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INTRODUCTION

For cnergy conservation ol' buildings. it is ol irnporl¿lnce to obtairr
accurate measuremcnts of thc air leakages or infiltrations through the
building envelopc. Thcse lead to an inellìcicnt use of cnergy lor hcating or
cooling to achieve a comlbrtable indoor clinlute in the building. Onc
exampler of such an cnergy loss lioln a onc.-family house amountcd to -]0
or 40",, ol'the tolal heat loss.

Recently man)'counlric's have begun to introducc standtrds or codes
concerning building air tightness lìrr constructed and already-uscd
buildings. Srvedish building stundurds.r lìrr instance. stale thc ncccssary
air chansc vcntilatiorì rate per hour lo thc uholc vtrlunrc ol'thc buildirrg
undcr an insidc' outsitlc prc-ssurc dilì'erencc ol'50 Pa. The rneasurentent ol-
such cnergy losscs is not so casy hccuusc air lclkagc is diflìcult ltl cvaluatc
in praclicc'. Frlr the nìe¿tsurc'mcnt ol'air tightncss. the blou'er systcur has
been employc'd: in lhis. thc through-the-u,all blou'cr vclìt antJ pressure
taps to pressurize or cvacuilte the insitle ol'test building are introduccd.
and the air llow rate passing through the bloucr. that is equivalcnt (o the
air leakage or intìltration. is nrcilsurc'd ulldcr sorlrc clctcrrninc.cl prcssulc-
dillèrence betueen thc'insidc lnd outsidc ol'lhc building. ln lnaking a

precise measurenlcnt ol'lhe air leakagc. thc' trlccr-g¿ts nlcthod hts bccu
investigatc-d ant-l tlcvclopctl during thc last sixty' \'cars.3'a usirrg C O. SF,,
ancl soon. Ft¡rthc'r thc thcrnrograph¡ rìlc'tlr1rçl.r r.rith thc lid ol'an irrl'ra-rccl
camcra. is I'ery usclul itnd poscrlìl lìrr tletc'cting insulation dc-l'ccts and
air leakagcs i¡r thc huilding. But this requircs a rclativcly cxpcnsivc c¿uìtcr¿r

a¡rtJ alstl inlìrnrtatiorr obtaincd bv this rììctlì()d tltlcs llot irlwuys givc
quanlitativc rcsults. but only relutivc. quulitative ll.aturcs lìrr the building
envelope. Thus another technique must be employed simultaneously so as

to make the data quantitativc.
The sonic method. in which the sound is uscd to measure air leakage is

rchtivcly nc$'.-t 
-' lt ís suggcsred thar rhis nrcthod would bc usclì¡l

lìrr læating air leakage opcnings (slits. cracks and so on) in buildings.
although it uould have'limitations in use. Moreover rcscarch studicsrt''rl
proccctling in thc USA showcd thc possibility ol'using thc inlia-sonic
method in order to detcrmine the composite effective size of all the air
leakage passages in the building. In the reports, a signilìcant infìuence is
attributed to the wind gusts as well as the atmospheric pressure outside
the building.

On the other hand. when constructing or repairing buildings, it is
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dcsirablc to have an casy-to-usc and also cheap method for measuring the
degree ol'air tightness expected. The present research paper describes an
attempt to use the sonic method, emproying the audio-frequency range
(160 to 8000H2) sound as a source for the quantitativ.,n.årur.rent of
building air leakages. The experimenrs were carried out in the laboratory,
with simplified shaped srits, and air flow (reakage) rates and sound
transmission losses were measured through them. ihe characteristics of
sound transmission through such slits are complicatecl. Nevertheless it is
hoped tha e measuriÍrg insrrument for obtaining air
leakages t epes in pracrical sites will evcntually be<lcvclopcd this research.

Thc origin of' this idea cnsued from the experience that chimney
swccpcrs coultl dcrcct thc cracks which .ccur ar thc inside wall of a
ch imncy. by easy-to-use sou nd in strunrents r 2 comprising .o*o transmit-
ters and receiver earphones.

EX PERI MENTA L A PPARATUS

Figure I shows a schematic diagram ror the whore system for the
rncasurenrent of- air and sound leakagcs through slits, as set up in the
¡ìreasurerncnt roorn, which has a high <Jegree of sound (noise) iniulation
bctwccr its i.side and outside. The test.ylind.. e,nployed here is made of
acrylic and on both ends of the cyrinder. cover prates are provided. Theshapc.fthe slir builtinrhcprarc(sccthclcl'tcntlint.ig. l)is'showninFig.
2. 'l'w. 

k i¡rds .l'slits are cm pruyc<.r hcrc ¿ls rcprcscn tativc o| those invorved
in lnany research investigationsrr-r2 which have either been dealt with
theoretically or experimentaily in sound insuration probrr,n*. For
dilì'crcnt values ol'thc slit w¡dth. rangíng from 0.05 to I .00 mm, and threepath lengrhs of 5. r0 and 20mm. eãch srit prate piece is carefuily
c.llstructed so as to accurately maintain sucll a very thin clearance(width) along rhe palh. Sealing rape is used righrry rround the ¡reriphery.l'lhc slit platc, as otherwisc sornc air antl .,ou*J leakage comparable withth.se r¡l'thc slit .pening itsell'mighr occur especially ior the'smailest slitwidths employed.

