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Various CFD applications in the automotive design

CD-adapco Korea
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OUTLINE

1. Who is CD-adapco Group ?

2. Various CFD applications
Exterior Aerodynamics
wiper List CFD Simulation
Aeroacoustics
HVAC System
Fromt £End Cooling
Intake/Exhaust
Engine Performance Simulation by GT-POWER
in—cyiinder Engine Simulation
Engine Cooling Simulation
Fluid-Structure Interaction
Brake Cooling Simulation
Fuel Pump/Oil Pump/Torque Conveter
Fuel Cell
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2 OFDappmator

o Global partnership of CD adapco Group

» Annual hesadquarter.
$40M

> Over 3000 ers Waorld wide
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A CROSS SECTION OF STAR-CD’s INDUSTRIAL USERS
L
B No nCORO 2
somemens |, AQE * Ford * Nissan
fomdgea By .
ot « Alfa Laval * Fuji *+ Ove Arup
—— « General Electric + Pratt & Whitney
« ABB Alstom . Renault
womsmm | o Astra Draco * General Motors . SAAaBu
Seecooma « Audi +» Hitachi
Amtecoctea + Honda * SNCF
raees | - BMW - ici - Sony
- Brlflsh Aerospace ) ..ae Aerospace - Sulzer
- Daimler Chrysler - Matsushita - Toyota
+ CERN * MclLaren « Toshiba
+ Ferrari . Mitsubishi + Unilever
+ Fiat « National Power * Volvo
Automotive Customers in Korea
+ Hyundai-Kiathuge licenses), GMDAT, Ssangyong Motors
+  Mobis, Delphi, Modine, Doowon, Samsung HYAC. MaleDonghyun,
+ Dongwon, HAC, Kefico, Daekifaurecia, Samhyup, Jatco,
+  KATECH, IAE, {(More than 200 Users)
4
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VARIOUS APPLICATIONS IN THE INDUSTRIES WITH STAR-CD

L %o n CIRG s
£ GFUepsicalios
——— + Automotive
a1« Aerospace
oo | ¢ Turbomachinery
- +  Chemical and Process Indust
raroeras +  Power Generation
= +  Heavy Industry
+  Mechanical
+ Building, Safety and Envir:
+ Electronics and Domestic
Appliances
+  Marine and Offshore Engir
+ Bio Engineering and Medit
+  Fuel Cell
5
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STAR-CD IS DESIGNED WITH INDUSTRIAL USERS NEEDS IN MIND

t.Vion CORDS

P—— = Easyte learn and use interface
Sonqesnes - Process oriented GUI with guidance
WAC Sha i i
i and navigation systemn .
W PRt
e rowEx = Flexible CAD interface and automatic meshing
Eoatecer Eaoe - Aiternative choices to suite different environments " .
oo R
™ . . . i PO
Pt ooty « Extensive thermophysical & chemical modelling
i d - From steady non-Newtonian to transient,
hinaiivd transonic and reacting tlows
» Complete mesh flexibility
- Any cell shape or grid structure
= State of the art numerics for fast, (ohust,
efficient, and accurate solutions
- Accuracy at an affordable price
= ttilisation of advance compuer technology
- Code optimisation and paralle! processing
+ Advance analysis and post-processing tools
- Innovative data processing and visuatisation
= Technical support and know-how
- Experienced and industry aware engineefing support team
&
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NEW RELEASE TECHNIQUE OF STAR-CD

www, 0gak, co.kr

Polyhedral Mesh Overlapping Grids

Coupled simulation of flow and
solid deformation

Vb o ol

Mesh
Hydraulic Shock Abserher
7
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NEW RELEASE TECHNIQUE OF STAR-CD
Lmoucmer Solidification and Melting Casting
Aawodyae mies
AT Myslow
FoutEndOnoleg
WS Eaant
EF-FONR
-vyiieder Ebglas
Twgine Goolen
L]
Wb Coolieg
RoFORfrug
FaiColl
3 A Smmlaion of fonx fillng, follovred by solidification, using abitrary

BHlifketinsf el manlin e meldk wib vl comactonin polyhedral grid.

Byeid part camecns axd dsfommatonef Ge colilifod puat..

