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1. SYNOPSIS
It is particularly important to be aware of the air flow pattern in a building when
determining indoor air quality problems or calculating space conditioning loads
for energy consumption. Correct sizing of space conditioning equipment is also
dependent upon accurate air flow information. A number of infiltration models
have been developed to calculate infiltration-related energy losses and the resulting air flow distribution in both, single-zone and multi zone buildings. International infiltration research has been conducted since the early twenties -infiltration modeling, however, is a relatively new task. Most of the modeling
effort has taken place during the last 15 years, during part of which time the Air
Inflltration and Ventilation Centre has been in operation. This paper gives an
overview of the development of infiltration models.

2. INTRODUCTION
The annual heat loss due to infiltration, unlike the equivalent for conduction, is
dependent not only on the temperature difference between the inside and the outside of the building, but also upon shielding, terrain, wind speed and direction and
on the design of the building. High wind speeds often occur at higher outdoor
temperatures and may result in higher infiltration rates than those calculated forin the design.
A wareness of infiltration as a major factor in the overall conditioning load of a
building has led to tighter construction of both, building components and the
overall building shell. This has decreased the infiltration rate and its related ventilation heat loss but has sometimes created another problem with regard to indoor
air quality.
The air-mass flow distribution in a given building is caused by pressure differences evoked by wind, thermal buoyancy, mechanical ventilation systems or a
combination of these. Air flow is also influenced by the distribution of openings
in the building shell and by the inner pathsways. Actions by the occupants can
also lead to significant differences in pressure distribution inside a building. Figure 1 shows various influences on air-mass flow distribution.
Wind pressure distribution depends on the velocity and direction of the wind, the
terrain surrounding of the building and its shape. Differences in air density, due
to differences between outside and inside air temperatures, cause further vertical
pressures which, in turn, influence the air-mass flow. Mechanical ventilation also
introduces a pressure fieldon the building.
There are two fundamental approaches in determining the infiltration rate in
buildings. The most straightforward method is to measure infiltration directly,
e.g., by using the tracer gas technique. Multizone tracer gas techniques can be
used to determine either the air flows between the inside and the outside of the
building only, or in addition, the interzonal air flows. It is necessary to understand the latter so as to determine the impact of infiltration on indoor air quality.
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Fig. 1: Influences on Air Flow Distribution in Buildings
Tracer gas measurements give a value for infiltration only under prevailing leakage and weather conditions, but a second technique can be used to determine
values' of infiltration for all leakage and weather combinations. This method uses
mathematical models (see Fig. 2).
The Air Infiltration and Ventilation Centre (AIVC) has published a comprehensive handbook, Air Infiltration Calculation Techniques - an Applications Guide
[1]. This, and a second AIVC publication [2] are valuable tools for obtaining an
overview of available techniques in calculating air infiltration.
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Inflltration models can be divided into two main categories, single-zone models
and multi zone models (see Fig. 3). Single-zone models assume that the structure
can be described by a single, well-mixed zone. The major application for this
model type is the single-story, single-family house with no internal partitions
(eog., all internal doors are open). As a large number of buildings, however, have
floor plans that would characterize them more accurately as multizone structures,
more detailed models, taking internal partitions into account, have been
developed.
Besides' the static models described in this paper some models have been
developed to determine ventilation rates under dynamic conditions. As these
become more important when large openings are present the lEA Annex VIII
"Inhabitants' behaviour with regard to ventilation" has investigated these patterns.
(9
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Fig. 2: Alternative Ways of Determining Infiltration [11
A report giving some rules of thumb for estimating air flow rates through open
windows has been published by ANC [3].

