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A. Set Up.

Step 1.
Step 2.

Step 3.

If necessary, open your ASSEMBLY file.

CO2 Shell Car

FloWorks

Click Tools Menu > Add-Ins.

In the dialog box, scroll down to COSMOSFloWorks and place
a check in the check box under Active Add-Ins and Start-Up,

Fig. 1. Click OK.

B. Create FloWorks Project.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Click COSMOS-

FloWorks

| cosmosFiovierks [
on

the Command Manager
toolbar.

Click Wizard

on the COS-

MOSFloWorks toolbar.

Use Default for Con-
figuration name, Fig. 2.

Click Next.

Unit System:
Select SI (m-kg-s) for
Unit system, Fig. 3.

Under Parameter, set
Velocity units to Mile/
hour, Fig. 3.
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Wizard - Project Configuration ﬂﬂ
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Fig. 1

L e e |

i~ Configuration @
& Create new
 se cument
Configuration name: IDelault m ~
A
; Current configuration: IDelault
. n Computational Dorai|  Comments:
------ P18 Component Control
% Fluid Subdomains
Kol .— Rotating Regions
€ | ‘ Solid Materials
?_ H Boundary Conditions
i Inlet Mass Flow
Q’ i Static Pressure
=W | B Fans
M| By Heat saurces
------ . Contact Resistances
@ D [ ﬁ Heat Sink Sirmulations|
®-| @ Porous Media ol
)
< Back | Cancel Help |
Fig. 2
Wizard - Unit System ﬂﬂ
Unit systenm: @
Systern | Path | Comment |
LGS [em-g-s] Pre-Defined LGS [cm-g-s)
FPS (ft-b-3) Pre-Defined FPS [ft-lb-3)
IPS [in-lb-g] Pre-Defined IPS [in-lb-g]
MMt [mim-g-z] Pre-Defined Mtk [m-g-g]
5l [m-kg-s] Fre-Defined 5l [m-kgs]
LSa, ~ Fre-Defined LS4
[ Create new IEme; |SI [m-kg-2] [modified)
3 Parameter | Units | Decimal Places | 1.0UntSl= |«
| =] hain
Pressure & stress Pa o 1
“elocity vl1 1
Mazs Meterizecond 1
Length Kilometerhour 9
Temperature 1]
----- Physicaltime Knat 1
i Foot/zecond
Geometrical Characteristic Inchisecond
Load=z&hdotion Yardizecond
Heat Centimeterizecond
Millimeterizecond LI @
Footiminute
< Back | Ne Custom Unit... | Help |
.
Fig. 3
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Step 7. Expand Loads & Mo-

tion and set Force units
to Gram force, Fig. 4.
Gram force unit is p.

Step 8. Click Next.

Step 9. Analysis Type:

Under Analysis type,
select External, Fig. 5.

Step 10. Check Exclude cavities

without flow conditions Fig. 4 Ton-force

Dwne

and Exclude internal
space, Fig. 5.

Step 11. Set Reference axis to

Z, Fig. 5.

Step 12. Click Next.

Step 13. Default Fluid:

Expand Gases, select
Air and click Add,
Fig. 6.

Step 14. Click Next.

SolidWorks 08

Pound-farce
Torgue Kilopaond
Ton-forceshort)

Ton-forcellong)
< Back | ’j Kilonewvton

Kilogram-force

MMM |mm-grs) Fre-Uenned MR |mm-g-g)
5l [m-kg-s] Fre-Defined 5l [m-kgs]
USa Pre-Defined Usa
% I Create new Iame: ISI [m-k.g-2] [modified)
Parameter | Units | Decimal Places | 1.0 Unit Sl = |;|
| I Geometrical Characteristic
[=] Loadz&Mation
; Acceleraﬁoh mis*2 1 1
Force le 1
Mazz flow rate 1
Mach number 1
Angular velocity 1
Poundal
Wolume flowe rate i
Qunce-force
Friction coefficient i
it

