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M 
ultizone modeling refers to analysis techniques that use a simpli­

fied, zonal representation of a building to study building airflows, 

pressure differences, and contaminant transport. Each zone is 

assumed to have uniform temperature, pressure, and contaminant concen­

trations. Zones typically represent individual rooms but can be entire levels 

depending on the building layout and the goals of the modeling. Zones are 

connected through flow paths represented mathematically by pressure-flow 

relationships. This article describes CONTAMW [Dols et al. 2000], a 

multizone modeling tool. 

It is important to distinguish multizone 
modeling from computational fluid dy­
namics (CFD) modeling [Emmerich 1997). 
CFD is a microscopic modeling technique 
that provides a more detailed representa­
tion of the airflow, temperature, and con­
taminants in a zone using hundreds or 
thousands of nodes per zone. 

CFD analysis tools solve the system 
of mass, energy, and momentum conser­
vation equations known as the Navier­
Stokes equations to determine the air ve­
locity, temperature and contaminant con­
centration at each of these nodes. 

Multizone modeling is a macroscopic 
technique that treats each zone as a node 
in a system of mass balance equations. 
Multizone modeling is suited to applica­
tions that require knowledge on a whole 
building scale. 

For example, multizone modeling could 
be used to gain insight into the transport 
of contaminants throughout an entire 
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building. CFD modeling would be used 
to model the behavior of a contaminant 
within a single room. 

What is CONTAMW? 
CONTAMW is the latest version in a 

family of multizone indoor air quality and 
ventilation analysis computer programs 
developed by the Building and Fire Re­
search Laboratory of the National Insti­
tute of Standards and Technology (NIST) 
[Axley 1988, Walton 1995and1997]. The 
program provides the ability to create 
multizone models of a building and simu­
late interzonal airflow and contaminant 
transport. It employs a graphical user in­
terface that simplifies the task of devel­
oping the zonal representation of a build­
ing. 

This user i nterface implements a 
SketchPad that lets the user draw sche­
matic floor plans and establish the geo­
metric relationships of relevant building 

features such as zones, airflow paths, 
ventilation systems, contaminant 
sources, and building occupants. 
CONTAMW translates the SketchPad 
diagram into a system of equations that 
model the building system when perform­
ing simulations. 

Basic Theorv 
CONTAMW performs a simultaneous 

mass balance of air in all zones to deter­
mine zone pressures and airflow rates 
through each airflow path. Airflows and 
contaminant information are then used to 
determine contaminant concentrations 
within the zones. The following is a brief 
explanation of the method. It is presented 
in detail in Walton (1989) andAxley (1988). 

The mass flow rate from zone j to 
zone i, w . ., along a given airflow patb is a ),l 
function of the pressure difference be-
tween the zones (M1,1 = P1- P1). 

M . . i assumed to be governed by the 
Bemf>�lli equation, which accounts for 
static pressure on each side of the flow 
path, pressure differences due to density 
and height differences, and pressure dif­
ferences due to wind. 

Conservation of mass is applied for all 
zones leading to a set of nonlinear alge­
braic equations that must be solved it­
eratively. CONTAMW uses the Newton­
Raphson method to solve for the zonal 
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Figure 1 : Sketch and floor plan of the 
building to be analyzed. 

Figure 2: Less detailed building ide­
alization. 

Figure 3: More detailed idealization 
of the building. 

pressures and mass flow rates for all zones and airflow paths 
respectively. 

Once the mass flow rates are computed, contaminant con­
centrations can be computed based on conservation of mass 
for each contaminant in each zone. 

The mass of contaminant a in zone i is 
m .=m.xC ·. 

<X,I I <X,1 (1) 

where 111. is the mass of air in zone i, and CN . is the concentra-' v.,Z 
ti on mass fraction of a. 