Cold Metal Ferming Led Extrusion

220, -
S
velocity vectors |
&
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CFD APPLICATIONS - AERODYNAMICS
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Vonees. || Design Group
Aot uies
oL aabe Reguiremnents
Poetmacmm | 1, o Force

Drag(Cd}, LFKCY), Cp

BF-PORER gl 'y '’
ot | MOmenKCmy Cmz)
Exee Coolea 2. ‘Wind Noise
::v-em-g 3. Air Venslafion
iuiodiad Requested Data
ROt

1. Shiing Skin Data
2, Ground Line

3, Design Targes
Design Parameters

©d  Body Shape, Hpoler. BlGkick Angle |
Ct :Hood Blope, Truak Edge, Gpoder.
O I Body Shaps, Hood O-ne,
Cm  Frt. Overhiamg, Rr. wide outor ama
Trunk Hoioht, Ft. 8poker. O-PLR
8PL  OSRVM chape, Wind Deflector,
Flow wike Strength.

CFD APPLICATIONS - Wiper Lift CFD Simulation

. Analysis Title
i 1. Exterior Aerodynamic Analysis
| 2. Aeroacoustic Analysis

Analysis Group

tesh Generation & Simulation

: Analysis or Design Targel

1. Cd <22 CIf <22, CIr (77
2. Cmz < ?%at cross flow =77%)
3 CPopd ? 7% CPrmatnr™ 77

4. SPL. < 72dBA on the Side Glass

TestGroup |

www, ooak, oo, ky

(1) Aerodynamic performance on wiper frame typical section by 2-di

i e, -
u e
z
Model A
: Vh
Model B

(2) Aerodynamirc performance on wiper system on the windshield by 3-dimersional CFD simulation

He

r. -

Bectioa Type

S IJ
D

Velocity Vectom

o D
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CFD APPLICATIONS — Aerocacoustics

WWw, CO3K, COAY

(1) Sun roof buffeling Noise

. )
Birth of strong vortes

(2) HVYAC Blower Fan Noise simulation

Vetocity Tl compariser:

Yromvicot DES.
sopre trs o inm g

Krouidy Xaw HANY

| SPL atdrivers ear location with and ;
| without defector |

17
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CFD APPLICATIONS - HVAC SYSTEM SYMULATION
£ Srorammnten Design Group _ Ao -

——— Requiremnents Analysis Group v mrcvzmmm;:“m-mn
FoelindOucing 1. Each HYAC Mode, i i i 3. Defmating cimubion
a——— = Flow/Temp Disk Generafion & Simufation . Fon u=n';t ey
ma_ -~ Fow Di‘u[:)ﬁan 5. Themal Comfort Analysk.

= Pressure Drop Analysis or Design Target
DamaCmame 2. Deicing 1. Uniform flowftemp Dietrbuton
SmiwCooteg 3. Fan Noise 2 Low Pressaure Drop
Pavcaris 4, Thermal Comfort 8. Deicing TimelFvES! 00)
Liashonnd Requested Data 4. Littie Fan Ne e, Themal Comfot

1, Stying CAD Data
2, Heat Bxchaner/BLW
Perlormance Data
3 Design Tergels
Design Parameters

FAN

[ HVAG : Wixing Chiambor, Tomp Linearty |

Duct BhapsfRouting, Wozzle Angla,
Door Design, Water Intrucion, :
Air Yentdation,

. Blade Decign, Cut-off aea,
Housing Design.
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CFD APPLICATIONS - FRONT END COOLING SIMULATION

WWW, 003K, 00, K

£ oramsmonn Design Group
mecasws | Beuiemnenss | Analysis Group |
Foatmnaceoma | 1. A Fow . - )
- ~ air flow to bump, r{gﬂb Mesh Generation Snmulanonl
F-FORER = Flow uniformity t H L
[t =~ Air flow in the Eng. room
gao Coolieg 2 Tempeamm
by ~ Coclamt Temp of HX
¥mbe Coolieg ~ ArTamp. ditributon in
hetOurang the Eng. mom

1. Eng. Room CAD Data

2 Heat ExchanerFan
Purformances Daia.

3. Desion Targets
Design Parameters

Evaluation

Bumper & R/gile Opening Sizs
Air guide plate, Flow paceage
2. Cooling Module
HI decign and performance
Ceofng Fani8hroud Layout
HX infout Temperaturs
i 8. Engine room paclage