Wizard - Analysis Type

—Analyzis lype Consider closed caviies——————————— @
 Intemnal ¥ Exclude cavities without flow conditions
& External [V Exclude internal space ‘
Physical Features | “alue
Heat conduction in solids ]
Radiation O
Time-dependent O
Gravity O
Rotation ]

Fieference agis:lﬁ Dependency.. | @
< Back | Mest » I Cancel | Help |

Wizard - Default Fluid

Fluids Path - Mew... @

Pre-Defined
Pre-Defined
Pre-Defined
- Carbon dioxide Pre-Defined
- Chioring Pre-Defined
- Ethane Pre-Defined
- Ethanal Pre-Defined
i Ethvlene Pre-Defined LI =

Project Fluids Default Fluid Eemoyve

I Flovy Characteristic |Value |

= ’ Flow type Laminar and Turbulent

< Back |’WI Cancel | Help |
Fig. 6
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Step 15.

Step 16.

Step 17.

Step 18.

Wall Conditions:
Use the default values
for wall condition,
Fig. 7.

Click Next.

Initial Conditions:
Under Velocity pa-
rameters set Velocity
in Z direction to -55
Mile/h, Fig. 8. (click
and key-in -55).

Click Next.

SolidWorks 08

Wizard - Wall Conditions

- 2ix

Parameter

| Walue | @

Default wall thermal condition
Roughness

Adiabatic wall
0 micrometer

Dependency... | @

Cancel | Help |

Wizard - Initial Conditions

Parameter Walue

Parameter Definition
=] Thermodynamic Parameters
o Parameters:

Prezzure 101325 Pa
Fn Temperature 2032 K
[=] Velocity Parameters
1| Parameter: Welocity
“elocity in H direction 0 mileh
- Yelocity in Y direction 0 mileh
oo “elocity in Z direction -55 mileth

Turbulence Parameters

< Back | Mest » I

User Defined

Presszure, temperature

Negéﬁve-55

Dependency. | @

Cancel | Help |

Fig. 8

FloWorks CO2 SHELL CAR Page 15-3




Step 1 9 . ReSllltS and Geometry Wizard - Results and Geometry Resolution 21x|

Resolution: ~ Besult resolution @
Set Result resolution to S S SN S S S

r— Minimum gap size
™ Manual specifization of the minimum gap size

Step 20. Click Finish.

™| Witimurm aap size refers to the feature dimersion
Minimurn gap size:

| 2

i~ Minimum wall thickness
[ Manual specification of the minimum wall thickness

C. Computational

Domain.
Step 1. Click FloWorks Menu >
Computational Domain.

™ | Winimum wall thickress refers to the feature. dimension

Minimurn wall thickness:

| 4

Step 2. Set values as shown here

and Fig. 10 [~ Advanced narrow channel refinement [+ Optimize thin walls resolution @
X min 0 <Back | [ Ensh | Cancel Hep |
X max .15 -
Y min -.02 Fig. 9
Ymax .2 21 ]
Z min -4 Size | Boundary Candition L Solor Setting|
Zmax 3 K i IDmA— -
# max: 015 m = Cancel |
Step 3. Click Boundary Condition tab at the top of Yt ozm Help
the dialog box, Fig. 10. W oo
Z i 04m =
Step 4. Set At X min to Symmetry, Fig. 12. U e Negative
Step 5. Click OK. Lo |
Fig. 10
. L .
Step 6. Click Front |7 | on the Views toolbar. K
(Ctrl-1). Use Z key to zoom out to see do- Size  Bounday Candiion | Color Settng |
main, Fig. 13. Dplaneton e 7]
At % i lﬁ Cancel |
Step 7. Only half the car should be inside the do- axmw e TS _ te |
main as shown in Fig. 13. This will reduce e |
the solver time which can take several min- o e T
utes. At Z minc [Defaut =]
At Z max: m

Fig. 11

SDomain

- )

Fig. 12 Fig. 13
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D. Insert Global Goals.