Contaminant is removed from zone i by: 
1. Outwru·d airflows from the zone at a rate of r.. F. . x Ca; 

where F. . is the rate of airflow from zone i to zone/ 'J ' 
2. Re1i{oval at the rate Ca/ Ra.,; where Ra.,i is a removal coef­

ficient. 
3. First-order chemical reactions with other contaminants 

Cp, i �t the rate _mi x_ Lb, Ka,p x cb,i where .Ka.,p ' is the kinetic 
reaction coefficient m zone i between species a and �­

Contaminant is added to the zone by: 
L Inward airflows at the rate I,. ( 1-T\a) F.; x Ca. where 

'th fil ffj '  fi , . ,j, ,J.h "hfi 'lla.J.i 1s e 1 ter e ic1ency or contaminant a in t e pat rom 
zone} to zone i. 

2. Generation at the rate Ga;· 
3. Reactions of other contaruinants. 
Conservation of mass for each contaminant species (assum­

ing ma,i << m) produces the following basic equation for con­
taminant dispersal in a building: 

dma..i _ � � � dl --Ra.;Ca,; - -7' F;J°Co.,i + -'71 r1p -11Cl.,})CCI.,} 
+m.i:K r:iCr:i.+ G . l � CX,tJ �,L 0:, l 

(2) 

This differential equation is approximated by a difference 
equation and solved using a fully implicit numerical approxima­
tion. 

Model Assumptions 
CONTAMW implements mathematical relationships to model 

airflow and contaminant related phenomena. It incorporates 
the following assumptions that simplify the model: 

Well-mixed zones. Each zone is treated as a single node with 
uniform (well-mixed) conditions throughout. These conditions 
include temperature, pressure, and contaminant concentrations. 
CONTAMW cannot account for localized effects within a zone. 
For example, ifa mass of contaminant is introduced into a zone 
at a certain time (burst source), CONTAMW assumes the con-

taminant will be mixed into the entire volume of the zone within 
a single time-step. 

Trace contaminants. Currently, CONTAMW handles only 
trace contaminants (i.e., those found at low enough concen­
trations that they do not affect the density of air within a zone). 
Care inust be taken not to rely on the model to handle contami­
nant concentrations that would change the density of the air 
(e.g., moisture and thick smoke). The program treats contami­
nants as trace contaminants even if it calculates concentra­
tions that would affect the density, CONTAMW calculates the 
contaminant concentration as the ratio of the mass of contami­
nant to the volume of the zone. The calculated mass of air 
within the zone will not change because the model maintains 
each zone at a constant temperature and volume. It assumes 
differences due to changes of pressure within a zone are negli­
gible. 

Heat transfer. The model does not handle heat transfer phe­
nomena. The temperatures in all zones are constant as set by 
the user. Different zones can be set to different temperatures, 
but they remain constant throughout a simulation. The model 
does determine airflows induced by temperature differences 
between zones (including ambient) as caused by the stack ef­
fect. 

Element models. Airflow path and source/sink elements are 
each represented by mathematical models. Users must use mod­
els appropriate for their applications. 

These assumptions relate to the mathematical representa­
tions that CONTAMW uses and should be distinguished from 
assumptions that users make when creating a model. Users 
must exercise engineering judgment so the building represen­
tation is adequate for the purposes of the analysis. 

Using CONTAMW 
The following is a brief overview on the use ofCONTAMW 

to develop a building representation and perform a simulation. 
Five distinct tasks are required to perform a multizone analysis 
with CONTAMW: 

1. Develop a building idealization, 
2. Draw schematic representation, 
3. Define building components, 
4. Perform simulations, and 
5. Review results. 
Figure 1 shows a sketch of a four-story building that will be 

used for this discussion. 
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Table 1: Building component icons used for Sketch Pad 
representations. Figure 4: SketchPad representation of a typical floor. 

