NISTIR 7251

CONTAM 2.4 User Guide and Program
Documentation

George N. Walton
W. Stuart Dols

[E! CONTAMW2 - TestSN_1D. prj

Eile Edit Wew Level Tools Data Meather Simulation Help

B |@|a| k=2 sath] N[O o] Z(F] %l

AmnkEt

[

tH——0
TH———u]
TH———m]

I

E—
H+——~H

& File Levels Settings Time Contral  Help

&
IZu:une(l]l: C1/[levl; T:

[C1l] Z.58ZE+00Z2 ppm
[CZ] 2_371E+002 ppm
[C2] 7.922E+4001 ppm

Arnbt: 0.000E +000 pprn

Jan1  =| 00:00:00 <| | Jus:nnﬂn D500 Start —J Bl ms

NIST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce




NISTIR 7251

CONTAM 2.4c User Guide and Program
Documentation

George N. Walton
W. Stuart Dols

Building Environment Division
Building and Fire Res®ch Laboratory
National Institute of Standards and Technology
Gaithersburg, MD 20898633

Prepared for:
Naval Surface Warfare Center
Dahlgren, VA

October, 2005
Last revisionOctober 6, 2008

U.S. Department of Commerce
Carlos M. Guitierez, &cretary

National Institute of Standards and Technology
James M. Turner, Acting Director






ABSTRACT

This manual describes the computer program CONTAM version 2.4 developed by NIST.
CONTAM is a multizone indoor air quality and ventilation analysis prnogiasigned to help

you determineairflows and pressures infiltration, exfiltration, and roorto-room airflows and
pressure differences in building systems driven by mechanical means, wind pressures acting on
the exterior of the building, and buoyancieets induced by temperature differences between

the building and the outsidepntaminant concentratioristhe dispersal of airborne

contaminants transported by these airflows and transformed by a variety of processes including
chemical and radichemicaltransformation, adsorption and desorption to building materials,
filtration, and deposition to building surfaces; anglersonal exposure the prediction of

exposure of building occupants to airborne contaminants for eventual risk assessment.

CONTAM canbe useful in a variety of applications. Its ability to calculate building airflows and
relative pressures between zones of the building is useful for assessing the adequacy of
ventilation rates in a building, for determining the variation in ventilatdesrover time, for
determining the distribution of ventilation air within a building, and for estimating the impact of
envelope aitightening efforts on infiltration rates. The program has also been used extensively
for the design and analysis of smokamagement systems. The prediction of contaminant
concentrations can be used to determine the indoor air quality performance of buildings before
they are constructed and occupied, to investigate the impacts of various design decisions related
to ventilationsystem design and building material selection, to evaluate indoor air quality control
technologies, and to assess the indoor air quality performance of existing buildings. Predicted
contaminant concentrations can also be used to estimate personal eRpesdren occupancy
patterns.

Version 2.0 contained several new features including:trem® contaminants, unlimited number
of contaminants, contaminarglated libraries, separate weather and ambient contaminant files,
building controls, scheduled zotemperatures, improved solver to reduce simulation times and
several user interface related features to improve usability. Version 2.1 introduced more new
features including the ability to account for spatially varying external contaminants and wind
pressues at the building envelope, more new control elements, paspelafic contaminant
properties, total mass released calculations and detailed program documentation. Version 2.4
introduced two new deposition sink models, a-dmeensional convection/difsion contaminant
model for ducts and usselectable zones, new contaminant filter models, control super nodes,
super filters and super airflow elements, a duct balancing tool, building pressurization and model
validity tests and several other usabilibhancements.

Key Words: airflow analysis; building controls; building technology; computer program;
contaminant dispersal; controls; indoor air quality; multizone analysis; smoke control; smoke
management; ventilation



DISCLAIMER

This software was developedithe National Institute of Standards and Technology by

employees of the Federal Government in the course of their official duties. Pursuant to title 17
Section 105 of the United States Code this software is not subject to copyright protection and is
in the public domain. CONTAM is an experimental system. NIST assumes no responsibility
whatsoever for its use by other parties, and makes no guarantees, expressed or implied, about its
quality, reliability, or any other characteristic. We would appreciata@eledgement if the

software is used. This software can be redistributed and/or modified freely provided that any
derivative works bear some notice that they are derived from it, and any modified versions bear
some notice that they have been modified.

Users are warned that CONTAM is intended for use only by persons competent in the field of
airflow and contaminant dispersal in buildings and is intended only to supplement the judgement
of the qualified user. The computer program described in this repgotadaype methodology

for computing the airflows and contaminant migration in a building. The calculations are based
upon a simplified model of the complexity of real buildings. These simplifications must be
understood and considered by the user.

Certaintrade names and company products are mentioned in the text or identified in an
illustration in order to adequately specify the equipment used. In no case does such an
identification imply recommendation or endorsement by the National Institute of Staaddrds
Technology, nor does it imply that the products are necessarily the best available for the purpose.
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DOCUMENT REVISION HISTORY

The table below provies a summary of revisions made to the documentation since the initial
release on October 7, 2005. You can use the links in the Section column of the table to "jump" to
the revised section of the document.
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200810-06 [ 2.4c|Modified CSM file format CSM File
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2.4b|Onedimensional zone axis orientation 1D Zone Data
2.4b[Enhanced SketchPad deletion capabilities gglrit;;gafnutnlig]r?s
2.4b|Results display time step navigation Viewing Results
2.4b|Results navigation jump setting Results Display
2.4b|Maximize ContamW window on staip SketchPad Size
2.4a|Short time step simulation results files Ereos;étrstig:eandomput
2.4a|Use of WPC and DVF files to control airflow calation Weather Properties
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INTRODUCTION

CONTAM is a multizone indoor air quality and ventilation analysis computer program designed
to help you determine:

e Airflows: infiltration, exfiltration, and roonto-room airflows in building systems driven
by mechanical means, wind pressures acting on the exterior of the building, and buoyancy
effects induced by the indoor and outdoor air temperature difference.

¢ Contaminant Concentrationthe dispersal of airboencontaminants transported by these
airflows; transformed by a variety of processes including chemical andafagiical
transformation, adsorption and desorption to building materials, filtration, and deposition
to building surfaces, etc.; and generaigd variety of source mechanisms, and/or

e Personal Exposurehe predictions of exposure of occupants to airborne contaminants for
eventual risk assessment.

CONTAM can be useful in a variety of applications. Its ability to calculate building airflows is
useful to assess the adequacy of ventilation rates in a building, to determine the variation in
ventilation rates over time and the distribution of ventilation air within a building, and to
estimate the impact of envelope air tightening efforts on infilinatates. The prediction of
contaminant concentrations can be used to determine the indoor air quality performance of a
building before it is constructed and occupied, to investigate the impacts of various design
decisions related to ventilation systemigesand building material selection, and to assess the
indoor air quality performance of an existing building. Predicted contaminant concentrations can
also be used to estimate personal exposure based on occupancy patterns in the building being
studied. Eposure estimates can be compared for different assumptions of ventilation rates and
source strengths.

This document addresses both the graphical user interface (referred to h@wmaass\V) and
the numerical solver (referred to hereinGmntamX) of verson 2.4 of the program, collectively
referred to a€ONTAM .

PROGRAM MODIFICATIONS

Enhancements for version 2.4

CONTAM 2.4 is an update to the previously released version 2.1 (versions 2.2 and 2.3 were
interim versions not released to the public) with manlyancements, several of which are listed
below. CONTAM 2.4 is backwards compatible with previous versions, meaning you can open
existing project files created with previous versions. Once updated to version 2.4, project files
can not be saved as or opeméth previous versions. Therefore, you should maintain older
copies of your existing project files.

Throughout this manual you will find new features (latest revision) of the program highlighted as
illustrated by this paragraph.

Version 2.4c
New control ypes- Added new mathematical functions: exp, In, log10, etc.
TCP/IP socket simulation contreEnabled multiday simulation control.



Operating System Compatibility
CONTAM Fonts ContamW SketchPad now utilizes internal bitmap patterns instead of
font files.

HTML Help- The ContamW help system has been converted to HTML help for
compatibility with the Windows Vista operating system.

CONTAM Log Files The contamx2.log and contamw?2.log files are now stored in the
users application directory (home directéoy Linux version of ContamX).

Usability Enhancements

ContamX No#Convergence Informationif the ContamX airflow calculation fails to
converge, a list of airflow nodes that failed to converge will be provided in the
contamx2.log file.

Error List - ContanW generates a list of problem icons that is displayed in the newly
implementeduilding Check Problemdialog box when a PRJ file does not pass the
building check performed prior to a simulation. This includes airflow paths that do not
have valid locatiomlata when working with WPC files.

Create WPC File Dialog The WPC dialog box has been modified to enable "manual”
generation of PLD files to aid in the creation of WPC files, and the Weather page of the
Simulation Parameters property sheet has been raddificordingly.

Recent file list Added list of recently opened project files to the File menu.

Open Project Input/Output FilesProvided the ability to open CONTAd&lated input
and output files from the File menu. Files are opened based on file extessociations
of Windows.

Result Plotting Right click on SketchPad icons when viewing results to activate result
plotting.

SketchPad NavigatoerDisplay a small icon SketchPad window to simplify navigation of
the main SketchPad with larger icons: fromain menu select ViewSketchPad
Navigator.

Duct Results Displayduct velocity calculated based on upstream air density.

CSMFile Format- modified CSM file format to provide more detail related to
source/sinks.

Resolved Program Issues
Cubic Spline Eleents- Enabled the use of cubic spline elements in duct segments.

CSM File- WPC file contaminants filtered by envelope flow paths were not being
accounted for in the Contaminant Summary File.

DVF and WTH File WTH file records were being skipped whenngsboth a DVF and a
WTH file.

Duct Balancing After duct balance is performed the flow rates of "mass flow type" fans
could be incorrectly set as though they were volume flow types.



Flow Limits- Flow limits of airflow paths were set back to none upam ridad.

CVF/DVF Node SelectionNode drop down list was improperly sorted causing potential
for setting of incorrect nodes.

Version 2.4b
Building Controls
Occupancy SenserAdded zone occupancy sensor type.

Gage Pressure SensoAdded gage pressure sersfor zones, duct junctions and
terminals.

Source/Sink Elements

NRCC SourcesAdded powerlaw and peak contaminant source types based on NRCC
material emission database.

Super Source/Sinkdmplemented ability to combine multiple source/sink elemenitsan
single super source/sink element.

Usability Enhancements

Enhanced deletion capabilitie?rovided ability to delete multiple items from the
SketchPad with a single deletion operation.

Results display Improved control over selection of simulatiomé for results display.

Wind pressure displayProvided ability to review transient wind pressures resulting from
wind data provided by WPC files.

SketchPad draggingHold down the mouse wheel to drag the SketchPad when scroll bars
are visible.

Library Manager- Use the Ctrl and Shift keys to select multiple items from the element
lists and perform copy and delete opperations on them.

Version 2.4a

Number of building component3 he limit on the total number of each type of building
component (i.e., zosepaths, ducts, sources/sinks, etc.) that can be created within a single
project has been increased from 32 767 to 2 147 483 647.

Short timestep method A new simulation mode that solves contaminant dispersal equations
using an explicit solution method.

1D Zones The ability to simulate selected zones as-dineensional convection/diffusion
zones has been implemented. This provides the ability to more realistically simulate the
transport of contaminants through "long" or "tall" zones, e.g., hallwayslzafts, better
accounting for transport times through these 1D zones.

1D duct model Implementation of oneimensional convection/diffusion elements in
ductwork, thus providing more realistic contaminant transport results through the duct
system. Thisequires the use of the short thsiep method.

Duct temperature calculationsWhen simulating 1D ducts in the short thsiep mode,
CONTAM can now calculate duct temperatures based on the "mixing" of air streams at the



duct junctions and the source (zoa&)temperatures from which air is introduced into the
duct system.

Simulation results dataModified thezoneandjunction pressureas reported to the simulation
results file to more closely resemble gage pressures. Zone pressures are now refettemced to
ambient pressure at the level on which the zone is located. Junction static pressure is now
referenced to the zone in which the junction is located at the height of the junction within the
zone.

Automated duct balancingAdded simulation option to &mmatically balance duct systems.
This will greatly simplify the task of defining detailed duct systems in CONTAM.

Building model verification tests

Building pressurization testSimulation option to automatically determine building
envelope airtightnedsased on a simulated fan pressurization test.

Building airflow test Simulation option that generates a set of data, mostly related to
building ventilation, that can be used to gauge the reasonableness of model inputs before
beginning analysis of a builaly.

Cubic spline airflow elements
Contaminant Filters

New filter models CONTAM has addegarticle andgaseoudilter models that greatly
increases the userflexibility to create models based on measured filter performance data,
e.g., MERV and breakthugh curves.

Filter super elementsenables multiple filter models to be combined into a single filter
element, e.g., a particle pfiter combined with a gaseous filter.

Contaminant summary fileThis file is generated when simulating contaminants ¢wige
information related to source/sink contaminant generation and removal, filter loading and
breakthrough, and contaminant transport between building zones and ambient.

Deposition sink modelsAdded Deposition Velocity and Deposition Rate sink mottels
simplify the definition of sinks based on more familiar deposition terminology.

Control super elementsThe task of creating building control systems has been improved by
reducing the amount of user input required, increasing the amount of flexibuigfining

control systems and enabling the sharing of control elements, e.g., sensors, within and between
projects.

TCP/IP socket simulation contrelContamX can be controlled via the TCP/IP Socket
communication protocol based on a-pgedined set of mssages that include control commands
and data exchange. ContamX can also be compiled and run under Linux based operating
systems, and a Linusgompatible executable is now available on the NIST web site.

Usability enhancements
Find - search for items onk&tchPad by Name and Number

Find-andreplace- search for and replace properties of building components within a
project



SketchPad movement

Ctrl + arrow key => skip 10 cells in direction of arrow

Shift + arrow key => move to next icon in the direction iwba
Mouse wheel for scrolling:

Wheel => up/down Shift+Wheel => page up/down
Alt+Wheel => left/right Shift+Alt+Wheel => page left/right
Keyboard icon placementuse keyboard to place icons on the SketchPad
Floating status bar
Userdefinedzone colors
Userdefinedduct colorsandautomated duct tracing/coloring tool
Generatditmap file(.bmp) of SketchPad

Enhancements from version 2.0 to 2.1

Wind pressure and contaminant fieldBhe ability to incorporate data from exterior airflow and
pollutant tranport models, e.g., plume and puff dispersion models, to utilize detailed ambient
wind pressure and contaminant data fields to provide boundary conditions on the airflow paths of
the envelope of built structures

Control elements New control elements toraulate time delays associated with sppidown
of fans and the opening/closing of dampers and to perform integration, peak determination of
sensor output over time, maximum, minimum and exponential operations

Particle analysis Modified contaminant propges to simplify the analysis of airborne particles

Mass release calculationThe calculation of total mass released by contaminant sources during
a simulation

Program DocumentationProgramming documentation of the software was produced which can
be dotained from the NIST website. This documentation includes details of CONTAM input and
output file formats\\Valton and Dols 2003

Enhancements from version 1.0 to 2.0

Building controls- Controls include sensors, actuataredifiers and links. Control actuators

can be used to modify various characteristics of building components based on control signals
obtained from sensors and even modified by signal modifiers. For example, a sensor can be used
to obtain a contaminant noentration within a zone, and a proportional control actuator can be
used to adjust supply airflow into the zone based on the sensed concentration.

Scheduled zone temperature®ne temperatures can now be varied through the use ef user
defined scheduk This allows for the change in zone pressures due simply to the change in
temperature within the zone according to the ideal gas relationship.

Contaminants

Nontrace contaminants You can now account for the impact of contaminant
concentrations on theedsity of the air, e.g., water vapor.

Unlimited number of contaminart$CONTAM no longer restricts the number of
contaminants you can simulate. The previous limitation was 10.



Contaminantrelated libraries- Contaminant related elements can now be shhredgh
CONTAM library files. These elements include contaminant species, filters, source/sinks
and kinetic reactions.

Numerics

Variable air density CONTAM now provides the ability to simulate nfiow related
processes that can lead to the accumulagdnttion of mass within building zones, e.g.,
due to nortrace contaminant sources and to variations in the zone pressure due to the
change in zone temperature.

Sparse matrix techniquasplemented to greatly reduce transient simulation times for
large poblems.

Separated solver from graphical user interfacerovide for batch execution of
simulations and directly utilize .PRJ files.

Transient weather

Separate transient weather and contaminant filgeather files ((WTH) no longer

contain contaminant ozentrations (except for outdoor humidity ratio). This means you

dont have to create different weather files depending on the types of contaminants you are
simulating. CONTAM now provides you with the option of simulating transient ambient
contaminant catentrations using a contaminant file (.CTM).

Weather file creation/conversion softwarIST has developed a software tool that
allows you to convert existing weather files to CONTAM 2.0 compatible weather files.
You can convert your existing ddmpatilbe files, TMY2 and EnergyPlus weather files.

User interface
Longer zone namesZone names can now be up to 15 characters long.

SketchPad zooming featwr& ou can now reduce the icon size of the SketchPad to allow
the display of larger projects on theesen.

Results Display
Net interzone airflowsdisplayed for highlighted zones in Results Display Window

Airflow direction indicatorsare now displayed in the Status Bar when viewing
airflow path results

Distinct simple airhandling system zoned he impliat zones of multiple simple
air-handling system are now distinguished from each other to allow for the plotting
of individual system zones

SYSTEM REQUIREMENTS
CONTAM runs under Windows 98, NT/2000, XP and Vista.



GETTING STARTED

INSTALLING CONTAM

ObtainingCONTAM

CONTAM installs from a set of installation files that you can obtain from NIST. These files can
be downloaded from the NIST websit@{w.bfrl.nist.gov/IAQanalysis

Installing CONTAM 2.4

After dowrnoading CONTAM 2.4 from the NIST website, dowaléck the Microsoft installer

file "contam24.msi" to begin the installation process. Choose a folder into which you want to
install the program, or simply select the default location which \Br@gram
FileSNIST\CONTAM 2.4." Follow the directions to complete the installation. This installation
will not remove or overwrite existing versions of CONTAM.

Files Installed

The following table lists the files installed by the setup program. For each file, theodir®
which it is installed, the name and a brief description are given. The <program> directory is
selected when you install the program.

Directory File Name Description
contamw?2.exe ContamW- User interface

| lcontamx2.exe ContamX- Solver
'|<program> ]contam.cfg Configuration file
| lcwhelp24.chm Help file
| lolch2d32.dll Charting dynamic link library
L oaramsamples P "wih and *.ctm Sample project files
Dishe PeS kI CONTAM library files

Uninstalling CONTAM

The CONTAM 2.4 setup program also proviges with an uninstall feature. You uninstall
CONTAM 2.4 much as you would a typical Windows program. Access the Control Panel from
the Settings selection of the Start menu. Select Add/Remove Programs from the Control Panel.
Select CONTAM 2.4 from the ligif installed programs and click the "Add/Remove" button to
uninstall CONTAM 2.4.

RUNNING CONTAM

As indicated in thénstalling CONTAMsection, CONTAM actually consists of two executable
programs: ContamW and ContamX. Con¥ars the graphical user interface and ContamX is
the simulation engine. Typically you will activate ContamX via a menu command from within
ContamW. However, ContamX can be utilized as a comriaadool and even utilized within
script or batch files.

Runming ContamW
Run ContamW by selecting CONTAM 2.4 from the NIST program group of the Start menu.


http://www.bfrl.nist.gov/IAQanalysis

Runnning ContamX as a Commalnge Program

The easiest way to run ContamX as a comrareprogram is by locating the contamx2.exe
file and related projects drsupporting files within a common directory. The commbmel
format for running ContamX is as follows:

CONTAMX2 <project filename>

If you leave off the project file name, you will be prompted to enter one, therefore when running
in batch mode be sure poovide a filename.

