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ABSTRACT 

As everybody knows, today the air quality of an indoor environment may have several effects 
on our health; the beginning of serious breathing pathologies and of some forms of cancer, are 
with no doubt due to the presence of polluting and extremely noxious agents in the places we 
most frequently use. 
That's the reason why it is very important that indoor rooms are correctly aired also in our 
homes where, due to several incidental factors, the healthiness of the environment is still 
guaranteed by the mere and discretionary operation of users of opening the windows. 
In considering the growing attention drawn to these problems and in agreement with the 
provisions of the 3rd essential requirement laid down in Common Directive 89/106, 'Hygiene, 
Health and the Environment', ICITE has undertaken to develop a research and experimentation 
study aimed at establishing a device for the controlled natural ventilation of residential 
environments. 
The main objectives have focused on the technical and performance-oriented characteristics of 
the devices that are already available on the Community markets and on the regulative aspects 
for what concerns air healthiness in domestic environments, while the final phase of the work, 
still in progress, will give new developping guidelines, both in regulative and productive terms. 
Surveys carried out on existing buildings pointed out a preference for one particular device, 
supplied with a self-adjusting ventilator which works according to the changing weather 
conditions, but able to control a certain kind of natural ventilation even with strong external 
winds and rain. Such a device was chosen mainly because of the declared peculiarity of 
mechanical factory control in any situation, since the greatest part of the market supply is 
oriented towards closing devices beyond fixed levels of internal pressure, thus restoring ·the 
tigthness conditions of the environment. 
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The Common Directi.ve on building products 8?f106, relativ(f .to. the.;pro�imaty pf legislative, 
reguJatory an� administrative provis�ons of the Member States, a.dopted ix) Italy on 21 april 
1993, with D.P.R. n. 246, specifies, among other things, the. following yssential requir�ents, 
to which every strµcture;has to answer: · . , .. . . 
- Health, safety and environment · .. . .· _ . 

In order to satisfy this requiremen4 e.�h structure has to: b_e., .�onceived .and built so that it does 
. not cpnstitute a threat fto, the health .. and safety of the occupants .. or neighb�ftrS. This thr;eat is 

caused in particular by noxious, gfis, particles or dangerous gas present in the, air, dangerous 
radiation emission, pollute¢ or contaminated w(lter or. soil, evacuation dejec_ts of water, smoke 
and solid or liquid resjduals and formation of humidity �n some parts or within the interior 
su1f ace of the structure. , In particular, the interpretative docurl1ents·bf the Prdduct Directive, in underlining the principles 
to verify the respect-· of essential· requirements, :(re- point above-mentioned) indicate ventilation 
(natural or artificial) as one of the most iruporf.ant aspects in order to pursue healthy and safe 
environment in buildings. . , . 
In this way, the technical specifications require that the presence of polluting agents are brought 
back fo safety· levels, applying evalutation criteria of air quality, calculus methodS to forecast the 
renovl rate, starting from climatic conditions and ventilation systems. Further mea!:;ures referred 
to the calculus rate of the ventilation in building determining its effectiveness, indentifying the 
kind of pollutiQn and its concentration indoors. ii, 
·Jn general; the complete· characteristics of ventilation systems have to·; be verified in terms of 
their speed and air flow and differences of pressure. 
The Directive 89/106 also highlights, through its nouvelle approche to building products, that 
past cares about indoor aeration have continued to increase during last few years and the 
absence of ventilation has been shQy.in as a great threat to human tJealth .. 
On the basis of a statistics study, carried out iQ. th�. United Stat.es on a sample of 350 buildings, 
demonstrated that the effects Clue to the absence Of ventilation (50%) the wrong air' distribution , 
inadequate conditions of temperature and humidity, on top of tobacco smoke and endogenous 
pollution, are responsible for bodily discomfort known as 'sick building syndrome'. This 
syndrome .causes various symptoms, such:'!S. headaches, fat!�e, nose and throat irritation .etc. 
The incidence of endogenous pollution is r(fsponsible for � smaller part of this temporary bodily 
discomfort, but they have a biggest responsibility to long term, in supporting gi-eat pa,thblogies 
not always curable with the up-to-date medicine. This is •tlie case, for instance; of some 
adhesives and sealants delivering carcinogent and toxic substances, such as formaldhehyde, 
radon, etc., in the environment. 
The absence · of ,ventilation also all�ws the increase of relative humidity, which causes 

· 

condensing phenomena and, as a consequence; mould formation accountable of respiratory 
pathologies. 

