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CO2 Rail Car

Flow Sim Active Add-ins |Start Up||‘55t“|_'n?d
ElsoUuDWORKS Premium Add-ins
Fﬁﬁ CircuitWorlks r -
A. Enable Flow Simulation. ;;agFem.rewm rooo
[ PhotoView 3460 v 1s
Step 1. If necessary, open your ASSEMBLY file. @ scanToid - }
o ? SOLIDWOREKS Toolbox Library cdl <15
[l SOLIDWORKS Toolbax Utilities [
Step 2. If necessary, turn on Flow T ET Tomnast r
Simulation, click the flyout ESOL'D""O““S Add-ins =
Autotrace
Of OptiOﬂS {ﬁ} - r SOLIDWORKS Composer It <15
h S d F‘SOLIDWORKS Flow Sim 201& p‘ 265
on the Standar
toolbar and click ok | _ane |
Add-Ins. . Z
Fig. 1
Step 3. In the dialog box, scroll =
. r~ Project
down to Flow Simula- o :
. Toject name: IF'r0|ec:t[1] s
tion and place a check S
in the check box under : ’
Active Add-InS and % Computational Darnain
. . Component Control . X X
Start—Up’ Flg. 1 . Cllck Fluid Subdamains — Configuration to add the project
OK Eﬁ Eoundary Conditions Configuration: IUse Current j
Ej ::Iz Sources Configuration name: IDefauIt
- % Porous Media
B. create PrOJect_ % InitiTI Conditions
X . . R Goals
Step 1. Clle FlOW Slmlllatlon @ Local Initial Meshes
. . E]---‘B(" Results
tab -| Flow Simulation |- “DH Mesh
.35y Cut Plots
on the Command Man- <> Surface Plts
{:\, Isosurfaces
ager toolbar % Flow Trajectories @
. . < Back | Nest> | Cancel Help |
Step 2. Click Wizard N
on the Flow Fig.2
Simulation toolbar. wizard - Unit System 21x]
Unit systenm: @
. . System | Fath | Comment |
Step 3 Use Pro.l eCt(l) for PrO_]- LGS [em-g-s] Pre-Defined CGS [cm-g-s)
. FPS fit-lb-s) Fre-Defined FPS (ft-lb-s)
eCt name’ Flg' 2 IPS [in-lb-g] Pre-Defined IPS [in-lb-g]
MM [mim-g-z] Pre-Defined Mtk [m-g-g]
. Sl [m-kg-g] Pre-Defined Sl [m-kg-s]
Step 4. Click Next. Usa ‘ Pre-Defined US4
. [T Create new M ame: 51 [rn-kg-3) [modified
Step 5. Unit System: Joloo ) e
Select SI (m-kg-s) for Parameter ung [ Desmasinresuts | 1St L2
Unit system, Fig. 3. & Mein
Pressure & stress 1
“elocity, 223693629
Step 6. Under Parameter, set e Wy .
N > Length 1
Velocity units to Mile/ Temperature 1
h F . 3 Physical time 1
our, rig. JS. Percent 1
’ g > I-I\J’J\el"r:ce age LI @
< Back | Mext » I Cancel | Help |
Flg 3 12/11/16
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Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Scroll down Parameters,
expand Loads & Mo-
tion and set Force units
to Gram force, Fig. 4.
Gram force unit is p.

Click Next.

Analysis Type:
Under Analysis type,
select External, Fig. 5.

Check Exclude cavities
without flow conditions
and Exclude internal
space, Fig. S.

Set Reference axis to Z,
Fig. 5.

Click Next.

Wizard - Unit System

21|
System | Fath | Comment |
LGS [em-g-s] Pre-Defined LGS [cm-g-s)
FPS [ft-b-3) Pre-Defined FPS [ft-lb-3)
IPS [in-lb-=) Pre-Defined IP5 [in-lb-]
MM [mim-g-z] Pre-Defined Mtk [m-g-g]
5l [m-kg-s] Fre-Defined Sl [m-kg-s]
LISA Pre-Defined LS4
™ Create new Hame: ISI [m-kg-z] [modified)

