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Class summary

This class covers the use of Autodesk InfraWorks
software to create a visual representation not only
of the world outside the window but also

of the dynamic phenomena that evolve In It.
Starting from data related to territory many software
applications can simulate the evolution of events:
we'd like to bring the results of the analysis

Into Autodesk InfraWorks.
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Key learning objectives

At the end of this class, you will be able to:

= Use Autodesk InfraWorks to display the results of complex simulations

= |nterface with other software applications, such as those
In Autodesk® design and creation suites or from government agencies,
to simulate the real world

= Prepare data to be processed in an external simulation software
= Import complex data into an Autodesk InfraWorks model
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“Boundary conditions” for this “simulation”

= No programming

= Using just a text editor, AutoCAD Map/C3D/RD, Excel
and some little utilities to prepare data

= Cut & paste plus some scripting to avoid repetitive actions

= No time
= As variable in formulae - systems at steady state

= NO support
= My colleagues in product(s) support will love me for this session ©
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re do we start from?
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It all started one Winter afternoon...

m Gl m Autodesk InfraWorks 360 Pro - TinyTown

Home View VisualEffects Analyze Present Manage Help
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Data Model Manage Select by Select e Properties Data Bookmarks Add Proposals Style Style
ed Table u Bookmark Palette Rules [ Civil 3D Drawings

Sources Explorer Surface Layers | Selected  Fiter  Visble
Import Explore Location Bookmarks « Design Stylize Model Documentation

Optimize  Collaborate o -

AIW TinyTown Model
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What happens outside of our windows
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How do we model these phenomena?

= Data tables
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Table 4. Hourly average experimental values on August 29, 2011. VOCs were sampled from 6:45 am to 7:15 am

Emission Meteorological data
Fous CO/ (pg m?) NOx / (ug m*) 0,/ (ug m?) Temperature / °C RH/ %
06:30 0.09 75.08 3.99 21.34 68.06
07:30 0.42 112.76 15.17 27.02 43.05
08:30 0.06 79.10 29.17 29.80 34.34
09:30 0.14 106.78 26.86 3143 31.78
10:30 0.10 84.71 41.71 32.28 31.28
11:30 0.08 76.15 64.97 3344 29.15
12:30 0.09 69.88 86.40 34.66 29.11
13:30 0.13 63.45 91.07 33.74 35.09
14:30 0.08 48.83 73.49 31.63 4234
15:30 0.10 64.8 5131 31.55 4245
16:30 0.22 66.62 33.89 30.58 46.87
17:30 0.53 94.13 9.07 26.89 61.04
18:30 0.67 79.11 8.65 25.23 65.30
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How do we model these phenomena?

= Diagrams

»t

//
..'

lll

‘\‘,

\\Y///

g "\\‘

AUTODESK UNIVERSITY 2013

Chart2  PREDICTION OF BASIC NOISE LEVEL HOURLY L, IN TERMS OF TOTAL HOURLY FLOW g
(V=T75km/h, p=0,G=0).
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How do we model these phenomena?

= Mathematics

L,, (hourly) =42.2 +10log,,q, dBA

A, =-10log,(d'/13.5), dBA

6H —1.5
&GC = 5.2[10g10 F , dBA
2.J

d+5

H=05h+1), 075<HC<

|

Z &

2 2 2
—(z— H) —(z + H)
o (e

C = Concentration of the chemical in air. [M/L?]

Q = Rate of chemical emission. [M/T]

u = Wind speed in x direction. [L/T]

o, = Standard deviation in y direction. [L]

o, = Standard deviation in z direction. [L]

y = Distance along a horizontal axis perpendicular to the wind. [L]
z = Distance along a vertical axis. [L]

H = Effective stack height. [L]
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Basic Workflows

AUTODESK'
AUTOCAD" MAP 3D 2014

AUTODESK
INFRAWORKS

AUTOCAD" CIVIL 3D"

A I AUTODESK"
2014
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Geospatial software
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Data preparation Simulation Visualization
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Data Preparation

= Preparing something AIW can show
or simulation software can work on

= AIW 2D/3D Supported File Formats

= 2D: all common Geospatial data, vector and raster

= 3D Models: FBX, 3DS, OBJ, DAE, and DWG/DXF files
+ direct link with Revit & Civil 3D

= Georeferencing vs De-Georeferencing

= 2D data has to be georeferenced
= 3D models are better managed at 0,0,0
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Simulation software

* We need to model the phenomenon

= Boundary conditions
= temperature, wind speed/direction, ...

