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For high performance HVAC systems such as radiant heating and cooling, UFAD, natural
ventilation and hybrid systems utilizing both natural and mechanical conditioning of a building, it
is critical to understand how the air flows and the surrounding environment impacts the
occupants comfort while still being able to balance energy savings. Computational Fluid
Dynamics (CFD) models are key to understanding this balance. This class will teach you how
to prepare an Autodesk Revit 2013 model and import into Autodesk Simulation CFD to quickly
create wind driven models of the airflow around the exterior of a building as well as buoyancy
driven transient models to understand the impacts of the building thermal mass and
temperature. You will leave the presentation with skills to use your CFD model to optimize your
building and achieve energy savings for your high performance HVAC system.

Learning Objectives

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

e Create the correct BIM geometry and properly import BIM to CFD Simulation CFD 360.
e  Quickly perform wind driven analysis.
e Create buoyancy driven models to understand thermal mass and temperature.

e Understand CFD model results to optimize your building and energy savings.
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About the Speakers

Aryn graduated from North Carolina State University with a B.S. in Mechanical Engineering and
spent the first 5 years of his career in the building industry as an Energy Analyst and an HVAC
Design Engineer at the San Francisco office of Glumac, an MEP engineering consulting firm.
He then spent the past 3 years as a Subject Matter Expert at Autodesk focusing on Green
Building Studio and Revit MEP but he also works with Ecotect 2011 and Autodesk Simulation
CFD. Now he is an independent energy analyst and HVAC design engineer through TL Circle.
He provides energy audits and retro-commissioning services along with BIM models for HVAC
design.

He has recently joined Facebook as a BIM Manager to help with their transition over to using
Revit for their datacenter designs.

While not working, Aryn likes to volunteer in rebuilding efforts in developing areas like Haiti and
South Sudan. He’s big into mountain biking, snowboarding, and Krav Maga.

ArynBergman@tlcircle.com ; aryn@fb.com

Jun Ortega has been a Technical Specialist with the Simulation Team at Autodesk since 2011.
Jun joined Autodesk with the acquisition of Blue Ridge Numerics (CFdesign). Jun was in a
similar role with Blue Ridge Numerics for 8 years. As a Technical Specialist, Jun supports
technical sales through customer-facing engagements, works with the Autodesk partner
network, and provides development feedback and guidance for Autodesk’s Suite of Simulation
tools. Jun has 19 years of experience across multiple segments of multiple industries.

Jun.ortega@autodesk.com




Creating BIM Models for Energy Analysis

A special thanks to

e Adam Kenvarg— Sustainability Education Fellow — Autodesk (Co-author)

e Brian Skripac, Assoc. AIA, LEED AP BD+C — Director of Digital Practice at Astorino -
bskripac@astorino.com

e Jessica Miller — HVAC Designer - TRO Jung|Brannen - jmiller@trojb.com (Co-author)

e Jon den Hartog, PE. - SIM CFD 360 Product Manager — Autodesk

e Lauren Kuntz, PE - Engineer — reBuild Consulting - lauren@rebuildconsult.com

For their support and contributions to this AU class. Couldn’t have done it without you guys!



Creating BIM Models for Energy Analysis

Contents

1 (oo 15 ox 1 o] o TR 5
What iS CFD MOGEINGT ...t e e e e e 5
WhY CFD MOEI? ...ttt e e e e et e e e e e e e e e s b eaeeeeeeeannne 5
Workflow 5

Creating a Model IN REVIL...........cooviiiiiiiii ettt 6
TEMPIALTE FlE. .o e et e e e 6
Creating the ReVit GEOMELIY .......ccii i e e e e e e e e e eeaeees 8
ReVit t0 SIMUIALION CFD ......oviiiiiiiiii e 11

APPIY MAEETIAIS ...t e e e e e e e e e e e e e 13
Wind Driven Models with N0 TemMpPeratures ..., 13
Wind Driven with Temperatures or Buoyancy Driven Models ..........ccccoooeeeevvieiiinnnnnn. 13

