'7}& AUTODESK UNIVERSITY

SIM20859
Crank Up Your Volumes: Revit-Enabled CFD

Michael Potts, P.E., LEED AP BD+C, CxA
Mechanical Engineer / Facilities Modeling Lead
M+W U.S., Inc.

Michael.Potts@mwgroup.net

Marcus Zavala
Director of VDC
Marcus.Zavala@mwgroup.net

Learning Objectives
o Develop a Revit CFD model using industry best practices.
e Learn what Revit information translates to Autodesk CFD and how to leverage it.
o See examples of Revit design geometry that can cause issues with CFD.
e Leverage Revit data and parameters to manage the CFD project.
Description

The interoperability between Autodesk Revit and Autodesk CFD can be challenging in a number
of areas. Most Revit design models typically contain a high level of detail for construction, gaps
in geometry, clashes, and other unresolved conflicts that can create issues when imported to
the CFD environment. In this session, participants will learn how to develop and maintain a
Revit model for geometry creation suitable for Autodesk CFD analysis using industry best-
practices, and review examples of the type of Revit geometry that can be repurposed and what
should be replaced. The session will also present methods of leveraging Revit's powerful data,
visualization, coordination, and documentation functionality to enhance CFD development,
design coordination, data management, and reporting.

This class will take you through the setup and CFD analysis of a simplified and idealized 10,000
SF ISO 7 Cleanroom using with M+W Products SILENT model Fan Filter Units (FFU’s) and
M+W Raised Metal Floor Systems Perforated Tiles.

http://www.products.mwgroup.net/

Your AU Expert

Michael Potts is Mechanical Engineer, Mechanical Facilities Modeling Lead and CFD Lead for
M+W U.S., Inc. specializing in the design, construction, commissioning, and troubleshooting of
high tech, clean manufacturing facilities. He is a graduate of the University of Central Oklahoma,
holding a B.S Engineering Physics. Michael is also a Certified Commissioning Authority (CxA),
LEED Accredited Professional and a Mechanical Contractor.
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Develop A Revit CFD Model Using Industry Best Practices

Overview

The application of Computational Fluid Dynamics (CFD) in the facility design, engineering and
construction industry can place the associated CFD models, analysis and input / output data
within the category of Virtual Design & Construction (VDC) building information models (BIM).
Executing facility CFD modeling and analysis under VDC and BIM practices and standards and
guidelines can greatly improve data and information coordination and alignment across multiple
software platforms and project teams.

Design and construction BIM’s often contain a higher level of detail/development (LOD) than is
required or desired for a CFD analysis. These BIM’s may also contain geometric clashes, gaps,
and other imperfections that may be within acceptable tolerance for the design or construction
project, but can cause issues in the CFD analysis environment. This may drive the CFD
engineer to create an independent geometry model with simplified and idealized geometry
suitable for the CFD software. There are several 3D modeling applications that are compatible
and interoperable with Autodesk CFD. This document will focus on use of Autodesk Revit with
Autodesk CFD.

Review Project BIM Execution Plan

A standard design and construction industry practice is to develop Project BIM Execution Plans
and specifications. It is useful for the facility CFD engineer to have an understanding of these
key project documents.

These documents contain useful information such as:

Project Information

Project Location and Site Information
Project Staff Contacts

Project Organizational Structure

Staff Roles and Responsibilities

BIM Usage Matrix

Level of Development Matrix
Collaboration Procedures and Workflows
Software/Technology Utilized

File Naming Conventions & Legend

More information can be found at:
BIM Execution Plans: http://bim.psu.edu/
Level of Development Specifications: http://bimforum.org/lod/
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Determine CFD Analysis Inputs
One of the first, most critical tasks when starting up a CFD project is collecting and organizing
the input parameters for the facility CFD model.

Here are a few examples of project documents and resources that may contain CFD input data:

Project Design/Engineering Basis of Design
Project Engineering Narratives
Project Engineering Calculations
Equipment/Systems Sequence of Operations
Facility Operation Setpoints and Trend Reports
Industry Standards: for this cleanroom example, ISO 14644 & FS209E

Class ISO 146144-1 |Average Airflow Air Changes Per Hour [Ceiling Coverage
(Federal Standard Velocity
209E) m/s (ft/min)
IS0 8 (Class 100,000) 10.005 - 0.041 (1 —8) |5 —48 5 - 15%

| I1SO 7 (Class 10,000) 0.051 - 0.076 (10 -15) |60 — 90 15 - 20%
ISO6 (Class 1,000) 012/ =0.205(25=40) 150 =240 23— 40%
ISO 5 (Class 100) 0.203 - 0.406 (40 — 80) |240 - 480 35 - 70%
ISO 4 (Class 10) 0.254 — 0.457 (50 - 90) |300 - 540 50 — 90%
ISO 3 (Class 1) 0.305 — 0.457 (60 - 90) |360 — 540 60 — 100%
ISO1-2 0.305 - 0.508 (60 - 360 - 600 80 — 100%

100)
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Developing a CFD inputs worksheet that aggregates this information can help organize and

communicate input parameters.

Site Elevation

Site Barometric Pressure
Cleanroom Classification
Cleanroom Area
Cleanroom Length
Cleanroom Width
Cleanroom Height
Cleanroom Volume

Air Change Rate Min

Air Change Min Airflow
Space Velocity Avg
Space Velocity Min Airflow
Cleanroom Temperature
FFU Coverage Avg

FFU Area

FFU Min. Quantity

FFU Design Quantity
FFU Flow Ea.

FFU Total Flow

Perf Tile Size

Perf Tile Free Area

Perf Tile Max Velocity
Perf Tile Max Flow

Perf Tile Min Qty

Perf Coverage
Equipment Quantity

Coil Max Pressure Drop
Coil Max Velocity

Coil K Factor

Coil Min Total Area

Coil Qty

Coil Min Area Each

Coil Selected Area Each
Chase Max Velocity
Chase Free Area

Chase Qty

Chase Min Area, Ea
Chase Min Width

500
99,507
ISO 7
10,000
120

80

16
160,000
60
160,000
15
150,000
70

20

16

125

160
1000
125,000

30
200
800
156

6.25
16
0.1
400
10.1
313
10
31.3
35.0
300
80%

521

Pa

SF
FT
FT
FT

ACH
CFM
FPM
CFM
deg F
%
SF
Ea
Ea
CFM
CFM

%
FPM
CFM
Ea
%

in H20
FPM

K Factor
SF

EA

SF

SF
FPM
%

Ea

SF

FT

Site
Site
Owner
Arch

ISO
ISO

Owner

ISO

M+W Products
Calc

Mech Eng
Mech Eng
Calc

M+W Products
M+W Products
Mech Eng
Calc

Calc

Calc

Owner

Mech Eng
Mech Eng
Calc

Calc

Mech Eng
Calc

Mech Eng
Mech Eng
Mech Eng
Arch

Calc

Calc

Bay/Chase Configuration

ISO 7 Range 60-90 ACH
ISO 7 Range 10-15 FPM

Range 70F +/- 2F
ISO 7 Range 15-20%
48" x 48" FFU

MW Silent FFU

MW RMF Perforated Tile

5 coils per chase

84" x 60" coils
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Setup The CFD Revit Cleanroom Model

To setup and configure the Revit CFD model using the methods outlined in this document, you
will need to have basic knowledge of both Revit Architecture, Revit Structure and Revit Systems
tools. With the Revit Onebox product, all of these tools should be available.

