Simulation of High Speed Gears

- Geometry and Overset Setup
- Handling Small Gaps with Overset
- Motion Setup
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Simulating Oil Jet Lubrication of High Speed Gears

Setup Overview

A

Volume of Fluid (VOF) with liquid oil and air

Overset regions with prism layer shrinkage

Gear velocity and oil jet velocity ~ 50m/s

Time step 0.25us (12000 time steps per revolution @ 20000rpm)

~6M cells after solution init
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The Simulation Tree
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Simulating Oil Jet Lubrication of High Speed Gears
Gear pair created with Solid Edge ST10

A Solid Edge ST10 - Assembly - [GP03.asm] - & X Solid Edge Stimrad-Assistent X
= Konstruktionsparameter  Berechnete Ergebni Barechnete Ger Zahnweie/Sehnenbemalur
Formelemente PMI Simulation Simulationsgeometrie Priifen Extras Ansicht Daten-Management FF -8 e s = e

(=) Entwurf B e Variablen ﬁ® A [ Auszige B Komponenten-Struktureditor 6@ 3¢ XpresRoute ) Engineering Reference - @ @ @ @ _1|;~‘

() Vereinfachung I Erstelen Peer-Variablen 43 5 Fehler b Vinuell versfientichen - = Kabelbaum @ G Femap E I/
t KeyShot-Aktualisierung v

#, SchweiBkonstruktion  §, Akiualisieren Kemponentenprotokoll iﬁ;ﬁs%}:;% £ InterPart-Manager T3 Strukiur sktualisieren Designmanager  ERA & Rahmen % CAM Express %g?gg} KeyShetAktualisienng b m,{.u

Modell Vereinfachung Variablen Aktualisieren Assistenten Umgebungen KeyShot 7| wt

m 4bwx Berechnete Parameter
.......... . ) —
& GP03.asm S Sollubersetzungsverh... |1 (DM) Befestigun.. ' 20,00.. | 20,00
] = (a) Eingriffswinkel | 2000 (b) Teilflschenbr.. |30.00.. 3000
— B []|&]Referenzebenen & (bY) Schragungswinkel | 0,00 * Leistung 10000..
[ %y O Pinion| = (CD) Mittenabstand | 48,00 mm Drehzahl 108000..
g O Gear| 3 Schragungswinkelrich.. | Links v Wirkungsgrad | 092 v
= < > < >
Optionen Material

[Baorechnun] | Erstolion | | Abbrachen | | Auszuge | | Hife

uenenuwis [

Konstruktionsparamater Eumhn%a Ergsbaisse  Berechnete Geomatrie  Zahnweite/SehnenbemaBungen

Algemeine Ergebnisse

I8

Name [Rzel | zahoaa ~

Tatsachliches .. 1 [ Name [Rizel | Zahor ~
Zahnanzahl 24 2 Zulassige Biege.. 49200.. 17,1
Modul 200mm | Sicherheitsfakto.. 11252 | 725
Flachenbreite.. | 0,625 :n.m i 2
Einheitskorrek.. 0 0 Krane

Gesamteinhei.. |0 Name [Wert ~
Tan. Eingriffs.. | 20,00° Tangentiallaaft 210
Betriebseingri.. | 2000° | Radialiraft 8045,
Tan. Betriebse.. | 2000° | Normalizaft 2352:
Basischragun.. |000° | Umfangsgeschwindigkeit  4523)
 Produnitie. 4800, oy ~ N

Konstruktionsparameter Berechnete Ergebnisse Berechnete Geomelrie Zahnweite/SehnenbemaBungen

Kein Hauptteil gewahlt.

(db) Grundkreisdurchmesser 145,10 mm 14510 mm
. (da) AuBendurchmesser 52,00 mm 52,00 mm
(d) Flankendurchmesser 148,00 mm 148,00 mm
(dn) FuBkreisdurchmesser 14300 mm 14300 mm
Betriebsflankendurchmesser 48,00 mm 48,00 mm
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Geometry Parts & Mesher

