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A. Enable Flow Simulation.

Step 1.

Step 2.

Step 3.

If necessary, open your ASSEMBLY file.

If necessary, turn
on Flow Simu-
lation, click the
flyout of Options

@ ™ | on the Stan-
dard 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 Proj-
ect 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.

P
-
Flow Sim [ Enes
Time:
ElsoUuDWORKS Premium Add-ins
r @ CircuitWorks r -
O ﬁ FeatureWorks - = 1s
F @ Fhatoview 350 =4 15
r % ScanTo3D - -
o ? SOLIDWOREKS Toolbox Library cdl <15
[l SOLIDWORKS Toolbax Utilities [
r EI TalAnalyst -
BHsoupworks Add-ins
r Autotrace r
r SOLIDWORKS Composer r = 1s
il SOLIDWORKS Flow Sim 2016 W‘ 265
als I Cancel |
Y
Fig. 1
Wizard - Project Name 21|
~ Project »
Project name: IF'roiec:t[‘I] s
Comments:
[;j ﬁ Input Dat
@ Computational Domain
D'E Component Control G sl X
Fluid Subdamains onfiguration to a e project
Eﬁ Eoundary Conditions Configuration: IUse Current j
[:]: Fans } :
‘}0 Heat Sources Configuration name: IDefauIt
% Parous Media
9§ Initial Conditions
? Goals
@ Local Initial Meshes
E]---ga Results
ﬂ;E Mesh
.35y Cut Plots
{) Surface Plots
{:\, Isosurfaces 1l
% Flow Trajectories »
< Back | Mext » | Cancel Help |
o .
Fig. 2
Wizard - Unit System 21|
Unit systenm: bl
System | Fath | Comment
LGS [em-g-s] Pre-Defined LGS [cm-g-s)
FPS [ft-b-3) Pre-Defined FPS [ft-lb-3)
IPS [in-lb-g] Pre-Defined IPS [in-lb-g]
MM [mim-g-z] Pre-Defined Mtk [m-g-g]
Sl [m-kg-g] Pre-Defined Sl [m-kg-s]
LS4 ~ Pre-Defined Usa
[ Create new H&me: |SI [m-kg-2] [modified)
BT Unit Dec:lma.ls inresutts 1Slunit |+
display equals to
[=] Main
Pressure & stress 1
“elocity, 223693629
Mass s 1
Lencth 1
Temperature 1
Physical time 1
Percentage 1 .
T HW AT ;I »
< Back Cancel | Help |
Fig. 3
g 10/20/16
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Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Scroll down Parameters,
expand Loads & Mo-
tion 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 conditions
and Exclude internal
space, Fig. S.

Set Reference axis to Z,
Fig. 5.

Click Next.

SOLIDWORKS 16 FLow Sim

Wizard - Unit System 21|
System | Fath | Comment |
LGS [em-g-s] Pre-Defined LGS [cm-g-s)
FPS [ft-b-3) Pre-Defined FPS [ft-lb-3)
IPS [in-lb-=) Pre-Defined IP5 [in-lb-]
MM [mim-g-z] Pre-Defined Mtk [m-g-g]
5l [m-kg-s] Fre-Defined Sl [m-kg-s]
LISA Pre-Defined LS4
[ Create new Hame: ISI [m-kg-z] [modified)
BT Unit Decima.ls inresutts 1 Sl unit };I
dispilsy equals to
Physical time ] 123 1
Percentage % A2 1
HYAC
Geometrical Characteristic
= Losdzahotion
Acceleraﬁon‘ mig"2 A2 1
Farce g A23 101 871621
Wazs flov rate ks 1234 1
harkh roembhar 17 Ll LI @
< Back | Mext » I Cancel Help
.
Fig. 4
Wizard - Analysis Type 21|
—Analyzis type Consider clozed cavities @
 Intermal

¥ Exclude cavities withaut low conditions s

' External ~ ¥ Exclude intemal space ‘

Physical Features I “alue

Heat conduction in solids
Radiation
Time-dependent

Gravity

Rotation

Ooogoogno

Fieference axis: IZ Vl
< Back | Mest > I

Cancel | Help

[rependency.. | @

Fig. 5
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Step 13.

Step 14.

Step 15.

Step 16.

Step 17.

Step 18.

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

Click Next.

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

Click Next.

Initial Conditions:
Under Velocity param-

Wizard - Default Fluid

Fluicls

2l

Path - Mew... | @

-] Gases
-] Pre-Defined

Pre-Defined
Pre-Defined
Pre-Defined

eters set Velocity ing\\[Je E1 T/ 3r 0] Fig. 6

Z direction to -20
Mile/h, Fig. 8. (click
and key-in -20).