Task 1 - Building Idealization 
Building idealization refers to repre­

senting a building as a set of zones and 
airflow paths that are relevant to the goal 
of the analysis. /'·.building can be ideal­
ized in many ways depending on the build­
ing layout, the ventilation system con­
figuration, and the problem of interest. 
For example, the simple idealization 
shown in Figure 2 could be used to study 
building envelope leakage and stack ef­
fect within the stair shaft. 

Figure 3 shows a detailed idealization 
in which each room is a single zone. This 
idealization accounts for airflows between 
rooms. The idealization could be even 
more detailed to include plenums, wall 
cavities, and chases [Musser and Yuill 
2000]. 

During this stage of model develop­
ment, consideration is given to the con­
nections and leakage paths between 
zones, including the outdoors. These 
leakage paths can be represented in vari­
ous levels of detail that range from ac­
counting for each building component to 
combining leakage elements into a single 
leakage value for the interface between 
two zones. 

For example, one could represent each 
window, door, and wall penetration indi­
vidually. Alternatively, one could deter­
mine the distributed leakage rate on a 
square meter basis and enter a single value 
for the fa9ade on each level of the build­
ing. Sources of leakage information in­
clude building specific measurements, 
effective leakage area tables, literature, 
and engineering judgment [Persily and 
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Ivy 200 l]. Chapter 25 of the ASHRAE 
Handbook-Fundamentals [ ASHRAE 
1997] provides a table of effective leak­
age areas of building components. 

Task 2 - SketchPad Representation 
After developing a building idealiza­

tion, the next step is to draw a schematic 
representation on the SketchPad. Typi-

ltitflow Palh P1opo1lie: 1)£1 
Flow E'-inl I Fil•• and S<ho_dlko' "'°"' P«h I W"ioil P/"fU• I 

PltlhN�oc. l3 

AiillowElemonl - -- - --

1 Do!£_� 
•Edit Ele'mofi, I I 1 i>dow It I'-.!. c.M<ad, bes! 
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OK c.nce1 I !'!911 I 
Figure 5: Airflow path property 
sheet. 

cally a floor plan is drawn for each level 
of the building representing each room 
as a zone. Building component icons are 
placed on the SketchPad to represent 
zones, airflow paths, and mechanical ven­
tilation system components. Table 1 
shows the icons CONTAMW uses to 
represent building components. 

Figure 4 shows the SketchPad repre­
sentation of a floor plan based on the ide­
alization in Figure 3. To simplify the data 
input process in multi-story buildings, 
CONTAMW provides the ability to copy 
levels. A user can draw a typical level, 
copy it, and make modifications neces­
sary to account for differences between 
levels. 

Task 3- Define Components 
Each icon on the SketchPad is a build­

ing component with associated param­
eters that define its characteristics. Pa­
rameters are entered via building compo­
nent property sheets (Figure 5) that are 
accessed by double-clicking on an icon. 
To simplify data entry, CONTAMW pro­
vides the ability to copy building com­
ponent icons and to create data libraries 
that can be used in current and future 
modeling efforts. Some libraries are cur­
rently available in Persily and Ivy [2001]. 

Task 4 - Simulation 
Simulation is the process of solving the 

system of equations assembled from a 
SketchPad representation of a building. 
This step requires the user to specify the 
type of analysis that is needed (steady­
state, transient, or cyclical) along with 
many other simulation parameters. These 
parameters depend on the type of analy­
sis desired and include weather data, con­
vergence criteria, and in the case of a tran­
sient analysis, time steps, and the dura­
tion of the analysis. 
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Task 5 - Review & Record Results 

Simulation results can be viewed on the screen and can be 
exported to a file for input to a spreadsheet program or other 
post processing software. Airflow and pressure differences at 
each airflow path can be viewed directly on the SketchPad (Fig­
ure 6). Contaminant concentrations can be plotted as a func­
tion of time (Figure 7). CONTAMW also provides a shaft re­
port (Figure 8) that displays an elevation view of a building 
shaft along with pressure differences and airflow rates across 
two user-selected flow paths that connect the shaft zone to 
adjacent zones. This feature is useful in analyzing stairwell pres­
surization systems and viewing neutral pressure planes of a 
building. 