Running ContamX with TCP/IP Socket Communication

ContamX can be run in a TCP/IP socket communication mode that enables more precise control
over the simulation including execution control and data transfer via TCP/IP sockets. This mode
of execution can be implemented under either Windows or Linux and was originally developed
to enable interoperability between ACATS (Analytical Conflict and Tactical Simulation)

software developed by Lawrence Livermore National Laboratory and ContamXp§ferdix B

for details and a complete description of the TCP/IP messaging structure.

USER TASKS

The use of CONTAM to analyze airflow or contaminant migration in a building involves five
distinct tasks:

1. Building Idealization Form anidealizationor specificmodelof the building being
considered,

2. Schematic RepresentatidDevelop a schematic representation of the idealized building
using the ContamV8ketchPado draw the building components,

3. Define Building Component€olled and input data associated with each of the building
components represented on 8ieetchPad

4. Simulation Select the type of analysis you wish to conduct, set simulation parameters, and
execute the simulation,

5. Review & Record ResultReview the resultsf your simulation and record selected
portions of the results.

Task 1- Building Idealization

Building idealization refers to the simplification of a building into a set of zones that are relevant
to the user's goal in performing an analysis. A buildig loe idealized in a number of ways
depending on the building layout, the ventilation system configuration and the problem of
interest. This idealization phase of analysis requires some engineering knowledge on the part of
the user and is an acquired skilat you can develop through experience in airflow and indoor

air quality analysis and by becoming familiar with the theoretical principles and details upon
which indoor air quality analysis is based.

It is important to note that CONTAM provides a macaoysc model of a building. In this
macroscopic view, each zone is considered to bemigkd. Wellmixed means that a zone is
characterized by a discrete set of state variables, i.e., temperature, pressure and contaminant
concentrations. Temperature anthi@minant concentration do not vary spatially within a zone,
and contaminants mix instantly throughout walked zones. However, pressure does vary
hydrostatically within all zones.



Beginning with CONTAM version 2.4, ordimensional convection/diffusioromes can be
implemented within CONTAM. This feature can be useful in simulating contaminant transport
through long or tall zones that are characterized by a single, dominant flow direction. One
dimensional convection/diffusion duct models can also be mmai¢ed to more realistically
capture contaminant transport within entire duct systems.

CONTAM is well suited for analyzing the interaction between the zones of a building on a
macroscopic level but is not well suited for the analysis of the microscofiomwaand

contaminant characteristics within a given zone of a building. Computational Fluid Dynamics
(CFD) analysis is better suited for analyzing the airflow and contaminant transport characteristics
of a given zone of a building. However, the computatigesources required to perform a CFD
analysis for an entire building is currently prohibitive. The-dimensional convection/diffusion
model provides an intermediate level of detail between themigtd and CFD models.

Task 2- SketchPad Representaiin

Developing the SketchPad representation will be the focus of your interaction with ContamW.
With ContamW's SketchPad you will be able to draw a diagrar8ketchPad diagram of

your building idealization using drawing tools and libraries of icongpoesent components of

the building system. CONTAM translates your diagram into a system of equations that will than
be used to model the behavior of the building when you perform a simulation.

SeeWorking with the SketchREN theUsing CONTAMWSsection.

Task 3 Data Entry

Data entry can be one of the more tinmmsuming parts of the process of using ContamW. It
involves the determination and input of the numerical values of the paramstarstes with

each of the SketchPad icons. These icons represent the elements of the building model and
include air leakage paths (windows, doors, cracks), ventilation system elements (fans, ducts,
vents), contaminant sources, filters, and sinks and dordtevork components. Each of these
elements is associated with a number of parameters, and you must obtain the values of these
parameters for entry into the model. Depending on the element and the application, these values
can be obtained from buildirgpecific data, engineering handbooks, and product literature. In
many cases, a degree of engineering judgement will be involved. ContamW allows you to create
libraries of these elements that you can use in current and future modeling efforts.

Detailed infomation is provided for the various components throughout/tiieg CONTAMW
section.

Task 4 Simulation

Simulation is the use of CONTAM to solve the system of equations assembled from your
SketchPad representation of a buitgto predict the airflow and contaminant concentrations of
interest. This step involves determining the type of analysis that is needed; steady state, transient
or cyclical, and a number of other simulation parameters. These parameters depend on the type
of analysis you wish to perform (steady state or transient), and include convergence criteria and
in the case of a transient analysis, time steps and the duration of the analysis.

SeeWorking with Simulationsn theUsing CONTAMWSsection.

Task 5 Review & Record Results

ContamW allows you to view the simulation results on the screen and to output them to a file for
input to a spreadsheet program or other data analysis programs includingetrelspetl by



NIST and available on the CONTAM website (e.g., SimRead2 and ContamRYV). Airflows and
pressure differences at each flow element can be viewed directly on the SketchPad. Contaminant
concentrations for a zone can also be plotted as a functioneotitrectly from the SketchPad.

You can then decide which data you wish to examine more closely and export these to a tab
delimited text file that can then be imported into a spreadsheet for further analysis. There is also
a controlsrelated feature thatrovide the ability to report the values of usetected control

nodes to a control "log" file for each time step of a transient simulation.

SeeWorking with Resultsn theUsing CONTAMWSsecton.

THE CONTAM GRAPHICAL USER INTERFACE

The graphical user interface (GUI) of CONTAM is what you use to create and view your airflow
and contaminant dispersal analysis projects. It consists mainly of a drawing region referred to as
the SketchPad, a setdarfawing tools, a title bar, a set of menus, and a status bar. The following
sections provide brief explanations of each of the features of the CONTAM GUI. Sésrige
ContamWsection for details on how to use these festur

[E! CONTAMW2Z - (untitled)

File Edit Wiew Lewel Tools Data ‘eather Simulation Help +— henu
(@@ 4 (/8| )25 O[N] T[T 8w |
Ankt 3
+— Caret
SketchPad
L
< >
Zone: Ambk Col 1, Row 1 Level <1=:1af 1 +— Status Bar

Figure - The CONTAM Graphical User Interface

Title Bar

The title bar is the typical rectangular region at the top of the main ContamW window. The
CONTAM project filename will be displayed within this region.

Menu

The menu is typical of a Windowsqgram with differences that provide functionality specific to
the CONTAM application. It is through this menu that most ContamW operations can be
performed including: saving and retrieving project files, selecting various modes of display,
setting up angerforming simulations, as well as accessing thérehelp system. Note that
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some of the menu items have shortcuts oiklegs that enable quick access; for example, to save
the current project file use the Ctrl+S key combination.

Toolbar

The toolbar, Bown in the following figure, appears below the menu and provides convenient
shortcuts to some of the menu items. Several of the toolbar buttons are similar to those found in
other Windows applications. Other buttons provide a shortcut to functionaldifispe

ContamW.

B|@|@| %@ st O < NO] ZE] B

Status Bar

The status bar, shown in the following figures, is the region displayed below the SketchPad at the
bottom of the main window. This region is broken up into three separate panes that display
various information depending oreticurrent mode of the SketchPad.

ContamW 2.4 now provides you with a floating status bar which will display in the region of the
caret whenever you select certain icons on the screen providing a more convenient means to
review icon information. This ismiilar to Tool Tips that appear when you hover over a toolbar
button with the Windows cursor. You can turn this feature on and off vidithe w  Yting | o a
Status Baror Ctrl+T for Tool tips.

Left Pane

This pane always displays the type and number of building component icon, e.g., zone, path, air
handling system, etc.

In thenormal modeof operation, the leftmost pane displays summary infdonatf the
currently highlighted cell or icon.

In the simulatiorresults modgthe leftmost pane displays the results for the currently highlighted
icon. For a zone this includes the temperature and pressure relative to the ambient pressure at the
elevaton of the level on which the zone is located. For duct junctions and terminals it displays

the temperature and static pressure relative to the zone in which the junction or terminal is
located. For paths and duct segments it will display the airflow assyre drop across the path

or segment along with symbols to indicate the direction of flow (>, <, , v). For a simple air
handling system icon the outdoor airflow, recirculation airflow and exhaust airflows for the

implicit flow paths will be displayed.

Many units of display can be controlled by selecting the S or IP system of units in the Project
Configuration Properties accessible via Yiew Y Options... menu command.
Center Pane

In thenormal modeof operation, the center pane indicates the location of the currently
highlighted icon or cell in SketchPad coordinates (numbered from tHeftaqrner). In the
simulationresults modéhe cente pane displays the current simulation time step for which the
results are being displayed.

Right Pane

The rightmost pane displays the name and number of the current level and the total number of
levels in the project.
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Figure - Status Bar durindNormal ModeandResults Viewing Modespectively

COMPONENTS OF A CONTAM PROJECT

Project Files

All data related to the characteristics of the projects you work with are stored in a "project" file
having a "PRJ" extension (S@éorking with Project Files This is an ASCII file, which is

intended to be "viewed" only by the ContamW program. You should keep careful records of
your project files and establish a naming convention that is meaningful to you for the various
versions of groject that you may wish to save. There are other files utilized by CONTAM
including: simulation results files, ambient files, library files, log files and other support files.

Results Files

Simulation results are stored in files created automaticaliydntamX with the same name as
the PRJ file except that the "PRJ" extension is replaced by extensions that depend on the type of
results generated by the simulation ($éarking with Simulation Resul}s

Ambient Files

Ambientfiles include weather (WTH extension), contaminant (CTM extension) and wind
pressure and contaminant files (WPC extension). Ambient files may contain up to a years worth
of data and are used when performing transient simulation§geeng with Weather These

are ASCII files, but the formats are unique to CONTAM.

Library Files

Library files are the means by which you can share various types of data between CONTAM
projects (se&Vorking with Data and Librariés

Support Files

Support files include log files, backup files and a configuration file. ContamW support files are
created in the user's application directocpDocuments and Settinggiser*Application
DataNIST\ContamW. The ContarX log file is created in $Documents and
Setting$<userxApplication DataNIST\ContamX. The linux version of ContamX stores the
ContamX log file in the user's home directory. Log files contain information about the execution
of the respectful programs @are useful in the event that you require technical support from the
program developers (s&etting Help). ContamW creates a backup (BKP extension) file every
time a PRJ file is successfully opened. The configuratiorf@ilEG extension) and the BKP file

are also stored in the ContamW application directory.

Building Components

Building components are the items that characterize the physical makeup of a building that you
define using ContamW. This section briefly descrilbesé components.

Levels

CONTAM represents buildings in terms of multiple levels, accounting for the communication of
air and contaminants between these levels. Levels typically correspond to floors of a building,

12



but a suspended ceiling acting as a reairplenum or a raised floor acting as a supply plenum
may also be treated as a level.

Walls

Wallls are used to designate zones which are regions surrounded by walls, floor and ceiling.
These walls include the building envelope and internal partitionsangtgnificant resistance to
airflow.

Floors and Ceilings

Floors and ceilings are included implicitly by ContamW for building zones. When you draw a
zone on the SketchPad, ContamW automatically includes the floor of the zone. To create a roof
with penetrabns into the floor below requires a blank level above the top floor. It is also
possible to create a phantom zone with no floor or ceiling as might be required to create an
atrium that spans multiple levels (3&®rking with Zones.

Zones

In CONTAM, a zone typically refers to a volume of air having a uniform temperature and
contaminant concentration. However, beginning with version 2.4, zones can now be configured
as onedimensionakonvection/diffusion zon&s which contarmant concentrations are allowed

to vary along a usespecified axis.

There are three types of zones in CONTAMrmal phantomandambient Normal zonesre
separated from the zone below by a floor. &h#ient zonewhich surrounds the building is
implicitly defined and is identified by the symbol at the ugpéircorner of the SketchPad. You
can also use aambient zoné&on to define a courtyaré?hantom zoneimdicate that the area on
the current level is actually part of thermal zoneon the leveimmediately below. There is no
floor between ghantom zonand thenormal zonébelow. You could usphantom zone®
define building features such as atriums. Qmdymal zonesan be configured to be
convection/diffusiozones, however, these zones shihbe referenced bghantom zones

Airflow Paths

An airflow path indicates some building feature by which air can move from one zone to

another. Such features include cracks in the building envelope, open doorways, and fans. Path
symbols placed on thealis are used to represent openings between zones or to ambient; any
other placement represents an opening in the floor to the zone on the level below. CONTAM can
implement several different modelsairflow elementgo ddine airflow paths. The basic

categories of airflow elements or models are as follows: small and large crack/openings
represented by powdsiw and quadratic pressure relationships, small and large doorways
elements, and fan/forced airflow elements. (8&eking with Airflow Path$

Simple Airhandling Systems

The simple akhandling system (AHS) provides a simple means of introducing draadling

system into a building without having to draw a duct system. It providesanazle model of

an airhandling system that delivers usgrecified flows where the system is properly balanced

and the fan is not impacted by any other pressurizing effects in the building. The AHS consists of
two implicit airflow nodes (return and suppl three implicit flow paths (recirculation, outdoor,

and exhaust air), and multiple supply and return points that you place within the zones of the
building. You can set the air flows of the AHS to vary according to a schedule.
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Ducts

You can use ducts implement a more detailed model of antandling system that handles a
broader range of conditions. For example, when an air handler is off, the ductwork may provide
flow paths between zones which are significant in relation to the normal construeatika or
openings. Ductwork consists of duct segments (paths) and junctions or terminal points (nodes).
CONTAM can implement several different duct segment modedsicirflow element$o define

duct segments. The basic caiggs of duct flow elements are as follows: resistance models, fan
performance curves, and badkaft dampers. (Sé&/orking with Duct$

Contaminants, Sources and Sinks

You can define an unlimited number of contaminants withsingle project with a practically
limitless number of sources associated with the contaminants. CONTAM can simulate
contaminant transport via airflow between zones, removal by filtration mechanisms associated
with flow paths, and removal and additiop ¢hemical reaction. CONTAM can also implement
severalkource and sink modeis generate contaminants within or remove contaminants from a
zone. These models include: constant generation, pressure driven, decaying stmffce, c
concentration, reversible boundary layer diffusion, and burst models\W&deng with
ContaminantandWorking with Sources and Sinks

Schedules

Schedules are used to control or mod#yious properties of building components as a function

of time. You can set schedules for airflow paths, duct flow paths; contaminant sources and sinks;
and inlets, outlets and outdoor air delivery of simpléhaindling systems. The effect of setting a
schedule on a building component varies depending on the properties of the component. For
example, you can set a schedule to adjust the airflow delivered to a zone by an inlet of a simple
air-handling system. (Se&/orking with Simple Air Handling System&£ONTAM also provides

the abiltity to schedule zone temperatures.

Controls

Controls include sensors, actuators, modifiers and links. Control actuators can be used to modify
various characteristics of building components basedontrol signals obtained from sensors

and even modified by signal modifiers. For example, a sensor can be used to obtain a
contaminant concentration within a zone, and a proportional control actuator can be used to
adjust supply airflow into the zone$ed on the sensed concentration.

Occupants

Occupants can be used to determine the amount of contaminant exposure a person would be
subjected to within a building. Occupants can also generate contaminants. You can set a schedule
to establish each occuparg movement within a building. Occupant sahled can also be used

to define periods of times when occupants are not in the buildingW{8deng with Occupant

Exposure

Weather

CONTAM enables you to account for either steathte or varying weather conditions. Wesat
conditions consist of ambient temperature, barometric pressure, humidity ratio, wind speed and
direction, as well as ambient contaminant concentrations.
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Simulation

In CONTAM, simulation is the process of forming a set of simultaneous equations based up
the information stored in the project file, performing the numerical analysis to solve the set of
nodal equations according to usifined specifications, and creating simulation results files that
can be viewed using the ContamW interface. Therehaee basic types of simulations that you
can perform for airflow and contaminant analysis using CONTAM: steady state, transient and
cyclical. (seaNorking with Simulation}
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USING CONTAM

This section provides detailed infoation on how to use the features of the CONTAM program
as well as a detailed explanations of the terminology of the user interface.

WORKING WITH THE SKETCHPAD

The SketchPad is the region of thentamW screen where you draw the schematic
representation of a building you wish to analyze. This representation is in the form of a set of
simplified floor plans that represent the levels of a building. The SketchPad consists of an
invisible array of clis into which you place various icons to form your schematics of a building.
The SketchPad is used to establish the geometric relationships of the relevant building features
and is not intended to produce a scale drawing of a building. It should bewsedte a

simplified model where the walls, zones, and airflow paths are topologically similar to the actual
building.

The Caret

When working with ContamW you will notice a blinking square on the SketchPad. This is
known as the systeparet and it is thesize of a single SketchPad cell. Thagetis the same
thing as the blinking vertical bar that is common to many word processing applications. The
caretindicates the currently selected cell of the SketchPad. Anyradated information that
appears irthe status bar is associated with the location ot#net

Moving the Caret

To move thecaretaround the SketchPad you can use the keyboard arrow keys or you can move
the system cursor with the mouse and clicki¢fittmouse buttoto set the caret pdsin. You

can also use the arrow keys in conjunction withShiét andCtrl keys to move thearetmore

quickly.

Shift + Arrow Key moves thecaret10 cells in the direction of the arrow. The number of cells to
move can be modified within the ContamW Cagaufiation (Se€ell/lcon Sizen the
Configuring Contam\éection).

Ctrl + Arrow Key moves thecaretto the next icon in the direction of the arrow

SketchPad Operations
The specific operationfat you will perform using the SketchPad are as follows:

1. Drawing Walls, Ducts and Controls

2. Drawing building component icons

3. Defining building component icons

4. Viewing results

5. Viewing envelope pressure differentials due to wind effects

SketchPad Modes

There are three basic modes of the Sketchi®adnal, resultsandwind pressure The

SketchPad modeasically refers to the type of information that is displayed upon the SketchPad.
You can tell what mode the program is in by looking at the items Xidve menu to see which

one has a mark next to it.
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e In thenormalmode ContamW displays only the buildiogmponent icons. In this mode
you can add, delete, copy, and move icons.

¢ In theresultsmode, ContamW displays simulation results upon the SketchiPtus
mode you will not be allowed to add, delete, copy and move icons upon the SketchPad
(SeeViewing Result.

e Thewind pressurenode is provided to verify wind speed and direction information
visually on the SketchPad (S€aeckingWind Pressure Data

Control Super Element / Super Nod&e&chPad

With the advent of the new control super element, comes another use of the SketchPad to create
and edit super elements and super nodes@8atol Super Elementa theWorking with
Controlssection). When working with super elements only the controls drawing tool is enabled,
along with the ability to define the control network icons. This SketchPad is activated via the
Dat a¥YContr ol sYS umeauitent WeemtherSuseéElem&ketchPad is active,

the upper left corner of the SketchPad will display "Super Element:" followed by the name of the
super element currently displayed on the SketchPad. When working with super elements the
"Control Super Elements" dialog box will alsodisplayed. The Super Node SketchPad enables
only the modification of existing control sutmde icons, so the control drawing tool will be
disabled as will be the ability to delete control network icons. The Super Node SketchPad is
activated by instantiatgnan existing control super element or doutlieking on a Super Node

icon. When the Super Node SketchPad is active, the upper left corner of the SketchPad will
display "Super Node:" followed by the name of the super node currently displayed on the
SketchPad. When working with super nodes the "Super Node Data" dialog box will also be
displayed (See Control Super Nodes).

Zooming the SketchPad

You can change the size of the cells in which icons appear on the SketchPad in order to zoom the
floor plan in andbut on the SketchPad. The amount of information that will appear on your

screen is dependent on the resolution and the cell size. Zooming can be accomplished using the
two zoom buttons on the toolbar and their associated keyboard shortcuts shown below or
changing the Current Cell/lcon Size on the the Cell/lcon Size page of the Project Configuration
Properties dialog box accessable via\hee wOptions...menu selection (se@ell/lcon Sizg.

