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CAESES® is a software product that Streamline Cycling is a company CFD Support introduces the new
combines unique CAD capabilities that will retail aerodynamic generation of CFD simulations.
for simulation engineers with tool Performance bicycle wheels and tcppe prings an extreme increase
automation and optimization. accessories in  British  and of productivity to CFD simulations.

European markets.
The focus of CAESES® is simulation- Al products will be developed TCFD® is unlimited in terms of
ready geometries and the robust using the latest CFD and wind users, jobs, or cores. TCFD® is fully

variation of these geometry models tunnel testing practices. automated and its beauty is that it

for faster and more comprehensive is the user who decides how deep to

design  studies and  shape dive into CFD or not at all. And all

optimizations. the options remain open at the
same time.
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Abstract

Computational fluid dynamics (CFD) was used to optimise the shape of a racing bicycle wheel for
lowest drag values at 0 degrees angle of attack. An initial validation was carried out comparing wind
tunnel calculated drag and lift values for an 3D NACA 2412 aerofoil section with CFD results. A small
section of rim was then optimised using CAESES® and TCFD® software where the resulting designs
were validated through wind tunnel testing. CAESES® was used to generate and export the different
wheel geometries with certain design parameters that could be optimised and for automatic
postprocessing. TCFD® was used to run the CFD simulations within CAESES® and for further
postprocessing purposes.

We are proud to introduce a smart and efficient wheel design optimization workflow connecting the
two software packages, CAESES® and TCFD®.




Introduction

Aerodynamic performance is
now one of the key factors
considered when racing cyclists
purchase new equipment. This
is because it is now commonly
known that aerodynamic drag
is the main source of losses in
cycling and causes between
70% to 90% of total losses in
flat road races. Lateral forces
felt due to a high wind yaw
angles also have an impact on
equipment selection with users
opting for shallow wheel
choices in these conditions due
to the buffeting effect deeper
rims can have.

Figure 1: Optimisation of Cycling Position in a Wind Tunnel

Work carried out during reviews by Burke and Lukes et.al. into the most relevant contributions to
overall performance improvements in bicycle racing discovered that the body of the cyclist is
responsible for most of the aerodynamic drag, due to the large frontal area combined with relatively
high drag coefficient. It is, however, necessary to also improve the aerodynamics of the bicycle’s
components. Work carried out by Greenwell et.al. concluded that the drag contribution from the
wheels alone is on the order of 10% to 15% of the total drag and that by improving wheel design,
and overall reduction in drag of more than 3% is possible. This would suggest the outcome of races
can be dramatically affected by equipment choice.

This is due to the extremely small margins that decide the outcomes of races. The difference in
finishing time For many races can be as low as a few seconds from a race spanning multiple hours. An
example of this is the National Road Championships in Great Britain this year where 15t and 2" place
were decided by a margin of 8 seconds. (Road Cycling Results, 2019).

To date, there has been a great amount of work done to test cyclists, bikes and wheels both in the
wind tunnel and through CFD, although, it is difficult to make a direct comparison between designs
due to different setups for both wind tunnel and CFD tests.

Far less work has been carried out into the optimisation of rim shape for different conditions and
yaw angles. The aim of this project was to investigate the aerodynamics involved in bicycle wheel
design, and to optimise and design a very low drag bicycle wheel rim shape using CAESES & TCFD.




Software Use

CAESES was used for the setup of the
parametric models, optimisation and viewing of = m s E s
the results. It is a flexible CAD modeler which

enabled the creation of a fast and robust design studies for this project, with integration of TCFD
simulation tools. Integrated capabilities for process automation and shape optimization made it an
all-in-one design system which was used within this project. All support necessary for this project
was supplied promptly by CAESES support engineers.