= Geometric description of the context
= terrain, objects, ...

= Mathematical description of the phenomena
= Equations not depending from time - steady state

= We need to pass this data to simulation software
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study 1: Noise Pollution
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Noise pollution: how do we model it?

= Heat Maps = Equations

Chart 2 PREDICTION OF BASIC NOISE LEVEL HOURLY L ,IN TERMS OF TOTAL HOURLY FLOW g
(V=75 km/h,p=0,G=0).
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Source: http://www.umgebungslaerm-kartierung.nrw.de/ Source: Standard UK method for the calculation of road traffic noise (CRTN)

@ AUTODESK UNIVERSITY 2013 A AUTODESK.



Using Heat maps

= |f the Image Is not georeferenced
use Raster Design to make It so

-> “World file” (i.e. .TFW, .JGW, .PGW, ...)

= |f you plan to use the image as a source
for 3D models it has to be In a projected CS
—> coordinates In meters (or what you like)
= Use Raster Design to change CS, crop and resample

UUUUUUUUUUUUUUUUUUUUUU
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Using Heat maps

e & /

= Add “Alpha channel”
- Image opacity

. Use Pixlr Editor
http://pixlr.com/editor/

::ﬁ%
A
A
E
N
0
b
-8
>
o
N
&

P Liw e ¢ L

!}/! AUTODESK UNIVERSITY 2013


http://pixlr.com/editor/

Using Heat Maps

= Configure AIW to use the opacity information

we configured

Name orig_meters_t.png| Source Raster

Description Type

Geo Location Raster

¥ Clip to Model Extent

Classification Undefined
Color Mask
Gamma correction 1
Band Mapping

Type RGB + Alpha =

Red band #1: red
Green band £2: green
Blue band #3: blue

Alpha band #4: alpha

M AUTODESK UNIVERSITY 2013

AIW Model Road Noise - Grid - vO1
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Calculation of Road
Traffic Noise

Using Formulae to design isosurfaces

Figure 1. ILLUSTRATION OF SHORTEST SLANT DISTANCE d°
FOR A RECEPTION POINT R AT A HORIZONTAL DISTANCE

SOURCE PoSTTION & o FROMTHEEFFECTIVE =~ ynstant reference level at 10 meters
. L,, (hourly)=42.2 +10log,,q , dBA Isosurface
Distance correction IS half a cylinder...

A, =-10log,,(d'/13.5), dBA

a 1

Ground cover correction

Age =5:20logy, ===, dBA ...that near the
- J
J+5 ground goes closer
H=05h+1), 075<HC< p to the road

NB: there are a gazillion more parameter to take care for a full model
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Using Formulae to design isosurfaces

m BRE T =a o -:_é}3DMOdeﬁng AutoCAD Civil [ Road_Noise_s04.dwg Tvpe a keyword or phrase ne O stefano.toparini..  » A (7)
Solid  Surface  Mesh  Render Parametric  Insert  Annotate  View Manage  Output  Autodesk 360  Add-ins  Geotechnics  Vault  Featured Apps  Express Tools

j /] | {) Polysold lk [j:; & @ & D extractedges ~ .2 & [~ 95 @« |G 4|~ I_—@ Le- L8 L. 2@ [l 20 wireframe = i B @ & 2 g 8248 %4
— ~ @& @ | X = A@ |~ aleyirn 1. el 1z]1a ) - -
Box Extrude &) Presspul Sma_oth E_... = g Bxtrude Faces (J < = r‘ﬂ_—) @ Q [_'—‘ {—-I Section [_I‘ [__‘ L_‘ l_‘ [_‘ [ Unsaved View Culing| No Fitter ~ Move Gizmo Ur_wsa\.ied L_ayer State
- ot G| @ 0 s - | O @@ ABI L@ | Pore |12 [Buow | @ sngevewpor R [ Tul . = Draw the reference
Modeling + Mesh Soid Editing « Draw Modify « Section » Coordinates N View w Subobject Layers
P curve at 10m

