
STANDAIIDS UNDER DISCUSSION

Air diffusion characteristics of air inlets is an objective of any National or CEN standards.

Moreover, due to the large number of air inlet types, it is difficult to write down a general

test procedure. One solution is to rnultiply the nur¡ber of experiments, which is the present

way of investigation. However, this procedure is incornpatible with the low price of such

corrponents. This research reveals that the multiplication of tests is not necessary if a

cor-nprehensive non-clitnensiorral study is carried out. Consequently standards could be

simplified. Test conditions could differ frorn one country to another because air inlet types

and clirnate conditions can be differerrt.

CONCLUSIONS

This experimental study pointed out three main conclusions :

- the gooc.l ability of the <lifferent air inlets to self regulate the discharge flowrate under

variable pressure difference conditlons varying fror¡ 20 to 100 Pa'

- no noticeable differences on the air diffusiorr could be detected between the six tested

inlets which gcnerate sirnilar cornfort conditions.

- the tested air inlets - under nominal working conditions- are not sensitive to temperature

difference variations in the range O-20"C, due to the small value of the corresponding

Archimedean number.
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INDUCING AIR VI,A. THE FACADE FOR BETTER COMFORT

Peter J.W. van den Engel

l'aculty of A¡chitec¡re, Delft University of Technology, The Netherlands

A IIS'TRACT

\lost buildings in The Netherlands nmke use of natunrl ventilation, often conrbined with
nrcchunicul cxhrt¡st. Ilowcver it is vcry inrportarrt 11r irrr¡rmve thc t¡ullity of the ventilation and at
thc sarre tinre to look for econonlicll nlethocls to conrrol the conrfort in buildings. The aim of
this research project is the control of inconring fresh nir via the facade by an air inlet (et or
\cnt) The inconring airstreanrjust underneath the ceiling induces air in a room ofan offìce
huilding or a hot¡se and ntakes use of the "coanda eflect". The air inlet and the air pressure
rr:gulution systent rcduces drlught problcrrrs irr thc cold scirson, lirnits ovcrheating in surtrrncr
hv nocturnal ventilation, and reduces noise frotìì oLrtside. The energy consumption by
rcntilation can be con¡rolled as rvell. A protot¡,pe of un uir inlet was tested in a laboratory. The
qulntity (velocity) and shrpe (florv visualisltion by srroke) of the air flow was measured at
rltri¡thle snlall diflcrences in pressure. J-he results of thc rncusurerncnts with the first prototype
rhos' lhat it is possitrle to get a lrigh veloc:itv of uir even in c¿rse of snlall differences in pressure
i'ctqeen inside and outside. This high velocity is necessary to achieve a good mixing of cold
¡nd rvnnn air in a roonr. The experinrents îlso show that the internal geometry of the vent can
t'e reduced very nruch. This infonlation is inrportunt to develop a vent with good sound
rnsulrtion and to allorv good architecturirl designs.
\ot rpplying heat recovery systems with the inconring fresh air via the facade, seems to be a
rtcp backwards. However, the systenr can be corlbirred rvith balanced ventilation as well. In
(ttnlnler, a cooling systenr will nol be necessnry if nocturnal ventilat¡on is used conlbined with
:rn atlcquate design of the faclcle and enouslr buil<ling nrass. Theories and equations of fluid
rrrch¡trtics and of turbulcnce cun [rc uscrl, lrut thc), nrtrçt bc dcvcloped nlore in detail in relution
lo vent geonletfles.

IYTR0DUCTION*

llc Netherlands has a clinrate with a high degree of hunridity and much wind. It has become
ìiìne to save energy and to
e ve ation properties too.
¡irr) EN 1d87, and the NPR
for t ts. Regulations about sound
ìe N cted wirh rhe Bouwbesluit.

ln thc future, international srtndards like rhe NEN-lSO 77306 should be used, to test rhe
corltfort tltralities ol vents; it shor¡ld be possible to nlrke ir European stnndiud for vents with

nd insr¡lation rnent
rirrg the air fl sure of
cln be tappe of
expluin the r to

ll.r polhescs

I lt rs possible to _qet ír high air velocitr, (2.5 - 2.tl nl/s) in u veltt u,hen there are only small
J¡ffrrcnces in air pressule (uhout -5 puscul).
I lìv desigrring n vent rvhich induces the rrirjust unrlcrnellh the ceiling, it is possible to bring
.ufllt ie¡tt quíìntities ol air (40 - 80 nrJ/h) into u rooru cltrring the whole yeur. without causing
\crious drilu"ht problerns.
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3 It is possible ro nlake a vent u,ith ¿¡ lqu'pressure drop and with a good sound insulation as

* ell
4. It is possible to conrrol the pressure dilfererrces betw'een inside and outside, within specilìed

levels, during nlost of the tinle.
5. It is possible to develop a control s)/stenì, ivhich controls the pressure, size of the air inlet-
opening and the air flow ofan exhaust -or a balanced ventilxtion- system, by sensors,

microprocessors a nd valves.

This paper describes nìeastrrenlen(s rvhich cover the first h¡ pothesis-

Fig. l. The air-inlet lncl -outlet s'ith nlechunical exhttust or balanced ventilation.