BT Unit Dec:lma.ls inresutts
dispilsy

/ Geometrical Characteristic

1 5l unit FI
equals to
Physical time ] 123 1
Percentage % A2 1
HYAC

= Losdzahotion
Acceleraﬁon‘ mig"2 A2 1

Wizard - Analysis Type

Farce g A23 101 871621
Mass flow rate ks 1234 1
harkh roembhar 17 1 LI @
< Back | Mext » I Cancel Help |
.
Fig. 4
21|
—Analyzis type Consider closed caviies—————————— @
 Internal ¥ Exclude cavities withaut low conditions s
& External ~ ¥ Exclude intemal space ‘
Physical Features I “alue |
Heat conduction in solids O
Radiation O
Time-dependent O
Gravity O
Rotation O

[rependency.. | @

Cancel | Help |

Fieference axis: IZ Vl
< Back | Mest > I

Fig. 5
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Step 13.

Step 14.

Step 15.

Step 16.

Step 17.

Step 18.

Default Fluid: Wizard - Default Fluid 2] x|
Expand Gases, select
Air and click Add,
Fig. 6.

Fluics Path - Mew... @

-] Gases
i Pre-Defined

Pre-Defined
Pre-Defined
Pre-Defined
- Argon Pre-Defined
- Butane Pre-Defined
- Carbon dioxide Pre-Defined

- Ammon

Click Next.

- Chlatine Pre-Defined
- Ethane Pre-Defined LI Add

Wall Conditions:
Use the default values

for wall condition,
Fig. 7.

Project Fluids Default Fluicd Remove

Flow Characteristic I alue |
Flow type LI

Click Next.

Laminar and Turbulent

Initial Conditions: ©

Under VelOCIty param_ < Back | Mext » I Cancel | Help |

eters set Velocity ing\\[Te E1 ST/ -3y 45 Fig. 6

Z direction to -75

Wizard - Wall Conditions 21l
Mile/h, Fig. 8. (click )
. Parameter Walue |
and key—ln '75) Default wall thermal condition Adiabatic wall LI
Roughness 0 micrometer

Click Finish.

Fig. 7

Wizard - Initial and Ambient Conditi 21l

Parameter Walue | @
Parameter Definition User Defined LI
= Thermodynamic Parameters

- Parameters Presszure, temperature LI
- Pressure 101325 Pa
- Temperature 2932 K

= Velocity Parameters

Lo Parameter “elocity

- Defined by 30 Vector
- Welocity in ¥ direction 0 mileh
- Nelocity in Y direction 0 tmileh
“elocity in Z direction -75 mileh

Turbulence Parameters * -
Negative

Dependency... | @
< Back | Finizh I Cancel | Help |

Fig. 8
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C. Computational Domain.

Step 1. Click Tools Menu > Flow Simulation > Computational Domain.

Step 2. Set values as shown here and Fig. 9.

@x X max .15

@][ X min 0
@-.- Y max .2
BRI <ot
[ﬁz Zmax 3

I co-tive

Step 3. Set At X min to Symmetry E}:l, Fig. 10.

Step 4. Click OK w" in Property Manager.

@ Computational Domain @

v X

Type ~
3D simulation

@ 20 simulation

Size and Conditions Ea

@‘Wj"
&, [om ~ ==
@YWZI-
&, -D.Dst j
@ZWﬂv
@ZWﬂv

Appearance b

Fig. 9

@ Computational Domain @

v X

Type ~
30 simulation

@ 20 simulation

Size and Conditions Ea

G, e HEE
S
@, e =@
&, [00zZm j
@ [in HEx
@ [tam @z

Appearance b

Fig. 10

Step 5. Click Front @ on the Views toolbar (Ctrl-1). Use Z key to zoom out to view domain,

Fig. 11.

Step 6. Only half the car should be inside the domain, Fig. 12. This will reduce the solver time.

Solver can take several minutes.

PRGN

!
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D. Insert Global Goals.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

E. Run Anal

Step 1.

Step 2. Click Run in the Run dialog box, Fig. 15.