^ The air leakage through each slit was measured with severar kinds offlow meter, such as 'bend type' (deveroped originaily by one of theauthors, F. Peterson), ordinary gas meter and ,vaiiabr" 
^ri^flow 

meter,
under inside-outside pressure ãiff.r"n"e. of 50 pa. For the measurement
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of'prcssurcs, ordinary incline<J manometers were used. the resolution of
which \.r'ls 0.91,1 Pa.

oD thc othcr hrurtl. lhc sorric syslcirn colr:istcrl ol'u spcakcr with a
colllrcction to lhc sourrd sourcc (a bcat-fiequency oscillator) and a
rcccivcr rnicrophonc placcd cither inside or outsidc the cylindcr and near

ll'cqucrrcv undcr ¡neasurL-lìrcnt. Thc frequency spcctrum of such a''urarblcd'sirn¿rl is shou'n in ljig. -1. Thc linction ol'this lrequency_
rìì()(lulittc(|. w¿u'hlcd ltlltc docs lì()l lc¿td ttr lhc lìlrnratioll ol'thc standing
$'¿t\c p¿tttcrn insidc thc cylinclcr.

liigurc 4 shows thc positioning o| thc rnicrophonc for thc slit, which is
with iur c\rcrìsi()rì rtxl and covcr hood rnatjc ol'papcrand nrounted quite
llc¿rr thc slit orilicc. The rcason l'or using this hood is to catch as much of

prcscrìce ol'the nricrophone close behind thc slit orifìcc coulcj atter the
chlractcr of-thc soulrtl lìow. This madc it rliflìcult to co¡r.¡.,,. lhc rcsults
ilrcir\urctl hcrc by llrc lrlrclrtll,obl;rinctl thcor.ct,icirl lìr¡¡rr l¡c.¡.l.rx.r(,'lhc 

rncr.rsurclììcrìt ol'soulrtl lcakagcs through slits was achicvctJ by
scrlir.ì9, a ccrr¿rin lìcquency (ranging l'rom 160 to 8000H2) lìrr both rhe
gcrìcrilt()r' (stlurcc) ¿urd rcccivcr (rnicrtrphorrc) sidcs lìr cach slit.

MEASUREMENTS
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ljigurcs -5 u ntl (r show thc air leakage llow rate e. through thc slits. with the
st¿rtcd insiclc outsidc prcssurc tlill-crcncc ap ol'thc, tcst cylindcr. as a
fi nction ol' t he slit wid th 2h. lnthe fìgures. t he term .sealed' rn.on, the case
of no slits present: it is the total undesirable air leakage through some
jointe<l parr.s of the test cylinder apparatus under the stated pr.r.ure

I
llr'tr¡,,1

_--_---._-}

t'ig. 4. Posirioning ol'rhc nricrophone
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-l ---- -f --

Fig.5. Air lcirkagcs through slrrs

Fig. 7. Sound transmission loss R in the case of no slit

dilì'crcncc. Thc well-known correlation between the fìow rate and the
pressurc dillerencc can be expressed by the lollowing f'ormula

Q:c(LP)' (l)
wlrcrc (' ¿llld ü arc constalìts. which should be determincd [or each case.

J'hc rncusur-ccl rcsults fìrr cach slit width appeilr as shown in Figs 5 and
(r. i.c. as a straight line having slope a on log log paper.

l-igure 7 shows the sound transmission loss R in the case of no slits,
which indicatcs the sound absorption and transmission characteristics
wilh cach ficqucncy ol'sountl lìrr thc nlaterials uscd. Here the sound
transrlrission loss R can bc obtaincd fiont thc l'ollowing.

