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CFturbo BLADERUNNER

Centrifugal Pump Design and Model Variation

CFturbo, the conceptual Turbomachinery design code, enables engineers to design high-
efficiency centrifugal pumps straightforwardly from scratch, or based on a given reference
geometry. The all-new CFturbo BLADERUNNER uses Computational Fluid Dynamics (3D-CFD)
technology to provide pump performance curves whose accuracy falls within the measurement
tolerance of the subsequent test bench runs.

In this example, an existing centri-
fugal pump, designed and set up on
a test rig at a German University [1],
has been analyzed.

During this specific project, its
performance and hydraulic efficiency
were improved. Both geometry data
and measured values were available.

CFturbo offers the unique option of
reading existing 3D CAD data and
building a parameterized turbo-
machinery model.

Essential flow parameters such as
the impeller diameter, blade height,
or blade angles can be modified to
achieve the previously defined
design point with the best possible
efficiency.
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At first, the accuracy of the process was verified by comparing flow simulations with experimental
data. Within CFturbo BLADERUNNER, the model geometry will be prepared for simulation, building
the computational grid, and carrying out a series of flow simulations. Characteristic curves for
hydraulic efficiency, head rise, shaft power, torque, and other parameters will become available

quickly. The results can be compared directly with the measured values, and other model
variations.

STEP 1: Investigate an existing centrifugal pump

G CFturbo

Create a parameterized pump model

definition of design point
import of CAD data

modeling of impeller & volute

CFturbo
BLADERUNNER

Determine the characteristic curves

Compare simulation and experiment

The second step improves the centrifugal pump using the design algorithms built into CFturbo.
An initial model variant, designed in CFturbo, will be simulated with the CFturbo BLADERUNNER.
Afterward, the analysis of the characteristic curves leads to the next model variation of the pump
geometry. The interaction will continue until the desired characteristic of the centrifugal pump is
achieved.




STEP 2: Design an improved centrifugal pump
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first improved design

impeller design

volute design

CFturbo
BLADERUNNER

determination of characteristic curves

model variation loop

further improved impeller & volute designs

final design

STEP 1 - Examination of the Existing Centrifugal Pump

G Creation of a Parameterized Model
Definition of the Design Point (Best Efficiency Point, BEP)
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A centrifugal pump is designed in CFturbo for a specific design point at which it achieves
the best efficiency. For this purpose, the flow rate and the pressure head are entered for a
specific rotational speed. In this example, the values are derived from the measured data

of the existing centrifugal pump.

Global setup £ search the manual

Design point (i)

Flow rate * v Q 100 mi/h Volume flow rate:

Head * W H 30 m Head:

Revolutions n 3000 /min Rotational speed:
* can be adapted for each impeller separately

Fluid

Name Water (20°C) ‘*’ A

Model Constant *

100 m3/h
30.0m
3,000 rpm
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G Creation of a Parameterized Model
Import of CAD Data and Modeling of the Impeller and Volute

The measuring chamber of the test bench in [1] is available as a complete CAD data set
and can therefore be re-engineered in CFturbo. R

Using the “Import geometry” function, the original geometry of the impeller is converted
into a parameterized geometry with a hub surface, a lateral surface, and a blade that only
takes a few clicks. The Volute of the pump and the leakage flow path around the impeller
can be created in CFturbo by importing the housing parts.
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Launching BLADERUNNER with a New Project through CFturbo, starting a Semi-
Automatic Flow Simulation of the Centrifugal Pump

CFturbo BLADERUNNER controls the entire process: assembling individual fluid volumes
into a single volume, setting boundary conditions, surface and volume meshing, and
running the flow simulations using the flow solver technology of Simerics MP.
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Determination of the Characteristic Curves
Automatic Model Preparation and Meshing

The pictures below show the tree structure of the “Centrifugal Pump” project in CFturbo
BLADERUNNER with the characteristic curve for n = 3,000 rpm.

At the top left the pump model automatically generated by CFturbo BLADERUNNER in
Simerics MP is presented. Suction and discharge pipes are divided so that the evaluation
levels for the static pressure correspond to the measuring points on the test bench.

Below, pictures of the mesh can be seen in two sections through the impeller and the Volute
with approximately 3 million cells.