Keyboard Shortcuts:
Ctrl + PageUpto increase cell size
Ctrl + PageDownto decrease cell size

Printing SketchPad Images

You canobtain images of your SketchPad drawings to print or edit using the Windows print
screen feature. To do this, size the ContamW window and ple$xintScrn on the keyboard

to copy the current window to the Windows clipboard. Then you can immediatédytpas

image into the desired program. For example, you can paste the image into the Windows Paint
program for editing or directly into a word processing program. You can then print the image
from either of these programs.
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Exporting .BMP SketchPad Files

You can save a SketchPad image of the currently displayed level to a Windows bitmap (.BMP)
fleusingtheFi | e YSave Sket ch Panditem.drhe.SBVvMARs diloglbex will .
appear allowing you to name the file. The file will contain the entire SRatthased on the

current cell/icon size and color settings.

Drawing Walls, Ducts and Controls

You use various tools to draw the physical features of the building such as walls and ducts. All
drawing can baccomplished with either the mouse or the keyboard. When drawing, the
following mouse and keyboard keys produce common behavior. The left mouse bt (
corresponds to thg, or Enter key; the right mouse buttoRMB) to theEsckey. Vertical

motion of the cursor corresponds to thandy cursor keys, and horizontal motion corresponds
totheeand Y cursor keys.

The basic steps for drawing walls and ducts are as follows:
1. Activate drawing tool,
2. Set the initial location of the object,
3. Draw the object,
4. Undo current drawing,
5. Finalize drawing the object, and
6. Deactivate drawing tool.

Activating a Drawing Tool

There are four drawing tools available, two for dragwvalls, one for drawing ducts and one for
drawing control networks. To activate a drawing tool either select it from the toolbar, select it
from the "Tools" menu, or use the shortcut associated with the menu item. The toolbar button of
a selected drawingol will remain depressed as long as that tool is active. The toolbar buttons
and associated menu shortcuts are shown here.

Ql rectangle (or box) drawing todC{rl+B )
ll free-form wall drawing tool Ctrl+W )
El duct drawing tool Ctrl+D )

:l controls drawingool (Ctrl+L )

Once you have selected the tool, the drawing cursor will be displayed. The drawing cursor is a
pink square the size of a single SketchPad cell. Initially, the cursor appears with a transparent
center.

Setting the Initial Location of the Obft

To begin drawing the object, you set the initial location by first moving the drawing cursor either
with the mouse or the keyboard arrow keys and then you either clithBeor press] on the
keyboard. This will anchor the beginning of the obje¢hatnearest valid SketchPad cell for the
type of object you are drawing. When you select a valid beginning location, the drawing cursor
will become solid and you can begin drawing your object.
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Drawing the Object

After you anchor the beginning of the objegiu simply use the mouse and/or keyboard arrow
keys to draw the desired shape. While you are drawing, the cursor will be restricted to the
SketchPad region and constrained to specific movements in order to maintain drawing within
valid cells of the SketdPad. As you move the cursor, a dark line will appear on the SketchPad
representing the shape of the object you are drawing.

You can also move more quickly using thleift + Arrow Key andCtrl + Arrow Key keyboard
combinations.

Shift + Arrow Key moves thedrawing cursor 10 cells in the direction of the arrow. The number
of cells to move can be modified within the ContamW Configuration C&lécon Sizen the
Configuring Contam\\éection).

Ctrl + Arrow Key moves the drawing cursor to the next icon in the direction of the arrow,
which may be a wall, duct or control.

Undoing the Current Drawing

Prior to finalizing the drawing of the object, you can undo your drawing. To undo what you have
drawn,either singleclick theRMB or press th&sckey. This will erase the thick dark line, but

you will still be in the drawing mode. To begin drawing again, set the initial location again and
continue drawing another object.

Finalizing the Drawing Object

Once you are satisfied with your drawing, you finalize the object by either stigleng the

LMB or pressing thel key. This will replace the cells that had the thick dark line with the icons
appropriate for completing the type of object you are drawingu have attempted to draw an
invalid object, you will be prompted with a dialog box containing a message indicating the type
of error, and then you will be allowed to repair the drawn object.

Deactivating Drawing Tools

When you are finished using a diiagy tool you click theRMB or pressEscuntil your system
cursor reappears. Also, selecting a different drawing tool will automatically deactivate the
current tool if you do not currently have an object anchored.

Drawing Building Component Icons

A set of cons is used to represent various building components such as airflow paths
(representing doors, windows, cracks, etc.), contaminant sources and sinks, occupants and air
handling systems. Yoplace icons on the SketchPad using the Right Mouse Butiouligplay

a popup menuand then selecting the desired building component from the menu. You can also
use thelToolsY Draw lcon menu and associated keyboard shortcuts to place building icons that
can be place with the pap menu.

The icon placement menus are consamsitive. The menu selections that you can choose from

the icon placement menus will depend on thdeats of the cell occupied by the caret and

whether the SketchPad is currently displaying simulation reSMtien results are being

displayed, you will not be allowed to place additional icons on or delete icons from the
SketchPadThis is done to prevetihe display of misleading results on the SketchPad due to a
mismatch in the number of icons on the SketchPad and the number of icons for which results are
available from the last simulations. The icon placement menu will also prevent you from placing
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icons on invalid SketchPad locations. For example, you cannot place a supply or return of a
simple airhandling system within the ambient zone.

Keyboard

Icon Shortcut

Zone
Ambient
Phantom

Flow Path
Air Handling System
Supply (Inlet)
Return Qutlet)
Source/Sink
Exposure
Annotation

Table- Keyboard shortcuts for placing icons on the SketchPad

Z|X|n|O|—|Z|m|T|>|N

Zone
Ambient

Air Handling Swskem

Supply
Return

SourceSink,
Exposure

Annokation

Figure - Pop-up icon placment menu (riglstick on SketchPad)

The following table is a list of the icons that you will see on the Cont&@hk¥tchPad. This list
shows the icons by categories of building components. Some of these icons are placed on the
SketchPad using the drawing tools, and others are placed using thp mom placement menu.
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Icon Category Component Icons
Walls = lradtfFr4d+ 4+
Zones =] 5] ]
Duct Segments =llradl i
Duct Junctions agEeas
Duct Terminals B B B
Simple AHS rEEA
Airflow Paths QOO0 DHO
Source/Sinks [E]
Occupants a
Controls | — —- bt de= T l—EHEHD

Table- CONTAM SketchPad Icons (shown in default colors)

Defining Building Component Icons

When a new building component icon is drawn upon the SketchPad, it appears as a red icon. The
color red indicates that the parameters of the component must still be defined. To define a
building componentyou doubleclick (LMB ) on the icon or move the caret to the icon and press
theEnter key. This will activate the associated dialog box or property sheet for the selected
component, into which you enter the parameters that define the component. Aftavgou h

entered the parameters of the component, clickOtéutton to accept the parameters or the
Cancelbutton not to accept the parameters. The detailed properties of each component icon will
be presented throughout the "Using ContamW" section of thisi@han

NOTE - Press thé&1 Help key to activate theontextsensitive help systetiat explains the
properties of each building component.

Deleting Building Component Icons

There are two general methods of deleting building components from the Sketchdaiek-on
time (single component) or in groups (multiple components). CONTAM must be motimal
SketchPad mode in order to delete icons.

Single Component Deletion

To delete individual building components, you simply highlight the icon by either clicking
(LMB) on the icon or moving the caret to the icon using the arrow keys then either press the
Deletekey or use th&dit Y Deletemenu command.

Multiple Component Deletion

ContamW provides the ability to delete multiple building components in a single deletion
operation. This is done by first using one of three methods to select a region on the SketchPad
then activating th&dit Y Deletemenu command (or pressing theletekey).

Use one of the following three deletion tools to select a region of the SketchPad to work with:
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e Delete by region )
Menu commandi ool Y Delete byRegion

Tool bar button:ll

e Delete by box: )
Menu commad: Tool Y Delete byBox

Tool bar buttonzgl

o Delete by coordinates
Menu commandl ool Y Delete byCoordinates

Delete by SketchPad Coordinates [g|

Select area from point & to B

Colurmn R
Maxirmurm: | B4 | 56
Point &: | | 1
Paint B: | 1 | 1

Then pres®eleteto display the Multiple Icon Deletion Options dialog box shown below. Use
the check boxes to select the types of iconswaiit to delete, select the level(s) from which you
want to delete the icons using the Ctrl and Shift keys to select multiple levels from the list, then
click the OK button to perform the deletion.

Multiple Icon Deletion Options E|
Icons to be deleted Select levels From which icons will be deleted
[ wall Level # Mame
[~ Zone 4 atc
[ &irflow Path 2 giﬂi
" simpe
[ &HS Supply
[ AHS Return
[ Duck
[ Source/Sink
[ ©ccupant
[ Control

| Apnotation

Select all Levels
oK | Cancel |

Figure - Multiple Icon Deletion Options dialog box
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NOTE: Some deletion operations will invalidate existing relationships between items in the
project file. This can lead to the inability of ContamW to save the project file and/or ContamX to
perform a simulation on the project file. For example, deleting a #wat is refernced by an
occupant schedule will prevent ContamW from saving the project file. However, an error
message will be provided to notify you when you attempt to save. For this rpasamould

always create a backup copy prior to performing joradeletion operations.

Network Deletion (Ducts and Controls)

You can delete a set of connected ducts or controls using a single command. Highlight any icon
within the network you wish to delete and seledit Y DeleteNetwork from the menu or use

the Ctrl+Delete keyboard shortcut. If deleting a control network, you may be prompted whether
to delete or undefine phantom nodes that reference the network being deleted.

Find and Replace Building Component Data

ContamW provides the ability to perform both simple searches for building components and to
perform findandreplace operations. Both features involve the use of a dialog box that can be
displayed simultaneously with the SketchPad limsalnteraction between both the SketchPad

and the dialog boxes.

Find

Use the Find feature to locate various building component icons on the SketchPad by either their
Numberor Nameproperties. Be aware that numbers may change whenever the total number of
each type of component is modified by either adding or deleting components. Whenever the
project file is saved, the components will be renumbered based on their SketchPad position

starting from the top level and working from left to right then top to botta the SketchPad
down through the building levels.

Menu CommandEdit Y Fi n d é
Keyboard ShortcuiCtrl+F

Find
Item of Type: |Z|:une ﬂ
" By Mumber |1
From 1 to 15

* By Mame | o2 -
Find | Done |

Figurel Find dialog box

Simply select the type of component icon you wish to locate, select either a number or name
from the lists provided and click thend button. The icon will be located and highlighted on the
SkethPad. If there are no components of a given type, the search controls will be disabled.

Searchable items:
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« Air Handling Systems

. Airflow Paths- including Supplies and Returns of Simple Air Handling Systems
« Control Nodes subnodes of super nodes will @gfto the super node

« Duct Junctions

o Duct Segments

o Occupants

« Source/Sinks

« Zones- including implicit supply and return zones of simple air handling systems

Find and Replace

TheFind and Replacéeature consists of a more advantied feature that enable®oy to
generate lists of items based on uselected ranges of property values. You can then replace
parameters of the items in the list of items found.

Menu CommandEditY Rep | ac e é
Keyboard ShortcuiCtrl+R

Find & Replace
Find
Find |Zone | compaonents that meet the Following criteria:
B |1D Zone ﬂ | False j
v |Temperature j | 22 | |°C j
Find All Range: == { == ( == agpd <=
Remave Within: | Current Resulks [ Current Level
Items found®  Properties Values Inits
1 Mame: atc
z Murnber 1
3 Level # 4
4 Level Mame: akc
g Is 10 Zone: False
B Floor Area: 45,742999 m™e
7 Kinetic Reaction: Mone
achedule: Mone
Temperature: 21.999904 PC
Molume: 109.300003 m™3

* Select an ikern number to display it's properties

Double-click to locate it on the SketchPad
Click Remove button to remove selected ikem From lisk

Replace

[ |1D Zone ﬂ |False ﬂ

v |Temperature ﬂ| 20| |°C ﬂ
Replace All | Done ‘

Figurei Find and Replace dialog box
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There ae two sections of the Find and Replace dialog box: Find and Replace. Use the dialog box
controls within the Find section to generate a list of items that match the desired search criteria.
Once you have generated a list of items found, then select trsevitiéinm the Replace section to
replace the desired parameters of the items within the list. You are not required to use the replace
feature; you can simply use this tool to locate specific items within a project file.

Each type of building component hastpredefined sets of parameters upon which searches can
be performed: lisbased and valubased. The lisbased search parameters are accompanied by a
list of each parameter type contained in the project, e.g., elements, schedules, filters, etc. You
caneither select from the list to search for an exact match or type in-s@asetive search

string of text to match all items that contain the search string. \balsed parameters allow you

to search for items based on a range of values of the selecideper. It is possible to search

using either of these sets of parameters or both. Use the check boxes that are located adjacent to
the search parameters to select which ones to use.

Once you have set your search criteria, clickRimel All button to intiate the search. This will
generate at lise dfems foundYou can then select items in the list to display a summary of their
properties, or doublelick to locate the item on the SketchPad. You can also remove individual
items from the list by selectrthe item and clicking theRemovéutton. This allows you to

refine the set of items for replacement.
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Building Component

List Parameters

Value Parameters

Air Handling System

Kinetic reaction in return
Kinetic reaction in supply
Outdoor air filter

Retumn air filter

Outdoor air schedule

Minimum outdoor airflow
Return system volume
Supply system volume

Air Handling System Supply and
Return

Air handling system
Filter
Schedule

Airflow rate

Airflow Path

Airflow element

Filter

Schedule

Wind presure option and Profile

Azimuth angle

Constant wind pressure value
Multiplier

Relative elevation

Wind speed modifier

Control Node * Control type N/A
. Color Relative elevation
Duct Junction Schedule Temperature
Color
Duct flow elemat Length
Duct Segment Filter Loss coefficient
Schedule
Azimuth angle
Constant wind pressure value
Balanced Balance loss coefficient
Color Design flow rate
Duct Terminal Filter Free face area
Schedule Relative elevation

Wind pressure option and Profile

Temperature
Terminal loss coefficient
Wind speed modifier

Occupant

Inhalation schedule

Body weight
Multiplier
Peak inhalation rate

Source/sink element

Source/Sink Schedule Multiplier
Species
1D zone
Color Floor area
Zone Kinetic reaction Temperature
Name \olume
Schedule

* Control nodes are not replacable using this feature

Tablei Find and Replace options

Viewing Results on the SketchPad

ContamW provides some graphical displays of simulagsults upon the SketchPad. You can
display airflow rates and pressure differences across airflow paths on the SketchPad if a
simulation has been performed and results of the simulation are availablée{sewy Results

in the Working with Resultsection of the manual).
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Viewing Envelope Wind Pressure Differentials

ContamW provides a feature that allows you to visualize the effects of wind upddiagou

envelope. A graphical display of wind pressures at each of the flow paths that are adjacent to the
ambient zone can be viewed on the SketchPadJseeking Wind Pressure Datathe

Defining Steady State Weather and Wsettion). This feature enables you to verify input of

wind speed and direction data with respect to the orientation of the building envelope to the
wind.

WORKING WITH PROJECT FILES

All information related to the layout, building components, and occupant information of your
CONTAM project are stored in a "project” file. When you save the project file, it will be stored
with the ".PRJ" extension. CONM project file names must conform to the file naming
conventions of the Windows operating system. This project name is displayed in the Title bar of
the ContamW application window.

All project file operations are contained under fdile menu. These operats includeNew
Project, Op e n P r pSave Brojekt andSave ProjectAs éNote that some of these file
operations have keyboard shotts and/or tool bar buttons associated with them.
Creating a New Project

Menu CommandEile Y New Project

Keyboard Shdcut: None

Toolbar Button:@l

Use this command if you are currently working on a project and you wish to create a new one.
This command will clear the SketchPad and all data related to the current project from
ContamW's program memory. If your currentjpod has not been saved prior to executing this
command, you will be asked whether or not you wish to save it prior to clearing it.

A dialog box will appear enabling you to enter a project descriptionE8igiag the Project
File Description below )

Openng an Existing Project

Menu CommandEileY Open Proj ect é

Keyboard ShortcuiCtr|+O

Toolbar Button: El
OR
Menu CommandEile Y RecentProjects

Use these menu items to open and existing CONTAM project file. This command will display
the File Open dialog botypical of Windows applications. This dialog box is set to display only
those files having the ".PRJ" extension in order to simplify your search for CONTAM project
files. Follow the typical procedure for opening a file using the Windows operating system.

The Open dialog box provides you with both the Version and Description of the highlighted
project file. You can edit the project file description viafileY Pr oj ect Denseour i pti o
item.

27



When a project file is successfully read by ContamW, a backup copy of the project file is created
with the name CONTAM.BKP in the program directory.

Opening Project Support Files

You can now open input and output filetated to the current project, including the ContamWw
and ContamX log files, via théile Y Open ProjectInput Files andFile Y Open Project
OQutput Files menu commands. The files will open according to the Windows file extension
associations.

Converting Pragcts from Previous Versions

Menu CommandFile Y Open Project é
Keyboard ShortcutCtrl+O

This is the same as opening an existing project. However, after you open a project of an earlier
version it will be untitled, so you must give the project a nainen saving it. Once you save a
project with the most recent format, you will no longer be able to open it using an earlier version
of CONTAM.

A utility is also provided on the NIST website that will enable you to quickly update a set of
project files to lhe current version. For example PrjUp24.exe will upgrade to the CONTAM 2.4
format. To utilize this utility, copy prjup24.exe and the desired project file(s) to a new directory,
select the projects to update and drag and drop them onto the prjup24.8Xtedileill replace

the existing files with updated versions.

Editing the Project File Description
Menu CommandfFile Y ProjectDescr i pti oné

Use this feature to enter a project file description which is provided to help you manage your
project files. Thiglescription will be available when you are opening project files from within
ContamW.

Saving a Project

Menu CommandFile Y Save Project
Keyboard ShortcutCtrl+S

Toolbar Button:El
This option saves the building description to the project file undeuitent name.

Renaming a Project

Menu CommandfFile Y Save ProjectAs é
Keyboard ShortcutNone
Toolbar Button:None

Use this command to save a copy of the current project file under a new name. This will display
the Windows "Save As" dialog box andaall you to specify both a storage location and a file
name for the project file. ContamW will automatically append the ".prj" extension to the
filename, so you do not have to give the file an extension. If you do give the file an extension,
".pri" will be appended as well as the extension you provide. If you specify the name of an
existing file, you will be warned that saving the file will overwrite the existing file. If you try to
save an untitled or new project file prior to giving it a name, the "Saveialg box will be
displayed.
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Exiting ContamW

Menu CommandFile Y Exit
Keyboard ShortcutNone
Toolbar Button:None

You can also exit the program using the standard wiadoging button located in the upper
right-hand corner of the program window.

CONFIGURING CONTAMW

The project configuration settings of ContamW are available fro@thé i o sekeation of the
View menu. This set of configuration properties will allow you to select the overall size of the
SketchPad (i.e. theumber cells that make up the height and width), the size of a single
SketchPad cell, the default system of units (Sl or IP), the default units of mass flow, the default
zone temperature and the file path of an optional EWC to WPC file converter. Adisaf t

settings are saved with the CONTAM project with the exception of the cell size that resets back
to the default size whenever you exit ContamW. You can also save the default units and values
and the available cell sizes to a configuration file, CONTBM5. ContamW looks for this file

when starting and loads the saved settings if the file exists. This way you can set ContamW to
start with the same default settings each time you run the program. The path name of the EWC
to-WPC file converter does not agren the configuration dialog boxes, however if a converter

is selected when you click the Save Configuration File button it will be saved to the
CONTAM.CFG file. The value saved will be that which you have set inWMRE Fi | e é

selection of th&Veather menu. To reset the converter name back to "null,” you must edit the
configuration file manually.

