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Motivation | Energy Efficiency Index

▪ Starting from January 1, 2013, circulators must comply with 
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▪ Starting from January 1, 2013, circulators must comply with 

European regulation 641/2009, part of the ecodesign policy of 

the European Union

▪ Minimum value of Energy Efficiency Index (EEI) is prescribed

– EEI also takes into account part load operating power consumption 

and motor characteristics

– Calculated by comparing the average (measured) power consumption 

of the circulator across a load profile against a predefined reference 

power input

Motivation | Energy Efficiency Index
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𝐸𝐸𝐼 =
0.06𝑃𝐿,100% + 0.15𝑃𝐿,75% + 0.35𝑃𝐿,50% + 0.44𝑃𝐿,25%

𝑃𝑟𝑒𝑓
𝐶20%
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▪ Pump selection depends on system components which are varying until late in product development

▪ This means, pump selection has to be done fast, at the end of the product development process

➔ Aim: Development of the hydraulic part of a tool chain to minimize the EEI of a pump

➔ Idea: Pump selection via surrogate model generated by impeller CFD simulations

Motivation | Energy Efficiency Index
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Project Steps | CAD Modeling and Variation
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CAD Modeling | Modeling Steps
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1. Meridional contours
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CAD Modeling | Modeling Steps
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2. Hub and shroud surfaces
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CAD Modeling | Modeling Steps
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3. Mean camber surface



FRIENDSHIP SYSTEMS © 2022

CAD Modeling | Modeling Steps
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4. Blade solid
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CAD Modeling | Modeling Steps
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5. Finalizing
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CAD Modeling | Modeling Steps
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6. Flow domain
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Geometry Variation | Design Variables
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▪ Number of blades
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Geometry Variation | Design Variables
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▪ Number of blades

▪ Meridional contours:

– 3 parameters
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– 3 parameters
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Geometry Variation | Design Variables
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▪ Number of blades

▪ Meridional contours:

– 3 parameters

▪ Blade angle distributions:

– 2 parameters for LE and TE blade angle

– 2 parameters for hub to shroud 

variation of LE blade angle

– 6 parameters for shape control of beta 

functions between LE and TE

→ 14 parameters in total
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Project Steps | CFD Automation
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CFD Automation | CFD in the Cloud

▪ CAESES runs on the local workstation, while 

SimScale runs in the cloud
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CFD Automation | CFD in the Cloud

▪ CAESES runs on the local workstation, while 

SimScale runs in the cloud

▪ Control of the SimScale API via a Python script

– Import geometry to the SimScale platform

– Set up the case (boundary conditions, mesh settings, 

solver settings, etc.)

– Run computation

– Download result files to the local workstation

▪ 3 flow rates are computed in parallel:

0.7, 0.85, 1.1 x Q/Q opt
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CFD Automation | Exports and Imports

▪ Exports:

– Flow domain geometry in Parasolid format

– Python script

– Batch script to run Python with the necessary 

arguments

▪ Imports:

– CSV files for head, efficiency, and power values at 

all 3 flow rates

– Text file with computation runtime
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Geometry Export

in selected format

Additional Input Files

scripts, simulation files,

previous solutions, …

screenshots, flow fields, …

Result Files

extraction/parsing of values 

from ASCII result files

Result Values
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Project Steps | Optimization
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Optimization | DoE Setup

▪ Sobol sequence with the 14 selected design variables

▪ ~300 impeller variants simulated with 3 flow rates each 

(~900 simulations)

▪ Cumulative simulation runtime: 592.6 hours

(~25 days)

▪ Actual parallelized runtime: 42.4 hours

▪ Average # of simulations in parallel / parallelization 

factor: 14

▪ Computational cost: 3,084 core hours (CHs) used

(~10.3 CHs per design variant)
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Optimization | DoE Results
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Optimization | DoE Results

▪ Performance values at all 3 flow rates 

are well correlated in the considered 

range (0.7-1.1 x Q/Q opt)
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Optimization | Surrogate Models

▪ Surrogate models created in a separate project 

using imported design result table from DoE
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Optimization | Surrogate Models

▪ Surrogate models created in a separate project 

using imported design result table from DoE

▪ Based on the feature RSMtools

– 9 separate models for the 9 considered outputs (H, 

eff, P at 3 flow rates)

– Generated models are persistently stored in files

– Checking yielded high CoP values of 0.95 and above
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Optimization | Surrogate Models

▪ Surrogate models created in a separate project 

using imported design result table from DoE

▪ Based on the feature RSMtools

– 9 separate models for the 9 considered outputs (H, 

eff, P at 3 flow rates)

– Generated models are persistently stored in files

– Checking yielded high CoP values of 0.95 and above

– Individual response surfaces can be visualized
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Optimization | Surrogate Models

▪ The surrogates provide values for 

the 9 primary output parameters 

▪ The values are plotted in diagrams

▪ Slopes of the curves (from linear 

interpolation) are computed as 

derived values
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Optimization | Surrogate Models

▪ The surrogates provide values for 

the 9 primary output parameters 

▪ The values are plotted in diagrams

▪ Slopes of the curves (from linear 

interpolation) are computed as 

derived values

▪ A strongly simplified geometry 

model (with only the hub camber 

line) provides the TE blade angle 

and the total wrap angle
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Optimization | Surrogate Models

▪ Optimizations can now be run on surrogate models

▪ Final goal is to simply optimize for minimal EEI, but:

– Calculation of the EEI is done with measured curves

– Here, pump performance is evaluated by impeller only 

CFD simulations at fixed rpm

– Approximation of the measured head curves by 

application of different assumptions on calculated curve

→ Still work in progress
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Optimization | Surrogate Models

▪ Testing of the surrogate model using assumptions:

– Increase efficiency at lowest flow rate (due to stronger 

weighting)

– Reduce slope of power curve (to prevent breakdown of 

head at higher flow rates and shifting of Q100% point)

→ Should lead to lower EEI
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𝐸𝐸𝐼 =
0.06𝑃𝐿,100% + 0.15𝑃𝐿,75% + 0.35𝑃𝐿,50% + 0.44𝑃𝐿,25%

𝑃𝑟𝑒𝑓
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Optimization | Surrogate Models

▪ NSGA run with 10 generations and 32 design per 

generation → 320 designs

– ~30 min runtime (i.e., ~10 designs per minute)
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Optimization | Surrogate Models
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Optimization | Surrogate Models

▪ NSGA run with 10 generations and 32 design per 

generation → 320 designs

– ~30 min runtime (i.e., ~10 designs per minute)

– Several Pareto optimal designs

▪ Selected design

– Smaller TE blade angle

– Larger wrap angle

– 6 blades (baseline: 7)
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Optimization | Surrogate Models

▪ Integrated software connector to launch CAESES in 

batch mode and generate geometry for selected 

variant on demand

– Open parametric model

– Send design variable values via FSC script

– Save project file

– Export meridional contours, blade, and flow domain
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Conclusions

▪ Using SimScale CFD analysis in the cloud allows for high degree of parallelization and rapid evaluation of a 

large number of impeller variants at multiple operating points

▪ Surrogate models provide a persistent storage for the generated database and can efficiently predict 

performance with a satisfactory degree of precision

▪ A quick optimization of the impeller geometry can be carried out using the surrogate models and custom 

requirements

▪ With these components, a first iteration of the hydraulic part of the toolchain for the minimization of the 

pump’s EEI could be realized
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