[ T0T0 g =T YA @] o To 1110 1 15
Wind Driven MOEIS ... 15
Buoyancy Driven MOGEIS.........cooiiuiiii i e e 15

APPIY The IMESH . ——— 16

SOIVING et e e e e e e e 18
Wind Driven Models with N0 Temperature ... 18
Buoyancy Driven Models or Wind Driven Models with Temperatures ...................... 19

VIEWING the RESUITS.....ceiiiiiiiiiiiie et e e e e 21
VelOCIY MagnitUE .. .. 21
Yo o [T aTo IVZ=] (oTod 1 VAT =T o1 (o] = 22
Adding I1SO-SUIMACES........cce e 24
Animating FIOW Paths...........ooo 26

USETUI RESOUICES ... 29



Creating BIM Models for Energy Analysis

Introduction

What is CFD Modeling?

Computational Fluid Dynamics (CFD) is the industry standard method for simulating the flow of
gasses and liquids both through and around solid bodies. It can be utilized to accurately model
the flow of wind around a building, as well as to model both natural and forced ventilation within
the interior.

Why CFD Model?
1. Understand locations of air intakes and exhaust
2. How much air can you utilize for space conditioning
3. Maximize/minimize airflow with the shape of the building and its orientation
4. Understand occupant comfort

Workflow
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Creating a Model in Revit

Template File

To expedite the process of creating BIM geometry for energy analysis it helps to create a
template file with the appropriate families and views. Generally it is good to create a template
Revit file that encompasses the families and views needed for energy, daylighting, and CFD
analysis, but we'll cover briefly what is important specific to CFD models.

Create families of walls, roofs, and floors with unique names as the names will pass through to
Sim CFD 360 making it easier to identify the surfaces and apply the appropriate materials and
boundary conditions.

If your design has a metal roof and you need to perform CFD analysis, you will have to get
creative in how you build your family. The problem is that the thickness of metal roofs create
edges in the CFD model that will give cause errors in your mesh. The work around is to start
with a generic basic ceiling with no thickness. Create a “Metal Roof” ceiling family and be sure
to add the “Metal Roof” description in the Types Comment for creating view filters. It is
recommended that create geometry of using an actual roof (for energy modeling), trace on top
of roof geometry with the “Metal Roof” ceiling family, and utilize view filters to export the
appropriate geometry.

Ceiling with no
thickness to represent

a metal roof ~
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For windows and skylights create families
that are only openings with an extrusion
representing the glazing area. Curtain walls
windows with sills and other detailed
geometry may cause errors in the energy
model and will slow down CFD model run
times. It is recommended to use reference
planes to control the dimensions of the
opening.

If doors are needed, then follow the same
guidelines for creating windows and
skylights. Use simple geometry and a

different material surface for identification purposes.

Views

It is useful to create floor plans and 3D views with
the Discipline set to “Architectural” so that the
architectural elements are more visible and easier
to select. Create a sub-Discipline “Energy
Modeling” for larger projects where you'd like to
group views with the energy analysis geometry
together in the project tree.

Create a view on the ground floor with the
Orientation set to “True North.” This will allow you
to create the geometry in plan view, but be able to
rotate the project True North anytime without
affecting the orientation of other views.

Properties

Floor Plan: 1 - Arch ~| £3 Edit Type
Graphics A -
View Scale [178"=1"0" |

Scale Value 1: 96

Display Model Normal

Detail Level Medium

Parts Visibility Show Original
Visibility/Graphics Overrides [ Edit... )]
Graphic Display Options ( Edit... }

Underlay
Underlay Orientation
Orientation

Wall Join Display

Discipline

Color Scheme Location

Color Scheme [ <none> ]

System Color Schemes [ Edit... I

Default Analysis Display Style gne

Sub-Discipline

Sun Path i =
Identity Data A

View Temnlate il <Nnane> I
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Creating the Revit Geometry

General

Anything hidden in active 3D view will not be included in Simulation CFD. Use visibility graphics
to hide categories of elements or the hide tool. You can also use section boxes to exclude
unnecessary geometry.

