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1 Introduction CFturbo GmbH
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1 Introduction CFturbo GmbH

Various Industries - Large Corporations and SMB - Experts and Beginners

Renewables Water & Wastewater
Oil & Gas 57
RBE X |
" AMETEK' arianecroup €’ Chemical &
Datacenters & United Technologies V/KARCHER WARTSILA Process Industry
e (8 O @I, samsune
:::.“&".E Oezmvz  ebmpapst Fes ook @ LG P
J.. BY@FENTAlR (“ ©) BOSCH B/S/H/ GRUNDFOS 2\
AAAAAAAA Mw AN/, . HYOSUNG GOODSPRINGS
Aerospace xy!tesmw t 5 B rs) penause GHUSAVAMS IHER PUype . | Food
5undyne il KIMM
WmMAico” Wilo c

MedTech

FLOWSERVE ARMSTRONG @ & MICROCARE
,M AIRBUS _ P | v FPs
/)) (' saudi aramco
Johnson S
A

Q&=DENCOR" Controls

AUtOmOtlve sssssssssssss T LT @LmOURSPAg
SYKE
SN _2D _
HAYWARD TYLER Marlne
Appliances HVAC IT-Hardware

Ccreurbo ICOMP 2023- International Conference on Pumps and Motors 5/70



~— Topics

s W NN

N
Introduction CFturbo GmbH 3
Design of centrifugal pumps with CFturbo 7
CFD and optimization made easy 15
Optimization project examples
- Centrifugal pump optimization 23
- Multistage pump optimization 36
® Material contour optimization 64
LGCFturbo ICOMP 2023- International Conference on Pumps and Motors 6/70 —




~— 2 Design of centrifugal pumps with CFturbo ~
Design methodology

Get 3D-CAD-model
Fluid and solid domains

Define design point
Best Efficiency Point (BEP)

Volume/ mass flow rate
Head/ total pressure difference
Rotational speed
Fluid properties
Inlet conditions

Parametric geometry model
CAD/ CFD/ FEM export
define batch-mode
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2 Design of centrifugal pumps with CFturbo

CFturbo
“l Radial /" Mixed-flow| Axial
Impeller sh { { ,
petier shape \] nga 871 1 N/ Ngd 5071 Lo na 110

Fluid type Incompressible Compressible
Energy transformation __ Mechanical energy 2 Fluid energy
':: Pumps ::) Marine propellers Blowers

Veénttatérs ~ Aircraft propellers Compressors

Fluid energy 2 Mechanical energy

Hydro turbines Steam turbines
Wind turbines Gas turbines
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~— 2 Design of centrifugal pumps with CFturbo

Examplesy Pumps
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2 Design of centrifugal pumps with CFturbo
Examplesv Multistage Pumps
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~— 2 Design of centrifugal pumps with CFturbo

Reverse Engineering

- Import 3D CAD (STEP, IGES, Parasolid, BREP)

/€ Reverse Engineering

Steps @ Import

@ Meridian © Blade

o Select blade faces (Imported geometry) and sort them into the “Selected Imports" tree (Redesigned geometry) by drag & drop or by context menu.

o Closed surface required. Fillets are not neccessary.

>
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2 Design of centrifugal pumps with CFturbo
Interfaces to 3D-CFD/FEA

— & Simerics

— Open\VFOAM

CFthbO —1 ~ /Ansys Ansys Mesh, Mosaic,
TurboGrid

— »4 AUTODESK
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Ansys Mechanical
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2 Design of centrifugal pumps with CFturbo
CFturbo BladeRunner
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3 CFD and optimization made easy

Established in pump companies:

1995 - 2015 2015 - 2030 2025 - 2040
CFD Optimization Artificial

intelligence?

Pump optimization can be done

a) by making several manual design modifications based
on own experience + running CFD simulations

b) by using optimization software
advantages:
g |imited pump experience necessary
o |ess manpower required
disadvantages:
o additional software required
g more computing power required

Optimization

DAKOTA DesignXplorer, HEEDS]sight,
Minamo, modeFRONTIERoptiSLang, I

2

Simulation

esign =% CCM+, CFX, Fidelity CFD,

OpenFOAM Simerics, 'l

D
CFturbo
—

Optimization results depend on
guality of CFD-solution:

A steady-state CFD is ok

A use more simplified/ loss
model-based/ frictionless flow
simulation makes no sense
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3 CFD and optimization made easy

Important terms:

Design objective
e. g. power loss, NPSH

A Objective: determine extreme values (min./ max.)
of a single or multiple quantities of interest

A Constraints: limit quantities optionally

A Parameters: input design quantities

Typical procedure: e. g. number of blades,
1) Sensitivity analysis (DoE) : suction diameter, blade angles,
rough dependency of objective on parameters meridional contour, bl ad

2) Optimization : find best design
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3 CFD and optimization made easy
CFturbo in Ansys Workbench

CFturbo workbench exte

A integrates CFturbo into Ansys Workbench
A allows bi-directional parameter updates

A creates named selections for bodies and
faces automatically

A improves data processing in Ansys
Meshing, CFX Pre, Fluent, CFD Post,
Ansys Mechanical

Cutiine of All Parameters

A enables automatic turbomachinery A
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3 CFD and optimization made easy
CFturbo in Ansys optiSLang

Optimization

&) E
L — [l ——" D

CFt PYTH

, _ A . Simulation
write dt-batch CFturbo write * st

Turbomachinery I;_;] @ @ . (!—!—‘ o /; 2

DeS|gn ) B @ 5. @8 : : :
TurboGrid write *.pre write *.cse CFX-Post Results

CFturbo:

