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...really?

Parametric Modeling for Hydraulic Pump Design

What is needed to desigh new pumps?
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Parametric Modeling for Hydraulic Pump Design

Principal Design Methodology — All new conceptual designs
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Principal Design Methodology —Reverse Engineering of legacy designs

Import 3D CAD, neutral formats

|& Reverse Engineering m] K
. ® Select blade faces (Imported geometry) and sort them into the "Selected Imports” tree (Redesigned geemetry) by drag & drop or by context menu.
Steps @ Import @ Meridian QR | o e e
2 Imported geometry 2 Redesigned geometry Settings
Update design ] Automatic design updat=

‘@Map to Main Blade

T Remove mapping

Offset Hub [ 6=
% 0
! : Offset Shroud/Tip [ =
QEe n-E- - Y SF
radial coordinate Blade edge shape
Jr [mm]
g ! Leadingedge . Round [ Angular
60 5 Trailing edge ) Round | 7] Angular
50
403
304
20
z [mm]
10 axial coordinate| | « Woig
T T T T T 7 7 7 7 T T T
60 -5 -40 -30 -20 -0 0 10 20 30 40 50
| wok | xcancel | 2 Hep |
0 16 32 mm| 537,152 100 % Hub  Shroud/ Tip

T Remove mapping

Blade

Number of blades

[ Splitter blades

Blade intersection

MNumber of spans

Copyto
cipboard

29 July 2026

K

I %=1

- PROJECT

Create a re-parametrized model

3D View
3D MODEL
% £ Reset view
Yoo | [ Loadview
view %o | [ Save view

Compaonent

SETTINGS HELP IMPELLER.
= [ [+
Print  Save Save 3D-PDF Load CAD Fit
view picture document data

General View

MODEL STATES M 4 = 2 |«
|<IE(EI\[ state> v |

v [|] COMPONENTS

> @/ Blade

v W] GEOMETRY

Points

~ [|] IMPORTS

v 1:REmedel

> @2 Meridian
>0 g Mean surface

“[] REFERENCE DESIGNS

» [m] mixed_flow_pump_Aligned.stp

Expand to level: g 1

& 2

43

all

3D View

mixed_flow_pump_empty.cft (PUMP) - CFturbo 2022 R1.0

BLADES

[ Coordinate system  [] Rotate i Paint width
[¥] Show scale Speed Curve width
[ Background color ~ £ Display quality ~ Isocurves !

Settings

[IT] meridian “ 3D Model @ Report

[ Activate dipp

Pasition

Flip

L
[ show dipping plane | Zg | girection

Clipping

4/30

O X
-0
m
«
c
o]
w
E
2
=
(]
24.6 mm



Parametric Modeling for Hydraulic Pump Design G

What is needed for fast, reliable, effective pump design (... before doing Al/ML)? - data!

ol

1. Versatile, conceptual Turbomachinery design software allowing detailed 3D-
CAD modeling - leakage flow path, balancing holes, pump out vanes, splitter
volute, fillets, radial and meridional trimming ... 1
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-0.25

-0.15
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Parametric Modeling for Hydraulic Pump Design

CFturbo modeFRONTIER

Turbomachinery
Design

Optimization
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Inlet

Example 1 Automotive Coolant Pump — Geometry

Outlet

==

Conceptual model Detailed geometry
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Example 1 Automotive Coolant Pump — Solver setup

29 July 2026

Flow domain components

Parametric Modeling for Hydraulic Pump Design G

Inlet pipe

Impeller

Inlet pipe
Stator
Impeller
Volute
Cooling Path 1
Cooling Path 2

Volute

Cooling path 1
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Example 1 Automotive Coolant Pump — Computational Grid

« Automated Meshing — Simerics MP

« Unstructured binary-tree, hexahedral grid Leakage flow path

 Total number of nodes: 5.5 to 7,5 million
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Example 1 Automotive Coolant Pump —
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Example 1 Automotive Coolant Pump — Simulation and Optimization Setup

* |Isothermal

 Steady-state (MFR) and transient simulations

« High-order discretization scheme (space, time)
* RNG-based k- € turbulence model

 Unified wall function

« Hydraulic smooth surfaces

Design optimization:
« CFturbo + Simerics MP + DAKOTA.
« Statistical methods to identify sensitive parameters.