Avoid small offsets between geometry. Use the join and align commands to eliminate small
gaps. Use thin lines to see details more closely.

Columns and beams are generally not needed.

Fine features on furniture should be removed (small diameter tubing, railings, rounds, fillets,
holes, etc. can be excluded or simplified)

All models will need a surrounding mass volume to represent the air surrounding a building.

Be sure to use the “Metal Roof” ceiling family to represent the geometry of metal roofs and
apply the shell thickness in Sim CFD 360.

Orientation
In the floor plan oriented to true North, click on Project Location under the Manage tab and
either rotate True North or Project North to the correct orientation.

Architecture  Structure

b (&
Select Settings |Project L...
= = B €5 Location
L_“ Coordinates ~

roperties ’W
X 2 bn
| :--"? Relocate Project

| © Rotate True North

V1 : , Nort
P Mirror Project —

1/t
Rotate Project North )7

[ S il
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Wind Driven Models

If you are performing a wind driven model without any heat transfer, then you can generally use
the energy analysis geometry and add masses to represent any surrounding bodies. Just set all
of the volumes within the building to be a solid material such as wood. Alternatively you can
replace the energy analysis geometry with a similarly shaped mass.

Draw a rectangle In-place mass around the building following AEC best practices on wind
loading.

EHG3-KR-7-2-HOA &

~ Home Insert Analyze | Architect |

[GA %ﬁl f_ﬁi‘ = 4 @ @

Modify ShowMass _JIn-Place Place | Curtain Roof
Form and Floors Mass [Mass | System

Select Conceptual Mass Model by

Here, the left picture has the wind coming from the left, while the right picture shows a front
view.

le— 2d —>}e— d —>|e—— 3d ———] le w 3

Sw

v

N

Rotate the mass so that one of the vertical surfaces is perpendicular to the direction of the wind
that is under investigation.

If you are investigating heat transfer and surface temperatures, then you will need to use the
BIM geometry for energy models, but you will want to simplify the model as much as possible as
the more complicated the model, the longer the run times. Select specific areas of interest and
remove any geometry from the rest of the model that would not impact heat or air flow to that
area. Use simple geometry to represent groups of people or other heat sources within the
space.
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Buoyancy Driven Models

Similar to a wind driven model with heat transfer, you will want to identify specific areas of
interest and remove/simplify any geometry that will not influence heat or air flow. Below is an
image of the a couple of classrooms where simple masses are used to represent the student
bodies, trees, and bushes. Openings and interior walls have been removed from the rest of the
model to reduce complexity. The roof and an exterior wall have been hidden for visual

purposes only.

Trees

Bushes =gy
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The air volume should be a hemisphere that is 6 to 10 times larger than the biggest geometric
dimension of the building to avoid any convection heat transfer to the dome representing the
sky. You will also need to add a mass that is 6 to 10 feet thick to represent the ground. The

following image is the air and ground masses.

Revit to Simulation CFD
Go to the 3D view in which you would like to use as the basis for the CFD model and then go to

the Add-ins tab and go to Launch Active Model. Alternatively you can export the view's
geometry as the .sat type of CAD file and import it into Simulation CFD or Simulation CFD 360.

@Elﬁ R~= -~

Modify| External Import VE- Ware <VE> Settings Help Guidance IES
Tools Model Toolkit & Info Website

Select | External Integrated Environmental Solutions Autfdesk Simulation CFD 2013

'H@A@ }-E @tklﬂ'_

Launch
Active Model
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When you first bring the geometry into Sim CFD 360 you should check the Geometry too and in

the Edge Merge tab, the "Edges to be

Merged" should be equal to "0".

EE Geometry Tools

)

Edge merging
Merge edges whose induded angle is
less than (degrees): 5

-

Edges to be merged: 0

Dieplav edae bhe meraed
LDispiay eages to be merged

In the Small Objects tab, the "Object
Smaller than Minimum" should have
both "Surfaces" and "Edges" equal to
"0" as well

Once these settings are confirmed,
close the Geometry Tools dialog.

