@E”lapter 14

A. Enable Flow Simulation.

Step 1.

Step 2. If necessary, turn on Flow

Step 3.

If necessary, open your ASSEMBLY file.

Simulation, click
the flyout
of Options

{é} on

the 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.

Step 3.

Step 4.

Step 5.

Step 6.

Click Flow Simulation
tab] Flow Simulation [

on the Command Man-
ager toolbar.

Click Wizard

on the Flow

Simulation toolbar.

Use Project(1) for
Project 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.
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Wizard - Project Name ? *
Project »
2 Project name: | Project(1]
Comments:
puE Dat
------ @ Computational Domain
------ ™8 Component Control ) . .
...... Fluid Subdomains Configuration to add the project
...... Eﬁ Eoundary Conditions Configuration: Usze Current ~
...... [:]: Fans ] ;
______ B Heat Sources Configuration name: | Default
------ % Porous Media
...... @ 1nitial Conditions
...... # Goals
------ @ Local Initial Meshes
E]---ga Results
...... ﬁ$ Mesh
...... ¥y CutPlats
----- {) Surface Flots
------ {:\, Isosurfaces
----- % Flow Trajectaries »
< Back | Mext » sl Cancel Help
Fig. 2
Wizard - Unit System ? *
Unit gypstem: hid
System Fath Comment
LG5 [cmeg-s] Pre-Defined LG5 [cmeg-s]
FPS (ft-lb-s) Pre-Defined FPS (ft-lb-s)
IPS [in-lb-z) Pre-Defined IPS [in-lb-z)
Mtk [mm-g-z) Pre-Defined Mtk [mm-g-z)
51 [m-kg-g] Pre-Defined 51 [m-kg-g)
Lsa ‘ Pre-Defined Lsa
[ Create new Hame: Sl [m-kg-g] [modified)
Parameter Unit Decima.ls in results 1Slunit A
display equals to
Main
Pressure & stress Pa Az 1
Velocity milesh 23 2.23693629
Mass kg &3 1
Length m 23 1
Temperature K A2 1
Physical time s 23 1
...... Darrantana oz 17 1 v
> »
< Back Cancel Help
Fig. 3
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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 cavi-
ties without flow con-
ditions and Exclude
internal space, Fig. 5.

Click Next.

Wizard - Unit System

? *

Unit gypstem:

System Fath Comment

LG5 [cmeg-s] Pre-Defined LG5 [cmeg-s]

FPS (ft-lb-s) Pre-Defined FPS (ft-lb-s)

IPS [in-lb-z) Pre-Defined IPS [in-lb-z)

Mtk [mm-g-z) Pre-Defined Mtk [mm-g-z)

51 [m-kg-g) Pre-Defined 51 [m-kg-g)

Usa Pre-Defined Usa
[ Create new Hame: Sl [m-kg-g] [modified)