» Surrogate-assisted optimization.

29 July 2026
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Parametric Modeling for Hydraulic Pump Design c-

Example 1 Automotive Coolant Pump — CFD simulations results
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Parametric Modeling for Hydraulic Pump Design c-

Example 1 Automotive Coolant Pump — Leakage flow path
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Parametric Modeling for Hydraulic Pump Design c-

Example 1 Automotive Coolant Pump — Calculate Axial and Radial Forces
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Example 1 Automotive Coolant Pump — Double (splitter) Volute

Single volute Double volute
e Lowest production cost * Reduction of radial
forces

* Preferred for low energy
transmission * Common pressure joint

Radial force F,_4

I —

— Vaned diffuser™

0 0.2 0.4 0.6 0.8 1 12 14

Flowrate Q/Q:

Radial force
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Example 1 Automotive Coolant Pump

DESIGN OPTIMIZATION

Initial volute design
(single volute)

Modified volute design
(double volute)
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Parametric Modeling for Hydraulic Pump Design G

Example 1 Automotive Coolant Pump

s/ZaM|n

DESIGN OPTIMIZATION

Modified volute

Initial volute ).
(double) = splitter

(single)

29 July 2026 All-New Hydraulic Design of an Electrical Automotive Coolant Pump 17/30
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Example 1 Automotive Coolant Pump — Lower thrust while maintaining performance and efficiency
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Example 1 Automotive Coolant Pump

&%, Simerics - - n=5500 rpm, Q=35 l/min
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Parametric Modeling for Hydraulic Pump Design G

Example 2 Back vanes for centrifugal pump impellers

« Axial force F,, decisive for the dimensioning of bearings of centrifugal pumps A
« Back vanes can reduce F,,
» Conflict: Axial force reduction ﬁ Efficiency losses
N i’ Y
PDs PDs j/
Gl //

=

Meridional view of a centrifugal pump
29 July 2026 with pressure forces and momentum flux
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Parametric Modeling for Hydraulic Pump Design G

Example 2 Back vanes for centrifugal pump impellers

. 1 ZRS
ﬁarametrlc: \ A

* Non-dimensional .

- Avoiding of
constraints

—> Scalability

- Reference impeller
radius r,

O

RS

« geometrically and
numerically robust

~ Intotal 11 I S S SR 4
geometrical
parameters Meridional view of a Parameterization of the secondary flow
centrifugal pump path region and the back vane

29 July 2026 21/30



Parametric Modeling for Hydraulic Pump Design

Example 2 Back vanes for centrifugal pump impellers

-

\

Problem with full pumps
stage

Results only for one specific
pump

—> delivers no general and
comprehensive information

long simulation times

~

-

29 July 2026

Goal

Model reduction: only
secondary flow path behind
hub (SFP)

- SFP-Model
Independent from impeller

Scalable

Cc

Approach

Considering:
» Size of pump
* Operating point
 Fluid properties
- State at interface

Geometry parameters (11)
non-dimensional

Non-Dimensional variables

22/30




Example 2 Back vanes for centrifugal pump impellers

Interface

0\

[ Non-dimensional ]

]']—b
Re

Hub and

—_—

back vane

Casing

29 July 2026

Input

[ Output ]

Parametric Modeling for Hydraulic Pump Design

S
EWith M-Theorem fewer inpuﬁ

variables
(3 non-dimensional instead of 6
dimensional (r..; N, Y, P, C,,

ps,ref))
- Non-dimensional numbers

allow for general rules for
different pumps

- Total: 3 key figures + 11
geometric variables

—> Validation necessary and

2_2
_ FAX*Pg ref “(rz"'i )
CFrax = 2 4
9 PNt

K passed /

23/30



Parametric Modeling for Hydraulic Pump Design G

Example 2 Back vanes for centrifugal pump impellers

Sensitivity analysis
o b 7
« Goal: Determination of the ‘ ~ oS
influence of the input variables Are ’ N

on the output Py

« Wide sampling room to achieve
rules as general as possible

« 201 Samples

r

« Most important variables:

rgs, r, Re h

15 20 25 30 35 40 45 50
ps in 10° Pa

29 July 2026 24/30
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Parametric Modeling for Hydraulic Pump Design G

Example 2 Back vanes for centrifugal pump impellers

Sensitivity analysis Meta model
« 201 Samples * New, bigger sampling > 801 Samples
2 « Based on sensitivity analysis the following variable are ignored:
Are z% variable gape size, curved vanes, and pressure coefficient > 9
o Parameter in meta model
TR [ > CoP (Kriging) for both outputs > 99% ]