[+]1[Front][ 2D Wireframe 1 [-1ISE Isometric J[Realistic]
P&

oo

= Draw other curves
at -3dB(A)
Half the power

= EXTRUDE

= TICKEN

= Apply materials

.« AutoCAD menu utilities loaded.
] AutoCAD menu utilities loaded. —_—
Command :
Autodesk DWG. This file is a TrustedDWG last saved by an Autodesk .
application or Autodesk licensed application. Road_NOISe_SO4de
Command:

* FBXEXPORT

] A0 | ILLE Layoutl / Layout2

15688.749,3458.998,0,000 ] 2 [ [O] 0] 2 L]+ [+ [T B [ s | MODEL [E D] ° [unrecognized] A 1:1000 ~ [, L & e [w [BEI-[C]
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Heat maps = 3D “Lego” maps

| | | Imaged
] TranSfOrm your |mage |n a text f||e Image Processing and Analysis in Java

= Using ImageJ http://rsb.info.nih.gov/ij/index.html

= Look at the hystogram for color distribution

=  Change the the image depth to 8bit in color

=  OQutput: matrix of pixel values + color table as text file
= Use a Text Editor & Excel to prepare a script

=  WeEeé'll produce a script to instruct AutoCAD to create a 3D
“Lego” model of our noise data
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http://rsb.info.nih.gov/ij/index.html

Heat maps =2 3D “Lego” maps

= Standard Images: “coordinates” in pixels from top left
* Georeferenced images: coordinates from bottom left

= Build a matrix of points
= Better at 0,0,0 using CS units (i.e. meters, feets) ==

= Use color information to differentiate I%

= Build a parallelepipeds: BOX roise mab SEn2Als o e
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Heat maps = 3D “Lego” maps

= SCRIPT
" FBXEXPORT

Road_ Noise Grid_s04.dwg

X AUTODESK UNIVERSITY 2013

m [lal= - e (673D Modeling ] ! 4 Road_Noise 504.dwi Type a keyword or phrase 11 U stefanotoparini.. ) A (7)

Home Solid Surface Mesh  Render Parametric Insert  Annotate [ Manage  Output Autodesk 360  Add-ins  Geotechnics  Vault  Featured Apps  Express Tools
—~ 4w 9~ ; . ? - - s it = % New O\ £ 2 o " =
(O | & Pan (Trop ~ @ Previous View 7~ 18 L. 12 [@ & Conceptual fig Viewport Configurations List = [ New D G ELIRR L) P = Eﬁ'
Ak orbit ~ Bottom | R -0 2L~ &5 - Q- = = i £ @ » tor | £
Steering > Orbt @L & g Named Views [—" L L [— L @-0'9" @ % @ B ce Tool Properties Sheet Set E ¥ Materils Editor |G Switch D[l User _ Toolbars
Wheels * 34 Extents ~ e 4 12~ [@world ~ [ E2 Named [ J0in | Pakettes Manager %2 | (@ visualStyles | {F | Windows [ = Interface
Navigate Views Coordinates u Visual Styles = ¥ Viewports Palettes Windows N
Road_Noise_Grid_s04* = | )
— y
|+][Top][2D Wireframe] /, - /.:. 53
Be -

3 "a >

~

~ SN
P4 e @ Vv

& e %

i - Command: *Cancel*
i:Command: *Cancel*
[ [T Command: _vscurrent

= Enter an option [2dwireframe/Wireframe/Hidden/Realistic/Conceptual/
Shaded/shaded with Edges/shades of Gray/SKetchy/X-ray/Other]
<Realistic>: _c¢

4] A r | M UEEE Layout] e
[ 7088780, 923285, 0.0000. [+ BB L[ [O[ O] 2 [Lof+= [+ [ @ [rcllel

ImopeL [E1/BIN 2 [Axa ] Z e lS [EERETIHC
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study 2: Insolation Analysis
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Solar Analysis: How do we model it?

