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Motivation | Energy Efficiency Index

= Starting from January 1, 2013, circulators must comply with
European regulation 641/2009, part of the ecodesign policy of
the European Union

exemplary picture
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Motivation | Energy Efficiency Index

= Starting from January 1, 2013, circulators must comply with
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= Minimum value of Energy Efficiency Index (EEI) is prescribed

— EEl also takes into account part load operating power consumption
and motor characteristics
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Motivation | Energy Efficiency Index

= 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

— EEl also takes into account part load operating power consumption
and motor characteristics

— Calculated by comparing the average (measured) power consumption
. . . . _ Hiygou
of the circulator across a load profile against a predefined reference Hgo, = —
power input
0.06P; 1909 + 0.15P; 750, + 0.35P; 500 + 0.44P; 550, Q
EEI == Czo%
Pref
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Motivation | Energy Efficiency Index

= 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

Modeling of a Connection to Generation of

DoE of the Optimization

surrogate :
e with surrogate

parametric SimScale to allow

. . impeller
impeller computation P
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Project Steps | CAD Modeling and Variation

AUTOMATION OPTIMIZATION

SMARTER GEOMETRIES
EFFICIENT PARAMETERIZATION
SIMULATION-READY

100% ROBUST

CONSTRAINT MANAGEMENT
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Project Steps | CAD Modeling and Variation

100 Parameter
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10 More ~
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£ 02.Shroud
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1 labe2
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P
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.
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[ 8Rep

[ BRep Part

[y More ~
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Reference Systems

o) uptodate |5

FRIENDSHIP SYSTEMS




CAD Modeling | Modeling Steps

1. Meridional contours
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CAD Modeling | Modeling Steps

2. Hub and shroud surfaces
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CAD Modeling | Modeling Steps

3. Mean camber surface
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CAD Modeling | Modeling Steps

4. Blade solid
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CAD Modeling | Modeling Steps

5. Finalizing
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CAD Modeling | Modeling Steps

6. Flow domain
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Geometry Variation | Design Variables

= Number of blades
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Geometry Variation | Design Variables

= Number of blades

= Meridional contours:

— 3 parameters
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Geometry Variation | Design Variables

= Number of blades Beta Distributions

= Meridional contours:

— 3 parameters

Beta / 100

= Blade angle distributions:

— 2 parameters for LE and TE blade angle

Beta /100
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Geometry Variation | Design Variables

= Number of blades Beta Distributions

= Meridional contours:

— 3 parameters

Beta / 100

= Blade angle distributions:

— 2 parameters for LE and TE blade angle

— 2 parameters for hub to shroud

variation of LE blade angle

Beta /100
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Geometry Variation |

Design Variables

= 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

Beta Distributions

-0.25+

Beta / 100
1S3
T

-0.75+

-0.25+

Beta /100
=
T

-0.75+

18 FRIENDSHIP SYSTEMS © 2022



Project Steps | CFD Automation

s AESES

CAD OPTIMIZATION
AUTOMATION




CFD Automation | CFD in the Cloud

= CAESES runs on the local workstation, while
SimScale runs in the cloud

% SIMSCALE
-_—y
1

&
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CFD Automation | CFD in the Cloud

= CAESES runs on the local workstation, while R 1 e S | R

T Overview | runllbat x | apifiendship_pumpy x | eficiency.sv x | runSme.it x | power.csv x | STate_pressure.csv x

4 2 Tempiatename 3pLfrandship_pumppy

SimScale runs in the cloud 1 i i

# date last modifed: Aug 22nd, 2022

#% APL Setup

= Control of the SimScale API via a Python script 2 o

— Import geometry to the SimScale platform e s

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

0 parser = argparse. ArgumentParser()
. 21 parser.add_argument(*-k", --api_key", help="SisScale APT key", required=True)
Solver Settln S etc 22 parser.add_argument(“-u", “--api_url®, helps"SinScale API URL®, defaulte"https://ap1.simscale.con”)
parser.add_argument(*-d", ", help="Debugging output on”, typesbool, default=True)

args = parser.parse_args()

— Run computation 4

25 api_key = args.api_key

6 api_key_header = "X-API-KEY"

31 configuration = Configuration()
configuration.host = args.api.url + “/ve"

— Download result files to the local workstation 2 contiguration spi ey - {

34 ap1_key_header: ap1_key,

)
configuration.debug = args.debug

api_client = ApiClient(configuration)

rojectsapi(ap1_client)
42  storsge_api = StorsgeApi(api.client)
43 geometry.inport_spi = Geometrylaportsapi(sps_client)
- 3 fl . . 14  geometry.api = GeometriesApi(api.client)
ow rates are com pute n pa ralle 45 | wesh_oparation_api = NeshOperationsapi(api_client)
. 46  simulation_spi = SiaulationsApi(spi_client)
K simulation_run.api = SimulationRunsApi(api.client)

.
0.7,0.85, 1.1x Q/Q 4 -
# Mapping single face 10
def get_single_face_name(project_id, geometry_id, entity_nase, *rkwargs):
entities = geometry.api.get.geometry_mappings{project.id, geometry_1d, entitiess[entity_name], s+knargs)._ enbedded
entities2 = geometry_api.get_geometry_mappings(project_id, geometry_id, values=[entity_name], *skwargs)._embedded
1f len(entities) == 1
return entities[e].name
elsf len(entities2 2
n entities2|8].name

olse:
ratse Exception(f'Could not find single face named {entity_name) in geometry. Found {len(entities)} and {len(entities2)} faces on both attempts.”)

