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A. Set Up.
Step 1.

Step 2.

Step 3.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.
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Flow Sim

/ active Add-ins |start Up |
> Hsolidworks Premium Add-ins
If necessary, open your ASSEMBLY file. > F 230 Instant Website F
7 e Circuitvworks
; = [ & Featurewarks -
. hi ks
Click Tools Menu > Add-Ins. 2 d
- @:; Solidworks Design Checker -
Hsolidworks add-ins
In the dialog box, scroll down to Flow Simulation and place r Autotrace r
. . Solidworks 20 Emulatar -
a check in the check box under Active Add-Ins and Start-Up, Solidworks Flow Simulation 2010 [7
Fig. 1. Click OK. V"dwmks N
874 I Cancel
| 4
B. Create Flow Simulation Project. Fig. 1
Clle FlOW Simulation Wizard - Project Configuration 2]
5 s — Configuration ()
] Flow Simulation r & eate new
tab ;
Usze cument
on the Command Man- e |
onfiguration name: Default (1]
ager toolbar. ;
g ; Current configuration: IDelauIt ~
Clle WiZal'd 2 a Cputational Domai| Cemments:
LA ST N ) i IR e P18 Component Control
%@"‘l Wizard on the FIOW % Fluid Subdomains
. . @ ----- .— Rotating Regions
Simulation toolbar. < | - @ ol Materisls
?_ H Boundary Conditions
i Inlet Mass Flow
Use Default for Con- § ; R Static Pressure
K PR (i [N, % Fans
figuration name, Fig. 2. M| - B} eat sources
------ . Contact Resistances
@ D [ ﬁ Heat Sink Sirmulations|
Cllck Next. ®-| - W Porous Media ()
. < Back | Cancel Help |
Unit System: -
Select SI (m-kg-s) for Fig. 2
Unlt System’ Fig. 3 Wizard - Unit System 2|
Unit systenm: @
Syt [ Path [ Comment [
Under Parameter, TS loma Fre Defined T8 lonas]
. . FPS [ft-lb-s) Pre-Defined FPS [ft-lb-3]
set Velocity units to IPS firelb-s] Fre-Defined IPS fir-b-]
. . MMt [mim-g-z] Pre-Defined Mtk [m-g-g]
Mile/hour Flg, 3. 51 fm-ka-s] Fre-Defined 51 (rkges]
? USA ~ Fre-Defined Usa
[ Create new IEme; |SI [m-kg-2] [modified)
3 Parameter | Units | Decimal Places | 1.0UntSl= |«
o = Main
Pressure & stress Pa o 1
“elocity vl1 1
Mazs Meterizecond 1
Length Kilometerhour 9
Temperature 1]
----- Physical time Eggfsemn # 1
Geometrical Characteristic Inchisecond
Load=z&hdotion Yardizecond
+] Centimeter: ol
et Milnetersoscond! = @
cBack | [ 1 Coctomirn [ Hep |
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Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

Step 14.

Expand Loads & Mo-
tion, 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. 5.

Set Reference axis to
Z, Fig. 5.

Click Next.

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

Click Next.

NPM [M-g-E) Fre-Lennea N | mm-g-s)
5l [m-kg-s] Fre-Defined 5l [m-kgs]
USa Pre-Defined Usa
% I Create new Iame: ISI [m-k.g-2] [modified)
Parameter | Units | Decimal Places | 1.0 Unit Sl = |;|

=

Geometrical Characteristic

Load=z&hdotion
Acceleraﬁoh

Force

miz"2 1
- l 1]

Mazz flow rate
Mach number
Angular velocity
Wolume flowe rate

Poundal
Qunce-force
Pound-farce
Kilopond

Ton-forceshort)

Ton-forcellong)
< Back | ’j Kilonewvton

Kilogram-force

Friction coefficient
Torgue

Wizard - Analysis Type

Ton-farce
Dwne

Fig. 4

—Analyzis lype Consider closed caviies——————————— @
 Intemnal ¥ Exclude cavities without flow conditions
& External [V Exclude internal space ~.