= 3D Model of Buildings + environment conditions

Solar St » Type a keyword or phrase * stefano.toparini. 2B Elano.toparin...
ode Analyze anage Add odil - Setup  Results Vault  Autodesk 360  Start & Learn  Community  Add-Ins
n . OFE () chio B @ 08 ,4
: — = -2 %
0 Design O C ola Visual Style Window Full Navigation . i A = @
Q ) Wheel j - Ul}
View Settings | Appearance - Navigate | Materials
L |
Design Study Bar g X
s 11:45 A= © 52 A ~| Note MQ.E
"4, Design 1 :
: /_ - 4% Geometry (meter)
3D View v 52 -
P : & el Scenario 1
. e 7\ N
3D View: Vasari 3D v | Ea Edit Type =% Bagaiei 12
Graphics A & - \ N 1 AR
View Scale [1/8"=1-0" | _ // \, N ‘
Scale Value 1: 196 ' 4 . =
Detail Level ‘Medium ; = S
Parts Visibility :Show Original B
Visibility/Graphics O... Edit... |
Graphic Display Opti... Edit... Y r—l
Discipline -Coordination il
Default Analysis Dis... None )
Visible In Option all
Sun Path v
Properties help
Project Bro = 0l3 a O
=-.0, Views (Project) -
- 3D View: 3D Ortho 1
3D View: Masses b
3D View: Straight Glass
3D View: Taper
3D View: Twist
3D View: Vasari 3D ad
3D View: {3D} v|| Perspective BB O W .E £ 3R 6 (8 & 4 B Ll_/l M
Press ESC, F8 or Shift+W to exit, or right-click to display context menu. 1  Main Model + || [/ Exclude Options | Y 0 Volume(s) selected A

!)/'( AUTODESK UNIVERSITY 2013
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Simulating in Autodesk® Vasatri

= Download at http://www.autodeskvasari.com

= Autodesk® Vasari is an easy-to-use
design tool for creating building
concepts

= Integrated analysis for energy S
and carbon emission ‘

"

"

<>

R\

= Same Interface & file format than Revit

UUUUUUUUUUUUUUUUUUUUUU
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Simulating in Autodesk® Vasari

Solar Stu...

= Create building(s)
model

= Select geographic
location

= Launch analysis
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Analyze

Show Ref \iewer

Plane

Work Plane

Properties

Manage

Tyvpe a keyword or phrase

Add-Ins  Modify o -
/Bl b
e . [+

Create Place Aligned Model Level
Mass

Mass Dimension = Line

Conceptual Mass Dimension » Model Datum

3D View: Masses

Graphics

LI Edit Type

24'

View Scale 1/16" = 1'-0"
Scale Value 1: 192

Detail Level Coarse

Parts Visibility Show Original
Visibility/Graphics O... Edit...
Graphic Display Opti... Edit...
Discipline Architectural

Default Analysis Dis...

Solar Radiation Def...

Visible In Option

all

Sun Path

Properties help

Project Browser - Solar

Study vO3.rvt

—

Aaaly

=0, Views (Project)

------- 3D View: Taper
------- 30 View: Twist

....... 3D View: {303

------- 3D View: 3D Ortho 1
------- 3D View: Masses
------- 3D View: Straight

------- 30 View: Vasari 3D

Clanr Dlams M Citkn

116" =1-0" O F % &G @WHE 2 9 2 d 4 [ | _>d

Context Menu

" Main Model

stefano.toparini.. @ ~

L

4 |1

o

\
5
L

Solar Study_v03.rvt _

- | Excude Options 4
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Simulating in Autodesk® Vasari

= Exports images
and tabular data

= We will use tabular
data to create 3D objs

= 3DFACE

!}/Q AUTODESK UNIVERSITY 2013

-LAYER S 8 ©UCS ZA
143.902,357.05,9.043
144.902,357.062,9.043
3DFACE -5,-5,0 @10,0,0
@0,10,0 @-10,0,0 UCS W

Solar_Study v02.xlsx
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Simulating in Autodesk® Vasari

s E . olar_Study_... Tyvpe a keyword or phrase ni °stefano.toparini..  »  J\ (7]
Home Solid Surface Mesh  Render Parametric Insert  Annotate [RUEH Manage COutput » = ~

@ I & L4V~ LB L ealistic ~|||B ~| % W,
@ Y @ JLE/ELIED Mre ll‘l,% B

I o B s BB L EE SO 020 o~
= 3D Faces with color T  Eme g i ] [

Navigate Views Coordinates u Visual Styles « u [ Viewports - =

Solar_Study_v02_3dfaces*

based on the quantity
of solar radiation
received

[=1Custom View][Realistic]
P
]

el

=
w B e
= Data exported as FBX

mnum VLTI | ayoutl f Layout?
DR SR ¥+ = [l | & [ ]« [l o |+ [(1] 8 [ 5753 Command :

Solar_Study v03 3dfaces.dwg
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Simulating in Autodesk® SIM CFD & SIM 360 CFD

0 S d F . I F Direct Import of CAD Neutral File Formats
u p p O rte I e O rI I l atS You can create a new design study by directly opening a geometry or CAD file. This capability supports th
e Autodesk Inventor (.iam and .ipt)
e Autodesk Shape Manager (.smt)
- I n p Ut e Parasolid (.x_t)

e Acis (.sat) (Version 7 and earlier.) *See Note below.