Tip: A lesson learned from experience with these types of cleanroom CFD models at this
particular scale is that no element should have a dimension in any direction less than 6”.
Elements that are less than 6” should be omitted, or grouped together with other smaller
elements if they existing in an array or cluster (i.e. pipes). This includes RMF, walls/partitions,
coils, etc. Being aware of this and configuring the geometry as such beforehand will be useful
later when meshing the model in CFD. The effect of increasing the thickness of the RMF and
cleanroom partitions from 2” to 6” on the CFD results is negligible. Differences in thickness can
be split about the centerline of the components to further reduce risk if there is any concern. Of
course it is critical that the CFD engineer be familiar with the aspects of their project
requirements and 3D model, and should base model modification decisions on their judgement.

Create The Levels and Plans
e Create levels that align with the standard project building and major component
levels. Generally, you can link in the project Architectural Revit model for this.

o Create additional levels for the upper a lower limits of the subcomponents.

e Create floor plans of the major floor levels and set the discipline to Coordination
so that Architectural and Mechanical elements can be created and edited.

=@ & ~ Project Browser - AU2016-5IM20859-CFD-17.rvt

=10, Views (Discipline)
= Coordination
=+ Admin

=-- 3D Views
a-3D Setup

- Elevations (Building Elevation)
a-East
a-North
a-South

- % 2 s
=- CFD
= Floor Plans
025 Slab Top
030 RMF Top
040 Ceiling
040 Roof
041 Interstitial
= = 3D Views
041 FFU To = 00 Al
—_ - — ,ZWTQ“LQ = Legends

- 7['4['%3"% @ B Schedules/Quantities

Sheets (all)
@2 Families
&=-[@] Groups

&2 Revit Links

030 RMF Tay
- - —x
025 Slah To
— - T ir

< [ 3

i Z_Shared Levels and Grids (NotEd « &' :0 Main Model - [ Edital

CREATE LEVELS THAT ALIGN WITH PROJECT
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Create The CFD Domain Boundaries

Make reference planes that will define the boundaries of the CFD domain and any
subcomponents. These reference planes could align with the Architectural Revit model
boundaries. But in this exercise, there is no Architectural model.

-0 129" -0 10- 0"
(G Tt
B e T
| | | |
| | | |
| | | |
| | | |
| | | |
) (. Lo
= [ | | [
;DD | | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
N I

CREATE REFERENCE PLANES FOR DOMAIN BOUNDARIES
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Create Generic Walls and Partitions

e Create the outer wall at the 025 Slab Top level using the Basic Wall Cleanroom
Partition — 6” family on the CFD-WALL workset.

e Set the Height constraint to 050 Roof, set Location Line to Finish Face:
Interior, and Offset to 0’°-0”.

e Snap the outer sketch boundaries to the outer reference planes.

EHG K- -
I Architecture _

Wall | Door Window
- P

Select ~

ce ‘ Q Wall:Arc(itectural

ML R

2 CrOA G OFEAB- -

b | Type a keyword or phrase

Modify | Place Wall

» Koo 08 B &M= 2 =2 /IELW@‘

Modify Ch S - "? = oo - =5 ot iy
=l ; BB O T ax S I e

Select «+ | Properties | Clipboard Geometry Modify i

Modify | Place Wall ‘ i eigh ~ 040 Re ~ I|2 0" | Location Llne:mh| Chain OffsetI'D' 0" I! Radius: | 1' 0" Join Status: Allow -
I T @
I I
| |
| |
| |
I I
' | o
'
| I ran f=
| | o
I I
| |
I I
| |
| |
| |
o U " o
145" -6
=

Open an elevation and ensure the wall extends from 025 Slab top to 050 Roof.
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e Create the chase walls at the 030 RMF Top level using the Basic Wall
Cleanroom Partition — 6” family on the CFD-WALL-CR workset.

e Set the Height constraint to 050 Roof, set Location Line to Finish Face:
Interior, and Offset to 0’-0”.

o Draw the sketch lines for each chase wall along the chase wall reference planes.

125'- 0"

=

Q
'

o

[~

T

CREATE CHASE WALLS
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Create Generic Floors, Ceiling and Roof
e Create the slab floor at the 025 Slab Top level using the Floor - Generic 12”
family on the CFD-SLAB workset.

e Select the Outer Walls reference planes.

Architecture

O 8 O

Modify Wall Door Window Component

Select v|

Properties

|
x EG Floor: Structural "'(

I PEEEBEE BoD AILR

Column  Roof Ceiling| Floor | Curtain Curtain Mullion Ra|||ng Ramp Stair  Model Model Moc
v T T System  Grid v Text Line Grol

Build | Circulation ‘ Model
Floor: Architectural

o~

Floor Plan

@ Floor by Fa Floor: Structural (SB)

Creates a structural floor (slab) for the current level of the
Var . building model.

Modify | Create Floor Boundary || GJs
X “L BoundaryLlnei _/'1:1 (&5 @ .

[ oo
Generic - 12"

gh Slope Arrow T LT T A
v 'ﬁl Span Direction & :’ o =
Mode Draw

Click the Flip icon to shift the
floor sketch boundary to the

outsideface of the walls
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e Create the RMF generic floor at the 020 RMF Top level using the Floor —
Cleanroom RMF Solid 6” family on the CFD-RMF-SOLID workset.

e Set the Height Offset From Level in Properties to 0-0”.

e Sketch the rectangle to the outside of the East and West Chase walls and the
inside of the North and South outer walls.

e Lock the sketch lines to the walls. This can help later if adjustments need to be
made.

EHG - G- =

Architecture

OO0 E 0 (| FAEWEE BOS AU

Modify| Wall Door Window Component Column Roof Ceiling| Floor | Curtain Curtain Mullion Ra|l|ng Ramp Stair = Model Model

v v e T y System  Grid T Text Line
Select v | Build § ‘ Circulation Mod
Floor: Architectura

Floor: Architectural

Properties x
I = d\: Flo Creates a floor for the current level of the building model.

Modify | Create Floor Boundary _
x L Boundary Line|

(WACHC)
& Slope Arrow | /7 o
@ Span Direction = D Jﬂﬁ‘ =

-

Floor
0 Cleanroom RME Solid 6° 7
Mode Draw
10'- 0" 125'- 0" 10'- 0"
|
‘ 0-3-3

it}

80'- 0"
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e Create the generic ceiling at the 040 Ceiling level using the Compound Ceiling
— Cleanroom Ceiling 20” family on the CFD-CEILING workset.
o Note that the generic ceiling is the same thickness as the FFU’s are tall.
This will become a suppressed volume in the CFD model later to prevent
issues with FFU’s in close proximity. Set the Height Offset From Level in
Properties to 0™-0".

e Sketch the rectangle to the inside of the East and West Chase walls and the
inside of the North and South outer walls.

e Lock the sketch lines to the walls.

BEHB - Q-2 -l2-F0A 8- &+

= Archgctureu g] U IF E B EE @ O@

Modify| | Wall Door Window Component  Column  Roof |Ceiling] Floor Curtain Curtain Mullion | Railing Ramp Stair
Ceiling

Creates a ceiling at a specified distance above the level in which
it resides.

Modify | Create Ceiling Boundary _
X ey~ EIE G O -
m A
L oundary Line {,. r -

Compound Ceiling v @ Slope Arrow
v ® > a0

Cleanroom Ceiling 20"

. Select ¥ | Build

-

Mode Draw

1040 03
° — °

il @

80'- 0"
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e Create the generic roof at the 050 Roof Top level using the Basic Roof Generic
— 6” family on the CFD-ROOF workset.

e Set the Slope in Properties to 0-0".

e Sketch the rectangle to the outside of outer walls. Lock the sketch lines to the
walls. This can help later if adjustments need to be made.

