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Fl S Active Add-ins |Start Up||‘55t“|_'n:ad
ow l m ElsoUuDWORKS Premium Add-ins
Fﬁﬁ CircuitWorlks r -
A. Enable Flow Simulation. ;‘g;amtweww 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 Simu- I T Toitnast r
lation, click the flyout of EJSOLIDWORKS Addins
r Autotrace r
1 {ﬁ} - r SOLIDWORKS Composer r < 1s
Optlons il SOLIDWORKS Flow Sim 2016 v, 265
the Standard N N
toolbar and ok | _ane |
click Add- Fig 1 4
Ins. ’
21|
. r~ Project »
Step 3. In the dialog box, scroll o :
Toject name: IPr0|ect[1 ]
down to Flow Simula- Commante N
FlOIl and place a check o5 i ’
mn the Check bOX under % Computational Domain
. Component Control . X X
Actlve Add_Ins and Fllid Subdomains i~ Configuration ta add the project
. . Eoundary Conditions Configuration: IUse Current j
Start-Up, Fig. 1. Click =
> s T FE
OK. E} H:Zi Sources Configuration name: IDefauIt
% Porous Media
9§ Initial Conditions
- ? Goals
B- crea te PrOJ ect- @ Local Initial Meshes
. . . =-BE Resuls
Step 1. Click Flow Simulation o
. o EE Mesh
.35y Cut Plots
tab -| Flow Simulation |- g oo Plots
Isosurfaces 1l
on the Command Man' % Flaw Trajectaries »
ager tOOIbar < Back | Mext » ‘I Cancel Help |
Step 2. Click Wizard Fig. 2
on the Flow Wizard - Unit System 21|
Simulatlon tOOlbaI‘. Unit systenm: »
System | Fath | Comment
LGS [em-g-s] Pre-Defined LGS [cm-g-s)
. i FPS [it-lb-s] Pre-Defined FPS (ftb-s]
Step 3 Use Pro'] eCt(l) for PI‘OJ IPS [in-lb-s) Pre-Defined IP5 [in-lb-s)
ect name, Fig. 2. MMM [mim-g-<) Pre-Defined MMM [rm-g-]
Sl [m-kg-g] ~ Pre-Defined Sl [m-kg-s]
LSa Pre-Defined Usa
Step 4. Click Next.
p " Create new I ame: |SI [m-kg-5] [modified)
Step 5 Unit SyStem: Parameter Unit Dec:im:.ls [GESED el IS
izplay equals to
Select SI (m-kg-s) for = Main
. . Pressure & stress 1
Unit system, Flg. 3. veloc'rtys 2 23693629
Mass 1
Lencth 1
Step 6. Under Parameter, set Temperature 1
. . . Phryzical time 1
Velocity units to Mile/ Percentage 1 o ®
hour, Fig. 3. =
< Back Cancel | Help |
Fig. 3 1/8/16
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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.
Click Tools Menu > Flow Simulation > Computational Domain.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

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

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

Click OK % 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

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

Fig. 11.

Only half the car should be inside the domain, Fig. 12. This will reduce the solver time.
Solver can take several minutes.
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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
-33.12.

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.

_iaix]
File Calculation Wiew Insert Window Help
=n 20 [BORE |
EEDET -oix -lo|x|

Parameter I Walue I Event Iteration | Time
Skatus Salver is finished., Mesh generation started 16:21:51, Jan 07
Cells 10,809 Mesh generation normally finished 16:21:53, Jan 07
Fluid cells 10,155 Preparing data for calculation 16:21:54 , Jan 07
Solid cells 654 Calculation started 1] 16:21:55, Jan 07
Partial cells 485 Calculation has converged since th.., 62 16:22:09, Jan 07
Ikerations 63 Goals are converged 62
Last iteration finished 16122109 Caleculation finished 63 16:22:10, Jan 07
CPU time per last iteration 00:00:00
Travels 1.45153
Iterations per 1 travel 44
Cpu time 0:0:15
Calculation time left 0:0:0 ‘
Warning | Comrment |
Mo warnings

Log Q Info |

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

562691 p
.
Fig. 17

| = | < Surface Plot ®
f:’ Projects v X .
= u=’ﬁ Default

L..£3% Project(1) Selection .
E&: Project(1) o EE'

E| @ Input Data

Computational Domain

. Fluid Subc

F Goals
[ T
# Drag
. @ Mesh
-8 Results (1.Ad)

Fig. 18

Edit Definition, ..
-~ Boundary w

glE[R[o|@]=

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.

