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CJi ESI Group CFD

get it right®

www.esi-group.com

1973 MZEFH. RFAEXOI YL
SR ELTERIL
1985 PAM-CRASHZ %

1997 Framatome(SYSTUS,
SYSEWLD)ZE X

2000/7/6 Nouveau Marche [ZE15

2000-2003

= STRACO, VASCi, ProCAST#¥#
=

2004 CFDRC&YYZhmz7704 49k

ERPH(CFD-ace) % # %

2006

- IPS |nternat|ona| 75\%*1$:E7__\\)l/ BInnn'lﬁeldHiIIs{Ml,u
DEFZEE U

= hEMOAET Technology
InternationalZ#t &

2008-2009
= Vdot (PLMW—)L) ZH#E

* Headquarters

* Subsidiaries

* Offices

= Agents & Distributors

Tokyo (Japan) Bangalore (India) Beijing (China)

12 subsidiaries

- AR)FETSUIIFES1EERT 30AE L E
e CFD/CAEaVH T4 4%t 15D 1t

Mindware Engineering % & UX REEXEH #4780

Copyright © ESI Group, 2011. All rights reserved.



CJi ESI CFD Experience

get it right®

gt

-

Jo-l'f-‘r: ..--_. E = .
————— Commercial
- ACE+/PAMFlow |
« Star-CCM+ '
* Fluent

* PowerFLOW
e e RadTherm
4 //

— p—

Pre-pro tool ‘, Open Source
« CFD-GEOM \ tools ‘

" |
* CFD-VisCART * OpenFOAM

vFire Dynamics Simulator

= vNational Institute of
Postprotoo] Standards and Technology
« CFD-View (NIST), USA.

* ParaView

(ﬂight . vOpen-source software
vCFD model of fire-driven

‘ fluid flow
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External Aerodynamics




e\fi E5(3—FLEER) - External Aerodynamics

get it right® (Incompressible Turbulent Flow: Sample Car)

= (Comparison is made between
the results of OpenFOAM, Fluent
and Star-CCM+.

= Boundary Conditions
= |nflow:
= Velocity Inlet = 30m/s
e Quitflow:
= pressure outlet = 0 Pa

Symmetric Plane

Inlet

= OpenFOAM Solver: simpleFoam

www.esi-group.com _ _
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Z 5 (2—KLEER) : External Aerodynamics
(Velocity Distribution at Symmetry Plane)

Velocity Magnitude (m/s)
35

31
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8
4
0
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5151 (2— I ELER) : External Aerodynamics

(Static Pressure Distribution at Symmetry Plane)

CJ/i

get it rlght® 5{,

Static Pressure (Pa)
150

78
6

-67
-139
2211
-283
-356

-428
-500
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External Aerodynamics
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e\fi E4l(3—FLEER) :Aerodynamic

get it right® (Incompressible Turbulent Flow: Real Car)

= QObjective: To Analyze the different effects caused
by the air dam on the following attributes:

1. Drag
2. Frontend cooling

3. Comparisons with another commercial
code and Test data

= Boundary Conditions: ﬁﬂ*ﬁiéf*ﬂ-*%i

= |nflow: T —-I'
N
= Velocity Inlet = 50km/hr and 110km/hr R

= Qutflow:
= pressure outlet = 0 Pa

= Fan at 12 Volt
= Heat Exchangers

= OpenFOAM Solver: porousSimpleFoam (1.5)

www.esi-group.com _ _
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e\fi =45l (O—F EEER) :Aerodynamics

get it right® Two cases: With and Without Airdam

-

With Airdam Without Airdam

www.esi-group.com ) )
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=5l (O—F LEES) :Aerodynamic

get it right® Incompressible Turbulent Flow: Real Car

ol
K
o ’v‘"

= |\eshing done in 6.5 days using
ICEMCFD and ANSA

= 10 prism layers with first cell
height 1mm

o 29M cell count

Ux e
Uy
T Uz ———
0.1 o p
continuity  ——
] K o
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0.001 4
| RERCEs
-

0.0001

£\ >
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STt/

o -y
VAN =

1e-05
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Convergence
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Commercial Co

Ac1

=N

,_~

I

=5l (32— LLER) :Aerodynamic

(Incompressible Turbulent Flow: Real Car)

= [|ow field comparisons

where made between the
commercial code and
OpenFOAM

OpenFOAM solution looks
comparable

Slight differences in the
solution are a result of
differences in the mesh
used.

www.esi-group.com



=4 (3—k LER) : Aerodynamic
HX Flow Rates for 50km/hr Vehicle Speed — No Airdam)

CJ/i

get it right®

(

Flow through Heat OpenFOAM Other Commercial Code
Exchangers
Flow Rate Plot Flow Rate Plot
(m3/min) (m3/min)
BAT 21.87 21.12

CNDSR 23.39 22.58

ATOC 8.57 8.09

RAD 18.08 17.63

Velocity

0.0 0.4 0.8 1.2 1.6 20
|

. o Er | ' | Y

www.esi-group.com
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e | EHl(a—FEEER) : Aerodynamic

get it right® (Incompressible Turbulent Flow)