EHG Q-c-=2-FO0A 6 -0F Q-
Architecture  Structure  Systems  Insert  Annotate  Analyze  Massini

Ol BE g 0 [#2
. E

Modify Wall Door Window Component Column Roof | Ceiling Floor

Select + - 4 )
Roof by Footprint

Properties X
I Basic Roof - -
Generic - 6"
Roofs vl Edit Type
Base Level 050 Roof -
Room Bounding
Related to Mass
Base Offset From Level :0° 0"
Cutoff Level None
Cutoff Offset 0o =
Construction
Rafter Cut Plumb Cut
Fascia Depth 0o =
Maximum Ridge Height0' 0
Text
Issue H
Dimensions
Slape I 0"/ 12" I
Thickness 076" =
Volume
Area b
Tdentitv Nata

Open an elevation view and ensure than walls, floors and roof meet properly.

PR | S _______““"“T,;‘g_@
— - e nace i
— Lt

20

You should now have an air-tight cleanroom and outer envelope.
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Create The Airside and Equipment Components

Now we need to place the recirculation air components, such as the FFU’s, perforated
tiles and sensible cooling coils (dry). These generic families have been custom created
to be hosted in floors, ceilings and walls, and they cut openings in their hosts so that
there are no geometric clashes or interferences.

From the CFD input parameters, we need to place 160 FFU’s. If there is an
Architectural model containing them, they could either be copied/pasted from the
Architectural model and types changed to the simplified CFD FFU’s, or the CFD FFU’s
could be placed over the corresponding FFU’s in a linked Architectural background.
These may also reside in a Mechanical design model or as-built plans, etc.

Place 160 MW-CFD-FFU family instances manually in the ceiling on the 040 Celiling

level on the CFD-FFU workset. Assume that this cleanroom ceiling system consists of
48” x 48” grid. Feel free to use whatever placement methods you are comfortable with.
Two reference planes at the centerlines of the domain can be helpful for symmetry and

alignment.
JeH@-G-a-=2- oA G-QFEgH-* Gsk eyt 201 IRNAUZ016-511 20859 HOCEinal* | - 98 55 vt A signin - xRt
Architecture  Structure  Systems  Insert  Annotate  Analyze  Massing & Site  Collaborate  View Manage  Add-Ins  Modify | Genenic Models a

i ¢ Notch * [Ba §) A P 5 . 8 /
G| B [0 X KwerBS P apypp-9 2= B E do
Modiify| [l B|gax- &3 - o O2 O = b8 /5 f L T | e | i
= WS- A BTTQ [ R £ | famiy | New Host
e G F=rreny Modify View |Measure | Greate | Wiode' | Fiost Model

Moves With Nearby Elements

g R ENEEENEEEEENEEEDEGD R

i ew| | EEIEDNNNEENENEEEED e

o e 1| | E BN EENENEEENEEENEN i

= || PEEEEDNDEEEEEEEBED s

e || EEEEEEEEEEEEENEES S sn

PP EEEEEDEEEEED | oty

s EEEEEED Di[l EEEEEE Dé -

o  EPEEEEEEEEEEEEEE® B s

 EEEEEEENEEEEEEEED e
NS NEEEENENEEEEEE e
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Per the CFD inputs worksheet, place the 16, MW-CFD-EQUIPMENT family instances
manually on the 030 RMF level on the CFD-EQUIPMENT workset.

< Enown -2 B EI@ Dlh [Pl}““q ? - ._.Ej][(a]
= e Ir2 - |
- Sen- Wo- = BE e o= "
) , * o f . oy
¥ oo a4 PCO N aax
Select = | Properties | Clipboard | Geometry Modify | View |Measure | Create
Properties * . e — — @ + Project Browser - AU2016-5IM20859-CFD-17.0vt x
-9 125’ 0°) JLay 5 Admin -
=i i
IE, Floor Plan - 1 ll ,I 1 = -3 Views |}
N E— = 33D Setup
1 LY = Elevations (Building Elevation)
Flor Plan: 030 RMF Top - | 8 Edit Type. | aEast
-North
Graphics . 1 a
st o l . . . | . . . . ar\?:
| ] 3-We:
Scale Value 1 1360
' = D
Display Model {Narmal ! = Floor Plans.
Detail Level {Medium ‘ 025 Slab Top
Parts Visibility {Show Both ] 5 | 030 RMF Top
Visibility/Graphics Ov... £ Edit. | | S e il Im = = = = m e m e m——— - 040 Ceiling F]
Graphic Display Optio... = ' 050 Roof
/ L ]
Orientation {Project North = ) £ 3D Views
Wall Join Display |Clean all wall joins 1 00 AN
Discipline {Coordination 1 ' [ Legends
Show Hidden Lines |By Discipline 1 ) 8 Schedules/Quantities
+ + ! Sheets (all)
Colar Scheme Location | Background ]
oo steme T e | ' = B Families
5 22, 1 ] @ Air Terminals
System Color Schemes | ' & Annotation Symbols
Default Analysis Displ... None |1 I m Cable Trays nl
Sub-Discipline icFD [ @ Ceilings
Sun Path (] @ Conduits

Next, per the CFD inputs worksheet, place 160, MW-CFD-TILE-PERF 6” family
instances evenly around the tools and across the space. Assume this RMF system
consists of 24” x 24” grid. Note that these tiles are the same thickness as the RMF Solid
floor, which will be suppressed later in CFD.

b | Type a keyword or phrase g 5

[ E% W KEnown - [ @ EI&DIN Dlyi’:uf-ﬂ - =
B Ja- &=&- y., — BEl® | /-=
o ¥ oo 2a PBO T aaxa

Measure | Create _

Select = | Properties | Clipboard | Geometry Modify View
Properties x — @53~ Project Browser - AUZ016-SIM20859-CFD-!
"7 [¢'® schedules/Quantities
MW-CFD-TILE PERF i @ Sheets (all)
MW-CFD-TILE PERF 6" - - 1000 o | remies
. 10°-0° 10°-0° % - Air Terminals
Generic Models (1) ~ | B8l Edit Type /| " " ’| & Annotation Symbols
Dimensions & o - gahlleTrays
T & Ceilings
Length 1 1o D 8 @B B B @B O 08' 8B 8 @ OB @ B @ & c‘md:m
Width 10 ! §
Depth G 0 ® 0 P 0 0 B,8 8@ B O 0 O O O #-Curtain Panets
5 = | & Curtain Systems
05 Length ER o o o o o o o =} - ® Cuntain Wall Mullions
0.5 * Width 0 1 i a [ =) [} =] o o & Detail ems
: a B
Identity Data o 8 @ B o m B'o = o &8 @8 & o 2 Ducm_:c_asmnes
Type Image I &- Duct Fittings
. I
Keynote 5 e - - Duct Insulations
Model Y [ R ] o & Duct Linings
Manufacturer 2 D8 @8 B @B @B O 0'@ @ 8 @ B o || G Duct Systems
' @ | E| & ouats
Type Comments 1 | u
URL 0 @ 8 B @ 0 8,8 @8 0 0 o o &- Flex Ducts
e & Flex Pipes
Dese 2 - o o o g o ] - & Floors
25“"‘“’(""’ a L L L] L & Generic Models
ot 0 @ O O O O 'm B B B [ =} - MW-CFD-AMHS
Assembly Description ! @ MW-CFD-AMHS-STORE
Type Mark DB 8 8 B B B B,8 B B O =] & MW-CFD-COLL-CLG
Waorkset Family : Generic Models . & MW-CFD-EQUIPMENT
Edited by & MW-CFD-FFU
OmniClass Number & MW-CFD-TILE PERF
OmniCiass Title CFD-TILE PERF 6
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From the CFD inputs worksheet, place 10, MW-CFD-COIL 84”x60” coils families, 5
coils in each chase wall on the 040 Ceiling level above the ceiling at a Sill height of 6’-0”
on the CFD-COIL workset. Note that this coil family is actually a modified Windows
family so that it can be hosted by, and cut into walls.

