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A. Set Up.

Step 1.
Step 2.

Step 3.

If necessary, open your ASSEMBLY

Click Tools Menu > Add-Ins.

Rail Car E
Flow Sim

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

Fig. 1. Click OK.

B. Create Flow Simulation Project.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Click Flow Simulation
tab1 Flow Simulation r

on the Command Man-
ager toolbar.

Click Flow Simula-
N
Flow
. . Simulati...
tion Main| . |onthe

Flow Simulation toolbar
and Wizard

from the menu.

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.

|start Up |
' * Hsolidworks Premium Add-ins
- @ CircuitWorks -
[ &2 Featurewarks -
% € Photoview 360 Ird
[ Pl scanTazD -
r -:2"; Solidworks Design Checker Il
I (59 Solidworks Mation I
Hsolidworks add-ins
r Autatrace -
Solidworks 20 Emulatar I
Solidworks Flav Simulation 2012 [
‘nlldWorks MTS rs
[8]4 I Cancel |
A
Fig. 1
2| x|
i~ Configuration »
& Create new
 Use cunent
E @ - Configuration name: IDelauIt il
] computational Damain Current configuration: IDelauIt
™18 Component Control
[ Fluid Subdomains
Eﬁ Boundary Conditions Lo
{13 Fans
.}0 Heat Sources
% Porous Media
@@ Initial Conditions
? Goals
@ Local Initial Meshes
E---ga Results
ﬂ;E Mesh
4% Cut Plats
{) Surface Plots
{:\, Isosurfaces 1
% Flaw Trajectaries »
< Back | Cancel Help |
Fig. 2
Wizard - Unit System 2|
Unit systenm: »
System | Fath | Comment |
LGS [em-g-s] Pre-Defined LGS [cm-g-s)
FPS [ft-lbes] Pre-Defined FPS (ft-b-s]
IPS [in-lb-g] Pre-Defined IPS [in-lb-g]
MM [mm-g-z] Pre-Defined Mtk [m-g-g]
Sl [m-kg-g] Pre-Defined 51 [m-kg-s]
LSa Pre-Defined Usa
[ Create new IaEme:; |SI [m-kg-2] [modified)
BT ‘ Unit ‘ Dec:lm:ilzp::ﬂa;esuns E1q§|alusntrt0 -
hdain
Pressure & stress Fa Az
“elocity vl 123
Mazs Meterizecond '
Lencth Kilometerhour
Tempersture
Phyysical time: Kot
Footizecond
HVAC Inchizecond 4
Geometrical Characteristic | Yardisecond LI ¥
roore Certimeterizecond
Milimeterfsecond
< Back | Footimirute ncel Help |
Cuztom Unit...
Fig. 3 11/28/12
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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.

and Exclude internal
space, Fig. 5.

Set Reference axis to
Z, Fig. 5.

Step 11.

Step 12. Click Next.

Step 13. Default Fluid:
Expand Gases, select
Air and click Add,
Fig. 6.

Step 14. Click Next.

SoLiID\X/oRrks 12

Check Exclude cavities
without flow conditions

M [mim-g-z] Mk [mm-g-g]

Fre-Defined
Sl [m-kg-s] Fre-Defined S [m-kg-s]
Usa Pre-Defined Usa
I~ Create new [ ame: ISI [m-kg-2] [modified)

Parameter ‘ Unit ‘ Dec:lm:ilzp::ﬂa;esuns ;qﬁ;:;ntrto };l
------- Physical time ] 123 1
HYAC
| [ Geometrical Characteristic
[=] Loadz&Mation
-+ Acceleration miz"2 A2 1
-~ Force vl A23 1
- Mazs flow rate Mesatan 1
- Mach number orf 1
:Alnlgular‘?felocrt?a Poundal ! LI @

Qunce-force
Paund-force
Kilopond

< Back |

Ton-forcelshort)
Ton-forcelong)

Fig. 4

Wizard - Analysis Type

—Analyzis lype Consider clozed cavities

[V Exclude cavities without flaw conditi

V¥ Exclude internal space &.