Physical Features | “alue

Fieference agis: I vl

Heat conduction in solids
Radiation
Time-dependent

Gravity

Rotation

oooogd

Dependency... | @

Help |

< Back | Mest » I

Cancel |

Wizard - Default Fluid

Fluids Path - Mew...
Pre-Defined
Pre-Defined
Pre-Defined
- Carbon dioxide Pre-Defined
- Chioring Pre-Defined
- Ethane Pre-Defined
- Ethanal Pre-Defined
i Ethilene Pre-Defined =l il
Project Fluids Default Fluid Eemoyve
Flovy Characteristic |Value |

= ’ Flow type Laminar and Turbulent

< Back | Mest » I Cancel | Help |

Fig. 6
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Step 15. Wall Conditions: Wizard - Wall Conditions a2l

Use the default values — Ve e
141 Default wall thermal condition Addiabatic vwall
for Wall Condltlon’ Roughness 0 micrometer

Fig. 7.
Step 16. Click Next.

Step 17. Initial Conditions:
Under Velocity pa-
rameters set Velocity
in Z direction to -20
Mile/h, Fig. 8. (click’ WY\ [Fe EL\/IEr 0]
and key-in -20).

Dependency... | @

Cancel | Help |

Step 18. Click Next.

Wizard - Initial Conditions

Parameter Walue | @
Parameter Definition User Defined

=] Thermodynamic Parameters

Parameters: Presszure, temperature

Prezzure 101325 Pa
Temperature 2032 K
[=] ¥elocity Parameters
|| Parameter: ‘elocity
; “elocity in H direction 0 mileh
i Welocity in Y direction 0 mileh
- “elocity in Z direction -20 mileth

Turbulence Parameters

Negétive -20

Dependency. |®
< Back | Mest » I Cancel | Help |

Fig. 8
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Step 19. Results and Geometry

Step 20. Click Finish.

C. Computational
Domain.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Resolution:
Set Result resolution to
4, Fig. 9.

Click Flow Simulation
Menu > Computational
Domain.

Set values as shown here
and Fig. 10.

Wizard - Results and Geometry Resolution

r— Besult resolution

1 2 3 4 5 - 7

r— Minimum gap size
™ Manual specifization of the minimum gap size

™| Witimurm aap size refers to the feature dimersion
Minimurn gap size:

i~ Minimum wall thickness
[ Manual specification of the minimum wall thickness

™ | Winimum wall thickress refers to the feature. dimension

Minimurn wall thickness:

E

[~ Advanced namow channel refinernent

[+ Optimize thin walls resolution »

<Back |[ Ensh |  Cancel Help
X min 0 .
X max .2 Fig. 9
Ymin -.15 2ix]
Y max .2 Size | Boundary Candition L Solor Setting|
Zmin -4 i —
7. max 3  mae 02m z Cancel |
¥ i o15m Help
Click Boundary Condition tab at the top of — e
the dialog box, Fig. 10. Z i T =
Z max: o
Set At X min to Symmetry, Fig. 11. _ g Negative
Reset |
Click OK. Fig. 10
= 2| x]
Click Front on the Views toolbar. Size  Boundayy Condiion | Color Seting
(Ctrl-1). Use Z key to zoom out to see do- Dprefow  [rore o
main, Fig. 13. At % min: [T - | Caiee] |
At ¥ max [Defatt = &l
Only half the airplane should be inside the e T
domain as shown in Fig. 13. This will reduce ., = o
the solver tlm. Solver can take several min- A T
’ At Z max: [Defaut -]
Fig. 11
SDomain

Fig. 12

Fig. 13
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D. Insert Global Goals.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Click Isometric

£71

Click the Flow Simulation tab | ==

Click Flow Simulation Features
Goals from the menu.

Drag the edge of the Feature Manager to the right to

expand, Fig. 14.

Scroll down the Parameters to Force and check:

Y- Component of Force

)

Flow
simulati...

-

Z- Component of Force Fig. 14.

Click OK ﬂ‘? .