Decimals in results 1Slunit A

Parameter Unit display equals o

Geometrical Characteristic

= Loads&Motion
[ Acceleratiuns

- Force

1
101871621
~ Mass flow rate
~ Mach number

1
- Angular velocity 1
1

o Anlima flnw rate

| < Back || Mext » || Cancel || Help |

Fig. 4

Wizard - Analysis Type

Analysis type

O Intemal

(®) External s

Physical Features

Consider closed cavities
[ Exclude cavities without fow conditions‘ [

[ Exclude internal space s

lue

Heat conduction in solids
Radiation

Gravity
Rotation
Free surface

Val
O
O
Time-dependent O
O
O
O

| < Back || Mext » || Cancel || Help |

Fig. 5
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Step 12. Default Fluid: Wizard - Default Fluid 7 X
Expand Gases, select »
. . Fluids Path - Mew. o
Air and click Add, = Gases
. & Pre-Defined
Flg. 6' ------- Acetone Pre-Defined
Pre-Defined
. Ammon Pre-Defined
Step 13 . Clle NeXt. Argon Pre-Defined
Butane Pre-Defined
Carbon dioxide Pre-Defined
Step 14. Wall Conditions: Chiorine Pre-Defined
Use the default values | NS = . s i E&
for wall condition Project Fluids Defautt Fluid Remave
s
Fig. 7.
. Flow Characteristic Value
Step 15. Clle NeXt. Flow type Laminar and Turbulent
Step 16. Initial Conditions: >
Under Veloc]ty pa- | < Back | I Mest > I | Cancel | | Help
rameters set Velocity Fig. 6
in Z direction to -75 IS NI
Mile/h, Fig. 8. (click Wizard - Wall Conditions ? by
Y
and key_ln -75). Parameter Value (’}’I
Default wall thermal condition Adiabatic wall

Step 17. Click Finish.

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

®7

Roughness 0 micrometer

t, =

U &
b

= ¢
“gh

D1
S [#]

Fig.7
Wizard - Initial and Ambient Conditions ? *
=
Parameter Value k_?’l
Parameter Definition User Defined
1 =] Thermodynamic Parameters
fee Parameters Pressure, temperature
frens Pressure 101325 Pa
e Temperature 2832K
= Velocity Parameters
Parameter Velocity
Defined by 30 Vector
Velocity in X direction 0 mile/h
Velocity in ¥ direction 0 mile/h
e Velocity in Z direction -75 mile/h
g Turbulence Parameters

Negétive

Coordinate System... Dependency... (’:9,'
| < Back | I Finizh I | Cancel | | Help |
Fig. 8
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C. Computational Domain.

Step 1. Click Tools Menu > Flow Simulation > Computational Domain.
@ Computational Domain @ @ Computational Domain @
Step 2. Set values as shown here and Fig. 9. & 5 & 5
@I X maX .15 3D simulation @ 3D simulation
@x X min 0 @ 20 simulation @ 20 simulation
[ Axial Periodicity hd [ Axial Periodicity b
@? Y max ,2 Size and Conditions Size and Conditions A~
@-.-Ymin -.02 @I@vm B psm @]
\a Negative o Jolacl| | SE oy
[ﬁz 7 max 3 @, p2rgy  JEiE V] @ilﬁ
& 7 min -4 & I@i (@I & foem  [H[@ ]
z =
r @ IL_'"iIC (@] @, |- 3 B~
Step 3. Set X min &, to Symmetry 1-}‘], Fig. 10. s
Step 4. Click OK w" in Property Manager. pmmn@Fig. 9 pmm}ig. 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.
> L7 Domain [
< - -
s Fig. 11
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D. Insert Global Goals.

W

Step 1. Click Isometric on the Standard Views toolbar. (Ctrl-7)
. . . = | . .
Step 2. Click the Flow Simulation tab | == | in the Feature Manager, Fig. 13.
< QLYY
Flowr # Global Goals @
Simulati... v X
Step 3. Click Flow Simulation Features| - |on the Flow Simu- N
lation toolbar and click Global Goals from the menu. Parameter Mir A M Be U A
Mach Number D D |:| D
Dynamic Yiscosity D D D D
Step 4. Drag the edge of the Feature Manager to the right to expand, st vty L OO
. Turbulence Length O odaao
Flg‘ 13' Turbulence Intensity 0O o0 O
Turbulent Energy D D D D
Turbulent Dissipation D D D D
Step 5. In the Global Goals Property Manager: Hst Sarater Geoticent [L] [LJC]
Heat Flux
scroll down the Parameters to Force (Y), Fig. 13 Surface Heat Fux (Convec [] EE
Wall Temperature o
and check: Heat Transfer Rate S
Heat Transfer Rate (Conve
Force (Y) Absolute Total Enthalpy R O
ormal Force D
FOI‘CC (Z) Eorma: Eorce i) D
. Mormal Force (Y]
Clle OK J . Mormal Force (2]
Force D
Force () O
. . Farce 1) 0
Step 6. Rename the goals to Lift and Drag. To rename, click Force Forea n M
(Y), press F2 key and key-in Lift, Fig. 14. Rename Force [l Cordrate Syt |
Z to Dra . — = — = Name Template ~
(Z)toDrag. rgTERIoI®] = | [@IBIBIO[8] o] o !
2 Projects [EZ Projects
Step 7. Save. £ Default S8 Default
€3 Project(l) L-£35 Project(1) 3
Use Ctrl-S. Fig. 13
£5: Project(1) £3: Project(1)
EI@ Input Data EI@ Input Data Expand
: @ Computational Domain @ Computational Domain
Fluid Subdomains Fluid Subdomains
; Ef| Boundary Conditions - Boundary Conditions
B? Goals Ren ame E—F Goals
# GG Normal Force (V) 1 B Lift
P GG Mormal Force (Z) 1 F Drag
B@ Mesh B@ Mesh
- Global Mesh - Global Mesh
o0 Results (Not loaded) =B Results (Not loaded)
Fig. 14
E. Run Analysis. Run 7 x
[= Startup =
Step 1. Click Run | run | on the Flow Simulation Mesh Take previous results =
toolbar. Sohve —
(®) Mew calculation Help