Click Finish.

SOLIDWORKS 16

Argon Pre-Defined
Butane Pre-Defined
Carbon dioxide Pre-Defined
Chlorine Pre-Defined
Ethane Pre-Defined LI Add
Project Fluids Default Fluicd Remove
Flowy Characteristic IVaIue |
Flow type Laminar and Turbulent LI
< Back | Mext » I Cancel | Help |
Wizard - Wall Conditions 21l
Parameter Walue | @
Default wall thermal condition Adiabatic wall LI

Roughness

Fig. 7

O micrometer

Parameter

Walue

Parameter Definition

Parameters
Prezzure
- Temperature
= Velocity Parameters
Parameter
Defined by
“elocity in ¥ direction
“elocity in Y direction

e “elocity in Z direction

Turbulence Parameters

User Defined

= Thermodynamic Parameters

Presszure, temperature
101325 Pa
2832 K

“elocity
30 vectar
0 mileh
0 mileh
-20 mileh

Negétive

Dependency |®
< Back | Finizh I Cancel |

Help

Fig. 8
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C. Computational Domain.

Step 1. Click Tools Menu > Flow Simulation > Computational Domain.

Step 2. Set values as shown here and Fig. 9.

@x X max .23

@][ X min 0
@-.- Y max .2
SRR <ot
[ﬁz Zmax 3

I co-tive

Step 3. Set At X min to Symmetry E}‘:l, Fig. 10.

Step 4. Click OK w" in Property Manager.

@ Computational Domain @

v X

Type ~
3D simulation

@ 20 simulation

Size and Conditions Ea

&, Wj >
ﬁx Om ~ :III vl
@Y|D2m‘ ill'
&, Wj =
#, Wj =
@Z|-0.4m~ ﬂv

Appearance b

Fig. 9

@ Computational Domain @

v X

Type ~
30 simulation

@ 20 simulation

Size and Conditions Ea

@drﬂ =
N —
@Yluzm—j
@, (B HEE
@Z|D.3m—ﬂ =
SZIWﬂ =

Appearance b

Fig. 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.

Fig. 11

l
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D. Insert Global Goals.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

E. Run Anal

Step 1.

Step 2.

W

Click the Flow Simulation tab

Click Isometric on the Standard Views toolbar. (Ctrl-7)

-
=2

LT

=

Flow

Simulati...
Click Flow Simulation Features -

lation toolbar and click Global Goals from the menu.

on the Flow Simu-

Drag the edge of the Feature Manager to the right to expand,
Fig. 13.

In the Global Goals Property Manager:
scroll down the Parameters to Force (Y), Fig. 13
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. 14. Rename Force (Z)
to Drag.

in the Feature Manager, Fig. 13.

=R

# Global Goals

v X

Parameters ~

Parameter

Velocity Vi

Velocity @

Mach Humber
Turbulent Viscosity
Turbulent Time
Turbulence Length
Turbulence Intensity
Turbulent Energy
Turbulent Dissipation
Heat Flux

Wall Temperature
Heat Transfer Rate
Total Enthalpy Rate
Farmal Force
Marmal Farce i
Marmal Farce i)
Marmal Farce i)

[vair | & e [ B us [«
]

O
mjim]

ooooOooooag

KKK E R R R R R RS R R R R R

Kl

Ooooooooocon
OoooOoooOoo
Ooooooooo

Farce
Fe

Faorce i)
Friction Force

Frictinn Farca i

-Z*x IGIobaI Coordingte System

IoREoooooooo

S[E[R[¢[®]=y [S[EIRE[G[@] | |rmerema g
éé Prajects EE’ Projects IGG <Parameter> <MNumber:
: Default =) B Default
SaVe. Use 3 Project(1) L.£8 Project(1)
Ctrl-S. i i Fig. 13
ES Project(l) E2: Project{1)
ﬁ Input Data = @ Input Data
[Z]) Computational Domain [Z]) computational Domain Expand
Fluid Subdamains
Eﬂ Boundary Conditions
EP Goals Ren
LR GGFarce () | =3
..... B GG Force (Z) 1 ==
i @ Mesh
---% Results (Mot loaded) ---% Results (Mot loaded)
Fig. 14
R 2(x]
s l s - — Startup o
¥ tesh I™ | Tiake previous results
= V' Salve | GEs3 Ny
Click Run | Run | on the Flow Simulation @ New calculstion Hep |
tOOlbaI‘ | Continue calculation