· 

' 
THE RESEARCH PROPOSAL 

., . 

These further elements of knowledge, point out very clearly that the tem1al and hygrometric 
performances of a building and its components, have to satisfy environmental safety and healty 
needs, with optimum energetic consumptions. _ 

In fact, after superseding the economic restrictive worries, which imposed "hermetic' sealing", 
the attention is today turned on indoor microclimate as an essential factor for th'e comfort of the 
occupants. · · · ,. •' ,,, J ' • 11< 
In this way, the frequence of air changes, especially in win,tei;:.,js1 the crucial p9in� Qf the 
problem, in considering that the energetic consumption has to"6e-comp¥ed w!� air safety:· 
External windows have always met the primary need of air change aifowing '' with. easy 
operations, the opening of one or more of its components, but living to frequency and the 

. amount of· air to;be:re.cycled to the discreti:onality. of. the occupants.:.. · .  , , , �• :!.. r; _ . ' 
The inpreaS,ed,�tt.e11tion d��V{l)� tlie _gbje�t_iv�s of §¥°P�X, an�.he .al�ltiness._ o�Aorp.e.st-ifJ<?f?� bas to 

· ' -��'�):'OJ14 the .occupcµifs'� .�screti.?n, i.IP,P_o�jng c;m t�. e_xt�maI �indow a5!4!�9P.ciJ�. Peft:prn:iapces 
� .�,ab�r. �o. 1 gµ�an:tee pe���ht �af�f:Y--�o�4}.�wqs." . . , 

. . · .- . · � _ ,�. .�. · �.':· , � ·. . .· 

· 

· . T.�e. y.; ndo'"Y; al.so known. �-s1�the1 mt�l)rge.ncewof. o/all ' 1s s� al;>l.e. tb fqlfi!. n�w �x:ptl_ctatio:r;is, as 
· 'simply as i'n the past, bµt it�qeeds-receiv� new j.nputs in th'e t��nru��� �nd :� andard fieJ4s. 
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The modem construction sectbr irl' Italy, having to fa'ce seveiaJ problems, doesn't seem to 
I relying a satisfaetoiy •way on ventilation, and 1also the route of natural vent.i,lation �ystems 
seeins,to have still a long'way te go. ' ' " ; ' ·· 
In such a situation, indoor natural ventilation is affected by multidi'sciplinafy factors} having to 
interact with tecluµcal, normative, sanitary and econoµiic variables. " -· 

· 
· � · 

"- :. So, in order to give some acceptable answers to 1 the up-fo-date needs and to' give useful 
;. orientation to the·industry of the sector, and on the occasion of a specific demand coming from 

production wodd;' the Systems and Components Department of lcite deemed it necessary to 
undertake a researeh study on the subject of natural controlled ventilation. ,. 
The work programme has prelimanarily,'outlined the necessity to follow directions: 

study of the ideal performances of a device _ fqr c01;1.trolled natural ventilation ·and 
development in the laboratory of a protofype @¢ th�. instp,unents reqµir�d for testing it. 

