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1. Company overview

Fields of activity

NNNNNNNNNNNNNNNNNNNNNNN

CFturbo® Software & Engineering GmbH (Germany)

O CFturbo® Software

® CAE Consulting

©® CAD & Prototyping

» Design software for
turbomachinery

 Training courses
» Workflows

» Turbomachinery
conceptual design

 CFD/FEA simulation
» Optimization

» 3D-CAD modeling
» Prototyping
(with partners)
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1. Company overview (ONVERGENCE
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2. Aerodynamic compressor design
What is CFturbo?
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CFturbo = conceptual turbomachinery design (radial, mixed-flow, axial)
for impellers, stators and volutes

Machine design point

m, H/Ap, n,

Fluid properties,

Inlet boundary conditions

High geometrical flexibility,
many checks, information

Fundamental fluid equations
Euler's equation of turbom.,
Continuity,

Momentum equation,
Velocity triangles, ...

Empirical functions
Publicly available experiences,
In-house know-How

|

CFturbo”®

|

New / improved
3D geometry

Geometry import,
redesign optionally

—
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2. Aerodynamic compressor design mC NVERGENCE
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CFturbo input SFalC
Design point
« Total pressure ratio e =4
« Mass flow m =0.11 kg/s
« Rotational speed n =90000RPM
* Max. motor power Py <30 kW
« Max. available power P, =25.5kW

Global setup (Compressor) @

Design point General machine type:  Radial (high pressure)
Flow rate
Mass flow - m (011 kgi's

Constraints e

Total pressure ratio

. . Revolutions n[p0000  Jmin
* Max. casing extension

G
" - - N:I'Srle Air - P Specific speed (EU)
i IVI an ufaCtu rl n g by fI an k m I I I I n g Model | Perfect - Specific work ¥ 1.432E5 nfle®

Power output PQ 15.75 KW
Inlet conditions .
Inlet total sonic speed at1 34326 m's
Total pressure pt|! bar
Tota-to-total pressure difference Apt 3 bar
Total temperature Tt EU °C
i Volume flow s 333.29 mh
w Optional Inlet total density piS 1.1882 kg/m®

Some optional parameters...

 OK | ).ggﬁnce\l P Help
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2. Aerodynamic compressor design (ONVERGENCE
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CFturbo design steps wisohg

— Impeller
Main dimensions Meridian contour Blade properties Mean lines Blades edges
o o o (e - I —— b_::ﬁ_::a Mo T
= - % = ; :'E:: ‘._:.""_‘"“" - w:“w::a,n,,.,_ j::;r*- e )// ;»- :-;:';v-m-**'* B ;:::-
3 ».:. - E f \\ e — : \ & / T:wn = e f:i::.ﬁ.:.w.
SRERN = . |
— Volute General
Cross section Spiral areas Diffuser, Cutwater Meridian view
[ rer—pr—— [ — m_“?l e o — et = . [T
<.’ —_ | A== F
" ) ;
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2. Aerodynamic compressor design
wi¥ohw

CFturbo design steps

D = t Melidional contour (= IEI
eS I g n S ep @\ e - E - . ﬁ *};\ % 30-Praview x E Additional Views -
LS Design mode
ex al I l I e [radial coordinate -
55 |r [mm] 2 Hub, Shroug | =! Middie
1 dz2
| [ Traiing edge fixed on outlet
45 7] Informational values
1 Hub Shroud |«
Static moment S [mm®]
] Curvature progression = 14195 1210.2
R b Angle on endpoint £ [7]
0.051 JCUMVAtUTe [] 90.0 80.0
_ 1 Angle of leading edge yLE [7]
=7 0.051 4 50.0 50.0
E Axial extent Az [mm]
1 CO 25.0 218
] 3 Radial extent Ar [mm]
o Wl 3 420 240 3
1 ds 3 Axial extent blade AzBI [mm]
| L 5 U2 20.1 17.2
1 Radial extent blade ArBl [mm]
257 EE; ] — a8 240
] : ——.—.—.—.—.—.—.—?lm Angle of inlet yIn 90 =
E 0 40 B0 Angle of outlet yOut g
1 » Angle of LE yLE an =
j m-—-— Static moment Angle of TE yTE [+ ]l
_ Axial extent defa  AzDef 23.4 mm —
] [static moment [-] Axial extent max, AzMax 25 mm
i | Radial extent ma: ArMax 42 mm
13 ] Axial blade overlz  BLAx 100 %
1 Radial blade over BlRad 97.694 %
850 LE distance b1  17.616 mm
] et dH ] e La  ameme o T
b SO i Reference components
z [mm] T
J . d 1 Configure...
axial coordinate @ .
—— T — 7T T T 1
m, 0 10 20 30 -150 M/MMax |ﬁ|
L4 B oK v‘ X cancel | 2 Hel
[s] C # Help
313:79 154 % Hub  Middle  Shroud 03 s 70 80 v
N
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2. Aerodynamic compressor design (©NVERGENCE
Components wisow

