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Powertrain Simulation Types

4

Component simulations

* Intake port, intake manifold, water jackets,

fuel injectors
* Spray bomb

IC Engine simulations
* Cold flow
— Charge motion
* Combustion
— Thermal management
— Emissions
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IC Engine Simulation Workflow

Internal combustion engine simulation components
* Pre-processing
— Geometry decomposition
— Initial meshing
— Simulation parameter definition
* Moving deforming meshes
— Smoothing, remeshing, layering
* Particle tracking
— Injection, tracking, evaporation, wall-interaction
* Combustion
— lIgnition, flame front propagation
* Post-processing
— Automatic processing of monitor and solution data
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Motivation
--

* Manual Approach : Modeling In-Cylinder simulations
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Scope of Automated IC Engine (ICE) Tool

* Automated mesh generation for all 4 stroke engines
— Any number of valves
— All standard shapes of piston

e Automated case setup for “cold-flow” and “gas-
exchange” type simulations

e User can setup a case for spray and combustion
simulation in Fluent
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WSS Automated In-Cylinder Simulation Tool: Introduction

* Analysis-System similar to Fluid-Flow
(FLUENT) or Fluid-Flow (CFX)
Analysis-System within Workbench

* Supported in Windows only (in R14) Automated IC Engine Workflow
* Standard feature along with ANSYS
FLUENT license
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Automated In-Cylinder Simulation Tool Properties
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Properties of Schematic A2: ICE v R X
1 gAg IC Engine A B C D
1 Property Value Unit P
3 @ Geometry T 2 =
4 @ Mesh 'E? py 3 Component 1D ICE
S @ s T 4 Directory Name ICE
6 Solution % 5 -
7 | @ Resuts P
6 Notes
ICE
7 -~ ed
8 Last Update Used Licenses
9 = ation Type
10 Simulation Type Cold Flow Simulation ;I
ISPl = Engine Inp
12 Connecting Rod Length 200 mm ;I O
For engines 13 Crank Radius 20 mm =17 | These IC inputs
with piston <€— Piston Offset] Wrench 0 m =l = can be defined as
R ff t 15 Engine Speed 1800 rev min™-1 _ﬂ O
pinolise 16 Minimum Lift 0.2 mm ~| 7 | Parameters
For valve < Valve Lift And Piston Motion Profile E}
o] rOﬁleS LI = Solver Setup
19 Solver Settings File ICENICE\icSolverSettings.txt @
20 Default Boundary Conditions and Monitor Settings | ICE\ICE\icBcSettings.txt
User can hook I
22 User Boundary Condition Profiles ]
boundary < Y &
Ry 23 User Boundary Conditions and Monitor Settings ICENICE\icUserSettings. txt (=
condltlon 24 Pre Iteration Journal can be used to
profiles ) setup a
25 Post Iteration Journal B_ customized case
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Animation of Piston & Valve Movements
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* Ability to animate motion of
piston and valves before the mesh

creation
— Up-front identification of any

mistakes/errors in valve profile
and engine motion inputs

— Takes just few seconds

- A
I—;
0,000 0.045 0.090 (m)
0022 0088

10 © 2011 ANSYS, Inc. October 8, 2012



Computational Grids Generated by ICE Tool

Inflation layers in the port region
to capture boundary layers

—

4 layers between valve and
valve-seat at fully-closed
position of valve (V-layer
region)

Invalve Lift Profile

= smoothing €= =>» smoothing
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E —
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Meshes for Straight Valve (Diesel) Engines
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With and without
Valve Pockets

0.000 15.000 30.000 (mm)
L SSaaa—— ESSS—

7.500 22,500

Complete layering (hex cells) in
the combustion chamber region
due to further decomposition and
non-conformal interfaces.

Applicable for straight valve
engines
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IC Engine Reports

1. File Report 3.2. Piston and Valves Lift profiles 3.6. IC Engine System Inputs

Tabie 1. e Information for bmw a% new
Case bmw &% new

File Path | G:\sushi-data\@MW_AFT-sen2\bmw - _%ies\dodil

wert\ICE-2-03501. dat. gz

File Date | 03 Scptember 2011
File Time | 12:20:17 21
File Type T
File Version 12.0.0 7.00e-02
4. Solution Data
6.00¢-02
2. Mesh Report 4.1. Animation: mesh-on-plane1l
5.00e-02 |
Table 2. Mesh Information for bmw % new
Domain Nodes Elements 400602 ]
fudch 90068 269437
fudexvave 1port | 27905 103552 3.00e-02
fudexvavel b | 34104 23792
#ud exvarvel viayer | 56700 51000 2.00e-02
fudimvaive 1port | 37124 139051 "&
#ud invaivel b 913 6290 1.00e-02 ] \
#ud imvaivel viayer | 21000 16200 ol ,’\*Qf'{w\ 5
fudpstoniayer | 93580 224544 0.00e+00 =
AN Domans 369513| 1038066 100 200 300 800
Chart 1. Monitor: Vome-Average Cet Equvorume Skew (#ud-ch) Crank Angle (deg)
Monitor: Volume-Average Cell Equivolume Skew (fluid-
ch)
Vaive LS (Time=0,0000e+00) Sep 02,2011