Applications of CONTAMW 
CONTAMW can calculate building airflows, which is useful 

in assessing building air change rates and interzonal airflow 
rates. It can also compare ventilation strategies. The pressure 
relationships between building zones are particularly useful in 
analyzing smoke control systems. The contaminant transport 
simulation capabilities can be useful for IAQ analysis including 
design, contaminant source isolation, I AQ investigations, and 
occupant exposure analysis. Following are some applications 
where CONTAMW can be useful. Where available, references 
to case studies that demonstrate the applicability of multizone 
modeling are included. 

Calculate Building Air Change Rates 
One of the main reasons for creating the CONTAM family of 

programs was to estimate building air change rates. Air change 
rates can be affected by a variety of driving forces including 
weather (wind and indoor-outdoor temperature difference) and 
mechanical ventilation system operation. CONTAMW provides 
the ability to establish sophisticated multizone building geom­
etries, to simulate the effects of varying the driving forces on 
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building airflow and to provide insight into the interacf f 
weather, envelope tightness, and air handling systems 

ions 0 
Building air change rates include airflow into a buildi. h 

unintentionally through envelope leakage (infiltratio�) 
ng b�t 

tentionally by mechanical ventilation systems. CONi�d m­
accounts for each. Detenniniilg air infiltration rates can be� 
ful in estimating energy impacts of building enveloPe 1 use 

understanding how weather affects infiltration and a
�ka

.
ge, 

the effectiveness of natural ventilation systems. Air rmg 

rate calculations can be useful in understanding the irnp
c ang� 

outdoor contaminant level.s on indoor contaminant co�c ts 0 
tions. "'entra-

Analyze Ventilation Strategies 
Along with the ability to analyze building air chang 

CONTAMW provides a rich set of tools to analyze vc�·
l
ra�es

, 

strategies. Applications in this area include analyzing 
�atio; 

fects of different ventilation strategies on IAQ and e e -

[Persily and Martin 1998; Emmerich and Persily 1998]./.nergf' 
hand.ling systems, and analyzing natural ventilation 

;ng air 

and demand-controlled ventilation. stems 
Compare Ventilation Strategies. A main stre11 lh f 

CONTAMW lies in its ability to analyze mul tiple cenan g fi 0 
given building geometry. Once that building geometry i�s ��a 
Lished within a CONTAMW model, it can be reconfiguesd

tcl -re to 
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investigate different ventilation strategies of interest. 
CONTAMW provides several ways to simulate mechanical ven­
tilation systems including fixed flow-rate elements, a simple air 
handling system model, and a complex duct system model that 
can account for friction losses, duct leakage and air handlers as 
characterized by fan performance curves. 

Design Natural Ventilation Systems. Multizone modeling 
has been used to design natural ventilation systems [Axley 
1999]. CONTAMW can be used to investigate the differences 
in airflow rates obtained by varying different building features 
and weather conditions including the size and_ placement of 
ventilation openings in the building envelope, the orientation 
of the building to prevailing wind, the outdoor temperature 
difference and the size and location of ventilation stacks. 

Demand Controlled Ventilation. Demand controlled ventila­
tion (DCV) involves controlling ventilation rates based on moni­
tored occupancy levels. Carbon dioxide (C02) can be moni­
tored instead of monitoring occupancy levels directly because 
occupants are the dominant indoor source of C02. CONTAMW 
can be helpful in addressing issues related to the design and 
operation of DCV systems [Musser 2000]. Uses include analy­
sis to determine levels of occupant and non-occupant related 
contaminants that might result. 

Building Flush Out. Buildup of non-occupant related con­
taminants is a concern with DCV or any ventilation system that 
reduces or shuts off ventilation during unoccupied hours. 
CONTAMW can be useful in analyzing contaminant buildup in 
those situations and in determining the amount of ventilation 
required to purge, or flush out, the contaminants prior to occu­
pancy [Musser 2000]. 