Assembly Volute

Diffuser

: Impeller
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3. Automated simulation process

Overview

Design point,
requirements

Optimization

]

Conceptual Design

CFturbo

CFturbo®

interactive or automatic

Grid generation
ANSYS ICEM-CFD

Simulation
ANSYS CFX

_—




3. Automated simulation process

Meshing in ICEM-CFD

Export

Interfaces

+- Basic

= CAD
B | autecan
ﬁﬁ BladeGen
gS CATIA

H Creo Parametric

x‘ Inventor

E X

@ SOLIDWORKS
=~ CFD

ANSA ANSA

" AutoGrid

@ ICEM-CFD

Vv GG
@ Pointwise
& PumpLinx
& SimericsMP
@ STAR-CCM+
E=3 TurboGrid

*
«m# Vista TF
L 4

o0& oo

o0 8008 F0

Components

7 | ICEM-CFD: multi component selection supported.
< <stator>

< <Stator>

& <impeller>

<> <5tator>

@ <Volute>

Export
Open exported file(s)

Wersion | 150 (WinG4) 2 C:\R

Export path: Z:\Daten\Projekte\ASA\cad \Stage 174

Leg

Settings
Export destination

Path 2

Z:\Daten'Projekte\ASA\cad \Stage 174

Base file name
Ftage 17_Imp06_Rdf04_Val12

Parameters

Set parameters ...

NVERGENCE
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Export in CFturbo

ICEM-CFD parameters in CFturbo

Export ICEM-CFD

General
Topology Surface mesh
@ Full (360°) [ Export STL

Single blade passage

Mesh
Tetrahedra

Part | Max. size Max. deviation Layers Height Height ratio  End height Total height Height factor

+!0.20085 F |7 2Jooosssnd 4o o 00625 003125

2 0.20085 M |© =z|ooossss 12 0 0.03125

= 0.20085 W |7 +|ooossens 12 0.0122 0.0625

] 013397 IV [T {oocosseos 12 0.0122 0.125
o 7] 013397 [ |7 zjooosssos 12 0 0.0625

=l- WV [T <|ooosssos 12 0 025

- ¥ |7 zjooosssos 12 0 025

- -

= I = 2 0

Al 7 = ; -

STL parameters

1 coarse |ﬁ$ Widdle |¥ Fine

Global element scale factor ’1—
Global element seed size ’ﬁg
Win. size limit |0-25 g

Edge criterion |0.15

Information
Mesh method Miscellaneous-
@) Robust (Octree) Compenent caption Triangulation tolerance I

Impeller ME-& .

Mesh element size may not match
the geometry (see marked cells).

Quick (Delaunay)

Max. size at interfaces of adjacent
| compenents should have similar

Prism layers values.

1 coarse ‘ﬁi Widdle ‘# Fine

Number of layers 7 S
Height ratio 1.2

Growth law  Linear &~

o OK | XCancel | ? He

—
Sesss S
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3. Automated simulation process NVERGENCE
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Meshing in ICEM-CFD V7810, ;

W ICEM CFD15.0:

CFturbo2ICEM panels in ICEM-CFD

@v H Eg@| ) (o Geometry | Mesh | Blocking | Edit Mesh | Properties | Constraints | Loads | Solve Options Dulpull CFurba I