3. SINGLE-ZONE MODELS
3.1 General
Single zone models are usually used in determining infiltration rates for singlefamily buildings. A zone is defined as a fully mixed volume with a constant concentration level of the enclosed gas mixture. Therefore, single-zone buildings do
not exist in reality. However, smaller buildings without internal partitions or at
least with open internal doors can be simulated with reasonable accuracy by
single-zone models (see Fig. 4). Often, however, the limits of the single-zone
models are obviously violated by using them for multizonal applicatir;ns.
Single-zone models can be characterized as either empirical or physical models.
3.2 Empirical Models
Empirical infiltration models are the simplest infiltration models available being
based solely on the knowledge obtained from infiltration measurements. Models
can be as simple as assuming a constant infiltration rate based on no flow properties of the building; or dividing the leakage obtained by pressurization tests by a
-4-

INFILTRATION MODELLING

,.
SINGLE-ZONE
MODELS

EtvlPIRI CAL

PHYSICAL

MODELS

MODELS

MULTIZONE
MODELS

SItvlPLIFIED
MODELS

Fig. 3: Categorizing Infiltration Models

background
leakage

~

•
Fig. 4: Example of a Single-Zone Building III

-5-

DETAILED
MODELS

constant number. Other models must take into account information about wind
speed and temperature differences between the inside and the outside of the building.
The constant rate model assumes a constant infiltration rate for the whole building irrespective of the factors influencing the amount of air movement between
the inside and outside of the building. This kind of model is still included in some
of the building simulation programs used to calculate energy requirements for
space conditioning but it is an abuse to use it for multizone applications. A more
advanced version of the constant rate model determines infiltration as a function
of the air flow obtained by pressurization tests. This method gives some indication of the magnitude of average infiltration and so provides some "rule of
thumb" for the practitioner.
The regression method has been used for some time in order to fit in the enormous amounts of data obtained from tracer gas measurements. The modeling
procedure utilizes two weather parameters as the sole weather-related potential
for infiltration --the indoor/outdoor dry-bulb temperature difference and wind
velocity. Because the regression coefficients reflect structural characteristics as
well as. shielding effects and occupant behaviour, variances of 20: I have been
found in individual regression coefficients when comparing similar structures [4].
Q = A + B tl.T a + C v'Y

(1)

with:

Q
A,B,C
tl.T
v

(X,y

infiltration rate
regression coefficients
temperature difference
wind speed
exponents (usually 1.0 S

a S 2.0 ; 0.5 S YS 1.0)

Based on statistical analysis of field data and the assumption that the air permeability of the envelope is uniformly distributed, wind direction is usually not taken
into account.
3.3 Physical Models
Once pressurization measurement techniques for building components or whole
buildings existed, physical models became possible. The crack model, which
uses the flow characteristics of building components, was probably the first physical model for single zone applications. A second group of models uses information from whole building pressurization tests.
The air permeability of the building'S envelope depends on the number and size
of cracks, windows, doors and gaps between building components. In addition to
these visually observable flow paths leakage is caused by the porosity of building
material.
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The crack model is the first real attempt to estimate leakage of the building's
envelope. This method assumes that infiltration is proportional to the product of
crack coefficient and crack length and can be expressed by the empirically power
law function.
Q =a I flp" =C flp"

(2)

with:

Q
a
1
C
flp

n

infiltration rate
crack flow coefficient
crack length
flow coefficient
design pressure drop
flow exponent

Values for the exponent range between n = 0.5 for fully turbulent jets or turbulent
flow and n = 1.0 for fully laminar flow. However, due to the head losses which
are directly dependent on the square of the velocity, n = 1.0 cannot be reached in
reality. The exponent for calculating infiltration by the crack method is usually
set at n = 2/3. A comparison of air leakage measurements conducted by means of
the blower door technique in 196 houses showed, in respect of the whole house, a
mean value for the exponent of 0.66 [5]. This is in good agreement with the measured flow characteristics of building components.
The flow coefficient is determined by the measured crack length of each building
component and its specific crack flow coefficient. The latter are published in
various handbooks and infiltration' standards [6,7].
Single-zone network models are based on the mass balance equation taking any
number of flow paths between the outside and the internal zone into account
Essential input data are flow path distribution, flow path characteristics, weather
dat~ shielding and terrain roughness conditions, and the characteristics of the
mechanical ventilation system. For a structure with k flow paths the mass flow
balance is given by:

(3)
,w

with:
density of air
flow c.oefficient for flow path j
external pressure for flow path j
internal pressure
flow exponent
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The latter term determines the flow direction which would otherwise have been
lost in the previous term.
Examples of models based on the network idea are ENCORE [8] from the
Norwegian Building Research Institute and ~ [9] from GRl.
The principal disadvantage of the single-zone network approach is its data
requirements. This has led to the development of simplified single-zone models.
These models usually work on the basis of an assumption, which can be obtained
from pressurization tests about the distribution of whole house leakage. Windinduced infiltration and stack-induced infiltration are calculated separately and
superimposed later.
The most widely used simplified single-zone model is probably the LBL-model
[10]. Airport weather data is converted into local wind conditions with shielding
and local terrain also taken into accounL The height of the building and the
assumed distribution of leakage over its envelope are sufficient, along with the.
weather data, to calculate the air flow. The LBL-model assumes infiltration to be
proportional to the square root of the applied pressure.

Q=A~~flP

(4)

with:
A

effective leakage area

Infiltration due to wind and stack action is calculated separately and later combined. The wind-induced infiltration calculates to:

= f wind A v
and the stack-induced infiltration can be expressed by:
Qwind

(5)

LirT
Q slacle = f stacie A _'gH
V

(6)

with

fw
fSlack

function describing the wind influence
function describing the stack effect

As a consequence of the flow assumption the flows due to wind and stack driven
pressures are combined by. summing the results in quadrature.

(7)
As the LBL-model is an easy to use tool further work has been done to improve
its performance (mainly when wind and stack e,ffect have the same magnitude)
and to adjust the model to the more realistic flow characteristics found in field
measurements [11].
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Based on the results of a detailed multizone infiltration model the NRCC model
[12] uses the following equation for the superimposition of flows:

Q=Qw~ [1+0.24[~:rl

(8)

with:
smaller of Qwind and Qstack
larger of Qwind and Qstack
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Fig. 5: Superimposition of Flows (curve a) Eq. 8; curve b) Eq. 7 based on flow
exponent n =213; curve c) Eq. 7 based onflow exponen, n =1I2J
In order to calculate the infiltration rate for one zone the BRE-model [13] relates
to the air flow detennined at a pressurization test. Air movement under ambient

conditions is described by the power law equation.

Q =Q,q

[lP~r F. [Ar·~l

with:

Qrq
6fJrel
Fv
v

air flow at pressurization mode

reference pressure difference (10 Pa S /lprq S 60 Pa)
infiltration rate function, including the effects
of weather dependent parameters
wind speed at ridge height
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(9)

This equation can be reduced to wind only and stack effect only action.
As with the LBL-model the BRE model assumes that the air leakage is unifonnly
distributed across each face and that the exponent n applies to all flow paths.
Several models have been developed to calculate the natural ventilation when
ventilation shafts are present. Ertl et ale [14] not only developed and validated an
algorithm which allows the perfonnance of ventilation shafts to be evaluated but
also published a review of the algorithms used for this purpose.

4. MULTIZONE MODELS

4.1 General
MultizOne models are required when there are internal partitions in a building, or
in the case of inhomogeneous concentration in the space. Multizone buildings can
be either single-room structures (e.g., airplane hangars) single family houses or
large building complexes. Fig. 6 shows an example of a very simple multizone
building.