TCFD is an excellent CFD simulation tool by
CFDSUPPORT. It's capabilities go Ffar beyond
turbomachinery CFD simulations, it can also be used

/ u
for any standard CFD problem, utilising the full power N
of OpenFOAM combined with a very user-friendly GUI
and robust solvers. This aided the design and SUDDO/T

optimisation process as most of the time was applied
to solving simulations rather than the setup. TCFD also offers an extremely extensive and easy to
use array of postprocessing tools which were used to diagnose key flow structures and high drag
areas of the wheel. Due to the commercial nature of TCFD, it is professionally supported, well tested
and has an excellent user interface. All support necessary for this project was supplied promptly by
TCFD support engineers.




Aerofoil NACA 2412 Validation

An initial validation of the CFD setup was carried out using a 3D NACA 2412 aerofoil profile. This
wing was tested through a range of AOAs using both CFD simulations and wind tunnel testing to
validate the CFD setup that would be used for future wheel optimisations.

Geometry

The NACA profile was created using the Fusion 360 CAD software. The model had the following
parameters, which can also be seen in figure 2:

Chord Length: 80mm. The reason for the slightly reduced chord length seen in figure 2b is that the
end was rounded slightly to encourage better development of mesh layers in this region.

Length: 240mm

Thickness: 9.6mm

Max thickness 15% at 29.5% chord

Max camber 2% at 39.6% chord

A 3D aerofoil was used, as this could be tested both using CFD simulations and wind tunnel tests.
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Figure 2: (a) NACA Specification Thickness (b) Specification of wing length and chord length.




CFD Setup

After the model had been generated in Fusion, it was exported as a STEP file into the CAESES
working environment. The angles of attack investigated ranged from -2 to 18 degrees.

Within CAESES, the STEP file was combined with a post processing transformation to rotate the
profile automatically for each simulation. This step can be seen in figure 3. From here the file was
exported as an STL file which was used within the CFD processor — TCFD, for each simulation.

For each run, the 4 evaluations that took place were the Lift, Drag, Cl and Cd. Since this was just an
investigation into the results at each AOA there was no objective function specified. For the Cl and
Cd values the reference area came from the Length x Chord length.
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Figure 3: (a) CAESES Setup Transformation (b) Results evaluations within CAESES.

Computational Grid & Mesh

The computational grid is shown in figure 4. The grid had dimensions of 1200mm x 4000mm x
1200mm. A grid size dependency study was carried out which determined that this grid size was
suitable for the verification, with a <3% variation in results coming from a larger domain.

1200m

4000m

Figure 4: Top view of computation domain including main dimensions.
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Figure 5: Side view of computation domain including main dimensions.

The computation grid was generated using OpenFOAMs snappyhexmesh within TCFD. 3 Refinement
regions were implemented to refine the mesh toward the object under test, with boundary layers
also being implemented to achieve a y+ value of 1. The total cell count for the full grid was around 3
million cells. Another sensitivity study was carried out into mesh refinement, which will be discussed
in the results section.
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Figure 6: Volume grid slices at the centre-plane where z=0. (a) shows the full computation domain. (b) shows NACA 2412
aerofoil. (c) shows details of the boundary layers implemented.




TCFD Boundary Conditions

The boundary conditions used were the following at each respective patch:

Inlet
e Fixed free stream velocity of 9m/s or ~20mph.
e Aninitial turbulent energy intensity of 0.05.
e Aninitial turbulent dissipation rate of 100.

Outlet
e Fixed pressure outlet with a zero static gauge pressure.

Walls
e The walls surrounding the domain were modelled as wallSlip.

Aerofoil
e The aerofoil was modelled as a wall with a surface roughness assumed to be zero, which is a
common simplification.

Turbulence Model

For the turbulence model, the RANS equations are solved together with the k-Omega SST turbulence
model. This approach is common for aerofoil aerodynamics and shows good agreement with wind
tunnel results and separation predictions. The k-Omega SST model is a two-equation eddy viscosity
model that may be used for many applications involving external flows. It is a hybrid model that
combines the k-Omega and k-Epsilon models. A blending function, usually referred to as F1 blends
the two models together, utilising k-Omega for near wall boundary layer problems and k-Epsilon in
the free stream. One drawback to this turbulence model is that it produces slightly too large
turbulence levels in regions with large normal strain, such as stagnation points and regions with
strong acceleration. An additional damping function F3 can be used to minimise this effect. For these
simulations Low-Reynolds wall functions were used to resolve the boundary layer.