. e Pro/Engineer assembly and part files (.asm and .prt) (The Granite kernel is used to directly open these
= Directly from many Autodesk * SoldWarks (sidasm, sidp)

products (i.e. Revit)  CAD Do (4

= Mostly manifacturing formats

Autodesk® Inventor Fusion as a CAD reader

m AC I S fl IeS . Sat While available for all supported CAD systems, Inventor Fusion is the designated workflow path for the foll

e Pro/Engineer Wildfire 3 and previous versions
o CATIA VS

= Qutput
= ACIS files .sat
= FBX via SImCFD Showcase Exporter in Autodesk Exchange | -
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Simulating in Autodesk®SII\/I CFD & SIM 360 CFD

H k= b |4 Tvpe a keyword or phrase AN e stefano.toparini...

Setup View  Vault  Autodesk 360 Start & Learn  Community  Add-Ins
= Load model TS e
i ] b _
o - ; A edc @
. £ Summary File
= Decision on = Remove (B
Center => Solve
Image | Results Tasks | Compare | Review « | Iteration/Step | Materials
= Create pesign Study r s x
“1 Note .
a bounding box s iE "“
g % Geometry (meter) .
= [e% Scenario 1
=& Material
E} .,f,. Air [FIXE‘d] e+003

- [ 8 CFDCreatedVolu...

= Assign materials # & Coneree [Frec]

. . . = & Glass [Fixed]
[ 1 FamilyInst 500
to building, soll & 3 ramianc

- 3 FamilyInstance

d . - [@ 4 FamilyInstance =
a.n CO n ta.l n e r -5 FamilyInstance
-~ [ 6 FamilyInstance
- 7 FamilyInstance
Environment Volume E- {I BDUHdEIW CDHdItIDﬂS <
-] Initial Conditions 500
A - &> Mesh Size (auto)
-4 Motion A 20
Object 20m - @ Groups E Concrete g+003
&2 Solve Glass
oms 4 - | ouputer |
40m 0 Volume(s) selected A
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Simulating in Autodesk® SIM CFD & SIM 360 CFD

Vault  Autodesk 360 Start & Learn Community  Add-Ins = -
e [E Status Fie - / —
= Define boundary - e
Center 228 Solve
- Image Results Tasks « Compare Review Iteration/Step Boundary Conditions
conditions: S >
) 1 Note

. "4 Design 1
O H

| I @ - 4% Geometry (meter)

SO I 2 O C E--E Scenario 1
i o E- & Material
N i b Adr [Fixed)]

AI r @ 2 5 C &b Concrete [Fixed]
& &% Glass [Fixed]
=-# Boundary Conditions
= % [Temperature(20 Celsi...

- (7 51 Surface
[ 52 Surface
- [T 53 Surface
-7 54 Surface
-4 Initial Conditions
-4 Mesh Size (auto)
- 46 Motion

- & Groups

& =% Solve

.: Temperature

Output Bar |

A
AUTODESK UNIVERSITY 2013 {\ AUTODESK.

0 Surface(s) selected




Simulating in Autodesk® SIM CFD & SIM 360 CFD

T - -

= Run simulation

X
Control | Physics | Adaptation |
-~ Solution Mode Steady State |

®- Save Intervals
- Solver Computer
- Continue From
- Iterations to Run

MyComputer

0 -
100 .

(o

stefano.toparini... )

“

ECdbl Results View  Vault  Autodesk 360 Start & Learn  Community  Add-Ins o -
‘& @ CJ @ @ _’E: '3:" Direct ~ Hy show al / f—
Desi... | Geometry  Materials| Boundary| Initial Mesh Motion e |E@ | @ & Select Previous & ect dit Remove
Tools Conditions| Conditions 5Sizing Solve
- Setup Tasks sim| Specity the physics, analysis parameters, and mesh adaptation Haw Conditions
settings. ]
Design Study Bar g X
~ Note Press F1 for more help ;.;; T’g
. o
@ Design 1 )

4%, Geometry (meter)

El--@ Scenario 1
- ¢t Material

= ) Boundary Conditions

=% [Temperature(20 Celsi...