B EREET A -

With Airdam

Velocity Magnitude

Results were close to Test and Other Commercial Code data

30
25
Cd =+0.017 20
15
10
5

B ERHEE T 0

E

Without Airdam

www.esi-group.com
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C/i =5l (a—F EEER) :Aerodynamic

get it right® (Incompressible Turbulent Flow: Real Car)

‘thnl

OpenFOAM results were in-line with Test results

With Air dam Without Air dam
7 ] — Cd History, Without Airdam
= — Cd History, With Airdam Case - Case

0 2000 4000 6000 8000 0 2000 4000 6000 8000

www.esi-group.com ) )
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Defrost




=5 (A—KLEER) @ Defrost

C/i

get it right®

= Melting of ICE
= Tetra/Prism Mesh (about 10.3M Cells) b S4x2 s .
= \/elocity Inlet at Duct (3.776 m/s) and Pressure J é*‘”’g E

Qutlet at back ‘

= Turbulence Model: Realizable k-epsilon is used
in Fluent and k-omega SST in OpenFoam

= Time Step size for Ilce melting simulation = 5
sec.

ANA]

¥ g

Time vs Temperature
230

IR Ice Region

320

o L Glass windshield outer

290 /
280 /
270

260

Temperature {K) {

Glass windshield inne

250

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Time (s)

Inlet Temperature

Fluid

www.esi-group.com ) )
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get it right®

=~ V-HVAC

snappyHexMesh

Sening /hostsvamn/home/anupk,/TEMF/T 1

Climate Control

[ CaseSettings fcc
[ caseSettings foam
03 nostrile vt

) T1.2.05m

www.esi-group.com
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get it right®

280

275

270

Temperature

(K)

265

260
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9.50e-01

8.00e-01 55

B.50e-01 0
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www.esi-group.com
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Time step

200

250

OpenFoam

Liquid fraction

=451 (=

—R LEER) : Defrost

0.8

0.7

0.6

0.5

__ OpenFoam

_ Fluent

0.3
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0.1

0 50

T T T 1
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F4| (3—FEER) : Defrost
e l Contours on Ice region top layer
get it right®

Time =18 min
Fluent OpenFoam

et ERHEH

B
I

|
0.1

et ERHEH

B
I
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-

snappyHex vs. CFD-VisCART

ESI's PreProcessor

www.esi-group.com ) )
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ef CFD-VisCART
l Overview of Features

get it right®

1

Leak Detection

i EEEEEE] e
e | Cell size
__,_ | are diffe

Omnitree Meshing \ @

AN

Outline detection

~

Mesh Generation

ey Stair-case
Single Domain Feature
Octree Meshing Multi-Domain extraction
Shrink Wrap

www.esi-group.com : .
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CFD-VisCART

_ l Quick, yet powerful meshing
get it right®

g Fast, Efficient Wrapping

4

Ty

<
I
N

CJi z
+Courtesy: Bissell Inc. (=

www.esi-group.com _ _
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ef . VisCART vs snappyHex
l (Comparlson for Ahmed Body: Feature Resolution, BL)

get it right®

ﬂnapbyHex does not resolve sharp = SnappyHex cannot show prism
feature angles (latest version does layers on symmetry plane.

somewhat but not completely.

snappyHex

VisCART

www.esi-group.com ) )
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e i VisCART vs snappyHex

e (Gomparison for Ahmed Body: Boundary Layer)
get it right®

= SnappyHex does not preserve first cell height

l\‘\ I/

NN

snappyHex

+:_
ram

HHE

VisCART

1
T—<

i  SNEE: S anni
www.esrgroupcom




CJ/i E451:(VisCART v 2 580%)

(Industrial Test Case: Automotive Defrost/Demist)

get it right®

www.esi-group.com

Mesh has been created in CFD-VisCART (as well in Snappy)
Surface sizes, Refinements, Boundary Layer Parameters kept exactly

same as in snappyHexMesh
Prism layer information
= [Fijrst Cell Height — 0.2 mm
= Expansion Ratio — 1.3
= Total No. of Layers -6
Total Mesh size 12.2 million <

/| Bl 1 & Fl5:

Inlet Mass Flow
Rate = 250 kg/h

By A A

itlet

Copyright © ESI Group, 2011. All rights reserved. 29



CJSi = {5 (VisCART Av 1 i&)
get it righte Ay DR

e
A e e e
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i

S
HHH

CFD-VisCART
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snappyHexMesh g S8 E{ o e
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e ! Results - Residual

get it right®

CFD-VisCART snappyHexMesh

Residuals

This is because of reduction
in relaxation parameters.

www.esi-group.com
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e\fi | E51:(VisCART Ay ai@Eit)
get it right® Velocity Contour on 2.5 mm away from Windshield Glass Wall
I

CFD-VisCART S snappyHexMesh

4.50

(-]

4.05
3.60
3.15
2.70
225
1.80
1.35
0.90
0.45

0.00

Isoline at 1.5 m/s

The spike in Velocity Contour on the RHS is not physical.

