< Chapter 14

A. Enable Flow Simulation.
If necessary, open your ASSEMBLY file.

Step 1.

Step 2. If necessary, turn on Flow Simulation,
click the flyout of Options

Step 3.

on the i
Standard
toolbar

and click Add-Ins.

In the dialog box, scroll
down to Flow Simula-
tion and place a check
in the check box under
Active Add-Ins and
Start-Up, Fig. 1. Click
OK.

B. Create Project.

Step 1.

Step 2.

Click Flow Simulation
tab] Flow Simulation [

on the Command Man-
ager toolbar.

Click Wizard

on the Flow

Simulation toolbar.

Step 3. Use Project(1) for
Project name, Fig. 2.
Step 4. Click Next.
Step 5. Unit System:
Select ST (m-kg-s) for
Unit system, Fig. 3.
Step 6. Under Parameter, set

Velocity units to Mile/
hour, Fig. 3.
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Wizard - Unit System ? X
Unit system: (»
System Path Comment
CGS (cm-g-s) Pre-Defined CGS (cm-g-s)
FPS (ftb-s) Pre-Defined FPS (ftb-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)
USA s Pre-Defined USA
[Icreate new Name Sl (m-kg-s) (modified)
Parameter Unit Decimals in results 18l unit A
display equals fo
= Main
- Pressure & stress Pa A2 1
Velocity imile/] v w123 2.23693629
Mass s kg ~3 1
Length m 23 1
- Temperature K 12 1
- Physical time s 123 1
- Percentage % 12 1
HVAC
{ Geometrical Characteristic )
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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.
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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> || camcal |
.
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
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Step 12. Default Fluid:
Expand Gases, select
Air and click Add,
Fig. 6.

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:

? 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

»
Under Velocity param-
A | <Bak | [ Mew> || camcel | Hep
dircetion to-75 wite/n I EXT I
direction to -75 Mile/h, Fig. 6
Fig. 8. (CliCk and key- Wizard - Wall Conditions ? X
mn -75). Parameter Value 62\"
Default wall thermal condition Adiabatic wall
. .. Roughness 0 micrometer
Step 17. Click Finish.
Tip: Good idea to turn off de-
cals. View Menu > Hide\Show
> Decals.
Fig. 7
Wizard - Initial and Ambient Conditions 7 X
Parameter Value \)}'\
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 - -
Negative -75

Coordinate System... l\)},\

‘ < Back || Finish || Cancel H Help
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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. Insert Global Goals.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

E. Run Anal

Step 1.

Step 2. Click Run in the Run dialog box, Fig. 14.

Click Global Goals
=

Goals

-

Drag the edge of the Feature Manager to the right to ex-

pand, Fig. 11.

In the Global Goals Property Manager:
scroll down the Parameters to Force (Y), Fig. 11

and check:
Force (Y)
Force (Z)

click OK ## .

Rename the goals to Lift and Drag. To rename, click
Force (Y), press F2 key and key-in Lift, Fig. 13. Rename

Force (Z) to Drag.

save I (ctri-s).

/SiS.
>

Run

Click Run
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Global Goals

on the Flow Simulation toolbar.

v X ~

in the Goals flyout

Parameters

% Global Goals

®

A

Parameter

Heat Flux

Normal Force

Force
Force (X)

Force (Y)
Force (Z)
Friction F

Heat Transfer Coefficient

Surface Heat Flux (Convective)
‘Wall Temperature
Heat Transfer Rate
Heat Transfer Rate (Convective)
Absolute Total Enthalpy Rate

Normal Force (X)
Normal Force (Y)
Normal Force (Z)

Friction Force (X)
Friction Force (Y)
Friction Force (Z)

5
z
z

ax Bulk Av Use A

~

IU0pgooereooooooogobaon
INFRURRENURNRERNRRRRR SR

Name Template

Shear Stress 00
Shear Stress (X) 0O O
=T R V. — — 7
(I_" ‘G\oba\ Coordinate System ‘
5%
A

|GG <Parameter> <Number> ‘

Fig. 11
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E? Projects

E |||:‘3 Default

£5: Project(1)

Eg Projects

=) "E@ Default

£ Project(1)

£5 Project(1)
= @ Input Data
@ Computational Domain
@ Fluid Subdomains
Ef Boundary Conditions
= ® Goals
LB GGForce (V)1 == == =k
B GG Force (7) 2 == == =
= H8 Mesh
Global Mesh
[]---E,?; Results (Not loaded)

on the Flow Simulation toolbar.