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

Continue calculation

Corez and memory uzage

Fun at: Thiz computer w

Usze [use all] | Core(s)

Results proceszing after finishing the calculation

Load results

Batch Results...

Fig. 15
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F. Solver.

Step 1.

Step 2.

Step 3.

Step 4.

Step 1.

Step 2.

Step 3.

@ Solver: Project(1) [Default] (RAIL CAR E ASSEMBLY SLDASM) - O X
In the SOlVer dialog bOX File Calculation View Insert Window Help
. . O info rEh S | B Log
you can view CalCUIatlon Pararmeter \t‘a\ueEl-- E\.‘entJ Iteration \EI-@
tlme left, Fig. 16 The CPU Status Solver is finished. Mesh generation started 0 09:23:23 , Mar 07
. . Total cells 9,648 Mesh generation normally finished 0 08:23:25, Mar 07
tlme runs al'Olll’ld 2'3 min- Fluid cells 9,648 Preparing data for calculation 0 08:23:26 , Mar 07
. Fluid cells contacting solids 477 Calculation started 0 09:23:.27 , Mar 07
utes dependlng on the car lterations 72 Calculation has converged sincethe .. 72 08:23:36, Mar 07
3 Last iteration finished 09:23:36 Goals are converged 72
deSIgn and the Computer. CPU time per last iteration  00:00:00 Calculation finished 72 08:23:36, Mar 07
Travels 1.68704
. . lterations per 1 travel 43
When the calculation is Cputime 0:0:10
. . Calculation time left 0:0:0
done view the drag in the Run at DESKTOP-HOEVQLL
Solver, click Insert Menu Humberof core z
. Warning Comment
> Goal Table, Fig. 17. Our No warnings
drag was -34.11.
Fig. 16
Close the Solver dialog box, click File % Listof Gosls = o e
Menu > Close. Mame Current Value  Progress Criterion

Averaged Value

8.99625 p 92 p
Lift  -10.8522 "y [ Achieved (IT=72) | 0696283p  -11.0333p
Save. Use Ctrl-S. Fio 17
ig.
= = P = =
G. Surface Plots. GIEE[S[8]] 0 smuenn o |9[EIE[¢[®]=|
. . EE Projects v K M E’ Projects
Right click Compu- | &-fe oefaut & |o Defaut
tational Domain in = "=, 5&;“'“ - el
A . 5 Project(1) E—— o
Flow Simulation tree | :.@ mputos <& Project(l)
. . — B- B Input Data
aIld Clle Hlde, : @ . i [ @ Computational Domain
. : 4 Fluid St [  Edit Definition... Museafaces g | |1 TG
Flg- 18 ¥R Bound: I-ﬁde‘ Derrorresults _____ Boundary Conditions
. Goal
P‘oa :ﬂ Display ~ =B ;‘“"
. Lift
Click Surface Plot @F Drag Contours R Drg
=]} Mesh
O Fed i Global Mesh Isolines Ei@ Mesh
on the Flow q BT 5B Results (1.fd)
- R B % (1.fld) Vectors | | ﬁ$ Mesh
Simulation toolbar. Fig. 18 A I R Cutblots
2 | Streamlines
EIO Surface Plots
Mesh O al —
In the Surface Plot Property Manager, set: & bsosurfe Edit Defintion.
. . Contours ~ Flow Trz
under Selection, Fig. 19 - B flov e Hide&
- e Clear a e
check Use all faces [ @‘: @‘ Fig. 21
under Display E @ A
‘ =1 |
select Contours & o N
under Contours

