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Abstract

This Case study aims to check the design of Cybertruck from Tesla from the aerodynamic point
of view using OpenFOAM CFD Simulation. The Fuel economy of any pickup is directly
dependent on the Drag force created by the airflow over it. Conventional Pickup trucks like
RAM 1500 & Ford F150 have a Drag Coefficient of 0.357 and 0.40 1. Elon Musk, CEO of
Tesla Motors Inc, has claimed that the new Cybertruck can achieve a drag Coefficient of 0.30,
though it has a box-like design and a flat front. The drag coefficient will be calculated in this
Case study. The geometry used is the original design of the vehicle. The structured mesh is
generated using blockMesh and snappyHexMesh. Plots for the coefficients of drag are

evaluated for different velocities.
Keywords: Cybertruck Aerodynamics, Drag Coefficient, CFD, OpenFOAM

1. Introduction

The Tesla Cybertruck is an all-electric light-duty truck announced by Tesla at the Tesla
Design Studio in Los Angeles on 21 November 2019. There are three models, with range
estimates of 400-800 km and an estimated 0-100 km/h time of 2.9-6.5 seconds, depending
on the model. Elon Musk, CEO of Tesla
Motors Inc tweeted “With extreme effort, |
Cybertruck might hit a 0.30 drag
coefficient, which would be insane for a

truck. Requires tweaking many small

details.”.

Figure 1: Cybertruck
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2. Problem Statement

To obtain the Drag Coefficient of flow over Tesla Cybertruck by CFD simulation by turbulence
modelling for speed range of 18 — 27 m/s (40 — 60 mph). Studying the flow over the vehicle.
Plotting the coefficient of drag which
would be extracted from the Results.
A streamline of the flow and a suitable

animation would be made.

Figure 2: Flow around the Cybertruck preview

3. Governing Equations

3.1 RANS Equation

They case study is based on Reynolds-averaged Navier—Stokes’s equations (or RANS
equations). The Reynolds-averaged Navier—Stokes’s equations (or RANS equations) are time-
averaged equations of motion for fluid flow. The RANS equations are primarily used to
describe turbulent flows. These equations can be used with approximations based on
knowledge of the properties of flow turbulence to give approximate time-averaged solutions to
the Navier—Stokes’s equations. For a stationary flow of an incompressible Newtonian fluid,

these equations can be written as [*I:

0w o o (00 0% o
pu; ox; = pfi ox; poj; T U 0z, | ox pu U
3.2 Bernoulli's Equation

Bernoulli’s equation defines the various pressure and velocity distribution contours around the

vehicle. It is given as:

P+ %pv2 + pgh = Constant
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4. Simulation Procedure

4.1 Geometry and Mesh

The Geometry was retrieved from GrabCAD 2,
The geometry was rescaled to actual dimensions ©I:

Length: 5,885 mm
Width: 2,027 mm
Height: 1,905 mm

Figure 3: CAD model of Tesla Cybertruck

The 3D Mesh generation for the cuboidal domain was done using the blockMesh utility. The
snappyHexMesh utility was then used to snap out the geometry and refined the mesh adjacent

to the surface with accuracy.

4.1.1 BlockMesh

The Cubical Domain was made using BlockMesh of Dimension:

BlockMesh
Bounding (-3 -04 -3)
Box (17 46 3)
Divisions (80 20 24)

Figure 4: Domain Box
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4.1.2 SnappyHexMesh
Before proceeding, the ‘surfaceFeatures’ command was used to extract a surface definition
file(.emesh). The surface definition file(.emesh) is used in snappyHexMesh as a definition of

the geometry. The SnappyHexMesh file is defined as:

snappyHexMeshDict checkMesh results
Edge Refinement Level 4 Domain (-3 -0.4 -3) (17 4.6 3)
Surface Refinement Level 4 4 Points 886823
No. of Layers 0 faces 2231844
internal faces 2032139
i cells 680042
— faces per cell 6.28488
“ ,‘ NN NN boundary patches | 7
VANVS =t S S8 Max Skewness 3.21809
ATTAAS S Max Aspect ratio | 14.8771

Figure 6: Cross-sectional |
mesh closeup | N7 T AR

VAN B

‘...A....:../I}l...:
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Figure 5: Cross-section Mesh around Tesla Cybertruck after
SnappyHexMesh
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4.2 Initial and Boundary Conditions

Airflow enters with 20 m/s of fixed velocity from the inlet patch, close to 72 km/hr. The outlet
is inletOutlet, as flow velocity 20 m/s. The pressure outlet is assigned a fixed value of 0 atm.
The front, back, upper and lower patches were defined as No-slip walls. On the Cybertruck,

velocity is no-slip and, pressure is zeroGradient.

