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2 AESES

CAESES® s a software product
that combines unique CAD
capabilities for simulation
engineers with tool automation
and optimization.

The focus of CAESES® is
simulation-ready geometries and
the robust variation of these
geometry models for faster and
more comprehensive design studies
and shape optimizations.
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%7 GridPro

GridPro® is a
meshing  software,  offering
highly automatic, orthogonal,
flow aligned hexa meshes.

multi-block

The automation of GridPro®
serves as a perfect platform for
design  studies and shape
optimizations, ensuring faster,
high-quality CFD results for end
users.

Radek Maca
Head Engineer
CFD SUPPORT

radek.maca@cfdsupport.com

TCFD"

CFD Support introduces the new
generation of CFD simulations.
TCFD® brings an extreme increase
of productivity to CFD simulations.

TCFD® s unlimited in terms of
users, jobs, or cores. TCFD® is fully
automated and its beauty is that it
is the user who decides how deep
to dive into CFD or not at all. And
all the options remain open at the
same time.

The aim of this study is to optimize an existing compressor volute geometry to reduce the total

pressure loss.

A modern CAE workflow consists of complex and automated processes, connecting particular tasks
together. Each part of the workflow has to be mastered without any mistake to get remarkable
results. Therefore, the future of CAE lies in connecting the best software packages made by
professionals into one complex workflow.

We are proud to introduce a smart and efficient volute design optimization workflow connecting
three software packages CAESES®, GridPro® and TCFD®.




Volute Geometry

The optimization focuses on the volute part
only. The impeller is not directly simulated
within the optimization loop. The flow
condition at the rotor-volute interface is
taken from a simulation of the Ffull wheel
geometry (see the graph on the right) and is
artificially modeled by a proper boundary
condition.

The volute is mounted to the original
impeller geometry and the outflow piping.
Therefore, some volute parameters have to

be frozen: ) ) o
. . Flow Rate vs. Circumferential and Meridional Angle
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A description of the parametric model is given % 0l
in section Volute Parametrization. <
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CAESES® provides a CAD environment including robust and easy geometry variation, efficient
parametrization and simulation-ready export. For the parametrized model, surface geometry is
exported. GridPro® reads the surface geometry and generates a block-structured computational
mesh. Afterward, a CFD simulation setup for the exported mesh is created in TCFD®. Both mesh
generation and CFD simulation setup can be scripted and put into the CAESES® software

connector.
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Finally, an optimization process started in CAESES® and each generated geometry variant is
automatically meshed in GridPro® and simulated with TCFD®.




Volute Parametrization - CAESES®

CAESES® brings along powerful capabilities for the modeling and parametrization of volutes. Any
type of volute, be it pump, compressor, or turbine volutes in single, twin or double scroll
configuration, can be parametrized in a way that assures flexible and robust variation during an
automated optimization process. Fully customizable user-defined cross-sections can be used,
allowing a free choice of controlling parameters. Aside from basic dimensions, cross-sections are
typically controlled through their inscribed area, centroid radius or the ratio between these two.
Just like the cross-section, the tongue area or cut-water is fully customizable and, as a critical detail
of the geometry, allows detailed modeling and shape tuning. Geometric constraints like space
restrictions can be built into the model, to make sure that the scroll only develops within the
allowed volume. The final geometry is prepared to always and automatically provide a clean
meshing domain for the downstream meshing tool, including the assignment of unique patch
identifiers for the individual assignment of meshing parameters and boundary conditions.

The basic shape of the volute cross-section used in this case study is elliptical with a smoothly
integrated inlet trunk. Several parameters determine its shape, most prominently the A/R ratio
that controls the cross-sectional area progression in the circumferential direction, and the length
ratio of the two ellipse axes that can change the cross-section from a circular to a vertically or
horizontally elongated shape.

Intersection
and Tongue

Outlet Diffuser

Cross-section Parameter
S e Scroll Surface
Definition Distributions

The modeling process happens in a few steps. Firstly, the cross-section shape is defined, including
all necessary shape parameters. This definition is used as a template to create cross-sections at
arbitrary angular positions. Then, distribution functions are created for all cross-section parameters
that should change as a function of the angle. Combining the parameter values from these
functions with the cross-section template yields the scroll surface. Finally, the outlet diffuser is
added, intersected with the scroll, and the tongue is generated. Of course, all of these additional
geometry components are parameterized, too.

A few of the available parameters were selected for the optimization of the volute and their ranges
defined. These parameters were:

the height/width ratio at the outlet cross-section (AB_MAIN),

the height/width ratio at the smallest cross-section (AB_MIN),

the gradient of the A/R distribution at the outlet cross-section (AR_MAX_ANGLE),
the A/R ratio at the smallest cross-section (AR_MIN),

the lateral offset of the outlet diffuser (DX),

and the sharpness of the tongue (TONGUE_WIDTH_FACTOR).