~Design Recommieiidation

| Analysis Tifle
i 1. From End Cooling Simutation
: 2 Eng. Room Themal Ana»sis

i 5. Reduce the mciculation flow
i 8. EBninats heat peak n the Eng. Room |

Analysis or Design T;

- M Coo g Flow mmunh opsning hol-
2 Rad. Coolant InfOut Temperanum H
3. HX coofing perfomance
4. Optimzed from ond paciags

Test Group

13
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CFD APPLICATIONS - INTAKE/EXHAUST SIMULATION
Szt | [DesignGrowp | s e
owme | Bewsmmnens | Analysis Group | |1 otz ytern Srwision

1. Imtake Byaom

— A¥ prowsare drop
— Reconator noise mduction

— MAF sensor. QR distribution
2 Exhaust Syctem

~ Coolant Temp of HX

— AxTemp. distrburion in

the Eng. wom

Requesied Date
1. Intake/Exhara CAD Dita
2. Air FltorfMeno th Tout Data
9. Dosign Targets.

Design Parameters

Ko N

1. intake System
Saocide Bhape, MAF posdion
QR Design, A Prescste Drop
Resonatar Design, nsert Poe
Design, Flow Uniformity

2 Exhasst Syctem
UCCPup Comvertar Design H H
Mapifold Rowting, Exhaust Gas H H H
Prassaire Drop, Muffer Desigrr, :

Mesh Generation & Simulation

-7

i 2 Exhaust System Simulation
i Anatysis of Design T

i 8. improve the Lipht-Off Time

. Low AsfQas Flow Pressum Dop

2 Optimized Resonator Position

3. Unitorm Flow ar the MAF Location

4. improve EGR Distribution

5. Reduce the Rasomnce/Muffler Noe

Eximacs Noim

LTest Group |

Wihwst Fumacter Witk Rooweots
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CFD APPLICATIONS - Engine Performance Simulation by GT-POWER

MeffIcY Mot 1D Fagion+ 30 infacting

il Design Group
Soumages miy
g PS— Analysis Group

Eng. F Anaycic GT Modeling & Simulalion Analysis Tille

BRIt 1. Full Load Eng. Map 1. Full load sngine map analyuis
ma_ 2. Pantioad Eng. Map - 2 Pant bad engine map analsk
e Coclieg 3. Thermal analveis of engine FER 3. Acoustics of inake and exhanst
a Components N ARy is Calibrati
Sabo Coolieg 4. Eng. combustionfemissions D Edglte Oywtern 1. Preceurs boes and heat trancfor
ParCersny 5. Acoustics of intakes and - " trom intaks 10 manfold
Rosce 2 Pmoaire lowk and hoat trancler

from manideld to cylinder intet
9. Runner Length and Vake timing
Control
4. Yolsmetric Hficiency

GT-Resufs for Design Tools

1. Engine Chamnacterstics
Compression ratio, Crank angle, _.
2. Cyfindor Oeometry
3. intake Bystem Qoomety
4. Imtako/Exhaust Vake
Valve Lit Profile, Cam—timing angle
Dischame Cosfficient, Vake hask
5. Thiotdes.
Cd ve Thruttls angle, Opsration angle
6. Yommenic Efficiency
7. Combustion Model
Anchosdf8park angle, Duration
9. Catayat® coll doudy, frontal ara
srface eaction ama. length ..