ANSYS FLUENT 14.0 (3d. dp. pbns, dynamesh, ske, transient)

3.3. Valves Lift profiles

L.

1.00e-02 -
9.00e-03 -
; i 8.00e-03 Sutface Grid (Time=6.1979¢-02) Sep 02,2011
r T T T T J Crank Angle=905.75(deg) ANSYS FLUENT 14.0 (3d. dp. pbns, dynamesh, ske, transient)
L) 200 400 600 8m 1,000
Crank Asglo 7.00e-03
Table 3. Ce count t cran anges : son: " .
= 6.006-05 ] 4.2. Animation: vel-mag-on-planel
72000402 | 7.53%+05
19000402 | 18220405 5.00e-03 1358002
4.00e-03 128402
1.220+02
3. Setup 3.00e-03 1158402
. 1.082+02
3.1. Physics 200803
Table 4. Zoundsry Condtions 1.00e-03 -
Tyvpe Zones Values
wan fmvavel) | imvarvel-stem Tomparature {x) 551 0.00e+00 3110401
Avarvel-ob, mvavel-ch, mvavel-b | Temperature (k) 663 ° 100 200 300 400 500 600 700 800 7 440401
wal {exvavel) exvavel-stem Temperature () 851 Crank Ang|e (deg) 6763401
exvarvel-ob, exvavel-ch, exvavel-b | Temperature (k) 812 .088301
wa {imvaive-part) | invarve-1-port Temperature {x) 391 Sa1ev0i
wa {exvaive-port) | exvarve-1-part Temperature (k) 475 PR
pressure-outiet ce-outiet-exvave-1-port Gauge Pressure [profie ex-pres-prof pres) Vaive Lt (Time=0,0000¢+00) Sep 02, 2011 4082401
Baciton Total Temperature {profie ex-temp-prof tamp) ANSYS FLUENT 14.0 (3d. dp. pbns, dynamesh, ske, transient) L
masz-fon-met | ce-met-nvave-1part Mass Flow Rate {profie in-méow-prof méow ) 3 3gac0l
I 2emp-prof & 270a+01
Tota Temperature {profie in-temp-prof tamp) .
wal vavel-sest Temperature {x) 480 3.4. Relaxations 202e+01
wa exvarvelseat Temparature (%) 290 Table 5. Rertions 5 crank snges )| 1.354+01
wa cy-hesd Temperature (k) 300 Crank Angle Pressure Density Body Forces Momentum Turbulent Kinetic Energy  Turbulent Dissipation Rate Turbulent 6.76+00
wa cyi-quad Temperature (k) 420 0.0 050 1000 | 1.0% a.700 a.200 a.200 Lom 0.000+00
war cyrtr. Temparature (k) 420 162.000 0309 (1.0 | 1.0% a.500 a.200 a.200 100
e eyt giston Temperature (k) 420 327.00 0200 1000 | 1.0% a.200 0.200 0.200 Lom
wal ce-ser-sparkpug Temperature () 600 L] 020 11000 1100 .40 0.200 0.200 LO%___ | Contours of Velocity Magnitude (m/s) (Time=6,16676-02) Sep 02,2011

wal paton Temperature (k) 520 $60.000 Q.20 1000 |1.000 9.200 0.200 0.200 1003 | Crank Angle=302.00(deg) ANSYS FLUENT 14.0 (3d. dp. pbns, dynamesh, ske, transient)




IC Engine Reports
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Automatic Decomposition at Different Crank
Angles

* ICE tool can decompose IC
engine model for any specific
crank angle

* This allows:

e Simulation to start from any
specific crank angle in

FLUENT without any need to -
perform mesh preview from
TDC to particular crank angle. At 0 Degrees At 270 Degrees

e Simulation using KeyGrids
mesh. This feature provides
better control on mesh size
and quality throughout the

simulation.
-/ IC Advanced Options {RMB)
Y Layer Slice Yes
¥ Laver Slice Angle 15°
¥ Layer Approach 4 Layers