Overset Gear (Cylinder) Gear

v Operations Cimecantor STAR-CCM4 \
- i) Subtract NozzlelnHousing S 7\
| » &) Subtract GearinOverset | ‘ !
p- [ Subtract PinioninOverset ‘ , X
- Automated Mesh NozzlelnHousing "o
(v~ % lAutomated Mesh GearinOverset, ] Q
; Meshers /7
@ Surface Remesher Cﬁ
F @ Trimmed Cell Mesher /
@ Prism Layer Mesher Q
'r Default Controls ¥ &
L » B Custom Controls ] %
r_-% Automated Mesh PinioninOverset /
/,
\\LL" #
.
o

o ‘ Shaft Gear -
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Subtracted Geometry & Meshed Geometry

¥ 9

Region Index
,2 ,,x 0.0000 0.40000 0.80000 1.2000 1.6000 2.0000
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Customized Meshing at the Overset Boundaries

Overset Boundary

+ % Automated Mesh GearlnOverset
3 Meshers

2 Default Controls

Custom Controls

4
b
b

w
-

< Surface Control Gear

<= surface Control GearSide

|

< surface Control Side

il

X

LK
LXK

e
i

sﬁﬁw}
ﬁ-&«?
RS

! surface Control Top

<z

i,

Controls

- Values

4

S

N
\

\

- Custom Prism Values

N
f/,/,/
N\
\

\

A

N
ﬂ/y/
//
/%ﬁ

N
N\

\

0 1) e
W e
) s
i S
R 533
I 555
....%s@ :?.s\ \.»
\ ...é D

.
W
#

[ ® Prism Layer Total Thickness |

¢

\

\

X
&
58

9

&R

%

00!

Custom Prism Values - Properties x

%50
Q)

£

X

* Properties

.0
0
XX

oY%

XS
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Mumber of Prism Layers

Owverride Boundary Defaults

1.0

[Prism Layer Stretching

SIEMENS
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Regions and Overset Interfaces

- Regions
k % GearlnOverset
b 8 NozzlelnHousing
b & PinioninOverset
- Interfaces
» @ Overset Mesh 1
» @ Overset Mesh 2
» @ Overset Mesh 3

Region-1

Close Proximity
Alternate Hole Cutting
Prism Layer Shrinkage
Treat Error as Warning
Zero Gap

Type

Tags

* Properties
Verbosity

Overset Mesh 1 - Properties X =]
¥ Properties
Verbosity None -
Region-0 GearinOverset
Region-1 NozzlelnHousing
Close Proximity
Alternate Hole Cutting (]
Prism Layer Shrinkage (]
Treat Error as Warning O
Zero Gap O
Type Overset Mesh Inter... =
Tags 1]
T
[ )
Z X 0.0000 0.40000

Region-0

Region-1

Close Proximity
Alternate Hole Cutting

Overset Mesh 2 - Properties X =
¥ Properties

Verbosity MNaone -
Region-0 PinioninOverset

MozzlelnHousing

Ooooo®

Overset Mesh Inter... «

1l []

Overset Mesh 3 - Properties X =]

Naone hd
GearlnOverset

PinioninOverset

Prism Layer Shrinkage

Treat Error as Warning
Region Index Zero Gap
0.80000 1.2000 1.6000  Type
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A Moving previously inactive prism layer cells into the gap

Overset Small Gap Modeling
Overset Prism Layer Shrinkage

("specialized morphing")

o
®
(@)
QO
e
o
Q
O
%)
g=
0
[
&)
(@)
=
c
=
QO
o
o

A Anisotropic refinement

A Cheap (no additional cells)
Adaptive Mesh Refinement
A Isotropic refinement

A No prism layers required

Overset Gap Distance of Overset Mesh 1 (m)

0.0040000

0.00083054 0.0016229 0.0024153 0.0032076

3.8181e-05
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Unrestricted | © Siemens 2022 | Bjérn Gmeiner | Server - Integrated Meshing | 2022-11-01



Overset Prism Layer Shrinking

Inactive \

Wall Boundaries

Active /
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Overset Prism Layer Shrinking

Inactive \

Wall Boundaries

Active

3
v Region Index
\, X 1 1.5 2
7~
’ _ - y Overset Cell Status
\; X -2 -0.5 1
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Overset Prism Layer Shrinking

Inactive \

Wall Boundaries

Active /
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Overset Prism Layer Shrinking

Inactive \

Wall Boundaries
Active

v Region Index

\3 X 1 15 2

™

§ _ - v 3 Overset Cell Status
T > . :
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Overset-specific Physics Continua

