\ cdynanrdo

CFturbo®
Optimization and design of turbo machines using
ANSYS optiSLang and CFturbo

Marius Korfanty , CFturbo GmbH
Markus Wagner, Dynardo GmbH

..............
'''''''''''''''
............
...............
.........
...........




CFturbo® cynarco

Outline

A Introductioninto optiSLangand CFturbo

A 1: 0O ptimizationof an axialp  ump ( M. Korfanty, CFturbo GmbH)
Aim of analysis

CAE Workflow

Sensitivity analysis

Optimization

To Do Do Do Io

Summary

To

| . Performance map analysisof aradial compressor
(M. Wagner, Dynardo GmbH)

Aim of analysis

CAE Workflow
Sensitivity analysis
Optimization on MOP

o Do Do Do o

Summary

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and CFturbo



CFturbo® cynarco

Outline

A Introduction into optiSLang and CFturbo

A 1: 0O ptimizationof an axialp  ump ( M. Korfanty, CFturbo GmbH)
Aim of analysis

CAE Workflow

Sensitivity analysis

Optimization

To Do Do Do Io

Summary

To

| . Performance map analysisof aradial compressor
(M. Wagner, Dynardo GmbH)

Aim of analysis

CAE Workflow
Sensitivity analysis
Optimization on MOP

o Do Do Do o

Summary

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and CFturbo



CFturbo® cynarco

Dynardo

A Founded: 2001

A More than 60 employees,
offices at Weimar and Vienna

A Leading technology companies
Daimler, Bosch, ZF/TRW,
Siemens are supported

Software Development CAE - Consulting

A

%Y optisLang [€7] S oS | multipias I

Dynardo is engineering specialist for
CAE-Dbased sensitivity analysis, A
optimization, robustness evaluation
and robust design optimization

To o

Mechanical engineering
Civil engineering &
Geomechanics
Automotive industry
Consumer goods industry
Power generation

CFturbo

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and
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&) optiSLang

Ais a general purpose tool for variation analysis W =S X

using CAE-based design sets (and/or data sets) f __ "/; Z
forthe purpose of \

A sensitivity analysis |-

A design/data exploration! .
A calibration of virtual models to tests' | =

l/
A optimization of product performance 11 “
A quantification of product robustness and product reliability |/ iliiy =
A Robust Design' Optimization (RDO) and Design for Six Sigma (DFSS)( '/ ')

support of process integration
serves arbitrary CAX tools with —— process automation
workflow generation
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SPDM
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Workflow-Management —
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Process Integration
and for B SN Output
Automatization
Output
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ANSYS optiSLang other Solver
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| Postprocessing
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Design Understanding

Investigate parameter sensitivities, Design Improvement
reduce complexity and Optimize design performance

generate best possible meta models

CAE-Data

Robust Design

Measurement
Data

Model Calibration

Identify important model parameters
for the best fit between simulation

Design Quality
Ensure design robustness
and reliability

and measurement
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Design Software

A CFturbo® is a modern, powerful and ufgendly software for
Conceptual Turbomachinery Design

A 160 active clients globally

A CFturbo® modules to design
- Pumps
- Blowers
- Compressors
- Turbines
- Stators and diffusers
- Volutes

1

A Industries Aerospace, Automotive, Consumer Products, Energy, Oil &
Gas, Marine, Mechanical & Process Engineering, Semiconductor,

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and CFturbo
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Company structure

CFturb& GmbH
| |
- CFturb® Software - CAE Consulting ® Workflows
AConceptual Design || ATurbomachinery AAutomated CAE
Software Design workflows
ACustom development | AFlow & strength ADOE

ATraining simulation (CFD,FEA)| AOptimization

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and CFturbo
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| Aim of analysis

Design point

A Flow rate Q = 1.476 m3s
A Total pressure differenge |3 0.466 bar (H = 4.755m)
A Rotational speed = 78pm
A Water, no preswirl

