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. Polaris Background

« Foundedin 1954 in Roseau, Mn
 Headquarters in Medina, Mn
« Revenue of $8.4Bin 2022
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. Polaris Background: Product NORTH AMERICA

Industry leading products in the On-Road,
Off-Road, Snow, and Marine Power Sports
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. Polaris Background: Engines NORTH AMERICA

« Started designing and manutacturing engines tor our Snow, On-Road and Oft-
Road products in the late 1990's.

« 2-Stroke and 4-Stroke, naturally aspirated and boosted.
« 71-4 Cylinder Designs.
* Mostly water cooled, some air cooled.
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. Polaris Optimization Journey NORTH AMERICA

Internal initiative to increase use of Optimization and Multi-Disciplinary
Optimization (MDO) started 3 years ago.

2021

4 N 4 N\ N
« Evaluate « Develop optimization « Expand deployment
optimization tools. capabilities. of optimization with
. modeFrontier  Demonstrate value the analysis team.
selected for to internal partners. e Train new users.
purchase.
 Pilot Projects.
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What is an Engine Water Jacket? NORTH AMERICA

GUIDES

VALVES

WATER
JACKET

Water Jacket: Voids in the engine where coolant flows.

Objective: Reject waste combustion heat from the engine. Ensure that metal
temperatures of the cylinder, cylinder head and valvetrain components remain within
acceptable levels for engine performance and durability.
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Lateral Flow

What is an Engine Water Jacket?

Cross Flow

Water Jacket Design: A good flow scheme/plan goes a long way!
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. Water Jackets: Continued NORTH AMERICA

Head gasket is a critical component in the water jacket design

« Connects the lower (cylinder) and upper (head) sections of
the water jacket.

» [tsupportsthe overall flow scheme

» It provides flow momentum where it's needed

« Ttisasignificant contributor to overall system restriction
(AP). Spend your pressure budget wisely!
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When to Optimize? NORTH AMERICA

Legacy designs New designs

e Flow scheme may not be as » Flow scheme well defined.
well defined. - Gasket’s role in the water
e Opportunity to change the jacket is clear.

gasket. . Still some room for
« Optimize to squeeze optimization.

additional performance from

the design.

Multiple Motivations for Head Gasket / WJ Optimization
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Optimization Outline NORTH AMERICA

Inputs Models Key Outputs Constraints Objectives

» Flow (Ansys Fluent) e Critical Velocities
« Geometry (Creo + « Pressure Loss
SpaceClaim) « Mesh Quality

» Pressure at or less « Maximize Velocity in
than incumbent Exhaust Bridges

design. « Maximize lowest
Recorded Velocity
(minimize low flow
zones)

« Gasket opening:
« Radius
« Span Angle
 Location Angle

DOE of n=75
Total runs = 200
Optimization Approach: pilOPT, all real runs.
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Inputs

Unitof | Lower | Upper
e Type measure| bound b:lfnd
mag_main_span Scalar | degree 0.5 14
. pto_main_span Scalar | degree 0.5 14
ﬂ::::: """"""""""""""" ‘|’ ------- ﬁ mag_main_rad Scalar mm 0.5 2.5
Ifﬂ tt'h “q:.;::‘_:h_— I] | pto_main_rad Scalar mm 0.5 2.5
IH 1.:.‘1. '“‘*--‘:.::~_=:_,:__:____ﬂliI | ptﬂ_siﬂe_lnc mag_main_loc Scalar | degree 3 12
{! 111"" '""r:::f' ' tICI' ahite anan pto_main_loc Scalar | degree 3 12
; 1| H 1..\ / p - — P mag_side_span Scalar | degree 0.5
' \ ‘11 ;; pto_side_span Scalar | degree 0.5
i "l\ \'x /,-*’ mag_side_rad Scalar mm 0.5 25
} | \ : . pto_side_rad Scalar mm 0.5 2.5
i 1I'.,,III "'H 2 / _ mag_side_loc Scalar | degree 15 18
1| l—""‘: PtG_SIﬁE_Fﬂd == pto_side loc Scalar | degree 15 18
i ! A ) pto_aux_rad Scalar mm 0.5 2
mag_aux_span Scalar | degree 0.5 7
mag_aux_rad Scalar mm 0.5 2
pto_aux_span Scalar | degree 0.5 7