Renamn

Z5 Project(1)
=} @ Input Data
@ Computational Domain
Fluid Subdomains
f Boundary Conditions
1€ - # Goals
- > & lift
— > [ Drag
£l Mesh
----- &) Global Mesh

‘E‘.‘; Results (Not loaded)

Fig. 12 Fig. 13
Run ? X
Startup
Run
Mesh Take previous results
S Close
@ New calculation Help

Continue calculation

Cores and memory usage

Run at: This computer

Use Juse all] ~  Core(s)

Results processing after finishing the calculation

Load results

Batch Results...

Fig. 14
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F - s o l ve r. 25 Solver: Project(1) [Default] (RAIL CAR E ASSEMBLY.SLDASM) — m} X
. File Calculation View Insert Window Help
Step 1. In the Solver dialog | 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. 15. The CPU Tot-al cells 19,160 Mesh generation normally.finished 0
Fluid cells 19,160 Preparing data for calculation 0
time runs around 1 _2 ::Iuid cells contacting solids 3?1 Ea:cu:ation illarled ] ot - 35
. . terations alculation has converged since the following criteria are satisfied:
mlnutes dep endlng Last iteration finished 09:26:19 Goals are converged 75
. CPU time per last iteration 00:00:01 Calculation finished 75
design and computer. | |revs 140141
Iterations per 1 travel 54
CPU time 0:0:12
. Calculation time left 0:0:0
Step 2. When the calculation ||z DESKTOP-USS020C
is done view the drag ||}™ "< * )
in the Solver, click varing
o warnings
Insert Menu > Goal ||« >
Table, Fig. 16. Our Log 0 |
Read
drag was -66.59. ’ Fig. 15
# List of Goals ’?”E‘

Step 3 ClOSC SOlVGI‘ dlalog bOX _ Name  CurrentValue  Progress Criterion  Averaged Value
Drag -66.5947 p—7 6.33252p  -66.2866 p

Lift -17.9639 p 14703 p -17.9849 p

Fig. 16

m
((O)l

G. Surface Plots.

ES Projects
Step 1. Right click Com- | = [ oetaut <> Surface Plot 1 @ BR e &=,
putational Domain = frolectd v X = Eg Projects
in Flow Simulation |28 Project Selaction ~ e e E’fﬂ;”_ ”
. . =] I it Dat: =22 Projes
tree and click Hide B inpucDate 0 , N
> a —
. £2 Project(1
Flg, 17. Fluic ]| Ediit Definition... [ Use all faces. & gelnp(u’t -
6 -
5 ? G(:-:Is Hide Display s Al @ Computational Domain
! . Comtours @ | | @) Fluid Subdomains
Step 2. Click Surface Plot L LS R
PE Drag Isollnes e
<» Surface Plot in 5 @ Mesh ”. - #® Goals
the Insert flyout _JEEED e ) %ﬂ;u bal Mesh
& By Results (1.fld) Streamlines L e ﬂc;)a es
9% Results (1.
ﬁ Fi . 17 Rieh Il Scenes
Insert| on the Flow Simulation toolbar. Contours A~ H: Mesh
= z Pressure & cut Plots
‘ 101575 Pa =+ <p Surface Plots
Step 3. In the Surface Plot Property Manager set: T -
d S l . F. 18 100935 Pa g™ AT 27 || e & Isost Edit Definition...
under Selection, Fig. :‘ o
check Use all faces % part oea,b«de

under Display Fig. 18 Flg 20
select Contours
under Contours

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

=
===

Flow Trajectories

Step 1. Click Flow Trajectories

tion toolbar.

in the Insert flyout

-

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

"
&-b# 50

Number of Points

under Appearance )
Draw Trajectories As ?gz’, 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.

Step4. save = (ctri-s).

xi%%\.
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on the Flow Simula-

£5; Flow Trajectories

v X & p

@

Starting Points

N

BDDV RAILE<1> —

[ Mesh based point generation

Gl &
0‘0& D
Appearance A
?;Z |Arrcyws v‘
>, |0.002m‘ ‘E
Jy | Pressure v
by P =
Constraints v
Fig. 21
Eé Projects
=] "EE‘ Default

85 Project(1)

£S5 Project(1)
=, @ Input Data
@ Computational Domain
@ Fluid Subdomains
Ef Boundary Conditions
- B Goals
- Mesh
& Global Mesh
E?; Results (1.fld)
B Scenes
ﬁfﬁ Mesh
R Cut Plots
< Surface Plots
d < Surface Plot 1