(7 49 Surface

=4 [Temperature(25 Celsi...
- (7 50 Surface

[ 51 Surface

X|

F
Control  Physics | Adaptation |
- Flow
Compressibility Incompressible =
- Heat Transfer
Soli || - Auto Forced Convecti... [ ——
= Gravity Method Earth n Solar Heating Dialog
@ Gr‘a‘--‘ﬂ:‘--" Direction |7 Enable solar heating
Radiation
— Location: Select a location or enter coordinates
[T manual
Countn |United States j Latitude:

[32 oec [s2 wm v o]

AUTODESK UNIVERSITY 2013

et | e | Solar heatit | City:  [San Diego Calif. ¥ Longitude: E DEG |10 MM |w ]
= GMT: -8
(7] =

—Date and Time

[12/2/2013 11:00:00 AM =

— Orientation

Compass direction: |North =] |clobal Y >l o010

Celestial orientation: |Sky x| |Global z >l o001

© OK | Cancel

lity: Inco...

Turbule...

Adv 1 [ Temperature
On

1

In Output Bar |

1

0 Surface(s) selected

A
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= Visualize results

Export as FBX

ﬂ Data Source Configuration i} &

Name \r_Study_CFG_v01| Source 3D Model

Description Type Buildings

Geo Location Tooltip 3D Model

Render Detail
Simplify Model

100 | % Model Handling Auto-adjust v (Direct Display)

Repair Model

v Invert Orientation Invert Transparency Invert Up Axis v FlipYandZ

Close & Refresh oK Cancel

!}/'( AUTODESK L

Simulating in Autodesk® SIM CFD & SIM 360 CFD

Setup  Resulis Vault

View Settings | Appearance | Window | Navigate Global

Design Study Bar g X
| Note
L:@, Design 1 0
4 Geometry (meter) 26
= [e8) Scenario 1 23
- &, Material 20

= 4 Boundary Conditions
=% [Temperature(20 Celsi...
.~ [7 49 Surface
=4 [Temperature(25 Celsi...
(7 50 Surface
[T 51 Surface
(7 52 Surface
(1 53 Surface
-7 54 Surface

Autodesk 360

Tvoe a keyvword or phrase L

Start & Learn  Community  Add-Ins

{5 Ternperature - Celsius

-+ Initial Conditions Output Bar
& & Mesh Size (auto) /Plot \/ Table \ [Global =]
~ % Motion Tteration #100 - Vi Vel m r
@ Groups — — Vy Vel ——
=% Solve vz vel — | |Avg =
""' Flow: On Pres ——|[ Log scale
#- = Heat Transfer: On Temp ——
i ¢% Results — TKE
— TED —
Scalar
\\_
100 Save...
Start: |1 End: | 100 (7}
Message Window /\ Convergence Plot /\_Critical Values /' Design Review Center /
|
Solar Study_v02_support_support {\ AUTODESK.



study 3: Wind
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Wind: How do we model it?

Drawing1.dwg

{:c}} Maintenance Workspace -

T E’i'
::I Save B
B3 [

Insert & Write

|RoseVWnd
O G S F=
World File
Exports world file(s) for selected image(s)

Jﬁ@

Insert... Match R

- Drawing1* Use this command to export correlation as a world file without

exporting the associated image.

=2 IWORLDOUT

Press F1 for more help

Type a keyword or ph/ase L1

| REM 4 1
| } Q = = A o
Remove  Crop  Process Vectorize... | Snap

b T Image

4] 4[> [MI]}

Layoutl

Layout2

ll_‘zo[gﬂvmcal Exaggeration: |1x | ¥ |Command|

¢ Enter transparency mode [ON/OFF] <OFF>: on

R -\~ Type a command

9.2382, 45.4236, 0.0000
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= 3D Model of Buildings + environment conditions