Step 4.

click Adjust Minimum and Maximum

3

4
101575 for Maximum E pressure
100930 for Minimum E , pressure

click OK ## .

After viewing the Surface Plot,
expand Results in Flow Simula-
tion tree and expand Surface
Plots. Right click Surface Plots
1 and click Hide, Fig. 21.
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H. Flow Trajectories.

€3 Flow Trajectories 1 @
Step 1. Click Flow Trajectories | £2: | on the Flow Simulation toolbar. v
Step 2. In the Flow Trajectories Property Manager: )

under Starting Points, Fig. 22

Select References by selecting all faces on right side of car. To
select References, click each face of the body, wheels and cartridge,

Mesh Based Point
O

Fig 23. Rotate view to select faces on bottom and rear, Fig. 24. Generation
P &
Tip: Turn on Filter Faces Dr (X) on the Selection Filter toolbar at 0006 m -

the bottom of the display to select only faces and not edges.

Appearance

>

Number of Points |&+#| 20
3 Lines with Arrows e
under Appearance b [0 myy ~ =
o X [2g =
Draw Trajectories As &% Lines with Arrows » |;——|'—%v
Arrow Size " ¥ .001 ] —
Line Width % 2 Fig. 22
click OK w# .

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

Step 4. Save. Use Ctrl-S.

9 ER[¢[S
@ Projects

-8 Default

L£8 Project(1)

}05\

»

T T——

B Project(1)

B Input Data

@ Computational Domain
----- Fluid Subdomains

ﬁ Boundary Conditiens

-3 Goals

¢ - Mesh
B8 Results (1.fd)
ﬁ Mesh

----- 3 CutPlots

= {) Surface Plots
. <p SurfacePlot 1
é}. Isosurfaces

--£5 Flow Trajectories

=]

- Particle Edit Definition...
7% PointF Hide
""" & surfac Clear " NPide
.
Fig. 26
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I. Goal Plot.
Step 1. Click Goal Plot | ®g
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

on the Flow Simulation toolbar.

. Goal Plot @
v X

Goals Ll
T AllGoals v
®

"
L, |lterations ~

Options Ll

|:| Group charts by parameter

Excel Workbook (*xlsg

the chart, Fig. 29. snow
Close the Excel file. Bxportto B
_ Fig. 27
Click OK % . g
FHI™ AR B = Goal Plot 1xdsx - Microsoft Excel non-commercial use — O ped
Home Insert Page Layout Formulas Data Review View Acrobat @ e o go £2
= A G 11 or AN AT = S wrap Text General - (g oot ZC
_J Bs - alibri A =¥ Wrap Te eneral ijﬁ‘ #jﬁ _‘d ja&gemev Ijv ZW [ﬁ
= > . I €0 .00 iti Lt L L
SR ALRANENEI N Shemacoer=| $ % 0|3 oo romt G gy | 5. St 08
Clipboard & Font Alignment Mumber Fl Styles Cells Editing
V15 ~ £ v
A B C D E F G H J b=
1 RAIL CAR E ASSEMBLY.SLDASM [Project(1) [Default]]
2 =
3 Goal Name Unit|Value Averaged Value |Minimum Value Maximum Valug Progress [%]|Use In Convergence | Delta Criteria
4 Lift [p] | -10.858818| -11.03328575| -11.43995252| -10.7469495 100|Yes 0.69300302| 0.69628253
5 Drag [p] | -34.112019 g -33.93920776| -34.20709217| -33.71124857 100|Yes 0.26312556| 8.99625139
6 ~
7
8
v
M 4 » M| Summary ~ Drag ggtit .~ Plot Data -~ ¥J [14] il | a0l
Ready | ‘ |EEm 120 & [} (+)
Fig. 28
RAIL CAR E ASSEMBLY.SLDASM [Project(1) [Default]]
0
L. J N
ol
200 /
300
-400
B s
E —s—Drag
2
-600
700
-800
-900
-1000