Objectires of tlre rcserrch projcct

l. To realize a rnoclest instulllrtion for a buìlrling rvhich helps the occupant to control the intemirl

climare individually and to inìprove the relntion with the clinrntical conditions outside.
2. To make (nrore) use of natLiral sources to control the internal clinrate, to improve the comfon
and at the same tinìe to nlake an installation rvhich is nrore econonlical, due to low initial costs,

maintenance cosls and energy coSts.

METTI()DS

There is a lot of infonn (based on t
1088), about the quanti ugh a vent re

differences. In these ct eerl l-5 artd

Horvever. in facndes th lìy range lr

predict the *'a1'the nir florvs rhrough íi vent at snrull differences in pressure. However, it is
possible ro mnke the florv iisible b¡ snloke. General theories can be used about the

characteristics ofair florvs and the loss olkinetic energ¡'(k - e - nlodels). By applying the

exhaust s),stenìs lrnd bulunced ventiht¡orì s) sterìls. Il is rrnticipated that a rather simple systenì

can be developed w'hich hrts the ¿rrlvtrnlltge c'f lo*er costs lts w'ell.

[\'leasurin g nrcl horls

ln a wind tunnel lr screen rvitll l holc *'lrcrr tlru vcnt is plucecl hlts been constructed. At two
sides pitor tubes írrc locrrrcrl ln thc rrrrrnct, ir is possihlc to nlrke the following differences in irir

pressure: 0.5, 1,3,5, 10,20 arrd 50 pascal. With the use of snloke fronr a snloke generator'

ihc air flow beconres visible. With an arìerìronìeter the air velocity is nleastrred. By using a

ridcocanrera the air flow pattern is recorded on a videotape.
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pitot pr tube

l:rg. 2. Schenre of the rvind tunnel tc:st.

nlent arr pressure
s with pitot tubes

,5 or I crn

(rnaxinrum l0crn)

Fig 3. The 6rst protot¡,pe of the vent and ¡he restrlt of the air fl
p:rscal pressure dilference (height of the inlet I crn, no netting'

ow pattem when there is 5

blndes under 45o)-

Fig. 4. Inrproved geonretry of the vent with sotrnd instrlltion.

ln a test chanrber co¡rlort nlelìsurenìerìts will tuke pluce. Air flows will be analysed at several

¡nsirions of jets, plirced in difterenr positiorrs in lhe lrtclde and u¡rderdilferent clinratical
äontlirions iñ rekition to:r herrring sliste'n, like a rlciiltor or fioor heating. The Phoenics progranì
uill nlso be rrsed to exiìntir'ìe theinixing process olcold nncl wltrtlt air in the test chanlber.
I'urlhcnn<lre, there rvill bc lr tcst of the air l)tcsst¡rc ctrtltlol s)'stctlr.

Statistic¡l nrelhods

l'he results of the nletrsrrrcnlellts of'the lrrst vcrìt protot)¡l)c ure corttplred wilh restllts fronr
culculations blrsecl olt scvcnrl cquutions lìonl l'lrritl nlccllulics. Gcncrally a power litrv et¡uation

tll is ¡sed. It is nlso possitrlc to usc sorììe c(luírtìorìs l'rtrnr llt¡ìcl nrcchanics (2 - 6).
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RESULTS

Equations and graPhics

(power law equation)

\\'hen equations -5 rnd I rtre conrbinecl, an estirrntion of the rlininlunl air resistance is possible,
lssunring that the air florv is full¡' turbulent, n = 0.5, see lig. (r.

q=CÂpn (l)

(2)

(3)

(4)

14

12

10

I
6

4

2

0

Q = air flow in dnl3/s
C = resistance-coeffìcient dnl3/s'nr'Pan
n = flow exponent (n =0.5 = ttlrbulent; n = I = lanrinar [low) {}c,h=o.5cm

-'-C,h=lcm
C-valuc in

dm3/s.m.Pa^0.5(law of conservation of volunte) l=Q2
= UlAt = Uu Az

U = air velocity in nr/s

A = diameter of the flow in nr2

(law of conservation of energy, p t + I 12 PIJ t2 = p2 + lt2plJ 22

IlernoulIi)

p = pressÌlre in plrscal, N/rrr2

p = densiti' of the air at 20oC, 1,10 kg/rn3

(variarion of et¡urttiorr -3) p I - l)l = All = ll2p(U] - lJz2\
\Vhcrr Ul = 0, U2 = { | 2^p I

p

This is the nlaxittlu¡ll ltir vclocity acconJing to lJcrrrotrlli, see fig.5.

1 3 5 10 20

Prcssurc rlil'fìrt-rrcc in p:scul

Irg 6. Calculated nrlxirrrur.lr C-r,nlLres accclrcling to etlrrrtion 1 nnd 5 conrpared with measured
r:rlucs when the height of the inlet is 0.-5 or I crr (rro nctting, radial position of the blades).