\nsys
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~—— 3 CFD and optimization made easy ~
CFturbo in Simcenter HEEDS/ STARCCM+
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3 CFD and optimization made easy
CFturbo + Simerics MP
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~— 3 CFD and optimization made easy ~
CFturbo in DAKOTA

P> DAKOTA

CAD + Prototyping
+ Testing

Optimization workflow with DAKOTA and Simerics MP
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L GCFturbo

~—— 4 Project examples

Application: small water pump

- Centrifugal pump optlmlzatlon

Tradial coordinate
ir [mm] '

Auto-completion of all design steps

Global setup
|Flow rate v o[ u|wm
|Tma| pressure difference ‘ Apt ‘ 0.5 | bar
Revolutions n fmin
* can be adapted for each impeller separately
Fluid
Name |Water (20°C) ~ | @
Inlet conditions
Pressure (total) pt bar
Temperature T ST
+ Optional

I Values ‘ Cordier

General machine type:  Centrifugal {low prssme}

bigd s

specific speed ——

Specific speed (EU)
Specific work
Power output
Mass flow

Head

with default values to get an
automatic design within seconds

Limitation

Free-form 2D (axial) blade shape

=)
a

T3 3 «

51
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4 Project examples - Centrifugal pump optimization

Obijective
Maximize efficiency while keeping head constant

T
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i
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A Performance evaluation using Simerics-MP

A Coarse 3D mesh with 1.2 million nodes and

R

T T T T e P P T T T O TP e

local refinements (impeller and volute domain)

& i
‘ .
i HEE
& ;
& B
%
e
s
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4 Project examples - Centrifugal pump optimization

* Dakota configuration ]
[ CFturbo Batch Template ] [ Parameters File ]4— )}) DAKOTA <— Results File ]
\

!
ﬁ DPrePro

Complex workflow, but

! , Avery flexible
CFturbo Batch File | ADAKOTA has no license costs , ~
l | Convergence Plot 4

G CFturbo T
ﬁ Python ﬁ Python
i \

Y Y
[ STL Geometry [ Simerics Project File ]

—| Simerics Integrals File

— Simerics Points File

— Simerics Out File
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4 Project examples - Centrifugal pump optimization

10 geometry parameters were used for sampling and optimization studies

8 impeller parameters e f >
| yA |
A Suction diameter dg i :
radial codrdinate !
. 20-{r [mm] | :b -
A Outer diameter d, e S

A Outlet width b,

A Axial extension f z

1
1
1
1
1
1
I
1
1
1
T

A Leading edge rel. position Ushroud

S
ABl ade trailigg ec°

A Number of blades ng, e

10

A Blade wrap angle f A

T T T —
0 10 20 30
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4 Project examples - Centrifugal pump optimization

10 geometry parameters were used for sampling and optimization studies

1y [mm] Ty mm]
2 volute parameters , , oo DB

A Volute swirl exponent
(specifies area progression
in respect to volute wrap
and end cross section H)

A Volute diffuser end cross
section diameter @y
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4 Project examples

- Centrifugal pump optimization

Define lower/ upper bounds for the geometry parameters before exploring the parameter space

Geometry Parameter Symbol Unit | Lower limit ¢ | Initial value | Upper limit
Impeller suction diameter dg mm 39 43 47
Impeller outlet width | b, | mm | o | 10 | 11
Impeller outer diameter | d, | mm | s | o | 79
Impeller axial extension | tz | mm | 0 | 20 | 0
Impeller leading edge rel. positon | U | % | 0 | 3 | 0
Impeller number of blades | e | - 5 | 6 | 7
Impeller blade trailing edge angle | Nby | deg | 5 | 15 | 0
Impeller blade wrap angle | ¢ A | deg | g0 | 9 | 110
Volute swirl exponent (Pfleiderer theory) | x | omm | o | A 2
Volute diffuser end cross section diameter | @y | mm | 9 | a3 | T

& Crrurbo
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4 Project examples

- Centrifugal pump optimization

Generate 200 nearrandom samples using Latin - Hypercube- Sampling (LHS)
g 12 hours on Intel Xeon W-2255 workstation, steady -state CFD

E Correlation matrix among all inputs and

& Crrurbo
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~—— 4 Project examples
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- Centrifugal pump optimization

©
\l
al

o
\'
o

0.65

0.60

0.55

0.50

0.45

TOTAL PRESSURE DIFFERENCE [bar]

0.40

0.35

60 optimized designs via the efficient global optimization (EGO)
g 4 hours on AMD Threadripper Pro 3945WX, steady-state CFD

0.55

o LHS

0.65 0.75
INNER EFFICIENGY [

s EGO nBI5

ICOMP 2023- International Conference on Pumps and Motors

E 060,
= 0,59
058
0.57
0.56
0.55
0.54
0.53
0.52
0.51
0.50
0.49
0.48
0.47
0.46
0.45™
0.

TOTAL PRESSURE DIFFERENCE

\\
~,
SS
~|

o EGO _nBI6

68 070 072 074 076 0.78
INNER EFFICIENGY [

o EGO_nBI7 ©BASELINE

30/70 —




~—— 4 Project examples -~ Centrifugal pump optimization
Results of final transient simulations

Stage tot. pressure diff. within target Stage efficiency increased by 7.4 %
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Reg. shaft torque lowered by 12.4 %
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~—— 4 Project examples -~ Centrifugal pump optimization ~
A Improved designs tend to lower axial extension f zand lower impeller suction diameter dg
A Ng =5, Ng, =6 designs tend towards larger impeller diameter d , with reduced width b ,,
ng, =7 design with smaller impeller diameter d , and increased width b,
:radlal coordinatef radial coordinate
90{rw[m,ml ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, r [mm]
o] Basellne de5|gn ............................ |
»| Opt. design nB|: . 7 it
of Optdesignng=6 (" R~
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