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Engineering Services Workflow Development 

ÅCFD/FEA-Simulation

ÅDigital Design Space 
Exploration

ÅOptimization

ÅAutomated workflows

ÅSimulation

ÅDesign Exploration

ÅOptimization

Design Software

ÅTurbomachinery Design 
Software 

ÅAutomated workflows

ÅCustom development 

CFturbo GmbH Dresden (Germany) CFturbo, Inc. New York (USA)
est. 2008 est. 2017

1 Introduction CFturbo GmbH

CFturbo
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1 Introduction CFturbo GmbH
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1 Introduction CFturbo GmbH

Aerospace

Automotive 

Appliances

Renewables

HVAC

Oil & Gas

Marine

MedTech

Food

Datacenters
Chemical & 
Process Industry

Water  & Wastewater

IT-Hardware

Various Industries  ·Large Corporations and SMB  ·Experts and Beginners
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2 Design of centrifugal pumps with CFturbo

Get 3D-CAD-model              
Fluid and solid domains    

Parametric geometry model
CAD/ CFD/ FEM export

define batch-mode

Define design point
Best Efficiency Point (BEP)

Volume/ mass flow rate
Head/ total pressure difference

Rotational speed
Fluid properties
Inlet conditions

Dp BEP

QBEP

BEP

Fundamental equations
Bernoulli- , Euler equation, 

Mass- , Momentum- , 
Energy conservation, Ί

Empirical correlations
Using publicly available 

knowledge, or own 
proprietary data            

Geometric constraints
Manufacturing

Stress resistance
Geom. blade descriptions            

Design methodology
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2 Design of centrifugal pumps with CFturbo

Impeller shape

Fluid type

Energy transformation

Radial
nqά 8Ί70

Mixed- flow
nqά 50Ί160

Axial
nqά 110Ί400

Incompressible Compressible

Mechanical energy ² Fluid energy

Fluid energy ²Mechanical energy

Blowers
Compressors

Hydro turbines
Wind turbines

Steam turbines
Gas turbines

Marine propellers
Aircraft propellers

Pumps
Ventilators
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2 Design of centrifugal pumps with CFturbo

Examples ͮ Pumps
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Examples ͮ Multistage Pumps

2 Design of centrifugal pumps with CFturbo
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2 Design of centrifugal pumps with CFturbo

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

Make legacy designs accessible for ·easy manual adaptions

·design exploration

·optimization

­Get parametric CFturbo model

Reverse Engineering



ICOMP 2023 - International Conference on Pumps and Motors 12/70

2 Design of centrifugal pumps with CFturbo

Ansys CFX, Fluent, 
Ansys Mechanical

OpenFOAM,
TCFD, HELYX

Fidelity CFD

Simerics MP/MP+

Simcenter STAR-CCM+, FLOEFD, Nastran

Ansys Mesh, Mosaic ,
TurboGrid

Snappy Hex Mesh 

Pointwise , AutoGrid, 
HEXPRESS

Autodesk Flow Simulation

SolidWorks Flow Simulation, SIMULIA Abaqus

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

CFturbo BladeRunner
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3 CFD and optimization made easy

Optimization results depend on 
quality of CFD-solution:

Å steady-state CFD is ok
Å use more simplified/ loss 

model-based/ frictionless flow 
simulation makes no sense

Design
CFturbo

Simulation
CCM+, CFX, Fidelity CFD,
OpenFOAM, Simerics, Ί

Optimization
DAKOTA, DesignXplorer, HEEDS, Isight ,
Minamo, modeFRONTIER, optiSLang, Ί

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: 

¤ limited pump experience necessary

¤ less manpower required

disadvantages: 

¤additional software required

¤more computing power required

1995 - 2015
CFD

2015 - 2030
Optimization

2025 - 2040
Artificial 

intelligence?

Established in pump companies:
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3 CFD and optimization made easy

Design objective
e. g. power loss, NPSH

e. g. number of blades, 
suction diameter, blade angles, 
meridional contour, blade shape, Ί 

Important terms:

Å Objective: determine extreme values (min./ max.) 

of a single or multiple quantities of interest

Å Constraints : limit quantities optionally

Å Parameters: input design quantities

Typical procedure:

1) Sensitivity analysis (DoE) :

rough dependency of objective on parameters

2) Optimization : find best design
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CFturbo in Ansys Workbench

3 CFD and optimization made easy

CFturbo workbench extensionΊ

Åintegrates CFturbo into Ansys Workbench 

Åallows bi -directional parameter updates 

Åcreates named selections for bodies and 
faces automatically 

Åimproves data processing in Ansys 
Meshing, CFX-Pre, Fluent, CFD Post,
Ansys Mechanical

Åenables automatic turbomachinery 
optimization using DesignXplorer or 
optiSLang



ICOMP 2023 - International Conference on Pumps and Motors 18/70

3 CFD and optimization made easy

Simulation

Turbomachinery
Design

Optimization

Optimization workflow with Ansys optiSLang and Ansys CFX

CFturbo in Ansys optiSLang

Any other CFD solver can be integrated
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Design
Exploration

Process
Automation

3 CFD and optimization made easy

CFturbo in Simcenter HEEDS/ STAR-CCM+
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3 CFD and optimization made easy