W

Click Isometric

on the Standard Views toolbar. (Ctrl-7)

e
. . . S . .
Click the Flow Simulation tab | ™= | in the Feature Manager, Fig. 13.
= SEE[s[eley
Flow # Global Goals @
. . . Simulation . >
Click Flow Simulation Features | Features | on the Flow Simu- x
lation toolbar and click Global Goals from the menu.  — ~
Parameter [vair | & e [ B us [«
Velacity (V) O oo d
. Felacity i) O 00O oW
Drag the edge of the Feature Manager to the right to expand, [ SRR
Fig 13 Turbulent Viscosity O o0 O
° ° Turbulent Time O oo o
Turbulence Length O 00O
Turbulence Intensity O od d
In the Global Goals Property Manager: Turoulent inergy g g g g
urbulen Issipation
scroll down the Parameters to Force (Y), Fig. 13 Heat Flux 0 oo
Wall Temperature O oo
and CheCk: Heat Transfer Rate O
Total Enthalpy Rate O
FOrce (Y) Marmal Farce O
Marmal Force i) O
Force (Z) Marmal Force i) O
Marmal Force @ O p—
Clle OK J . E-Jr-:e g
Fo
. . Force @) CIR~; 4
Rename the goals to Lift and Drag. To rename, click Force Friction Force & § =
. . R Ericticn Farca i il W I
(Y), press F2 key and key-in Lift, Fig. 14. Rename Force (Z) | s, [Feba Comdris o
to Drag. __ _
S[ER[¢[€]=L [S[T[R[G[@] =z |rmeiom .
E-;é Prajects ‘ EE’ Projects IGG ¢Parametery <Mumber:
: Default = [F® Default
Save. Use Te;'a:ruiect(l) hl:n g;'a:roiect(l)
Ctrl-S. Fig 13
E5 Project(1) o E5 Project(1) o
ﬁ Input Data = @ Input Data
[Z]) Computational Domain [Z]) computational Domain Expand
Fluid Subdomains
EE 22:||15dary Conditions ReI] am
LR GGFarce () | =3
..... B GG Force (Z) 1 ==
i @ Mesh
---% Results (Mot loaded) ---% Results (Mot loaded)
Fig. 14 .
s l S [] — Startup P
un
¥ tesh I™ | Tiake previous results
. B . . IV Salve | =
Click Run | Run | on the Flow Simulation G (el Hep |
toolbar. £ Continue calculation

— CPU and memary usage

Fiun at: IThis computer j
Usze |4 vl CPU[g]

—Resultz processing after finizhing the calculation

¥ Load results

Batch Results... |

Fig. 15
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F. Solver.

Step 1.

Step 2.

Step 3.

Step 4.

In the Solver dialog box

you can view Calcula-
tion time left,

Fig. 16. The CPU
time runs around 3-4
minutes depending on
the car design and the
computer.

When the calculation is
done view the drag in
the Solver, click Insert
Menu > Goal Table,
Fig. 17. Our drag was
-40.05.

Close the Solver dialog box, click File

Menu > Close.

Save. Use Ctrl-S.

G. Surface Plots.
Right click Computational Domain in Flow
Simulation tree and click Hide, Fig. 18.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Click Surface Plot

O

tion toolbar.

5 Solver: Project{1) [Default] {(RAIL CAR ASSEMBLY.SLDASM) = |E| |5|
File Calculation Wiew Insert Window Help
e |om|ﬂo|?|
EEDET -oix -lo|x|

Parameter I Walue I Event Iteration | Time
Skatus Salver is finished., Mesh generation started 11:22:41, Dec 09
Cells 12,349 Mesh generation normally finished 11:22:45 , Dec 09
Fluid cells 11,453 Preparing data for calculation 11:22:45 , Dec 09
Solid cells 596 Calculation started 1] 11:22:46 , Dec 09
Partial cells 635 Calculation has converged since th.., 45 11:22:59, Dec 09
Ikerations 46 Goals are converged 45
Last iteration finished 11:22:59 Caleculation finished 46 11:23:02, Dec 09
CPU time per last iteration 00:00:00
Travels 1.017%4
Iterations per 1 travel 46
Cpu time 0:0:14
Caleulation time left 0:0:0 ‘
Warning | Comrment |
Mo warnings

Log @ nio |

Ready

on the Flow Simula-

In the Property Manager, set:

under Selection, Fig. 19

check Use all faces
under Display

select Contours
under Contours

click Adjust Minimum and Maximum

4
101575 for Maximum E pressure

-8.62151 p
.
Fig. 17
| = | < Surface Plot @
f:’ Projects v X .
= u=’ﬁ Default
L..£5: Project(1) Selection A
E&: Project(1) L;E'
E| @ Input Data
- Computational Domain
. Fluid Subc - Edik Definition, .. | °
Eﬂ Boundary ¥ Use all faces
F Goals E ™ wirror resu\ts
[ T
Fﬂ Drag Display ~
. @ Mesh

Contours
Tsalines
Vectors
Streamlines
Mesh

-8 Results (1.Ad)
Fig. 18
Q| E[R[e[&]=]

E}’ Projects
= u=ﬂ Default

Project(1)

100930 for Minimum Ei pressure

click OK ## .