Boundary U P

List of abbreviations used in the list: Inlet FV (20) ZG
1) FV:Fixed Value Outlet IO_ FV (0)

2) ZG: Zero Gradient FrontAndBack noSlip ZG

3) 10: Inlet Outlet LowerWall noSlip ZG

UpperWall noSlip ZG

Tesla noSlip ZG
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4.3 Turbulence model
The kOmegaSST turbulence model of OpenFOAM is used in this simulation. This
model is a combination of k-epsilon (k-g) and k-omega (k-w) turbulence model. The

following formulae were used in the calculations:

1. Reynolds Number 3. Specific Turbulent Dissipation Rate
Re = XL _ ouL w="
v u L
where, where,
u - Maximum velocity of the object relative k - Turbulent Energy
to the fluid | — Turbulent Length Scale

L - Characteristic Linear dimension

v- Kinematic Viscosity

2. Turbulent Energy
k=2 (UD?
where,

U— Mean Flow Velocity
/- Turbulent Intensity

Boundary k omega nut
Inlet FV (0.24) FV(1.78) calculated
Outlet 10 10 calculated

FrontAndBack | kqrWallFunction | omegaWallFunction | nutkWallFunction

LowerWall kgrWallFunction | omegaWallFunction | nutkWallFunction

UpperWall kgrWallFunction | omegaWallFunction | nutkWallFunction

Tesla kgrWallFunction | omegaWallFunction | nutkWallFunction
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4.4 Solver

PimpleFoam solver of OpenFOAM was used for this simulation. PimpleFoam is a
transient solver for incompressible turbulent flow. PIMPLE algorithm is a combination of the
PISO (Pressure Implicit with Splitting of Operator) and SIMPLE (Semi-Implicit Method for
Pressure-Linked Equations) algorithm 1. The controlDict file, which controls the solution

time steps and duration, was defined as below:
FoamFile

{ version 2.0;

format  ascii;

class dictionary;

object  controlDict;
}
application pimpleFoam;
startFrom latestTime;
startTime 0;
stopAt endTime;
endTime 1;
deltaT 5e-5;
writeControl timeStep;
writelnterval 250;
purgeWrite 0;
writeFormat  binary;
writePrecision 6;
writeCompression off;
timeFormat  general;
timePrecision 6;
runTimeModifiable true;
graphFormat gnuplot;
functions

{

#tinclude "forceCoeffs"

}
The deltaT was 5e-5, and the simulation ran for real-time of 1 second. It also consists of the

forceCoeff function, which is discussed later in this report.
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5. Results

The simulation was done to study the Aerodynamic characteristics of flow over Tesla
Cybertruck. This was done for 4 cases with velocity ranging from 18 to 27 m/s which is
64.8 - 97.2 km/hr. The following characteristics or parameters were calculated and visualized

using ParaView:

5.1 Pressure and Velocity Contours

Figure 7: Pressure contours on the Cybertruck

Figure 8: Pressure
contours of vertical
cut-section of flow
around the
Cybertruck

¥ 40e+02 -350  -300
| | |

Figure 9: Pressure
contours of horizontal
cut-section of flow
around the Cybertruck

&K
-2.8e+02-250 -200
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Figure 10: Velocity
contours of vertical
cut-section of flow
around the
Cybertruck. A and C
are locations of flow
separation, B is the
location of flow
reattachment

U Magnitude

0.0e+00

Figure 11:
Velocity contours
of vertical cut-
section of flow
around the
Cybertruck

U Magnitude

5.2 Streamlines & Vector Streamlines with arrows

U Magnitude

0.0e+00

Figure 12: Velocity Streamlines of vertical plane flow over the
Cybertruck (2D view)