The main governing equations used within the k-Omega SST model are:

Kinematic Eddy Viscosity:
_ a k
YT = Thax (a;w,SF,)

Turbulence Kinetic Energy:
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Results

The following table was pulled directly from the CAESES optimisation results section. It shows the
evaluated results for the NACA 2412 profile at different angles of attack (AOA).

£ @ [x]A0A [ Lift [i]Drag Ea k] cd
WindTunnelComparison_10_des0000 I 2[  -o.on143se368 | 0.0309451 || -0.0015082188 | 0.032509801
WindTunnelComparison_10_des0on1 H 0[] o.o0s4e221 || 0.031602297 [|  0.11394577 [ 0.033200024
WindTunnelComparison_10_des0002 ] 2[] o.21007977 | 0.034984403 [|  0.22070084 | 0.038753121
WindTunnelComparison_10_des0o03 ] 4[] 030830738 [ 0.042300694 [ | 0.32179345  [|  0.044439304
WindTunnelComparison_10_des0004 ] 6] o41474938 [| oos3seo011 [ 0435718 [|  0.055683085
WindTunnelComparison_10_des0005 1 8 [ | o4ss4s411 [ o.0s725756 [ | 0.52473668 [ | 0.070857922
WindTunnelComparison_10_des0008 [ ] wm[ ] oe2es256 [ | 0.088997557 [ | 0.65308165 [ |  0.093457455
WindTunnelComparison_10_des0007 [ ] 12[ ] o7izessst [ o.a1115089 [ | 0.74826346 [ | 0.11677038
WindTunnelComparison_10_des0008 [ ] 14 ] ososrrrz [ | 013802177 [ ] 084648417 [ | 0.14499978
WindTurnelComparison_10_des0009 [ ] 18] ] o.se3ssesss [ | o.1sss7as7 | | o9zesssas [ | 0.17741252
WindTurnelComparison_10_des0010 [ ][ | oes22mes [ |o.s7695 [ | 0.68519333 [ | 0.20758993

Figure 6: Results table for the NACA 2412 for multiple AOA
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Figure 7: Results table generated for the NACA 2412 within CAESES

These figures are extremely useful in determining trends that appear in large data samples. In this
situation it was used to easily plot lift(Cl) against AOA, drag(Cd) against AOA along with lift against
drag. These results will be compared to wind tunnel tested values in a further section.




Postprocessing

Additional 3D pressure figure showing pressure distribution over the wing of the aerofoil.

Figure 8: 3D NACA 2412 with surface pressure contours

These graphical postprocessing figures will be usefulin the optimisation of the rim shape as they will
determine how the flow is reacting with the external geometry of the wheel.




Wind Tunnel Testing

A small low velocity wind tunnel was manufactured to allow for the testing of small parts, aerofoils
and rim sections. This allowed for a validation to be carried out on the NACA 2412 aerofoil.

Setup

The manufactured wind tunnel arrangement features a test section with dimensions detailed in the
CAD drawing below.

Contraction Section Expansion Section

Test Section

300

200

Figure 9: CAD drawing detailing the dimensions of the test section used in the wind tunnel manufacture.

Test Section

The test section geometry was 300mm x 300mm x 500mm and is shown in the picture below.

Figure 10: Test section of the wind tunnel including the force sensor and smoke generator at
the bottom of the image.




