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•  IC	  Engine	  Simula/ons	  
• Automated	  IC	  Engine	  SoJware	  	  

–  Introduc8on	  
– Proper8es	  
– Meshing	  techniques	  
– Addi8onal	  features	  

• Valida/on	  Example	  
•  Summary	  

Outline	  
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Market	  Trend	  

	  
Figure	  courtesy	  of	  PreSICE	  workshop	  held	  by	  DOE,	  March	  2011	  	  	  
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Powertrain	  Simula/on	  Types	  

Component	  simula/ons	  
•  Intake	  port,	  intake	  manifold,	  water	  jackets,	  
fuel	  injectors	  

•  Spray	  bomb	  

	  

IC	  Engine	  simula/ons	  
•  Cold	  flow	  
–  Charge	  mo/on	  

•  Combus/on	  
–  Thermal	  management	  
–  Emissions	  
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IC	  Engine	  Simula/on	  Workflow	  

Internal	  combus/on	  engine	  simula/on	  components	  
•  Pre-‐processing	  
–  Geometry	  decomposi/on	  
–  Ini/al	  meshing	  
–  Simula/on	  parameter	  defini/on	  

•  Moving	  deforming	  meshes	  
–  Smoothing,	  remeshing,	  layering	  

•  Par/cle	  tracking	  
–  Injec/on,	  tracking,	  evapora/on,	  wall-‐interac/on	  

•  Combus/on	  
–  Igni/on,	  flame	  front	  propaga/on	  

•  Post-‐processing	  
–  Automa/c	  processing	  of	  monitor	  and	  solu/on	  data	  
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•  Manual	  Approach	  :	  Modeling	  In-‐Cylinder	  simula/ons	  	  
	  

–  Geometry	  and	  Mesh	  prepara8on:	  -‐	  
•  Modeling	  mo8on	  of	  valves	  and	  piston	  requires	  certain	  

decomposi8on	  methodology	  
•  Manually	  doing	  this	  decomposi8on	  and	  meshing	  takes	  between	  

6	  hours	  to	  couple	  of	  days	  
•  Learning	  curve	  for	  manual	  process	  of	  geometry	  decomposi8on	  

and	  meshing	  is	  very	  steep!!	  
–  Model	  prepara8on:	  

•  SeSng	  up	  the	  case	  requires	  knowledge	  of	  models	  like	  dynamic	  
mesh,	  reac8ng	  flows,	  spray,	  etc.	  

Mo/va/on	  	  

IC	  Engine	  
Geometry	  	  

Geometry	  
Decomposi/on	  	  

Mesh	  Crea/on	  

Solver	  Setup	  

IC	  Engine	  
Results	  	  

Automated	  ICE	  Tool	  
Performs	  following	  opera/ons	  semi-‐

automa/cally	  	  	  
	  Geometry	  

Decomposi/on	  	  
Solver	  Setup	  

Mesh	  Crea/on	  

Automa/c	  
Report	  

Genera/on	  	  
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•  	  	  	  	  Automated	  mesh	  genera/on	  for	  all	  4	  stroke	  engines	  
–  Any	  number	  of	  valves	  
–  All	  standard	  shapes	  of	  piston	  

•  Automated	  case	  setup	  for	  “cold-‐flow”	  and	  “gas-‐
exchange”	  type	  simula/ons	  

•  User	  can	  setup	  a	  case	  for	  spray	  and	  combus/on	  
simula/on	  in	  Fluent	  

Scope	  of	  Automated	  IC	  Engine	  (ICE)	  Tool	  
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•  Analysis-‐System	  similar	  to	  Fluid-‐Flow	  
(FLUENT)	  or	  Fluid-‐Flow	  (CFX)	  
Analysis-‐System	  within	  Workbench	  

•  Supported	  in	  Windows	  only	  (in	  R14)	  
•  Standard	  feature	  along	  with	  ANSYS	  
FLUENT	  license	  

Automated	  In-‐Cylinder	  Simula/on	  Tool:	  Introduc/on	  

IC	  Engine	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   DesignModeler 