63 # Mapping body ID
def get_body_name(project.1d, geometry.1d, entity_name, +ekwargs):
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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

= |mports:

— CSV files for head, efficiency, and power values at
all 3 flow rates

— Text file with computation runtime

22

) TaskMonror X s+ softwareConnectort x @ fisviewer! x (M) tabieViewsr! X |ee Co
I Overview  runallbat x | api_friendship_pump.py x | effidency.csv x | runtime.txt x | power.
OV

7 Input Geometry

Geometry Export

in selected format

Input Files 2 .

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

AUTOMATION
OPTIMIZATION

DESIGN STUDIES

MULTI-OBJECTIVE RUNS o0
RESPONSE SURFACES 0 2
2D CHARTS AND CORRELATIONS  |* :
POST-PROCESSING =

POEEE

. T e e o a8 <

30—
p——
——
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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)

24 FRIENDSHIP SYSTEMS © 2022



Optimization | DoE Results

- Beta LE Hub - Beta TE Hub - ..Ita Angle shroud - ..alue Weight Mid _ " LE Tangent Hub_ _ - LE Tangent Mid _ -* LE Tangent Shroud _ - TE Tangent Hub_ _ - TE Tangent Mid _ - TE Tangent shroud
D g O NEE SO e e TR e g e g AN TOtg g TanEent T gy e g g ey

~ b2 Factor - D110 Factor

O pesigns
| I e —

7 ...IRuntime
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Optimization | DoE Results

= Performance values at all 3 flow rates

are well correlated in the considered
range (0.7-1.1x Q/Q ;)

= B =
e e - T =2
= 5
HH o 2. Sle. E
L
2
5
2
=
g
5
=
]
3
5
3
=
g
5
2
=
C
H
[
5
g
s
8
=
C
2
i
'o
a
)
H
-
-
2
s,
[
&
H
-
-
2
H
5
a
5
H
-
% s
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Optimization | Surrogate Models

= Surrogate models created in a separate project
using imported design result table from DoE

27

e

*

v

@

sobolt_14_des0000
sobol1_14._des0001
sobol1_14_des003
s0bol1_14_desnoos
sobol1_14_des005
sobol1_14 des0006
sobol1_14_des008
s0bol1_14_des0009
sobol1_14_des010
sobol1_14 des0o11
sobol1_14_desdo12
s0bol1_14_des013
sobol1_14_desd01a
sobol1_14_des001s
sobal1_14_desdo16
sobol1_14_deso017
sobol1_14_des0018
s0bol1_14_des019
sobol1_14_des0oz0
sobol1_14_desa021
sobol1_14._des0022
Sobol1_14_des023
sobol1_14_desnozs
sobol1_14_des025
sobol1_14._des0027
sobol1_14_des028
sobol1_14_desnoze
sobol1_14_des030
sobol1_14._des0031
sobol1_14_des032
s0bol1_14_des0033
sobol1_14_des034

sobol1_14_desoas

b2 Factor

08

095

0475

0875

0925

0825

09375

09875

08875

08625

09625

09125

08125

081875

091878

0.96875

088875

089375

089375

094375

084375

083125

083125

098125

083625

0.95625

090625

080625

0809375

0909375

0959375

0859375

0884375

D11.0_Factor
125
1125
10625
13125
1.1875
14375
103128
140625
1.15625
134375
109375
146875
121875
1.42188
117188
129688
104688
148438
123438
135938
1.10938
1.14063
139063
101563
120313
145313
107813
132813
117968
1.42069
105468
130468

124219

0975

0875

0.825

05825

08125

0.8625

0.9625

0.8875

0.8875

08375

08375

0.85625

0.85625

0.90625

0.50625

083125

083125

0.88125

0.88125

0.96875

0.86875

0.81875

084375

0.84375

089375

0.80375

0.540625

0.840625

0.890625

0.990625

0.863625

2125

24375

56875

38125

505625

553125

365625

49.0625

395875

52.1875

259375

58.4375

457188

532188

404688

529688

373438

298438

435038

560938

33.9063

51.4063

45.1563

220313

545313

357813

482813

215406

54.1406

353906

478006

385156

375

5125

6625

84375

56875

41475

68,125

53125

45625

60625

653125

503125

2825

578125

540625

69.0625

61,5625

465625

559375

209375

484375

426875

50.6875

67.1875

52.1875

582813

432813

507813

657813

470313
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1875

9375

5625

12125

28125

140625

65625

84375

0.8375

121875

46875

609375

135938

234375

984375

angms

17188

046875

7.86875

12.6563

515625

B.90625

145313

703125

107813

328125

857188

147188

124219

492188

10.5459

Mean Value Weight Mid
05
0473
05375
aE7S
05125
04625
0.51875.
8375
054375
053125
DBtz
050625
045625
0484375
D532375
0459375
0509375
0521875
anErs
0546875
Das8ETS
0.450625
D540625
0465625
0503125
0453125
Ds28125
0476125
0514063
D.484063
0539062
0485063