Force Measurement

Force measurement was carried out using two
strain gauges (1kg load sensors) mounted 90
degrees to each other. Since the force sensors
rotated with the test object, the following
equations were used to calculate the x force (lift)
andy force (drag):

E, = (cos(0) * F;) + (sin(0) * F)
F; = (cos(8) * F,) — (sin(6) * Fy)
Where:

6 is the angle of attack (AOA)

F; is the force inline with the EUT

F, is the force perpendicular to F;

F, is the force in the x direction (Lift)
F, is the force in the y direction (Drag)

The Force sensors were mounted to a servo that
was directly secured above the wind tunnel. A
large bearing was used to ensure there was no
play as the servo rotated. With this setup the EUT
could be rotated during a test in degree intervals
up to a maximum AOA of +45 degrees. The strain
gauges were connected to an Arduino, which Figure 11: Force measurement setup

was used to transmit the force measurements to

be read and recorded on a computer. Options were utilised to allow both manual and automatic
setup of the wind tunnel. The main mode used in this test allowed the automatic run of the wind
tunnel at 20mph through -18 to +18 degrees in 1-degree steps every 5 seconds. The results from
these experiments could quickly be collated within an Excel spreadsheet.

Wind Speed Generation

To generate the required windspeed, 9 280cfm rated computer server fans were used in an even
arrangement placed at the end of the expansion section of the wind tunnel. This generated a
maximum velocity of 25mph in the test section. For future experiments, different test sections of
different cross-sectional area will be used to test at higher windspeeds.




EUT Setup

For each test, the aerofoil was securely attached to the force measurement setup, as can be seen in

figure 12 below. Once this was in place the computer was connected to the Arduino with the

— - | —— windspeed and AOA being set. In the automatic

Temm— setup, the AOA automatically changed after 20

. . ——— readings in each position to give results for a full

range of AOA. The results were recorded using

the application CoolTerm. The results were then
imported into Excel for ease of viewing.

Figure 12: NACA 2412 Section attached to the force
sensors.




Visual Results

Tufts were attached to both side of the aerofoil. This allowed an effect very similar to streamlines
which can be used in postprocessing plots in CFD. The results are as follows.

a b

Figure 13: (a) Shows streamlines at 0 degrees (b) Shows streamlines at 4 degrees (c) Shows streamlines at 8 degrees. (d)
Shows streamlines at 12 degrees (e) Shows streamlines at 15 degrees. (f) Shows streamlines at 18 degrees.




Comparison & Discussion

The results from CFD testing and wind tunnel tests were then compared giving the following
tabulated results:

-2 0.032 0.033 -0.011 -0.002
0 0.030 0.033 0.130 0.114
2 0.031 0.037 0.245 0.221
4 0.034 0.044 0.357 0.322
6 0.042 0.057 0.469 0.436
8 0.053 0.071 0.566 0.525
10 0.064 0.093 0.666 0.653
12 0.083 0.117 0.744 0.748
14 0.105 0.145 0.805 0.846
16 0.174 0.177 0.700 0.929
18 0.225 0.208 0.680 0.685

These results were also plotted on a graph:

a b
Wind Tunnel vs CFD - Cd Wind Tunnel vs CFD - Cl Results
Results 1.000
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Figure 14: (a) Shows a comparison between the CFD computed results for Cd and the Wind Tunnel results. (b) Shows a
comparison between the CFD computed results for Cl and the Wind Tunnel results.

These results show very good correlation with each other. The Cd values are highly mesh dependant.
It was determined that using a more refined mesh would decrease the CFD calculated drag values
closer to analytical results. Separation points were predicted well with the wind tunnel values
showing slightly earlier separation. This could have been due to the airflow entering the test section
of the tunnel being slightly turbulent.




Bicycle Rim Sections Optimisation

The next section of this work investigates the optimisation of a bicycle rim profile. The aim was to
first determine the fastest shape at an AOA of 0 degrees and then review how this shape performs
at higher AOA. This is due to fact that for high level cyclists who are likely to be using performance
wheels, lower AOA were determined to be the most common (Aerodynamics, 2018). A section of the
wheel was analysed both facing forward and backwards. This is due to the fact that the airflow meets
the front portion of the wheel and flows over the forward-facing section, then travels to the rear of
the wheel where it travels over the backwards-facing section. It was important to investigate the
behaviour over both portions and optimise both. This could effectively be done using CFD and wind
tunnel testing as the sections tested could fit into the manufactured wind tunnel. More emphasis
was placed over the front rim section especially at low AOA as the rear section will have turbulent
incoming air from the front section, hub and spokes.