Meshing 

FLUENT	  Solver 

CFD-‐Post 

Automated	  IC	  Engine	  Workflow	  
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User	  can	  hook	  
boundary	  
condi/on	  
profiles	  

Automated	  In-‐Cylinder	  Simula/on	  Tool	  Proper/es	  

These	  IC	  inputs	  
can	  be	  defined	  as	  
Parameters	  

For	  engines	  
with	  piston	  
pin	  offset	  

Can	  be	  used	  to	  
setup	  a	  
customized	  case	  	  

Can	  be	  used	  to	  
perform	  custom	  
post-‐processing	  

For	  valve	  
profiles	  
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•  Ability	  to	  animate	  mo/on	  of	  
piston	  and	  valves	  before	  the	  mesh	  
crea/on	  
–  Up-‐front	  iden/fica/on	  of	  any	  
mistakes/errors	  in	  valve	  profile	  
and	  engine	  mo/on	  inputs	  

–  Takes	  just	  few	  seconds	  

Anima/on	  of	  Piston	  &	  Valve	  Movements	  
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Computa/onal	  Grids	  Generated	  by	  ICE	  Tool	  

4	  layers	  between	  valve	  and	  
valve-‐seat	  at	  fully-‐closed	  
posi/on	  of	  valve	  (V-‐layer	  
region)	  

Infla/on	  layers	  in	  the	  port	  region	  
to	  capture	  boundary	  layers	  

smoothing	   smoothing	  

layering	  
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Meshes	  for	  Straight	  Valve	  (Diesel)	  Engines	  

Complete	  layering	  (hex	  cells)	  in	  
the	  combus/on	  chamber	  region	  
due	  to	  further	  decomposi/on	  and	  
non-‐conformal	  interfaces.	  
	  
Applicable	  for	  straight	  valve	  
engines	  

With	  and	  without	  
Valve	  Pockets	  
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IC	  Engine	  Reports	  
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IC	  Engine	  Reports	  
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Automa/c	  Decomposi/on	  at	  Different	  Crank	  
Angles	  

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

•  This	  allows:	  
•  Simula/on	  to	  start	  from	  any	  
specific	  crank	  angle	  in	  
FLUENT	  without	  any	  need	  to	  
perform	  mesh	  preview	  from	  
TDC	  to	  par/cular	  crank	  angle.	  

•  Simula/on	  using	  KeyGrids	  
mesh.	  This	  feature	  provides	  
beder	  control	  on	  mesh	  size	  
and	  quality	  throughout	  the	  
simula/on.	  	  
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Linux	  Support	  &	  Port	  Flow	  Analysis	  

Linux	  Support	  
Port-‐flow	  support	  
•  Automa/c	  prepara/on	  of	  Geometry	  for	  port	  flow	  
–  Moving	  the	  valve	  to	  appropriate	  given	  distance	  
–  Deac/vate	  the	  closed	  valve	  
–  Remove	  the	  piston-‐bowl	  (if	  needed)	  and	  extend	  the	  cylinder	  to	  appropriate	  
length	  

–  Create	  different	  types	  of	  inlet/outlet	  plenum	  
–  Automa/c	  crea/on	  of	  swirl/tumble	  planes	  

•  Automa/c	  meshing	  
–  Cartesian	  (Cutcell)	  and	  Hybrid	  meshing	  support	  
–  Create	  proper	  mesh	  controls	  and	  sizing	  to	  get	  beder	  mesh	  in	  the	  chamber	  and	  
valve	  gap	  

–  Proper	  boundary	  layers	  in	  both	  hybrid	  and	  cutcell	  meshing	  
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Workflow	  of	  Port	  Flow	  Analysis	  
Original	  Geometry	  

Input	  Manager	  
for	  Port	  Flow	  

Final	  geometry	  with	  	  	  
Inlet	  and	  Outlet	  Plenums,	  
	  and	  port	  deac/vated	  

Port	  Flow	  
Geometry	  
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Meshed	  Generated	  for	  Port	  Flow	  Analysis	  
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Automa/c	  CFD	  Setup,	  Solver	  and	  Report	  
Crea/on	  

Solu/on	  Monitors	   Flow	  Visualiza/on	  
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Parametric	  Design	  Op/miza/on 

•  Effec8ve	  Flow	  Area	  

–  EFA	  =	  	  

–  m	  =	  Mass	  flow	  rate	  through	  the	  intake	  port	  
–  ρ	  =	  Density	  of	  the	  incoming	  fuel-‐air	  mixture	  
–  ΔP	  =	  Pressure	  drop	  across	  the	  intake	  duct	  

P
m
Δρ2

.