Next verify that the correct units were
applied to the geometry by inspecting
the height or length of a known
dimension. If the units are not
correct, right click on the geometry in
the project tree and select

’lb Geom y (metend ;
4 [y Scenarig 1 Edit..

4 3 Material

o usisRight Clic
@ 1CAD Volgne_U_CA...

@ 2 CAD Volume
@ 3 CAD Volume_U _CA...
@ 4 CAD Volume

[ Edge Merge \/” Small Object \/ Void Fill \/” Ext. Volume \

Length units *

Merge

r
EE Geometry Tools

[ Edge Merge \/ Small Object \/ Void Fill_\/” Ext. Volume \

Small object removal
Highlighted entities

D (7)) Surface ® / Edge

Tolerance:
Drag the slider to identify entities to remove.

0.0125

0

Remove

0

Edges:

© meter

k

‘ mm

cm

foot
inch-BTU/s
inch-Watt
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Depending on what units were used in your Revit model, you will have to play with different
combinations of switching units with and without checking the Change units box seen below.

Change Units =]

'¥| Change units ( Example: 1 m -> 1000 mm )

Uncheck to resize geometry ( Example: 1 m -> 1 mm )

(7) OK Cancel
- J 1242 Walls:Ba...
Apply Materlals ) 1246 Floor_U._...
. . . 1247 Floor_U_...
Wind Driven Models with no Temperatures ) 1248 Walls:Ba... ﬂ o

Simple wind driven models where surface or air temperatures
are not being investigated only need for the air material applied
to the volumes where airflow occurs and a single solid
materials such as hardwood applied to the solid geometry of a
building.

} 1250 Floor_U, Edit...

} 1253 Walls:B& Remove

) 1254 Floor_U,
1255 Floor_U,

) 1262 Walls:Bz 3 Shaded

) 1263 FIoor_U_. Transparent

) 1264 Floor_U, @ Outline

Suppress

W S (.

Additionally you can suppress all components other than the 1265 Floor U, create new group..

outside air box speed up runtimes. MECHINEIRY | | axdho et g rove:
J 1294 Floor_U| Create rules

L3

al 1

SWI

1295 Floor_U._...{ Diagnostic s:meep complete.

v~ o " Earfarmina full diananactic aunnn

Wind Driven with Temperatures or Buoyancy Driven Models

For wind or buoyancy driven models where the effects of solar radiation or other sources of
thermal energy will have an impact on the air flow it is important to apply the appropriate or the
most similar materials from the library. If a material that you need isn't listed you can create a
new one or copy and modify existing ones. For solids, you should pay particularly close
attention to the emissivity as it will have a significant impact on the surface temperatures.

The sky emissivity will be based upon the emissivity applied to the air and can vary for 0.3 to 1
depending on location, season, time of day, cloudiness, and air moisture. Typical values range
between 0.65 and 0.75. Be sure to research and apply an air emissivity as accurately as
possible for your given scenario.

It is also important to set the air Environment setting to variable otherwise the density of the air
will not change and there will be little to no air movement in your model.

13
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4 & Material =
4 & Air [Variable]
3 1 Generic Models:Air ...
@ 3 Generic Models:Air ... |
3 40 Generic Models:Air...