WWW, 003K, 00K

CFD APPLICATIONS - IN-CYLINDER ENGINE SIMULATION

Design Group

ie mnenty

Analysis Group

Mesh Generation & Simulation

1. In-cyl B
— Combustion, Swirl Flow

~ Frams dovelopment ) m
~ Qas Flow Disrbution B e
-~ Wall impi

- Bpray Shaps , Somy tlodey

- Broake-up. 8plashing
— Boot. Nex

Design Parameters

Esgise Hevien bub
Evajyalion

P
<D

;1. totake/Exhaust Vale

2. Piston Bowt Geometry
a fExh; mando d
4. Nozzie Geomvtry

5. Cylinder Qoomeny

8. Volumetric Efficiency

i 7. Discharpe Coefficient . _

-722 -

| Analysis Tile
1. In—cyinder Engmne Simuixtion
2. Gpray, Bowt, Nox, Break-up S

Analysis or Design Target

1. Deciding if 3 coliuion takes place
2. Number densdy calculation

9. Dropletfvwail heat trandfer

4. Wallfim extensions

5. Low Fuet Conaumption, Misfire
8. Nox emission

Test Group




CFD APPLICATIONS - ENGINE COOLING SIMULATION

www, odak, o kr

1. WonCDA®S
2 CFDapgmain

c ape

Foektue Cooteg.
[ U

FosORfas

3 e
i 2 Qasket Hole
i 9. 08 Pont

Design Group

Require mnents Analysis Group |
Mesh Generation & Simuiation
1. Coolant Pascage

2 Coolant Fow Diktribution
3. Coolant Pescure Drop

Design Parameters

| Analysis Title

{ 1. Engine cooling Simulation

+ Analysis of Design Target
" 1. Eiminate mcaculation flow
i 2. Reduce the coolant presuure
dmp
3. Optimized gacket hole devion

i 4. Optimized coolant paseage

. TestGroup |

i7
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CFD APPLICATIONS - FLUID-SOLID INTERACTION
 orm— Design Group —
foenyelvin Femnents { Analysis Group | QPP
FostEruOoomeg i . Mesh Generation & Simulation 1. Fuel Boshing
gy Baeast 1. Mubki Physics -
i . 2. Vake Motion
qmaage | > [ Fore 3. Blade Frmer
o o el Analysis or Desian Target
. i 1. Fow Induced deformatio
omowes | 3 Bructue moton ¥ Flow nduced vbraton |
RotColl

R T
| 2. Stuctum Gtrain
| 9. Suwctum Vibration
{ 4. Flow Presaun

Design Parameters

Vake Defo mation
-

Test Group

Biade Futter

- 723 -




CFD APPLICATIONS - BRAKE COOLING SIMULATION

www,cdak. oo kr

I wonCme>

L CFDapsmaton
Havges mies
woc apoe
FoetsraCuoieg
Bt

Fhohe Cooleg

o oo

Design Group

Require mnents

1. Brake Cooling Fow
2 Heat Transtor

3. Duct Cover Desipn
4. Brake Disk Doion

Regquested Daln
7. Brake System CALD (Xata
2 Duct Cover Gesmetn

Design Parameters

<«

i 1. Buake Dk Vo Hole

2. Under Flow Dvsction

3. Duct Cover Type

4. Cafiper Poultion

S. Brake System Configuration

19

CFD APPLICATIONS - PUMPS, TORQUE CONVERTER

Analysis Group

Mesh Generalion & Simulation

Evaluation

Analysis Titie
1. BRAKE Coofing Simulation
Analysis or Design Target
1. Increacs the cecling fiow
through the brake wetem
2 lmprove the Heat tanster
9. Reduce the Duct inx the
Brake systom

Test Group

Fow pathine

WWW, 003K, 0O KT

| Design Group
Beguire mnents

1. Pump

Fuel Pump

20

2 Pump flow rate

3. InfOut Pont Configuration
4. Cavitation

5. impeflorfGoar Design

Requesied Dats
1. Pump CAD Data
Z Operating Condiions

Design Parameters

1. infOut Port Shaps
2 ImpelorQoas Bhape
3. Cleamnce
4. Case Desipn
5. Stator Shave

Analysis Group

Mesh Generation & Simulation

Analysis Tiie

1. Oip Pump Semulatien

2. Fuel Purwp Simulation

3. Water Pump Simulation

4. Torque Qonverter Bimukation ...
Analvsis of Design Target
1. Improve Pump Pedommance
2 Reducs Pump Pressure Loce
3. increase the Mass Flow Rate
4. Increasa the Pump stficioncy

- 724 -
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CFD APPLICATIONS - Fuel Cell

zcramem | | gcal Cunent density (Afcm2) Pressure Sistiibution
o b Very highinlet Humidity : Ta/e=95/98°C

R E I g T

Chanmedwuih o

High inlet Humidity : Taic=8575°C  Oxygen melke fraction cathede Hyuid water rasss fraction

=

[ o
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