomposition U(t) =u,+ Au(t)
A Static System (Pre-Stress)
K(u,)-u, = f,
AModal Analysis
—°-M +K(u,) -®=0
ALinear dynamic System
M-AlU+D-Au+K(u,)-Au="f ()

|

>
(-

N

N
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Model Order Reduction

M-Ali+D-AU+K(u,)-Au="T(t)

AApproximation -I =
Au(t) = @-q(t)
Aleads to reduced dynamic System
O MP-g+@ DP-q+ D' KP(U,)-gq=D" f(t)
Aorthogonalityof 0 | eads t o
G +2-&-@,-q+o5-q= {,; (1) i,
AFourier Transformation v myod /T
ATime to Frequency Domain - i//if
a)g _QE RZNC- @, - ), - | 0 :wf;;iﬁk | -
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Modal Analysis
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Forced Response Analysis

- - w [+] L] [ ]

Errr T AH Analysis:
;Oﬁnom«mwo /,—l;Q'r oas l;- 7N armOnIC na SIS-
3 @ Geometry Vg 83 §) Geometry o83 @) Geometry V' 4
e oougm oti= o AModal Superposition
6 @ Sokton = o @ sohon 6 @ souton 7,
7 @ Resis P 7 @ Resuds Vi 7 @ Ress VY .

e L — | AFluid Load F(q)

Te ) i Ko d i

Av. Mises Stress U, ,(q)

22 ptember !

¢vull



Process Summary and Objectives
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Sensitivity Analysis
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