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EUROPEAN STUDIES ON NATURAL 

VENTILATION 

K. Limam, F. Allard, E. Dascalaki and M. Abadie 

Natural ventilation is very attractive for architects because 

ir offers robust solutions capable of pro iding :icceptable 
indoor air qu:ilicy and comfort throughout the full range of 
clim:ite conditions. During the European Co111mission's 
ZEPHYR architectural competition, 1 organized by the 
Energy Research Group at University College, Dublin in 
1994, it soon became very clear that most of the projects used 
natural ventilation as the principal technique for passive 
cooling and to provide an acceptable indoor environment. 

In most cases, the minimum ventilation rates needed for 
indoor air quality can easily be reached, and the maximum 
ventilation rates needed for summer thermal control of the 
building can readily be identified. Natural ventibtion is a 
logical and suitable strategy for many types of buildings, 
such as low-rise dwellings, schools, small or medium size 
offices and recreational and public buildings in moderate or 
mild climates. The open-window environment associated 
with natural ventilation is often popubr and offers a wide 
range of design possibilities to architects. Natural ventib
tion can also be very cost-effective solution, when compared 
to the capital, maintenance and operational costs of mechani
cal systems and does not need any plant-room sp;1ce. In such 
an environment, short pe1iods of summer discomfort, if any, 
will be easily tolerated by the users of the building. 

However, natural behaviour also means random :1irOow 
behaviour and less rigid control of the building's perform
ance. The physical phenomena to be taken into account 
usually correspond to simple concepts such as therm:ll mass, 
but they are not easy to handle because of many uncertain
ties, for ex:unple the randomness of indoor airflow patterns 
or the difficulty of determining the surface heat transfer 
between the air and the walls. Furthermore, in many urban 
envnonments, outdoor air conditions and acoustics may 
not be acceptable because of air pollution and noisc.c In 
these conditions, natural ventilation can be unsuitable or 
will need special attention during the design phase in order 
to avoid a direct link between the indoor and outdoor 
environments. In order to be effective, natural ventilation 
also requires a high degree of permeability within the 

building. In some buildings this can lead to security risks 
and conOicts with fire or safety regulations. In the case of 
deep-plan or multi-roomed buildings, fresh air delivery or 
good mixing may not be possible without some special 
design measures. These few examples show that while 
natural ventibtion is ve1y attractive, good design ofrwurally 
ventilated buildings needs to take into account many phe
nomena and criteria which are not necessa1ily easy to handle. 

This article is largely aimed at architects, policy-makers 
and engineers who need to acquire a broad background 
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knowledge abollt natural ventilation. In Europe, research 

on this topic within the frame of the PASCOOL3 and 
AIOLos• projects has included experimental and model
ling work intended to fill existing gaps in our knowledge 
of indoor air conditions in naturally ventilated buildings. 
The co-ordinated efforts of research groups from Belgium 
(Bl3RI), France (LEPT AB in La Rochelle, ENTPE/LASH 
in Lyon), Greece (University of Athens), Italy (Comphoebus 
and University of Milan), Portugal (University of Porto) 
and Spain (University of Seville) have made these projects 
some of the most significant contributions to natural 
venrilation studies in the recent years. 

PREDICTION METHODS 

The physical processes that are involved in natural venti
lation are very complex and the interpretation of their role 
in ventilation effectiveness is a difficult task. Classical fluid 
dynamics has described airflow phenomena under well 
defined boundary conditions in a quite satisfacto1y way. 
Description of the phenomena is achieved by solving the 
well known Navier-Stokes equations. combined with 
equations describing turbulence effects, under specific 
boundary and initial conditions. However, if the chaotic, 
random character of the wind is taken into account, a full 
knowledge of the boundary and initial conditions is almost 
impossible. Knowledge of the specific airflow characteris
tics in a space, as well as of the global airOow rates in 
buildings, i. nerc>ssary for both comfort and energy design. 
l c·igner ofcen wish co know the airflow rate through large 

pcnings in 0rder co ize building windows appropriately, 
while engirwt:rs. re often more interested in the distribu
tion of the air velocity in a zone to size ventilation inlets and 
outlets. Comfort experts may wish to know the air velocity 
values in a zone to calculate heat convection from or to the 
human body, while air-quality experts are interested in the 
flow rate, the dispersion of contaminants and the ventila
tion efficiency. According to the type of information 
required, various models and tools may be L1Sed. Models 
range from very simple .:mpirical algorith1m to caln1late 
the global airflow rate to ·ophisticart'd compmerizecl fluid 
dyrumic techniques to solvt' the Na vier- r kes t'quations. 
In general, depending on the level of modelling complex
ity required, four different approaches can be distinguished 
for the description of the airflow in the c1se of n:itural 
ventilation of buildings: 

empirical models: 
- British Standard method;' 
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SOLAR AND CLIMATIC DESIGN 
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Figure I. Predicted airflow values4 