@ 56 Generic Mod Materials 5| | I® Material Environment |
7 61 Generic Moq  Property settings © Fixed © Variable
@ 62 Generic Mod Material Edit... [/] Use scenario environment e
& ; Material DB Name  Local Properties for Air (variable)
, 64 Genen-c Mog Type Fluid Environment: 2114.32 psf, 67.73 Fahrenheit (from scenario)
4 & Concrete [Fixed] Name Air Property | Value Units | Underlying
3 2 Walls:Basic:Ge . variation
® s WallsBasicc ] o L | | [Density 0.00233548 slug/3 _|Equation of State
s o Viscosity 3.79148e-07Ibf-s/ft2  [Constant
¥ 5 Walls:BasicGe Conductivity 4.11001e-06 BTU/ft-s-R |Constant
@ 6 Walls:BasicGe — Specificheat 7.71567  |BTU/slug-R [Constant
@ 7 WallsBasic:Ge ¢ Apply I [ Bamoe ‘ [ Cancel ] Cp/Cyv 14 none |Constant
7 8 Walls:Basic:Generic ... | Emissivity 1 one Constant
(7 9 Walls:Basic:Generic ... rougnn THoot (Constant
_ . . Phase [o { |Vapor Pressure
@ 10 Generic Models:Air... : I - ” = ]
. . @ ncel
7 12 Generic Models:Air... !

For geometry that are surfaces only (i.e. ceilings or - :

metal roofs) you can select them by changing the 0e EI Solve M m
. . :} oiver vianage

selection mode. Be sure to set the appropriate shell 9

Surface

thickness in the materials dialog box. Solve B4 Notifications ‘=

For volumes representing fans you will want to create
a “fan” material and apply the appropriate airflow

and direction. O

[ 54 Walls:Basic:Generic Exterior ™" Edn't- T
It may be useful to group geometry made of the 55 WallsBasicGeneric Exterior, "

. . @ 57 Walls:Basic:Generic Interior +
same material together. This can be done by T ——— N

selecting the geometries, right clicking, and select 4 59 walls:BasicGeneric Exterior

{@ Shaded
Create new group or Add to existing group. @ 60 Walls:Basic:Generic Exterior | @ Transparent

@ 63 Walls:Basic:Generic Exterior | @ Outline
b So ;

Soil (dry petat) [Fixed] Create new group...

@ 11 Generic Models:Generic Mof L

e | Add to existing group...

Boundary Conditions TR T -

Tnitial Canditiane
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Boundary Conditions

Wind Driven Models
For the vertical surface of the air volume apply a velocity boundary condition at the wind speed
of interest.

Boundary Conditions 2]
Property settings
Type Velocity
Unit mph
Time Steady State
Method Normal
Velocity Magnitu... 10
Direction Reverse Normal
Fully Developed ]
) [ Apply ! Remove Cancel

For the right, top, and left faces of the air volume apply a Slip/Symmetry boundary condition.

For the back of the air volume apply a zero atmospheric gauge pressure.

soundoryCondrions S &8
Property settings

Type Pressure
o -
Time Steady State
Pressure 0
Gage / Absolute Gage
Static / Total Static

Buoyancy Driven Models

If the study is being done during the day apply the ambient temperature to the surface of the
dome of the air volume. If it is being done at night, the surface can be up to 15 deg C cooler
than the ambient temperature depending on location and climate.

If your building is surrounded by vegetation, it is recommended to apply temperature boundary
conditions to the surfaces of their representative volumes. Grassy fields can be 2 to 5 deg C
cooler than the ambient air. Trees and bushes can be 5 to 10 deg C cooler.

15
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Property settings
Type Temperature
Unit Celsius
Time Steady State

Temperature By

Static / Total Static

@ | Apply || Remove | Cancel

If your building is surrounded by dirt or concrete then you will need to apply temperature
boundary condition to the bottom of the represented volume approximately equal to the average
ground temperature which is typically equal to the average of the seasonal diurnal extremes.

For volumes representing human bodies or other sources of thermal energy apply a Total heat
generation boundary condition.

m

Property settings

Type Total Heat Generation
Unit W
Time Steady State

Temperature Depe... Disabled
Total Heat Gener... 400d

o [romy ][ nenove ][ cone

Apply the Mesh

Meshing the model well is essential to getting accurate results. You must ensure that the mesh
is small enough to accurately model the fluid flow, while also making sure that it is not too small,
so as to limit computational impact.

Have the computer automatically generate a mesh by clicking edit next to the autosize button,
and then clicking automatic size. This is a good starting point for further mesh refinement.