Rj2ie o =r0A6 oEas - :

Modify | Windows

g [O)% Ko BS By 9 7= B ES §#
%

Type a keyward or phrase

™
=30

m ’ s, 02 O =1,1 =8 */\ 028 | e
I Y| @en- A TR IETE R L1 | Family | New Host
Select v | Properties | Clipboard | Geametry Modify | View | Measure Create Mode | Host

gy | Windoys

Properties x @~ ProjectBrowser - AU2016-SIM20859-CFO-17.mt x
AT = 0] Views (Discipline) &
MW-CFD-COIL . DD D DD DD EEDDEDEEE&=E 1} & Coordination
s < Admin
L 53D Vi
rr— [0 oy o o o o B o R R - i sewn
Constraints s 5 Elevations (Building Elevation]
= e I NEENENEEENENEEEEEE =
Sill Height 50 . e
free g 5 5 A O e
e = CFD =
e — i P IS E NN NENEEEE e
Comments : 030 RMF T
ke 5 8 (51 ) ) ) 040 Celing
L - i o
I —— EFEEEEEEEEEEEEEEE IR
Phasing £ ol s
Phase Created Phase 1 | B Legends )
Prasc Demolied Jone (50 ) )y - B s
Other . .
T — j EEEEEEENENEENEEEE
@ Annotation Symbols
(50 ) o o R o Cable Tays
S @ Ceilings
@ Conduits

RN

]

meEm Ty A
T

REVIT CFD MODEL WITH ALL COMPONENTS PLACED
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Run Revit Interference Check
At this point, we should have a good, clean idealized Revit model. As a last precaution
to prevent issues in CFD, we should run Revit Interference Check.

Go to a 3D view showing all model elements, select them all and go to
Collaborate>Coordinate>Run Interference Check. No interference should be detected.

Collaborate

B o o o B LE LS @ B
& Hopoda : . &
Communicator Editing | Collaborate On Worksets

- Synchronize Refinquish  Show Restore Views | Copy/ _ C . Reconcile
Requests A360 @ Gray Inactive Worksets with Central All Mine | History Backup ForA360 | Monitor Review Settings  Hosting

Select ~ Communicate Manage Collaboration Synchronize ~ Manage Models Coordinate

Activate Dimensions [ Run
=@ Locates invalid intersections between elements in a project.

Use this tool during the design process to coordinate major
building elements and systems. It can be used to prevent
conflicts and reduce the risk of construction changes and cost

overruns.
Text * | Press F1 for more help
lse | E—— i 025 Stab Top
XeiOnty 030 RMF Top
Image : 040 Ceiling
Comments - 050 Roof E
Mark . o 3D Views
Workset
Edited by mpotts527 = Elevations (Building Elevation)
Phasing 2 a-East
Phase Created Phase 1 a:North
Phase Demolished  None - &3t
= 2-West
 Legends
@ £ Schedules/Quantities |
D Sheets (all)
= £ Families

& Air Terminals

@ Annotation Symbols
% Cable Trays

@ - Ceilings

@ Conduits

Curtain Panels
Curtain Systems
Curtain Wall Mullions
Detail Items

Duct Accessories

@ Duct Fittings

@ Duct Insulations

P Y

metwocecws =)
Categories from Categories from
| current selection =] [cumrent Selection =
Ceilings ¥ Celings
ST | Foors
* [Generic Models 1| Generic Models
¥ Roafs ¥ Roats
& Walls | wals
= Windows | = Windows
I
i "
, Revit pn - . .
No Interference detected!
Selection Selection

Note that for more complex models, it may be beneficial to review the model in the CFD Active
Model Assessment Tool. Go to Add-Ins>Autodesk CFD 2017>Active Model Assessment Tool.

Eaa@vca-ﬁ» =-FOA G-0FEaR--

Modify| Active Model Launch Active Model Launch
Select - Autodesk CFD 2016 Autodesk CFD 2017
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Learn What Revit Information Translates to Autodesk CFD and how to
Leverage It.

Overview

While it is common CFD industry practice to model the air volume in the 3D application, doing
so in Revit seems to limit Autodesk CFD’s ability to retain object associations when Revit
models have geometry updates and are subsequently relaunched. This results in lost or
misplaced assignments on existing objects that should not have changed. Therefore, as a
lesson learned, it is recommended that if the project and Revit model is in development and not
static, that Autodesk CFD should be allowed to create the air volume and it NOT be modeled in
Revit. Note that this issue does not seem to exist at this time in AutoCAD-based applications.

Launch The Revit Model Into CFD

In this exercise, we will launch all of the geometry into CFD 2017. Note that only visible
Revit elements will be launched. This implies that multiple 3D views can be configured
in Revit to be sequentially relaunched and progressively build up the CFD from shell, to
recirculation components only, to full model with all obstructions and equipment.

e Go to a 3D view of the Revit CFD model that displays all elements that are to be
launched into CFD.

e Go to Add-Ins>Autodesk CFD 2017>Launch Active Model.

todesk Revi 201 TRIRALG J859.CH

desk Revit 2017 12016-51M208 50
&Site  Collaborate View Manage Ado-Ins | Modify o

| 085 7 Qsenn - %O - EcH

s
Massing

3D View: 00 All v | 83 Edit Type
Graphics .
View Scale 1" =300

025 Slab Top
P S 030 RMF Top
Medium i 3 S 040 Ceiling
Show Both ™ & 050 Roof
Edit.. > . " ™, 30V

ay Optio. Edit. S~ ¢ 2 >

Coordination
By Discipline

Crop View

Crop Region Visible
Annotation Crop
Far Clip Active

Section Box
Camera
Rendering Settings Edit

Eye Elevation 117 41132
Target Elevation 18 6
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e Inthe Design Study Manager window, edit the Study, Design and Scenario
name fields as desired, set the Study path and click Launch.

L Design Study Manager P

New design study Update design study
Study name: AU2016-5IM20859-CFD-17
Design name:  Design 1

Scenario name: Scenario 1

Study path: M20859 Crank Up Your Volumes Revit-Enabled CFD

@ [ Launch l ’ Cancel

Review CFD Geometry Tools Results and Settings

When a model is launch into CFD from Revit or other Autodesk 3D modeling application,
void fill volumes (to be assigned as Air later in this exercise) are created automatically
and a geometry diagnostic sweep is performed. Potential model issues are reported in
the Geometry Tools window, and can be reviewed and processed. Again, it is
important to know your 3D model and element size, especially here.

Here we see the benefit of our decision to limit the minimum element dimension to 6”.
Note that there are no Small Object or Edge Merge issues.

L Geometry Tools &J £ Geometry Tools 2
Edge Merge \/ Small Object \/ void Fill \/” Ext. Volume \ Edge Merge \/ Small Object \/ void Fill \/ Ext. Volume \

Small object removal Small object removal

Highlighted entities
) [7] surface @ af’l Edge () 7] surface

Highlighted entities

@ f" Edge
Tolerance: Tolerance:
Drag the slider to identify entities to remove. Draq the slider to identify entities to remove.
) 3 D 3
Display objects to be removed Display objects to be removed
Object smaller than minimum Object smaller than minimum

Surfaces: 0 Surfaces: ]
Edges: 0 Remove Edges: 0 Remove

@ Undo @ Undo
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Review The Translated Revit Information

Revit Family categories, names and types translate to CFD on launch from Revit. Note
that had we modeled the air volume in Revit, that volume name would prefix the Revit
family info making much longer. This is yet another argument not to model the air and
rely more on the air tightness of the envelope components.