Workflow Outline

CAESES® provides a CAD environment including robust and easy geometry variation, efficient
parametrization and simulation-ready export. For the parametrised model, surface geometry is
exported. A CFD simulation setup for the exported geometry is created in TCFD®. Both mesh
generation and CFD simulation setup can be scripted and put into the CAESES® software connector.

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

Product WorkFflow
Optimisation CRAE CAD
Algorithms = E E 5 Robust Geometry Creation
Variant > Efficient Parametrisation

Results Files and Values Simulation Ready Export
Optimised Design

Software Connector /
\ TCFD Running Scripts
Input Geometry and files
Results Files and Values

!

TCFD Input

Files
STL file (.stl)

TCFD Output Files
Results (.csv)
Report (.html)
Graphs & Images
Postprocessing Visuals (.foam)




Rim Shape Parametrization - CAESES®

CAESES® brings along powerful capabilities for the modelling and parametrization of volutes and
shapes. Any type of shape that requires optimisation, can be parametrized in a way that assures
flexible and robust variation during an automated optimisation process. Fully customizable user-
defined cross-sections can be used, allowing a free choice of controlling parameters. 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 modelling process happens in a few steps. Firstly, the cross-section shape is defined, including
all necessary shape parameters. This cross section was the revolved around 360 degrees to give the
full wheel geometry. For this optimisation a 240mm section was cut out to simplify the problem.

A few of the available parameters were selected for the optimisation of the rim shape and their
ranges defined. These parameters were:
e Weight - This parameter is used to describe the shape of the curve. A higher number here
defines a blunt curve.
e Width - This determines the width of the rim.
e Straight Length — This length is the portion of the rim which is straight before the curve
begins.

An image of the parametric 2-D cross section is detailed below:

Tyre Straight Weight
. . eig
ST | R T e S
f \\\
;' width \
\ \ Bicycle Rim
= s ¥ - 7_f/7//

The Design Parameters within CAESES:

ORCRES Some values were left unused during the optimisation.
& A0A 0 The width position (Width_Pos) and tyre parameters were
kept consistent during the optimisation. As the rim was
[ straightlength | 1° 2 being optimised for the use of a 25mm tyre, this setup was
_ = kept constant and unchanged during optimisation. When
[l tyreangle simulating the rear portion of the wheel the AOA value
—— % ° wast'5|mply altered by 180 degrees to rotate the rim
section.
[&] Tyrewidth L 2
(&) weight 07 o)
(%] width 25
(=] width_Pos 528 2




Once revolved and cut, the final geometry used in the simulations was:

240mm

Figure 14: Rim model exported from CAESES.

CAESES Setup Files

The software connector setup within CAESES features four main sections. These being:
e Input Geometry — The final geometry is exported from CAESES in whatever required format is
desired.
e Input Files — The setup files required within TCFD simulations.
e Results Values — These are the results files generated by TCFD. For the simulations, the drag
and lift values were extracted and imported back to CAESES.
e Results Files — The postprocessing .Foam file can be imported back into CAESES allowing the
user to setup
&
screenshots from
different
postprocessing fields
such as pressure,
velocity, turbulence
intensity. These can be
viewed in the design
viewer for easy
comparison of designs.

Input Geometry Input Files Q %+

rimsections.stl Wheels...n.tcfd

3 Ny Result Files Q TCFDRunner Result Values 4

TCFDFo...al.csv

Figure 15: Setup within CAESES.
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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. The setup is then saved into a configuration Ffile
(*.tcfd), which is ready for incorporation into the optimization loop within CAESES. No additional
operations are required.

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

Solver settings
e Steady State
e Incompressible
o KOmegaSST
e Low-Re Wall Functions (y+~1)
e 2500 Iterations

Boundary Conditions at Patches

Inlet
e Fixed free stream velocity which was 9m/s or ~20mph.
e Aninitial turbulent energy intensity of 0.05.
e Aninitial turbulent dissipation rate of 100.