Page 8 of 17



FOSSEE, IIT Bombay OpenFOAM Case Study Project

Figure 13: Velocity
Streamlines of
vertical plane flow
over the
Cybertruck
(Oblique view)
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Figure 14: Vector streamline of flow around the Cybertruck
with a line source (Front view)

U Magnitude

Figure 15: Vector streamline of flow around the Cybertruck with a
line source (Rearview)
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Figure 16: Vector
streamline of flow
showing the
vortices after flow
separation with
vehicle cut-section

Figure 17: Vector
streamline of flow
showing the disturbed
vortices at the rear
section of the vehicle
(Top view)
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Figure 18: The Slanted upper front and rear surfaces make this vortex flow
near the A-pillars, which is then pulled inwards at the rear of the vehicle I’
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5.3 Zone clouds

Figure 19: Turbulence zone clouds (k)
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Figure 21: Low-Pressure
zone clouds around
Cybertruck
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Figure 20: High-
Pressure zone
clouds around
Cybertruck
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5.4 Forces and Drag Coefficient (Cd)

The Drag coefficient is calculated using the following formula:

C,= —
’ 1/2pu2A

In this case study, the Drag coefficient was calculated by 2 different methods. Both methods

gave results in a close range. The methods are as follows:

1) forceCoeffs function utility:

The function was defined and stored in the system folder. Parameters like frontal
area, flow velocity and direction were input. The outputs are Cd, Cl and Cm. The

function was as follows:

forceCoeffsl

{
type forceCoeffs;
libs ("libforces.so");

writeControl timeStep;
timelnterval 10;

log yes;

patches (tesla);

rho rholnf;  // Indicates incompressible
rholnf 1.225; // Redundant for incompressible
liftdir ~ (010);

dragDir (100);

CofR (0 00); // Axle midpoint on ground
pitchAxis (00 1);

magUInf 20;

IRef 2.5; // Wheelbase length

Aref 3.72; // Estimated

Page 12 of 17



FOSSEE, IIT Bombay OpenFOAM Case Study Project

And the output was after every iteration while the solver ran, and it was:

o]
°
m
=]

- m °

ForceCoeffs.dat

Force coefficients|

1iftDir 3 .000000e+00 1.000000e+00 0. 000e+00)

dragDir (1.000000e+00 0.000000e+00 0.000000e+00)

pitchAxis (0. PPe+00 0.000000e+00 1. 000e+00)

magUInf

1Ref

Aref 00

CofR (0. 000000e+00 0.000000e+00)
d cl

#
#
#
#
#
#
#
#
#

el
791e-01
884e-01

9.85105
0.8511

PlainText ¥ Tab width:8 = Ln1,Col21 7 INS

Figure 22: forceCoeffs file

2) Using ParaView calculator Utility:
The Pressure over the Cybertruck (Fig. 7) integrated for all axes using the
IntergrateVariable function in ParaView gave an output of pressure forces in all 3-axis
directions. The drag coefficient equation was input in the calculator of ParaView.
Pressure force was used, which is towards the axis of flow. A preview of the method is

as shown below:

ParaView 5.6.0 64-bit - @ X
File Edit View Sources Filters Tools Catalyst Macros Help
f’f’w’ﬁ% @@Qj ") & :‘ii 4l Il E Timel1 ~ |79 |+ |(maxis 79) m.\m%m,ﬁ'qzmgmqmsmﬁmy
k2239 Kb dd2C 2 BCEG
VOVBPOQEL0L LGtwiiy &
Pipeline Browser B8 §layout#1® | +
i builtin: # »RenderView1 [|8/0/8| @ Spreadsheetview1 DB [0 @ |

@ CyberTruck4.3Retry.OpenFOAM
) GenerateSurfaceNormals1

- !b Force
D IntegrateVariables1

Showing | Cd - |Attribute: Point Data ~ Precision: 6 328 Dn | L L]
o Force Normals
0 0.405178 369.279406,-106.508132, -0.654951 | 0.002667, -0.003835, -0.000357

4 G

Properties | Information
Properties ]

HDelete | 2

Search ... (use Esc to clear text) &85

= Properties (cd) |3 @ &~
Attribute Type Point Data

Coordinate Results

Result Array Name |cd
369.279/(0.5%1.225%20%20%3.72)
Clear | ( ) iHat | jHat | kk
sin | cos | tan | abs | sqgrt
asin | acos | atan | ceil | floor