.._ laboratory characterization and perfomiance:i evaluationT· of a wihddw .filled with a 
ventilation unit; ·, �. t... i ·. � . : ; , analysis �'i!, evaluation of nationa� l.�ws and, �tandard.�� . �i� reference to Jµdoor ve;ntilation 
criteria; ;; ·, · ' -,, 1,;,;, �: .+ 

In this field, the analytical phase of the study under way;; aims ·at defining. a reference 
framework in order to investigate and outline-the existing 1 :gaps, concemingnhbth need and 

.· ' performance aspects and legislative and normative aspects, all 1contributing toc'make a correct 
evaluation. ;;'-,: ; ,, 

I • 

Study of the ideal pelfornui.nces of a device for ·controlled natural ventilation and 
development i� the laboratory' of a pro{�tJpe hnd .tlte instruments required for testing it 

' . 
The prototype should seek to maintain the e�change air flow .rate as" constant as possible in 
view of the change in pressure difference· between the interior:and exterior. In the laboratory 
this �onditiOJ:t can b� obtained experimentally by'. imposing' pre'set pressure , differences and 
measuring the air flow rate, and hence. pen:neabil�W, PY means of the device. 

· Since the flow of air· through ,the opening is, in general, proportional to the surface of.the 
opening itself and to the difference in pressure raised to the nth p&wer, a mechanism is' to· be 
developed which, as tjie presstire difference changes, inodifies the useful ventilation section in . . 
a calibrated manner to achieve· a constant flow rate. 
The behaviour of this device can in fact be compared to the case of narrow openings where the 
flow of air tends to remain within the transition range between.laminar and turbulent flow. The 
following equation governs it: 8 · ! ( · · 

-·· _ Q=kAAp0 where: . · · .. . · 1 • •• 1 •• u:: .. : - ')._ .... . )./ ' .. 

·
"'• .. , 

Q(n:i.31i) is the flow of air thro�g_h the device '1 ,!, · " ' i. 
'A(m� . is �th� lJ.s.efuJ, ventiiati6n' s�ction , , . "' , : , .. , ... 

· 
, 

Lip(Pa) is the difference in pressure between interior and exterior 
·; · k�m3 il#if Pa) is1 a ·flow coeffi.dient : · . · · - . 

· -
. 

·, 1 : 1' 
i ".'-� is. 1?.i�.'fi��: b�Ji��epf�·;:�:J ,·;1· _·,;·'-;>� l�:, (:-, .. �;-:· ;,�1:,� ! 

. ;'. ,/"'.. ·.;·, . . ·�·· , '�,h;· . . �:�·�·:� ... , . 

. .. .. 

l. !" .- . . • 

l:', • -� I ' '' c.!LJ f;i: • .  (�:i.ri.·��JT' .. � · · -�_:_: .i�;" ·:�: ··�:�- L(J.�L·1_;_:·:· :-r �::; :·1-:Ji"fl �' · ·: _ .. � :J�' :·'1"'' <;!;; ... ·n· .. _:riJ:":\('"".��� 
In order to characterize the .-system;•:.the' .teSt/Obamher, for the measillements· o:fi low pressures 
wa� oullt,1-accordirig to the'pro'Vjsh:fos:conia.ined in the Be1giari'SftllldardNBN!JY.60-00l-!: /i 
The ��� tesf �li�oer w�s built: \..:r�th'ijf>fred �a silitdpe.�,bond_ed ·s.ap�_w1b.ti1 Par\�1s '.µi,;f pr ��ed 

'· with vex;!f.al ��.� �o��g �p �pply a cons.tan�. aif, i?��$ u,{Y. :·�t].,1�<? �sid<r: The op�q·st�,e.'.c�psing 
walls �e.re prep�<f,d to p.ontam th� test dey ce and: . tQ,e '.arr; mt.al<:�� w1� negative P.+��.s,U,re, 
generated by a fan. A pressure gauge was used to measure the pressure difference betWeen the 
test chamber and the laboratory, while inside the duct placed between the fan and the chamber, 
the air flow rate was measured by means of a Pitot tube. The device was installed with the 
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. in�ernal face turned towards the laboratory and the _external <;>ne towards the l�st cha1J1ber, in 
, ord�r to simul�.te, inside_,.the,�c;ha�ber, tpe actual external atmospheric c9nditions. 1' · ·; 