The following sections provide detailed descriptions of the specific configuration properties.
They are the contexdensitive help topics that you can accespregsing-1 when working with
property pages of the "Project Configuration Properties” property sheet.

Default Units

The following parameters define the units and selected values that will be used by default
throughout the pro when you are providing input to the program. You do not have to use

these units throughout the project; however, you should select the primary set of units for
convenience when entering data throughout a project. You can change these defaults at any tim
while working with a project, and you can select different units for individual parameters as you
enter them.

Default System of Units:You can select the appropriate radio button to set the system of units
that you would like the program to use. You edther select the International System of Units
(S1) or the InchPound (IP) system of units.

Default Units of Flow: You can select the appropriate radio button for the most commonly used
units of flow in the current project. These are the units in whidlowi simulation results will be
displayed within the status bar. ContamW converts all airflow rates to and performs all
calculations in mass flow units of kg/s. Note that all volumetric airflow rate units are at standard
temperature and pressure.

Default Zone Temperature: This value will be the default temperature used whenever you
create a new zone, duct junction or terminal within the current project. If you change this value,
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you will be prompted as to whether or not you would like to update the tetmesraf all
existing zones, junctions and terminals.

SketchPad Size

Sketchpad Size (cells)This is the height and width of the SketchPad. The units (cells) represent
each space where an icon may be placed upon the SketchPadfaltie(ded minimum) values
are 66 cells wide and 58 cells high.

Shift Drawing (reposition on the SketchPad)1f you need more space on one side of a drawing
you can shift the entire project on the SketchPad. You may need to increase the size of the
SketchRd to make room for the project before shifting it. Entering a positive number in the
"Horizontally" edit box will shift the project to the right relative to the SketchPad, and entering a
positive number in the "Vertically" edit box will move the projectwh relative to the

SketchPad. A negative number will have the opposite effect.

Floating Status: Check this box to display the Floating Status box on the SketchPad. If you save
the configuration file the floating status box will default to on or off defmgnon whether this

box is checked or not respectively. You can also turn the floating status box on and off via the
View menu.

Maximize ContamW on startup: Check this box to maximize the ContamW window when the
you start the program.

Cell/lcon Size

Current Cell/lcon Size: There are seven options for displaying icons on the SketchPad (1x1,
2x2, 3x3, 4x4, 5x5, 8x8, and 16x16). The default option is 8x8. This is a "zooming" feature that
provides a visuadid to enable you to view sketches in more detail or to fit larger sketches within
the program window. The cell size has no effect on the project simulation. There are two
"zooming" buttons provided on the toolbar to quickly increase and decrease #ieecell

according to the available cell sizes below.

Available Cell Sizes:Use these check boxes to select which sizes you want available. The 1x1
size causes problems with some versions of the Window 98 operating system. If this is the case
for you, then dselect the 1x1 check box and click the "Save Configuration" button.

Cell Jump: Use this to set the number of SketchPad cells the cursor will jump when you use the
Shift + Arrow Keys to maneuver around the SketchPad.

SketchPad Appearance

If you save the configuration file, then these options will default to the values set on this property
page whenever you start ContamW.

SketchPad Options

Floating Status: Check this box to display the Floating Status box on the SketchPad. You
can also turn the floating status box on and off viaMlew Y Floating Status (Ctrl+T)
menu command.

Color Zones: Check this box to display zone fill colors on the SketchPad. If this box is
not checked, then all zones will be filled using the "Backgropadéstte color. You can
also turn the color zones option on and off viaMiewv Y Color Zones (Ctrl+Z) menu
command.
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Color Ducts: Check this box to display duct colors on the SketchPad. If this box is not
checked, then all ducts will be displayed using'thucts” palette color. You can also turn
the color ducts option on and off via tdeew Y ColorZones (Ctrl+Z) menu command.

Palettes:ContamW provides the ability to modify the color of items displayed on the SketchPad.
You can select one of four avala palettes. You can not modify the colors of the "Default"
palette, but you can modify the other three "User Palettes.” Select a palette to display the colors
of the palette in thalette Colorssection below.

Palette Colors:These are the colors usedigplay items on the SketchPad. Click the color box
to change the color used to display each type of item. Only the colors of the User Palettes can be
changed. The following is a brief description of each category.

e Foreground Defined icons including wd

e Background Background of SketchPad cells, default zone fill and fill of all zones when
Color Zonesoption is not active.

¢ Flow Results Lines displaying scaled flow results for airflow paths and duct terminals

e Pres ResultsLines displaying scaled essure difference results across airflow paths in
the Results and Wind Pressure view modes

e Drawing Line- Cell highlight when drawing on the SketchPad
e Undefined- Undefined icons
e Controls- Defined control icons

e Ducts- Default color of defined ducts andlor of all defined ducts whe@olor Ducts
view option is not active

e Errors- Background color of cells when an error condition is being highlighted on the
SketchPad. Errors are indicated when a building check fails. Building checks are
performed when youohooseRun Simulation or Create ContanX Input File from the
Simulation menu.

e Cursor- SketchPad drawing and icon selection cursor
e Highlight - Icon highlighting color for find operation

e Sub Level All icons on subevel when sublevel display option is divated via theL evel
Y Reveal LevelBelow (Ctrl+Shift+B) menu command.

Results Display

Results Lines:You can select whether or not to display the airflow rates and pressure
differences across airflow paths.

Both Pressure and Flow Display both the airflav rates (green lines) and pressure
differences (red lines) on the SketchPad while in the results display mode.

Pressure Only Display only the pressure differnce lines.
Flow Only: Display only the airflow lines.

Time Step Navigation:Set the number of sination time steps to skip when using the Results
Navigation jump commands.
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SeeViewing Resultsn theWorking with Resultsection.

WORKING WITH WALLS

In ConeamW, walls are used to create enclosed regions referred to as zones on a given level.
Walls include the building envelope and internal partitions with a significant resistance to
airflow. You will note when drawing on the SketchPad that you can only dedis i odd
numbered rows and columns. This is done to avoid conflicts with ducts that can only be drawn
on the even rows and columns of the SketchPad.

It is important to realize that ContamW is not meant to provide drawing capabilities similar to
that ofa Computer Aided Drawing (CAD) program. The SketchPad drawing functions were
designed to provide a strict environment for creating the input to the underlying multizone model
upon which the CONTAM simulation engine is based.

Drawing Walls

You can draw walls using either of the two wall drawing tools previously described in the
"Working with the SketchPaddection. Use thbox drawing tooto quickly draw a rectangula
region and thevall drawing toolto draw a free form wall. Use the wall drawing tool to draw
almost any shape wall. Walls must always form complete enclosures. Therefore, a wall cannot
have an open or dangling end. It also may not be drawn across ¢uitaitponent icons. You

will receive a warning message if you attempt to draw an invalid wall.

Deleting Walls

You can delete a wall by moving the caret to any portion of the wall and selPefietgfrom

the Edit menu or using the keyboard shortBd key. ContamW will highlight the section of

wall to be deleted and request confirmation to delete the indicated section. If the caret is on the
intersection of three or more walls, you will be given multiple optidngatl segments to delete.

If you select "No" when asked to confirm deletion, the next option for deletion will become
highlighted until you either delete a section or all of the options are exhausted.

Modifying Walls

You modfy the positions or shapes of walls by adding and deleting wall sections. For example
in the following figures, if you want to modify the zone in figure (a) to obtain the zone in figure
(d), you would first add the dark line in figure (b) then delete #rk tine in figure (c).

= =

_|_ J— =
T
(a) (k) (c) ()

When modifying walls you may need to move or delete other icons. For example in the
following figures, to create drawing (c) from drawing (a), you would delete the lighter line and
the lighter zone icon from figure (b). You mulgiete one of the two zone icons, or you will end
up with two zone icons within the same enclosed wall area. This is not permitted, and you will
receive a message indicating a zone definition error.
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WORKING WITH LEVELS

CONTAM projects are organized by levels. Each level of a CONTAM project contains a plan
view drawing. Typically, each level of a CONTAM project corresponds to a floor of a building.
Depending on the detail required for your modeling purposes, you cousdeap a building

floor using multiple levels. For example, a level could be used to represent a ceiling or floor
plenum.

Creating Levels

When you first start ContamW, a default level is created so that you can begin wmrking

drawing right away without having to create a new level. There are three commandsenehe
menu that you use when creating new levels. These a@oihel evel, Paste Leve) andlnsert

Blank Level commands. Whenever you create a new level, whétlseblank or a copy of

another level, ContamW will give it a default name that will consist of a number enclosed within
the "<" and ">" characters. You can modify this name later by editing the data associated with a
level.

You must be careful when capyg levels within ContamW. For example, you might have an air
handler defined within a duct system on a level and then copy it to another level. This would
create another air handler on the new level. If the ductwork is connected between the two levels,
the two air handlers may act against each other. You must be careful to make connections
between building levels in a manner that makes sense for your purposes.

Creating Blank Levels

Menu CommandLevelY Insert Blank Level (Above/Below Current Level)
Keyboad Shortcut:None
Toolbar Button:None

Use these commands to create a blank level. When you create a blank level, you must select
whether you want it created above or below the current level.

Copying and Pasting levels

Menu CommandievelY Copy Levelaong with

LevelY Paste Level(AboveBelow Current Level)
Keyboard ShortcutNone
Toolbar Button:None

With ContamW you can copy an entire level and insert it as an entire level anywhere within the
current project. Use the Copy Level command to dbpylevel currently displayed on the

SketchPad; move to either the level above or below where you wish to insert the copied level and
use one of the Paste Level commands to insert the copied level.
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Viewing Levels

If a projecthas more than one level, you can specify the level that you want to view or modify on
the SketchPad by using the level commands. All lesteited commands are located under the
Levelmenu. There are also some shortcut keys and toolbar buttons provigledrfor

convenience.

Moving Up/Down a Level

Menu CommandLevel Y Go to (Level Above/Below)
Keyboard ShortcutPage Up Page Down

Toolbar Button: ilil

Use this command to change which level you want the SketchPad to display.

Changing the Currently Active Leve

Menu CommandLevelY Go to (Level Above/Below)
Keyboard ShortcutPage Up Page Down

Toolbar Button: élél

Use this command to change which level you want the SketchPad to display.

Displaying Multiple Levels

Menu CommandLevelY Reveal LevelBelow
Keyboad Shortcut: Ctrl+Shift+B

Toolbar Button: None

Use this command to see both the current level and the level below the current level at the same
time. ContamW will display the walls and building component icons of the level below in gray.
This feature isiseful for aligning building features between adjacent levels.

Deleting Levels

Menu CommandLevelY Delete Level
Keyboard ShortcutNone
Toolbar Button: None

Use this command to delete an entire level. Once you have deleted a level, you cannot undo the
deletion. You may want to save a copy of the file prior to deleting a level; this is the only way
prevent losing your work.

Modifying Levels

To modify level data, you access the Level Data dialog box usirfgdhet L e v el Dat aé
command of thé evelmenu. You can also use the keyboard shof8ub display the dialog

box. The following section shows the information contained on the "Level Data" dialog box.

Level Data

This is the information associated with each level that you create. ContamW will provide default
values for this data, but yoar modify it as required for your particular building.

Name: Name to identify the level. All level names must be unique.
Elevation of this level: The elevation of the base of the level above ground.
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Distance to level aboveThis is the height of the levéiom floor to ceiling. ContamW will use
this value to calculate zone volumes based on the floor area of each zone.If you change this
value, a dialog box will appear asking if you would like ContamW to adjust the volumes of the
zones on the level based ¢ thew level height. If you select Yes, then the zone volumes will
be adjusted by V.= Vou * Huew/ How- If there argphantom zonegn the level, you will be

advised that their volumes were not adjusted, so you should handle those zones individually.

Checking Levels

Menu CommandLevel Y Check Current Level
Keyboard ShortcutNone
Toolbar Button:None

Use this feature to check the data for the currently displayed level and make sure the building
components are defined. Errors will be highlighted in red on the SketchPad.

WORKING WITH ZONES

A zoneis a volume of air separated from other volumes of air by walls, floor and ceiling.
Generally, zones are characterized by having a uniform temperature and pressure (that varies
hydrostatically) and contaminamrmcentration. However, the concentration within tsedected
zones can be allowed to vary in one dimension {(Be£one Data Propertiesithin this section)

via the 1D convection/diffusion model (See Trieeoretical Backgrounsection). In addition,

there are three different types of zone icormal phantomandambient A normalzone icon
represents a zone that is separated by a floor from the zone beghtanfomzone is used to
indicatethat there is no floor below the enclosed region on a given level. That is, the region on
this level is actually part of the zone below and has the same temperature and contaminant
concentration. Arambientzone icon represents the outdoor air. The amlziem, which

surrounds the building, is already identified by default by the icon at the-lgfipeorner of the
SketchPad.

You create zones on the SketchPad by first drawing walls that enclose a region, placing a single
zone icon within the enclosed regi and then defining the zone icon. Eventually, every zone

must be connected to either the ambient zone or a constant pressure zone either directly or
indirectly via any set of paths that prevents the zone from limdtegedfrom a zone of "known"
pressue.

Creating Zones

You create zones by drawing walls upon the SketchPad. The wall drawing operations are
described in th®rawing Wallssection of this manual. The shape and size of zones as drawn
upon the SketchPad do mobvide the underlying model with any scaling information.

However, the manner in which the enclosed regions border each other is significant. Any zones
between which you wish to provide a direct connection (via an airflow path) must share a
common wall.Therefore, when drawing a building floor plan, you should try to maintain the
general topology of the actual floor plan. While scale is not significant, ContamW does provide
you with the SketchPad coordinates that may help you when laying out your project.

The dimensions of your zones are determined when you define them. If you change the shape or
size of a region on the SketchPad that contains a zone icon, the dimensions do not change
according to the model unless you actually modify the properties aS8uoeiated zone icon.
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Deleting Zones

You delete a zone by first deleting the zone icon. After you delete the zone icon, delete the wall
or walls necessary to eliminate the enclosed region that is left behind. You must avoid the
existence of an enclosed reg without a zone icon; CONTAM will not perform a simulation

with an undefined zone icon in a project.

Modifying Zones

You modify the SketchPad representation of a zone by adding and removing walls. This
procedure is described in tModifying Walls section of this manual. To modify the parameters
of a zone, you use the icon definition procedure (3&fening Building Component Iconso
display its properties and make the desired changes.

One you define a zone, you can move the zone icon anywhere within the zone u§ing the
andPastefunctions of theEdit menu. These commands will only allow you to paste the icon
into the zone in which it is currently located.

Defining Zones

After you drawthe enclosed region of a zone, you must define the zone. To define a zone you
must first draw a zone icon within the enclosed region [Bawing Building Component Icohs
and then use the icon definition procedure (Be&ning Building Component Iconso display

and edit the properties of the zone.

The properties of each zone include a name, temperature (constant or scheduled), pressure
(variable or constant), volume, information descriliogtaminant behavior within the zone, and

1D zone information. You must provide each zone with a name that is unique to each level of a
project. For this reason, you cannot copy zone data within a level. However, you can copy entire
levels of data, includg zone data, from one level to another (Seeating Levels Detailed
descriptions of zone properties are given unttere Propertiebelow.

Only normal zonesequire definition Ambientand phantormzone icons appear as defined icons
as soon as you place them onto the SketchPad. However, you must include the volume of
phantom zoneis the volume of the associatedrmal zonéelow it.

Zone Properties

This section provides detailed descriptions of the specific zone properties. The following
sections are the contesénsitive help topics that you can access by pregdinghen working
with property pages of the "Zone Properties” property sheet.

Zonei Zone Data Properties
These are the basic properties that describe a zone.

Zone Name:This is the symbolic name of the zone. Enter a name up to 15 characters in length.
Zone names must be unique within each level of a bgildin

Dimensions

Volume: Zone volume is used in the dynamic contaminant calculations. For phantom
zones, the zone volume is set at the standard zone icon on the lowest level for the entire
height of the zone and includes the volume of the phantom zoneslendlseabove.
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Floor Area: Instead of the volume, you may enter a floor area. Floor area is then
multiplied by the height of the current building level to compute a volume. This area is not
used for any other purpose by CONTAM.

Color: Select a zone fillalor to help you distinguish zones on the SketchPad. You must
activate theColor Zonesoption from theview menu in order to display zone colors on
the SketchPad.

Include in Building Volume: This refers to the calculation of wholailaing air change
ratesthat you can now have CONTAM perform during simulation. The associated check
box is checked by default, so if you do not want the zone to be included in the whole
building volumeyou should uncheck thibox. Theair change rateandbuilding
pressurizatiorcalculations will calculate the total rate of airflow frambientinto all of

the zones having this box checked. Typically, you would includsoaliiitioned spaci

the building volume; for example, you might not want to include an attic or crawl space.

Temperature

Constant or Scheduled:Select to either maintain zone temperaturescainatantvalue

or to change according to a uskafinedschedule If you select Scrauled, then you must
associate a temperature schedule with the zone. Selecting Scheduled will also set the
simulation run control to vary the density within building zones during simulation (See
Airflow Numerics Properties in thé/orking with Simulationsection).

Temperature: Set the value you want ContamW to use as the constant temperature of the
zone when you select the "Constant” radio button. Whenever you create a new zone,
ContamW will use the default value which younaaverride by entering another value.

You can set the default zone temperature viddpe i o cosand of th&/iew menu.

Temperature Schedule:Select the temperature schedule you want to associate with this
zone when you select the "Scheduled” radio lutfBeé/Norking with Schedulgs

Pressure:The zone air pressure relative to ambient can be specified as either variable or
constant. Typically you would set the zone pressubeteariable and allow it to be calculated

during the simulation. However, you might set the pressure to be constant if you want to simulate
afan pressurizatiorfblower dooj test of a building (see Building Pressurization Test in the
Applications sectiof the manual) or to perform analytic test cases of CONTAM.

Zone i Contaminant Properties

These are the contaminanelated properties of a zone. Contaminants must be defined prior to
defining contaminant data for area To define contaminants, sel@etathenCont ami nant s
from the main program menu.

[N

Zone Name:This is the symbolic name of the zone as entered on the Zone Data property page.

Contaminant Concentrations: Selectvariable or constant Typically you wouldset this to
variableand allow ContamX to calculate the contaminant concentration within the zone during
simulation. However, you may wish to set thiztmstantas a simple means of creating a simple
contaminant source within a zone. If you set thisotastant the contaminant concentrations in
this zone will begin and remain at the values you set for the initial concentrations.

Initial Concentration: Select a contaminant from the list and enterninit&l contaminant
concentrationd or dynamic (transient) simulations. No
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to be contaminants (to use during simulation) appear in the list. If a species for which you wish
to st an initial concentration does not appear in the list you must set "Use in simulation”
property of the corresponding species to be true C3eating Species and Contaminan¥ou

can reset these initial values through e Control Properties of ti&mulation Parameters

IMPORTANT: Changing the number of contaminants, i.e. those species used in the simulation,
will reset thenitial concentrationsof all zones to the default contamin@ohcentrations. You

can reset all of these concentrations via the Run Control Properties as indicated above or
individually here.

Sum of Nontrace Initial Concentrations: This value is provided as a check for you to insure
that you input a reasonable sétrotial values when usingontrace contaminantsrThis value
should be very close to 1.0.

Kinetic Reactions: If there are previously definddnetic reactionsvithin the currenproject,

you may select one from the list of names. Click the "New Reaction" button to define a new
kinetic reaction. To view or modify existing kinetic reaction data click the "Edit Reaction"
button. Setting this field to <none> indicates no reactiomisdrzone. You can also import
kinetic reactions from a contaminamtated library file (Se&/orking with Data and Librarigs

Zone i 1D Zone Data Properties

Theseare the properties used to define 1D convection/diffusion zones in which contaminant
concentrations can vary along a uspecified axis. This option is provided for cases in which

you need to account for the delay in contaminant transport within |aiad) @aones. If this

feature is enabled, ContamX will subdivide this zone along the specified axis into multiple cells
or subnodes for the purposes of contaminant transport calculations.