B RKE Q@

'b Meodify mesh parameters for the component .../Vortrag_Brasilien/VOLUTE EI = @
——e— Input mesh Tetra mesh method Frizm layers control Re-mesh options Information |
e [~ LoadhomSTL || & Robust (Dctree] @ Firatio [~ Use existing volume tetrarmesh
™ Quick [Delaunay) " Fix initial height I~ Usze only surface mesh
|Global
Tekra Prism
Global element scale factar |1 Murnber of lapers |5 = [~ One layer and split
Global element sead size |4 ﬁl Height | 0.03571 Total height | 0.0
' Min. size limit| 0.5 E Height ratio | 1.2 Height factor [0.0
CFtuibo2ICEM @ Eduge criterion | 0.15 Growth law | Linear |
CFtubo® version:  9.2.0 |—| ) | Encsl
Funning version: 5.0.0.0 Part| Max. size Max. deviation | ¥ Layers Height Height ratio Total height | Height factor
Irflow (4 i 0 ™ |s f 0.03571 1.2 0.2500 0.0625
CFturbo@ Outflow | 4 +{|0.28398 |5 =|0.0357 12 0.2500 0.0625
Spiral |4 =]|0.28338 M |5 =|0.0357 1.2 0.2500 0.0625
%’C’Tgewmk'”g p. RN e Cutwater [0.5 2 [n13288 v [f ZooEn iz 0.2500 05000
LN mode:
& Interactive £ Automatic Outlet_Diffuzer |2 ZI 028398 (I i ZI 0.03571 12 0.2500 01250
(o Handle setting: [ Open |L—_] Save |l\£!, Save Az | Mo parameters file recently saved for this component % Reset |\/ 1] 4 | X Cancel |
_.Martrag_BrasiienYOLUTE T —-—=
| Input / ~ ’b Input settings EI = @ 'b Output settings EI = @
g i | Information |
bz St ._7 Irpor B STEP Reader |Infl:|rmal||:|n | Export format: |CF><5 [Bnsys CFX] i
Mesh - -
‘s 7 | CFhurbc2ICEM reader: ]
T2 Parameters Woarkbench reader baszed on [CEM Step Translator with Topology
Dutput * CFturboICEM reader additional names recognition " Full (360°] € Single blade passage
Iz Settings  @—— I~ Use version 5.1 Units
. = = Options " [mm] Millmeter € [in] Inch
% Test % Load procs 3% Log  Clear J Urits " [cm] Centimeter < [ft] Feet
Session started on Wednesday, 06 of May of 2015 at 16:46:07
o =  [mm] Milimeter  © [in] Inch & [m] Meter
Brasilien/ZULAUF 1} 5tar ‘S : 'S File encoding
St STATOR R [em] Centimeter [ft] Feet S et e
VSTATORS " [m] Meter A
..Nortrag_Br WOLUTE - - Family names
j r L [ Hames with prefis ™ Export original families
Apply Ok Dismiss 1— J 0K J 0K |
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3. Automated simulation process NVERGENCE
Meshing in ICEM-CFD

« Fully automated, script based meshing with Tet/Prism, Hexa
* Mesh size: 4.6 Mill. nodes
» Design maodifications and meshing within 1 hour

N
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3. Automated simulation process (©NVERGENCE
CFX settings L s (©), T

Impeller

OUTLET: Outlet pipe

Mass flow
Volute

« Steady-state simulations
(Frozen-Rotor model)

 Transient simulation
for final model

e« SST turbulence model Radial diffuser

INLET:
Total pressure

Inlet pipe

B _
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Impeller and Volute YO

Static pressure Velocity
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4. Results (ONVERGENCE
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Impeller iSO
Static pressure (mid-span) (blade-to-blade) (meridian)

[ 250000
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- 200000
- 175000
- 150000
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- 100000
- 75000

50000
l 25000
0

[Pa]
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Performance map wiSohg#
4.50 -
|
|
4.25 - |
|
90 000 RPM |
4.00 - |
— [
L |
Q
@ 3757 | 97 000 RPM
- |
v [
2 I
= 3.50 - :
o |
— |
o |
g a | 94 000 RPM
& |
v ] 92 000 RPM
= 3.00 |
|
—e—CFD |
2.75 - | 86 000 RPM
—4—Experiment : 90 000 RPM
|
2.50 | | | | | I I 1
0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16
corrected mass flow [kg/s]
N _
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Prototype V%2 (©)," 2

I _
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5. Conclusion and next steps ok

« CFD based design procedure for compressor stage
- comfortable, easy-to-use
- reliable results
- very fast design and analysis

« 10 different compressors designed to get best compromise between
efficiency, power requirements and geometrical constraints

« Project was running within 4 weeks

« Stage efficiency Ngg =67 %
Impeller efficiency  ny,, =84 %
Power consumption P, =25 kW

. . cxll
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5. Conclusion and next steps (ONVERGENCE

Optimization V52 1©)," 2

« Efficiency optimization (impeller only) using opUSLang
« CFturbo for initial design and Pre-Optimization RS
 ANSYS TurboGrid for single passage meshing
« ANSYS CFX for flow simulation

« Adaptive Response Surface Method (ARSM):
only = 100 simulations on Desktop PC (< 24 h)

& Pre-Optimization i | ARSM - Optimization

Y —

Process Parameter

| ' 1 >—J
s o preseae) d I — W

0 ’ CFturbo Input TurboGrid CFX in Ansys Workbench

b using Pre-Processor
CFturbo Initialization for mesh import (*.gtm)

o — Pre-Optimization Elﬁ ' ’ N ﬁ ))\

- bo |

CFturb!
urbe .(number 9f LSS, CFturbo  TurboGrid - Preparation
impeller diameter...)

— L
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Optimization wilohs#
Initial design: Ny, = 78 % Optimized design: n,, = 84.5 %

... will be
continued for the
whole compressor
stage ...

EE—— _
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