M/Jj}y_ze ContalJJ.in.aaUra11Sp_Qlt 
As the name suggests; CONTAMW simplifies the analysis 

of airborne contaminant transport within complex, multizone 
buildings. Contaminant behavior within buildings can be influ­
enced by airflow, source and sink properties, particle filtration, 
gaseous air cleaning, and chemical reactions. CONTAMW pro­
vides the ability to address all of these mechanisms, making it 
useful in understanding many contaminant-related building is­
sues and solving or preventing contaminant-related problems 
in the built environment. 

Predicting contaminant concentrations can be used to deter­
mine indoor air quality performance before a building is con­
structed and occupied, to investigate the impacts of ventilation 
system design decisions and building material selection, and to 
assess the indoor air quality performance of an existing build­
ing. Predicted contaminant concentrations can also be used to 
estimate personal exposure based on occupancy patterns in a 
building [Persily 1998]. 

IAQ.J:k.sign. 
Designers typically deal with IAQ by specifying minimum 

outdoor air ventilation rates on a space or whole building level 
using requirements in building codes or standards. The Venti­
lation Rate Procedure in ASHRAE Standard 62-1999 is a pre­
scriptive approach that provides minimum ventilation require­
ments [ASHRAE 1999]. Standard 62 also contains a perfor-
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mance-based I AQ Procedure that ad­
dresses IAQ through maintaining accept­
able levels of known contaminants. 
CONTAMW can be useful in implement­
ing both of these procedures from the 
point of view of ventilation system and 
building material impacts. CONTAMW 
can also account for outdoor air contami­

plications. The capabilities of multizone 
modeling are continually being extended, 
and many creative engineers are apply­
ing them in new ways. 

CONTAMW is available in the public 
domain free of charge by download from 
NIST' s Building and Fire Research Labo­
ratory web site at www.bfrl.nist.gov/863/ 

Modeling 

contam. The project file used for this ar­
ticle also is available for download at this 
site. NIST is developing a web site that 
will provide support in the form of 
CONTAMW building component data li­
braries, post-processing software, and 
multizone modeling case studies and ref­
erences at www.bfrl.nist.gov/iMZWeb. 

nant levels, the use of filtration, consid-.--------------------------------­

eration of intermittent or variable occu-
pancy, and distribution of ventilation air 
to multiple spaces. 

Contaminant Source Isolation 
Contaminant source isolation refers to 

preventing contaminant transport from 
one zone into another. Examples include 
parking garages, toilets, and radon entry 
from the soil [Fang and Persily 1995]. 
These situations involve establishing air­
flow or pressure differentials between dif­
ferent zones of a building to control con­
taminant migration. The ability to use 
CONTAMW to define complicated 
multizone systems enables the analysis 
of contaminant transport not only be­
tween adjacent zones, but also through 
less obvious paths via elevator and stair 
shafts, service chases, and duct leakage. 

Design of Smoke Management 
Systems 

Smoke management refers to passive 
and active control of smoke movement 
within the built environment in the 
interest of providing safety to occupants, 
firefighters, and property. Smoke 
management methods include compart­
mentation, dilution, pressurization, air­
flow, and buoyancy [Klote and Milke 
1992]. CONTAMW has been used to ana­
lyze the performance of many of these 
techniques. It has been used to simulate 
smoke movement in multizone facilities, 
to analyze the performance of smoke con­
trol systems including stairwell pressur­
ization systems, and to aid in performing 
far-field tenability (occupant safety) 
analysis [Ferriera 1998]. 

Summary 
CONTAMW is a useful tool for ana­

lyzing airflow and contaminant transport 
in complex multizone buildings on a macro 
level. This article is only an introduction 
to the program's capabilities and does not 
cover all the capabilities, options and ap-_-:,,. 
March 2001 
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