Zone Name:This is the symbolic name of the zone as entered ondhe Rata property page.
Set 1D Zone

1D Zone:Check this box to treat as a 1D convection/diffusion zone. Otherwise the zone
will be treated as a wethixed zone.

Axial Dispersion Coef:Enter the axial dispersion coefficient and units for the zone. Note
thatthe zone dispersion coefficient is not necessarily the molecular diffusion properties of
the defined contaminants. This coefficient is empirically based and should account for
turbulent mixing as well.

Axis End Point CoordinatedDefine the end point®oint 1 andPoint 2, of the axis of the 1D

zone. These coordinates will define the direction along which contaminant transport will be
calculated when treating this zone as a 1D convection diffusion zone. These values are required
to establish the relationshgd other building components with respect to this zone, i.e., flow

paths, duct junctions and terminals, simpleh@ndling unit supply and return points,

contaminant source/sinks, sensors and occupants.

While the coordinate system is uskafined, Contaw will verify the relationship of 1D zones

to associated building components prior to running a simulation to insure that the coordinates
"match up.” This verification is performed automatically when you select eithRuime

Simulation or Create a ContanX Input File command from th&mulation menu. If there are
discrepancies, messages will be displayed notifying you of the nature of the discrepancies.
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X and Y: The X and Y values are in absolute coordinates. These values can be based on
scale drawings anoll a useidefined coordinate system. Unlike walls on the SketchPad,
axes are not required to be rectilinear, i.e., you may specify axes that are not horizontal or
vertical in the xy plane.

Rel Elevation: Enter the Zcoordinate as the height relative e tbase of the zone.

Cell Size:This is the cell size into which ContamX will sdivide the zone during

simulation if the zone is to be treated as a 1D convection/diffusion zone. If the axis length
is not evenly divisible by the cell size, then the cek svill be adjusted as needed. While
there is no strict guidance on the selection of cell size, it should generally be on the order
of the flow velocity along the axis times the simulation time step.

Units: Set the units of the above items.

Axis Orientation on the SketchPad he orientation of the axis on the SketchPad is useful when
using a results viewing tool such as ContamRV. ContamRV can display the variation of
concentration within 1D zones if the simulation output options are set to write to tlesuli3 r

files (See Simulation Output Properties in th®imulation Parametesection). Mass fractions of
1D zone cells are written to the 1D results file in the order from Point 1 to Point 2 of the Axis
End Points. The "Ais Orientation” enables ContamRYV to color the rectilinear region of the zone
on the SketchPad even if the axis endpoints specify an axis that is not actually horizontal or
vertical in the plan view, e.g., a slanted hallway.

WORKING WITH AIRFLOW PATHS

An airflow path is a CONTAM building component through which air can move between two
adjacent zones. These components can be cracks in the building envelope, open doorways,
exhaust fans, etc. The air pressurethe adjacent zones and the flow character istics of the flow
path itself determine the flow through most of these paths. The location of the SketchPad icon
that represents a flow path determines the two zones that are connected by a flow path. If the
pat icon is placed on a wall, it connects the zones on opposite sides of the wall. If it is placed in
a blank cell of a zone (i.e. on the floor), it connects the zone containing the flow path icon to the
zone located directly below the flow path icon.

You can place airflow paths on the SketchPad, define their flow characteristics, move, copy, and
delete them. You must provide each airflow path with specific information that describes its flow
characteristics. Much of the information that describes the fl@aracheristics of airflow paths is
contained irairflow elementghat you must create when defining the airflow paths. The details

of drawing, defining and modifying airflow paths are described in the following sections.

Airflow Elements

Each airflow path must refer to an airflow elemétflow elementslescribe the mathematical
relationship between the flow through an airflow path and the pressure drop across the path.
ContamW provides you with several mathematical models or tgpgsoose from. Each of

these airflow element types is described in detail irAilow Path Propertiesection. While
every airflow path must refer to a singleflow elementmultiple paths can refer to the same
airflow elementAirflow elementgan also be stored within a CONTAM library file and shared
between different CONTAM project files (S@éorking with Data and Librarigs
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Creating Airflow Paths

You create airflow paths by placing an airflow path icon on the SketchPa®(8sig

Building Component IconsBecause flow paths connect only two adjacent zones, there are
several restrictions onetplacement of flow paths. You may not place airflow path icons on the
corner of a zone or on the blank cell of a level that does not have a zone located directly below it.
Note that you can place an airflow path icon on the "roof" of a building that cisreneone

below to the ambient. In this case, the roof level would be a level that does not contain walls but
contains airflow path icons located in the floor of the roof level (above zones on the level below).
The contexisensitive feature of the pagpicon placement menu enforces these restrictions. The
"Flow Path" menu selection will be disabled (grayed out) if youygopn a location where

ContamW does not allow the icon to be placed.

This list shows the various flow path icons and provides a bemdription of each.

Icons Description

o O Small and large onway flow paths
i O Small and large onway flow paths
o £+ ™ Lr|Directional fan flow paths

Deleting Airflow Paths

You delete airflow path icons using tlwon deletion procedure (SBeleting Building

Component Icons Deleting airflow path icons from the SketchPad does not delete any airflow
elements that you may have defined. These flow elements can only be deleted using the
CONTAM Library Manager, accessible through D@&ta menu for each type of data element.

Modifying Airflow Paths

To modify the parameters of an airflow path, you use the icon definition procedui@dfderng
Building Component Icongo display its properties and make the desired changes. You can also
move and copy airflow paths.

Moving Airflow Path Icons

Once you define an airflow path, you can move the path icon usirfguthendPastefunctions

of theEdit menu. ContamW will constrain the movement of path icons according to the
following rules. You can only move a flow path through a wall onto a wall, not onto the floor of
a zone. You can only move a flow path through a fto@nother location on the floor, not onto

a wall. You can only move a path icon within the same level upon which it is located.

Copying Airflow Path Icons

Once you define an airflow path, you can copy the path icon usir@ojyeandPastefunctions

of theEdit menu. ContamW will constrain the copying of path icons according to the following
rules. You can only copy a flow path through a wall onto a wall, not onto the floor of a zone.
You can only copy a flow path through a floor to another location®fidbr, not onto a wall.

You may copy a path icon from one level to another.

Defining Airflow Paths
After you draw &low Path iconon the SketchPad you must define it using the icon definition
procedure (SePefining Building Component Icohso display and edit the properties of the
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airflow path. This will display the "Airflow Path Properties" property sheet. Detailed

descriptions of all airflow path properties are given inAlflow Path Propertiesection of this
manual. Once you have defined the properties of an airflow path, the icon will be displayed in
black. The icon representing the defined airflow path may be slightly different froonigiveal
undefined icon depending on the type of airflow element you associate with the path (See the list
below). From now on, you use this icon to access the properties of the airflow path.

Some of the properties associated with an airflow path arenaptomntaminant filtration
schedulewind pressureandpressure limit You can associate contaminant filters with any flow
path, and you can define a filter for each contaminant contained in your CONTAM project. A
filter could be used, for example, targilate the penetration of particles through a wall cavity.

You can use a schedule to vary the flow through a path as a function of time. For example, you
could use a schedule to open and close a path that represents a window. CONTAM allows you to
account ér the direct effects of wind pressure on the envelope of a building. The envelope is
considered to be any wall that is adjacent to the ambient zone. If an airflow path is directly
connected to the ambient zone, a "Wind Pressure" property page will lag/élisio allow you

to account for the effects of wind pressure on the path through the building envelope. Pressure
limits are useful when you are using CONTAM to desigmake control systerfor example,

you could set pressure limits (maximum and minirpfon stairwell doors so that those

doorways for which the pressure limits are violated will be highlighted upon the SketchPad when
you view simulation results.

Airflow Path Properties

This section provides detailed descriptions of the specific airflolw raiperties. Each of the
following subsections are the contesdnsitive help topics that you can access by pregding
when working with property pages of the "Airflow Path Properties" property sheet.

Airflow Path i Airflow Element Properties

Path Number: This is the number that appears in the status bar when you highlight a path icon.
ContamW automatically assigns this number to eadlow pathonce they are defined. This
number cold change as you add and remove paths to or from a project. Each time you save a
project, the path numbers are reassigned. Numbers are assigned beginning on the top level,
starting from the uppédeft corner of the SketchPad, moving f&gtright and topto-bottom of

the SketchPad. Paths include supplies and returns of simple air handling systems.

Airflow Element Name: <required> You may select a previously defined airflow element from
those contained in the Name list. Click the "New Element" button toedafnew airflow

element. To view or modify airflow element data click the "Edit Element" button. You can also
access the CONTAM Library Manager to import airflow elements from library files by clicking
the "Library" button (Se&Vorking with Data and Librarig@sEvery airflow path must have an
airflow element associated with it. This field may not be left blank.

Model Summary: This summarizes the information associated with the airflow element whose
name is currently displag in the Name field.

Airflow Path i Filters and Schedules

Filter: You may either create, edit or delete the filter associated with this flow path. Creating a
new filter or modifying an existingne will display theilter Propertieslialog box. Use this

dialog box to create and edit filter elements as needed. For an explanation of contaminant filters
seeContaminant Filtersn theUsing CONTAMWsection of the manual.
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Schedule:If there are previously defined schedules within the current project, you may select
one from the Name list. Click the "New Schedule" button to define a new schedule. To view or
modify an existing schedule click the "Edit Schedule" button. Setting this field to <none>
indicates no schedule. (S&éorking with Schedulgs

Airflow Path i Flow Path Properties

Relative Elevation: The elevation of the path will determine how it responds to, and influences,
the building stack effect. Enter the elevation of the flow path relative to the elevation of the
building level on which it is located.

For most flow paths (tise not associated with a tway flow model) enter the elevation of the
mid-height of the flow path. Enter the elevation of the bottom of the opening for flow paths
associated with a twavay flow element (Seairflow Elemert Types.

Multiplier: The multiplier is a constant value allowing you, for example, to use a flow element
description of one window and a multiplier of 5 to describe 5 windows in a particular wall. If
you have specified a "leakage area" flow element,pteta the description here by giving the
reference area, length, or number of units.

Positive Flow Direction: In the cases of fans and flow/pressure limits (see below) it is necessary
to know which direction is defined as positive. The arrows indicatpdbigive direction for
flow of fans (forced flow element types) and flow and pressure drop for flow/pressure limits.

Limits: In the design of smoke control systems there are often limits on the maximum and
minimum pressure or flow on a path. For examalstairwell door can require a minimum

pressure drop from the stairwell to the zone to prevent smoke entering the evacuation route, but
there is also a maximum pressure drop above which some people may not be able to open the
door. You may specify eitheype of limits (default: no limits) and set the values. When you
display the results of a simulation, those paths with pressures or flows outside the limits will be
highlighted.

Location: These are the absolute X and Y coordinates and units for the dedafitav path.
The Z coordinate will be taken as tRelative Elevatiof the airflow path with respect to the
building level on which the path is located.

These values are required for flow paths through the building envelope when Ugiimg a
Pressureand Contaminant (WPGile (see Wind Pressure and Ambient Contaminant Files) or

for any path that connects td.B convection/diffusion zor{seelD Zone Data These

coordinates will be verified by ContamW against a WPE€dil the axis of the 1D zones to

which the path connects. This verification is performed automatically when you select either the
Run Simulation or Create a ContanX Input File command from th&mulation menu.

Airflow Path i Wind Properties
Wind Pressure Option: There are three wind pressure options for openings in the building
envelope:

1. No wind pressure
2. Constant pressure
3. Pressure dependent on wind speed and direction

When you select one of the above optidhs,following data entry options that correspond to the
wind pressure option that you selected will be made available for your input.
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Constant Pressure DataEnter a constant wind pressure (wind speed and direction
independent).

Variable Pressure Data:Variable wind pressures are computed from the product of the
following three parameters:

1. The dynamic pressure of the wind at some reference height. ContamX will determine this
pressure based on either the steady state wind daté/{sédropertiesor the transient
wind data from a weather file (sB&fining Transient Weather and Wind

A coefficient accounting for local terrain effects (Wind Pressure Modifier).
A pressure coefficient accountingrfrelative wind direction (Wind Pressure Profile).

Wind Pressure Modifier: CONTAM uses this value to account for differences between
wind velocity profiles at the building site and that at a measurement location, e.g. an
airport weather station (S&€orking with Weather and WindCONTAM only requires
this value if you are implementing Variable Wind Pressure for an airflow path.
CONTAMW will provide a default value for this based on the data entered via the
Weather and Wind Parameters Property Rageu can override the default value for a
particular airflow path.

Wall Azimuth Angle: Enter the direction the wall faces (clockwise from north).

Profile: The wind pressure profile accounts for thied direction effects. You may select

a previously defined wind pressure profile from those contained in the Name list. Click the
"New Profile" button to define a new wind pressure profile. To view or modify wind
pressure profile data, click the "Editdfife” button. After you press the "New Profile" or

"Edit Profile" button, theNind Pressure Profilpage will be displayed with a graphical
representation of the profile.

Wind Pressure Profile

Wind Pressure Profiles are used to account for the wind direction effects in flow elements.
CONTAM refers to the function relating the average wind pressure coefficient for the face of a
building to the angle of incidence of the wind on fee of the building as theind pressure

profile or f(6). A more detailed explanation of this function is given in\Warking with

Weather and Windection. The profile is displayed graphically at the bottom of the screen for a
visual review of the data.

Name: This is the namgou give to the wind pressure profile. Wind profile names must be
unique within a project.

Description: Field for entering a more detailed description of the specific wind pressure profile.

Data Points: You may enter up to 16 angle/pressure coefficienspBressure coefficients are

in the rangel to 1. The first value must be at a wind direction of zero degrees. The angle zero
indicates a wind blowing directly toward the surface in which the opening lies. An identical
value at angle 360° is automatigadissumed. 90° indicates a wind blowing parallel to the wall
from the right, and 270° is from the left. By making these angles relative to the wall, the same
profile might be used on different walls around the building without modification depending on
building geometry.

To update entered data points on the graph press the "Redraw” button in the curve fit frame.
Pressing this button will ¥plot the data on the graph and will sort the data points by angle.
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Select Curve Fit:

Curve Fit 1 This curve fit simpf connects the data points and linearly interpolates
between the data points.

Curve Fit 2 This curve fit connects all the user data points using a nonlinear curve fit
between the points (cubic spline).

Curve Fit 3 This curve fit requires five data pa#it one for each wind direction angle 0°,

90°, 180°, 270° and 360°. The curve fits a trend line to these five data points (ignoring any

others) according to the following equation developed by Walker and Wilgatké¢r and
Wilson 1994andASHRAE 2005p 27.6].

Cp(d) = % (Cp(07) +Cp1807) ) [ cos® aj% +(Cp(07) - Cp(180") ) (cos 9)2 +(Cp(90°) + Cp(2707)) (sin® 9)2 +(Cp(907) - Cp(2707)) (5in &)

Airflow Element Types
This is a list of available airflow elements or mathematical models that provide the relationship
betwee airflow and pressure difference for airflow paths. See Airflow Analysis in the
Theoretical Backgrounsection of the manual for mathematical details.

Oneway Flow using Powerlaw Models

These one way flow models permit flomwthe direction of the pressure drop. CONTAM
provides you with the following powerlaw flow models.

1.

9.

Q = CAP)™n This is the general form of the powerlaw model in volumetric flow form that
allows you to directly input theoefficient,C, and exponent).

F = CAP)*nt This is the general form of the powerlaw model in mass flow form that
allows you to directly input the coefficier, and exponent).

Leakage Ara Data This model refers to effective leakage areas as described in Chapter
26 of the2001 ASHRAE Handbook of Fundamentals

Connection (ASCOS) Dat&efers to the airflow description used in the ASCOS program
[Klote 1983.

Orifice Area DataRelates the opening description to the orifice area data.
Crack DescriptionA narrow opening described by its length and width.

Test Data (dpoint). Uses a single flow rate and pressure drop along with an estimate for
the pressure exponent,

Test Data (oints) Uses two flow rates with their corresponding pressure dropsitedef
the flow using the powerlaw model.

Stairwelt Data corresponding to a stairwell is fit to the powerlaw model.

10. Shaft Describes the flow in a large shaft.

Oneway Flow using Quadratic Mods!
These models permit flow in only one direction through the path based on the pressure drop.

1.

AP =aQ + bQ"andAP = aF + bF*2These models allow you to directly input the "a"
and "b" coeffieents for the Quadratic models.
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2. Crack DescriptionThis model describes a narrow opening in greater detail than the
powerlaw version of the crack model.

3. Test Data (2point). This model usetwo flow rates and their corresponding pressure
drops to define the flow using the quadratic model.

Two-way Flow Models

These models are used to represent tall openings where temperature differences across the
opening may cause twwoay flow across the operg, e.g., doorways.

1. Single Opening Model with-&ay Flow This models the flow through a path as a single
large opening.

2. Two-opening Model This model divides an opening vertically and medee flow using
two powerlaw models, one for each opening. Results are obtained in the form of the net
flow rate in each direction.

Backdraft Damper Flow Models

The models allow you to model a feature that has different resistances depending onttbe direc
of the pressure drop, e.g., a smoke control damper. CONTAM implements both a volume flow
and a mass flow version of the backdraft damper model, both of which are based on the
powerlaw model.

1. Backdraft Damper Model: F =(@P)"*nt This is the volumetric flow form of the Backdraft
Damper model. You input separate values of C and n depending on the sign of the pressure
drop across the damper.

2. Backdraft Damper Model: Q = C(dP)"*hhis is the masflow form of the Backdraft
Damper model. You input separate values of C and n depending on the sign of the pressure
drop across the damper.

Fan and Forced Flow Models

These models allow you to create airflow paths that represent fans or other pattistiorou
want to designate a flow rate.

1. Constant Mass Flow Faithis model provides for a constant mass flow rate.

2. Constant Volume Flow Fahis model provides for a constant volumetric fiate, but
the mass flow will vary based on the actual density.

3. Cubic Polynomial Fan ModeThis model implements a uséefined fan performance
curve to relate pressure vs. flow rate.

Cubic Spline Flow Models

These modelsrpvide the ability to create usdefined airflow elements based on a set of data
points to which a cubic spline curve is fit. There are four versions that relate either mass flow or
volume flow to pressure difference across the flow element (or vice) v&rsacubic spline

curve fit insures that the relationship between flow and pressure is differentiable as required by
the CONTAM airflow solver.

1. F vs P Mass flow rateas a function oPressure difference
2. Qvs P Volume flow rateas a function oPressure difference
3. P vs E Pressure differencas a function oMass flow rate
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4. P vs Q Pressure differencas a function of¥/olume flow rée

One-way Flow Using Powerlaw Models

CONTAM performs airflow calculations using the mass flow powerlaw formula, RAP)Z(,

for the following types of airflow elements. Where F is the mass flow A&és the pressure
difference across a flow path, C is the flow coefficient and n is the flow exponent. However, for
some of the powerlaw models, ContamW enables you ta pgrameters that describe an

opening in terms other than the coefficient C and exponent n. These parameters are then
converted internally by ContamW to determine C and n for the mass flow version of the
powerlaw model.

Powerlaw Model: O = C(AP)*n

This mockl allows you to directly enter the coefficient C and exponent n for the volume flow
version of the powerlaw model.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and carabsociated with multiple airflow paths.

Flow Coefficient (C): The coefficients may only be expressed in Sl units due to the conversion
method used. Use the following conversion to convert from IP units to Sl units.

To convert from units of cfm/in J@" to the Sl units of m3/s Pan

3
Gl to ST units of = e multiply by

in H. 0" Pa” 2119 %249

To convert from units of

Flow Exponent (n): Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 1.0 for narrow openings dominated by viscous effects.
Measurements usually indicate a flow exponent of 0GB &dor typical infiltration openings.

Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effext the simulations.