Rename the goals to Lift and Drag. To rename, click
and hold over Y- Component of Force and key-in Lift,
Fig. 15. Rename Z- Component of Force to Drag.

on the Standard Views toolbar. (Ctrl-7)

“ | in the Feature Manager, Fig. 14.

on the Flow Simulation toolbar and click Global

% global Goals

Parameter

A

Parameter

[Min [ 2w [Mace | Bulk &v|Use [ = |

Z - Component of Yelocity
Mach MNumnber

Turbulent: Viscosity

Turbulent Time

Turbulent Length

Turbulent Intensity

Turbulent Energy

Turbulent: Dissipation

He:at Flux

Heat Transfer Rate

Mormal Force

¥ - Component of Mormal Force
' - Component of Mormal Force
Z - Component of Mormal Force
Farce

¥ - Component of Force

' - Component of Force

Z - Component. of Force

Step 8.

E. Run Anal

Step 1.

Step 2. Click Run in the Run dialog box, Fig. 16.

Shear Force

&y Default (1)

Input Daka

@ Computational Domain

Fluid Subdomains
Eﬁ Boundary Conditions

Save. Use Ctrl-S.

: @ Input Daka

sis.

>
Click Run |*n | on the Flow Simulation
toolbar.

¥ - Component of Shear Force
Y - Component of Shear Force
7 - Component of Shear Force
¥ - Component of Torgue

1

Ooooooood
[ || o
Oooooooo

Oooooooooooooooo
KR EEEEEE R R R EEEE

[]
[]
[]
[]
[]

,P‘»x |Global Coordinate System

Ran 2| x]
— Startup
¥ tiesh ™| Take previous results
v Solve

& New calculation

1 Continue calzulation

— CPU and memory uzage

Fiun at: IThis computer [CAD zezzion) j

Usze Ig vl CPU[z)

r— Results processing after finishing the calculation

V' Load results

Batch Results... |

Fig. 16
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F. Solver.

Step 1. In the Solver dialog box you
can view Calculation time left,
Fig. 17. The CPU time runs
around 1-4 minutes depending
on airplane design and com-
puter.

When the calculation is done
check the lift. To check lift in
the Solver, click Insert Menu
> Goal Table, Fig. 18. Our lift
was 28.39.

Step 2.

Step 3. Close the Solver dialog box,

click File Menu > Close.

28 solver: Default (1){(AIRPLANE ASSEMBLY.SLDASM) o[]S
File Calculation Wiew Insert  Window Help
= >oAEOR 2]
[ oo =
Message | Ikerat,., | Date Parameter I alue
Mesh generation started 18:46:06 , Jun 12 Fluid cells 6442
Mesh generation normally finished 18:46:10, Jun 12 Partial cells 308
Preparing data for calculation 18:46:12 , Jun 12 Iterations 42
Calculation started 1] 18:46:13, Jun 12 Last iteration fini,.. | 18:46:25
Calculation has converged since £, | 41 18:46:25 , Jun 12 CPU time per last,,, | 00:00:01
Goals are converged 41 Travels 1.05
Calculation Finished 42 18:46:26 , Jun 12 Iterations per 1t.., 40
Cpu kime 0:0:11
Calculation time left 0:0:0 ‘
Status Saolver is finistied.
K i
‘Warning
Mo warnings

Lﬂ Infa Log

Ready

Solver is finished,

Eﬂ List of Goals

Current Value | Averaged value
i 9 p— 47 p 24 p

-8,27333 p

24 o
"8.5032 p

-8.0744 o

Step 4. Save. Use Ctrl-S.

G. Set Pressure.
Step 1.
and click Hide, Fig. 19.

Step 2. Click View Settings

Step 3.
101270 for Min. pressure

Right click Computational Domain in Flow Simulation tree

on the Flow Simulation toolbar.

In the View Setting dialog under Parameter: Pressure, key-in:

101350 for Max. pressure, Fig. 20.

click Apply and OK.

Yiew Settings

Fig. 18

SECIES
Default {13

E@ Input Dakta

g Computational C

Edit Definition.