The instruments used for measuring the air flow rate and the pressure difference:):>etw��ri the 
interior;ruid ·exterior of the airtight chamber are the following: · - , 

;--- hot-wip:� pred�ipn ru;ierrioiliet�r for low speeds � - ·differential pn::s�ure sensor · .. . ,. 
In order to keep potential external influences under control, the environmental conditions of 
temperature and relative humidity were measured in a continuous process. · 1 
To acquire the data relating to the. instrumental measurements and for the control :of the 
performance of the tests a computerised systep;t �as-deve"loped, consisting of data acquisition 
hardware interfaced with a personal computer and specially written software based on a 
graphic programming language, which allows . the data to be pre-processed, displayed 
graphically in real time on the. m�ni�9r_ -�� fihally st�rtyd on disk. In partiqu\ru: {P��gram' was 
written for measurements of air pressure in the airtight chamber and the flow rate of air in the 
air feed conduits and another program for measurements relating to the environmental 
conditions affecting the tests. · ·' 

Laboratbry characterization of'-the ventilation system·'- and preparation of test 
methYJdolOgy 

·· · · T • · • • 
__ "·: I ,,,.' 

The investigated ventilation systein is of the self-adjusting type, it is conceived to be fitted in the 
upper part of the window, breadth wise between the tran orµ and the glazing unit, reducing this 
way the glazed surface. Inside the ystem works a ventilation grid that with faint or no wind 
allows for a satisfactory level of natural ·ventilation of -'the indoor env'ironment, while it 
automatic�lly sto�s. wor.kin� due to "�e acti_on · of �e �"';tern� pressure_ as soon as the 
atmosphenc cond1tJ.ons change. The sjrstem is conceived m a way that 1t Allows to keep 
acceptable conditions of.indoor ventilation e\ren when there·is·a sfr:ong wind outside. · 

The system works thartks to the internal grid with self-adjusting· air intake consisting of punched 
� plates oscillating perpendjcularly to the ventilator and of two baffl_es, the former being 
placed on the' outside for tlie natural collecti'on of air, the latter inside, turned upwards, to 
convey the air flow indoors avoiding air draughts and rain water seepage . .. , · 1 
According to the characteristics declared and checked in the laboratory, it is envisaged that with 
external air pressures greater that 20 Pa "the internal thin plates, by automatically placing 
thems�lves against the intern� face of the system, manage to prevent a certain amount of air 
from seeping inside, by limiting fue flow just fo the(air passing through the holes of the thin 
plates and throught'th� little 'gaps= between 'tlrem. · ' · 

With pressures less than- 20 Pa, 1 the system must' ensure a constant all' flow lying between 15 
m3 /h and 30 m5hi, according to the si�e of the system. . . ' . . . 
In .order �q.G���cteri�e. th�.�yst��" th� "ac.l hoc" te�t c�l:?.er for the measur�ment"<?t'"low 

_.pressqr�s, already descnb�d.m.µie prev�ous·c�apter�.�as u��- .. 
-,... . : .. 

Laboratory characterizat.wri Pf tfze wind!?� jra'f!J-tJ .fitted with· ·the. ifentilation 
.. system . .: - · ·.: · . . · 

- ·· · l . ""' . 4 ... ' � • I .J" • I. I , ! • �I • 

·�-'The pertoriliance ey.alu�t;i.dti 'of tti�. :wi'.nclow sysr¢tn: ·:w�· .ca'.il-!en out· byt · ri!eans '�of offici:a.1 testing 
,�q�i£,m'e nt for; ,�iriqqwf .an4,�#q1c�� ' g�cp;Jng�� :.o�lQ�'gi�g �Q " I 'tpf tl�Q����etl�.¥ ".>��ice 
laoq�atQIY of I<;ITE., �g, �an.k�1 ,t? .tr� _e���DffIJr7 m�d� 1o_?�t �<4i¥ _y�a,r;_s·:?�. �cti�ty -�n\_ t�e 'field 
of compulsory and voluntary cert:J.ficat1on: In this connectfon;it musrbe remembered that ICITE 

.. i� '!ll r�?t:i.v�rJl?.��r,, o� _lJE.(\!fo_<µi,q :�<?J'\•r·�be.)�QropeWl _ _  9�g�i��ti<?11s� in_, stl�g� ··of/the 
harmomzauon or standards for grailtmg tecMicat'agrements. . I , .. ,. . � 1" . . .. - ., ! 