V Define mesh parameters and solver settings in CFturbo

V Immediate start of simulation for the CFturbo design point

V Python scripts for batch runs to get performance curves

CFturbo + Simerics MP
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Meshing + Simulation

CAD + Prototyping 
+ Testing 

Conceptual Design
Product

Simerics MP

Optimization workflow with DAKOTA and Simerics MP

3 CFD and optimization made easy

CFturbo in DAKOTA



ICOMP 2023 - International Conference on Pumps and Motors 22/70

1 Introduction CFturbo GmbH 3

2 Design of centrifugal pumps with CFturbo 7

3 CFD and optimization made easy 15

4 Optimization project examples

¬Centrifugal pump optimization 23

­Multistage pump optimization 36

®Material contour optimization 64

Topics



ICOMP 2023 - International Conference on Pumps and Motors 23/70

4 Project examples ¬Centrifugal pump optimization

Auto-completion of all design steps 

with default values to get an 

automatic design within seconds

Limitation

Free- form 2D (axial) blade shape

Application: small water pump 
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4 Project examples ¬Centrifugal pump optimization

Objective
Maximize efficiency while keeping head constant

Å Performance evaluation using Simerics-MP

Å Coarse 3D mesh with 1.2 million nodes and 

local refinements (impeller and volute domain)
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4 Project examples

Dakota configuration

DAKOTAParameters File

CFturbo Batch File

CFturbo

STL Geometry Simerics Project File

Simerics

Simerics Integrals File

Simerics Points File

Simerics Out File

Simerics Results File

Python

Results File

Convergence Plot

CFturbo Batch Template

DPrePro

Python

¬Centrifugal pump optimization

Complex workflow, but
Åvery flexible
ÅDAKOTA has no license costs
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4 Project examples

10 geometry parameters were used for sampling and optimization studies

8 impeller parameters

ÅSuction diameter dS

ÅOuter diameter d2

ÅOutlet width b 2

ÅAxial extension ƭz

ÅLeading edge rel. position uShroud

ÅBlade trailing edge angle ǊB2

ÅNumber of blades nBl

ÅBlade wrap angle ƭǞ

ƭǞ

ƭz

uShroud

d2

b2

dS

nBl

ǊB2

¬Centrifugal pump optimization
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4 Project examples

10 geometry parameters were used for sampling and optimization studies

2 volute parameters

ÅVolute swirl exponent

(specifies area progression

in respect to volute wrap 

and end cross section H)

ÅVolute diffuser end cross

section diameter ØDiff

H

ØDiff

¬Centrifugal pump optimization
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4 Project examples

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 dS mm 39 43 47

Impeller outlet width b2 mm 9 10 11

Impeller outer diameter d2 mm 75 77 79

Impeller axial extension ƭz mm 10 29 30

Impeller leading edge rel. position uShroud % 10 37 40

Impeller number of blades nBl - 5 6 7

Impeller blade trailing edge angle ǊB2,H deg 15 15 30

Impeller blade wrap angle ƭǞ deg 80 90 110

Volute swirl exponent (Pfleiderer theory) x mm 0 1 2

Volute diffuser end cross section diameter ØDiff mm 39 43 47

¬Centrifugal pump optimization
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4 Project examples

dS b2 d2 ƭz uShroud ǊB2,H ƭǞ x ØDiff nBl Ǐ ƭpt

dS 1.00

b2 -0.02 1.00

d2 0.02 0.02 1.00

ƭz 0.03 0.00 -0.01 1.00

uShroud 0.02 0.02 0.00 0.01 1.00

ǊB2,H 0.03 0.00 -0.03 0.00 -0.03 1.00

ƭǞ 0.01 -0.02 -0.04 0.00 0.01 -0.02 1.00

x 0.02 -0.02 -0.02 -0.03 0.00 -0.02 -0.02 1.00

ØDiff 0.00 0.02 0.01 0.03 0.01 -0.01 0.01 -0.02 1.00

nBl -0.06 -0.01 0.03 -0.03 0.01 -0.01 0.03 -0.07 0.05 1.00

Ǐ -0.56 0.01 0.08 -0.05 -0.22 -0.25 0.06 0.30 0.01 0.38 1.00

ƭpt -0.13 0.32 0.50 0.38 -0.17 0.01 -0.20 0.15 0.04 0.47 0.53 1.00

¬Centrifugal pump optimization

Generate 200 near- random samples using Latin -Hypercube-Sampling (LHS)

¤12 hours on Intel Xeon W-2255 workstation, steady -state CFD

ĔCorrelation matrix among all inputs and outputs
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4 Project examples

60 optimized designs via the efficient global optimization (EGO)

¤4 hours on AMD Threadripper Pro 3945WX, steady-state CFD
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4 Project examples

Stage efficiency increased by 7.4 %
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¬Centrifugal pump optimization
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4 Project examples

ÅImproved designs tend to lower axial extension ƭzand lower impeller suction diameter dS

ÅnBl = 5, nBl = 6 designs tend towards larger impeller diameter d 2 with reduced width b 2

nBl = 7 design with smaller impeller diameter d 2 and increased width b 2

Baseline design

Opt. design nBl = 5 

Opt. design nBl = 6

Opt. design nBl = 7 

¬Centrifugal pump optimization