M FD1, Decomposition Crank Angle 1K
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Linux Support & Port Flow Analysis
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Linux Support

Port-flow support

* Automatic preparation of Geometry for port flow
— Moving the valve to appropriate given distance
— Deactivate the closed valve

— Remove the piston-bowl (if needed) and extend the cylinder to appropriate
length

— Create different types of inlet/outlet plenum
— Automatic creation of swirl/tumble planes

* Automatic meshing
— Cartesian (Cutcell) and Hybrid meshing support

— Create proper mesh controls and sizing to get better mesh in the chamber and
valve gap

— Proper boundary layers in both hybrid and cutcell meshing

© 2011 ANSYS, Inc. October 8, 2012



Workflow of Port Flow Analysis

- Details of InputManager1
e o MName InputManager1
Orlgl nal Geomet ry Cylinder Faces 1 Face
Symmetry Face Option Yes
Symmetry Faces 2 Faces
Post Planes Dist. From Ref.  None

8 IC Yalves Data 1 (RMB)

Valve Type Invalve

Yalve 2 Bodies
Yalve Seat 2 Faces

Yalve Lift S mm

=/ IC Inlet Plenum 1 (RMB)
Inlet/(Plenum Inlet) Faces |1 Face
Inlet Extension Ratio(L{D) | 1.5 Hyd Dia

Plenum Type Hemisphere
Plenum Size Ratio 5.5 Hyd Dia I M
Plenum Blend Rad 2 mm n p Ut a n a ge r

+/ IC Inlet Plenum 2 (RMB)

-)|IC Outlet Plenum (RMB) fo r PO rt F I OW

Qutlet Plenum Option Yes
Cylinder Extension Ratio{... 3.0 Cyl Dia
Plenum Type Cylinder
Plenum Size Ratio 3.5 Cyl Dia

Port Flow

Final geometry with
Geometry

Inlet and Outlet Plenums,
and port deactivated
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DWWSSH Meshed Generated for Port Flow Analysis

IC Port Mesh Paramete:

Mesh Type: Hybrid =
Reference Size (mm): 1
Min Mesh Size (mm): IU-5
Proximity Min Size (mm): 0334 "
Max Mesh Size (mm): 5 : "g'
Curvature Normal Angle (deg): |30 o
Num Cells Across Gap: 5 ¢
Growth Rate: 1.15 X '%\‘}‘ 2 u o A /
Pinch Tolerance (mm): o NS S, { % ‘A’ o lavary
Number of Inflation Layers: 5 % !L:‘yv L\ / : ‘NA S 4
\;‘ DN | P W
Chamber Size (mm): l15_ $ ~ % #A"i‘nw' W
Chamber Growth Rate: (X i s A
Valve Proximity Faces Size (mm): IU 2 E &
Reset| 2
o P
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Automatic CFD Setup, Solver and Report
Creation

NANSYS

AC Engins Port Flev Simulation Baport chiszilaFirefox. 7 IC Engine Port Flow Simulation Report - Mozilla Firefox

Fle Edt W Hi ookmarks ls
E Son Hitory Coolmer Bob_teb Ble Edt View Higtory Bookmarks Tooks Help

IC Engine Port Flow Simulation Report | +
l I 1C Engine Port Flow Simulation Report +
B, File:///E: /ICE Jport pf-tut_Files/dpO/ICE /Post/Report/Report html File:fE: ICE/port/pf-tut_files/dpO/ICE/Post /Report/Report, html e B ®- IR
4.4. Charts - FUND U IR LD (U, U, PO, SR ]
Chart 1. Monitor: Mass Flov Rate (ice-inlet-inplenum1 ice-outiet) 4.2, Table: velocity-magnitude on "ice_swirl_plane_1" "ice_swirl_plane_2" "ice_swirl_plane_3"
Monitor: Mass Flow Rate (ice inlet -inplerwami ice
outlet) ; . .
- - [ =
ook ] A : " : N ey .
g ] et = .
s ) - - ' i LR « e
= | '
3 ] [P . | [ -
§-cox e — s
- : I . : . . : I ‘ : [
1 - s o = o
0o i i i
I ! 1 Rl ot o Vetarry thagn e owe PR Cortnm ot vekerry 4 o
Itor af
Chart 2. Monitor: Flow Rate swirll (ice_swirl_plane_1) R . .
Monitor: Flow Rate swirl1 (ice_swirl_plane_1) 4.3. Table: velocity-magnitude on "ice_cutplane_1"