 |nternal

& External ~

onE

Physical Features | “alue

Heat conduction in solids
Radiation
Time-dependent

Gravity

Rotation

Oooood

Fieference agis: IZ vl
< Back | Mest » I

Cancel |

Dependency... | @

Help

Fig. 5

[Path

Fluicls

=l Gases
‘[ Pre-Defined

Pre-Defined
Pre-Defined

Pre-Defined
Pre-Defined
Pre-Defined
Carbon dioxide Pre-Defined
Chlorine Pre-Defined
Ethane Pre-Defined

i Ethanol Pre-Defined LI
Project Fluids Default Fluid

Flovy Characteristic |Value |

= ’ Flow type Laminar and Turbulent

< Back | Mest » I

Cancel |

2|

- Mew... | @

Eemove

)
I

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 -75
Mile/h, Fig. 8. (click
and key-in -75).

Click Next.

SoLiDW/oRrks 12

Wizard - Wall Conditions

2|

Parameter

| Walue | @

Default wall thermal condition
Roughness

Adiabatic wall
0 micrometer

Dependency... | @

Cancel | Help |

Parameter

Walue | @

Parameter Definition

= Thermodynamic Parameters
! Parameters:

Prezzure
- Temperature

[=] Velocity Parameters

! Parameter:

“elocity in H direction
e Welactty in Y direction
e “elocity in Z direction

Turbulence Parameters

< Back | Mest » I

Negéﬁve-75

User Defined

Pressure, temperature
101325 Pa
2932 K

“elocity
0 mileh
0 mileh
=73 mileh

Dependency | @

Cancel | Help |

Fig. 8
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Step 19. Results and Geometry
Resolution:
Set Result resolution to
4, Fig. 9.

Step 20. Click Finish.

C. Computational
Domain.
Step 1. Click Flow Simulation

Menu > Computational
Domain.

Step 2. Set values as shown here
and Fig. 10.

Hy X max .15
@x X min 0
@-.- Y max .2

@-.- Y min -.02 ‘

[ﬂz Z max 3

™, 7 min -.4‘

Step 3. Set At X min to Symmetry, Fig. 11.

Step 4. Click OK ‘Hﬁ? in the Property Manager.

Step 5. Click Front @ on the Views toolbar

Wizard - Results and Geometry Resolution

r— Besult resolution

r— Minimum gap size

Minimurn gap size:

™ Manual specifization of the minimum gap size

I~ | WMinimurn gap size refers to the feature dimersion

i~ Minimum wall thickness

Minimurn wall thickness:

[~ Manual specification of the minimum wall thickness

I~ | Mirimum wall thickness refers to the feature dimension

E

[~ Advanced namow channel refinernent

[+ Optimize thin walls resolution »

< Back | FEinizh I Cancel Help

Fig. 9
M| Computational Dom... 7 M| computational Dom... 7
W % W K
Type F3 Type ES
@] 30 simulation @ 30 simulation

|E| 2D simulation

|E| 2D simulation

Size and Conditions

Size and Conditions

@msm —I.v
@Dm Tl.v

&, [015m —I.v

&, [im el

&, pzn N j = & pm = 27 Periodiciy

&, -D.DZm‘ :II - %, [002m j ]

@, T HdE = @, 03m HEx

o, [Tiom, HEE | |8 @
Fig. 10 Fig. 11

(Ctrl-1). Use Z key to zoom out to see domain, Fig. 13.

Step 6. Only half the car should be inside the domain as shown in Fig. 13. This will reduce the

solver time. Solver can take several minutes.
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D. Insert Global Goals.