16
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Mesh Sizes

Prgasy singe

[ Type Automatic ‘

Size adjustment

Fine Coarse
Use uniform Cancel
Anolv chanoes | (Soread chances

Automatic sizing refinement

| Surface refinement Gap refinement

Refine
| Suppress ” Resume. || Resume all I
Extruslon: | Edrude mesh Remove
Approximate element count: 0

If the overall mesh is too coarse, you can use the advanced meshing options to change the
meshing parameters, or select the air box and move the size adjustment slider to the left to
reduce the mesh size.

To more accurately model fluid flow in complex areas and downstream of obstructions you can
add a mesh refinement region. After defining the region use the slider to reduce the local mesh
size, and use spread changes to more smoothly transition the mesh size.

- Ll . i "
BE Mesh Refinement Regions ﬁ' le = | Surt 5: g M s
Step 1: Add region : i A ] Al | *
_ 1| [Region 1 (8ox) [ Add Simulation « Selection | Type Automatic Sizing ~

 Remoreal |

[¥ pisplay distributions
Step 2: Define region

Region Type Box Region -
X Offset 100.7533 ‘

Y Offset 1504258

Z Offset 49.7285

X Length 451.3067

¥ Length 669.1851

Z Length 102,012

Pitch Angle 0 ¥
Step 3: Assign mesh size

[ uniform

Get local mesh size
- - =105
Spread changes

- =
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Solving

Wind Driven Models with no Temperature
For wind driven models set the iterations between 750 to 1000 to ensure the model converges.

Control { Physics ] Adaptation |

Solution Mode Steady State
> Save Intervals
Solver Computer ~ MyComputer

W Coninue From IS -

Iterations to Run 1000

“»

Solution control ] [ Result quantities l

| “ Solve

Under the Physics tab make sure Flow is checked and Heat Transfer is unchecked. Quick
Convection can also be selected although the results will be less accurate.

. Control = Physics | Adaptation

Flow v

Compressibili Incompressible
Heat Transfer all
4 Quick Convection

Forced L '
Natural/Free L]

Turbulence H Advanced l Solar heating l

° Solve

18
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For a wind driven model of the external airflow around Autodesk’s HQ in San Rafael at 111
Mclinnis the following analysis took approximately 1 hour to solve.

(1) Velocity Magnitude - mph
5277
31818
204545
17.72713
15
122727

54545
6.61818
409091

Fiot \/ Table Global. -
B 2 v | —
vy vel — | =
—_— vevel — [
Pres —— Log scale
Temp ——
TXE
T —
Scalar
402 | Save..
Stan: 1 End: 402 @

Window /\_Co Fiot f\_Critical Velues /' Design Review Center

Buoyancy Driven Models or Wind Driven Models with Temperatures

For wind driven models set the iterations between 750 M
to 1000 to ensure the model converges. Under the ‘

Physics tab, make sure Flow, Heat Transfer, and | Control | Physics ffﬂtﬂﬁon |
Radiation are checked. Be sure the direction of Gravity Flow &

is in the correct direction. Compressibili Incompressible
Heat Transfer

Auto Forced Con... | |

. . . . Gravity Method  Earth
Click the Solar heating tab and set the location, time Gravity Direction 0,0,-1

zone, time and date. Make sure the Celestial Radiation v
orientation is pointing in the correct direction. 4 Quick Convection

ng Dialog Forced %i
- Natural/Free
|¥| Enable solar heating
Location: Select a location or enter coordinates
— Turbulence H Advanced H Solar heating l
/| Manual |
Count | Kenya - Latitude: 6 DEG 13 MIN @ @
Gity: [Nairobi - | Longitude: 31 DEG 33 MIN [E =)
GMT: 3
Date and Time
4/18/2012 1:00:00PM %
Orientation
Compass direction: |East ~ | Global X ~11,0,0
Celestial orientation: Sky ~||Global Z ~10,0,1
o Lok || e |

19
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Natural Convection models usually take a minimum of 600 iterations & upwards of 5hrs of
runtime (note: run below should be run about 100 more iterations to “flatten” the pressure curve)

*

(B) Temperature - Fahrenheit
171611
165

Flat \/ Table [Global -

Start: 1 End: 600

Forced Convection models or “mixed” convection (buoyancy + a prevailing wind) autostopped at
389 iterations as well as much less runtime

&) Temperature - Fahrenher:
12

swa: 1 End: 389
Message Window ]\_Comvergence Plot f\_Critical Velues ]| Des

20
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Viewing the Results
The results are now available for viewing in the Design Study Bar. There are many ways you
can view the results.

