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< Chapter 18 CO2 Rail Car AddIns
m’ Active Add-ins Start Up LasTlir\;‘Zad
Flow s i m [=IsoLIDWORKS Premium Add-ins
D% CircuitWorks [l
Dﬁ FeatureWorks D
= = L1 soLpwoRrks Motion |
A. Enable Flow Simulation. 15 couwonss ey 0
Step 1. If necessary, open your ASSEMBLY file. D@ soLoworks simuistion . -
T SOLIDWORKS Toolbox Library <1s
[J  soLDWORKS Toolbox Utilities |
Step 2. If necessary, turn on Flow Simulation, g“”f’w‘"‘"s Ad-ins -
. . Autotrace <1s
click the HYOUt of OptIOIlS [J  soupworks cam 2024 | 55
[0 soupworks composer | <1s
{'::':} - on @hsounwom(s Flow Simulation 2024 [+ =
: SOLIDWORKS Visualize 2s
the Standard | 1 |
OK Cancel
toolbar and y
click Add-Ins. Fig. 1
? X
In the dialog box, scroll Project »
down to Flow Simula- Projot name- \Pmiect“’s
tion and place a check _ Comments:
in the check box under =5 ot
. @ Computational Domain
ACtlve Add-lns and DE Component Control Configuration to add the project
Start-Up, Fig. 1. Click () Pld Subdomains ° ’
Eﬁ Boundary Conditions Configuration: Use Current v
OK' Ej :ani s Configuration name: |pafauit
eat Sources
Q Porous Media
H @ Initial Conditions
B. Create Project. 5 o
Click Flow Simulation @ Local Inkial Meshes
= 96 Results
tab -| Flow Simulation [ = Mesh
a &y CutPlots
on the Command Man- <) Surface Plots
& Tsosurfaces
ager tOOlbaI‘. —@ Flow Trajectories »
. . < Back Next > Cancel Help
Click Wizard ‘
s ] on the Flow Fie.2
Simulation toolbar. Wizard - Unit System roox
Unit system: »
3 System Path Comment
Use Pro-] eCt(l) for CGS (cm-g-s) Pre-Defined CGS (cm-g-s)
Project name, Fig. 2 FPS (ft1b-s) Pre-Defined FPS (ft1b-s)
IPS (in-lb-s) Pre-Defined IPS (in-lb-s)
NMM (mm-g-s) Pre-Defined NMM (mm-g-s)
. Sl (m-kg-s) Pre-Defined Sl (m-kg-s)
Click Next. USA s Pre-Defined USA
Unit System: [Icreate new Name S1 (m-kg-s) (modified)
Select SI (m'kg's) fOI‘ P " Unit Decimals in results 1Slunit A
. . arameter n display equals fo
Unit system, Fig. 3. & Main
- Pressure & stress Pa A2 1
Velocity imilef} V123 223693629
Mass kg 1
Under Parameter, set  Lengh s m 3 1
. . . -~ Temperature K 12 1
VCIOClty units to Mile/ ~ Physical time s 123 1
. - Percentage % 12 1
hOlll’, Flg. 3. [ HVAC
{ Geometrical Characteristic >
1 nadeRMatinn v ?
| <Bak | [ Mew» || cancel | Hep |
Fig. 3 5/22/24
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Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Scroll down Param-
eters, expand Loads &
Motion 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 condi-
tions

Check Exclude inter-
nal space, Fig. 5.

Click Next.

SOLIDWORKS 24 FLow Sim

Wizard - Unit System ? X
| Unit system Q?r\
System Path Comment
CGS (cm-g-s) Pre-Defined CGS (cm-g-s)
FPS (ftb-s) Pre-Defined FPS (ftb-s)
1PS (in-b-s) Pre-Defined 1PS (in-b-s)
NMM (mm-g-s) Pre-Defined NMM (mm-g-s)
Sl (m-kg-s) Pre-Defined SI (m-kg-s)
USA Pre-Defined USA
| [[]Create new Hame S| (m-kg-s) (modified)
Parameter Unit Decimals in results 1 8l unit
display equals to
Physical time s 123 1
- Percentage % 12 1
HVAC
Geometrical Characteristic
= Loads&Motion
Acceleratiors m/s’2 .12 1
- Force P g™ 123 101.971621
- Mass flow rate kg& 1234 1
- Mach number 12 1
Angular velocity rad/s 123 1 3
Vinlime flow rate mAfs 1924 1 (¥
| <Bak | [ Mewt> || camcel | Hep
.
Fig. 4
Wizard - Analysis Type ? X
Physical Features Value @
Fluid Flow
Conduction O
Time-dependent O
Gravity |
Rotation O
Free surface O