0.004
-0.55

g]

-0.45 0.003

-0.35

CFax 0002 CP

-0.25

-0.001

-0.15
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Parametric Modeling for Hydraulic Pump Design G

Example 2 Back vanes for centrifugal pump impellers

Validation

» Goal: Demonstration of quality of meta
model model via optimization

« 3 Examples with constructive differences
and different crpyy gog) @Nd geometric b.c.

- Key figures are derived from model w/o j |
back vanes and remain constant Reference pump (d, = 180 mm) Oil pump (d, = 70,6 mm)  Slurry pump (d, = 284 mm)

* Optimization: Optimization ] CFax CP (
) i Key figures, » Comparison
. .

constraint: CFax 2 CFax,GoaI / n / Input Cray CP

. . C ump _
- Evolutionary algorithm (Optimization on —|_Reduced-modet

meta models very fast)
@ CFax °P
» Stage model

29 July 2026 26/30



Parametric Modeling for Hydraulic Pump Design

Cc

Example 2 Back vanes for centrifugal pump impellers — validation results

Axial force Results

1 4 Meta model
_ « High quality despite of different dimensions, operating
L points and fluid properties
LA Reduced model

« Discernable Differences at topological changes, espec.
0 - . R — at connection secondary flow path -volute
Reference  slurry oil

Coupling power

* Method allows additional geometric constraints

11 Axial force [kN] in secondary flow path
:E Reference Slurry QOil
e w/o back vanes -8,67 -32,5 -0,72
0 - _ Goal -7,94 -28,5 -0,583
Reference  slurry oil
Gain -7,83 -28,6 -0,632

29 July 2026
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Summary and Outlook — from empirical correlations to surrogate models

{Hydraulic efficiency
10010 [%] .
AN RS S I i Centrifugal Pumps
__i__-—i——l/—/-:r-/— ::;;I;:-Lﬁ:_r{_:_ -_E__%__:é - = I/min (nq 10 .es 150)
%0 ——= 74%;—4—/4;1?—4&:-4—4-—4‘-——4—4-—|Tm
B e e e e
5 =
ol — A e T g = 26 min,
R EmSREESES
e
RN 020 I
1 I I I I I I I I I I
0 e ] A
JESEaEEEEEEEEEREaEEES
/%/ | | | | | | | | |
1 A T A T O I R O . .
o L o oo oo o [ Geometrical details matter ...
S| e i e (i R A i I S I i I B
e o EEE BETES AR SR SIS A v L] how many meta models are needed
‘ ‘ . . . s lerienn to get sufficient, reliable data?
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Summary and Outlook — from empirical correlations to surrogate models

APLG10 =
Xplanarion overview @
~HLI RODELTA

ical Suspende:
Discharge
sugh column

High-speecd | :
H BB A"
[ 3

Bearing
Bracket

Dozens of pump types, hundreds of sizes, thousands of surrogate models, millions of simulations ...
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Summary and Outlook

1. Parametric, versatile design software
>> |leakage balancing holes, pump out
vanes, splitter volute, fillets, trimming etc.

2. Fully automated, fast, accurate, high-
fidelity (RANS)/URANS 3D flow simulation
>> highly-parallel CPU, or GPU-solver

3. User-friendly design exploration, DoE
and optimization >> made for non-experts

4. Create and utilize robust surrogate/meta
models >> ML/AIl generated database

5. Use data for new conceptual hydraulic
pump designs and performance prediction

29 July 2026 © CFturbo, Inc., Ralph Peter Mueller, Parametric Modeling for Hydraulic Pump Design, ASME FEDSM 2026, Bellevue WA, United States 30/30
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