Mesh Generation - Grid Pro®

GridPro® block meshing brings a state-of-the-art technique, It employs a dynamic boundary
conforming technique, which automatically projects and continuously shapes the blocks to adhere
to the shape of the geometry. It simultaneously smoothes the volume as well. The meshing solver
optimizes the grid with respect to orthogonality, smoothness, skew and other conflicting
objectives. This automatic nature of GridPro® makes it highly suitable for meshing parametric
variation of geometries.

The blocking / the topology is created as a crude representation of the geometry. A blocking, once
built, can be used for a wide variety of topological variations. The topological variations could be
changes in tongue, inlet, scroll and outlet cross-section, shape from being circular to elliptical, etc.
The blocking once built for one geometry, not only serves as a template but it is also highly
customizable for further additions or improvements to the existing template.
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2-D Block Faces

The one-time steps involved in creating a grid are:
1. Create a 2D section
2. Revolve the topology to create blocks in the scroll region and extrude to the outlet
3. Create an O topology and assign to geometry

The block faces are projected and moved on the geometry to optimize the grid quality. The grid is

simulation-ready with all the boundary labels and can be exported to the CFD solver. The labels are
inherited from CAESES® and passed on to the flow solver TCFD®.
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CFD Simulation - TCFD®

The TCFD® setup for this study has been set in a standard way. There is no difference between this
project and any other project simulated with this tool itself. The simulation setup is created in the
GUI of TCFD®. All the physics, boundary conditions, turbulence model, post-processing features and
other CFD parameters are set in the usual way. A computational mesh is loaded from GridPro® in
MSH format. The setup is then saved into a configuration file (*.tcfd), which is ready for
incorporation into the optimization loop. No additional operations are needed.

The setup for this study contains the following Flow and simulation parameters:

e Solver settings: e Simulation settings:
o Steady-state o Directed inlet mass flow rate:
o Compressible m  0.25kg/s .
o Turbulent (kOmegaSST) = Meridional angle: 50 .
. . m Circumferential angle: 70
o Low-Re wall functions (y*~1) )
. ) o Inlet total temperature:
o 500 iterations a 400K
o Outlet static pressure:
m 2atm

Flow condition at the rotor-volute interface is
modeled with the “Directed inlet mass flow
rate” boundary condition. This condition sets
both the magnitude of the velocity and the
direction. The direction is defined by two
angles, Meridional angle (90° corresponds to
the direction vector lying in the plane which is
perpendicular to the axis of rotation) and
Circumferential angle, defining the tangential
component of the inlet velocity vector.

The direction of the flow was taken from a
simulation of the full compressor geometry as
an averaged value around the best efficiency
point.

TCFD® automatically evaluates each simulation run and stores the results in the form of images,
graphs, and CSV data files. Moreover, everything is put together in a comprehensive simulation
report in HTML format.
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Simulation Loop - CAESES® -> GridPro® -> TCFD®

CAESES® is an integration platform that can launch and control CFD runs or any other CAE process
such as mesh generation. Basically, any external tool that can be triggered in batch mode is coupled
in just a few minutes. It seamlessly integrates existing simulation packages to create a closed loop.
The data exchange is done through the so-called software connector.

The software connector includes:

Input Geometry

Input Geometry - Input geometry exported by CAESES® and handed over to
GridPro®.
Input Files

Input Files - Input files are general
files that need to be handed over
to GridPro® and TCFD®. These files
can be either simply copied or
additionally manipulated for each design. Files ;
exclusive for each software tool are: ol R
GridPro®:
v RUNGRIDPRO VOLUTE.bat - batch script for running maereet | ©

the meshing process

i x)

v Quality Control.py - python script for the mesh
generation process

v VOLUTE_TEMPLATE. fra - mesh topology definition SR
TCFD®:
v Setup-volute.tcfd -configuration file

v consistent.py -script enabling advanced solver setup
v render.py - pvpython script for offscreen rendering

v reportZip.py - python script for archiving simulation
report render.py reportZip.py

Result Values

Result Values - Result values are numerical data
o o .. .o thatneed to be extracted from an ASCII file which
" " was generated by GridPro® and TCFD®. These
values can be further used for objective function or
constraint definition.

i

bad_folds.hex bad_skewness.hex efficiency-final.csv

Files exported by GridPro® - bad folds.hex,
bad skewness.hex and gchk.log - hold
information about mesh quality. The file
iterations.txt includes the overall number of
iterations needed by the meshing process.

(]

iterations. txt mesh-out-..nentl.log qgehk.log

TCFD® exports the efficiency-final.csv file,
including all the evaluated variables of a CFD simulation, e.g., the total pressure difference. The file
mesh-out*.log shows mesh quality parameters evaluated by TCFD®.

Results Files - Result files are generated by the external application
and are imported and visualized by CAESES®. This feature had not

been used in this project. Q Fiunner

Runner - Defines an executable for external processes. In this
project, it runs the batch script run.bat which triggers the Grid Pro®
script  RUNGRIDPRO VOLUTE.bat and TCFD®'s batch command
CFDProcessor Which manages the whole CFD process.