= § Type a keyword or phrase i by stefano.toparini...
Results View  Vault  Autodesk 360  Start & Learn  Community  Add-Ins o -
08 B0 eDBEgem “ir )=
Desi.. | Geometry  Materials| Boundary| Initial Mesh Motion | Solve [’—_' . % Select Previous & fect Edit Remove
Tools Condtions| Conditions  Sizing 649 By select Al Hip Deselect Al
- ‘ Setup Tasks Simulation « Selection Boundary Conditions
Design Study Bar & X
~| Note
@, Design 1
- 4% Geometry (foot)

= E Scenario 1
= & Material
# & Alr [Fixed]
= &% Glass [Fixed]
= #J Boundary Conditions
=4 [Velocity Normal(10 m/s)]
-~ [ 50 Surface
= % [Pressure(0 psf Gage)]
- (7 52 Surface
-« Initial Conditions
-~ &> Mesh Size
- @& Motion
- @ GQroups
# = Solve

Pressure
welocity Mormal

QOutput Bar |

4, 37e+003

0 Surface(s) selected A
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Simulating in Autodesk® SIM CFD & SIM 360 CFD

Planes Tracks |sosurfaces

M AUTODESK UNIVERSITY 2013 ",\ AUTODESK.




Simulating in Autodesk®SII\/I CFD & SIM 360 CFD

= Create
a bounding box

= Assign boundary
conditions

Views

Image

Vault

Results Tasks -

Start & Learn

Tyvpe a keyword or phrase

Autodesk 360 Community

Decision
Center

Compare

[ Status Fie

Summary File

Review

Add-Ins

L = B

= Solve
Iteration/Step

~ stefano.toparini.. )

= S edt @B

= Remove @

Materials

Design Study Bar

/B X

“! Note
‘@l Design 1
- % Geometry (meter)
: Scenario 1
= & Material
B &% Air [Fixed]

= &% Concrete [Fixed]
[0 49 Surface

= &% Glass [Fixed]

- 1 FamilyInstance
-~ [ 2 FamilyInstance
- 3 FamilyInstance
- [ 4 FamilyInstance
-1 5 FamilvInstance

s

A ce
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1]
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ml

>le— d —>|«

€ 2d 3d >

e w ]

Sw >

!}/! AUTODESK UNIVERSITY 2013

----- [ 8 CFDCreatedVolu...

Alr
Concrete
Glass

Output Bar |

=230

aaa

S00

730

Fal

e+003

g+003

.1"'!'1\13

|b:4|

0 Volume(s) selected 4

{\ AUTODESK.



Simulating in Autodesk® SIM CFD & SIM 360 CFD

Type a keyword or phrase BT stefano.toparini...

View  Vauk  Autodesk 360 Start & Learn Community  Add-Ins

. ;. Ej @ @ = .m (@ &) piect ~ [y showa / —

& Select Previous & Deselect

B Desi... | Geometry  Materials| Boundary| Initial Mesh Mohon Solve ﬁ Edit Remove
Tools Conditions| Conditions  Sizing 64 & Select Al & Deselect Al

- Setup Tasks Simulation Selection Boundary Conditions
Design Study Bar 3 X
X = Note -
Control ~ Physics | Adaptation | @ Design 1 B
~ Flow - 4%, Geometry (foot)
- Compressibility Incompressible d é--@ Scenario 1
- Heat Transfer 0 5 & Material
B & Air [Fixed]

[ 8 CFDCreatedVolume
= & Glass [Fixed]

~ [ 1 FamilyInstance

-~ [ 2 FamilyInstance
~[@ 3 FamilyInstance

rutslnce | dvanced | <o esing | reesutac | 8 3 Fomiietonee

) Solve -~ 6 FamilyInstance

~ [ 7 FamilyInstance

=+ #J Boundary Conditions
! . [Velocity Normal(10 m/s)]
& % [Pressure(0 psf Gage)]

-+ Initial Conditions

- > Mesh Size (auto)

|_|

-4 Motion
@ Groups Pressure
== Solve o velocity Mormal

E} - Flow: On
' _.. Compressbility: Incompr...

- % Turbulence: Turbulence ~| | outputBar |
1 Surface(s) selected
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study 4: Stack Smoke Plume
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Stack Smoke Plume: how do we model 1t?