Mini Case Study Centrifugal Pump.cftbr = CFturbo BLADERUNNER

E WORKSPACE (Pump) EMS T

~ @ I Project Centrifucal Pump
v@ i ] Study Efficiency Rise

New

E -
— v’ﬁ Original Geometry v/ ‘
) ~ @ ™% n=3000 [/min]
static pressure ™ @1 o=7omm
evaluation e @ Q=-80m¥h
|E| @ 1 Q=9 v
Save as @ = Q=100[m¥h] v
x @ 1 Q=105[m¥h] v
Close @ 1 Q=110[m’h] v
@ @ 1 Q=120[m¥h v
@ 1 Q=130[mYh v

Demo

static pressure
evaluation




meas

GCFturbo

Determination of the Characteristic Curves
Comparison of Calculated Values with Measured Data

Important for the design process of a centrifugal pump in CFturbo is the reliability of the
CFD results, which here match the measurement data almost perfectly.
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The initial, very first design slightly failed to reach the targeted head rise of 30 m. In the second
design loop, the model was adjusted and improved.

STEP 2 - Design of an Improved Centrifugal Pump

G First Improved Design
New Design Point and Automatic Modeling of the Impeller and Volute

The following modifications were made compared to the original geometry:

- Create a radial impeller outlet and thus complete conversion of the centrifugal force
into pressure build-up

- Use aradial diffuser with a slightly smaller diameter, which brings the cut water a little
closer to the impeller to increase efficiency

- Design a volute outlet cross-section that better matches that of the impeller inlet so
that the outflow is only moderately accelerated compared to the inflow

- Apply a higher number of blades for a higher hydraulic output

volute outlet

. e—— radial diffuser
impeller outlet ——e= s

In CFturbo, it took a few minutes to adjust the parameterized pump geometry.

To reach the targeted design point[H=30m at Q=100 m3h n = 3,000 rpm ] the head
rise was increased to H = 35 m. The impeller was given seven blades for better flow
guidance.

CFturbo uses this data to automatically calculate a new impeller geometry, changing the
diameter, the outlet width, and the blade outlet angle and adapting the meridian contour
and the 3D shape of the blades. With a minimum dimension for the radial diffuser and a
larger volute outlet diameter, CFturbo also automatically reshapes the volute casing.
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First Design Variation

The characteristic curve for the head, which CFturbo BLADERUNNER calculates
immediately after the redesign, shows a delivery head of H=32.9 m for Q = 100 m3/h and
n = 3,000 rpm, now approximately 10 % more than desired.
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G Loop - Second Model Variation ... Automatic Modeling of Impeller and Volute

With the new H = 32 m specification for the delivery head, CFturbo automatically creates
a new impeller, adjusts the volute casing, and starts CFturbo BLADERUNNER.

Loop - Second Design Variation ... Comparison of Characteristic Curves

The second design loop delivers a head of H = 31 m at the design point and is considered
the optimal solution. The shaft power increases slightly while the efficiency increases

significantly.
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The second model can already be considered the final design for this short study. The impellers
hardly differ in overall diameter and outlet width. For the firstimprovement, CFturbo chose a blade
outlet angle that was 5° steeper than the original one, but was reduced by almost 7° for the second
improvement. =

original geometry 1st improvement 2nd improvement
number of blades 6 7 7
impeller diameter 163,0 mm 164,3 mm 164,3 mm
blade outlet angle 24,8° 29,7° 23,0°
suction diameter 97,0 mm 97,0 mm 97,0 mm
volute outlet diameter 73,1 mm 85,0 mm 85,0 mm

Alle measures to get the targeted head and improve efficiency were successful: the radial impeller
outlet, a cutwater closer to the impeller outer diameter, a 35 % larger outlet area of the Volute, and
the higher blade number.
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As shown below, the newly developed geometry builds up the pressure more evenly than the
original geometry and achieves a higher discharge pressure.

original geometry 2" model variation

Flow: Pressure [bar]
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CONCLUSIONS

With only two design loops, CFturbo has provided excellent 3D geometries that match the design
point and give high hydraulic pump efficiency, with almost no manual interaction by the user. The
CFturbo BLADERUNNER instantly delivers characteristic curves, allowing a fast and effective
design variation process.
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