Velocity Magnitude
Go to the "Results" tab and select "Planes" and Then select "Add"

SR RN Bilitsdesk Simulation CFD 2013 TROJE SIMPLIFIED=Design T5¢en

Get Started

[&g byna e tat 50 (Last)

g Static Image | =

Summary : 9 Global}Planes|lso Surfaces; Wall  Parts Points | Decision DA W ” |
Image (% Animation Calculator Center | = Solve I
Image | Results Tasks + | Compare Review v | Iteration/Step ;

A 2D slice has been created through the air box so you can see the velocity results.

(1) Velocity Magnitude - mph
25.277

231813
204545
12.72713
15

1z.z727
954545
6.818138
409091

L]

You can right click anywhere in the window and choose "Add Plane" if you would like to add
another plane.

If you would like to move the planes, you can select the arrows and drag them through the
model. The blue arrows can be dragged to move the plane

21
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Adding Velocity Vectors

Once you create a cut plane, you can add velocity vectors, which help in understanding how the

air flow acts by showing the velocity direction and magnitude of the air.

Right click on the cut plane >> Select Vector>> Select Velocity Vector

Type a keyword or phrase = I | -
A2 Traces

&) Bulk Zﬁ

- Make
{‘_‘l XY Plot = Summary

le hd

i
@00
gevons | L1 M QD

Result » L
Vector » [[7] None
Shaded Velocity Vector
Qutline XY Proj. Velocity Vector
Wireframe XZ Proj. Velocity Vector
Shaded mesh YZ Proj. Velocity Vector
Shaded grid Shear Stress (Tau)
Outline grid Wall Heat Flux
Clip Settings...
Reverse clip

A Summary

OR

Go to the Results tab and on the Planes panel select (1) Velocity Vector from the Vector

dropdown

Type a keyword or phrc

= / Edit - ~2 Traces
Result: Velocity Magnitude - B
= Remove - (&) Bulk
Add Vector: (1) Velocity Vector e
| =, Remove All N A XY Plot
one

| I (1) Velocity Vector |

S

r
(2) XY Proj. Velocity Vector /
N Y7 Drai \alarihe \artar - |
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If you would like to adjust the vector settings go to the Edit button and select "Vector Settings".

ector: (1) Velocity Vector -
= Remove All _

\ = e : ) ..Planes =

You can adjust the Grid Spacing and Length as desired.

Plane Control 3 | Plane Control 3
Controls | Vector settings [ Controls | Vectorsetings |
Color by resuit | Velocity Magnitude -
Position
Point on plane | 60.9, -37, 134 Results  [(1) Velocity Vector ~ |
Move
{3 0.508
Snap 0.00 = Length
1,0,0 @ Same length ©) Length range
Rotate —{ 0.0982457
v (7]
Snap 1 |+
0,1,0
@ Appearance; @Shaded = @ Appearance:
Grid spacing Grid spacing
Fine {1} Coarse |||l Fine - [} Coarse
2 51,1 100 2 511 100

Here are the results with vectors added. The different lengths and colors show velocity
magnitude

(1) Veloaty Magnitude - mph
52717
231818
20,4345
17.7273
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Adding Iso-surfaces

Iso-surfaces are three dimensional surfaces of a constant value of a quantity. These help
visualize the velocity distributions of complex flows and can be used to find the maximum and
minimum values in a model.

