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AI]STRACT

Å

Thispaperreportsonaninvestigationtodeterminetheproperamo]rltofairexchanges
auaitaUle through natural or meJhanical ventilation. The "olf" and "decipol" rnethodology

is used to checl the quality level of the air. . computer code, developed by sorne of the

aurhors, makes it poriiUt" io compute the ventilation rates for a building utilizing natural

ventilation. Thus it is possible to ierify the conditions suitable for satisfactory amount of

air exchanges availablå through windÑ and door openings to satisfy an acceptable indoor

airqualitybeforetheneedtoresorttomechanicalventilation'Two
examples, situations, are depicted using a qttPÏ" simulation that

svnlhesize ated to the levet of comfort provided by the ventilation'

INTRODUCTION

Â recent methodology, proposed by P.O' Fangers and coauthors (l)' allows the

tlerennination of both the quantity-(ventilation rates) and quality of the air to be provided

insitle a building, in order to bring comfortable conditions to the occupants'

'lïis representsã rema¡kable enha-ncement in the analysis._of.the indoor airquality' The

cunent standards, in fact, only take into account the ventilation rate (l/s, tn'/hour or

A.C.Ârour), with no regards to the quality of the air introduced in the confined

environment, implicitly assuming that a iigtr frequency of the exchanges guarantees the

ncrded air cleanliness.

Withthisnewapproach,thequalityoftheairandthepollutionproduced.byagiven
f)urce, are c¡eciè¿ by means of cômputing the "olf" and "decipol" quantitìes.

ercial buil<.lings and for dwcllings +
of the ventilation rate is known.

many commercial). are currently I
corniort conditions are achieved by the JJ

nings. lìor thcse builtlings, there is J
ventilation rates are satisfactory. -O
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NATURAL VENTII-{TION THROUGH THE OPENINGS

envi edure here introduced is independent by the methodemp lation rates; thus more sophisticated methods canonly results.
The air flow rate Q" is computed by means of the foilowing equation:

6

Q, - AI ffK, (l)
t-l

ant climatic and architectural parameters,
near dimensions of the building, the
area of the windows, the fly_screen

THE PERCEIVED AIR POLLUTION

-10 G r
C.-C eao

In order to quantify the air poilution sources and the way they are perceive<J by
people indoors and outdoors, the "olf'and "decipol" quantitiei have been respéctively
introduced (1).

Q, (2)

20 20

u'here G: the pollutant su rrces (olf), C,= the perceived indoor air quality (decipol),
Cn= the perceived outdoor air quality (decipol), €,= the efficiency of the ventilation
s.ystem. 'I'he parameter C, is related to the percentage of dissatisfied PD, by means of
the equation:

Ci - tlz tln(PD)-5.9S1-1 (3)

TIETHOD OF ANALYSIS

-l-he 
method presented here, is based on the comparison of the flow rates in the

actual conditions, calculated by means of equation (1), with those required to achieve
a given indoor air quality, computed by means of equations (2) and (3).
l:or assigned climatic conditions and for given architectural features, when Q" is equal
or greater than Q., the natural ventilation regime should guarantee the desired indoor
air quality to the occupants. On the contrary, when the actual flow rate is less than
Q,, f<lrced mechanical ventilation should he provided. Obviously. the actual
vcntilation rates are strongly affected by the layout o[ the windows ancl lheir openirt-u,

surfaces, as well as by the angle of incidence of the external wind and its velocity. All
lhese parameters can be easily changed and analyzed by means of the model
mentioned in the previous sections.
'lwo cross-ventilated rooms have been selected with the aim of showing the suitability
of the method in determining the limits of the natural ventilation. Table I reports the
main features of the buidings, while the layout of the windows can be seen in Figures
la and 1b.

l-able 1. Characteristics of the example buildings.

Case 1 Case 2

J,

Iìuilding type

l:knr area (m2)

Volume (m3)

No. of windows
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I'0llutant sources
(olf/m2 of floor)

Ventilation efficiency
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Fig. l. Sketch of the examined rooms with the layout of the windows.

Figur ed bY changing both

ueloc rding to the current

stand been assumed' This

value
As it is possible to note, the direction of the win the

indoor comfort conditions. The proper ventilatio
external wind velocity of approximatively 0.25 m on

the south winclow; but if the wind direction is su the

south, the suitable wind velocity /s. It's also important to note in

Figure 2 that, if a percentage of s accepted, the useful range of

rhã natural ventilaiion is signific sufficient with an external wind

vetocity of only 0.12 mls, with normal incidence.
Figure 3 depicts the situation for the commercial building of case 2. The presence of

wi-n<iows on the side walls, modifies remarkably the suitability range of the natural

ventilation. The air changes, indeed, are very sensitive in this case even to small

rotations of the wind direction. ln fact, if the angle of incidence will vary from 0" to
30", Figure 3 shows that the natural ventilation becomes insufficient to guarantee

comforlahle con{itions to the occupants and the forced ventilation must be employed.

It's eviclcnt that thc restrlts can't bc gcncralizcd, as thcy largely <Jepen<J on

architectural and climatic situations (see Table I and Figure 2 and3). Accordingly,

the limit of the natural ventilation should be established for each different case.

I;ig. 2. Limits of natural ventilation for the room of case 1
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CONCLUSIONS

A simple methodology fo
ln order to ensure a; acc oncompa¡ison of the actual
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I and a commercial
it,s possible to single

It promotes itself as a good
data on the wind are

It could be arso emploved..in the so-called "inte'igent buirdings", for defining proper,iïffi ,ïl"i*$Ttî3fl:ú'äffï;;Ïi'iåi'"r systems, in ordei to iptimize
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ABSTRACT

The paper rliscusses the results of case studies on indoor an quality and on the

performance of natu¡al ventilation system in some detached houses. The studies were made

during autumn 1992.

25 Vo of. new detached houses have a natural ventilation system. The studied single-family

houses were built in the 1980's and the ventilation systems were in accordance wit-h the

prevailing buitding practise. Two of the houses were equipped with a natural ventilation

system, whle the reference house had a balanced ventilation system.

The air-exchange rÍìte in the houses with natural ventilation was approximately 0.3 17h. In
the test house with baianced veffilation system the air-exchange rate was 0.4 llh. This was

measured at the lowest and most frequently used capaciry. The value recommended by the

Finnish Building Code is 0.5 Ih ø L/s,person).

The CO"-concentrarions in the bedrooms of the houses with natural ventilation varied
beween 600 - 4000 ppm. In the mechanically ventilated house the variation range v/as

600-1800 ppm. The recommended maximum concentration of CO, is 1500 ppm.

The recommended r¿tes of exhaust air flow in kitchen, WC and bathroom were not
achieved in any of the houses equipped with natural ventilation. In the house with
mecha¡rical ventilation the recommended values were reached at the maximum capacity.
The natr¡ral ventilation system is very depended on weather conditions' During the test
period (October 1992\, the outdoor temperatl¡re was close to the annual average

temperature in Oulu. The measu¡ements provd that the natural ventilation system typical
of today's detached houses does not produce the required air-exchange rate.

INTRODUCTION

The aim of the study was to measure the performance of natr¡¡al ventilation system in each

room and to study the quality of indoor air (impurities and related factors) in t¡pical
modern detached houses. The length of the test period was several days and the

measurements were contrnuous.

25 Vo of. new detached houses have a natural ventilarion system. A little more than 50 Vo

have a balanced ventilation system. The rest of the houses have a mechanical exhaust

system. While the share of balanced ventilation system with heat recovery increases
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