After viewing the Surface Plot, expand Results in Flow
Simulation tree and expand Surface Plots. Right

click Surface Plots 1 and click Hide, Fig. 21.

Save. Use Ctrl-S.

Contours
E&: Projeck{1)

E| [E% Input Data
@ Computational Domain
. Fluid Subdomains
Eﬂ Eioundary Conditions

[T £

ﬂEE Mesh
-3¢ Cut Plats
=t {) Surface Plots

= Surface Plot 1
é Isosurfaces Edit Definition. ..
23 Flow Trajeckc
oo vn Particle Studi Cloar Nyids
.
Fig. 21
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H. Flow Trajectories.
Step 1.

Click Flow Trajectories on the Flow Simulation toolbar.

Step 2. In the Flow Trajectories Property Manager:
under Starting Points, Fig. 22
Select References by selecting all faces of right side of car. To
select References, click each face of the body, wheels and cartridge,
Fig 23. Rotate view to select faces on rear, Fig. 24.

Tip: Turn on Filter Faces Dr (X) on the Selection Filter toolbar at
the bottom of the display to select only faces and not edges.

Number of Points :-F# 20

under Appearance
Draw Trajectories As ﬁ Lines with Arrows
Width » .001

Line Width 3% 2
click OK # .

Click
faces

Step 3. After viewing the flow trajectories, right click Flow
Trajectories 1 in Flow Simulation tree and
click Hide, Fig. 26.

Step 4. Save. Use Ctrl-S.

2! Flow Trajectories @
v X .

Starting Points Ll
(& [Face-41- @FRONTWHEE o

Face<42- @FROMNTWHEE
Face<43- @REAR WHEEL

Face= 44> @REAR WHEEL —{

i m-o RA =
2
0006 m j
Appearance ~
X W‘ :I|
X[z Lj

& l@ure 'l

=
dy? (0 =

Fig. 22

@ 5B B 9 &=

=N

Projects

IF@ Difaul

L..ED Project{1)

-

SOLIDWORKS 16 FLow Sim

E3 Project(1)

B8

EF Goals

: BB mesh

!

Input Data

@ Computational Domain
@ Fluid Subdomains
Boundary Conditions

LB LR

= Results (1.fd)

ﬁEF Mesh

=< surface Plats

T

¢ g Surface Plot 1
H é Isosurfaces

£50 Flow Tr.
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1. Goal Plot.
Click Goal Plot

Pie

Step 2. In the Goal Plot Property Manager:

under Goals, Fig. 27
check All

under Options
click Export to Excel
An Excel file is opened. Note the Drag, Fig. 28.
Click the Drag tab at the bottom of the Excel file to view

the chart, Fig. 29.

Close the Excel file.

Click OK & .

Step 1. on the Flow Simulation toolbar.

. Goal Plot @
v X
Goals Ead

i IAH Goals 'I
[

k
il IItarations 'I

Options Lol

[} Group charts by parameter

IExceI Workbook [*xlsx 'I

Export to Excel ‘

Fig. 27
|E|| HY--F 3|+ Goal Plat 1.xlsx - Microsoft Excel non-commercial use o = 2
m Hame Insert Page Layout Farmulas Data Review View Acrobat & o o R
== A - 11 - = = ) | S=lnsertr E v
Calibri 1l AN = P = | General - 7l
=) By~ %] 5| ?—jﬁ =} §% Delete ~ | [§]" Z [ﬁ
Paste B 7 U-~-| i~ - A- === iEiE ~| % - 5y 9 | %0 ;00 Conditional Format  Cell o Sart & Find 2
- - = = ° oo Faormatting = as Table = Styles = LEjF'J"mat' 27 Filter= Select
Clipboard & Fant Fl Alignment Fl Mumber Fl Styles Cells Editing
L21 - £ | v
A B c D E F G H J -
1 RAIL CAR ASSEMBLY.SLDASM [Project(1) [Default]]
2
3 Goal Mame [Unit |Value Averaged Value |Minimum Value |Maximum Value|Progress [%]  [Use In Convergence |Delta Criteria =
4 |Lift pl -8.311201417 -8.621512609 -9.369947146 -8.064625756 100|Yes 1.30532139| 2.767540024
5 Drag pl -40.05743607 -42.33901292 -50.1377282 -39.84429697 100|Yes 10.29343123| 17.56425651
. ~
7
8
s Iterations [ ]: 46
10 Analysis interval: 23
11 -
M 4 » M| Summary . Drag glift - FlokData %1 [4] il | all
il ‘ |[E@m 100% () y) )
Fig. 28