‘ B & B

Flow Rate swirll

- " = 1 =
2506 + ' ! '
o l : I : I :
0s e e e
R R R R A RERRS SRS ARERE
( 100 2 0 4 Bl [ o et . . - " S
ot i e 378,297 | | ot oy gt s s 7m0 || ot ey g )
Iteration ANEYD Pt 450M. 45 s, 5ot SONEYD Lt 4B 05 s s A

Chart 3. Monitor: Flow Rate swirl2 (ice_swirl_plane_2)
Monitor: Flow Rate swirl2 (ice_swirl_plane 2)

Solution Monitors Flow Visualization
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Parametric Design Optimization

Goal: Maximize Effective Flow . E—— T

3 A g g 2 [ Geometry @ W2 W) Geomet ?
Area of a gasoline engine withina | 7= * ‘
pd Parameters 3@ Mesh v
1= H : Geometry 4 @ setup v 4
specified range of input design T
6 @ Results v 4
pa ra mete rs 57 [pd Parameters
Fluid Flow (FLUENT)
(pd Parameter Set
 Effective Flow Area
v C v D
15 copresine [ oo |
Y EFA = —F— 2 | &= Design of Experiments v/ ,——M2 = Design of Experiments v
2 IOAP 3 lj Response Surface v o ,——a3 lj Response Surface v .,
Response Surface 4 @ Optimization v o,
— m = Mass flow rate through the intake port oaa Drver pincetin
— p = Density of the incoming fuel-air mixture Input Parameter Value at baseline
) design
— AP = Pressure drop across the intake duct
guide-curve-angle 63 Deg
guide-curve-radius 41 mm
section-1-length-1 51 mm
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Parametric Desigh Optimization

Baseline Design Optimized Designs

MOGA/NLPQL

. Guide . ion-1-
Guide Curve Section-1- Guide Curve Guide Curve Sicet:‘o:hl
Curve radius Length Angle (Deg) radius (mm) &
mm)
Angle (Deg) (mm) (mm) (
MOGA/NLPQL 60.499 1180.4
63 41 51 1100.2
Screening 50.069 35.314 58.519 1153.8
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Validation: Direct Injection Gasoline Engine

Complete cycle setup

* |nitial conditions and boundary conditions provided
by 1D simulation

* Fuel: Iso-octane
* 6-hole injector
— Double injection
— Transient mass flow
— Prescribed diameter distribution
* Spark ignition
* G equation combustion model

Test case provided by BMW
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Validation: Direct Injection Gasoline Engine

Simulations
* Cold flow simulation (no spray or combustion)
* Charge motion
— Plus spray injection
— Plus particle tracking
* Combustion
— Plus ignition

— Plus flame front propagation

Compare cycle simulation using different workflows
* WB-ICE with ANSYS Meshing & FLUENT

* ICEM CFD key grids & FLUENT

* ICEM CFD key grids & CFX
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Validation: Direct Injection Gasoline Engine

Cold flow simulation
* Comparison WB-ICE, FLUENT, CFX
* Cylinder averaged values of pressure and temperature

Average Cylinder Pressure Average Cylinder Temperature
20 1,800+
| 1,600*'\\
1 1,400 \
- |\
2 = 1,200
® g2
2
0 <% 1
210 £ 1,000 \
£ - G | \\\
) = \
[ 1
% b o 1 t\‘
g ‘ S 800 i
E - g 1 i“
1 < ] | /
\ /
5 \ 600 \ /
: \_\g 400 \w >
) i\,,;x:;g:'faia.ﬂ\,' — ~ )_,,/ __ - —:___:;-//
200 300 400 500 600 700 200 300 400 500 600 700
Crank Angle Crank Angle
e \WBiC@ === FLUENT CFX e \WBiCE === FLUENT CFX
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Particle Tracking and Flame Propagation

25
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Total Particle Mass

1e-05
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P Il
2e-06 | \\ ’ ]
o- e s o ——
400 450 500 550 600 650 700
Crank Angle
e FLUENT === FLUENT with wallfilm
G-equation
combustion




ALSESE Summary

* A new “standard” feature in ANSYS-FLUENT for In-Cylinder
simulations was presented.

e The ICE Tool automates In-Cylinder model creation and
simulation.

e The ICE Tool provides ease of use and accurate analysis of In-
Cylinder flows and heat transfer.

« Avalidation study on a GDI engine was utilized to test and
improve the performance.

e Combustion and spray analysis can be conducted in Fluent,
but automation of combustion is a future plan.

26 © 2011 ANSYS, Inc. October 8, 2012