Geometry handling

Analysis type

Geometry recognition

Exclude cavities without conditions
Exclude internal space

RAIL CAR PAGE 18-2




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

Step 12.

Wizard - Default Fluid

Step 13. Click Next.

Step 14. Wall Conditions:
Use the default values
for wall condition,
Fig. 7.

Step 15. Click Next.

Step 16. Initial Conditions:

Under Velocity param-

? X
Fluids Path ~ e )
= Gases
= Pre-Defined

- Acetone Pre-Defined
Amrhi Pre-Defined
= Argon Pre-Defined
- Butane Pre-Defined
- Carbon dioxide Pre-Defined
Chlorine Pre-Defined
Ethane Pre-Defined
- Ethanol Pre-Defined
Ethylene Pre-Defined

v Add ‘
Remove

Project Fluids Default Fluid

Value
Laminar and Turbulent

Flow Characteristic
Flow type

eters set Velocity in Z
direction to -75 Mile/h,

Fig. 8. (click and key-

in -75). /'

Step 17. Click Finish.

Tip: Good idea to turn off de-
cals. View Menu > Hide\Show
> Decals.

»
| <Bak | [ Mew> || camcel | Hep
- .
[ Negative -75 I
Wizard - Wall Conditions ? X
Parameter Value )
Default wall thermal condition Adiabatic wall
Roughness 0 micrometer
.
Fig. 7
Wizard - Initial and Ambient Conditions 7 X
Parameter Value Q?’\
Parameter Definition
[=/ Thermodynamic Parameters
- Parameters Pressure, temperature E]
Pressure 101325 Pa <
Temperature 2932K |E|
| |= Velocity Parameters
-~ Parameter Velocity |E|
- Defined by 3D Vector =%
Velocity in X direction 0 mile/h <
Velocity in Y direction 0 mile/h E]
“ Velocity in Z direcfion -75 mile/h <
Turbulence Parameters - - 5
Coordinate System... \)}\

‘ < Back || Finish || Cancel H Help

SOLIDWORKS 24 FLow Sim
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C. Computational Domain.
Step 1. Click Computational Domain ) computational Domain | on the Flow Simulation toolbar.

Step 2. In the Computational Domain Property Manager:

set Values, Figo 9 [_] computational Domain @
v X
&y X max .15 o -
S X min -.15 g yppm—r— T
[[] Axial Periodi v
@'{ Y max .2 and Conditio ; ~
RALTREIN N ooz tive IS S
8, ey, S0
@, Zmax 3 pig . S - B
&, Zmin -4 = Iﬂ‘ =3 |
ja Negative) S -
=l G S«
click OK % . >

Domain
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D- lnsert GlObal Goals- % Global Goals ®

. . v X ™
Step 1. Click Global Goals | # Global Goals | in the Goals flyout —
Parameters
? Parameter Min Av Max Bulk Av Usi A
. . Heat Transfer Coefficien oo
Goals| on the Flow Simulation toolbar. et =N
= Surface Heat Flux (Convective) (] [
‘Wall Temperature O ad
Step 2. Drag the edge of the Feature Manager to the right to ex- Heat Transter Rate
. Heat Transfer Rate (Convective)
pand’ Flg. 11, Absolute Total Enthalpy Rate

Normal Force
Normal Force (X)

Step 3. In the Global Goals Property Manager: e
scroll down the Parameters to Force (Y), Fig. 11 o
and check: Force (1)
Force (Y) Ea(zl& §
Force (Z) FicionForatt

. Friction Force (Z)
Clle OK J . Shear Stress

Shear Stress (X)