Fig. 6: Example of a simple Multizone Structure [1 J
A number of inftltration programs have been developed to calculate air flows
penetratLg the building's envelope and travelling through the different zones of a
multiz.one structure. Besides being able to simulate infiltration in larger buildings
these models are able to calculate mass flow interactions between the different
zones.
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Knowing about the air-mass flow in buildings is important for several reasons:
- exchanging of outside air with the air inside the building
is necessary for its ventilation
- energy is consumed to heat or cool incoming air to
inside comfort temperature
- air is needed in different zones for combustion in open
fIreplaces and the exhaust of gasses
- airborne particles and germs are transported by air flow in
buildings.
- air flow determines smoke distribution in case of fire.
The necessary information can be obtained either by multizone infiltration network models or by simplified multizone models.
In terms of air-mass flow buildings represent complicated interlacing systems of
flow paths. In this grid-system the joints represent the rooms of the building and
the connections between the joints simulate flow paths. These include the flow
resistances caused by open or closed doors and windows and air leakage through
the walls. The boundary conditions for the pressure can be described by grid
points outside the building. Wind pressure distribution depends on the velocity
and the direction of the wind, the surrounding terrain of the building and the
shape of the building. If the physical interrelationship 'between flow resistance
and the air flow is known for all flow paths the air flow distribution for the building can be calculated --as long as there is no temperature difference between outside and inside air. Differences in density of the air due to differences between
outside and inside air temperatures, cause further vertical pressures while also
influence the air-mass flow.
Mechanical ventilation can be included in this network, the duct system being
treated like the other flow paths in the building. The advantage for calculating
the air flow distribution effects of mechanical ventilation systems is that the duct
pathways, as well as their connections with the building, are known. In the case
of mechanical ventilation systems the fan can be described as the source of pressure differences, lifting the pressure level between two joints according to the
characteristic curve of the fan.

4.2 Multizone Infiltration Network Models
Multizone infiltration network models deal with the comp1exity of flows' in a
building by recognizing the effects of internal flow restrictions. They require
extensive information about flow characteristics and pressure distributions and, in
many cases, are too complex to justify their use in predicting flow for simple
structures such as single-family residences [15].
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As for their single-zone counterparts these models are based on the mass balanced
equation:

- m
O-L

1=0

1

k [ pC ,1 I'(lojJ-Pi
~
i

}=O

II nO)J [ IPOj,l -

Pi I]])
'(l0j,l - Pi I

(10)

with:
p
.Co 1
.0

,

),

': . POj,l
Pi
ni ,1

density of air
flow coefficient for flow path j of zone 1
external pressure for flow path j of zone I
internal pressure
flow exponent for flow path j of zone I

Unlike the single-zone approach, where there is only one internal pressure to be
determined. in the case of the multizone model one pressure for each of the zones
must be determined. This adds considerably to the complexity of the numerical
solving algorithm, but by the same token. the multizone approach offers wide
potential in analyzing infiltration and ventilation air flow distribution.
A literature review undertaken in 1984 [16] revealed 26 papers describing 15 different multizone inflltration models which had been developed in eight separate
countries. A review currently under way is producing additional information
about the status of network models. One of the first we found was Jackman's
model "LEAK" [17] which was published in 1970. In 1974 it was followed by
the NRCC model [18], which was the first one available for use by interested parties. Indeed. this numerical tool is probably still the most widely used multizone
infiltration model.
Several multizone models were developed in the aftermath of the oil price crises.
Between 1975 and 1977 a series of steps were taken at TU Berlin to develop such
a model. This resulted in the program STROM [19] which was later extended to
handle HV AC-systems and has recently been rewritten to improve the solver and
to be combined with a thermal model [20]. Concurrent with STROM, ELA 4 [21]
has been developed. The models VENT 1 and VENT 2 [22] as well as BREEZE
[23] were developed in the late 70s by researchers from British Gas and the
Building Research Establishment. In the early 80s. first versions of Nantka's
INFll..TRATION & VENTILATION [24], Walton's AIRNET [25] and Herrlin's
MOVECOMP [26] appeared. The latter two programs were the first to address
the mathematical problem of solving the set of non-linear equations for zones
with very different leakage characteristics. Open doorways in otherwise tight constructions are the main cause of significant problems in convergence. This has
been solved in both cases by introducing under-relaxation factors to the well
known Newton method.