— CPU and memary usage

Fiun at: IThis computer

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

Usze |4 vl CPU[g]

|

¥ Load results

—Resultz processing after finizhing the calculation

Batch Results... |

Fig. 15
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F - S o l ve r - 28 Solver: Project(1) [Default] {AIRPLANE ASSEMBLY.SLDASM)

_iol x|
. File Calculation Miew Insert Window Help
Step 1. Inthe Solyer dialog ng = 0> G| 2 BlOB H |2
you can view Calculation | arzmmms e =
M 3 Parameter Yalue I Ewent Tteration | Time
tlme left’ Flg' 16 The Skatus Solver is Finished. Mesh generation started 16:36:20 , Ock 18
] Cells 3,827 Mesh generation normally Finished 16:36:22 , Ock 18
CPU tlme depends on the Fluid cells 3,599 Preparing data for calculation 16:36:23 , Ock 18
airplane design and com- Salid cells 22 Calculation started i 16:36:24 , Oct 18
Partial cells 213 Calculation has converged since th.,, 39 16:36:29 , Ock 18
puter. Trerations 40 Goals are converged o]
Last iteration finished 16:36:29 Calculation finished 40 16:36:30 , Ock 18
CPU time per last iteration 00:00:00
. Travels i
Step 2 When the Calculatlon Tterations per 1 travel 40
. . . . Zpu ki 0:0:6
is done view lift in the o N
Warning | Comment |

Solver, click Insert Menu o warrings

> Goal Table, Fig. 17. Ready

Our lift was 33.67.

Step 3. Close the Solver dialog box.

Drag = 9

9p

G. Surface Plots.
Step 1. Right click Computational Domain in Flow
Simulation tree and click Hide, Fig. 18.

Step 2. Click Surface Plot {} on the Flow Simula-
tion toolbar.

Step 3. In the Property Manager, set:
under Selection, Fig. 19
check Use all faces
under Display
select Contours
under Contours

@ B[R[¢[&] =]

click Adjust Minimum and Maximum E:]

4
101350 Maximum E pressure

101280 Minimum £, pressure
click OK %" |

Step 4. After viewing Surface Plot, expand Results in
Flow Simulation tree and expand Surface Plots.
Right click Surface Plot 1 and click Hide,
Fig. 21.

Step 5. Save. Use Ctrl-S.

- nput Data
T =

E% Results (1.fld)

@ Computational Domain

Lgy Fluid subdomains
Eﬂ Boundary Conditions
B Goals

LR

B # Drag

@ Mesh

ﬂ;‘g Mesh

L3 CutPlots
E|<> Surface Ploks
T

e

- Surface Plak 1
&% Tsosurfaces  Edit Definition. .

Flow Traject: punmo——
oM Particle studimn ,,, E ,, irle

Fig. 21

@ Fig. 20

E: IPressLlre '”E_l y
TEE g

101350 Pa

E.

E# 10
L

=
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<> Surface Plot @
ﬁéi Frojects v X -
= uﬂa Default
..E3% Project(1) Selection ~
E3 Projeck(1) NP
E@ Input Data
Camputational Domain
: Fluid 5ubc_ Edit Definition... °
] Boundary B use a”fa(es‘
EF Goals ™ Mirrar resuits
Bt
- Drag Display 2
@ Mesh Contours
-8 Results (1.Ad)
80| solines
. 2
Fig. 18 el
Vectors
e[E[R[e[@]=]
— Streamlines
Ega Projects
2 k8 Defauk Mesh
Project{1)
E5 Project(1) Contours ~

Fig. 19

= £ #]

=




H. Flow Trajectories.

Step 1.

111}
hi A

Step 2. Click Flow Trajectories |£3:

Step 3.

In the Flow Trajectories Property Manager:

Click Right @ on the Standard Views toolbar. (Ctrl-4)

on the Flow Simulation toolbar.

under Starting Points in the Plane, Faces, Sketches and Curves box , Fig. 22
expand the flyout Feature Manager design tree and click Front Plane\\ Fig. 23

Offset i .05

Number of Points |f##

Spacing \‘@{ 006

under Appearance

25

L]
Draw Trajectories As ﬁ Lines

Line Width 3 4

Plot Transparency ¢g” .65

under Crop Region
e Xmax .16
&y X min 0

@-.- Y max
@-.- Y min

.045
-.007

[ﬂz 7. max .08
ﬂz 7. min =25

click OK W .
Step 4.
and click Hide, Fig. 26.

Step 5. Save. Use Ctrl-S.

Fig. 24

After viewing the flow trajectories, right click
Flow Trajectories 1 in Flow Simulation tree

£5: Flow Trajectories @
v X M

Starting Points &
;

M plane
bi [005m =l
.-
LS =
W‘_j

Appearance Ll

y- E&
@ lines il
o
el IPressLlre .