Overset Mesh Refinement - Properties X =l
- Models  Properties
v (®) Adaptive Mesh Max Refinement Level 2
hd Adaptive Mesh Criteria Enabled
3 Free Surface Mesh Refinement Tags [ |;|
| @ Overset Mesh Refinement ] ¥ Expert
3 User-Defined Mesh Refinement VOF Core Interface Refinement Width 2.0
3 User-Defined Mesh Refinement VOF Prism Uniform Gap Refinement  Specified Level hd
®) All y+ Wall Treatment Gap Zone Width 0.5 mm E
‘®) Gradients Gap Refinement Level 1
®) Gravity

‘@) Implicit Unsteady
®) K-Omega Turbulence
b (@) Multiphase
b (®) Multiphase Interaction
‘®) Overset Multiphase Conservation
®) Reynolds-Averaged Navier-Stokes
‘®) Segregated Flow
®) Segregated Fluid Isothermal
‘®) solution Interpolation
(@) 55T (Menter) K-Omega
‘®) Three Dimensional
®) Turbulent
b @) volume of Fluid (VOF)
'®) wall Distance
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Physics Continua

Overset Mesh Refinement - Properties X =l
- Models  Properties
v (®) Adaptive Mesh Max Refinement Level 2
hd Adaptive Mesh Criteria Enabled
3 Free Surface Mesh Refinement Tags [l |;|
[ @ Overset Mesh Refinement ] ¥ Expert
3 User-Defined Mesh Refinement VOF Core Interface Refinement Width 2.0 |
3 User-Defined Mesh Refinement VOF Prism Uniform Gap Refinement  Specified Level hd : i
&h Xl Wl FESHEL o Zera e ] Enabled Uniform Gap Refinement
@) Gradients Gap Refinement Level 1 il
(@) Gravity

‘@) Implicit Unsteady
‘®) K-Omega Turbulence
b (@) Multiphase
b (®) Multiphase Interaction
‘®) Overset Multiphase Conservation
‘®) Reynolds-Averaged Navier-Stokes
‘®) Segregated Flow
(®) segregated Fluid Isothermal
‘®) solution Interpolation
b (®) SST (Menter) K-Omega
‘®) Three Dimensional
‘®) Turbulent
b @) volume of Fluid (VOF)
(®) wall Distance
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Overset Mesh Refinement

0.80000

Region Index

IZ_X 0.0000 0.40000
L L
Overset Mesh Refinement - Properties %
¥ Properties
Max Refinement Level 2
Enabled
Tags 1
* Expert

Interface Refinement Width 2.0

Uniform Gap Refinement  Specified Level

L]

[Gap Zone Width 0.5 mm

m

Gap Refinement Level 1
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Physics Continua: Overview

- Models
v (®) Adaptive Mesh
- Adaptive Mesh Criteria
b Free Surface Mesh Refinement
@ Overset Mesh Refinement
3 User-Defined Mesh Refinement VOF Core
3 User-Defined Mesh Refinement VOF Prism
®) All y+ Wall Treatment
‘@) Gradients
®) Gravity
‘@) Implicit Unsteady
®) K-Omega Turbulence

b (®) Multiphase Interaction
‘®) Overset Multiphase Conservation
®) Reynolds-Averaged Navier-Stokes
‘®) Segregated Flow
®) Segregated Fluid Isothermal
‘®) solution Interpolation
b (®) SST (Menter) K-Omega
‘®) Three Dimensional
®) Turbulent
b @) volume of Fluid (VOF)
'®) wall Distance

3 6:] Multiphase } /

+ (@) Multiphase
- Eulerian Phases
- Liguid
- Models
‘®) Constant Density
®) Energy
b @ Liquid
®) Turbulent
- Gas
- Models
(®) Constant Density
°) Energy
» (@) Gas
®) Turbulent
- Mixture
3 Material Properties
+ (@) Multiphase Interaction
- Phase Interactions
- Phase Interaction 1
- Models
b (@) Multiphase Material
®) Surface Tension Force
b (@) VOF-VOF Phase Interaction
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Overset-specific Physics Continua: Mass Conservation

hd Models

v (@)