IU0pgooereooooooogobaon
INFRURRENURNRERNRRRRR SR

100
jogd

. . . |Global Coordinate System
Step 4. Rename the goals to Lift and Drag. To rename, click al ' |
. . . ame Template A
Force (Y), press F2 key and key-in Lift, Fig. 13. Rename |25 e |
Force (Z) to Drag.
Fig. 11
Step 5. Save = (Ctr1-s). SEES @ SERG e
E@i Projects E@ Projects
E!“ZE Default = "Eﬂ Default
£5: Project(1) £5: Project(1)
£2 Project(1) £ Project(1)
B@ Input Data E @ Input Data
@ Computational Domain | | @ == @ Computational Domain
Fluid Subdomains Fluid Subdomains
Ef Boundary Conditions = Boundary Conditions
= F Goas Rename o # coas

B GG FOrce (V) 1 mm mm mim | e =P & Lift
B GGForce (Z) 2 == == = ==l == =3 & Drag

= H8 Mesh £l Mesh
= @ Global Mesh @ Global Mesh
E. Run Anal SIS - B @fl’; Results (Not loaded) @f.‘; Results (Not loaded)
_ > _ , Fig. 12 Fig. 13
Step 1. Click Run | run [ on the Flow Simulation toolbar.
Run ? X
Step 2. Click Run in the Run dialog box, Fig. 14. st
Mesh Take previous results n
S Close
(®) New calculation Help

Continue calculation

Cores and memory usage

Run at: This computer ~
Use [use all v Core(s)

Results processing after finishing the calculation

Load results Batch Resullis...

Fig. 14
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F - s o l ve r. 25 Solver: Project(1) [Default] (RAIL CAR ASSEMBLY.SLDASM) — m} X
. File Calculation View Insert Window Help
Step 1. In the Solver (halog | 0
box you can view o == [P
1 3 Parameter Value Event Iteration  Time
Calculatlon tlme left’ Status Solver is finished. Mesh generation started 0
Fig 1 5 The CPU Total cells 20,928 Mesh generation normally finished 0
. ° : Fluid cells 20,928 Preparing data for calculation 0
Fluid cells contacting solids 1.256 Calculation started 0
tlm.e depends On Iterations 59 Calculation has converged since the following criteria are satisfied: 59
deslgn and Computer. Last iteration finished 06:53:20 Goals are converged 59
CPU time per last iteration 00:00:00 Calculation finished 59
Travels 1.07048
. Iterations per 1 travel 56
Step 2.  When the calculation ||c ime 0:0:11
. . Calculation time left 0:0:0
is done view the dl‘ag Run at DESKTOP-U5502QC
in the Solver, click - E— = .
Insert Menu > Goal varing
o warnings
Table, Fig. 16. Our || >
drag was -92.51. Log [@ o
Ready

Fig. 15

Step 3. Close Solver dialog box . o imoeo i

Name  Current Value  Progress Criterion Averaged Value

17.1631p  -91.8135p
3.63791p -17.8774p

Fig. 16

G. Surface Plots. TR
Step 1. Right click Com- S

m
((O))

putational Domain Es F— & Surface Plot 1 @ B[R ‘@‘ @ =,
in Flow Simulation | = [® pefauit v X Eg Projects
tree and click Hide, = e selsction SR S
Fig. 17. % Poieal) ® -
=+ Input Data 25 Project(l)

(B} Computational Domain Use all T’acess =~ Input Data

Step 2. Click Surface Plot it || EREe e Display Al Ll computational Domain
I Bour Hide mE— i = (@) Fluid Subdomains
O Surface Plot ln - B Goals . ‘ Ej Boundary Conditions
i Isollnes
the Insert flyout A - B Goals
ﬁ # Drag Vectors =] Mesh
= @ Mesh Streamlines @ Glcballkicsh
[Sert & Global Mesh 5 8% Results (1.fld)
wE .
on the - By Results (1.fld) Mesh I8 Scenes

Flow Simulation toolbar. ~ Fig. 17 fztp 3 %gt;t

<} Surface Plots
‘ @ 7t -<p Sulface Plot 1
Step 3. In the Surface Plot Property Manager set: E, [1oosis ey ;
check Use all faces . = Pord con P

----- & Isosu Edit Definition...
under Selection, Fig. 18 E# o ~
under Display Fig. 18 Flg 20

select Contours
under Contours

»l
Y
24

4y 4

<>M

=5 Flow| Hide

click Adjust Minimum and Maximum

101575 for Maximum E pressure
100930 for Minimum E pressure

click OK " .