Powerlaw Model: F = C(AP)*n

This model allows you to directly enter the coefficient C and exponent n for the mass flow
version of the powerlaw model.

Name: Enter the name you want to use to identify the airflow element. The airflovertewill
be saved within the current project and can be associated with multiple airflow paths.

Flow Coefficient (C): The coefficients may only be expressed in Sl units due to the conversion
method used. Use the following conversion to convert from I tmiSI units.

bl to ST units of kels multiply by 04235

To convert from units of - . - .
in H,0 Fa 9

Flow Exponent (n): Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 1.0 for narrow openings dominated by viscous effects.
Measurements usually indicate a flow exponent of 0.6 to 0.ygaral infiltration openings.

Description: Field for entering a more detailed description of the specific airflow element.
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Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on thawdations.

Powerlaw Model: Leakage Area

Leakage area refers to a description of airflow features given in Chapter 26 of the 2001
ASHRAE Handbook of FundamentaB$HRAE 200] Table 1 of this reference provides
typical leakage areas for residential buildings.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associatedhwitiple airflow paths.

Leakage Area:There are three possible ways to enter the leakage area: per item, per unit length,
and per area. Select the radio button for the type of leakage area to be described, then enter the
appropriate value for the type @dkage selected.

Per Item: Enter a total leakage value for an item, this is usually used for a doorway or window
something that can be classified as an item.

Per Unit Length: Commonly used to describe an interface such as a wall/ceiling junction.
Per Unit Area: Used to describe an area such as a wall or floor.

Reference Conditions:Be sure to check the reference condition for the reported leakage areas.
Two sets of reference conditions are commA8HRAE 2005p 27.13]:

Discharge coefficient of 1.00 at a reference pressure difference of 4.0 Pa and

Discharge coefficient of 0.611 at a reference pressure difference of 10 Pa.

Discharge Coefficient:Enter the discharge coefficient for the leakage area at the reference
pressuralifference.

Flow Exponent: Enter the flow coefficient for the leakage area at the reference pressure
difference. The flow exponent is not reported and therefore must be estimated. For openings
associated with infiltration, measurements usually indicagxponent between 0.6 and 0.7.

Pressure Difference:Enter the reference pressure difference for the associated leakage rating.
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or l@&gpening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Powerlaw Model: Connection (ASCOS)

The ASCOS connection element is provided for comgayilvith the ASCOS prograniqlote
1983. It is an implementation of the more general orifice flow element based upon the orifice
equation.

Q=KA,(24P/ p)

The inputs for the ASCOS connection are the opening Aseard the dimensionless flow
coefficient, K. Data describing a connection are reduced to the powerlaw model with an
exponent of 0.5. The orifice flow element ($&mverlaw Model: Orifice Aréaprovides a more
general implementatn.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.
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Flow Coefficient: The flow coefficienK is related to the dynamic effts and is typically close
to 0.6 for an orifice and slightly higher for other openings in buildings.

Flow Area: Ao, refers to the observable area of the opening.
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Powerlaw Model: Orifice Area
This airflow element llows you to input the description of an orifice.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Cross-sectional Area: This refers to the observable area of the opening.

Flow Exponent (n): Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 1.0 for narrow openings dominated by viscous effects.
Measurements usually indicatelaw exponent of 0.6 to 0.7 for typical infiltration openings.

Discharge Coefficient:The discharge coefficient, C, is related to the dynamic effects and is
typically close to 0.6 for a shagzlged orifice and slightly higher for other openings in
buildings

Hydraulic Diameter: The hydraulic diameter is equal to-(Area / Perimeter). For square
openings this equals the square root of the area, and for long thin openings it is two times the
width.

Reynolds Number: The transition from laminar flow to turbulent flow occurs over a very broad
range of Reynolds numberstivthe flow being fully laminar approximately below 100.

Note: The hydraulic diameter and Reynolds number have little impact on the calculations.
Generally you should use the default values except for special circumstances where you need
them to be mod#id. The parameters above describe the flow characteristics of an orifice in
typical operation. At extremely low pressure drops the use of the powerlaw model leads to a
division by zero during the network solution process. ContamX avoids this problemmbingha

to a linear model in this region. The model is based conceptually on the flow changing from
turbulent to laminar at very low pressures. The Hydraulic diameter and Reynolds number are
used to determine a point where the model changes from the pouetiaear.

Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Powerlaw Model: Crack Description
This airflow element allows you to enter the description of a crack and is based upon the
relationships developed between flow through cracks and the powerlaw 1Gtaa&l 1983.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Crack Length/Width: Enter the éngth and width of the crack.
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Description: Field for entering a more detailed description of the specific airflow element.

Note: ContamW automatically uses the icon for a small opening for the powerlaw model crack
description.

Powerlaw Model: Test Data (1 point)

This airflow element allows you to provide a single test data point that ContamW reduces to the
powerlaw model by calculating the flow coefficient based on input values (See Fitting Powerlaw
Coefficients in thél'heoreical Backgroundsection).

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Pressure Difference AP): Enter the pressureftérence for the data point.
Flow Rate (): Enter the flow rate for the data point.

Pressure Exponentii): The flow exponent is a guess used to fit the single point to the
powerlaw model. A value of 0.6 to 0.7 is typical for an infiltration element.ldevaf 0.5 is
more appropriate for large openings.

Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon Isano effect on the simulations.

Powerlaw Model: Test Data (2 points)

This airflow element allows you to provide two test data points that ContamW reduces to the
powerlaw model by calculating the flow coefficient based on input values (See Fitting Powerlaw
Coefficients in thél'heoretical Backgrounslection).

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multijfuiev aietths.

Pressure Difference AP): Enter the pressure difference for each of the two data points.
Flow Rate (): Enter the flow rate for each data point.
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Powerlaw Model: Stairwell

This airflow element allows you to enter a description of a stairway, which ContamW caiovert

a powerlaw relationship assuming a pressure exponent of 0.5. A stairwell will normally be
modeled as a vertical series of zones connected by low resistance openings (this stairwell flow
element) through the floors. The resistance is based on afptimental datadchakji &

Tamura 1998 This model should only be used between zones on different levels of a building
(paths through floors), not between zones on the same level (paths through walls).

Name: Enter the nameagu want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.
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Distance Between LevelsThe vertical distance between doorways of the stairwell. This is
typicdly equal to the "Distance to level above" of the level below the path with which this
element is to be associated.

Cross-sectional area:This is the horizontal, crossectional, area of the shaft.

Density of PeopleA large number of people in the staglvinfluences the flow resistance of
the stairwell. The experiment used densities of 1, 2, and 3 people per square meter. These are the
only units available in ContamW. The following conversion is provided for your convenience.

1 n?=10.76 ft

Stair Treads: There are two options for this field: open tread and closed tread. This refers to the
front of the tread whether or not the tread is open effects flow.

Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Powerlaw Model: Shaft

This airflow element allows you to enter a description of a shaft, and ContamW converts the
information to a powerlaw relationship assuming a pressure exponent of 0.5. A shaft will

normally be modeled as a vertical series of zones connected by low resistance openings (this

shaft airflow element) through the floors. The resistance is based on atdantion model

usingthe DarcyWe i sbach rel ation and Col ebASHRREO S equat
2005 p2.7].

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be savd within the current project and can be associated with multiple airflow paths.

Distance Between LevelsThis is the distance between openings for the stairwell.
Crosssectional area:This is the horizontal, crossectional, area of the shaft, not theupg.

Perimeter: The perimeter of the horizontal cressction of the shaft. This number is used in
conjunction with the area to create the hydraulic diameter.

Roughness This refers to the average size of the protrusions from the shaft wall into tbevairfl
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

One-way Flow Using Quadratic Flow Models

ContamX performs airflow calculations using the mass flow quadratic relationship

(AP = aF+ bF?) between mass flow rate and pressure difference across a flow path for the
following types of airflow elements. Where F is the mass flow rdeds the pressure difference
across a flow path, and a and b are flow coefficients.

Quadratic Model: AP =aQ + b0Q?
This model allows you to directly enter the coefficients, a and b, into the volume flow version of
the quadratic flow model. WhereP is the pressure drop and Q is the volumetric flow rate.
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Name: Enter the name you want to use to identfy airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Coefficients: The coefficients must be expressed in Sl units because of the way ContamW
handles unit conversions. The urofghe coefficients at standard conditions are as follows:

a [Paas/sni]
b [PaA(s/sni)?]
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriateefgpecific airflow
element. The icon has no effect on the simulations.

Quadratic Model: AP = aF + bF?
This model allows you to directly enter the coefficients, a and b, into the mass flow version of
the quadratic flow model. Whend is the pressurealp and F is the mass flow rate.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Coefficients: The coefficients must be psessed in Sl units because of the way ContamW
handles unit conversions. The units of the coefficients are as follows:

a [Pa -s/kg ]
b [Pa-(s/kg)’ ]
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large oey icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Quadratic Model: Crack Description

This model employs a quadratic relationship of the faffr= aQ + bQ? where Q is the volume
flow rate Baker, Sharples, and Ward 198CONTAM uses the mass flow version of that
formula: AP = aF + bF2 wheraP is the pressure drop and F is the mass flow rate.

Name: Enter the name you want to use to identify the airflow element. The airiéomeat will
be saved within the current project and can be associated with multiple airflow paths.

Crack Dimensions:
Length The overall length of the crack
Width: Width of the crack
Depth The distance along the direction of airflow
Number of Bends The rumber of bends in the flow path.
Description: Field for entering a more detailed description of the specific airflow element.

Quadratic Model: Test Data (2 points)
Measured data (2 points) is reduced to the mass flow version of the quadratic model.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

51



Data: Data consists of two sets of pressure drops and corresponding flow rates.
Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Two-way Flow Models

These models enable you to simulate openings through whietvawairflow might occur (e.g.

doorways and open windows). When viewing results of these models, the bidirectional flow will

be indicated on the SketchPad ifitoccsl. You can al so use Cont amWo:
to plot both airflows or to simply plot the net airflow. There must be a density difference across

the associated airflow path in order for bidirectional flow to occur across these types of airflow
elements. See Doorways (Large Openings) in the Theory section for a more detailed explanation.

TheRelative Elevatiomf flow paths that implement these models should be set to the bottom of
the flow path as opposed to the ameight used for other elemewpes.

Two-way Flow Model: Single Opening
This is a model for flow through large openings such as doorways through which air can flow in
two directiors simultaneously throughout the opening.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Height: The overall height of thepening, not to be confused with tRelative Elevatiomof flow
paths with which the element is associated.

Width: The width of the opening. Again, before entering the dimension make sure to select the
proper units from the drop down menu.

Flow Coefficient: An experimentally determined value. Experiments by Weber and Kearney
[Weber and Kearney 19BBave shown the default value of 0.78 to work well for most
applications.

Minimum Temperature Difference for Two-Way Flow: A two-way flow is driven by the
temperature (actually air density) difference between the two zones. When this temperature
difference approaches zero the algorithm used for solving the flow tends towards a division by
zero problem. To avoid this defined situation the twavay model reverts to a oiveay power

law model at this "minimum temperature difference" using the opening size to define the orifice
atAT set in this field. ContamW uses a default value of 6@1

Description: Field for enteringa more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Two-way Flow Model: Two-opening

This model accounts for twway flow due to the stack effect acting over the height of a tall
opening. It uses two power law flow models at different heights to approximate a single tall
opening.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.
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Height: The overall height of the opening, not to be confusel thieRelative Elevatiomf flow
paths with which the element is associated.

Width: The width of the opening.

Flow Coefficient: This is an experimentally determined value. Experiments by Weber and
Kearney have shown the default value of 0.78 to work feelinost applications.

Description: Field for entering a more detailed description of the specific airflow element.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simufetio

Backdraft Damper Models

The Backdraft Damper models make it possible to model a feature that has different flow
resistances depending on the direction of the pressure dromredtly reduced (or zero) flow
in one direction. Note that there are similar models available for duct flow elements.

Backdraft Damper Model: Q = C(AP)*n
This is the volumetric flow form of the backdratirdper airflow model.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Pressure Difference Enter a flow coefficient and @onent for both the positive and negative
flow directions of the flow patlAP>0refers to the pressure difference across the flow element
that would lead to an airflow in the positive flow direction (B@ow Path Propertiesand
AP<0Owould lead to a flow in the opposite direction.

Flow Coefficients: The coefficients may only be expressed in Sl units due to the conversion
method used. Use the following conversion to convert from IP units to Sl units.
cfim w i s

To convert from units of —to STunits of — multiply by ——
in 2,0 Fa 2115% 245

Flow Exponents:Flow exponents vary from 0.5 for large openings where the flow is dominated
by dynamic effects, and 1.0 for narrow openings dominated by viscous effects. Measurements
usually indicate a flow exponent of 0.6 to 0.7 for typical infiltration openings.

Description: Field for entering a more detailed description of the specific airflement.

Backdraft Damper Model: F = C(AP)"n
This is the mass flow form of the backdraft damper airflow model.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
besaved within the current project and can be associated with multiple airflow paths.

Pressure DifferenceAP>0 or AP<O0: This indicates the direction of predominant flow for the
model.

Flow Coefficients: The coefficients may only be expressed in Sl unitstduke conversion
method used. Use the following conversion to convert from the IP units to Sl units.

fom/s to STunits of ﬁ:gf:.‘ multiply by 04236

To convert from units of = .
in A0 Fa 249
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Flow Exponents:Flow exponents vary from 0.5 for large openings where the flow is dominated
by dynamic effects, and 1.0 for narrow openings dominatedsibpus effects. Measurements
usually indicate a flow exponent of 0.6 to 0.7 for typical infiltration openings.

Description: Field for entering a more detailed description of the specific airflow element.

Fan and Forced Flow Models

These airflow element models enable you to easily create forced airflow elements as airflow
paths between two zones, as opposed to implementing a duct model or simple air handling
system.There are three types of fan models to choose from: constant mass flow rate, constant
volumentric flow rate, and fan performance curve.

Fan Model: Constant Mass Flow Fan

This model describes an airflow element having a constant mass flow rate. Tbvs eleinent
will provide the specified constant mass flow rate regardless of the density of the air being
delivered by the fan.

Name: Enter the name you want to use to identify the airflow element. The airflow element will
be saved within the current projend can be associated with multiple airflow paths.

Design (maximum) Flow:Enter the maximum mass flow rate. This value can be modified by
the path schedule.

Description: Field for entering a more detailed description of the specific airflow element.

Fan Model: Constant Volume Flow Fan

This model describes an airflow element having a constant volume flow rate. The design flow
rate you specify is in terms of standard air. CONTAM uses a density of 1.2044daged on
conditions specified by ASHRAE for dajir: 101.325 kPa and 20 °C (ASHRAE 2004, p 18.4).
Therefore, if actual conditions during simulation do not match these standard conditions, the
results will differ from specified flow due to differences in air density.

Name: Enter the name you want to usedentify the airflow element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Design (maximum) Flow:Enter the maximum volume flow rate. This value can be modified by
the path schedule.

Degcription: Field for entering a more detailed description of the specific airflow element.

Fan Model: Fan Performance Curve

This airflow element allows you to create a fan based on a fan performanceYauvygovide
ContamW with a set of pressure rise and airflow rate data points, and ContamW performs a
polynomial curve fit to the data. Airflow rates are specified in mass flow units for standard air.

Name: Enter the name you want to use to identify tinfioav element. The airflow element will
be saved within the current project and can be associated with multiple airflow paths.

Fan off conditions: These values specify how the fan is modeled when the speed of the fan is
insufficient to provide a flow.

Cut-off Ratio: Thefan speed ratias the actual speed (RPM) of the fan divided by the

rated speed of the fan (fan is defined for a speed ratio of 1.0). When this ratio is below the
specified cuboff limit the fan is modeled as a simple orifice based oreqeivalent

orifice" defined for this fan element. During a simulation, ContamX obtains the actual
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ratio from the control value being applied (in the form of a schedule or control signal) to
the airflow path with which this fan element is associated anghaces it to theut-off
ratio. See Chapter 18 Fans in [ASHRAE 2004].

Equivalent Orifice: The size of the orifice used to model the fan opening when the
control value drops below the specified limit.

Description: Field for entering a more detied description of the specific airflow element.

Fan Performance Data:Click the "Edit Fan Curve Data" to input/modify the fan curve for this
airflow element. A detailed explanation of this data is given in the next sdetinrRerformance
Data

Fan Performance Data

Between four and ten data points are required for ContamW to fit a cubic polynomial to create a
performance curve for the fan. The fitted curve may not contain a point chftectre; if it

does an error message will be displayed. If this error message is displayed the pressure rise data
must then be modified to eliminate the point of contraflecture.

Entering Fan Curve Data Points

You only need to fill in the "Flow rate" ari@®ressure rise" data entry when entering fan curve
data. When adding a new data point, the flow rate must be entered in the "Flow rate" edit box
and the pressure rise must be entered in the "Pressure rise" edit box. Use the "Revised dP" box
when making chages to a pressure rise that has already been entered. This will preserve the
original data point but use the revised value when performing the curve fit. After entering the
flow rate and the pressure rise into the appropriate edit boxes, the nextstepess the "<<

Insert <<" button. Once you have entered four data points a cubic fit will automatically be
generated and displayed as a line on the graph.

Revising Fan Curve Data Points

To edit existing data points, highlight the line of data to rewmigke list of Fan Curve Data to
the left of the Insert, Replace and Delete buttons. The values from that data set will then appear
in the edit boxes to the right of the buttons.

If you need to modify the flow rate, enter the new flow rate in the "FlogV etit box and then
press the "<< Replace <<" button. The new data will now replace the old data.

If the Pressure Rise needs to be modified there are two available options:

1. Replace the data point completely. To overwrite an existing pressure rise atierin
curve, select the data set to be modified by highlighting it in the data list and then type the
new pressure rise in the "Pressure rise" edit box then press the "<< Replace <<" button.

2. Change the point used to fit the cubic polynomial but I¢laeenarker for the original data
point intact. With this option you may "tweak" the curve in the event there is some issue
with the originally entered fan curve, such as a point of contraflecture.

Cubic Spline Models

Cubic splire models enable you to create airflow elements based on a curve fit tedaefirsed

set of data points. The cubic spline fit used to generate the curve guaranteesdefirst
differentiable relationship between flow and pressure as required by the ANDBQIver.

During simulation, the sign of the pressure difference will be based ¢to#igve Flow

Direction defined for the flow paths with which the spline elements are associated. For example,
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a drop in pressure in the direction of positive flow feessure in from zoriePressure in to
zone > 0) will utilize a positive pressure from the spline data.

There are some basic requirements for each of these elements. They require a minimum of four
data points, so a curve will not be displayed until theimmiim number of points is entered. All
models require that the slope be greater than zero for all segments of the curve fit. If there is an
error in the curve fit when you click the OK button, an error message will be displayed indicating
the offending sements of the curve and a reason for the error. Segments are numbered from zero
to the number of data points minus one. For exaiinfdee g 0: y &' wilbe displayed if

the segment between the first two data points has a slope less than or equal to zero.

Name: Enter the name you want to use to identify the airflow element.
Description: Field for entering a more detailed description of the specific airflow element.

Curve Data: Create and edit the list of data points to define the curve for the airfloveete

The type of cubic spline element you are editing determines the independent and dependent
variables for the curve. The labels of the list, data entry fields and associated units will change
accordingly, as will the axes of the plot. Use the data diefids along with the "Add" button to

create new and edit existing data points. Use the "Delete" button to remove the currently selected
data point from the list.

Icon: Choose either the small or large opening icon as appropriate for the specific airflow
element. The icon has no effect on the simulations.

Cubic Spline: Fvs P

Mass flow as a function of Pressure drop across the element.

Cubic Spline: Q vs P
Volume flow as a function of Pressure drop across the element.

Cubic Spline: Pvs F
Pressure drop asfunction of Mass flow through the element.

Cubic Spline: Pvs Q
Pressure drop as a function of Volume flow through the element.