With some pre-planning and configuration of the Revit family and type names, they can
be leveraged in CFD to automate CFD Materials assignments. However, CFD
automation is outside the scope of this document.

Note the Revit Family Categories, Names, and Types as the CFD object names below.

Design Study Bar

Z Note
E@ Design 1
“ Geometry (inch-BTU/s)

4 [y Scenario 1

& Material

4 &4 Unassigned
@ 1 Walls:Basic:Cleanroom Partition - 6"
@ 2 Windows:MW-CFD-COIL:84" x 70"
@ 3 windows:MW-CFD-COIL:84" % 70"
@ 4 Windows:MW-CFD-CQIL:84" x 70"
@ 5 Windows:MW-CFD-CQIL:84" x 70"
@ 6 Windows:MW-CFD-COIL:84" x 70"
@ 7 Windows:MW-CFD-COIL:84" x 70"
@ 8 Windows:MW-CFD-COIL:84" x 70"
@ 9 Windows:MW-CFD-COIL:84" x 70"
@ 10 Windows:MW-CFD-CQIL:84" x 70"
@ 11 Windows:MW-CFD-COIL:84" x 70"
@ 12 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
@ 13 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
@ 14 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
(@ 15 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF &"
3 16 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
3 17 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
(3 18 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
@ 19 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
@ 20 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
@ 21 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
@ 22 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF 6"
(3 23 Generic Models:MW-CFD-TILE PERF:MW-CFD-TILE PERF &"

Design Study Bar & x

i@ 178 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT -
@ 179 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
(@ 180 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
[ 181 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
[ 182 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
[ 183 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
i@ 184 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
i@ 185 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
i@ 186 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
@ 187 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
[ 188 Generic Models:MW-CFD-EQUIPMENT:EQUIPMENT
(@ 189 Generic Models:MW-CFD-FFU:48" x 48"
(@ 190 Generic Models:MW-CFD-FFU:48" x 48"
(@ 191 Generic Models:MW-CFD-FFU:48" x 48"
@ 192 Generic Models:MW-CFD-FFU:48" x 48"
@ 193 Generic Models:MW-CFD-FFU:48" x 48"
@ 194 Generic Models:MW-CFD-FFU:48" x 48"
(@ 195 Generic Models:MW-CFD-FFU:48" x 48"
(@ 196 Generic Models:MW-CFD-FFU:48" x 48"
(@ 197 Generic Models:MW-CFD-FFU:48" x 48"
[ 198 Generic Models:MW-CFD-FFU:48" x 48"
(@ 199 Generic Models:MW-CFD-FFU:48" x 48"
@ 200 Generic Models:MW-CFD-FFU:48" x 48"
@ 201 Generic Models:MW-CFD-FFU:48" x 48"
@ 202 Generic Models:MW-CFD-FFU:48" x 48"
(@ 203 Generic Models:MW-CFD-FFU:48" x 48"
(@ 204 Generic Models:MW-CFD-FFU:48" x 48"
(@ 205 Generic Models:MW-CFD-FFU:48" x 48"
(@ 206 Generic Models:MW-CFD-FFU:48" X 48"
@ 207 Generic Models:MW-CFD-FFU:48" x 48"
@ 208 Generic Models:MW-CFD-FFU:48" x 48"

i

= an i R AadaleA AL £SEO CCILAON o, 4O
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Set The CFD Scenario Environment
Enter the domain pressure and temperature from the CFD inputs worksheet into the
Setup>Materials>Scenario Environment>Pressure and Temperature fields.

Type a keyword or phrase

Center View Vault Autodesk 360  Start & Learn  Community o -

S ¥ = 000 I soiver M P Di ~ [y show Al
'g C& Templates N @ U % 4> © C()E olverenager s By snow / -— (B Material Editor

E Job Monitor @ Surface % Select Previous ﬁ;; Deselect
By select Al Bip Deselect Al

Selection ‘ Materials

Add/Update [ Rules Geometry Boundary  Initial  Mesh Motion | Solve
Design | Tools Conditions Conditions Sizing ‘ B4 Notifications

Setup Tasks

Design Study Tools + Simulation

B

[ Scenario Environment

Pressur:

_II Temperature————————————— “
"

@ [ oK ” Cancel ]

Group The CFD Objects and Make Materials Assignments
Grouping the CFD objects is beneficial in both general organization of the content, and
later meshing and later reselection and reassignment in additional scenarios.

Note that at this time CFD 2017 does not support CAD Entity Grouping in Revit 2017.
This functionality exists between CFD 2017 and AutoCAD-based applications.

Select the envelope components, create the group Envelope and assign as
Default>Solid>Aluminum. This will be suppressed later, so the actual material is
irrelevant. Use a material that will not be used by any unsuppressed objects.

It is good practice to hide objects that have been assigned as you drill down through the
model objects.

0 Surface  [lg Select Previous [y Deselec
B select Al
Design Study Tools + Setup Tasks Simulation v Selection
Design Study Bar & x
Note
4 Design 1

% Geometry (inch-BTU/s)
4 lay, Scenario 1
4 & Material
& Aluminum [Fixed]
& Unassigned
<4 Boundary Conditions
40 Initial Conditions
b Mesh Size
% Motion

4 '3 Groups
3 Envelope -(Volume)
43 Solve

= Flow: On
= Heat Transfer: Off

[ crassanea o ms  m s s k
|| Anmnum

utput Bar |

353 Volume(s) selected
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Select the void volumes created by CFD on launch from Revit, create the group

Air and assign them as Default>Fluid>Air.

Select the Air group and hide it.

Autodesk CFD 2017 AU2016-SIM2085

= — D@ & & eD
Geometry  |Materials| Boundary Initial

009 £ 5o

- Manager @] @ Direct ~ s show Al / [ I —
AddUpde 3 Ruies Meeh Motion | Save BB JobMonitor (] Surtece (g Select Previous [ Deselect Eoit Remore @ Scenaro Emronment
Design Tools Conditions Conditions Sizing: Notifications By selectan By Deselect All
Design Study Tools + Setup Tasks Simulation + Selection Materials
Desgn Study 8ar ax
3 Note
“@ Design 1

@ Geometry (inch-BTU/g)
4 [1g, Scenario 1
4 2, Material
4 & Air [Fired]
# 357 Volume
& 358 Volume
@ 359 Volume
& Aluminum [Fixed]
% Unassigned
4 Boundary Conditions
<4 Initial Conditions
& Mesh size
4 Motion
4% Groups
Envelope -(Volume)

4

= Flow: On
= Heat Transfer: Off

[ outpus gar

floor, create the group Arch

Arch group and hide it.