. The. whol� system, consisting of an aluminium window frame with a horizontal Ba'.scule opeiling � · 1ffi(i P.r8vided wiiffa venfilatidrl r systerh, ·was ilien fittecfirito' tlie test ·wall:'fil1d test�d: �ccordirig to 
·,;.th.�'hiettiod6fogies1·envi�igedby's_t.iridards1UNI'-EN 42�1'7'.'· ·; ·;_ · 

· : .: ... , :'!"; -· · .•- � - : 
Air permeability was measured by con'stantly increasing.press�-at 50.P. a:.st�ps, fI0PJ..50 to·500 

· Pa. Th� tesrwas at first executed by sealing1the sysrem.-irepxider to.·assess t_he. .�tent:of the losses 
' caused by the· window frame;-then, after removing the seal,�the ·total losses�Vte.re recorded; the 
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di't!er�nce between th¢ ·two Values provided th°e- ari\ount �f ai� pass.�ng through the system. 
Permeability values resulted to be quite high, .thus 'contradicting· the limits ·suggested by the 
officials anaards'." .... ·;; , : ; .. ' . ··::�·,: 
The watertightness test was not judged to be meaningful :since'.'it::is not .poss.ible Jo. make a 
comparison with the criteria suggested by _the stand,�ds, e?tablishi_n� that .$9. no��es u�ed to 
spray water on the sample are to be fixed few centuneters below the upper transom of the 
window frame in the same place of the test set-up in which the ventilation system is to be 
installed. ; .· . • · · . . ·· · , 

The wind resistance tests previously carried out on the window fr.ame, not including the 
ventilation system, all.owed to assign the highest resistance class. the same · window frame, 
including the syst�m and submitted again to the previous test, did· not resist the 1800 Pa 
pressure due to the disju�tion of the lateral ·glaZing beads. · 

· · 

,;. ( . 
NATIONAL LEGISLATIONS .AND STANDARDS AND ASSESSMENT OF 
THE EFFECTIVENESS OF CURRENTLY USED WORKING INSTRUMENTS 

Indoor ventilation 
' " . 

' '  . .. ; r • 

· ' '  

The present national legislative situation on the subject of ventilation refers to Law No. 10 of 
1991 "Standards for the, accomplishmen,t o� th� na�onal energy Prog!amme ,conct:(ming the 
rational use of energy, energy saving and development of renewable energy sources" which 
somehow introduces the problem regarding the change of indoor air. · ., · 

This law is very important since it goes beyond the restrictions imposed by Law 373/76, issued 
following the serious energy cr.isis,whid) �ook place during the 70's, and it introduces important 
innovations about how to plan and realize living comfort and hygiene· moreover, it is structured 
on three levels 0f enforcement and this sh9�s that the �:PD has been sati�factorilY. adopted. 
While the firs� level of the legislative apparatus-provides the general directives, the intermediate 
level, consisting of the compulsory D.P:R. (Decree of. the Presidei;it of the Republic) No. 412, 
precisely defines �d reaff4ms the basic role of tl;iermal insulation m vi�w of energy saving and 
envirpnmental �elfar:e, de�egating the applicatjon procedu�es to the tecbnical 1standards drawn 
up by UNI. . , · 1 •• • 

In par,ticular,..p.P.R. No. 412 of 26 J1.ugust 1993 "Regulations containing standards for the 
planning, installation, operation and maintenance- of thermal plants of buildings in order to 
restrict·�nerg:y consumption, in accordance with article 4, sub-section' 4, of Law 10/'91 and 
following' ·amendments" defines, �ong oth�r things, the climatic'' areas, subdivides the 
buildings according to their intended ·use �d. provjdes the sp�cifiC;a�ons ·of 'the plants .. As 
regards dwelling buildings and buildi.µgs _witq similar intended uses, the D.P.R. a·ssume� a 
room temperature, during the winter working pe�ipd.ofthe air-coI).ditioning unit and .a maximum 
valQ.e;dete(TI),ined on tbe b.�sis1of �he arithmetical mean ofair tenweratures of all the individual 
premises of the buildings, defined and measured according to the sp�cif;ic;ations contained in the 
teehnical standard UNI 5364. 