E&: Projeck{1)
E| [E% Input Data
@ Computational Domain
. Fluid Subdomains
Eﬂ Eioundary Conditions
- Goals
LR
Fﬂ Drag
- [ Mesh
2B Results (1.Ad)
ﬂEE Mesh
-3¢ Cut Plats
=t {) Surface Plots
. Surface Plot 1
é Isosurfaces Edit Definition. ..
= Flow Traject

oo vn Particle Studi Cloar Nyids

Fig. 21

e
¥ Use all faces
™ Mirror resu\ts

Display Lad

Contours

Tsalines

Vectors

Streamlines

Mesh

Contours

= lm@ |
£ |1D15F5Pa j.D‘
e £
Fe 10 E

L

Options hd

Fig. 19 _
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H. Flow Trajectories.

£2: Flow Trajectories @
Step 1. Click Flow Trajectories |EZ: | on the Flow Simulation toolbar. T
Step 2. In the Flow Trajectories Property Manager: & m e
under Starting Points, Fig. 22 F:::«:a:»@aom RAL E::I-
. . . Face=22- @BODY RAIL E-1
Select References by selecting all faces on right side of car. To Face-23- @00DI L E-3—
select References, click each face of the body, wheels and cartridge, 201 ' \
Fig 23. Rotate view to select faces on bottom and rear, Fig. 24. =
0.006 Y j
Tip: Turn on Filter Faces EL- (X) on the Selection Filter toolbar at |, -
the bottom of the display to select only faces and not edges.
. A X [(GTn g ¥
Number of Points |z# |20 - N =
& |Pressure -
under Appearance . o=
Draw Trajectories As &% Lines with Arrows Fio. 22
ig.
Width ¥ .001
Line Width 3 2
click OK w# .
Step 3. After viewing the flow trajectories, right click

Flow Trajectories 1 in Flow Simulation tree
and click Hide, Fig. 26.

Click

Step 4. Save. Use Ctrl-S. faces

zA aﬁ Project(1)

SOLID\X/ORKS 16 FLow Sim CO2 RAILCARE

@ E R ¢ @ <|

EEE Frojects
ES IF@ Default

L..ED Project{1)

@ Computational Domain
-- Fluid Subdomains
| Boundary Conditions
E| Pt Goals
L

' H- @ Mesh
EI @u Results (1.fld)
ﬁEF Mesh
....... 35k Cut Plots
E| {) Surface Flots
- @ Surface Plot 1
Isosurfaces

Flow Trajectories

ow Trajectories
G o, Particle Skuc Edit Definition. .

/ Poink Param
------- @) Surface Par

Clear BNQyide
------- ﬁ Volume Par:

.....
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l. Goal Plot- . Goal Plot @

. . . v X
Step 1. Click Goal Plot % on the Flow Simulation toolbar.
Goals Eal
i IAHGoaIs 'I
under Goals, Fig. 27
check All
under Options T |
click Export to Excel ootions R
An Excel file is opened. Note the Drag, Fig. 28. T Group charts by parameter
Click the Drag tab at the bottom of the Excel file to view [exce wonwoor Pz 3]
the chart, Fig. 29.
Show
Close the Excel file.
Export to Excel
Click OK % . :
Fig. 27
|§“ H )y -~ = Lj I_\l |: Gaal Plot 1.xlsk - Micrasaft Excel non-commercial use = B E2
m Hame Insert Page Layout Farmulas Drata Review View Acrabat 2] 9 = B £
“E“"j & Calibri S e A A General - F__h Conditional Farmatting = j‘ﬂlnselt - - ,f)? [ﬁ
- Ba~- $ - % ﬁF-erat as Table = & Delete - @ - = -
P-‘Ete f B I U-~|m- - A " 8 5% @}Cell Styles = [ZjF-eratv @ é,itlzlsvt SFQ;;I{%'
Clipboard = Fant = Alignment = FMumber P Styles Cells Editing
K36 - fe | =
A E C D E F G H -
: RAIL CAR E ASSEMBLY.SLDASM [Project(1) [Default]]
- E
3 Goal Name |[Unit |Averaged Value |Minimum Value |Maximum Value|Progress [%] |Use In Convergence |Delta Criteria
4 Lift pl -5.62690976 -6.035484698 -4,8787223 100|¥es 1.156762398| 1.2040138483
5 Drag pl -33.02452568 -33.23158422 -32.67935639 100|¥es 0.552227834| 9.430052054
. ~