-12-
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By focussing on the work done in AIVC-member countries, we have neglected
extensive program developments undertaken in Japan, France and Brazil.
KGVCP from Hayakawa dates back to 1979 [27]. More recent work done in
Japan has been published by Ishida and Udagowo [28] as well as Hayashi and
Urano [29], Sasaki [30], Okuyama [31] and Matsumoto et al. [32].

.

France, as a possible future AIVC member, has also developed several multizone
models; the recent review unveiled models from CSTB, INSA [33] and EDF.
From Brazil, Melo's model FLOW2 [34] has been detected.
The latest development in infiltration modeling is the COMIS model [35]. In a
twelve month period ten scientists from nine countries developed a reliable,
well-running multizone model on a modular base. Because of its modular structure COMIS is designed to expand its capability to simulate buildings. To
accomplish a "user-friendly" program special emphasis was given to the input
routines. Support of the international group, working together at Lawrence Berkeley Laboratory, by lEA's Air Infiltration and Ventilation Centre will be likely to
help the wide distribution of this model to all interested parties. COMIS can be
used as a stand-alone infiltration model with input and output features or as an
infiltration module for thennal building simulation programs. It also serves as a
module library.
We discovered from the two reviews of the literature above that most of the
models described by program authors use the FORTRAN (75%) programming
language, followed in order of use, by BASIC, HPL and in one case each by PASCAL and C. As m~st of the programs represent research tools developed at
universities they run on main frame or work station type computers (56%).
Because of the nonlinear dependency of the volume flow rate on the pressure
difference, the pressure distribution for a building can only be calculated by using
a method of iterations. Multizone network models were developed to deal either
with simple structures of only a few zones or with buildings, having arbitrary
floor plans, allowing an unlimited number of zones (limited only by the computer
to be used). Many models have been developed which simulate a specific structure only, so allowing for the use of simple solving routines. Models which deal
with arbitrarily chosen building types use either a great deal of CPU-space or are
equipped with very sophisticated mathematical routines to reduce the storage
need.
Large computer storage was necessary in the past, when calculating the air flow
distribution of more complicated buildings. Nowadays, however, most programs
use solver modules which reduce the space requirement, e.g., by band matrices or
the skyline method. The Newton method is the most common tool used to solve
the set of non-linear equations.
Although most models have been developed in FORTRAN on main frame computers, many use interactive mode to input the necessary data. Only one of the
models, however, allows CAD-input. Three-dimensional building description and
schedules for climatic data and occupants are more common today than they were
-13-

Table 1: Review of Multizone Infiltration Network Models
FORTRAN
BASIC
PASCAL
C
HPL

33

Computer Type:

Main Frame Computer
Personal Computer

23
18

Solver:

Newton
others

22
8

Input Features:

interactive input
CAD-input
weather data from weather files
3-D building description
schedules (e.g. occupants)

10

fIle of arrays used by the model
graphical output
statistical functions

23

Miscellaneous:

combined with thermal model
combined with pollution model

12
8

Program Available?

yes
no
yes, but

11
11

Program Language:

Output Features:

6

1
1
3

1
18
8
14
7

7

five years ago but a comprehensive way of designing the output seems still to be a
problem. Most of the models use the file of arrays to present the calculated result
--not really a user-friendly method. Few models use the capabilities of personal
computers to show the air flow distribution in two-dimensional graphs.
Twelve of the infiltration models are combined with a thermal model and eight
feature a funher combination with a pollutant transport model. For seven out of
twenty-nine models the authors specify their product as "available to third parties". Eleven authors believe that, lacking user-friendliness, their models would
be of no use for third parties. The remainder do not wish:;t~ make their tools available to others.
The multi zone models investigated were, in regard to the equations used, very
similar to each other. The flow equation used to describe the air flow characteristics of the buildings is similar to the one describing measured results for air flow
through building components (see Eq. 2). Most programs use an empirical
power-law expression type of equation, even though the pressure exponent may
differ from 0.5 to 1.0, depending on the nature of flow. Only few models consider
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wind dynamics.
The programs still differ markedly in their ability to simulate mechanical ventilation systems. Twenty of them are able to simulate forced ventilation systems by
means of fan and duct characteristics. This is a tremendous change from the last
review.
The difficulty of measuring infiltration in buildings under controlled boundary
conditions means that none of the models has been validated properly, if at all.
The possibility of doing piecemeal validations of certain algorithms has been considered; e.g., the algorithms for air flow through open doorways or air flow
through cracks have been tested separately [36]. Measuring a few cells of the
whole structure could still provide a severe test for existing models.
These data are important not only for validation purposes but also as a means of
further understanding air movement in large multizoned buildings. We need to
identify the critical variables in different building types in order to develop more
accurate input data an,d, ultimately, more accurate models. Wind pressure coefficients, for example, represent a factor that needs further study, and the collating
of existing data should help our efforts in simplifying data requirements.