-

Adaptive Mesh
Adaptive Mesh Criteria
b Free Surface Mesh Refinement
@ Overset Mesh Refinement
3 User-Defined Mesh Refinement VOF Core
3 User-Defined Mesh Refinement VOF Prism
All y+ Wall Treatment
Gradients
Gravity
Implicit Unsteady
K-Omega Turbulence
Multiphase
hMultiphase Interaction

Overset Multiphase Conservation

Reynolds-Averaged Mavier-5tokes
Segregated Flow

Segregated Fluid Isothermal
Solution Interpolation

55T (Menter) K-Omega

Three Dimensional

Turbulent

Volume of Fluid (VOF)

Wall Distance

With Overset Multiphase Conservation

Model

Liquid Volume Defectin in %

0.8 -
0.6 -
0.4

0.2

0.05 01 015 02 025 03 035 04 045 05 055

Physical Time (ms)

Overset Multiphase Conservation - Propert... X | &

* Properties

Conservation Option Mass Tracking -
* Expert

Verbose L]

Overset Multiphase Conservation (7]

Methods to improve global conservation across
overset interfaces for multi-phase models.
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0.6

0.8

0.6 -

0.4 -

0.2 -

Without Overset Multiphase

Conservation Model

Liquid Volume Defect in %

O.65 0‘.1 0.‘1 5 0.‘2 O.I25 O:3 O.I35 0.‘4 0.!‘175 0.‘5 0.‘55 0.‘6

Physical Time (ms)
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Motion Setup

b Coordinate Systems
- Laboratory
- Local Coordinate Systems

thl Cartesian ContactLine

[ 3

b £ Plane Gear
b 5 Plane Nozzle
3

£ |Plane Pinion

b Motions

¥ A RotationGear
@ [Rotation Rate
Superposing Motions

+ A RotationPinion
@ Rotation Rate
Superposing Motions

A Stationary
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Solution Initialization

Overset Mesh Refinement Criteria

0.60000

Solver Refinement Level
0.0000 0.60000 1.2000 1.8000 2.4000 3.0000
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Simulating Oil Jet Lubrication of High Speed Gears
Animated results

Volume Fraction of Liquid
0,40000 0.60000

0.0000 0.20000 0.80000 1.0000

Solution time:  0.7700 (ms) Solution time:  0.7700 (ms)
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Simulating Oil Jet Lubrication of High Speed Gears
Animated results

Volume Fraction of Liquid
2 0.0000 0.20000 0.40000 0.60000 0.80000 1.0000

Solution time:  0.0050 (ms)
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Windshield Wiper Simulation

- Different Multiphase Models




Start with a Simplified Model & Geometry:
Volume of Fluid & Fluid Film

Solution Time 0.0025 (s) __Time Step 5

N Fluid Film Thickness (m)
I 0.0000  0.0010000 0.6020000 0.0030000 0.0040000 0.0050000
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Physics Continua

v Continua
v & Physics 1
v Models

@) Cell Quality Remediation

[

v (@) Fluid Film

- Fluid Film Phases
> Water Film

®) Gradients

(®) Gravity

®) Implicit Unsteady
®) K-Epsilon Turbulence

ﬁ @) Lagrangian Multiphase\

v (®) Multiphase

> Mixture
\z 0) Multiphase Interaction /

v Lagrangian Phases
> LMP_Droplets

b2 @}erian Phaseﬁs}

» VOF_Water
» VOF_Air

®) Realizable K-Epsilon Two-Layer
®) Reynolds-Averaged Navier-Stokes
‘@) segregated Flow

'®) Solution Interpolation

®) Three Dimensional

®) Turbulent

'®) Two-Layer All y+ Wall Treatment

| » ®) volume of Fluid (vOF) |

‘@) wall Distance

There are multiphase models for every regime in STAR-CCM+: Eulerian
Multiphase (EMP), Mixture Multiphase (MMP), Volume Of Fluid (VOF),
Dispersed Multiphase (DMP), Fluid Film (Film), Lagrangian Multiphase
(LMP), Discrete Element Method (DEM)

Each multiphase model is suited to a different regime

Models can interact exchanging mass, momentum and energy by various
mechanisms

Overset is compatible with various multiphase models!
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Modelling Wiper Simulation in Simcenter STAR-CCM+ SIEMENS
Multiphysics lngenuity for ife

Discretization

LMP-VOF-Film is the most common combination of Multiphase models

LMP - Fluid Film Interaction

A Models the interaction between the fluid film and a Lagrangian phase

A Droplets impingement into fluid film

A Droplets stripping i wave and edge stripping

Film i VOF phase interaction

A Resolved Fluid Film model:

A Controls the transition between the specified fluid film phase and VOF phase
A Fluid film transitions into VOF when it becomes thick compared to the mesh
A VOF transitions into Fluid Film when it becomes thin compared to the mesh

A Modeling Fluid Film Surface Tension

LMP 7 VOF phase interaction

A Impingement of Lagrangian droplets into VOF



Increase Model Complexity:

Adding Lagrangian Multiphase (LMP)

No Surface Tension for fluid film,
incoming airflow through the bottom
boundary with velocity of 10m/s:

Solution Time 0.0075 (s)

d Film Thickness (m)

il
0.0000 0. OGOZOGOG 0.00040000 0.00060000 0,00080000 0,0010000

With Surface Tension for fluid film,
incoming airflow through the bottom
boundary with velocity of 10m/s:

Solution Time 0.0075 (s)

Fluid Film Thickness (m)
0.0000  0.00020000 0.00040000 0.00060000 0.00080000 0.0010000
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With Surface Tension for fluid
film, without incoming airflow:

Solution Time 0.0075 (s)

d Film Thickness (m)

i
0.0000 0. OGOZOGOG 0.00040000 0,00060000 0,00080000 0,0010000
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Sensitivity Study: Finalization of grid, timestep and inner iterations

e e Ra—— Masmum fed Fim Thichness Meniar (10

M P i Tichmess Wonesr im0

Maximum Fluid Film Thickness

i Pt Fim Tk

Masirmuen Fiuid Filem Thickness Manitor Plot

[ asiman i Flm Trichness Wimper

wa
‘, L\I I'L_\\

1] i
1\ !\n
W

sars |

a0 '
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aces
aon

Ur 8T B3 a4 as we wr 08 ws 1 tr 12 13 14 15 15 U7 18 1a 1 2L 27 23 24 7% 28 27 1% 23 3

Fsica Teme 51
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Medium

Coarse mesh
mesh

Number of

228162
cells

451875

A Simulations are very much
sensitive to mesh
resolution, timestep and inner
iterations

A Timestep of 1e-03 s and 10
inner iterations were adopted

Fine mesh

784713



Sensitivity Study: Finalization of grid

Solution Time 3 (s)
Time Step 6000

Solut/fon Time 3 (s)

Time Step 3000 )
Time Step 3000

Solution Time 3 (s)

Fluid Film Thickness (m) " Fluid Film Thi:kzass (m) 2 Fluid Film Thitkzass (m)
o, 0.00060000 . .
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Sensitivity Study: Finalization of grid, timestep and inner iterations SIEMENS
Conclusion lngenuity for Life

Tips and Tricks

A The size of volume cells adjacent to the fluid film must be
consistent for the background and the overset region.

Mass Balance i i

| aaote, g

A Use an appropriate time-step size such that the movement of the "'?‘\, pemmi Ve S —

overset region within one time step is not more than %z cell size | , A o

_ -oo1s] | I.‘{‘ \ "‘W-\'*

A Mesh resolution and timestep has a significant influence on fluid e

film mass conservation | /

» 4 N Illb \ =k 4 B ey
A Medium mesh with 0.0005 s timestep and 10 inner iterations W \ M“’
| ‘ ¥

produces similar mass imbalance when compared with fine mesh

with 0.0005 s timestep and 10 inner iterations

A Medium Mesh with 0.0005 s Time Step and 10 Inner Iterations is
probably a good tradeoff between accuracy and computational
time



Increase Geometric Complexity: Geometry / Parts

Wiper_A
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Meshed Geometry
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Regions & Interfaces (4 of 6 regions)

Volume Regions
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Morphing Boundary Conditions

vertex at o target
current iti
position
coordinate 0\
“© corrected
target
position

I .,:" corrected distance
to surface

Tangential to Surface + Rigid Motion

Floating

Part Surface
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Fluid Film Distribution

SIEMENS
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Thank you!

SIEMENS
lngemuity for life

Ground Transportation Spray Painting Paint Dipping Gear Lubrication
Lifeboat Launching Seakeeping Rotorcraft Floating Wind Turbine
Windscreen Wipers Industrial Machinery Store Separation Heart Valve