Click Isometric ﬂ

Step 1. on the Standard Views toolbar. (Ctrl-7)
Step 2. Click the COSMOSFloWorks tab | == | in the Feature Manager, Fig. 14.
Step 3. Click COSMOSFloWorks Features | “%5/2oets | on the COSMOSFloWorks toolbar and
click Global Goals from the menu.
Step 4. Drag the edge of the Feature Manager to the right to expand, Fig. 14.
S R
Step 5. Scroll down the Parameters to Force and check: = G,Dba, oo ‘!J—
Y- Component of Force v %
Z- Component of Force Fig. 15. Parameter A
Parameter [Min [ 2w [Mace [Bulk &v|Use |:|
Turbulent Intensity O g
. urbulent Ener O og o
Step 6. Clle OK J . Iurbulent EissiE:tion O OO d
Heat Flux O [OoQg
¥ - Component of Heat Fl O o
Step 7. Rename the goals to Lift and Drag. To rename, click |||} creermotrefoe o 0 5
and hold over Y- Component of Force and key-in e oo =
Lift, Fig. 15. Rename Z- Component of Force to e O e —o A
ormal Force Dra ri ht
Drag. z-cg:n;onent of Mormal Force g g &
' - Component of Mormal Force O
CIEIENErE S8 @] S —
B Default (1) % Default (1) % - Companent of Force O
Y - Component of Force

E@ Input Data

- ) computational Domain
Fluid Subdomains

FEf Boundary Conditions
E?ﬁ Goals

Eﬁ Input Data

[@ Fluid Subdomains

E,* Goals

- GG Y - Component of Force 1 #OLift
1= _5 ------ ?3 GG Z - Component of Force 1 X L ne _5- P §
Fig. 15
Step 8. Save. Use Ctrl-S.
E. Run Analysis.
=
Step 1. Click Run | #" | on the COSMOSFloWorks
toolbar.
Step 2. Click Run in the Run dialog box, Fig. 16.

[} computational Darmain

“Ef Boundary Conditions

Z - Component of Force
Shear Force

¥ - Component of Shear Force
Y - Component of Shear Force
Z - Component of Shear Force

Fig. 14

O
O
O

3

2lx|

— Startup
V| Create meshi I | Tiake previous results
% Mew calculation

| Confinue calzulation

V' Salver

~ Standalone or remote calculation

Fiun on: IEurrent Session 'l Metwork, Solver...

r— Resultz processing after finizhing the calculation
Batch Results. .

™ Run batch results processing

¥ Load results

Lloze
Help

Fig. 16
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F. Solver. =i

. File Calculation Yiew Insert ‘Window Hel
Step 1. In the Solver dialog — 2»9|f|||0ﬁ3|ﬁz‘€k|‘?|

box you can view =10/ TR o
CaICUIatlon time left, Message Iterations | Date Parameter I Yalue
0 Mesh generation started 19:30:57, Jun 2 | | Fluid cells 40275
Flg' 1 7 The CPU Mesh generation normally finished 19:31:15, Jun 2 | | Partial cells 1853
. Preparing data for calculation 19:31:19, Jun 2 | | Iterations 70
time runs around 6-8 Caleulation started 0 12:31:37 , Jun 2 | | Last iteration fini... | 15:38:51
. . Calculation has converged since t... | 69 19:58:51, Jun 2 | | CPU time per last...  00:00:06
minutes dependlng on Goals are converged &9 Travels 1.00175
. Calculation Finished 70 1913358, Jun 2 | | Iterations per 1 k... &9
the car design and the Cputime 0:6:3
Caleulation time left 0:0:0
Computer Status Solver is finished.
1] | i
Step 2. When the calcula- oy [T
tion is done check the | — | o
4 K >
drag. To check drag _
i i X [ tog

in the SOlVCI’, Clle Ready Solver is finished. [tterations : 70 4
Insert Menu > Goal
Table, Fig. 18. Our drag was

Eﬂ List of Goals
-6°17 Goal Mame Current Ya... | Averaged ... | Minimum Y... | Masxinoum ... Pragress Delta
Drag 5.98817p g 6.15675p  -6.55661p  -5.95017p [DACHENEHN]  0.563432p
. iLiFt 3.4?248D~?.52126D 3.46119p 374181 p
Step 3. Close the Solver dialog box, Fig. 18
click File > Close. ’
Step 4. Save. Use Ctrl-S. EIEAEHE