Step 4. After viewing the Surface Plot, expand
Results in Flow Simulation tree and expand
Surface Plots. Right click Surface Plots 1
and click Hide, Fig. 20.
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H. Flow Trajectories.

23

Insert

=
==

Step 1.

Click Flow Trajectories Flow Trajectories | in the Insert flyout

tion toolbar. e

Step 2. In the Flow Trajectories Property Manager:
under Starting Points, Fig. 21
in the selection box
Drag a selection to left to select only the Body, Fig. 22

Number of Points | # 50
under Appearance )
2@

Draw Trajectories As £ Arrows
Arrow Size h .002
click OK % .

Step 3. After viewing the flow trajectories, right click Flow Trajectories 1

in Flow Simulation tree and click Hide, Fig. 24.

Step 4. Save E (Ctrl-S).

SOLIDWORKS 24 FLow Sim

RAIL CAR

on the Flow Simula-

£5; Flow Trajectories @
v X ® n
~

Starting Points
lmin

5

@ BODY RAIL<1> —7

[ Mesh based point generation

&>, 5
0.008 D
Appearance A
2
?;Z |Arrcyws v‘
>, |0.002m ‘E
Jy | Pressure v
by P =
Constraints I lg' 21 v
51 @< o
@ Projects
=] "Hﬁ Default

L£8 Project(1)

£8; Project(1)

=) @ Input Data

[-]) computational Domain
[@) Fluid Subdomains

Ef Boundary Conditions
#- B Goals

) Global Mesh
= S8 Results (1.fld)

IB Scenes

ﬁfﬁ Mesh

@ Cut Plots

=< Surface Plots

! <P Surface Plot 1
& Isosurfaces

—-£& Flow Trajectories

ESH Flow Trajectories 1

— 2%, Parti Edit Definition...
A Poin | e
& surfe Clearklide
& volu Clone
B xve Delete...
5‘ Goal Show Plot Minirr
Fig. 24
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l- Goal Plot- #, Goal Plot ®
= -
Step 1. Click Goal Plot | # Goal Plot |in the Insert flyout |Insert| on the Flow ?'T"A”G | -
Simulation toolbar. - 2
Step 2. In the Goal Plot Property Manager:
under Goals, Fig. 25
CheCk All PL" Iterations »
under Options Options ~
. [ Group charts by parameter
click Export to Excel | Export to Excel [Jshowupto the end
An Excel file is opened. Note the Drag, Fig. 26. 2] e Workbook s v
Click the Drag tab at the bottom of the Excel file to view Stow
ChaI't, Fig. 26. ExporttoExcel‘
Close Excel file. Fic. 25
ig.
Click OK /" .
HEd» - |- Goal Plot 1.xlsx - Microsoft Excel non-commercial use - O X
Home | Insert  Pagelayout Formulas Data Review View  Add-Ins  Acrobat &y g = g 28
=y - A e o= _[] = ! o gensertr X v A
—j iv Calibri 11 A A T == P~ =*Wrap Text General - i_él iﬁ'ﬂ _'—;:j’ ;Demev Ev %? [ﬁ
Paste o | Bhio A === iF = T Merge & Center v - O S0 w0 Conditional Format  Cell 55 . 3. Sort& Find&
< B1I1U — 2 =7 === FIE FMerge s Cent $ kot Formatting ~ as Table - Styles - LEjFormat @ Filter ~ Select ~
Clipboard Font Alignment Number Styles Cells Editing
L27 - e w
A B € D E E G H | J
1 RAIL CAR ASSEMBLY.SLDASM [Project(1) [Default]]
2
z Goal Name |Unit |Value Averaged Value [Minimum Value \I\’ialziemum Progress [%] |Use In Convergence |Delta Criteria
4 Lift [p] |-16.6448391 |-17.87735438 -19.85948424  |-16.2637201 100 Yes 3.595764137 [3.637912038
5 Drag [p] |-92.5146562 £»91.81350685 -93.83047753 |-90.75209623 |100 Yes 3.078381299 |17.16311208
6 ~
7 Iterations []: 59
8 |Analysis interval: 28
9 -
4 4 » ¥ Summary /Drag ggift / Plot Data /%J 4] i | »
Ready | ‘ ‘%‘@ M 100% (=) ) )
Fig. 26
RAIL CAR ASSEMBLY.SLDASM [Project(1) [Default]]
’ 0 IM 70
-500
§—1500
g ——Drag