4.3 Simplified Multizone Infiltration Models
Most multicellular models in use at present are not available to the public or are
written as research tools, rather than for professional engineers or architects.,
There is an obvious need for a simplified multichamber infiltration model capable
of providing the same accuracy as the established single-cell models.
The extended crack model is the simplest multizone model. It is used to design
conditioning loads and size the conditioning equipment [37]. The method is based
on the single-zone crack model and has been refined to multizone applications by
also taking into consideration the crack flow through internal partitions. Buildings
are characterized according to their cross flow and stack flow capabilities.
The stack pressures of the core zones for multistory structures are pre-calculated
for design weather conditions and published in look-up tables. Together with
pressures due to the effect of wind and permeability distribution this enables a
user to calculate the infiltration for each of the outside zones.

(12)
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with:

.

qshaft
Qstory

(a l)wind
(a l)lee
£

H
r

infiltration heat loss for a zone in a shaft-type building
infiltration heat loss for a zone in a story-type building
crack permeability windward side
crack permeability leeward side
coefficient. depending on wind speed and vertical location
of the zone in the building
coefficient, depending on building type
coefficient, depending on permeability distribution of the zone

The Simplified Multizone Infiltration Model [38] developed at LBL is able to
calculate the air flow distribution for arbitrary structures in any given weather
conditions. The basic idea is to determine the flow network and to calculate the
effective air permeability of a zone from the combination of flow paths arranged
in series and/or parallel. The use of these equations assumes that all permeabilities have the same flow characteristics and, therefore, the same exponent, n (see
Eq.2).
Air flows caused by separate mechanisms (such as wind and thermal buoyancy)
are not able to be added because the flow rates are not linearly proportional to the
pre~sure differences. To superimpose the flows, it is necessary to add the pressures.
To describe the air flow distribution inside a building we introduced several
lumped parameters reflecting the different permeability distributions of the
building's envelope and the flow resistances inside the building; the envelope
permeability ratio (epr) which describes the cross-ventilation of the building, the
vertical permeability ratio (vpr) to determine the stack influence and the resultant
permeability ratio (rpr). The latter describes the removal of the incoming air
flow for each zone.
D le_e.;,..env_elo....:'P_e_
11\) __
epr ( 'I' =

(13)

D total.envelope
DsJ.~1

vpr = ----'.....:..."':/.--D lotal.envelope + D slwjt

(14)

'P r (<\» = D res.zone.lee
D res .zone .total

(15)
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with:
envelope penneability ratio
vertical penneability ratio
rpr
resultant penneability ratio
D lee ,envelope penneability of the leeward side of the building
D total ,envelope penneability of the whole envelope
D shaft
penneability from the shaft to the story
D res ,zone,lee
leeward resultant penneability of the zone
D res,zone ,total resultant penneability of the zone
epr
vpr

"

The resultant penneability ratio (rpr) is the ratio of the resultant penneability of
the downstream side to all resultant penneabilities of this particular zone. To
keep the model simple no mass balance equation is used to predict the air flows.
Because of the pre-calculation of the simplified network the model gives a
comprehensive understanding of the flow characteristics of the structure under
investigation. The model is simple to use and requires only simple mathematical
tools, e.g., pocket calculator.