Go to the Results tab>> Select Iso Surfaces

©F 8 & B

View Get Started

E, [6g Dynamic Image

Static Image
Summary E S
Image Q‘Q‘Animation ‘

A/
Wall Parts Points

Calculator
Results Tasks = ]

Image

Select Add from the Iso Surfaces panel.

Right click the iso surface and select Edit. You can adjust the slider bar to adjust the value of
the iso quantity.
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Adding Trace Particles

Particles help you understand the flow path, circulation and regions of swirl.

Select a plane and orient the view so that the view is aligned to the y-axis so that the analysis

plane is perpendicular to the flow of air.

'

Right click on the plane and select Traces or left click and select the "View and Animate flow

paths" icon.

Result »
Vector »

Shaded
Qutline
Wireframe
Shaded mesh
Shaded grid
Qutline grid

BE8800

Clip
Reverse clip

Summary
Edit...

Traces...
Bulk...

| ®(=%|

Manually adding Trace points
Select "Add Points" if you would like to manually place points. Once
you add points, select "Add Trace Set".

Traces
Seeding method
Pick on plane v
Addpoints | |Add trace set |
(7) Trace list...
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Creating a grid of trace points

If you do not want to manually, you can change the seeding method |5,z =]
from "Pick on Plane" to "Rectangular grid" >> Check "Use grid Seeding method

spacing" >> Select "Add trace set"

You may also select to manually place the points (one by one, in a || ¥ Usewdseang e
rectangular pattern, or in a circular pattern). This can be useful if you Rows( |[s Cokimre, 4

only wish to analyze one part of the flow. Note that point placement
may be made easier by dragging the plane on which you are making ) e
them to a specific area (e.g. moving the plane to just before the air

meets the building).

Traces E —
Seeding method - -

Rectangular grid ~

Use grid spacing

Rows 10 5 Columns 6

o

Animating Flow Paths

Right click on the plane and select Traces or left click and
select the "View and Animate flow paths" icon. Select the
trace list you wish to animate. Check the "Incremental” box.
Select "Start" to begin the animation.

o “

Add trace set

(rrace st...]
[Delete al |||

-~

Res. Time (sec) i
15et L
Trace 413 6.8692e+05
Trace 412 6.8950e+05
Trace 411 6.9104e+05
Trace 410 6.9406e+05
Trace 409 6.9572e+05
Trace 408 6.9555e+05
Trace 407 6.9435e+05
Trace 406 6.9393e+05
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To delete traces, left click the plane and Select the "View and Animate Flow Paths" icon.

@00
([t @

rVir:w and animate flow paths

i

Select the desired Trace set >> Select "Delete" >> Save the View Settings

If you have views you had created that you may want to revisit, you can save the view by right
clicking in the model area and select "Save View.

An .XVS file is created so that you can open the model right to the saved view. You can also
save a dynamic image if you would like animated models to be viewed outside of the model.

Result mode 4
<+ Add plane
Global result 3

Global vector 3

Show all

Capture summary image

| Save dynamic image...

>ave Image...

Save view settings...

Open view settings...

1 Animation...
Filter control...

=  Solve...

Solver manager...
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End Goal is the ability to compare design iterations digitally rather than relying on mock ups &
testing. Ultimately, you will not “eliminate” mock ups & real world testing, but cut down on the
number of mock ups & testing through Digital Simulation
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Useful Resources

e CFDesign Advanced Training. http://www.cfdesign.com/Support/CustomerPortal/CFED-
university/AdvancedTraining/AEC.aspx

e Autodesk Simulatoin CFD Learning Resources.
http://www.cfdesign.com/OnlineHelp/2013/Examples/Learning.htm

¢ Natural Ventilation Example. CFDesign Learning Resources.
http://www.cfdesign.com/OnlineHelp/2013/Training/AEC/Natural-ventiliation.htm

e Geometry Modeling Techniques for AEC Applications. CFDesign Learning Resources.
http://www.cfdesign.com/OnlineHelp/2013/Training/AEC/geometry-prep-techniques.htm
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