% Default (1)

2 Input Data

@ computational Dorazin
Fluid Subdomains  Edit Definitian..,
Ffi Boundary Conditior [LEE

G. Set Pressure.
Step 1. Right click Computational Domain in FloWorks tree and
click Hide, Fig. 19.

Step 2. Click View Settings m on the COSMOSFloWorks

{3 30-Profile Plots
<P Surface Plots

toolbar. A
Fig. 19
Step 3. In the View Setting dialog under Parameter: Pressure, key-in:
100930 for Min. pressure
101575 for Max. pressure,
Fig. 20. 2|
click Apply and OK. e | e | s e | |
| Setings Apply J

Parameter: I Prezsure & I
Dpen... |
Mir: 97446, 7048 Pa |1D|3930 Pa _lj ﬁlil
Save As.. |
Mag 105413451 Pa I‘ID‘IS?E Fa s _|:' ﬁlﬂ Reset Min/Max |
Palethe: IPaIette [ 'I Parameter Lizt... |

Mumber of colors: 10 Cancel |
] |— Help |

Fig. 20
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H. Surface Plots.

Step 1. Click Surface Plot

Step 2.

>

on the COSMOSFloWorks toolbar.

In the Property Manager, set:

check Use all faces, Fig. 21
Contours (button depressed)

click OKJ and Fig. 22

Step 3. After viewing the surface plot, right click Surface Plots 1 in
FloWorks tree and click Hide, Fig. 23.

Fig. 22

uuuuuuuu

¥ Use all faces ‘
@ Contours

12|
@) Isolines

@ Weckars
Fig. 21

SITEE ]

% Default (1)

=% InputData

Computational Domain
Fluid Subdomains

FEf Boundary Conditions

=-<p Surface Plats

O BRI ik etniton..
-
HE— Cl2
=% Flow Trajectorie

------- (& Particle Studies  Ciear and Hide

E Y Plots Animate...

Fig. 23
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I. Flow Trajectories.

)

Step 1. Click Flow Trajectories on the COSMOSFloWorks toolbar.

Step 2. In the Flow Trajectories dialog box set:
under Reference:, Fig. 24
Ctrl click all the faces of the car body on the left side, Fig 25. Use the left arrow on the
keyboard to rotate view as shown in Fig. 26 to select the under side of cartridge.
set Number of trajectories to 50, Fig. 24

click Setting tab at top

set Draw trajectories to Line with Arrow

click OK, Fig. 32.
2% N
\ Ctrl click
Definition |Settings| EHDDI’tl = | faces
Tvpe: Direction:
[0 =] e = _ b | Fig. 25
Start points from: ml
I Reference j' Create Curves |
Reference: Define poinks by: -
Facecd; <60DY I [ [T S| _ fomate. |
b ol s Cancel | Ctrl click
umber af trajec ones.‘ Help faces
|5E| ‘ 3 —l
Fig. 24
Defirition  Settings |EHDDI’t| Flg' 26
ak. |
Diraw trajectories as: Fized colar: |,| Apply |
I ':I WYiew Sethings... |
LCross size: =
ooutn =] = s
L7
e azirrium lsrgth: P awirnuirn bme: Animate... | i
I?m 3: |3BDDS 3: " b v
Cancel |
[V Use CAD Geometry 2
Help |

Fig. 27

Fig. 28
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Step 3. After viewing the flow trajectories, right click Flow Trajec-

tories 1 in FloWorks tree and click Hide, Fig. 29.

J. Goals Plot.

Step 1.
Step 2.
Step 3.

Step 4.

Click Goals

Click Add All and OK, Fig. 30.

P

on the COSMOSFloWorks toolbar.

An Excel file is opened. Check out the Drag, Fig. 31.

Close the Excel file.

30-Prafile Plats
=-<P Surface Plats

. L.gp» Surface Plot 1
dYy Isosurfaces
==& Flow Trajectories

Par W= Studie:  Edit Definition...