S.SUMMARY
Traditionally, models of residential buildings were based on the regression
analysis of measured data for infiltration and the driving weather forces. As the
regression coefficients for these empirical models reflected structural characteristics as well as shielding effects and occupant behaviour, the regression coefficients between similar residences have varied tremendously. These models may
therefore not be appropriate for use as a design tool for building energy analysis.
The next step in residential infiltration modeling was the development of physical
single-zone models. The amount oJ infonnation required for single-zone" network
models led to the development of simplified models. Their development has been
justified by their widespraed use. These models are based on the physical
phenomena of air flow through the building envelope by assuming a certain distribution of air penneability. Shielding effects and local vertical wind profiles are
taken into account for calculating the infiltration rate. Measured data for a large
number of houses are used to fine-tune, still further, especially the effects of
shielding.

r.,

Following the analysis of an enormous number of measured ventilation rates in
the case of houses for which the leakage characteristics have been determined by
pressurizatioE tests, a very simple model has been introduced --in which the air
change rate measured at a given pressure differential, is divided by a constant
number. This model does not take weather influence or leakage distribution into
account.
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Even before the development of physical single-zone models took place a number
of computer models had been developed to calculate the air flow distribution in
multizone buildings. The building is described by a set of zones interconnected
by flow paths. Each node represents a space with uniform pressure conditions
inside or outside the building and the interconnections correspond to impediments
to air flow. The network models are usually based on the conservation of mass in
each of the zones in the building. The fIrst of these models to be developed was
probably the BSRIA-model "LEAKS" which was published in 1970. Since that
time, many more models have been developed but most of them have been written as research tools and are not available to third parties. As a consequence they
are difficult to use and are, at the best, "user-tolerant" rather than "user-friendly".
The fIrst very simple multizone model for equipment design calculation for lowrise buildings was introduced with the crack model. This model was later refIned
to cover high-rise buildings. A simp lifted approach was followed in the development of LBL's inflltration model, which allows the calculation of all interzonal
air flows by means of a pocket calculator.
While multizone inftltration models have existed for the last two decades some of
the thermal building simulation models are still working with constant rate
models. Now that energy conservation and indoor air quality have become important issues this type of model is inadequate.

6. FUTURE OUTLOOK
Except for the fIne-tuning of existing models, the development of single-zone
models seems to be completed. As multizone models offer much more potential
for further investigation, work will probably go on for some time to suit models to
speciftc needs.
The development of multizone inftltration and ventilation models shows a relatively slow evolution. Lack of exchange of information, restricted distribution of
models and the lack of a flexibil structure are probably the reasons why models
developed in the early seventies are not very different from those developed in
the late eighties.
Although several of the models discovered during this review serve a particular
purpose they could have been developed using existing models. The COMIS
workshop is trying to overcome these problems by creating a multizone infIltration model with a modular structure which will allow modules to be changed
easily. The availability of the prograE. together with the international authors~ip
should help to establish COMIS as ail inftltration standard on which specifIc
applications can be built.
.
Along with stand-alone infIltration models, network models will also now fInally
find their way into thermal building simulation models. With the expected
advances in the development of the next generation of building simulation programs inftltration modules will be needed for implementation in the program
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libraries.
Future tasks include the development of methods to determine the required input
parameters, especially the wind pressure distribution. Further work must be done
through sensitivity studies to reduce the input requirement and to increase userfriendliness by using the output features of the PC's.

.•,

-.

Validation of the models is another essential task. In order to understand physical
phenomena related to transport mechanism in buildings and to develop numerical
descriptions, measurements must fIrst be performed under steady state conditions.
It is necessary, in order to measure mass flow transport mechanism accurately, to
be able to control the pressure level and its fluctuation for each of the outside
walls. This is only possible if the building is itself located in a building. Such a
test facility would not only validate air flow models as a whole but would also
help to validate the tracer gas techniques to be used to validate infiltration models
in fIeld experiments.
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