Step 1. Click Isometric a on the Standard Views toolbar. (Ctrl-7)
|
Step 2. Click the Flow Simulation tab | ®= | in the Feature Manager, Fig. 14.
Step 3. Click Flow Simulation Menu > Insert > Global Goals.
Step 4. Drag the edge of the Feature Manager to the right to expand, ===
P e tieces & gHLIO XPANS, 19 B[]
Fig. 14.
Step 5. Scroll down the Parameters to Force and check: Parameter A
Parameter |Min ‘Av |Max |Bu|k Avl Use |:|
Force (Y) Yelociky (Z) O oo g
: Mach Mumber O oo
Force (Z) Flg' 14 Turbulent Wiscosicy 1 [ O [
Turbulent Time O oo g
Torbulent Length [ [0 0O [
. Turbulent Intensity [ [ OO [
Cth OK J . Turbulent EnergyY O Oo .o
Turbulent Dissipation (] [ O [
Heat: Flux O oo
Step 6. Rename the goals to Lift and Drag. To rename, click and roat Transfer Rate o
. . . Mormal Force () O
hold over Force (Y) and key-in Lift, Fig. 15. Rename onmal Fores (1 &
Force (Z) to Drag. Normal Poree (2) O i
Force (%) O !
Foree(¥)
Step 7. Save. Use Ctrl-S. Force (2)
Friction Force ¥l
Frickion Force () O
Friction Farce (¥} O —
Frickion Force (Z) O
Tarque (%) O
Tarque (%) O
Fluid Subdomains Fluid Subdomains -tg’x | Giobal Conrdinate System I
Eﬁ Boundary Conditions Eﬂ Boundary Conditions .
Fig. 14 [
i ? GG Force () 1 Dl'a l‘i ht
LR GaForee (2) 1 Change grig
--% Results
Fig. 15
E. Run Analysis.
Flow _
Simulati... ~Startup
Step 1. Click Flow Simulation Main|_-__[on the ¥ Mesh I Toke previous msuls
Flow Simulation toolbar and Run IV Salve
f h & New calculation Help |
rom t € menu. € Continue calculation
— CPU and memary usage
Step 2. Clle Rllll m the Run dlalog bOX, Fig. 16. Fiun at: IThis computer [CAD session) j

e [ =] CRUI
— Results processing after finishing the calculation

¥ Load results Batch Results.... |
Fig. 16
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F - S (o] l ver. 28 solver: Default (1)(RAIL CAR E ASSEMBLY.SLDASM) ]

. File Calculation Wiew Insert ‘Window Help
Step 1. In the Solver dialog

. =1 20|+ [BOR o2
Do you Can VW | oI
Calculat]on t]me Parameter I Yalue Event I Iteration I Tirne
. Skatus Salver is finished, Mesh generation started 09:31:25, Jul 09
left, Flg. 1 7, The Fluid cells 21023 Mesh generation normally finished 09:31:32, Jul09
. Partial cells 366 Preparing data for calculation 09:31:34 , Jul09
CPU time runs Lterations 95 Calculation started 0 09:31:35, 30l 09
. Last iteration finished 09:32:14 Calculation has converged since the Following crite... 97 09:32:14 , Jul 09
- CPU time per last iteration 00:00:01 Goals are converged 97
around 2 3 mlnutes Travels 1.74168 Calculation Finished 93 09:32:15, Jul 09
] Iterations per 1 travel 57
dependlng on the Cpu kime 0:0:33
car deSIgn and the Calculation time left 0:0:0 ‘
4] | i
Computer' ‘Warning | Comment
Mo warnings
. 4] | i
Step 2. Click Insert Menu _
Lag [[ € e

> Goal Plot in the Ready

|Iterati0ns 195

Solver, Fig. 18.

Step 3. Click Add All and OK in Add/Remove Goals, [ Seectaoal

el |

. . |G0a| ‘ ot
Fig. 18. Our Drag was -31.1, Fig. 19. Lit Cancel
Drag
Help
Step 4. Close the Solver dialog box, click File Menu
> Close.
padal |
Step 5. Save. Use Ctrl-S. Pl gaption: ~ [Goal pot
Fig. 18
mﬁoal plot 1 ;IEIEI
0.5033587 p Chedl
Absolute Scale[Auto Min,Auto Max] lterations
7.00972
( i) rdi} ELl AT
-1039.55
K| |

Fig. 19
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G. Surface Plots.

Step 1. Right click Computational Domain in Flow Simulation tree and
click Hide, Fig. 20.

[ Fluid Subdor  Edit Definition. ..
Eﬁ Boundary Co

- Goals
Fﬁ' ...... PE Lift
Step 2. Click Flow Simulation Results Features | ™= | on the Flow o 8 o o
Simulation toolbar and Surface Plot {} | from the menu. Fig. 20
Step 3. In the Property Manager set: v R =
check Use all faces, Fig. 21 setection A
N
select Contours
click Adjust Minimum and Maximum E:]
E* ¥ Use &l Facess
Maximum pressure 101575 — A
@ Conkours
Minimum ~* pressure 100930 (@) sores
Clle OK é . E Weckars

@J Mesh

Step 4. After viewing the surface plot, expand Results in Flow Simulation tree, |conous A
right click Surface Plots 1 and click Hide, Fig. 23. B [reswe =] (B

NG M EER (e ,&

E, W@@ =

f# 1o
L

Step 5. Save. Use Ctrl-S.