25 3D-Profils Plots
{} Surface Flots
é Isosurfaces

: % Flows Trajectories

~Fig. 19

2|

l oK |

lzosurfaces Options I Coordinate System | 30 -Prafile
Contaurs |zolines I Wectors I Flows Trajectories
— Settings
Parameter:

Min: 101277.301 Pa
Mag 101352.533 Pa
Palette:

Humber of colors: 10

.J—

[ o ]
Open... |

Save As.. |
Beset Mindtdax |
Parameter List... |
Carncel |

Help |

I Fressure A I
[ 31l
IPaIette B 'I

Fig. 20
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H. Surface Plots.

Step 1. Click Surface Plot '{"}

on the Flow Simulation toolbar.

Step 2. In the Property Manager, set:

check Use all faces, Fig. 21
Contours (button depressed)

click OK J and Fig. 22

Step 3. After viewing the surface plot, right click Surface Plots 1 in

Flow Simulation tree and click Hide, Fig. 23.

#> Surface Plot

leckH
uuuuuuuu

¥ Use all faces ‘

@ Contours
@) Isolines

27 | Wectors

E@ Input Daka
@ Computational Domain
Fluid Subdomains

E@ Surface Flots

...... Surface Plot
RO ourface Flo Edit Definition. ..
Isosurfaces e
=% Flaw Trajectori e
~58 Flow Trajectaries Clear and Hide
[ @ Particle Studies Animate. ..
W Pl —
Fig. 23
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I. Flow Trajectories.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Click Filter Faces

W

(X) on
the Selection Filter toolbar at the
bottom of the display, Fig. 24. If

v I
= -?- -;IP- Starting Points P
e v R I I AE “Bes
Fig, 24 4 [Facecl>@FUSELAGE- =

necessary, use F5 key to display toolbar.

Click Flow Trajectories

_-‘_“\-:a
==

In the Flow Trajectories Property Manager:

under Starting Points, Fig. 25
Select References EE--I::]i

set Number of Trajectories

under Options

set Draw Trajectories As

to Lines

on the Flow Simulation toolbar.

. To select References, click all faces
of the airplane parts on left side, Fig 26 and under
fuselage and wings, Fig 27. To rotate view, hold down
middle mouse button (wheel) and drag to rotate view.

)
o

]

click OK J, Fig. 28.

After viewing the flow trajectories, right
click Flow Trajectories 1 in Flow Simula-
tion tree and click Hide, Fig. 29.

Turn off Filter Faces

W

(X) on the Selection Fil-

ter toolbar at the bottom of the display, Fig. 24.

SolidWorks 10 Flow Sim AIRPLANE

to 20, Fig. 25

Face:2>@FUSELAGE-

Face<3>@FUSELAGE -
Face<d>@FUSELAGE -
FacedB» @FUSELAGE- _

FarasBnimFlISEL AGFE

’3 =
@ D.DD'Im—jI
Options #
(=)«
3 a—

& b wm

ol Use ZAD geametry

- @ Surface Flots
4@ Surface Plot 1
Isosurfaces

=% Flow Trajectories

M‘ Edit Definitian. ..

#Y Plats
Paint Parameters

Fig. 25

Click faces

Clear and Hide
Anirnate. ..

Fig. 29
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J. Goals Plot.

Step 1.

Step 2.

Step 3.

Step 4.

Click Goals & on the Flow
Simulation toolbar.

Click Add All and OK, Fig. 30.

An Excel file is opened. Check
your Lift, Fig. 31.

Close the Excel file.

2l x|
i~ Select goals Goal filker:
[Gol L e [
Lift
Drag
Plot options
Aberisea:
Ilterations 'l
Template:
fdd & 1 Bemove Al [ aoats st ~|
Canicel | Help |

Fig. 30

Ed Microsoft Excel - goals1

lterations: 42

J File Edit Yiew Insert Format Tools Data Window Help Adobe PDF
DEELEGRY BRI - (@& = A& 45 WS o
D16 4| =|
A B | c [ D I E

'+ AIRPLANE ASSEMBLY.SLDASM [Default
2

3 |Goal Name Unit Value [Averaged Value [Minimum Value
4 |Lift [p] 28.38997767] 28.064700E5 27532406585
5 |Drag [p] -8.0?4401559~—8.223330021 -3.503200171
B

| 10|

Analysis interval: 20

Fig. 31
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K. Animate Flow Trajectories. KIEINEAE
Step 1. Right click Flow Trajectories 1 in Flow Simulation tree %E;ﬁ:gﬁéata
and click Animate, Fig. 32.