Gasket openings modeled as slots with 3 input variables. A locating angle, a span
angle and a slot radius. Design space Is bounded by the mating head and cylinder =
water jacket geometries.
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Modeling Approach and Workflow NORTH AMERICA

Misc Output Vars

- A
8l <% Fluid Flow (Fluent with Fluent Meshing)
Gasket Dims 2 Bl Geometry v 4
3§ Mesh v
4 @@ setup v 4
5 @@ Solution v 4
6 9 Results v 4
> 7 [}P_J Parame ters
|_T_| Fluid Flow {Fluent with Fluent Meshing)
|
I
I
sfart ANSYSWE1 | _
7 min_head vel
Oo > Ao -
\ ---PT0
? |
I i
____________ I I
; | .
N | head vel calc ' Exit30
| [e]
4 > >
I
|
I
I
|
I

Head Velocities

Notes:

Ansys Workbench handles the Creo
geometry import along with the Fluent
meshing and Fluent flow solver.

Calculator node performs a simple min()
function on all monitored velocities to
extract the lowest velocity.

One iteration takes about 35 minutes
from start to finish.

Ability to run up to 2 designs
concurrently.




. Key Velocity Outputs

Exhaust

aust

Regions of the Water Jacket Where Velocity is Monitored
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« 40 Velocity monitor points are placed in key
regions of the water jacket so that flow
performance can be tracked by zone.

* Volume based average velocity is calculated tor
head and cylinder jacket zones as well.

Cylinder
Water
Jacket




. Results: Output Correlations

norm_ave_cyl_velocity

norm_ave_head_velocity E

norm_head_min_vel

norm_mag_ee_bridge

o - El

norm_pto_ee_bridge

norm_ave_cyl_velocity norm_ave_head_velo.. norm_head_min_vel norm_mag_ee_bridge

norm_pressure

norm_pto_ee_bridge

r

0.249

0.326

-0.259

-0.324

-0.175

0.261

-0.265

-0.221
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The relations between outputs
can tell us a lot about the quality
of the water jacket.



1.00

Q o Q Q O
O O e O O
o N IS o @

normalized ave head velocity

o
oe,
oS

Results: Key Output Trends
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. Results: Objectives
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. Results: ObjeCtiveS NORTH AMERICA
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Results: Selected Design NORTH AMERICA

* The selected design was chosen for Its
balance of EE bridge velocities values
and relative lack of low velocity regions.

« The designisinthe middle of the Pareto
front.
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Input Reduction

 The number of input variables in these
optimizations can get very high (location angle,
span angle and radius vars for each opening).

To reduce inputs:
» Fix location angle (tends to be a less influential
input).
. Calcula.te radius and span angle as a functpn of R=Ry: +@Rmux — Roi)
the design space min/max and a scalar variable .
* Thisreduces 3 input variables into 1. 0 = Omin + ¢ (Omax = Omin)
* (Can be valuable for a first pass exercise when you 0<p<1
are trying to find which locations are the most
Important.
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Next Steps / Improvements NORTH AMERICA

Optimize a flow + thermal model. Use temperatures as the output

variables instead of velocity monitors.

A more direct approach (temperature is what we care about).

» Easier to correlate (measuring velocities inside a water jacket is gasket-dims
difficult).

« Reduced number of output variables.

- Solve times can be a concern but are manageable. IIIPpIZIPPPIPRIY
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Create a test DOE with the Creo node to validate parametric TTEESESI S0 esRsnRREET
geometry. o

» Allows you to test many points in the design space quickly so
that corner cases can be tound upfront.
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Questions?

esteco.com



https://www.facebook.com/ESTECO-166776810033909/
https://twitter.com/esteco_mF
https://it.linkedin.com/company/esteco-s-p-a
https://www.youtube.com/user/estecosrlsoftware/featured
https://vimeo.com/channels/1050665
https://www.esteco.com/corporate/esteco-copyright-policy
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