= Equations

z) Plume
centerline
Pollutant |
concentration ——| &
profiles '
/f’.
Wind s "
: He at x
\}I- e 3
/-.”P
/ He dt 2
.y Hs| i He 2%, He = Actual stack height
: He = Effective stack height
| J = pollutant release height
= H: + Ah
-y Ah = plume rise

Vigualization of a buoyant Gaussian air poliutant dispersion

plume

!}/'( AUTODESK UNIVERSITY 2013

= 3D model + conditions
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Simulating the plume

Cx,y,2) = —2
21U G,

C = Concentration of the che
Q = Rate of chemical emissic
u = Wind speed in x directior
o, = Standard deviation in y «
o, = Standard deviation in z
vy = Distance along a horizont
z = Distance along a vertical :
H = Effective stack height. [I

!Q/k AUTODESK UNIVERSITY 2013

2 2 2
~(z- H) ~(z+H)
oo i) [ 5

Plume

Z .
/' centerline

Pollutant |
concentration ——| -

. >
profiles 7 Eoy
/f'
Wind E o

& at x4

P )/ He

X

H: = Actual stack height
He = Effective stack height
= pollutant release height

= H: + Ah
-y Ah = plume rise
Vizualization of a buoyant Gaussian air poliutant dispersien

plume

Plume shape depends
on stack height and distance
from stack

Smoke diffuses either
horizontally or vertically
according to Gaussian
distributions

NB: there are a gazillion more
parameter to take care for a full model
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Simulating to simulate the plume

= Use Excel to generate
a series of 3D points according
to the Gaussian distributions

Plume Normal Distribution.xIsx

Plume_v02.dwg

= Create the plume

= EXxportto FBX

Regenerating model.

L . - A egenerating model.
!?/IK AUTODESK UNIVERSITY 2013 - 2 Regenerating model

eeeeeeeeeeeeeeeeee
Command:



Simulating to simulate the plume

9 X D 201 | )93 Tivpe a keyword or phrase
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Data « ¥ Draw « Modify « AutoCAD Layers Properties § Clipboard
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| +]1[Topll2D Wireframe] [+]ICustom View][X-Ray]
58 i

e

by extrusion

" Export
the model as

ACIS file (.sat) _
for SIM CFD N - a—

a AutoCAD menu utilities loaded.
Command :

Autodesk DWG. This file is a TrustedDW

application or Autodesk licensed applic

Command:

BRI, Mode!
a2 [l e (DI £ [+ Do [l morllll *- = Tvped

Plant_09 3D_Solids.dwg
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Simulating in Autodesk® SIM CFD & SIM 360 CFD

= Create a bounding box

= Assign boundary
conditions

= Run the Simulation

b

Control Physics | Adaptation |

- Flow

- Compressibility Incompressible =l
- Heat Transfer

- Auto Forced Convecti...

- Gravity Method Earth =l
- Gravity Direction 0,0,-1

- Radiation ]

Turbulence | Advanced | Solar heatingl Freesurfacel
@ Solve

P m="="3

r N

Setup  Results [ERUSUE  Vault

o |k

Tyvpe a keyword or phrase

Autodesk 360 Start & Learn

[ - . T = i

Visual Style ER @ Window Full Navigation _ Q e Edit Remove
’ ® O Wheel @ - @)

View Settings Appearance - ‘ - ‘ MNavigate ‘ Boundary Conditions

Community

S| 6 - 2:|=5' O

111 [ G *

Add-Ins

08 J -

stefano.toparini... (7)

Design Study Bar

B X

~| Note

@, Plant

- 4% Geometry (meter)

- E Scenario f70 s100

- {8} Scenario f140 s100

E Scenario f70 s100 t21 T450
E Scenario v2 s60

& E Scenario vl s80
& ¢ Material
= 4 Boundary Conditions
=% [Velocity Normal(80 m/s), Temperature(450 Celsius), Scalar(1)]
. [T 7 Surface
=% [Velocity Normal(1 m/s), Temperature(21 Celsius), Scalar(0)]
. [T 255 Surface
=-# [Pressure(0 Pa Gage)]
- [ 260 Surface
-] Initial Conditions
# &> Mesh Size (auto)
- @ Motion
- @ Groups
== Solve
# % Flow: On
#- % Heat Transfer: On
= €% Results
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& & Materials

e T A NP o,

F s

Scalar
Temperature
Fressure

Yelocity Mormal

Qutput Bar

0 Surface(s) selected




Questions?

THANK YOUI!!!!
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