'crtcndedequaiion3) p1 + ll2pUl2 +pg zt =lt!*ll2plJ22 +pgr.2 (6)

l = rcfcrcnce height ol the rrir flow in nr

ß = gravitationÍrl force, 9.tì n/s2

ìhis cquntion shows thc rrflect of the dcrrsit¡,, gravitutiorurl ltrrccs, urrd the height of the air flow
li I z), For0. I nr hcight, tlre dil-li'rcncc irr:rir ¡rrcssurc ruiglrt lrc I 2 plscal.

I,ISCUSSION

lhcrc are sonre finrlings shorvn b¡, the rvay thc air florvs tlrrough the vent: I ) Under 5 pascal
pcrsure difference the res¡sturrce (C-vnlue) clecreuscs accorcling to a special curve,2) between 5
rrd l0 pascal the resistance rentrins the sanle, 3) betrveen l0 and 20 pascal the resistance
dtcrr'rses again and 4) above 20 pascnl tlre resistunce rellmins practicíìlly the same. The results
¡t.ì)antl 4) can cirsilv bc sccn lly lollorving lhc snxrkc piìtt(ìnìs irr the vcnt: 'l'he snroke cotìtrilcts
¡t'clf und ¡rushcs itsell'aguinst thc u¡r¡re r sitlc of'tllc vcnt. Whcn tlrc hcight of the air inlet is
rrJuccd lrorn I to 0.-5 cnl the resisturrce incl'euses rvith rlore thcn (l) 7o- In case of an inlet of
tl 5 cnt it is effective to huve Ít netting Íìt the outsi(le ol-the vent. The resistance is practically the
r:nìc thtn without nett¡nu. The visLralisation oI lhc lir florv nlirkes it possiblc to conìnrent on the
'rl,ttronhctrvccnairl'lorvpltlcnìsuntl lossol'cncrgr'.Sccirrgubigctklyirlthcbottonìo[avcrrt
¡hcrrthebladesnreun<lerapt'rsitionof4.5or'7-5rlcglces- thclesecnlstobeabiglossof

racrg!, but this loss is gerrerulll, less then in the c:use ollittlc eddies in the whole geometry.

(,rttntction ol lhe lir florv rcsults in l¡cce lcnrtion of the: :rir llorv, lrut not in rotitf ¡on of the air
r1',t A big c<ldy prcscrvcs ils or,"'n crrcrr¡, lrrrl currscs no [rig losscs in energy. Kinetic energy
;:r onlv bc conversecl in(o hcl¡t i¡l nricrosculc by srrrlll eclriics, chre to viscous dissipation. That
:rrhr litlleedcliescuusehirhlossol'encrgr,.Furthcnlxrrcthclirflorvfollowstheshortest
i'rlc. so thc air florv c()rìtructs itsclf in thc tr¡r¡rcr sitlc ol lllc vcnt. lt is dif'fìcult to lssess the
:llrtcncc of gnrvit:rtiorurl lìrrccs. Accortlinr to Iìcr¡rorrlli's c(luirti()rì ((i) it lcqui¡'cs a lot of
t-rrtv for an air flos, to ro uprvurrls (10 crn, 1.2 puscul). [rLrt othcr lorces like buoyancy show
î:i r\crì rvith snlltllclit'fcre nccs irr tcnr¡'rclrlLrre tllcrc w'ill bc llt lrir flori,.
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['rcssurc tlil lcrclrcc in ¡llrstal

Fig. 5. Calculule(i \,ítlucs ol air velocity accorrìing to et¡uirtion 4 and. nleasured values, whcn tk
hJight of the inlcr of rhc vcnr is I cnr (no nrtlirrg, rutlill position of the blades).
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panicres of snìoke .re he.vier then rhe s[¡rrolrnding îir, rh€y inflt¡ence the smoke pa¡remsmainlv under r pascal. rr is arso oirrìcLrriroür rnå'ì*i,:,rir'. 
"f 

i¡; 
"i;i;Ë;'Åïlooror*or-0.5 mm is possibte. This has 

""lt ; ;;;i ;íi ì,,fï,:r.. on rhe resutts.

R eco nr nlcn rl:r lio ll s

Practical achicr cllletrt ol a hcellh-r, inrloor cnyironnrent
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EXHAUST DISCHARGES IN

ABSTRACT

g the waste air in a room is to conduct the ai¡ above the roof'

Jr to install exhaust and intake vents on the outer wall of the

ts the ¡esuhs of full-scale experiments a

three-storey building using tracer gas measurements and video e

r."r*"¿ 
"on."nc.u,ìon 

on the building wall' the odour threshold v I
cooking or smoking were used'

Theresultswereinagreementwiththetheori:sunderlyingtheuseofroofexhaustsnea¡the
exhaust opening, but at a greater distance (5 - 10 m) the theories indicated concentrations thal

;;;;; i"* ñre irigtresiintake ai¡ concenrration was 0-5 Vo of the exhaust air concentratron

and it was slightly sÃaler than the odou¡ threshold vahre of 0'6 %'

onthebasisofthetestsperformedsofa¡,thewallexhaustSystemseemstobeacceptablein
¡esidential buildings.

INTRODUCTION

intake air.

gas were measured outside the assumed intake vents'