RAIL CAR ASSEMBLY.SLDASM [Project(1) [Default]]
! 10 15 30— 50

-200 r

-a00 /
_ o (
=
H ’ ——D
= -200

-1000 I

-1200 J‘

-won Itarztions []

L
Fig. 29
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J. Animate Flow Trajectories. S B[ R[¢[S] =]

i gﬁ Projects
Step 1. Click Right ||| on the Standard Views toolbar. (Ctrl-4) = e st "

Step 2. Right click Flow Trajectories 1 in Flow Simulation tree and click Eplmt:u)t Data

. . . i : Computational Domain
Anlmatlon) Flg’ 30 : % Fluid Subdomains

P b Eﬂ Boundary Conditions
EF Goals
T

—, H Pt Drag
click Expand (£ to expand the panel, Fig. 31. g___'“?iiu.“:f??ﬂd)

p ﬁEF Mesh

T CutPloks
{) Surface Plots
&y Isosurfaces
Flow Trajectories

Step 3. At the bottom right of the display in the animation control panel,

Step 4. Click Play [E’ in animation control panel, Fig. 31.

EOBFlow Trajectories 1
Step 5. Right click Flow Trajectories 1 in the Animation tree and click f‘jﬁ’ partel > I
. oy . N hi
Edit Definition, Fig.31. | = SutecePar 210
Yaolume Pare Delete
----- I v Plots
. . B Goal Plat Play
Step 6. In the Flow Trajectories Property Manager: | . % st
. T Animations Exptt...
under Appearance, Fig.32 | - B copertRonl |
ot Fig. 30
Draw Trajectories As 5% Spheres g
Width 3 002 momes )
v K o
click OK % . N
Starting Points ~
E=ume I.C\nimationl.avi E ‘ ! |B v e @ .
E& PYETN il 00:00 00:01 00:02 00:03 00:04 00:05 (T [Face-42- @FRONTWHEEL4]

Face< 43> @REAR WHEEL
0 Face< 44> @REAR WHEEL |

|

ol

- Bw Animation 1 ‘ |
&S RATL CAR ASSEMBLY |
E% Resulks

<> Surface Plat 1 |

' Flow Trajectatie |2D j
i 4 i i g T00E m =i

=i

Face<45> @BODY RAIL-1 4
@CARTR >

Fig. 31 Appearance ~
&
Step 7. Click Loop @ and Play in animation control panel, Fig. 31. % [ohees g ]
| l X P
Click Stop . » Fome -
dy [0 =

C 12 e/
Ak liam
\\‘ £

R

SOLIDWORKS 16 FLow Sim CO2 RAIL CAR PAGE 19-9



K. Create Animation Movie.

Step 1. Click Isometric a on the Standard Views toolbar. (Ctrl-7)
Step 2. In the Animation control panel turn on Capture Region 'r:l , Fig. 34.
Step 3. Drag the red frame capture region in the graphics area to resize/move capture region,

Flg' 35 B il B @ |~nimation 1.avi @ ||?£ ¥ @ @ x

& 4 Q@ U.U:.U.u. Lo n ool v I]II]:‘I]IZ IIIII U.U:.u.a IIIII I]II]:II]I4 IIIII U.uﬁl .

Step 4. Click - W Animation 1

Record % Ezitltcsm ASSEMELY 4

------ O Surface Plat 1
. , \..E3: Flow Trajectories 1
Fig. 34. ! -
Fig. 34
Step 5. Click Open Folder E? to view Animation AVI file.
Step 6. To exit, click OK W in Animation control panel.
r939)(581 -

Fig. 35
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