Optimization - CAESES®

CAESES® contains state-of-the-art optimization algorithms ranging from single-objective strategies
for Fast studies to more complex multi-objective techniques.

An optimization process is a complex set of tasks which has to be taken into account for a good
optimization process. First of all, one should answer several questions before designing an
optimization process: What CPU power is available? How many simulations can be performed
during the project time? How many design variables can | play with for the given number of
simulations? Which optimization method gives relevant results? What should be the objective
function?

Let's answer some questions for this case study. We have one Intel(R) Xeon(R) CPU E5-2680 v3 CPU
with 24 cores available. One design loop, including all steps of GridPro®'s mesh generation and the
TCFD® simulation, takes about 15 minutes. We have 6 design variables for which we performed 300
design variants which took about 3 days to simulate. First, a global sensitivity analysis (Sobol) was
performed. A reasonable number of points for sufficient coverage of a design space corresponds to
2™ where N is a number of design variables. Additional 30 design variants were spent for a local
analysis (TSearch) in the neighborhood of the best design obtained from the global analysis.

Finally, an objective function has to be defined. Following our task, i.e., optimization of the volute
total pressure difference, the objective function is defined as the total pressure difference
evaluated by TCFD®.

Before the optimization process, we simulated the original design:
{:(r E] QAB_HAIN E‘AB_H]N EAR_HA)(_ANGLE m[))( BTONGUE_W'.[DTH_FACI'OR BAR_HIN geval_pTotDiHerence
BaseDesign || 1 15 ] 45 ] 4] 1 5.5 6915.334

After 300 simulations we get the best design listed in the table below.

25 @ [ [L]AB_MAIN  []AB_MIN  [u]AR_MAX_ANGLE [a]DX [v] TONGUE_WIDTH_FACTOR [x]AR_MIN [i] eval_pTotDifference
Sobol_03_des0187  [] 0.77734375 | 13476562 [ |  -46.054688 [ 490625 [ | 1384375 [| 3.3367183 [ 421,264
Sobol_03_des0142  [|  0.57421875 [ | 16445312 [ | 47460938 [ 5.03125 [ | 0.821875 [] 44023438 [ 6467.271

CAESES® provides a nice visualization tool for a sensitivity analysis. The user can follow a table of
graphs showing which parameters affect the objective function and read possible dependencies,
which are depicted by linear or quadratic interpolation:

[x] aB_maIN [»] aB_mIN [x] aR_Max_aNGLE ] ox [»] TONGUE_WIDTH_FACTOR [x] ar_mmn

...TotDifference

]

Then, the TSearch local optimization method starting from the best Sobol design was performed,
resulting in finding a design with an improved total pressure difference:

EaTSearch_04_des0028 | [EWuplivill  ISWILEY H 137 [ 0.955625 ([l 23945312

TSearch 04 des0027  []| o0.77285625 [ | 1200375 [ |  -4s.asdoe2 [ | 145 [ | 0.955625 [ | 2.3845312 ] §229.337
TSearch_04 des0026 [ | o0.77265625 [ | 1209375 [ | 43796875 [ | 138375 [ | 0.955625 [ | 23945312 [ 6229.454

The optimization process improved the total pressure difference value by 693 Pa, which is a 10%
improvement of the total pressure difference compared to the base design. The final outcome of
this study summarizes the table below:




Conclusion

A comparison of the base and optimized
designs are shown in figures on the right.
The grey color shows the base design and
the best design is depicted in red. The main
shape difference can be seen
cut-water (volute tongue)

in the
region.
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Additionally, the best design has a thinner S&ssss

volute body.

In a short period of time, the compressor
volute geometry was optimized to achieve
minimum total pressure loss. Altogether,
330 simulations were performed to obtain

an optimized design.

parameters

As a result, the original volute pressure
loss was reduced by 10.02%

Each simulated design has its own TCFD®
report, from which all the important flow
can be read. Additionally,
custom visualizations can be pre-set and
rendered for each design. There is almost no
limitation and the user can easily create any
template for custom rendering. An example
of total pressure contours for the best
design (left) and the base design (right) is

depicted on the left.

This study clearly shows synergy between CAESES®, GridPro®, and TCFD®. This combination brings
the engineers smooth and modern CAE tools to make their engineering more efficient. CAESES®
gives you unlimited access to geometry modeling, variation, and optimization. GridPro® offers a
multi-block meshing software, with highly automatic and high-quality meshes and a perfect
platform for design studies and shape optimizations. TCFD® brings an unlimited and accurate CFD
power of no additional costs in terms of a number of users, jobs or cores. The available hardware
resources can be used at 100%, without any restrictions. This process is automated and can be
tailored to other CFD cases. Therefore, it is suitable not only for highly-skilled engineers but for all

engineers from diverse industries.

"1
g

FRIENDSHIP SYSTEMS

www.caeses.com
+49-331-96766-0

sales@friendship-systems.com

A
DC

www.gridpro.com
+19147611732
gridpro@gridpro.com

HANSY,
CF support

www.cfdsupport.com
+420 212 243 883
info@cfdsupport.com

8|8