ASHRAE;6 
Aynsley;7 
De Gidds;8 
Givonni;" 
Melaragno; "' 
CST13 methodology; 1 1  

Ernest methodology; 12 

network models (Pascool-1): 
PASSPORT-AIR 
COM IS 

zonal (opening-sizing) models: 
the Florida solar energy methods l and ll; 
ASHRAE; 
Aynsley; 
British Standard method; 
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- computerized network method; 
CFD (computational fluid dynamic) models, which 
will not be discussed in this article. 

Comparison between some of these models is given in 
Figure 1 (for a naturally ventilated building of700 m3); the 
calculated standard deviation is 0.27. 

THE AIOLOS SOFTWARE4 

Specific software for the calculation of the airflow rate in 
natural ventilation configurations has been developed at 
the Universities of Athens and La Rochelle. Based on the 
principles of network modelling, this tool offers the user 
many simulation possibilities, which can either be used for 
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Figure 2. Sensitivity analysis on the height of the top of the eastern window (zone 2)4 
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The benefits - environmental, economic, and for 
occupants' comfort and health - of ventilating 
buildings naturally, rather than mechanically, are 
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design purposes or simply be explored to provide a deep, 
insight into the mechanisms involved in natural ventiL 
tion. The AIOLOS software is focused on calculation L 

the airflow rates in multiroom buildings. The follo\'.rin 
functions are offered: 

calculation of global airflow rates in each simulated zone 
calculation of airflow rates through each of the open 
ings in the building structure; 
sensitivity analyses for investigation of the impact o 

specific parameters of natural ventilation; 
an optimization process for the derivation of appropri 
ate opening sizes to achieve optimum airflow rate 
within the required room configurations; 
a thermal model for assessment of the impact of variou 
natural ventilation strategies on the thermal behaviou 
of the building. 

These calculations can be nm for a short (one day) or an 
extended (up to one year) time period. Climatic data can 
be treated statistically through an in-built climatic pre
processor. This feature allows the user to receive a rapid 
assessment of the prevailing climatic characteristics in the 
region in which the building is located. The results are 

reported in tabular or graphical form. For a better under-
candi ng of the result. tati cical treatment is al o possible. 

The :ib ve t�ature· are combined in au ·er-friendly intt"r
fuce. T faciJic, re u ·e, tht' s !i:ware i.s provided with an on
line hdp facility. An example of results is given in Figurl' 
�.A hown, the resulting >lobal air exchange race· increa ·c 

with increasing height of the: eam:rn \ indow. 

DIAGNOSTIC TECHNIQUES 

To judge the performance of a building, a system or a 

particular technology, we need a set of evaluation tools: 
diagnostic techni.ques. !n the cast: ofbuildings dt: igncd for 
passive ventila tio n, sut:h diagno ·tic techniques aim to 
facilitate a good underst, nding fthe physical behaviour of 
the building and/or the comfort conditions tlt;1t will be 
provided. Diagnostic techniques can be applied in different 
situations: 

In existing buildings, before retrofitting, the main aim 
is to obtain a better understanding of the building 
performances. 
In new or retrofitted buildings, the typical aim is to 
evaluate to what extent the building functions as 
predicted. 

There may be several reasons for carrying out diagnostic 
studies: 

To evaluate the performance of a range of buildings 
during summer. The sample will then be either the 
complete building set or a representative sample of the 
population of buildings. Physit:al parameters as well as 
users' satisfaction can be included. 
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To evaluate a specific building to obtain a better 

understanding of its performance without any specific 

aim to solve or improve certain aspects of the building. 

To evaluate a ¥cific building problem with the aim of 

obtaining good indications of how to improve the 

performance of the building. 

CRITICAL BARRIERS 

Natural ventibtion can play an important role in the 

control of indoor air quality and indoor temperature in 

summer, contributing to the prevention of overheating 

when an adequate ventilation strategy is adopted. How

ever, the success of natural ventilation strategies can be 

affected by other factors in the design and use of the 

building, which must be anticipated if natural ventilation 

is to work effectively: 

building operation issues (safety, air pollution, shading, 

draught prevention, ignorance of the occupants); 

building design issues (fire regulations, acoustic regula

tions, pattern of use, need to provide shading, privacy 

and daylighting, automatic controls, lack of suitable, 

reliable design tools); 

other issues: architecture, acceptance ofa certain degree 

of fluctuation of the indoor conditions, compliance 

with or absence of suitable regulations. 