*) @ rempaes | N @
Add/Update [ Rules Geometry | |Matenials| Boundary
Design

@ Direct

Materials
Property atings
Material Edit
Material DB Name  Defaut
Type Fluid
Name |
Frwironment
@ semove ][ cons ]

47 " 17190

~ s show Al

3 Volumel(s) selected

Select the internal cleanroom architectural components chase walls, ceiling and

Assign them as Default>Fluid>Aluminum (to be suppressed later). Select the

= o St | B s . B 5 \aenial sditor
3 Job Monit Select Previous fect
Initial | Mesh | Motion o B JobMonitor, | [g Suface o S gee Edit Remove @ Scenaric Environment
Tools nditions Conditions  Sizing, Notifications By selectan B Deselect Al
Design Study Tools v Setup Tasks Simulation v Selection Materials.
Desgn Study sar ax
3 Note
“@ Design 1 Materials
@ Geometry (inch-BTU/s)

4 [y Scenario 1
4 9, Material
4 & Air [Fixed]
¥ 357 Volume
& 358 Volume
& 359 Volume
& Aluminum [Fixed]
2 Unassigned
4 Boundary Conditions
4 Initial Conditions
& Mesh Size
4 Motion
4% Groups
@ Envelope -(Volume)
@ Air -(Volume)

TR Arch -(VOIUme)
4= SoNe

< Flow: On
< Heat Transfer: Off

[ wwassres
[
Ll

[

Froperty setings
Material
Material DB Name
Type
Name
Environment

Edit..
Default

390647 "

1718

4 Volumel(s) selected
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¢ Change the view cube to Front, select the cooling coils, create group Coil, and
assign them to Local>Resistance>Edit...

e Create new resistance Coil with Through-Flow K Constant value = 10.1
(calculated in CFD input worksheet)

e Set the remaining Normal direction 1 & 2 K set to at least 5x the Through-Flow
K value to force air in the through direction.

[ ]

Autodesk CFD 2017 AU2016-SIM20859-CFD-17:Design 1:Scenario 1

Start & Lea Community
(0 surface [l Select Previous

Vault Autodesk 360 & m ommunity
[ \ ®) 009 [ soiver er
R Job Monitor
Geometry [Materials| Boundary Initial  Mesh Motion | Solve
Tools Conditions Conditions Sizing B2 Notifications B select Al

Setup Tasks Selection

%) @ rem

Add/Update [ Rules
Design

Design Study Tools +
Design Study Bar
Note
@ Design 1
% Geometry (inch-BTU/s)
4 L, Scenario 1
4 & Material
& Air [Fixed)
& Aluminum [Fixed]
& Coil Resistance: Cartesian: (X, Y, Z)
& Unassigned

Simulation v

x

56

Ba2 I
4 Boundary Conditions
40 Initial Conditions

~ s Show Al
[ Desetect
B Desetect All

LB BB BN N e [ s (A s S s [ |

/ B @ Material Editor

Edit Remove @ Scenario Environment

{0 e B

Materials

Ensure the Flow Direction is in the X direction. Select the Coil group and hide it.

Materials

Property settings
Material Edit.
Material DB Name  Local

Resistance
Flow Direction lobal X
Normal Direction 1 "Globary’

Normal Direction2 Global Z

L |—N;'1_] Remove

i Cononl o

bs
5 Mesh Size
& Motion —_ — T
4 '3 Groups " ‘ ’ ‘
# Envelope -(Volume) - ——— o < x ) i i — & ) d——d -
.‘ A -
. ::’rh‘\r/?/‘:\':::p‘ > e = Flow Direction =]
e
i Global x][¥] [z
= Flow: On inverse
 Heat Transfer: Off
s Saloc arfoce

Ok f resistance s redial, and pick
surface normal to axial flow direction

Unsssigned
= ttinue to hest stop.
St o ms n 54655 TR
e
Output bar_|
r N
IC Material Editor u
Properties Favorites Databases
Material Through-Flow K
Type: Resistance Variation method: | Constant ']
Hame Coil
Save to database: [ &, Local '] Value: 10.1
Status: Saved
Permeability: 0
Color: M change...
Properties
Through-Flow K 10.1
Normal direction 1 K 60
Normal direction 2 K 60
Conductivity 0BTUfin-s-R ~
Apply

10 Volume(s) selected
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e Select the FFU’s, create group FFU and assign them to Local>Internal
Fan/Pump>Edit...

o Create new Internal Fan/Pump FFU with Flow Constant value = 1000 ft*3/min
(calculated in CFD input worksheet).

e Ensure the Flow Direction is in the -Z direction.

e Select the FFU group and hide it.

Autodesk CFD 2017 AU201

Sta o -
‘ N + == | ©09 [ soiver Manager & Direct ~ @ show Al
%] (@ Templates % 0 = = K 0 Material Editor
> [ER jobMonitor () Surface [ Select Previous [y Deselect x
Add/Update [ Rules Geometry |Materials| Boundary Initial | Mesh Motion | Solve
B2

IM20859-CFD-17:-Design 1-Scenario 1

Edit Remove @) Scenario Environment

Design Tools Conditions Conditions Sizing B select Al B Desetect All
Design Study Tools v Setup Tasks Selection Materials
Design Study Bor & x
Note FRONT
@ Design 1

% Geometry (inch-BTU/s)
4 e Scenario 1

4 & Material
& Air [Fixed] 56
& Aluminum [Fixed]
& Coil Resistance: Cartesian: (X, Y, ) Materials =
& FFU Internal Fan: Flow Dir. (1,0,0) PR Property settings.
& :
el R T B B T T e T e TR YO e B s m:;::: DB Name fi; Flow Direction 54

4 Boun ti
Boundary Conditions Type Internal Fan/Pump Select direction or

<0 Initial Conditions FFU surface normal to
Name U g

bz
& Mesh Size I | Flow Direction 00-1Global2) (=
« Motion 1 Thermostat Gobal  [x][v][2]
49 Groups = = = _J— .| Inverse %)
. IR
> s 5 — oc

) Envelope -(Volume)

3 Air -(Volume)

# Arch -(Volume)

3 Coil -(Volume) w  [Cmy ][ semove

@ FFU -(Volume) -
4 Solve

< Flow: On
< Heat Transfer: Off

" =

160 Volume(s) selected

I Material Editor u

Properties Favorites | Databases |

Material Flow
Type: Internal Fan/Pump Variation method: | Constant -]
Name: FFU
Save to database: | &) Local v] Value: 1000
Status: Not Saved

Properties

1000 ft3/min

Rotational speed
Slip factor

>_Ai

Apply
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e Select the Equipment, create group Equipment and assign them to
Default>Solid>Aluminum (they will be suppressed for this exercise).

e Select the Equipment group and hide it.

Autodesk CFD 2017 AU2016-SIM20859-CFD-17:Design 1=Scenario 1

3 ¥ -p [ solver Manager Vol P i ~ &
I’ v ume| & Direct Show All
-&j [ Templates &. @ 4> O = = 4 B @ \aenial editor
1 [ER Job Monitor (0 suface | [dlg Select Previous [y Deselect
Add/Update [ Rules Geometry [Materials| Boundary  Initial  Mesh Motion | Solve Edit Remove @ Scenario Environment
Design Tools Conditions  Conditions. Sizing [ Notifications B select Al By Desetect Al
___ Design Study Tools + Setup Tasks Simulation v Selection Materials
Design Study Bor &x
Nate FRONT
| 4@ Design 1
% Geometry (inch-BTU/s)
: ry (i /s) Materials 1<}
| 4 Ly Scenario 1 -
4 & Material Property settings
ey Material Edit.. |
& Air [Fixed] Material DB Name  Default |
& Aluminum [Fixed] Type Solid |
- |
& Coil Resistance: Cartesian: (X, Y, ) Name
Environment et =

& FFU Internal Fan: Flow Dir. (0,0,-1)

4 Boundary Conditions
4 Initial Conditions

Qi L,
& Mesh Size L
L..

& Motion
48 Groups

“ sopy | [ remove | cocel |

& Unassigned L

1111 LSS
@ Air -(Volume) e .- - B n
@ Arch -(Volume) . 2
@ Coil -(Volume)
< Heat Transfer: Off
nassigred
bl o 30647 n s 118 L'

16 Volume(s) selected
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e Select the perforated tile, create group Perf Tile and assign them to
Local>Resistance>Edit...

e Create new Resistance Perf Tile with Through-Flow K Free Area Ratio = 0.38
(from M+W Products data in CFD input worksheet).

o Setthe Normal direction 1 & 2 K Free Area Ratios to 0 to prevent non-through-
flow direction. Ensure the Flow Direction is in the Z direction.

e Select the Perf Tile group and hide it.