WORKING WITH SIMPLE AIR-HANDLING SYSTEMS

Thesimple airhandling systenfAHS) provides a convenient means of incorporatingian
handling system into a building without having to draw and define an entire duct system. Each
simple airhandling system consists of two implicit airflow nodes or zosepflyandreturn
subsystems), three implicit flow pathge€irculation, outdoor, andexhausy, and multiplezone
supplieq(inlets to zones) anzbne returngoutlets from zones) that you can place within zones
throughout the building. You specify the airflow rates of eagbplyandreturn point. Simple
air-handling systemdo not rguire you to associate both zone supplies and zone returns with
them. You may use tr@mple airhandling systento only supply outdoor (ambient) air to a
building or to only exhaust air from the building. The following figure shows a schematic
representadn of a simple ashandling system.
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Determination of System Airflows

ContamX determines the airflows rates associated with eablamaling system according to the
following algorithm. More detailed explanations for the values that you must inphigor t
algorithm are explained in th2efining Air-handling Systemsection that follows.

First, all of the usedefined supply (supply air to the zones) and return (retun air from the zones)
airflow (mass) rates are summed.

XW, = the sum of all supplies

YW, =the sum of all returns

The amount of outdoor air that the system requires is then determined by
W', = max(fo- ZW,, minEWs, W, i) ),

where,f, =the fraction outdoor air ¥/,/W;

You input this parameter as tleitside Air Schedulef a simple air handling system (See Air
Handling Systeni AHS Properties), and

W, min = the "minimum outdoor airflow" parameter that you input.

The rate at which air is recirculated via the implicit recirculation flow path, is determined
by

erec = min(ZVVreta EWS - Wlo)-

The rate at which outdoor air is brought in by the system via the implicit outdoor airflow path,
W,, is determined by

Wo = EWS- erec-

And the rate at which exhaust airflows to the ambient via the implicit eskHaw path W, is
determined by
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Wex = z:V\/ret - erec-

Based on this algorithm the amount of outdoor air the system will prodglavill be between
Ws_minandf,-2Ws as long as the demand for supply 2N, is sufficient to provide this value.
Otherwse the system will provideWs. When the sum of the supply flond\;, exceeds the
sum of the return flows; Wi, the balance is made upaitdoorair. Any excess return air is
exhausted via the implicit exhaust flow path.

Creating Simple Air-handling Systems

You createsimple airhandling systemiy placing arAir-handling System (AHS) icam the
SketchPad along with some combinatiorspplyand/orreturn icons(SeeDrawing Building
Component Icons You may place aAHS iconon any blank cell of the SketchPad on any level.
You do not have to place it within a zone. However, you must dapely iconandReturn
iconswithin a zone. The pepp menu selections will be disabled (grayed out) if youympn a
location whee ContamW does not allow these icons to be placed.

Deleting Air-handling Systems

You delete icons related to simple-Aandling systems using the icon deletion procedure (See
Deleting Building Component Icopdf you delée an AHS icong, all of the supplies and

returns associated with that system will be deleted. You will be warned of this when you attempt
to delete the icon. However, you can delete individual supplies and returns without affecting any
other icons. Del@tg any AHSrelated icons from the SketchPad does not delete any filter,
schedule, or kinetic reaction elements that you may have defined for the AHS. These flow
elements can only be deleted using@@NTAM Library Managey accessible through tlizata

menu for each type of data element.

Modifying Air-handling Systems

To modify the parameters of a simple-aandling system, you use the icon definition procedure
(SeeDefining Building Component Icofso display its properties and make the desired
changes. You can move diandling system icons and move and copy supply and return icons;
however, you cannot copy diandling system icons.

Moving Airhandling System Icons

You can move AHS icons using tBait andPastefunctions of theEdit menu. ContamW will
only allow you to move an AHS icon within the same level upon which it is located.
Moving Supply and Return Icons

Once you define a supply or return icon, you can mbegmtusing th€ut andPastefunctions
of theEdit menu. ContamW will only allow you to move a supply or return icon within the same
zone in which it is currently located.

Copying Supply and Return Icons

Once you define a supply or return icon using@opy andPastefunctions of theEdit menu.
You can copy supply and return icons into any zone on any level.

Defining Air-handling Systems

After you place a\HSrelatedicon (AHS SupplyandReturr) onto the SketchPad you must
define them using the icon definition procedure (3eéning Building Component Icon$o

display and edit the properties of the icon. This will display the property sheet associated with
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the icaon. Detailed descriptions of all AHS properties are given irAihdnandling System
Propertiesection of this manual.

This list shows the various AH®lated icons and provides a brief description of each.

Icon|Description

¥ |Air-handling system

Bl |Room air supply (inlet) of an alrandling systen
1 |Room air return (outlet) of an drandling systen

Air-handling System Icon

The properties associated with each AHS include outdoor air intake data, supply and return
contamirant information, and system filters. Outdoor air intake data consists of a minimum
outdoor air intake rate, W.,and a schedule for varying the outdoor air intake rate as a
percentage of the supply airflow rate. The schedule will set the valygna@hé algorithm

above. The default value qfi§ 1.0 (i.e., 100 % outdoor air) if you don't use a schedule. Supply
and return system data refers to the implicit zones that are created for each AHS. Just as for any
Zone you create, you can provide a zone@wa, initial zone concentration and a kinetic reaction

for each contaminant defined for the project. You can also associate contaminant filters with the
implicit outdoor and recirculation flow paths.

Supply and Return Icons

The properties associated withch AHS include airflow rate and contaminant filtration

information. You must enter a design airflow rate for each supply and return icon that you create.
Enter the design maximum value that you anticipate requiring. You can also provide a schedule
to thedesign airflow rate to adjust down the design flow rate. As with other airflow paths, you

can provide a contaminant filter to these items. Be careful not to place filters in both the
individual returns and the recirculation path of the air handling systéess this is what you

really intend to do.

Air-handling System Properties

This section provides detailed descriptions of the specific properties of simpkndiing
systems. Each of the following subsections are the cosémsitive help topics thgbu can
access by pressirtgl when working with property pages of the "Simple-Aandling System
Properties," "Supply Point Properties," and "Return Point Properties" property sheets.

Air-handling System - AHS Properties

System NameThe name used to idefy the Air-handling System. Athandling system names
must be unique.

Minimum OA Flow: This is the minimunoutdoor airintroduced into the AHSupplyflow. If

the sum of theeturn flows plus theminimum outside airflovexceeds the total supply flow then

the excess return air is exhausted. Similarly if the return flow plus the minimum outdoor airflow
do not sum to the supply flow then outdoor air is brought in to make up the difference.

Outdoor Air Schedule: This is a schedule of the fraction of outdaar, f,, to be introduced to
the simple air handling system. If the schedule is set to "<none>", then the fraction of outdoor air
defaults to 100 % (100 %outdoor air, 100 % exhaust and no recirculation). You define a new
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Outdoor Air schedule by pressingetiNew Schedule" button and following the procedure for
editing a Week Schedule.

Name: This drop down box contains the names of all previously defined schedules within
the current project. You can select an existing schedule from the list and use the "Edit
Schedule" button to view and modify its properties, create a "New Schedule" and even
select a schedule from a CONTAM Library via the "Library..." button. You can also
choose to not apply a schedule by selecting "<none>" from the list.

Description: Displays the detailed description of the selected outdoor air schedule.

Outdoor Air Intake Location: These are the absolute X, Y and Z coordinates and units that
define the location of the outdoor air intake of the selected air handling system. These values are
required when using&ind Pressure and Contaminant (WH(D) (seeWorking with WPC

Files).

NOTE: You must first check either th&ind Pressuresr Contaminant Concentratiorcheck
boxes on th&Vind Pressure and Contaminan®WRC) File Parameterdialog box to be able to
access these coordinate input fields (Semate WPC File Dialgg

Air-handling System - Supply System Properties

System Volume:Enter a value for the supply sslgstem (implicitsupply zone) of the simple air
handler (e.g., supplgide duct work etc.). This volume is very similar to a zone volume and will
be used in the simulation of contaminant transport.

Contaminant Data: All of the defined contaminants in the project will displayed in this list
box.

Initial Concentration: Select a contaminant from the list and enteiinit&l contaminant
concentrationgor thesupply air subsystenof thissimple air handling systenNote that only

those species you have selected todmgaminants (to use during simulation) appear in the list.

If a species for which you wish to set an initial concentration does not appear in the list you must
set the "Use in simulation" property of the corresponding species to be trueréasiag

Species and Contaminapt¥ou can reset these initial values through the Run Control Properties
of the Simulation Parameters.

NOTE: Changing the number of contaminants, i.e. those species used in the simulation, will
reset thanitial concentration®f all zones to the default contaminant concentrations. You can
reset all of these concentrations via the Run Control Properties as indicated above or individually
here.

Sum of Nontrace Initial Concentrations: This value is provideds a check for you to insure
that you input a reasonable set of initial values when usingrace contaminantsThis value
should be very close to 1.0.

Kinetic Reaction: You define a new kinetic reaction by pressing the "New Reaction" button and
then ompleting the kinetic reaction matrix. You can edit an existing matrix by selecting the
proper matrix from the drop down box and pressing the "Edit Reaction" button. You must have
previously defined contaminants in order to implement a kinetic reaction.

Description: Field that shows a more detailed description of the specific reaction if
entered by the user. This description can be modified by pressing the "Edit Reaction”
button next to the description field and then changing the description field fierattteon.
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Name: This contains a list of names of all previously created reactions. The reaction
selected from this box will define the behavior of the specific supply system being
modified.

Air-handling System - Return System Properties

System Volume:Enter a value for the return stgystem (implicit return zone) of the simple air
handler (e.g., returside duct work etc.). This volume is very similar to a zone volume and will
be used in the simulation of contaminant transport.

Contaminant Data: All of the defined contaminants in the project will be displayed in this list
box.

Initial Concentration: Select a contaminant from the list and enteiinit&al contaminant
concentrationgor thereturn air subsystenof thissimple air handling systemlote that only

those species you have selected to be contaminants (to use during simulation) appear in the list.
If a species for which you wish to set an initial concentration does not appear in the list you must
set the "Use in simulation" property of the capending species to be true (§&reating Species

and ContaminanjsYou can reset these initial values through the Run Control Properties of the
Simulation Parameters.

NOTE: Changing the number of contaminants, i.e. thpeeies used in the simulation, will

reset thenitial concentrationsof all zones to the default contaminant concentrations. You can
reset all of these concentrations via the Run Control Properties as indicated above or individually
here.

Sum of Nontrace Initial Concentrations: This value is provided as a check for you to insure
that you input a reasonable set of initial values when usingrace contaminantsThis value
should be very close to 1.0.

Kinetic Reaction: You define a new kinetic reactioty pressing the "New Reaction" button and
then completing the kinetic reaction matrix. You can edit an existing matrix by selecting the
proper matrix from the drop down box and pressing the "Edit Reaction" button. You must have
previously defined contamintmnin order to implement a kinetic reaction.

Description: Field that shows a more detailed description of the specific reaction if
entered by the user. This description can be modified by pressing the "Edit Reaction”
button next to the description fieldéthen changing the description field for the reaction.

Name: This contains a list of names of all previously created reactions. The reaction
selected from this box will define the behavior of the specific return system being
modified.

Air-handling System - Filter Properties

As the names suggesutdoor air filtersaffect the air brought in by the simple-aandling

system from outside the building, whiecirculation air filtersaffect the return air being

circulated back through the air handler. Yoay either create, edit or delete the filters associated
with the implicit outdoor air and recirculation flow paths of the simpldairdler. Creating a

new filter or modifying an existing one will display the Filter dialog box. For an explanation of
cortaminant filters se®orking with Filtersin theUsing CONTAMSsection of the manual.

Supply and Return Point - System Properties
Design Flow Rate:Enter the design maximum airflow rate foetsupply or return.
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AHS: You must associate each supply and return point with an existing simplndiing
system.

Name: This drop down box contains the names of all previously createldafiling

Systems. The AHS selected from this box will defime behavior of the specific

supply/return system being modified. Once an existing AHS is selected it may be edited by
pressing the "Edit AHS" button.

Description: Displays the description of the currently selected Simple AHS.

Location: These are the X, ¥nd RelHeight (Z) coordinates and units for the selected
supply/return point. X and Y are absolute coordinates and RelHeight is relative to the level on
which the supply/return point is located.

These values are required for any supply/return poinighatated within D
convection/diffusion zonseelD Zone Data These coordinates will be verified by ContamW
against the axis of the 1D zone in which it is located. This verification will be performed
automatically wheryou select either thBun Simulation or Create a ContanX Input File
command from th&mulation menu.

Supply and Return Point - Filter and Schedule Properties

Filter: You may either create, edit or delete the filter associated with a supply/returnfpasnt.
filter will act upon the associated contaminant(s) as air flows to/from the zone in which the
supply/return point is located. Creating a new filter or modifying an existing one will display the
Filter dialog box. For an explanation of contaminanéfg se&Vorking with Filtersin the Using
CONTAMW section of the manual.

Schedule:You can associate a schedule with the supply/return point to control the fraction of the
design airflow rate that flows to/from the zonenhich the supply/return point is located
according to the time of day and day of the week.

Description: Field that shows a more detailed description of the specific schedule if
entered by the user. You can modify this description by pressing the "BéiBe"
button next to the description field and then changing the description field for the
schedule.

Name This drop down box contains the names of all previously created schedules. The
schedule selected from this box will define the behavior of thefgpsupply/return
system being modified.

WORKING WITH DUCTS

As an alternative to the simplediandling system, CONTAM allows you to model HVAC

systems using detailed duct systems. Duct systems are made up of duct segments, junctions,
terminal poins, andforced air component\ duct segmernis a setion of a duct between any

two junctions, terminal points or combination of the twdeAninal pointis an endpoint of a

duct segment, andjanctionis the connection between two to four duct segments. Only

horizontal segments can be displayed on thet&®oW SketchPad, but vertical segments can be
implemented as well. Vertical segments are connected with special junctions and terminal points
that reveal the location of the vertical segments on the SketchPad.
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You draw the layout of the duct system, anch@aaW will insert junctions and terminal points
where appropriate. Once you have drawn a duct system, you must define the drawing by
providing detailed segment, junction and terminal point information. You must provide each duct
segment with specific infanation that describes the flow characteristics and physical

dimensions of that segment. Much of this information is in the forducf flow elementdhat

you must create when defining the duct segments. The details of drawing and defining a duct
system ag described in the following sections.

Duct Flow Elements

Each duct segment must refer tduect flow elemenDuct flow elementdescribe the

mathematical relationship between flow through and pressure drop along thideltioty

resistance or forced flow characteristics, cresstional geometry, and optional leakage per unit
length of a duct. ContamW provides you with several different mathematical models or element
types to choose from. Each of these duct flow elenypets is described in detail in tBeict

Segment Propertiesection. While every duct segment must refer to a sohggde flow element
multiple duct segments can refer to the salne flow elemenDuct flow elementsan aso be

stored within a CONTAM library file and shared between different CONTAM project files.

Drawing Ducts

You draw ducts using the duct drawing tool previously described Wtrking with the
SketchPadection. After you complete thérialize drawing objectstage of duct drawing, the
completed duct will appear as an undefined set of red duct icons. [bheembindicates that the
duct is not yet defined. Once you have defined the duct components, they will be displayed in
blue. A directional duct segment icon will be displayed within each duct segment, and each
junction and terminal point will be replacedth an icon indicating the type of junction or
terminal point you have defined.

Drawing Duct Segments

ContamW provides certain constraints when drawing ducts to insure that a valid duct system will
be drawn that conforms to the underlying model of nedahtions upon which CONTAM is

based. When drawing a duct, you cannot cross over a line that you are currently drawing. Ducts
can cross over walls, but you cannot draw ducts over any other building component icons. After
each duct segment is drawn, the ®ofithe segment will be automatically replaced by either an
undefined terminal point or junction icon. You can only begin or end a duct segment drawing in
an unoccupied SketchPad cell or on an undefined duct icon. For this reason, you are advised to
drawthe entire duct system, on a given level, before you define the individual duct segments. If
you cross over a previously drawn duct segment, either defined or undefined, while drawing a
new duct segment, no junction will be placed where the two segmesss cr

Vertical duct segmentfo not appear directly on the SketchPad, because the SketchPad displays
only planview drawings. Vertical duct segments are associated with vertically connected
junctions or terminal points. These vertical junction and ternidoals provide access to the
properties of the vertical segments that are located below the level upon which the vertical
junction or terminal appears.

Drawing Duct Junctions

Undefined horizontal duct junction icons are drawn automatically at the interseoft the ducts
after you finalize drawing a duct. Each time you begin or end drawing a duct segment upon an
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undefined duct segment, junction or terminal point, ContamW will automatically provide an
undefined junction icon if there is not yet one atjthmetion location.

All vertical junctions are connected to vertical duct segments that are located below the level
upon which the vertical junction appears. You can create a vertical junction that is isolated from
other ducts on a level that is connectidez up, down or both up and down to ductwork on
adjacent levels. To do thiinalize the drawing objedinmediately after setting the initial

location of the duct object. To do this, you simplegsLMB (double click) ord twice at the

desired location on the SketchPad when you have the duct drawing tool selected. This will place
a single undefined terminal point icon within the SketchPad cell. You can later define this
undefined terminal point icon as the specific typgiattion that you need and associate it with

a vertical duct segment.

Drawing Duct Terminal Points

Undefined horizontal terminal point icons are automatically drawn by ContamW at the end of
each duct segment that does not end on another previously dratinah.

You can also create terminal points that are isolated from other ducts on a level but connected
either up or down to ductwork on an adjacent level by finalizing the drawing object immediately
after setting the initial location of the duct objetd do this, you simply pre$sviB (double

click) or . twice at the desired location on the SketchPad when you have the duct drawing tool
selected. This will place a single undefined terminal point icon within the SketchPad cell. You
can later define thieerminal point as the specific type that you need and associate it with a
vertical duct segment.

Coloring Duct Systems

You can use thBuct System Coloring Totd automatically color sections of the duct system

that are associated with fans (forced flelments) within the duct. You access Ehet System
Coloring Toolvia theView — Duct Coloring... menu command. This will display the Duct

System Coloring dialog box that contains a list of all duct segments that contain fans (forced
flow elements). Select the fan whose ducts you wish to color. Set the inlet side, outlet side and
fan segment colors, then click the Set Colors button to have ContamW trace the duct system on
the inlet and outlet sides of the fan segment and set the colors.

Use theView — Color Ducts menu command to toggle the colors in which ducts are displayed
on theSketchPad between the custom duct colors and the default color.

Deleting Ducts

Deleting currently defined ducts is a tstep process. That is, if you want to delete a duct
segment, junction or terminal, you must first undefine itemTo undefine a duct segmeyaiu

must highlight the special duct segment icon (that indicates the positive flow direction) and press
theDeletekey or select Delete from the Edit menu. This will highlight the entire duct segment
from its two eneboints and prompt you to confirm the undefine operation by displaying a
message box. Once you undefine a duct segment, it will again be displayed in red and the special
duct segment icon will be converted back to a straight segmentlicalelete the dusgtegment

you highlight any portion of the undefined segment or associated undefined terminal and
perform the deletion. The entire segment to be deleted will be highlighted, and you will be asked
to confirm the deletion.
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There are several items you shootthsider when deleting ducts. You cannot delete an

undefined junction that is still connected to a defined duct segment. If you delete a junction that
is between two undefined segments, the junction will be removed to form a single segment. You
cannot dele a terminal without deleting its associated segment.

Deleting the ducts defined on the SketchPad does not delete any duct flow elements that you may
have defined. These flow elements can only be deleted using the CONTAM Library Manager,
accessible throdgtheData menu for each type of data element.