Outlet
e Fixed pressure outlet with a zero static gauge pressure.

Walls
e The walls surrounding the domain were modelled as wallSlip.
Rim
e The rim was modelled as a wall with a surface roughness assumed to be zero, which is a
common simplification.

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. These results were then imported back into CAESES.




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 is a complex process. Multiple factors can constrain the extent of optimisation. First
of all, one should answer several questions before designing this 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 v2 CPU
with 20 cores available. One design loop, including mesh generation and the TCFD® simulation, takes
about 60 minutes. We have 3 design variables for which we performed 35 design variants, which took
about 3 days to simulate. First, an exploration of the complete design space was performed using
through a DoE algorithm like the Sobol or Latin Hypercube Sampling (in CAESES: Dakota > Sensitivity
Analysis). That database already gives a very good indication regarding correlations, etc. Then, this
first step can be followed with either a local optimization starting from a selected promising design.
A reasonable number of points for sufficient coverage of a design space corresponds to N?, where N
is a number of design variables.

Finally, an objective function has to be defined. In this optimisation, the rim drag was determined to
be the objective function evaluated by TCFD®. From the optimisation, both the front and rear

portions of the rim were optimised.

Before the optimization process, we simulated the original design for both the front portion and

rear.

Front:

LX) Maoa [\]straightlength M weight M width [ resultantforcedragnewtons

3 DesignAssembler01_22_des0000 || of 18 [| 07 [ 25 0.1018341
Rear:

LX) Maoa M weight M width [\]straightlength [ resultantforcedragnewtons

3 DesignAssembler01_18_des0000 || o 0.7 [ 25 18 | 0.11698173

After 40 simulations we get the best design listed in the table below.

Front

LT M weight K width [\Istraightlength Kaoa K resultantforcedragnewtons ~

E3Dakota_23_des0014 [ 0.29595618 [ | 24.701692 || 10 I ol 0.087770932
Dakota_23_des0011 [] 0.30910035 [ | 24.823435 || 10 0 0.088153274
Dakota_23_des0008 [ | 0.34602944 [ | 24.652004 || 10 I o [ 0.088166608
Dakota_23_des0013 [] 0.30910035 [ | 24.823435 [ | 10.1875 || o [ 0.088231384
Dakota_23_des0010 [ | 0.36832028 [ | 24.635916 [| 10.03138 || o [ 0.088484899
Dakota_23_des0012 [] 0.32114998 [ | 24.950112 | 10 0 o[ 0.088578315

Rear

[aDakota_19_des0012 [ | 0.49803153 [ | 23.128201 | | 10.321688 || ol 0.11486603
Dakota_19_des0007 [ | 0.49772288 [ | 23182313 [ | 10.451416 [| ofl 0.11488363
Dakota_19_des0015 [ | 0.50107085 [ | 23.175607 || 10.18551 || ol 0.11489618
Dakota_19_des0011 [ |  0.49317243 | | 23.293025 || 10.210033 || ol 0.11491492
Dakota_19_des0002 | | 0.52 ] 23.2 ] 10.48 I ol 0.11492141
Dakota_19_des0014 [ | 0.50216246 [ | 23.111138 [ ] 10.368902 || ol 0.11494192

The reason for the difficulty in reducing the drag on the rear part of the wheel is that the tyre is on
the aft of the model. Further work into surface features on the tyre, such as dimples, may reduce the
drag further.




