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Mahind .
ahindra Introduction

* Mahindra North America have
conducted an extensive evaluation
of PreonLab by FIFTY?2

* The primary use cases are water
wading and splash, but we have
also evaluated it for drainage from
the cowl and doors, fuel tank filling
and wiper performance

* PreonlLab is a particle based
solver using PREON® technology

* The advantage of this approach
IS the speed of solution compared
to typical RANS solvers

* Some first experiences are shared
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Mahindra

Water Splash

Mahindra test at a range of vehicle ! — Prae
speeds and water depths to evaluate 5(_ jﬂ)ﬂﬁfﬁ- — _

splash performance

* The particular case I'm presenting was
run at 50kph and a water depth of 70mm £ = &

* Initial particle size chosen was 10mm in
order to quickly assess the behavior

* This was run on 40 cores on a local
workstation (7h 57m) and then 224
cores on MANA's cluster (1h 27m)

* Afinal run was conducted with a particle
size of 6mm to check for convergence ‘ e e o |

* We expected this to take (10/6)*4 times = _ gl _ e

longer to run —i.e. 7.7 times longeror =~ k. e .
approximately 11 hours but it actually e o S _ P S S
only took 8 hours and 44 minutes | =y = e e
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Mahindra

Water Splash

PreonLab makes it easy to set up the
movement of the vehicle through the
splash channel by using a scripted
approach

* First transform points are created at the =
contact patch of a front and rear tire R, e

* Then all the user has to enter is start
and finish times and the vehicle speed
and the vehicle position is calculated
automatically for each frame

* In addition you can enter suspension
data for the vehicle to account for the
hydrodynamic forces acting on it

* Finally cameras can be locked to the
body transform group so that they track
the vehicle through its movement
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Mahincdra

Rise.

Water Splash — Resolution Dependence

Scene
Time: 1.3000s
Sim Step: 1993
Fluid Particles: 15988992
Total Update: 22m:47.90s
Licensed threads: 40

particle_rigid_body
& implicit update and twe: Oms

PreonSolver_1

6mm particle size

particle_rigid_body
| it g : implicit update and twc: Oms

setupMPINeighbors: Oms
kg m~-3

ems~1 PreonSolver_1
Velocity {m-s2=1}

WettingSensor_1

10mm particle size
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Water Splash — Resolution Dependence

Scene
Time: 2.0000s

Sim Step: 6016

Fluid Particles: 15987197
Total Update: 3h:32m:58.02s
Licensed threads: 40

particle_rigid_body
mplicit-update and twe; GRS

PreonSolver_1

- 6mm particle size

particle_rigid_body
implicit upd
D

WettingSensor_1

10mm particle size
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Water Splash — Resolution Dependence

Fluid Particles: 15985221
Total Update: 6h:53m:21.47s
Licensed threads: 40

6mm particle size

KInetlc-Energ‘y 3
Num rendered particles: 52873
time step: 0.000174719s

10mm particle size
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Mahinclta Water Splash — Resolution Dependence

ep: 1993
uid Particles: 15988992
Total Update: 22m:47.90s
Licensed threads: 40

particle_rigid_body
implicit update and twc: Oms

—— 6mm particle size

10

Scene

Time: 1.3000s

Sim Step: 3424

Fluid Particles: 71070482
Total Update: 24m:57.51s
Licensed threads: 8

particle_rigid_body
implicit update and t
SetupMPINeiahb ms

PreonSolver_1
Velocity (m s”-1)
10

time step:

- - k. v e S

10mm particle size f
urrent w rea of y: 3.19269 m~2

u v f 58173 %

e .260939 m”2

92735 %
62558 m~2

: 7.43293 %
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Mahinclta Water Splash — Resolution Dependence

Licensed threa

particle_rigid_body
implicit update and twc: S

6mm particle size

Fluid Particl
Total Update: 3h:23m:27.
Licensed threads: 40

particle_rigid_body
implicit update and t
setupMPINeighbor
PreonSolver_1
Velocity (m s-1)

10

Max-Vel:
CFL time

Kinetic-Ene 3
Num rendered particles: 78
i

10mm particle size
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Mahindra Water Splash — Resolution Dependence

particle_rigid_body
implicit update and twc: Oms

6mm particle size

Scene

implicit
PreonSolver_1

Velocity (m s”-1)

10

10mm particle size

Saturated
Saturated
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Mahinclta Water Splash — Resolution Dependence

Time: 1.1600s

6mm particle size

10mm particle size
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Mahinclta Water Splash — Resolution Dependence

6mm particle size

10mm particle size
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Mahincdra

Water Wading

Mahindra test at a range of vehicle
speeds and water depths to evaluate
wading performance

* The particular case I'm presenting was
run at 10kph and water depth of 350mm

* Initial particle size chosen was 20mm in
order to quickly assess the behavior

* This was run on 224 cores on MANA's
cluster without a BoxDomain (stopped)
and then with a BoxDomain (2h 06m)

* Afinal run was conducted with a particle
size of 12mm to check for convergence -

* We expected this to take (20/12)*4 times '_’
longer to run —i.e. 7.7 times longer or —
approximately 16 hours but it actually
only took 14 hours and 26 minutes
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Water Wading — effect of BoxDomain

This was run on 224 cores on MANA's
cluster without a BoxDomain (stopped)
and then with a BoxDomain (2h 06m)

* For the frames that were completed for
the run without a BoxDomain they were
taking approximately 12 minutes to
calculate

* Each frame with the BoxDomain was
only taking approximately 15s to
calculate at the same point in the
simulation

* QOverall to get to the same point the run
without the BoxDomain took 20 hours

and 29 minutes, the run with a

BoxDomain only took 1 hour and 1

minute
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namne Water Wading — effect of BoxDomain

20mm particle size — with BoxDomain

20mmartic|e Size — no BoxDomain
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namne Water Wading — effect of BoxDomain

12mm particle size — with BoxDomain

20mmartic|e Size — no BoxDomain
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namne Water Wading — effect of BoxDomain

20mm particle size — with BoxDomain

20mm particle size — no BoxDomain
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=hinsre Water Wading — Resolution Dependence

12mm particle size

20mm particle size
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=hinsre Water Wading — Resolution Dependence

12mm particle size

20mm particle size
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=hinsre Water Wading — Resolution Dependence

12mm particle size

20mm particle size
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=hinsre Water Wading — Resolution Dependence

12mm particle size

20mm particle size
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Mahinclta Water Wading — Resolution Dependence

Scene

Sim Step: 0
Fluid Particles: 0
Licensed threads: 40

12mm particle size

WettingSensor_1
Current wet area of Body: 0 m~2
t wettage of Body: 0 %
et area of Body: 0 m~2
Total wettage of Body: 0 %

WettingSensor_1

20mm particle size
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Water Wading — Final Render
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Mahindra i
g = Summary & Conclusions

* Mahindra Automotive North America are now using PreonLab for both water
wading and splash simulations in our standard development process

* The finer resolution for both wading and splash resolutions gave very similar
water behaviour but better surface wetting fidelity, so will be the best practice for
production simulations. We will also evaluate the new local refinement feature

* Further work to optimize the size of the box domain will take place, to balance
Improved capture of flow features with increase in run time

* Both porous solids (to represent heat exchangers) and suspension will be used
for all simulations in the future

* We will also evaluate the effect of an air flow force field on the splash
simulations using data from our external aerodynamics CFD simulations

* Finally we are currently running physical tests on a vehicle we couldn’t show, so
will soon have correlation data to confirm the accuracy of the predictions
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Thank you...

IMahincdra

Rise.