& lsosurfaces

{IN;
(L

= f f
£5 Flow Trajectories

L E88 Flow Trajectories 1

2 Parti Edit Definition...
A Poin| e
& surfe Clear hide
@ volu Clone
B xve Delete...
PE‘ Goal Show Plot Minin
Fig. 24
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1. Goal Plot. %, Goal Plot @
ﬁ v X
Step 1. Click Goal Plot | #« Goal Plot | in the Insert flyout |Insert| on the Flow ?"?"A” - -
Simulation toolbar. - a o
MLift
Step 2. In the Goal Plot Property Manager: o
under Goals, Fig. 25 ’
check All % [herations v
under Options = A
click Export to Excel | Export to Excel G
An Excel file is opened. Note the Drag, Fig. 26. el Workbook 450 -
Click the Drag tab at the bottom of the Excel file to view Show
chart, Fig. 26. —
Close Excel file. Fi 25‘
Click OK % . e
EEe- o[- Goal Plot 1.xlsx - o X
Home = Insert Pagelayout Formulas Data  Review View  Addns  Acrobat @ o =k

| =, — 1 1 S - -
| —j f' Calibri 11 A= E% ¥~ ;EWraPText General i_:f'l ﬁ;& _"—_“ﬂ ;E‘::;v Ev ‘%? L.?a
| Pavste BIU- &+~ S~ A' E== EFE =& Merge & Center - $-% 9 B8 éi;d;:?nn;[ asF?I'raHIZIa:' S;ﬁ;ls' [§|Furmat' @~ iitljt:rg'{ SZT:CrBi
Clipboard Font Alignment Number Styles Cells Editing
| L47 - | »
A B C D E F G H I J =
1 RAIL CAR E ASSEMBLY.SLDASM [Project(1) [Default]]
2
. L. Maximum .
3 Goal Name [Unit [Value Averaged Value |Minimum Value —— Progress [%] |Use In Convergence |Delta Criteria
4 Lift [p] |-17.963933 |-17.98487506 -19.56778473 |-17.24736172 |100 Yes 1.434744642 |1.470301313
5 Drag [p] |-66.59473149-66.28661671 -66.74311409 |-65.49351621 |100 Yes 1.249597876 |6.332516989
: ~
7 |Iterations[]: 75
8 Analysis interval: 27
9 -
M 4 » M| Summary /DragPlift ~Plot Data %] 141 i | »[i]
Ready | 5 \IEI [ 100% (=} [ (+)
Fig. 26

RAIL CAR E ASSEMBLY.SLDASM [Project(1) [Default]]

1 20

Force (Z) [p]

——Dreg

-1000

-1200

-1400

-1600

-1800
Iterations[ ]

Fig. 27
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J. Animate Flow Trajectories.
Step 1. Click Right @ 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 l> 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 .
Draw Trajectories As 3.';2 Spheres
Width h .003
click OK .

Bl 0 @ ‘Animation 1.avi
6 14« Pl Q‘ 2ls I UUUOUOOZOUU‘UOOEUUUBT’“‘U ..... Be |

= &m Animation 1
€, RAIL CAR E ASSEMBLY
= 9% Results

------ <» Surface Plot 1 | ’

- £2: Flow Trajectorie= 1

i B Goal Plot 1 Edit Deflnltlon...s|
| \
<
W0 Model | Motion Study 1 | Animation |
SOLIDWORKS Premium 2024 SP1.0
Fig. 29

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

Blo @ =

Eé Projects

& "E‘El Default

- £8 Project(1)

4

Z5: Project(1)
=, @ Input Data
@ Computational Domain
@ Fluid Subdomains
i Boundary Conditions
- ® Goals
- Mesh
‘ 5 Global Mesh
= 8% Results (1.1d)
I8 Scenes
ﬁEE Mesh
- Cut Plots
= <p Surface Plots
< Surface Plot 1
& lsosurfaces

=58 Flow Trajectories

0 Edit Definition...

a Show

& Clear and Hide
-3 Clone
8 Delete...
=

i B Play
Y 1 B Animation...

B 4 Export... ~

o
-m! g SaveAs..

Fig. 28

=5 Flow Trajectories 1 @
v X ®

Starting Points )

@ BODY RAIL E<1>

["IMesh based point generation

- :
0.008 m D
Appearance )
Pal

& Spheres s N
>, ‘O‘OOSm‘ ‘:
Ay Pressure o7 E‘ﬂ
& E

g |
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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 | _ |, 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 B I B @ [Animation lavi & [l v.0 @ %
6 4 4 W PP | R “‘Msﬂ.ﬂquh.‘.. I, 0‘0.:“&‘. MR,
Folder @ “ ‘ W
t . = '@m Animation 1 \
0 Ylew_ i RAIL CAR E ASSEMBLY |
Animation 5 B8 Results }
AV file. <> Surface Plot 1 ‘ \
£8 Flow Trajectories 1 }
Step 6. To exit, il (€2 |
. <
click OK W0 Model | Motion Study 1 | Animation |
V in SOLIDWORKS Premium 2024 SP1.0
Animation Fig. 32
control panel.
I-1970><1254 “a—ﬂ

Fig. 33
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