[el]

Fig. 21

E@ Inpuk Data
HI @

Computational Domain

[_j(?b Surface Plats

...... s rface Flot 1

Isosurface  Edit Definition. .. |
Flow Trajes

e Pa.rtlcle Sk mclea E jide
...... y*. Point: Parar e

------ Surface Pa Delete. .
------ volume Pat —————————————
______ k\é W Plats Animation. .,

...... He GoalPlots  Save As...

Copy ko Project. ..
Branar Fime
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H. Flow Trajectories. )% % ([R])x | 5 ITEE

Step 1. Click Filter Faces ﬁ (X) on the Selection Filter Fig. 24 v
toolpar at the bottom of the display, Fig. 24. If necessary use FSkey  Emmomromms
to display the toolbar. ¢ X 42
Starting Points A
i B (%] ()
Step 2. Click Flow Simulation Results Features | smi... | on the Flow Simula- i
tion toolbar and Flow Trajectories £5:| from the menu. EZEEEE?EEQEEEE?&
Fare<i7-@Can TR DG
. . @ 50 =
Step 3. In the Flow Trajectories Property Manager: — j
under Starting Points, Fig. 25 (g e =
E.]f:] . . . Appearance ]
Select References by selecting all faces of right side of car. | w [ine vith roneg =]
To select References, right click a face of the body and click Select X [ooem > =
Tangency from menu, Fig 26. View the underside of body to make @) [rresare 1 (6]
sure all faces are selected. To view under underside, hold down middle |@& |~ =
mouse b}ltton (wheel) and drag to rotate view. Right click both wheels | & =
on left side of car and select Select Tangency to select faces of wheels. —
Also, Select Tangency faces of cartridge, Fig 27 Fig. 25
set Number of Trajectories :'F# 50, Fig. 25
under Appearance
Select Other
set Draw Trajectories As ﬁ Lines with Arrow o
set Cross Size ;{ 002 follg
Clear Selections
click OK 4 | Fig. 28. e
Step 4. After viewing the flow trajectories, Select Fig. 26
right click Flow Trajectories 1 Tangency Select
in Flow Simulation tree and click Tangency
Hide, Fig. 29.
Step 5. Turn off Filter Faces ﬁ' (X) on
the Selection Filter toolbar at the
bottom of the display, Fig. 1
29. Or use F6 key to
turn off filters. B moiosts
E---% Results
...... ﬁ;E Mesh
Step 6. Save. Use By Cut Pl
{) Surface Plots
; Isosurfaces
A Foint Para
; ' SuIrFace Py Clear ide
4 . B Yolume Pa
w T =1 ST 2 Plots Clone
9 : T % & | - [I Iﬁ @ I: ------ % GoaIIPlots 7[)8'8&'“
oo v, Fig. 30 v Fig. 29
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1. Goal Plot.

Step 1. Click Flow Simulation Menu > Results > Goal Plot. v % =
Goals A
Step 2. In the Goal Plot Property Manager: = -

“% Goal Plot

check All, Fig. 31 \
click OK "ﬁ‘-’;’? .

An Excel file is opened. What is your Drag, Fig. 32.

Click the Force (Z) tab at the bottom of the Excel file to view the
chart, Fig. 33.

Close the Excel file.