L] : »

Figure 23: ParaView preview with results
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Pipeline Browser

ﬁl builtin:

‘ CyberTruck4.3Retry.OpenFOAM
‘ GenerateSurfaceNormals1

=]E]

[ ]IntegrateVvariables1

e
Properties | Information

Properties
| #apply | @Reset || ®pelete | 2

04 & O 0

(=]ES]

|Search ... (use Esc to clear text)
[EICY
' Point Data -

|| coordinate Results
Result Array Name | Force

Bl

| = Properties (Force)
Attribute Type

| p*Normals*1.225

[Clearl ( l ) l
[sinlcosll:an!

iHat | jHat | kHat
abs l sqrt l +
- | |

OpenFOAM Case Study Project

Pipeline Browser

ﬁl builtin:

‘ CyberTruck4.3Retry.OpenFOAM
‘ GenerateSurfaceNormals1
‘ Force

IntegrateVariables1

Properties | Information

Properties

=]E]

EONE VI BRI ¢

B
| @apply | @Reset | Mpelete | 2?7 |

|Search ... (use Esc to clear text)
| =Properties(c) B © (C D
Attribute Type | point Data

|| coordinate Results
Result Array Name | cd

Bl

369.279/(0.5*1.225*20%20%3.72)
[Clearl ( l ) l iHat l jHat l kHat
[sinlcosltanlabslsqrth.

Figure 24: ParaView calculator with Force and Cd

The Final Results from both methods were as follows:

V=18m/s Fx Fy

Fz

Pressure Force 300.396 N

-79.946 N

24394 N

V=20m/s Fx Fy

Fz

Pressure Force 369.279 N

-106.508 N

0.605N

V=24m/s Fx Fy

Fz

Pressure Force 516.307 N

-158.867 N

-1.601 N

V=27m/s Fx

Fy

Fz

Pressure Force 638.667 N

-180.603 N

4773 N

lift Coefficients were calculated for v = 20 m/s:
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The results were plotted using MATLAB:
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Figure 25: Cd vs Velocity plot
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5.5 Residuals and Cd converging graph
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Figure 26: Cd vs Reynolds number plot
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Figure 27:
1 Residuals Plot
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Figure 28: Cd vs Iteration time
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5. Conclusions

e The Drag Coefficient is calculated and found to be around 0.40. That is close to the
results obtained from reference 1181, Though it could be reduced by many strategies
and tweaks, as tweeted by Elon Musk, CEO of Tesla Motors Inc.

e The flow separating at the front edge of the bonnet and roof edge as seen in Fig. 10
at locations A and C. These flow separations break the streamline flow over the
vehicle and contribute towards the drag.

e The CAD model used has an open trunk that simulates most case scenarios of travel
on highways. Whether the trunk is open or close, in both cases, the drag contribution
of the rear section by negative pressure is negligibly varying as the flow has
separated from the roof edge as seen in Fig. 12.

e There are Air swirls produced by A-pillars, at the side windows /). The flow ahead,
in most cases, creates vortexes. These are pulled towards the middle and absorbed
by the trunk. Hence there are no vortexes seen in the flow aft to the vehicle. This
can be seen in Fig. 15 & Fig. 18.

e Considering the two conclusions stated above, in a case where the trunk is closed,
these vortexes could help the reattachment of the flow at the rear. Hence helping in
reducing the drag coefficient even more and contributing towards a more

streamlined flow !,

6. Future Scope

e A similar study could be done on a Cybertruck geometry with a closed trunk to
verify that the flow does reattach at the rear of the vehicle.

o Some new design considerations can be tested for, like the high-pressure zone at
the front could be provided with a certain kind of intake or use NACA ducts on the
sides to transfer the upcoming airflow to be redirected to bleed it out at locations
like locations of flow separation, or low-pressure area. The airflow can also be
used for air conditioning or cooling the battery pack and brakes. This kind of
strategy is used in aircraft wings by the name of the leading-edge slot to prevent
flow separations on the low-pressure zones. However, even vortex generators can

be used at the roof edge to control the flow separation.
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