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, o
which are depicted by linear 5" °1'*
or quadratic interpolation:

ik weight L width L straightlength

105
[ 11
Fi1s

2

0.1156
0.1155
0.1154
0.1153
0.1152

..tforcedragnewtons

[

From the results, a varient was chosen which was the best balance between the optimisations from
the front and the rear. The final varient was:

Front

{:} [»]weight [»]width [x] straightlength LaoA [s]resultantforcedragnewtons ~
E3Dakota_14_des0020 || 0.43253656 | | 23.202516 || 10.481856 || ol 0.089781919
Rear

[ Dakota_16_des0020 || 0.43253656 | | 23.202516 | 10.481856 || ol 0.11492756

The optimization process reduced the drag value by 13% on the front portion of the rim and 2% on
the rear portion of the rim when compared to the base design. The final outcome of this study is
summarised in the table below:

Weight [Width Straight Length |Drag Force |% Reduction
Front Base Design 0.7 25 18| 0.101834
Front Optimised Design 0.4325 23.2 10.48 0.8978 13%
Rear Base Design 0.7 25 18 0.11698
Rear Optimised Design 0.4325 23.2 10.48 0.1149 2%

This difference can be visualised in the following postprocessing images which show turbulence
around the rim.

Benchmark Optimised
Front
a b

Figure 18: Shows Turbulence Intensity at the z=0 plane with pressure distribution over the rim section (a) Baseline front
facing section. (b) Optimised Front facing rim. (c) Baseline rear facing rim. (d) Optimised rear facing rim.




wind Tunnel

Setup

The setup was the same as the aerofoil verification. The model was capable of being attached both
facing forwards and backwards to allow the front and rear sections to be tested. Several models
were tested, each given a code such as 250710. In this code the first two digits are the model
width, the second two are the curve (Weight) and the last two are the Straight length.

All models were tested from -16 degrees to 22 degrees. This allowed investigation into not only
the models at low yaw AOA but also stall angles.
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Figure 19: (a)(b) Shows rear facing 3d printed rim design in wind
tunnel.

(c)(d) Shows forward facing 3d printed rim design in wind tunnel.




Results

For the rim sections tested the tabulated results were:

These results were also graphed:
Front

Front Drag Values Front Side Force
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Figure 20: (a) Shows drag on the front facing wheel sections(b) Shows side force on the front facing 3d printed rim design.
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Figure 21: (a) Shows drag on the rear facing wheel sections(b) Shows side force on the rear facing 3d printed rim design.




Combined

Drag Values Combined
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Figure 22: Shows drag on the combined wheel sections.
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Figure 23: Shows side force on the combined wheel sections.

Discussion

From these results, the following trends were noticed. Firstly, the design optimised through CAESES
and TCFD was the lowest drag shape for the front section through AOA up to 6 degrees. This shape
however stalls thereafter. For cyclist averaging very high speeds ~30mph, this shape would be ideal.
Due to the importance of the front portion, this shape would provide the lowest drag in most
situations, as the rear section has less weighting on overall drag because it is in the wake of the front
portion at low AOA.

It was also noticed that the wider rim section performed much better at higher angles of attack. This
width would therefore be suitable for club riders or those who average <20mph. However, due to
the increased frontal area this rim was slower however at lower AOA.

Future work can be carried out to determine the fastest rim geometry at higher AOA.

The drag values calculated from the CFD solver matched the wind tunnel values closely, which gives
extra confidence for using this optimisation process to develop fast bicycle rim shapes.




Conclusion

A comparison of the base and optimized designs is shown in the
figures on the right. The base design can be seen on the left with ' ‘
the optimised design being on the right.

In a short period of time, the bicycle rim geometry was optimized
to achieve low drag values. Altogether, 40 simulations were

performed for both the front and rear sections to obtain an ‘
optimized design. )

As aresult, the drag values were reduced by 13% and compared very well with wind tunnel received
results.

Each simulated design has its own TCFD® report, from which all the important flow parameters 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.

This study clearly shows synergy between CAESES® 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 modelling, variation, and optimization. TCFD® brings an unlimited
and accurate CFD power with 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.

FRIENDSHIP SYSTEMS support
www.caeses.com www.streamlinecycling.co.uk www.cfdsupport.com
+49-331-96766-0 +447925 375133 +420212 243 883

sales@friendship-systems.com  daniel.cain@streamlinecycling.co.uk info@cfdsupport.com
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