& [165

Constraints

{
L

Crop Region

&, IUTEm

T

B
B [ ) EE EE

,a
T

0,007 m

@@@
7

f

8, ITK
Reset
Fig. 22

v (@ AIRPLANE ASSEVELY (Déf...

3 Histary

3 Annotations

N Frant Plane]

N Top Plane

N Right Plane

I_. Qrigin

8y (F) FUSELAGE <1
@ wing<1>

@ HaTaB<t

By v STAB<1>

@ (yMOTOR <1
(&) LANDING GEAR ASSE...
@ ELEvaTOR<1 >
By RUDDER <1

8 TAIL HOOK<1 >
8, (-) PROPELLER <1 >
m]m] Mates

E|ﬂ MirrorCormponent 1
E|ﬂ MirrorCornponent2

Fig. 23

* ¥ TrT v ¥ ¥ ¥ wv v v w w w

S ER 0O =

f}
=

Projects

h'=@ Defaul

L..£5 Project(1)

:

o Project(1)

ﬁ Input Data

@ Computational Domain
. Fluid Subdamains
Bnundary Conditions

------- & Ut Plats

D {) Surface Ploks

H @ Surface Plok 1
Isosurfaces

Flow Tra]ectorles

Partlcle Shu
/ Poink Param
8> Surface Par

i
Edit Definition, . |

. Clear BNQyide
Wolume Par: Clone

1wy piots s
?k Goal Plats
T Report Play
..y Animations Animation...

% Export Res. Export...

.
Fig. 25
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l. Goal Plot- . Goal Plot @

Step 1. Click Goal Plot % on the Flow Simulation toolbar. v
¥ [arceas =]
Step 2. In the Goal Plot Property Manager: 2 g
under Goals, Fig. 26
check All

under Options o Tra—
click Export to Excel

An Excel file is opened. Note the Lift, Fig. 27. - Group chirts by paramete:
Click Lift tab at bottom of Excel file to view chart, Fig. 28. [Exce Workbook ris) X

Close Excel file.
_
Clle OK J . Export to Excel

Fig. 26
|z|| H L R 13 ul = Goal Plot Lxlsx - Microsoft Excel non-commercial use o B ER
m Hame Insert Page Layout Farmulas Data Review View Acrobat & o o ER
& - i ol o = — [ . = . *j ) | g=lnsert~ E - }?
. Calibri 11 A A == ¥ = | General = %‘i‘/ﬁ _’_;‘ﬁ paete - | [g- 7 [ﬁ
Paste B 7 U~ : - % - 8 9 | 50 .00 Conditional Format el e Sort & Find &
f - E ’ o0 Farmatting = as Table ~ Styles = LEjF'J"mat' 27 Filter= Select
Clipboard & Fant Fl Alignment Fl Mumber Fl Styles Cells Editing
L12 - fe | v
A B c D E F G H J -
1 AIRPLANE ASSEMBLY.SLDASM [Project(1) [Default]]
- =
3 Goal Name |Unit [Value |Averaged Value [Minimum Value [Maximum Value|Progress [%] |Use In Convergence |Delta Criteria
4 |Lift pl 3367170679 3355817519 33.1927302 33.78351786 100|Yes 0.590787663| 3.431519466
5 Drag ‘ pl -10.7399258 -10.82295237 -11.06174225 -10.73015951 100|Yes 0.331582744| 1.201969042
(i
7 Iterations [ ]: 40
s Analysis interval: 20
v
Q
M 4 » M| Summary  Drag - Lift g Plot Data o Fd [4] il | all
Ready | ‘ [E@m 100 O y) 3)
Fig. 27
g ¥
AIRPLANE ASSEMBLY.SLDASM [Project{1) [Default]]
250
200
150
g
§ —s—Lift
100
50
N ]
0
0 5 10 15 20 5 30 35 40 15
Iterations [ ]
L |

Fig. 28
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J. Animate Flow Trajectories.

SB[R[o[&]=]
EEE Projects
B= H’@ D_afault

3 Project(1)

ES! Project(l)

= Input Data

: : Computational Domain
Fluid Subdamains

Eﬁ Boundary Conditions
Goals

Bl

Pt Drag

@ Mesh

B2 Results (1.Ad)

: ﬁEE Mesh

%2 CutPlots

{) Surface Plots

&y Isasurfaces
|.E5: Flow Trajectories

Step 1. Right click Flow Trajectories 1 in Flow Simulation tree and click
Animation, Fig. 29.