Thus, naturally ventilated buildings face many hurdles and 

they will be the exception rather than the rule as long as 
most of these barriers are not overcome with good, i nex
pensive, robust solutions. This project aims to guide 

designers in the search for good alternatives, as far <lS the 
current state of the art allows. 

DESIGN GUIDELINES AND TECHNICAL 

SOLUTIONS 

The effectiveness of natural ventilation, i.e., its capa city to 
provide good indoor air quality and passive cooling in a 

building, depends greatly on design decisions. Mechanical 

ventilation systems can be designed separately from the 

design of the buildings in which they are installed; they can 

also be installed in existing buildings after a frw modifica

tions. In contrast, ventilation systems using only natural 

mechanisms, such as wind and thermal buoyancy, need to 
be designed together with the building, since the building 

itselfand its components are the elements which can reduce 

or increa se air movement as well as influence the air quality 

(dust, pollution, etc.). Architects and engineers need to 
acquire qualitative and quantitative information about the 

interaction s between the building and its environmellt in 

order to design buildings and systems consistent with a 

passive low-ent'rgy approadi. Such qualitative informa

tion includes: design context; background; design con
cepts; and design criteria. Quantitative information in
clrnks: the results of calcubtion techniques fix dcfining 
climate paL1111l'ters, sizes of openings �rnd cstin1ates of 
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Figure 3. The building occupied by Meletitiki Ltd in Athens• 

airflow rates; and the results of other evaluation methods 

assist the selection and incorporation of proper technolo
gies. 

NATURAL VENTILATED BUILDINGS - CASE 

STUDIES 

Several types of buildings were studied: 

an office building (Athens, Greece) (Figure 3); 
a detached single-family residence (Porto, Portugal); 

a row-house single-family residence (in Louvain-la

Neuve, Belgium); 

two apartments in multifamily high-rise buildings (La 

Rochelle, France - Figure .+ - and Catania, Italy); 

a school building, in Lyon, France. 

The effectiveness of natural ventilation, both as cross
ventilation and as single-sided ventilation, is demonstrated 
in each case by measurements of the performance of several 
buildings. Examples ofresults of the experiments carried in 

Athens and La Rochelle are given in Figure 5 and Table 1 
respectively. 

A closer look at the graphs in Figure 5 gives some insight 
into the impact of night ventilation on the performance of 
the building. During the night ventilation period, the 
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Figure 4. Apartment in La Rochelle4 

temperature in the building drops and follows the variation 

of the ambient temperature. Night ventilation reduces the 

temperature in the building by 2°C. 

In ordt::r to evaluate the impact of various natural 

ventilation strategies, multi-tracer gas measurements were 
carried out in La Rochelle.� From these experiments it was 

possible to define a natural ventilation efficiency index for 

each configuration as an average of the ratio of the local 

mean age and room mean age of the air. Table 1 gives the 

natural ventilation efficiency coefficients averaged for vari

ous experiments carried out in the La Rochelle building. 
It appears that natural single-sided ventilation can be very 

efficient. The comparison between Cases 1 and 3 shows 

that opening a double section in the middle of the window 
does not increase significantly the ventilation efficiency, 

which improves from 68.3 to 71. 7. In contrast, when the 

same area is open, but located on the two opposite sides of 
the window (Case 3), it is possible to increase the efficiency 

significantly with a different airflow pattern. These results 

have been confirmed by flow visualization in a water 

channel. 

CONCLUSION 

A large research effort in the field of natural ventilation has 

been undertaken within various European projects during 

recent years. These projects have demonstrated how useful 
natural ventilation strategies can be in ensuring good 
indoor quality in European buildings. Nevertheless, these 



34 
.... 
u 32 -

! 30 
:s 
; 28 
... 

:. 26 
E 
: 24 

22 

ti .. 

Figure 5. Impact of night ventilation (Meletitiki office building 
in Athens) 4. 7.8.95-9.8.95 

projects have also pointed out critical barriers to the 
effective use of such technical solutions and the difficulties in 

designing and dimensioning efficient systems for natural 
ventilation. Our work has aimed to fill these existing gaps 

by providing designers with a synthesis of scientific knowl
edge acquired in recent European projects and transfom1-
ing it into efficient design tools and guidelines for architects 
and engineers. 
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