Obijective
A Max. hydraulic efficiency

Constraints
A i 5,<90A
A Total pressure differenge L810%

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and CFturbo



CFturbo® cunarco

s Blade properties | < |
I ‘ A E WO rkfl OW I ‘ Ftu rb O @Mandm:nﬁlnnﬁ =, r_‘! Meridional contour = Vll.dzpm.ph -y é Blade mean ines =) 7 Blade profies =) m
Df“:l;ﬂ::sl D;":::’Z 15 Velocity Values Default BB Meridian. ‘ ,m ‘
9]
© Blade setup @ cu, cm specification | © Blade angles |
E original_AxialPump.cft-batch | 5
- cu, em distribution @ trailng edge
1 |<?xml version="1.0" standalone="yes"?> () o D—
2 H<CFturboFile Version="10"> Fackal squtrium Vot los ]
3 o <CFturboBatchProject InputFile="K:\jakisch\l_WOST_Gerc\CFt_ files\original Axi G tm et E\
4 0 <Updates> EZ Fub fo Shroud =
5 H <CFturboProject Type="Object"> i [fimm = &=
= <CFturboDesign AxialImpeller Type="Object" Name="&lt,Impeller_ l&g £ Lo =, %
7 o <MainDimensions Type="Object" Desc="Main dimensions"> & =N %7 -
8 <MainDimensionsElement Type="ObJject" Name="Version 1." De - = .
9 <xTip Type="Fleoat" Desc="Tip clearance">0.003</xTip> 150 5 -
10 </MainDimensionsElement> Eﬂ b .
11 </MainDimensions> : misy | ® ;
s . - = . velocity] i rmm)
12 H <Meridian Type="Object" Desc="Meridian"> o 05 15 25 a5 es  se sz 78 = 180 260
13 H <TgrMer AImp Type="Object" Desc="Meridional contour"> prar——
14 H <Bezier4MerLE Type="Object" Name="GeoLeadingEdge" Des
15 H <Points Type="Points" Count="5" Desc="Control poi
16 [ <Point Type="Point" Index="0"> B Blade mean lines - oIl
17 .~ <x Type="Fleat">0.02045</x> R e B B pdttnalViws -
18 i <y Type="Float">0.0876</y> OFE | BB &« | @ Azeonmenines B zoomat | DFrevew x T:Tn;e:'my 5 progression |
19 t </Point> 1@* nal cogtainzte: u I~ Centaipezer pont
20 H <Point Type="Point" Index="1">
21 : <x Type="Fleat">0.02045</x> 1 flCezeinn e
22 : <y Type="Float">0.12116667</y> . 7 "‘“"i‘%':’::"“’ |
. </roint>
24 O <Point Type="Point" Index="2"> 4 Y | g E
25 <x Type="Float">0.02045</x> . / I - o
/ 4 0.0 0.3
/ s 00 w3
« o s . N o
2 F II t = t d I f h' s ; / Beta progression x % EE 22;
ully parametric geometry model of machines Z IIn el
- - - 2 oz R 0.0 80.3
2 ﬁ T
acn parameter can pe used 1or optmization .. & o w
//—\_\ 15 0.0 80.3
02 * P ——
—
0] Ceading edse. Traiing edae =
tangential ? 15 /
0 02 04 08 08 1 12 14 me

: Optimization

and design of turbomachines using ANSYS optiSLang and




CFturbo® cdynarco
| CAE Workflow I PumpLinx

CFD system with high solver speed, especially f
fluid systems with rotating/ sliding components

Geometry modeivith

R Simerics
&

iInflow region impeller outflow region

Meshdensity.
292 000nodes
200 00Ccells
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| CAE Workflow I Optimization parameters

. Parameter | Reference| Minimum | Maximum

dy=dy, 176 mm 140 mm 210 mm
Main _
dimensions dsi= oo 584 mm 467 mm 700 mm
A df/ds; 0.30 0.20 0.45
3 ni 204 mm 160 mm 320 mm
4 zed 0.1 0.2 0.1
Meridional
Bl 0.9 0.8 0.9
7 7l 0.9 0.6 0.98 ZEH dH2|
dys ’ ZTE,H
= >
Simplifications r
A Hub and Shroud (Tip) aspsrallel Z Meridional view

A Straight meridional leading and trailing edge

Webinar: Optimization and design of turbomachines using ANSYS optiSLang and CFturbo
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| CAE Workflow I Optimization parameters

VB2
5
m-
Blade =
properties 8 Ny € 2 6 qjq
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9 ties 0A -25A 25A " e
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Mean lines 12 mj gy f 0.333 0.1 0.4 0\)6
M v o m
1| 1 0.166 0.1 0.4 j 1o H 2
B1,H m
14 Mgt 0.718 0.6 0.9 S T LMz
Leading edge
15 Mg 0.773 0.6 0.9
15 parameters for optimizatio TEH |
Simplifications: tres,
A Free vortex velocity distribution m
A Automatic calculation of blade angles ‘ t Mean lines

i gi(shockf Saa Agy(Hulerguatian) |
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