0476363

2022

LE Tangent Hub

5.625
8125
3425
1875
675
9375
4ars
53125
03125
28125
78125
6.5625
15625
40625
20825
58375
08375
34375
71875
21875
a6875
9.6875
265625
7.65625
515625
0.15625

390625

T LE




Optimization | Surrogate Models

= Surrogate models created in a separate project
. . . Efficiency_Q1 @
using imported design result table from DoE oo
u Based on the featu re RSMtools Surrogate: generate  evaluate  visualize check 7

"C:/Work/00_Projects/KSB/09_07_responseSurface/
Response_Surface KSB_V3/manual_results/baselines

— 9 separate models for the 9 considered outputs (H, ST p— Je
eff, P at 3 flow rates) ALY comele

— Generated models are persistently stored in files pesen et 7 !

Results Table DoE_Results - 2

— Checking yielded high CoP values of 0.95 and above R — 2 ak

View - 2

~ Visualization

Index U 0 .| 7
Index V 1 ]
UResolution 10 - ?
VResolution 10 - ?
Mormalized legend B 7
a:;g:stom MNormalization O 2

> Display Optiens

28 FRIENDSHIP SYSTEMS © 2022




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

Eff_Ql

— Checking yielded high CoP values of 0.95 and above

— Individual response surfaces can be visualized

beta TE
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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

H [m]

Head

norm. slope = -0.094

—

\norm slope (baseline) =-0.11 \

Eff [%]

100

90

80

70

Efficiency

\norm. slope (baseline) = D.29|

Q [MA3/h]

30

Q [mA3/h]

Pstage [W]
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Power
norm. slope = 0.35

\ norm. slope (baseline) = 0.36 \

11 12 13 14 15 16
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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

31

FRIENDSHIP SYSTEMS © 2022




Optimization | Surrogate Models

= Optimizations can now be run on surrogate models Head Efficiency Power
L L norm. slope = 0.25) [ ne = (
= Final goal is to simply optimize for minimal EEI, but: / - .
. = " g L
— Calculation of the EEl is done with measured curves s £ / : /
— Here, pump performance is evaluated by impeller only "l 2
CFD simulations at fixed rpm S — e el W v
Q [mA3/h] Q [mA3/h] Q [mA3/h]
— Approximation of the measured head curves by
application of different assumptions on calculated curve
H Theoretical Head
——— Real Measurement
Q
-> 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 Qo point)

- Should lead to lower EEI u
Hyy = 1;0%
Q
EE] = 0.06PL’100% + O.15PL‘75% + 0.35PL_50% + O.44PL,25%

C20%
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) .
0.45 . ® L] ™
* .
o
0.4 .a® ] -
. > . .
; . - e L N . .~. .' l- . -
g T gt :é.. . - e o ®
- ™ ."‘.-*:.c‘ P e © ° . .
03 .g-ﬁ - *e® ® . -
s o0 ° ! o ... s ** s ° -
. - ®e * - o S ." ¢ '..‘ .
0.25 rd .‘ ® - ...-\ L Y .
e 0 % e,  ® TS . .
» o N s, .
0.2 L ‘ ‘~ -.
0.15 - -"“.. :‘: : -
o 65 70 75 80 85 20
Efficiency Q1
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Optimization | Surrogate Models

= NSGA run with 10 generations and 32 design per
generation = 320 designs o

03_Evaluations | eval_power_slope

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

— Several Pareto optimal designs

N o % ‘.Q.f?". e .

%.‘ .basellneé‘.. ". )
. ..‘; ) ‘2‘... o g. _

@ () I
0.2 ‘. ' i & 43 3 4;& .~‘lll
® M ® ! _.,/ Pareto

r~ frontier

60 65 70 75 80 85 90
- 03_Evaluations | eval_eff_Q1
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Optimization | Surrogate Models

= NSGA run with 10 generations and 32 design per

Head Efficiency Power

generation = 320 designs “  mmmmE ;; e
— ~30 min runtime (i.e., ~10 designs per minute) B S — . P g /

- 5 . .. )
— Several Pareto optimal designs : . / %0 /

= Selected dESign | /‘3[”1’13ch: o o I;J[mlfz‘3fhll - ’Q[m"‘l‘h]s H
— Smaller TE blade angle
— Larger wrap angle '7
— 6 blades (baseline: 7) ‘
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Optimization | Surrogate Models

= |ntegrated 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

37

TaskMonitor X | o= softwareConnectorl x B fileViewerl x

[I] Overview generateGeometry.fsc x
+ ? Input Geometry Input Files ? oo
®
generate...etry.fsc Geometry_vi.cdb
@(cnn...E-B
+o 7 Result Files Result Values ? +

impellerParts.stp flowDomain.stp
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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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