-2000

-2500

-3000

SOLIDWORKS 24 FLow Sim

Iterations [ ]

Fig. 27
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J. Animate Flow Trajectories.

Step 1. Click Right E’ on the Standard Views toolbar. (Ctrl-4)

Step 2. Right click Flow Trajectories 1 in Flow Simulation tree and click
Animation, Fig. 28.

Step 3. If necessary, Expand @ to expand the panel at the bottom right of
the display in the animation control panel, Fig. 29.

Step 4. Click Play D in animation control panel, Fig. 29.

Step 5. Right click Flow Trajectories 1 in the Animation tree and click
Edit Definition, Fig. 29.

Step 6. In the Flow Trajectories Property Manager:

under Appearance, Fig. 30
e @
Draw Trajectories As ““ Spheres
Width h .003

click OK w# .

il B @ ‘Animation 1.avi

El-&m Animation 1
@; RAIL CAR ASSEMBLY

= 3% Results

| X

- O Surface Plot 1 ]

i 14 M DI Qs 4 I 0000 00T OO R 0.0 N 000N 01 CRTNN Do
|
|
|
|
¢

== . .
- £82 Flow Trajectories 1

" B Goal Plot 1 EditDeﬁnition...~|
i 4
j,l_'i ‘

<

WY Model | Motion Study 1 | Animation |

SOLIDWORKS Premium 2024 5P1.0

Fig. 29

Step 7. Click Loop €@ and Play |> in animation control panel, Fig. 29.
Click Stop .

SOLIDWORKS 24 FLow Sim

Bl @
Eé Projects

=i H:@ Default

-£8: Project(1)

S

4

£5: Project(1)
=) @ Input Data

]l computational Domain
----- (@) Fluid Subdomains
----- Ef Boundary Conditions
- B Goals
B--- Mesh
Global Mesh
=88 Results (1.fld)
I8 Scenes
ﬁEE Mesh
¥ CutPlots
- < Surface Plots

< Surface Plot 1
& lsosurfaces

£ £83 Flow Trajectories

ESH Flow Trajectories 1
Bl Edit Definition...

Show
& Clear and Hide
@ 1 Clone

> Delete...

> Play

Animation...

Export... ~

Fig. 28

®

=5 Flow Trajectories 1
v X & H

Starting Points ~

@ BODY RAIL<1>

[]Mesh based point generation

7,4 50 ‘ -
| :
0008 m -

Appearance A

&

Spheres b
}’ ‘0.003m . “

Dy Pressure~ > E‘ﬂ
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K. Create Animation Movie.
Step 1. Click Isometric a on the Standard Views toolbar. (Ctrl-7)

|t |

Step 2. In the Animation control panel turn on Capture Region | _ |, Fig. 32.

Step 3. Drag the red frame capture region in graphics area to resize/move capture region, Fig. 33.

Step 4. Click Record ., Fig. 32.

Step 5 Click Open > il n e |Animation Tavi k:! it | ] v © X
Fold @ &Gl PR 2ls x’,ﬂfﬂﬂ,.,,ﬂﬂ{ﬂz.,,UU&,.,‘,0,0!95,,,,0,0105,,,,005"&,00512.,
older
t . = '@m Animation 1 \
0 Vlew @ RAIL CAR ASSEMBLY }
Animation 588 Results |
AVI ﬁle <» Surface Plot 1 ‘ |
£8 Flow Trajectories 1 }
Step 6. To exit, P Goal Plot 1 |
. <
click OK _ Model | Motion Study 1 | Animation |
V ln SOLIDWORKS Premium 2024 SP1.0
Animation Fig. 32

control panel.

o
1731x1268

.

B

e

Fig. 33
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