; lterations [ ]: 63
s Analysis interval: 22

b
4]
4 4+ M| Summary Dragg Lift  FlotData o ¥d 4] Il | » 1
Ready | ‘ |[EDm 100 =) y! (¥)
Fig. 28
RAIL CAR E ASSEMBLY.SLDASM [Project(1) [Default]]
‘ 10 2o, ss s s s sss s sa s s oQ0s ss s se s s sl sa 7o
-100 /_"
=200 /
300
Edﬂﬂ
=
& ——Drag

-700

-a00

Fig. 29
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J. Animate Flow Trajectories. e BIR[¢[] =
ﬁ" Projects
Step 1. Click Right @ on the Standard Views toolbar. (Ctrl-4) B Bt

..EB: Project(1)

—‘é Praojectil}

Step 2. Right click Flow Trajectories 1 in Flow Simulation tree and click |=@® moutcat

. . . Computational Domain
Anlmatlon) Flg’ 30 % FluldpSubdomalns

Eﬁ Boundary Conditions

Step 3. At the bottom right of the display in the animation control panel,
click Expand |&J to expand the panel, Fig. 31.

E% Results (1.fd)
..... ﬁEF Mesh

%2 CutPlots

Step 4. Click Play [::3' in animation control panel, Fig. 31. 'ﬁ', i

= -.0 Flow Tra]ectnrles

Step 5. Right click Flow Trajectories 1 in the Animation tree and click = ; Emntt:,af;m$
. oo . N h
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 i
. T Animations Exptt...
under Appearance, Fig.32 | B copertRonl |
ot Fig. 30
Draw Trajectories As 5% Spheres g
Width 3 .002 cimmmss
v K H
click OK w# . -
Starting Points ~
E=ume I.C\nimationl.avi E ‘ ! |L‘3 v e @
= 00:00 ! o00:01 ! 00:02 ! 00:03 ! 00:04 ! 00:05 ! []ﬁ Face<:25:»@CARTRIDGE-1;I

e i bl Q@ i
(=~ % Animakion 1 ‘
. @ RAIL CAR. E ASSEMELY
E| Bﬁ Resulks
Surface Plot 1

S Flow Trajectorie m‘ IZD j
[« 00 m =l

Face<26> @CARTRIDGE-1
Face<27> @CARTRIDGE-1
Face=28> @CARTRIDGE-1 —

@CARTR >
s

Fig. 31 Appearance ;IA
@ > e
Step 7. Click Loop and Play in animation control panel, Fig. 31. % [ohees g 5]
b [ =
Click Stop . =~

an IPressure hd
=1
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K. Create Animation Movie.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Click Isometric a on the Standard Views toolbar. (Ctrl-7)
In the Animation control panel turn on Capture Region 'r:l , Fig. 34.
Drag the red frame capture region in the graphics area to resize/move capture region,
Fig. 35.

g [~ 10 @ @ [enimaton Tav ] ||—+|l§ ACRER 4

& 4 Q@ gg on:00 I Il& I o0:02 I 00:03 00:04 I 0a%N
Click o e Amctont | —™m———
Record % zztltC:REASSEMBLV [
------ O Surface Plat 1
. \ \..E3: Flow Trajectories 1
Fig. 34. «
Fig. 34

Click Open Folder L’% to view Animation AVI file.

To exit, click OK M

in Animation control panel.

o
924x7 44

Fig. 35
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