Input	  Parameter	  	   Value	  	  at	  baseline	  
design	  

guide-‐curve-‐angle	   63	  Deg	  	  

guide-‐curve-‐radius	   41	  mm	  	  

sec/on-‐1-‐length-‐1	  	   51	  mm	  	  

Goal:	  Maximize	  Effec/ve	  Flow	  
Area	  of	  a	  gasoline	  engine	  within	  a	  
specified	  range	  of	  input	  design	  
parameters	  
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Parametric	  Design	  Op/miza/on 

Baseline Design  Optimized Designs 
 

Guide	  
Curve	  	  

Angle	  (Deg)	  

Guide	  
Curve	  
	  radius	  
(mm)	  

Sec/on-‐1-‐	  
Length	  
(mm)	  

EFA	  	  
(mm2)	  

63 41 51 1100.2 

MOGA/NLPQL	   Screening	  

Method	   Guide	  Curve	  	  
Angle	  (Deg)	  

Guide	  Curve	  
	  radius	  (mm)	  

Sec/on-‐1-‐	  
Length	  
(mm)	  

EFA	  
	  (mm2)	  

MOGA/NLPQL 50 30 60.499 1180.4 

Screening 50.069 35.314 58.519 1153.8 
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Complete	  cycle	  setup	  
•  Ini/al	  condi/ons	  and	  boundary	  condi/ons	  provided	  
by	  1D	  simula/on	  

•  Fuel:	  Iso-‐octane	  	  
•  6-‐hole	  injector	  
–  Double	  injec/on	  
–  Transient	  mass	  flow	  
–  Prescribed	  diameter	  distribu/on	  

•  Spark	  igni/on	  
•  G	  equa/on	  combus/on	  model	  

Test	  case	  provided	  by	  BMW	  

	  

Valida/on:	  Direct	  Injec/on	  Gasoline	  Engine	  
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Valida/on:	  Direct	  Injec/on	  Gasoline	  Engine	  

Simula/ons	  
•  Cold	  flow	  simula/on	  (no	  spray	  or	  combus/on)	  
•  Charge	  mo/on	  
–  Plus	  spray	  injec/on	  
–  Plus	  par/cle	  tracking	  

•  Combus/on	  
–  Plus	  igni/on	  
–  Plus	  flame	  front	  propaga/on	  

Compare	  cycle	  simula/on	  using	  different	  workflows	  
•  WB-‐ICE	  with	  ANSYS	  Meshing	  &	  FLUENT	  
•  ICEM	  CFD	  key	  grids	  &	  FLUENT	  
•  ICEM	  CFD	  key	  grids	  &	  CFX	  	  
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Valida/on:	  Direct	  Injec/on	  Gasoline	  Engine	  

Cold	  flow	  simula/on	  
•  Comparison	  WB-‐ICE,	  FLUENT,	  CFX	  
•  Cylinder	  averaged	  values	  of	  pressure	  and	  temperature	  
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Par/cle	  Tracking	  and	  Flame	  Propaga/on	  

G-‐equa/on	  
combus/on	  
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•  A	  new	  “standard”	  feature	  in	  ANSYS-‐FLUENT	  for	  In-‐Cylinder	  
simula/ons	  was	  presented.	  

•  The	  ICE	  Tool	  automates	  In-‐Cylinder	  model	  crea/on	  and	  
simula/on.	  

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

•  A	  valida/on	  study	  on	  a	  GDI	  engine	  was	  u/lized	  to	  test	  and	  
improve	  the	  performance.	  

•  Combus/on	  and	  spray	  analysis	  can	  be	  conducted	  in	  Fluent,	  
but	  automa/on	  of	  combus/on	  is	  a	  future	  plan.	  

Summary	  