· 

·
· . · 

-:: · · · "
·'· 

·� 

.; 
·, 

Article 8 of the Decree also incfi�ates the daily'-:rrt�an over 24 bouts. of the rruarinum number of 
.�r. Y?lum�sJhat can � recyci�if)n 01:19< :1t�m1\ fix�g i� cc\�veQtiqp�Jfr to ··o:s: _f6i: ·dwelling 
buildings, if no controlled me'chamcal arr cbanges are envisaged. · · 

. 

The whole regulative course outlines the calculation of energy requirements for1 an indoor 
: r, ten i :onment as a physical II}agni_tude depending 9n several inter�ctii;ig .factors. In tqis. se�se the 
� �. vei;i;ilatjon req�emen� sh�i.lld ·�ct t0 co�c� and iiltegr�t�. tHe 1'b't'lildipg1s p�fformances, to 

:_ ! c..��Uf.�edi1ate b�c;���n the. iQs: d� <.\IJ� tli� 91;1�ige out r as speti'fied l;>Y �r'l'l �364, it a!_�6:,4e:pends 
· iT6

f
�,t�� . .:iP!e?.9�P �.se .. 9/p:ie 8o?s'der�d �Q�pt� oqA!(lYV,e . ��t�n�,-'?ri���t i :on: .9!! the ��i_s�anc� of 

. r�es etc. , · · - . . : · - .. - · ·· 

1Nevei:theiess'. as i� -�� ventilau69 'i� ·¢Qn���e4, ,the..tonvenribn� · yal��-"fhed· ·PY. J?.�.�: No. 
3 4 - ... J. ... J.,._ - .. , 4 •  I , � , · ., I 1, \ 1 l r f 

- ,,412, is.still .0,5 m /h. ,, . . , -.· , 1 ... ;f-, '· · r: ; . 1 · ,  , 1, • • • .11;: • :. • 

What':S mor€�. in spme:c;ase�._.regioQal-regulat_ions pro:vid� for mi�mtim ·veniilatioJJ.,ljm.its; tli.at's 
the case of Lombardia where the hygiene regufatiqn in fore� establishes 'that.for P,rivat�. pr.eriuses 
llie e�t�rtia1 filtered atr Change.shouid•nOt.be· }eSS

0 
than �26m5fu P��-�p��S�n. ' .' I : ·.' . :·:.: . 

Uncertainties .and•inisunderstandings,could arise from_ such a complex situation; hen�e the need 
of having a national· law ·tiling charge of providing all necess-ary,,.rnferences, also related to the 
progress of other countries in this field. 
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FUTURE DEVELOPMENTS 

The situation so far described clearly shows that future developments will mainly follow two 
ways: the technical/performance-oriented way and the legislative way. 
The proposition of optimum ventilation values for indoor environments to be included in the 
Italian legislative and normative body becomes more and more meaningful also with reference to 
the present stage of the study which is trying to define, through a number of corrective actions 
to be applied to the studied prototype, perlormance-oriented criteria to be effectively applied to 
any atmospheric situation. To· sum up, instead of completely closing the window when 
atmospheric conditions are bad, the application of a highly sensible mechanical regulator will 
ensure an air flow as an inverse funtion of the external pressure. Present difficulties concern the 
possibility of managing the air flow w·ith pressures greater than 50 Pa, although even the most 
advanced standards ruling this subject do not envisage such a possibility. 
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