Fig. 31

Ed Microsoft Excel - goals1

J@ File Edit Yiew Insert Format Tools Data Window Contribute Help
DR ESRY IBRI v-o-[@= 5 4l 2| H 0w - B -u-BIUSE=HES %
01 < =
A e ¢ | D | E | F [ & | H I I I
1 |RAIL CAR E ASSEMBLY.SLDASM [Default (1)]
2 |
3 |Goal Name Unit_|Value Averaged Value [Minimum Value |Maximum Value [Progress [%] [Use In Convergence|Delta Criteria
4 |Lift [p] | -6.859389757 -7. 2561646 -7.988241946 -6.585699915 100[Yes 0.453056321| 0.503357152
5 |Drag p] [-31 13481192-31.23350413 3212527211 -30.378247 47 100[Yes 0.549861858| 2.651503507
| 9 [lterations: 98
| 10 | Analysis interval: 29
- Fig. 32
E3 Microsoft Excel - goalsl
| File Edit View Insert Format Tooks Chart tWindow Help
DEeHESRY | IBBY o-o &> 544 md e -G ]| -0 - B o=
Chart Area =] =|
RAIL CAR E ASSEMBLY .SLDASM [Default (1)]
0
el 40 60 3% 100 120
-200
-400
=
N
5
w
-800
-1000
-1200
Iterations
WA [w [M[N Summary { Force (Y) 3 Force (2) grlot Data ikl | %L’J
Ready ‘ [ L mel T 4
Fig. 33
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J. Animate Flow Trajectories. :
Step 1. Right click Flow Trajectories 1 in Flow Simulation tree and click ___@ Input Data
Animation, Fig- 34 ------ [[l) computational Domain

------- g Fluid Subdomains

Eﬁ Boundary Conditions

Step 2. At the bottom right of the display in the animation control panel,
click Expand @ to expand the panel, Fig. 35.

[H-<» Surface Plats
&y Isosurfaces

Step 3. Click Play [ | in animation control panel, Fig. 35.

....... % chories 1
------ ’,':',,, Particle Stu it Definition. . .
Step 4. Right click Flow Trajectories 1 in the Animation tree and click A portparan
Edit Definition, Fig. 35. :: Sarece e oo
""" k‘é Y Plats Delete...
A X [P Goal Plots
Step 5. In the Flow Trajectories Property Manager: | = E Report ﬁw
o A e Animations
under Appearance, Fig. 36 Fig. 34
e
set Draw Trajectories As [+ | Spheres
. =1 e IAnimationl.avi =] | i |@ v @ @
set Cross Size x 003 e = [ w0z w00
o-® fnatont 00 | —m—m—o o L
. .. T RAIL CAR E ASSEMELY &
click OK @# ) = 8§ Resuls
----- {) Surface Plot 1
---- £5: Flow Trajectorie g

Step 6. Click Play [ in animation control [T [ Wodel [ Motion Stuay T | Animation 1|

panel, Fig. 35. Fig. 35 35 Flow Trajectories  ?
v % =
Step 7. Experiment with other Flow Trajectories setting. To change setting, Starting Points A
right click Flow Trajectories 1 and click Edit Definition, Fig. 35. (K] )
@

=
& =
&J 0.006 m =
Appearance ]
a |S|:|hzaness 'l
» |n.nu3m =
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K. Velocity Z.

Step 1. Right click Flow Trajectories 1 in the
Animation tree and click Edit Defini-

tion, Fig. 38.

Step 2. In the Flow Trajectories Property Man-

ager:

under Appearance, Fig. 39

set Draw Trajectories As

ENHe IAnimationl.avi

set Cross Size x .002

set Color Parameter

click OK 4 |

Step 3. Click Play [* | in animation control panel, Fig. 38. Click Stop

Step 4. Save. Use Ctrl-S.

i 14« Db DI
=] B Animation 1
[ S RAIL CAR E ASSEMBLY
|‘é| % Results
..... {) Surface Plak 1

"..E5: Flow Trajectorie g

R T [_Model [_Wotion Study 1| Animation 1|

Spheres

Velocity (Z)

%5 Flow Trajectories 7
K 4=
Starting Points 3
(&) (%)
@
@ =
[\EJ 0007 m j
Appearance A
3 [o0Em ] =
|velocity (2) | @
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L. Create Animation Movie. LI @ pnston 1 [=]= vgq@ X
Step 1. In the Animation control panel turn on E: we B e S R e e
Capture Region |-+ |, Fig. 41. % st I
----- <> Surface Plot 1
“..£5: Flow Trajectories 1
Step 2. Rotate view to view rear of car as «
shown in Fig. 42. To rotate, hold down i HeECTEieTSHErT] Anmaton |
. Fig. 41
middle mouse button (wheel) and drag.
Step 3. Drag the red frame capture region in the graphics area to resize and move capture region,
Fig. 42.
Step 4. Click Record ' , Fig. 41.
Step 5. Click Open Folder E to view Animation AVI file.
Step 6. To exit, click OK w in Animation control panel.

Fig. 42
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