R : l0 fuig I lq: I 0 log Il,' I I tV 2dB (2)

where q is the transmissivity and lI', and 14/, arethe incident sound energy
inte nsíty just falling on the slit and the transmitted sound energy intensity
just near the orifice olthe slit respect¡vely. These W, and l4z, valuescan be
obtained by the measurement data of sound pressure levels recorded by
thc nricrtrphone . Figure 8 represents the transmission loss R in the case of
slit width 2å:0.-l0mm lìrr rhe whole licquency dealr with here. The
transmission loss R shows higher values in the relatively lower and higher
l'requency ranges, in which the value of R lor the bent constructed slit is
obscrved to be smaller than that o[ the straight slit. Taking into
consideration the precise sound transmission mechanism through the
slits, especially for the constructed slits, complicated effects such as
reflection. diffraction. interference. cancellation or resonance may occur

0

\

F¡8. ó. Air leakages through constructed slits.
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reakage e. 
r0r

in thc slit passagc according to dimcnsions and shupe of'the slit. which
cotrltl rror bc crrsily tlctcnnirrccl. Al /: ilz, À.1i,2... . . (/. hcirrg thc wall
thicktlcss it¡ltl L. thc wavc lcngth). rcs()rì¿tncc clì'ccts çt'thc slir occur ancl

cxpcnmcnt.
ln Figs 9 to l9 the transmission loss R versus the air leakage flow rate eol'each slit under a constant pressure difference Âp: 50 pa are shown for

each frcquency. The diflerence of the air leakage flow ratc e at acertain
sound transmission loss are observcd. ln the case of zoõo Hz sound
source. this difrerence almost disappears and a single correlation curve
results. Hence the air leakage flow rate can be obtaìned from the sound
transmission loss.

Figures 20 and 2l show rhe effect of slit pdrh heighr å on the sound
transmission loss and the air leakage flow rate.

o

o epu o
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l'hc prtr¡'rtrsc ol'thi: nì\c:liulti()rì \\ir\ lo trhlrr in c\pcrirììcrìllrll\ thc
c(ìrrclitli(ìn hclrrccn irir lilltl s(ìun(l lcilklrgcs tllrtruult slils.

.'\ir lclrklrgc \\lts rìtclliurr-'tl u ilh scrcr¡.rl kintl: ol'lìorv rììctcr lÌccordirìu t()
lìtr\\' rür'lgC. tt¡ldcr ¡.¡n in.iclc rrtrlsitlc nt'c5sut'c tlilì'crcncc trl'-50 l)1. 'l llt.
\(ìtllìd lcaklrgc \\:ts (lclL'clctl lrr ir nrier.tphonc rrith lr ll.r,rd. c()tìlìcctc(l t()
llìc \(ìLl tl(l Jlt'c:\ttt'c lcrcl ttlclcr tr ith rr lì'ct¡trcrrc-r irnirlr:cl'. I ltcrc crists lr
c()rrcllrli()tì hctrrccll trir iuttl :oulìtl lelrklrucs. r\t thc sclcelctl s()utt:c
lì'cqrrcncr(:(l(l(lllzlir rcllrtrrcl¡ lìrr()rtrit l)lccot't'cl¿rti()tì.nol 11g1.¡g¡¡.1 irrroll
llìc \lil .ltlt¡rc. r.'ttt¡rl1r¡Crl. rritr trhtlrilrctl

l'trrtltcr illrcrliu;.tlitrll: lt ntl rìtùir\urcrììùrìl\ itl'c t'c(luiI.c(l lìrr vlil'iorrs
.hltpctl-:lit: (l' et'itck\.

\('K \ O\\'L Ì: l)(i l: \l [:Nl-S

I ltc lttlthrtl r tr lrlì lrr e t¡'r¡c:: llrcil ullr titUtlc lo 1l¡. Srrctl islr ('orillr.il lìll
lìuiklilrgRc:curchllll lìllì.'r'rllclillllleiulsu¡-r¡.rortol'11¡irsturl_rlllrl illr-l_.
(i \llrrlrrolì. t'ù\clt t'e lì rrlììccr.trl lìl lì. \ll. ll \lrrnrl t-l)ctcr:clt. ¿r lttl \l¡ ì\l
\orr¡çl¡i trl' lltc I)cprtrltttcltt ol' llcrtirrg trnrl Vcntil¡.rtitrl I ccllrrtrlour'.
Ro-1 ¡¡l lll:lilttlc trl'lcehlltrlor:\. St(ìckhol¡¡¡. Suctlcn ltrr lrcl¡rlìr I sul]P()t't
iltìtl ilrrist¡.tttcc.'l'hcr ltt'c itlrtr !:rirtclrrl ttl t)l'trlL'ssor ll. \'oshintl. Itrlltrkt¡
I lrircr:it-r. Pl't¡ll'rrrl' l. t uiii. \lciii L nircr':irr iurtl l)r-trle'::trr. 'l-

\f t¡rrr-\iulrlr. Ilokkrrirlo t'nircrritr ill .llr¡'rlrrr lìr- l)r()\,i(l itìg. rrsclìrl
rclL'rcnccr.
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