Iterations [ ]

Fig. 29
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J. Animate Flow Trajectories. 9 BR[| &=
. . A7 . % Projects
Step 1. Click Right l}" on the Standard Views toolbar. (Ctrl-4) fl‘aaj et
L8 Project(l)
Step 2. Right click Flow Trajectories 1 in Flow Simulation tree and click |2 2
Animation’ Fig. 30. @ Computational Domain
Fluid Subdomains
Eﬂ Boundary Conditions
Step 3. At the bottom right of the display in the animation control panel, B ;‘”'i_&
click Expand {31 to expand the panel, Fig. 31. jaﬁf 9
é----.,," Results (1.fld)
. . . . ﬁ;‘; Mesh
Step 4. Click Play [Ei!' in animation control panel, Fig.31. | - g Cut Plots
] Surface Plots
----- é Isosurfaces
Step 5. Right click Flow Trajectories 1 in the Animation tree and click e
Edit Definition, Fig. 31. L b Edit Definition...
----- 2 Point Py
. N [ @ Surface Show .
Step 6. In the Flow Trajectories Property Manager: | @ Volume 3*“”"“"’5
S S ot 831 one
under Appearance, Fig. 32 jg ’;‘;j’.'pi el
. . - L @ Report ol
Draw Trajectories As #&% Spheres @ | - B Animat -
F‘ ..... O, Export F B Anlmatmn,‘
Width " ¥ .002 Fig. 30
click OK w# .
£5: Flow Trajectories 1 @
Bl B @ |Animation1.aw |@z | N v B @xX |vX*H
(6 W 0 b bl @ ;e | OO0 000z 00:04 00:06 00:08 00:10 &]_\ e —— N
B'@u Animation 1 ‘
& RAIL CAR E ASSEMBLY
8 e d 5
<> Surface Plot 1 Face<32> @CARTRIDGE-1
Flow Trajectories 1 Face<33> @BODY RAIL E-
#, Goal Plot 1 Edit Definition. g | <34 2BODYRALE M
[0 Model | Motion Study T | Ani §| [ Mesh Based Point
Fig, 31 Generation

Step 7. Click Loop €@ and Play E} in animation control panel, Fig. 31.

Click Stop .

P B
0.006 m 2

Appearance Lad

& Spheress ~
=1
G =1

0.002 m

13

&1 | Pressure ~
B
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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 'r:j;., Fig. 34.
Step 3. Drag the red frame capture region in graphics area to resize/move capture region, Fig. 35.
Step 4. Click Record ., Fig. 34.
Step 5. Chck B ll ] . |Animation1‘avi ‘ |E‘| @- v @ x
O éﬂ M 4 W pivR 2z I]II]:‘I]II] IIIII l]ll]:II]IZ IIIII I]II]:‘I]Id IIIII U.U:.U.E IIIII I]II]:‘I]IH IIIII U.U:.I IIIIII U.I
pen = T@m Animation 1
Folder -8B RAIL CAR E ASSEMBLY
Q----% Results
ﬁ to O Surface Plot 1
VleW Anl— ..... i ;I::It ;;Zie1ctor|e;1 .
mation Model | Motion Study 1 | Ani
AVl file. Fig. 34
Step 6. To exit, click OK W in Animation control panel.
o g ‘.L 't
TUGETS o W& &
: L}
5
a8
&
ot
L
-

Fig. 35
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