Step 2. At the bottom right of the display in the animation control panel,
click Expand |&) to expand the panel, Fig. 30.

Step 3. Click Play [:3' in animation control panel, Fig. 30.

Step 4. Right click Flow Trajectories 1 in the Animation tree and click
Edit Definition, Fig. 30.

E N | .lnnimationl.avi = ‘ i | & v @ wot
Eﬂs « b b i [ [oo:o0 UD:LI;I | 00:02 00:03 00:04 I]I]:I&I
=-Bw Animation 1 ‘ | e ] B B R —

@ AIRPLAME ASSEMELY | &
-0 Resuls
<> Surface Plot 1 |
- “ Flow Trajectorie
]
Fig. 30

Step 5.

under Appearance, Fig. 31

Number of Points

Spacing

A
thad

%

.008

under Appearance

In the Flow Trajectories Property Manager:

Draw Trajectories As ﬁ Arrows (flat)
Line Width »% .002

Plot Transparency 7 0

click OK w# .

Step 7. Click Loop

and Play

Click Stop

N e

3

B

fresrsamasamastmcagiinite
e e T e

e oy

il
et

o —

-t P

s e

=
ShiF O P e

in animation control panel, Fig. 30.

> —p -y

Fig. 32

Edit Definition, .,
..... A Point Param —
..... @) Surface Par.
A _ Clone
Yolume Parz Dielete. ..
..... Bl wrPlots  ————
H...Psx Goal Plots Flay
..... @ Report -
B Animations Expitt...
----- @ﬂ Expork Rest Save ais...
.
Fig. 29
£ Flow Trajectories @
v X .
Starting Points )
M plane
bi [(Em =
e M |
f =
N -
[F52] [pooe ms B
Appearance €
a%s
i, IArrows (flatj ‘I
X [pE0zm =
8 |Pressure 'l
I_D =
Constraints 2
Crop Region w7
Fig. 31
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K. Create Animation Movie.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

In the Animation control panel turn on Capture Region | !_ |, Fig. 33.

Drag the red frame capture region in the graphics area to resize/move capture region,

Fig. 34.
[~ 10 @ @ [primstion L.avi ] ||—+1€ V%@ x
. & 14« Q@ EE o0n:00 ON o0:02 00:03 00:04 0a%N
Clle [=- g Animation 1 I : I I
Record -9 AIRFLANE ASSEMBLY 4
- B Results
. ------ {) Surface Plat 1
> %EE Flow Trajectories 1
Fig. 33. J
Fig. 33

Click Open Folder Eﬂ' to view Animation AVI file.

To exit, click OK W in Animation control panel.

-
927483

4 9 4§ i

Fig. 34
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L. Modify Angle of Attack.
Step 1. Click the Feature Manager tab J @J [ in the Feature Manager,

Fig. 35.
Step 2. In the Feature Manager expand WING, expand Mates in AIR-
PLANE ASSEMBLY and click Anglel(Top Pane) mate, Fig. 35.
Step 3. In the graphic area, click the 9° angle mate dimension and

key-in 13, Fig. 36
then press ENTER, Fig. 37.

C g
'%

9° Angle of Attack

M. Run Analysis.

SRE[ B &|®] ]
o

(@ ARPLANE ASSEMELY (Default)

*

L4

-

* ¥ *r v v ¥ v v v v w

History
Annotations

N Front Plane

N Top Plane

N Right Plane

1., orign

B (A FUSELAGE<1>

@ wing<1>

[E) Mates inWPLANE ASSEMBLY
A, & coindident1 (FUSELAGE<1
A, k. Coincident2 (FUSELAGE<1

[ & angle1 (op plane)
L3 History
L4 Annotations
8 psH
\lﬂ Front Plane
m Top Flane
m Right Flane
I_. Origin
4 ﬁ Boss-Extrude1
[P Filet1
@ HsTas<1>
@ vsTAB<1>
@ (ymoToR<1>
{8 LANDING GEAR ASSEMBLY<1>
@ eLevaToR<1>
(&) RUDDER <1>
(& TAL HOOK<1>
(@ () PROPELLER <1>
(i1l mates
E|ﬂ MirrorComponent1
E|{| MirrorComponent2

~

Fig. 35

B>
Step 1. Click Run | Run | on the Flow Simulation toolbar.
Step 2. Click No to reset domain.
Step 3. Click Yes to reset mesh.
LT_:ﬂ List of Goals =] ]
Step 4. Click Run in the Run dialog box. - T T
Step 5. What is the new 13° Angle of Attack Lift? Fig. 38

Did the drag change?
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