= Point Paramete Clear and Hide
Fig. 29
Goals 2| x|
— Select goals Goal fiter:
|Goal | IA" j
Lift
Dirang
Plat optiots
Aibscizza:
I Iterations v I
Template:
Edaibl ‘ Remove Al [ gosts st -]
Cancel | Help |

Fig. 30

E3 Microsoft Excel - goalsl

J File Edit Yiew Insert Format Tools Data Window Help

SolidWorks 08 FloWorks CO2 SHELL CAR Page 15-9

ID2eEagRY|Lteao - |@= £ 2 @3 2
j =| Goal Mame
B [ ¢ ] D [ E |
11 CO2 CAR.SLDASM [Default (1)]
2
3 |Goal Name Unit Value Averaged Value |Mininn
4 |Lift [p] 3472479058 352126
5 |Drag [p] -5.988174985 -5.15675
Elterations: 70 s
| 10 | Analysis interval: 35
N Fig. 31



K. Animate Flow Trajectories.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Right click Flow Trajectories 1 in FloWorks tree and click

Animate, Fig. 32.

At the bottom of the display in the animation control panel,

click More El Mare. ..

b=

Click Play

Right click Flow Trajectories 1 in the Animation tree and

click Edit Definition, Fig. 33.

In the Flow Trajectories dialog box set:

to expand the panel, Fig. 33.

in animation control panel, Fig. 33.

KT ed=Y R

% Default (1)

=% InputData

I [l computational Dormain
------ Fluid Subdomains

L e PR Boundary Conditions
|':‘|,'$t Goals

...... #OLift

----- <P Surface Plots
------ & Isosurfaces
=-5& Flow Trajectories

é Farticle Studies Edit Definition...

...... ﬁ WY Plats Show
------ Point Parameters
------ £ Sirfare Paramete

Fig. 32

Animate...

~lana

Pl B (MA@ |3 g X 2
. . . D n | Settingsl &
click Setting tab at top, Fig. 34 P P & 00:00
[
= % Animation 1 ——
. . -8B CO2 CAR ASSEMELY flo 1
set Draw trajectories to Spheres £1- 8 Results
set Cross size to .003 O EosEss
E-5& Flow Trajectories
= % Flow Trajectorige —
. Edit Definition. ..
click OK .—Q
Fig. 33
@ > 20
Clle LOOp and Play in Drefiition Seuinmﬁ:mtl
. . . aK |
animation control panel, Fig. 33.
- Diraw trajectonies as: F azimurn length: Apply |
. ISpheres vl I?m 3: View Sefi |
Clle Stop Cross sizes b aimnuin bme: o Seings
|D.DDS m 3: |SBDD 3 3: Create Curves |
lransparens Fired colar: Carcel
. . . a . 0.00 |_ 4|
Click Dimetric on the Views L Heo |
b‘ W Usze CAD geometry
toolbar and Play

Experiment with other Flow Tra-
jectories setting. To change set-

Fig. 34

ting, right click Flow Trajectories 1 and click Edit Definition, Fig. 33.
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L. Create Animation Movie.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

To save animation as a movie file
(AVI), click the Setting tab in anima-
tion control panel, Fig. 36.

In Setting you can set file name. Also,
the frames per second can be con-
trolled. The more frames the larger
the file size.

Click the Definition tab in animation
control panel to switch back, Fig. 37.

Click Record # View the movie
file in MyDoc\I folder.

To exit, click OK V in animation
control panel, Fig. 37.

P E A Bl (X2
Definition  Setings |
Output type: IAVI l vl
Al
File: IE:\MyDocuments\Animation2 e, I

¥ Compressed [Microsoft Yideo 1)

i~ Frame information

FErames per zecond: |25 3:

Fig. 36

B0 N @ @l Less..

Deefiition L ettings | ‘

|V<?

»e

= @ Animation 1
-3 COZ CAR ASSEMELY flo 1
E‘...% Results
...... & Isosurfaces

E% Flow Trajectories

“.=& Flow Trajectories 1

Fig. 37

00:00
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