[l computational Darmain
-I§ Fluid Subdomains
- Boundary Conditions
= Pt Goals

Step 2. At the bottom of the display in the animation control panel,

e ....... # Dra
click More | =] Mare... |, expand the panel, Fig. 33. £ 38 Rl

b ----- g 3D-Prafile Plots
. . . . « am I urface Plo
Step 3. Click Play in animation control panel, Fig. 33. | | S il

B-52 —’5’ Flow Trajectories

. . . . . L o Traioctop
Step 4. Right click Flow Trajectories 1 in the Animation tree and é iirglcli T

click Edit Deﬁnition, Fig. 3 . Point Parameters [EaluEL=Ne

------ £ Sirfare Paramete Clana

Fig. 32
gl W |14 Al > (@ @ | Eless. 1 |2 K ?

Defirgn | Settingsl .

Step 5. In the Flow Trajectories Property Manager:

under Options, Fig. = .. : :
p ’ Flg 34 @ ﬁ & ;g ulululul ooy l:l|[l|[l|1| (e g ulu
. . e = B Animation 1
set Draw Tr a) ectories As |+ | to -8B AIRPLANE ASSEMBLY
= Bﬂ Results
Spheres ------- & Isosurfaces

e —@’ Flow Trajectories 1 !
set Cross Size X to .003 Mccitibetnon

click OK
o B 4=

b3

Step 6. Click Loop i and Play in animation control panel, Fig. 33. - D @
Face<1:@FUSELAGE- o
=

Face: 2> @FUSELAGE-
Face: 3> @FLSELAGE-
Face: 4> @FLSELAGE-

Face<5x@FUSELAGE-
Faras o mFLIEF] AGF.

20 =
BF] . (> e 5

Click Stop

Step 7. Click Dimetric on the Views toolbar and Play (%] [poatm =
Step 8. Experiment with other Flow Trajectories setting. To change setting, (=) (=)
right click Flow Trajectories 1 and click Edit Definition, Fig. 33. St [spheres |
X Fom 4
& JL 0,00

v Use CAD geometry

@ F F 9 & FFETEEIPEI P IS P S B s
QJQJHRQJOJQ»?QJ;,JQ @ & @ @ @ 9 a QJ_;JQ&OJGJQGUJ_G'S&QQQ;;J = e

4 Fig. 34

’°§°°§5§"’§bt§ﬁd‘°"§, L

1P P A AP AT S P G
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Step 1. To save animation as a movie file
(AVI), click the Setting tab in anima-
tion control panel, Fig. 36.

Step 2. In Setting you can set file name. Also,
the frames per second can be con-
trolled. The more frames the larger
the file size.

L. Create Animation Movie. NI IO

Step 3. Click the Definition tab in animation
control panel to switch back, Fig. 37.

Step 4. Click Record # View the movie

file in MyDoc\I folder.

Step 5. To exit, click OK M in animation control panel, Fig. 37.

t.'.'o )

GlvX?

Definition  Settings |

Output type: IAVI 'l

B

File: IE:\My D ocumentshAnimation 2 Browse... |

¥ Compressed [Microsoft Yideo 1)
i~ Frame information
FErames per zecond: |25 3:
Fig. 36

Pl E bR Ees. (X ?

Deefiition | Settings | ‘

@ ﬁ o) 00:00 oc

il T S O
= @ Animation 1
& AIRPLAME ASSEMELY
-5 Results
& Isosurfaces
% Flows Trajectories 1
Fig. 37
ag¥
S 1 A
gee??

. a9
JQQQO\J\JQUU .
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