Modifying Ducts

In order to modify the layout of a duct system, you must undefine any portions to which you
want to connect a new duct (i.e. form a junction). To modify the paeasef a duct segment,
junction or terminal, you use the icon definition method to display its properties and make the
desired changes. You do not have to undefine the item to change its properties, only to change
the physical layout.

To remove a junctio from between two segments, you should first undefine the two duct
segments, remove the junction and then redefine the newly formed longer segment. To split a
segment into two segments, doublek theLMB with the duct drawing tool on the undefined
segnent where you wish to place the junction.

Defining Ducts

After you draw a duct, you must define each duct segment, junction, and terminal point. Each of
these duct components is defined using the icon definition procedurB¢Semg Building
Component Iconsto display and edit the properties of the component.

Defining Duct Segments

You define each duct segment by using the icon definition procedure on any portion of an
undefined duct segmerithis will display the "Duct Segment Properties" property sheet.
Detailed descriptions of all duct segment properties are given DutieSegment Properties
section of this manual. Once you have defined the propertiedunftt @egment, a special icon

will be displayed indicating the positive flow direction of the duct segmen)seetional Duct
Segment Icorjs From now on, you use this icon to access the properties of the duct segment.

When defining a duct segment, you must associate the segment with a duct flow element.
CONTAM combines duct flow element data with segment specific data such as length and
dynamic losses to determine the frictional resistance, volume, and leakinesstwiudapaluct
segment.

You can also define contaminant filtering properties of duct segments. You can define a filter for
each contaminant contained in your CONTAM project. A duct filter could be used, for example,
to simulate the deposition of particles the inside surface of a duct.

As previously mentioned, duct flow elements contain duct leakage information. The CONTAM
model implements all leakage at the junctions and terminals of a duct segment. This means that
half of the leakage associated withuecdsegment occurs at each end of the segment. The

leakage between a junction and the zone in which the junction is located (as determined on the
SketchPad) is a function of the duct element leakage characteristics and the pressure difference
between theynction and the zone. You should consider this leakage model when accounting for
leakage of a duct that passes through multiple zones. You should put a least one junction (or
terminal) in each zone within which you want to account for duct leakage.
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Directional Duct Segment Icons

These are the icons that indicate a defined duct segment. The direction that the small arrow
points indicates the positive flow direction of the duct segment.

LI e S

Defining Duct Junctions and Terminals

You define each duct junction aterminal by using the icon definition procedure on a duct
junction or terminal icon. This will display the "Duct Junction Properties” property sheet. If a
terminal icon is located in the ambient zone, a Wind Pressure property page will be displayed to
allow you to account for the effects of wind pressure on the exterior terminal. The Wind Pressure
property page will not be displayed for junction and terminal icons located withiambient

zones. Detailed descriptions of duct junction properties are giviae Duct Junction and

Terminal Propertiesection of this manual. Once you have defined the properties of a duct
junction, a special icon will be displayed indicating the specific type of junction you have
selected (sethe following list). From now on, you use this icon to access the properties of the
duct junction.

Junction and Terminal Icons
Icon|Description
Junction connected to ducts on the same level

Junction connected to the vertical duct of a junction erdtel above

Junction and downward vertical duct connected to a junction on the level below

Junction and downward vertical duct connected to a junction on the level below and
connected to the vertical duct of a junction on the level above

Termind connected to a duct on the same level

Terminal connected to the vertical duct of a junction on the level above

BEE & 880

Terminal and downward vertical duct connected to a junction on the level below

Duct Segment Properties

This section provides detailed descriptions of the specific duct segment properties. Each of the
following subsections are the contesdnsitive help topics that you can access by pregding

when working with property pages of the "Duct Segment Rti@sé property sheet.

Duct Segment - Flow Element Properties

Duct Segment Number:This is the number that appears in the status bar when you highlight a
duct segment icon. ContamW automatically assigns this numbeacholuct segmentnce they

are defined. This number could change as you add and remove duct segments to or from a
project. Each time you save a project, the duct segment numbers are reassigned. Numbers are
assigned beginning on the top level, startingiftbe uppeteft corner of the SketchPad, moving
left-to-right and topto-bottom of the SketchPad.

Duct Flow Element Name:You may select a previously defined airflow element from those
contained in the Name list. Click the "New Element" button to defimewaairflow element. To
view or modify airflow element data click the "Edit Element" button. Every duct segment must
have an airflow element associated with it. This field may not be left blank.
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Model Summary: This summarizes the information associatethwhe duct flow element
currently displayed in the Name field.

Duct Segment - Segment Properties
Segment Data:

Duct segment lengthEnter the length of the duct segment. This will be used along with
the crosssectional area to determine the volume ofdbet segment.

Sum of loss coefficientsThis is the sum of all dynamic loss coefficients due to junction
losses and all fittings in the segment. This term only applies to the-Cateprook duct
flow element model (seuctsin theAirflow Analysis section).

Positive Flow Direction: In the case of fans and backdraft dampers it is necessary to
know which direction is defined as positive. The arrows represent the positive direction for
pressuralrop and airflow.

Color: You can set the color of each segment individually here, or you can use the automated
Duct System Coloring Totd color sections of ducts related to forced flow elements within the
duct system. You access the Duct System Coldroavia theView — Duct Coloring... menu
command (SeBrawing Duct$.

Segment Summary Information: This field displays information about the selected ductflow
element.

Duct Segment - Filter & Schedule Properties

Filter: You may select a previously defined filter from those contained in the associated Name
list. Click the "New Filter" button to define a new filter. Click the "Edit Filter" button to view or
modify existing filter data. Setting thigefd to <none> indicates no filter for this airflow path.
(SeeContaminant FiltersinderWorking with Contaminanjs

Schedule:If there are previously defined schedules within the currentgrojeu may select

one from the Name list. Click the "New Schedule" button to define a new schedule. To view or
modify an existing schedule click the "Edit Schedule" button. Setting this field to <none>
indicates no schedule. (Séforking with Schedulgs

Duct Flow Element - Shape, Size and Leakage

Duct Shape:You can implement several different shapes of ducts including: round, rectangular,
oval or other. Select the shape you want and ppeogriate dimensions will be made available

for you to enter under the Duct Dimension parameters.

Duct Dimensions:The data entered here is dependent on the duct shape. For circular ducts, the
diameter is the only parameter needed. Rectangular ductsergquito enter the width and

height, and oval ducts require you to input the major and minor dimensions. The other option
allows you to enter a perimeter and a flow area to define the dimensions for a duct of any other
shape.

Leakage:Leakage of air betven the duct and the surrounding zone may be described in terms
of a leakage rate (per unit surface area of duct segment) at a given pressure or by use of the
leakage classification. If you enter a leakage rate and a pressure difference, the value for the
leakage class is automatically calculated by ContamW and placed in the "Leakage Class" field.
Similarly, if you input a leakage class, a default value of 250 Pa is used for the pressure
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difference, and a leakage rate will be calculated based on the prdiffisuence and the leakage
class you entered. Se&§HRAE 2005Chapter 35]

Duct Flow Element Types

This is a list of available duct flow elements or mathematical models that provide the
relaionship between airflow and pressure difference for duct segments. See Airflow Analysis in
the Theoretical Backgrounsection of the manual for mathematical details.

DarcyColebrook Model

The most common model to use for BRDAM duct systems is the Daré/eisbach relation and
Colebrook's natural roughness function.

Darcy-Colebrook Model

Powerlaw Models
Three versions of the powerlaw model are included:

1. Oirifice resistance model
2. Resistance: F = @GP)"n(mass flow)
3. Resistance: Q = GP)"n(volume flow)

Forced Flow Models
Three types of forced flow models are included:

1. Fan- performance curve
2. Constant mass flow
3. Constant volume flow

Backdraft Damper Models

The Backdraft Damper models make it possible to model a feature (e.g. a smoke control damper)
that has diférent flow resistances depending on the direction of the pressure drop, with greatly
reduced (or zero) flow in one direction.

1. Backdraft Damper: F = @P)*n(mass flow)
2. Backdraft Damper: Q = @fP)'n (volume flow)

Cubic Spline Flow Models

These models provide the ability to create wdmed duct flow elements based on a set of data
points to which a cubic spline curve is fit. There are four versions that relate either mass flow or
volume flow topressure difference across the flow element (or vice versa). The cubic spline
curve fit insures that the relationship between flow and pressure is differentiable as required by
the CONTAM airflow solver.

1. Fvs P Mass flow ateas a function oPressure difference
2. Qvs P Volume flow rateas a function oPressure difference
3. P vs E Pressure differencas a function oMass flow rate
4. Pvs Q Pressure differencas a function o¥/olume flow rate
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Darcy-Colebrook Model
This model usesthe Dars¥e i sbach rel ation and Col ebrookos
[ASHRAE 2005p 35.7].

Name: Enter a uniqgue name you want to use to identify the duct flow element. The element will
be saved within the current project and can be associated with multiple duct segments.

Description: Field for entering a more detailed daption of the specific duct flow element.

RoughnessThe fl ow resistance due to friction is ¢
roughness factoSHRAE 2005p 35.7]. Some typical values are given here.

Smooth 0.03 mm 0.0001 ft
Medium Smooth|0.09 mm 0.0003 ft
Average 0.15mm  |0.0005 ft
Medium Rough [0.90 mm  |0.0030 ft
Rough 3.00 mm |0.0100 ft

Shape Size and Leakagerou must enter data to physically describe each duct airflow element.
You input these valuesndheShape Size and Leakagmperty page associated with each duct
airflow element.

Powerlaw Model: Orifice Area
This airflow element allows you to describe tll@av through an orifice, and ContamW
converts it to a powerlaw relationship.

Name: Enter a uniqgue name you want to use to identify the duct flow element. The element will
be saved within the current project and can be associated with multiple duct ssegmen

Description: Field for entering a more detailed description of the specific duct flow element.

Flow Exponent (n): Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 1.0 for narrow openings dominataddoys effects.
Measurements usually indicate a flow exponent of 0.6 to 0.7 for typical infiltration openings.

Discharge Coefficient (C):The discharge coefficient is related to the dynamic effects and is
typically close to 0.6 for an orifice and slightiygher for other openings in buildings.

Hydraulic Diameter: The hydraulic diameter is equal to-(Area / Perimeter). For square
openings this equals the square root of the area, and for long thin openings it is two times the
width.

Reynolds Number:The transition from laminar flow to turbulent flow occurs over a very broad
range of Reynolds numberstivthe flow being fully laminar approximately below 100.

Note: The hydraulic diameter and Reynolds number have little impact on the calculations.
Generally you should use the default values except for special circumstances where they need to
be modifiedThe values above describe the flow characteristics of an orifice in typical operation.
At extremely low pressure drops the use of the powerlaw model leads to a division by zero
during the network solution process. ContamX avoids this problem by changihigear

model in this region. The model is based conceptually on the flow changing from turbulent to
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laminar at very low pressures. The Hydraulic diameter and Reynolds number are used to
determine a point where the model changes from the powerlaw &o. line

Shape Size and Leakagerou must enter data to physically describe each duct airflow element.
You input these values on thape Size and Leakagmperty page associated with each duct
airflow element.

Powerlaw Model: F=C(4P)*n
This airflow element allows you to directly enter the coefficients C and n for the mass flow
version of the powerlaw model.

Name: Enter a unique name you want to use to identify the dmwtélement. The element will
be saved within the current project and can be associated with multiple duct segments.

Description: Field for entering a more detailed description of the specific duct flow element.

Flow Coefficient (C): The coefficients mayrdy be expressed in Sl units due to the conversion
method used. Use the following conversion to convert from IP units to Sl units.

lom/s to Bl units of kgls multiply by 04536

in H,O" Pa" a*

Teo convert from units of

Flow Exponent (n): Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 100 narrow openings dominated by viscous effects.
Measurements usually indicate a flow exponent of 0.6 to 0.7 for typical infiltration openings.

Shape Size and Leakagerou must enter data to physically describe each duct airflow element.
You input these alues on th&hape Size and Leakageperty page associated with each duct
airflow element.

Powerlaw Model: Q=C(4P)"n
This airflow element allows you to directly enter the coefficients C and n for the volumetric flow
version of the powerlaw model.

Name: This is the name you give to this airflow element. This name must be unique within a
project.

Description: Field for entering a more detailed description of the specific duct flow element.

Flow Coefficient (C): The coefficients may only be expressed in Sl units due to the conversion
method used. Use the following conversion to convert from IP units to Sl units.
cfim w i s

To convert from units of —to STunits of — multiply by ———
in 2,0 Fa 2119x249

Flow Exponent (n): Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 1.0 for narrow openings dominated by viscous effects.
Measurements usually indicate a flow exponent of 0.6 to 0.7 for typical infiltratemrogs.

Shape Size and Leakagerou must enter data to physically describe each duct airflow element.
You input these values on tihape Size and Leakagmperty page associated with each duct
airflow element.
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Fan Model: Performance Curve

This airflow element allows you to create a fan based on a fan performance curve. You provide
ContamW with a set of pressure rise and@irfrate data points, and ContamW performs a
polynomial curve fit to the data point.

Name: Enter a uniqgue name you want to use to identify the duct flow element. The element will
be saved within the current project and can be associated with multipkeduugnts.

Fan off conditions: These values specifies how the fan is modeled when the speed of the fan is
insufficient to provide a flow.

Cut-off Ratio: Thefan speed ratias the actual speed (RPM) of the fan divided by the rated
speed of the fan (fan ietined for a speed ratio of 1.0). When this ratio is below the specified
cut-off limit the fan is modeled as a simple orifice based on the "equivalent orifice" defined for
this fan element. During a simulation, ContamX obtains the actual ratio from tinel c@hue

being applied (in the form of a schedule or control signal) to the airflow path with which this fan
element is associated and compares it tatieff ratio. See Chapter 18 Fans BR§HRAE

2004.

Equivalent Orifice: The size of the orifice used to model the fan opening when the
control value drops below the specified limit.

Description: Field for entering a more detailed description of the specific airflow element.

Fan Performance Data:Click the "Edit Fan Curv®ata" to input/modify the fan curve for this
duct flow element. A detailed explanation of this data is given ikrdmePerformance Data
section undeWorking with Airflow Paths

Shape Sizeand Leakage:You must enter data to physically describe each duct airflow element.
You input these values on thape Size and Leakagmperty page associated with each duct
airflow element.

Fan Model: Constant Mass Flow
This airflow element allows you to describe the airflow through a duct as a constant mass airflow
rate.

Name: Enter a unique name you want to use to identify the duct flow element. The element will
besaved within the current project and can be associated with multiple duct segments.

Description: Field for entering a more detailed description of the specific duct flow element.

Design (max) Flow:Enter the maximum mass flow rate. You can use the dgoiesat schedule
to modify this value.

Shape Size and Leakagerou must enter data to physically describe each duct airflow element.
You input these values on tihape Size and Leakagmperty page associated with each duct
airflow element.

Fan Model: Constant Volume Flow

This duct flow element allows you to describe the airflow through a duct as a constant
volumetric flow rate. The design flow rate you specify iseirms of standard air. CONTAM

uses a value of 1.204 kgfimased on conditions specified by ASHRAE for dry air: 101.325 kPa
and 20°C [Chapter 18 &iSHRAE 2004. Therefore, if actual conditions during simulation do
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not matchthese standard conditions, the results will differ from specified flow due to differences
in air density.

Name: Enter a unique name you want to use to identify the duct flow element. The element will
be saved within the current project and can be asedamth multiple duct segments.

Description: Field for entering a more detailed description of the specific duct flow element.

Design (max) Flow:Enter the maximum volume flow rate. You can use the duct segment
schedule to modify this value.

Shape Size ad Leakage:You must enter data to physically describe each duct airflow element.
You input these values on tdape Size and Leakagmperty page associated with each duct
airflow element.

Backdraft Damper: Q=C(4P)*n

This is the volumetric flow version of the Backdraft Damper duct flow element. The Backdraft
Damper models make it possible to model a feature (e.g. a smoke control damper) that has
different flow resistances depending on the direction of the peedsop, with greatly reduced

(or zero) flow in one direction.

Name: Enter a uniqgue name you want to use to identify the duct flow element. The element will
be saved within the current project and can be associated with multiple duct segments.

Description: Field for entering a more detailed description of the specific duct flow element.

Pressure Difference Enter a flow coefficient and exponent for both the positive and negative
flow directions of the duct segmem>0refers to the pressure difference across the flow
element that would lead to an airflow in the positive flow direction (Bex Segment

Propertieg andAP<Owould lead to a flow in the opposite direction.

Flow Coefficients: The coefficients may only be expressed in Sl units due to the
conversion method used. Use the following conversion to convert from IP units to Sl units.
£t w i s

To convert from units of —to Slunits of — multiply by ————
in 2,0 Fa 2115% 245

Flow Exponents:Flow exponents vary from 0.5 for large openings where the flow is
dominated bylynamic effects, and 1.0 for narrow openings dominated by viscous effects.
Measurements usually indicate a flow exponent of 0.6 to 0.7 for typical infiltration
openings.

Shape Size and Leakagerou must enter data to physically describe each duct airflemvent.
You input these values on tBdape Size and Leakageperty page associated with each duct
airflow element.

Backdraft Damper: F=C(4P)"n

This is the masddw version of the Backdraft Damper duct flow element. The Backdraft
Damper models make it possible to model a feature (e.g. a smoke control damper) that has
different flow resistances depending on the direction of the pressure drop, with greatly reduced
(or zero) flow in one direction.

Name: Enter a unique name you want to use to identify the duct flow element. The element will
be saved within the current project and can be associated with multiple duct segments.
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Description: Field for entering a more deted description of the specific duct flow element.

Pressure Difference Enter a flow coefficient and exponent for both the positive and negative
flow directions of the duct segmen>0refers to the pressure difference across the flow
element that woudl lead to an airflow in the positive flow direction (3&ect Segment

Propertieg and P<Owould lead to a flow in the opposite direction.

Flow Coefficients: The coefficients may only be expressed in Sl units due to the
conwersion method used. Use the following conversion to convert from the IP units to Sl
units.

To convert from units of mto ] units of kgis multiply by 0.45%6

in H O @ a*

Flow Exponents:Flow exponents vary from 0.5 for large openings where the flow is
dominated by dynamic effects, and 1.0 for narrow openings dominated by visiemis. ef
Measurements usually indicate a flow exponent of 0.6 to 0.7 for typical infiltration
openings.

Shape Size and Leakagerou must enter data to physically describe each duct airflow element.
You input these values on thape Size and Leakagmperty page associated with each duct
airflow element.

Duct Junction and Terminal Properties

This section provides detailed descriptions of fhectic duct junction and terminal properties.
The following sections are the contesdnsitive help topics that you can access by pregding
when working with property pages of the "Duct Junction Properties" property sheet.

Duct Junction and Terminal - Junction Properties

Junction Number: This number is automatically generated by ContamW for identification
purposes and is unique to each junction. ContamW will renumber junctions and terminals when
saving a projedf you have added or removed any junctions or terminals. These icons are
numbered starting at the top level in the upper left hand corner of the SketchPad moving left to
right and down the SketchPad then proceeding down through each level in the sagre mann

Relative Elevation & Temperature: The elevation and temperature of the junction are used to
determine how the duct flow responds to and influences the building stack effect. Enter the
height of the midpoint of the junction or terminal point relativéhecurrent building level.

Enter the temperature you wish the junction or terminal to use during simulation.

Note that you can have ContamX calculate duct temperatures when performing simulations using
the 1D Duct Model with the Short Time Step Methode £ontaminant Numerics Properties in
theWorking with Simulationsection.

Junction: If you are creating a junction that connects two duct segments, then select the type of
connection to create here. Iltems will be enablsdhiled depending on the valid connection

types.
Define Downward Duct: You define vertical duct segments as downward running ducts
accessed via the duct junction at the top of the downward segment. Press the "Define

Downward Duct" button to define verticeégments. The SketchPad duct icons that are
connected to the defined vertical duct will change to indicate the type of vertical
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