Autodesk CFD 2017 AU2016-SIM20859-CFD-17-Design 1:Scenario 1

@ + =5 000 [ nager [EgVaN P Direct ~/By show An

‘ A\ 4 ager ume] & Direc ow Al
) e 8 840 =2 f seectioion b0

< 3 Jo or Surface Ject Previous Deselect

Add/Update [ Rules Geometry ' [Materials| Boundary  Initial | Mesh Motion | Solve == E i N
Design Tools Conditions Conditions Sizing B4 Notifications

-— % Material Editor

Edit Remove @ Scenario Environment

By setect Al B Deselect Al
Design Study Tools ~ Setup Tasks Simulation ~ Selection Materials
Design Study Bar & x
I Note z
FRONT
@ Design 1
% Geometry (inch-BTU/s)
« g Scenario 1 Flow Direction [x}
4 2, Material Select direction or surface Materials =
% Air [Fixed] e Property settings
AN X Giobal x][¥] [z o
& Aluminum [Fixed) i Material Edit...
= Iverse
& Coil Resistance: Cartesian: (X, Y, Z)

Material DB Name Local

Type =
s Soinch metoc | Name

& FFU Internal Fan: Flow Dir. (0,0,-1)
& Unassigned
4 Boundary Conditions

&

T

Cick f resistance is radsal, and pick Flow Direction (==
40 Initial Conditions surface norma to axtalflow drection Normal Direction 1 "GIOBaTX
& Mesh Size S Normal Direction 2 Global Y
& Motion s
4% Groups l -
# Envelope -(Volume) I ‘ o (o e Gaamus)
R Scwoms) L — S SRS R ” = et
3 Arch -(Volume) — o
@ Coil -(Volume)
) FFU -(Volume)
j Equipment -(Volume)
& ()
= Flow: On
= Heat Transfer: Off
trassgres
B z
i =
Henm [ 390547 n 25 17194 :
a " —
| output sar

160 Volume(s) selected

€ Material Editor u

Properties Favorites Databases

Material Through-Flow K
Tpe: Resistance Variation method: | Free Area Ratio -
Hame: Ferf Tile
Save to database: [ ¥, Local v] Value: 0.38
Status: ot Saved

Color: . Change...

Through-Flow K 0.38

Hormal direction 1 K 0

Hormal direction 2 K 0

Conductivity 0BTUin-s-R ~

bl
3

2

B

3

i

H

Apply

&
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Suppress The Obstruction-Only Materials
Recall that we set many materials that would be merely obstructions in the model to

Aluminum for suppression later.

In the Design Study Bar>Design 1>Scenario 1>Material>Aluminum>Right-
Click>Suppress.

Expand Aluminum and notice that all objects under it are now struck through.

Design Study Bar

4

>

4

1 Note

E@, Design 1
@ Geometry (inch-BTU/s)

4 E Scenario 1

& Material
> &by Air [Fixed]

> /&% Aluminum [Fixed

> & Coil Resista
> &% FFU Internal
> & Perf Tile Res
% Boundary Con
+ Initial Conditig
& Mesh Size

4 Motion

@ Groups

> %5 Envelope -(\
> 5@ Air -(Volumg
> '@ Arch -(Volu

ooa

5

Expand

4 Edit.

Remove /
Suppress
Shaded
Qutline
Transparent
Show

Hide

f)

X, )

> '@ Coil -(Volume)
> ‘& FFU -(Volume)

4 E Scenario 1
4 & Material
> % Air [Fixed]
4 g% Aluminum [Fixed]

m
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Mesh The CFD Flow Model
With all of the object Materials assigned and Scenario Environment set, it is time to

Mesh the model for Flow analysis.

While more advance meshing techniques exist, in this exercise, we will use Automatic
Meshing with specific object refinement to ensure the generally recommended 3-4
elements through resistance and internal fan objects.

First we will review the settings and any potential problems in Mesh Diagnostics. Keep
in mind again that we specifically limited the minimum object dimension in our 3D model
to 6”. Itis beneficial to set the visibility to Outline mode during this task.

Results  Deci /autt  Autodesk 360

[
g Templates L

wdd/Update [ Ryles Ge

Design Tl
Design Study Toals + | D Tran

indary Initial Meshl Mot

Outline

Display the outline view of the model.

2sign Study Bar
Matq Press F1 for more help

7 Note

%7 Design 1 Wire Frame
4 Geometry (inch-BTU/s)

+ eg} Scenario 1 Shaded Mesh
4 & Material

In the Setup ribbon, with Setup Tasks>Mesh Sizing selected, go to Automatic
Sizing>Diaghostics.

Notice that Potential Problems Found is displayed in the Status area and that there are
arrows pointing to the corresponding problem areas in the model. Notice also that the
Highlight slider is set to 12 (inches), which will highlight any edges at or less than 12”.

£ Diagnostics ﬁ

‘ Edge | Surface |
Status

|Potential Problems Found ¥ | Arrows

Highlight edges

0
Restore default max| Max size: 120

Save to a text ﬁle] [Save toa group]

Minimum length for refinement

Min refinement length
Use highlight length

Restore minimum length scale
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Now enter 5 in the Highlight edges field and notice the arrows disappear and the Status
reports No Problems Found. Click Use Highlight Length to set Minimum length for
refinement slightly below our 6” minimum 3D model dimension.

€ Diagnostics M

Edge Surface

No Problems Found | [¥] Arrows

Highlight edges

Restore default max| Max size: 120
[Save to a text ﬁle] [Save toa group]

Minimum length for refinement
Min refinement length

Use highlight Iength’ .

{Restore minimum length scale ]
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Now click on the Surface tab and notice again that with Highlight set to 6 that we have
potential problems indicated.

IC Diagnostics DS
L;?lgjsw Surface @
e rodv] Arrows 2 @ !
Highlight surfaces l] -g g
[Restore default max] Maxsize: o 8.8y
[Savetoatextﬁle\ ISavetoagroup] ﬁg‘ g & g Q
S
47U s
8 4
8,8 8 gi
Lty
W
© d& gu i 8
{ ) y# 4
4 u 8 .
4 B
4 I )
1314 g

Set Highlighted surfaces to 5 and notice the problems clear up. Enter 5 in Max size and
click Close.

L Diagnostics DY
- Surface
! Status

No Problems Found I [¥] Arrows
Highlight surfaces

{
Restore default max| Max size:

[Save to a text ﬁlel

{Save toa group]

@®

Close
y
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Now we are ready to Mesh the model. Click Autosize. The mesh seeds should appear
fairly quickly.

& Direct ~ B show Al @ '75 ' / [@ Diagnostics
4

]
Surface Select Previo Deselect ! 8| Regions
- & B & = Automatic JAutosize Edit =oIon
Edge Bt select Al (it Deselect Al 5 £ Wall Layers
Selection Type Automatic Sizing ¥

/41 E‘m\]

Zoom into an FFU and notice that there are only 3 seeds and 2 elements through the
volume. There are only 2 seeds and 1 element through the Perf Tiles and Coils. This
will not be adequate to get a good velocity profile out of the FFU’s or accurate pressure
loss through the coils and perf tiles.

L

LT e =
Coil /'g/%
T — o !