wWww.esi-group.com
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c = 45:(VisCART Ay 1 5E)
' (Mesh Comparison)
get it right®

snappyHexMesh

OEM'’s own version of snappyHex
Mesh size: 45.4 Million

CFD-VisCART

ESI's preprocessor
Mesh size: 30.7 Million

www.esi-group.com
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CJ/i %45 (VisCART AvS 1 i)

get it right® (Mesh Comparison)

snappyHexMesh CFD-VisCART

o th & 4 o th & 4
HBEA T =N N

rebarens

www.esi-group.com
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e\fi - E4:(VisCART Ay i@y

get it right® Domain Plots Velocity (normalized)

_—

-

— ""shappyHexMesh CFD-VisCART

— .
Normalised Velocity (ref. = 33.330002 m/s) at y = 0.000000 [m] Normalised Velocity (ref. = 33.330002 m/s) at y = 0.000000 [m]
. . ——
Skoda-Results- 0.00 025 0.50 075 1.00 ESI-MW-OpenFoam-1.5-Skoda-Settings 0.00 025 0.50 075 1.00

Customer quite satisfied, next phase to start!

OF Version Mesh Tool CSF (3%) | Cl{total) | Clfront ‘KFU (0.040) | Clrear | CSF (0.010) Remarks

Experiment - 0.353 0.011 0.085 -0.049 0.040 0.134 0.010 OEM Measurement

OEM (1.5-1) | snappyHexMesh | 0.351 0.091 -0.043 OEM Result

ESI-OF-1.5 | ESI-VisCART | 0.353 0.087 -0.047 Ran on ESI Cluster

wWww.esi-group.com
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-

thinl

Control Group
Locations for

mesh morphing ———
\

EEmE M EET
al
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Morphing

BCfn &

1181

={51:Duct Optimization

using Sculptor

NeF

) A~ A
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Optimization Process

group_l - group.?  group_?  group_d  group S group 6 graugp.7  group.8  group.®  group 10 group_ll  group_12
SRR EEEEE | 2ose
0 O 0 0 0 0 0 0 0 0 0 0 Inputs
v press_inlet_1_cl
3-D Shape / ipduct_sculptor. clef %
Morpher D%“_
Ol’p er - Fressure _crop_rriver
press_inlet _2_p
sculpter_files %k}— Hoo(]:cas r
DOE MO GA-I = -
= _[ -]
Cma o %’
II:II:IC]—E' E [\ inix 0= . prass_oin
LN
ONNl Ol ] nut|3ut dat _[ E Consul_cuct _flow_rate
4 S [ r
- 29 4I>|% = area floor cluct Lj
fluent_files IED '
EE] 20—
o e
4[* e o— area_ducl 1
(_|; ¢8 i surtace_grea
L o)
area_chct_2
CFD Analysis E
area_chict_3
prs
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e | Z151:Duct Optimization

get it right® Perato Chart with Interaction between the Objectives

Plot of Pressure Drop (Horizontal axis)
VS.
Surface Area (Vertical Axis)

5.4144E-1 —o- o e e o o I T EE——
o I S - 14 ,A,r,‘?‘,l,Y,s,',s, ,‘,",’?,5 ,,,,,,,,,
o | } performed automatlcallhy

Orlglnal e A o I

. TH Y7 S — R ——— R —— P R————
DeSIgn § 5.0052E-11------ () ------------ ------------ ----------- ."380
%'4.9029&1 ————— O-Q---b‘ -------- PP R I
8 \ w ‘ 54
05)'4.8006&1 ————— Q@OqO ----- T - s 5 3 s u § smpnin 5 s 5
BeStAP\MQﬁiE:L;;CQ‘;- --}----‘--0-.--5-. --------- . ----------- -;é

4.5960E-11--- - G%O ------ il c o s poe 5 5 sermsne . ol o s v

HAGHAE s » % sz ; O-SS-OO--l------------1!---------J ------ W .

L i 1 ;
AR s « 5 e fo = 2 e = — 9’5..?)%. -----------
Pareto Best 428915 on 5.5847E1 5.8762E1 e1eTTEL  Seasozel 6.7507E1

min_press
Pressure Drop

Lowest Surface Area
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ef = 45:Duct Optimization
l Optimized Geometry

get it right®

B A FHBE R

] | |
_ Grey: Baseline '

Blue: Optimized

www.esi-group.com ) )
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= Reduced testing and elimination of prototype tooling costs

Z=15l:Duct Optimization

Comparison of Baseline Vs Optimized Design

= $150,000 Savings/Vehicle Program
= ~$750,000/ Year

EmER e

NG|

VETNCTTV mie

s s S —
Outlet Driver Outlet Outlet Outlet Outlet
Side Panel Driver Side Panel Passenger Side Passenger Side Console
Mass Flow (%) (Baseline) 23.7 20.9 24.6 23.2 7.6
Mass Flow (%)
21.4 21.2 20.1 20.2 17.1
(Optimized Shape)

www.esi-group.com
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