FFU
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We need to refine the mesh on these objects to get at least 3 mesh elements minimum

through the resistance and internal fan, as prescribed by this CFD Help article.

http://help.autodesk.com/view/SCDSE/2017/ENU/?quid=GUID-C87366A9-0FBC-4940-

B234-327588E85E0D

We will now leverage the groups we created earlier to select and edit them. Right-click
anywhere in the domain space (not on an object) and select Group>FFU.

it e

=

.
2

t Bar

?*

! W @B

%

Selection: Volume o
Selection list

Select all
Deselect all

Previous

'S -
~JI.

B

Group 4
Shaded

Outline

Transparent

Edit...

Remove

Remove all

Create group

Envelope
Air

Arch
Coil
FFU
Equipment
Perf Tile

N

) AR

Adjust until there
are at least 4 seeds /

Rebuild mesh definition

Suppress
Resume

Preview
Clear

Hide

- &

3 elements through
the volume

Repeat for the Coil and Perf Tile groups.

sl

3 elements through Coil

ES

- v -
Mesh Sizes @
Property settings
Type Automatic ‘
3
Automatic size Play macro f
Size adjustment .
- -
Fine 0.85134 Coarse
o
- L
Apply changes | |Spread changes =
Automatic sizing refinement I ..
[] Surface refinement Gap refinement
Refine ! =
= [ -
o
Extrusion: Remove
=
A Approximate element count: 2mM .
[ Diagnosics... | | walllayer... || Advanced... | [ Regions... |
2
@ 1 =
= ———

Automati

(] surface refinement

Apply ehanges | |Sprezd changes

c sizing refinement
Gap refinement

Refine

l

Suppress | [ Resume | [ Resumeall

Extrusiol

Remove

o " B E -~
Mesh Sizes = Mesh Sizes =]
Property settings Property settings
Type Automatic ‘ Type Automatic ‘
Automatic size Play macro Automatic size Play macro
Size adjustment Size adjustment
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Tip: Note that it is good practice to do small individual component analyses to establish
the number of elements required to give accurate results. It is highly recommended that
you do a simple, scaled-down wind tunnel analysis on each type of internal fan and
resistance to validate your meshing element quantity decision for those objects. It is
often much more difficult and time consuming to determine results accuracy on
individual objects in a model with hundreds of them.

Page 31


http://help.autodesk.com/view/SCDSE/2017/ENU/?guid=GUID-C87366A9-0FBC-4940-B234-327588E85E0D
http://help.autodesk.com/view/SCDSE/2017/ENU/?guid=GUID-C87366A9-0FBC-4940-B234-327588E85E0D

W AUTODESK UNIVERSITY

Solve The CFD Analysis Flow Model
With the Scenario Environment set, all of the object materials assigned and meshing
complete, it is finally time to solve the flow analysis model.

Click Solve to open the settings. Most defaults are acceptable for this type of CFD
analysis, but we do need to set Solution Control>Advection>to ADV 2 for this type of
flow analysis that may later have convective heat transfer applied, as described in the
CFD Advection Schemes Help article.

http://help.autodesk.com/view/SCDSE/2017/ENU/?quid=GUID-F691B334-CCE2-47E9-
B6C4-21666712C163

IC Solution Controls S
Intelligent solution control
Solve & enave
Control Physics | Adaptation Ciame Gt
Pressure
- Slower Faster
Solution Mode Steady State 0.001 (1e-3)
> Save Intervals e 0.50 0.0001 (1e-4)

Solver Computer MyComputer Pr —o-cal -

Continue From 0 Tem I Advection Options &J

Iterations to Run 100 = Scala | Advection Scheme
Turb () ADV 1 (Monotone streamline upwind)
- (@) ADV 2 (Petrov-Galerkin)

i ) ADV3 (Flux based scheme)
,
Densi | () ADV 4 (Min-Mod scheme--Petrov-Galerkin variant)
viscol ‘___‘ ADV 5 (Modified Petrov-Galerkin) @
Ii Solution control I’ Result quantities ] Sees ! y R
" | Conductivity: 0.50 B
I@) —

Tip: Any model should be preliminarily run for only a couple of iterations to check for
errors and flow directions. This can actually be done after clicking Autosize and before
further refinement as the number of fluid elements is MUCH less at this point and the
model with mesh and run more quickly.

This particular model likely wont converge within 100 iterations. 200-300 iterations are
expected. We can set it higher as CFD will stop at convergence.

Solve @
Control Physics Adaptation
Solution Mode Steady State
> Save Intervals
Solver Computer MyComputer
i Continue From 0
) Iterations to Run 1500 =
Solution control ] l Result quantities ]
© | Solve |
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View the CFD Analysis Results

After several hundred iterations to reach convergence, the CFD flow analysis results are
ready to view. There are many different ways to view and compare results in CFD,
including Planes, Particle Traces, Iso Surfaces and Iso Volumes. There are also several
methods to extract bulk data out of CFD for further external analysis and validation.

Detailed procedures for each method can be found in this CFD Help article and
subsections.

http://help.autodesk.com/view/SCDSE/2017/ENU/?quid=GUID-BDC6758D-BB45-43E9-
B4E7-233904B36232

For this analysis, we will look at a couple of representative 2D Planar sections.

(1) Velocity Magritude - ft/min
500

i \
:
‘
[,

(1) Velocity Magnitud
500
480
460
440
420
400
380
360
340
320
300
280
260
240
220
200
180
160

140

From the results above, we observe that...

¢ Flow is dominantly vertical and laminar through the cleanroom at the at a 30-60 FPM
velocity around the equipment

e Velocities reach 500 FPM in isolated areas under the RMF

¢ Chase velocities are mostly below the max design of 300 FPM except at the interface of
the under-RMF and chases.

It can be concluded that this cleanroom is operating within the design velocity parameters.
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Examples of Revit Designh Geometry That Can Cause Issues With CFD

Overview
In this document, we went through a very specific process to ensure a simple, clean, clash free
3D model suitable for CFD analysis.

Here are some examples of the same corresponding Revit geometry for Architectural
Cleanroom ceiling systems, FFU’s, and raised metal floor systems that is far to detailed and
complex for CFD analysis.

ARCHITECTURAL DESIGN MODEL M+W RAISED METAL FLOOR WITH SUPPORTS
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Leverage Revit Data and Parameters To Manage The CFD Projec

Overview

t

Revit offers powerful data and visualization tools for documentation and object management.
As already demonstrated in this document, worksets and color filters greatly improve visibility

and object management.

The most fundamental parameter in Revit is Mark. A unique tag can be placed on any instance
or type of an object in Revit, which can be correlated back to equipment schedules,

specifications, calculations, etc. With a unique Mark in place across multiple data

sources, data

can be manually or automatically looked up and sync’d. This can be done with tools as simple

as Excel or complex as a Sharepoint report page with an SQL database backend.
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SAME TAG INFORMATION CAN APPEAR IN ANY VIEW

s
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Revit places some general default parameters on all objects in the model. Custom parameters
can also be created and assigned to the different object categories if desired. Revit schedules
and tagging can be used to report information in any view, whether plan view, section or 3D.
This can facilitate mass editing of the same parameter on multiple elements, a dimensional
change on a volume type, issue comments at the object level, object revision history, etc.

<CFD Schedule=

A B c D
Familv.and Tvpe Comments Issue Count
MW-CFD-EQUIPMENT: EQUIPMENT Owner process eguipment Layout out of date as of 10/27/2016 16
MW-CFD-FFU: 48" x 48" M+W Silent FFU 1000 CFM Need to change airflow to 1200 CFM 160
MW-CFD-TILE PERF: MW-CFD-TILE PERF 6" M+W Perforated Tile 38% Free area Architects want to change layout vet again 160

REVIT DEFAULT PARAMETERS CAN BE LEVERAGED IN DIFFERENT WAYS
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