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AG Pressurization: A Technique
for Mçasuring Leakage Area
in Hesidential Buildings
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tþere,are f¡o leaka at al1 ln the bulldlûg eavelope.and' that'':b!¡e struc,ture ls. rfgid*r: ghe,ifhange
iu greseure- caû -ùe preclsely deternlued fron the structu;e:s volumJL;aod the plstoti-:'s-4.ts$l¡¡e-
reoi. Thenefore, auy devlatfton fron ':thfs . predicted pre3aure cao .be aìttributed tqi:'le8d(bge
through the,-.reovelope. The oeaeured voluoe ehauge aud preesure rer¡Ponae -cä¡l be ueed'-to a:alilF
late the afrflow through the QnveloPe. -. ,ì

The coocept of uelog a perlodic volune clqqge to oeasure the afrtightaess of a bulldlng la
uoÈ unique to thlg Eeport. A prevfoua report^t descrfbea the, fore¡¡mnerlof the â'C"-preEEurlza-
rlon r€chnf que, a dåvf ce corista tlng of a large 'þlstoo aod gúiäll"efeèVê aaeentiff' tha t was

ingtalled it place of the exlgtlng extertor door. A notor,/flywhe-e1 crask.necha¡il! ,oove'd the
plstog bEck aud forth slthin the gulde, punping.alr fu aod out of the bufldlogç., i.-J'nde,pecdeat
work th¿t a¡Feopted to use altern¡tlûg pressurea to oeagure alr tl8htae88 was dooe at SyEacuse
Unlveratty.tt The Syracuae: Uolvereity ef.forte ueed electrlcal- eo-gfoeerlog'-c'1æqtü aaal.yeia to
extrect the alEtlghtneas. llowever, 1n both of the prevloua effortar. Èhe:.teitlal s¡orkr"ryasei uo'È

exteûded to che point of oakfug a feaefble, accura¡e field treaaureoe¡¡t tool. :' l

t--

GENERAL DESCRIPTION OF AC PRESSURIZATION EQUIPMENT

-,. ,. :í:.
The AC preEsurf za tf on apgara tus lncludes conpooents 'tlu t perforn four ,,þaglc :ì,f,qactiocg¡ ( I )
volune drlve, (2) dlsplacenent, mooltoring, (3) preesure o€asureoeotr aod (4) aoaly.ole/control.
Several optl.o.rrs for accoopllehfog each of theEe functlouc.have be,eo lnveatiSs-!|g:._:................r0ePeEd1n9 oo

the applfcatlou, Eeveral coobloatfous of these optlona can be used to Ïii¡ttd a-¡iõ-Ëk-1äg'rdeú.;tee.

The purggee of.:,the drlve coopooeirt ls to provide a'-sfsugoldal ol.aoge ln the foas.o"f vôlune
of rhe buttãiog ar a k;ffi-ofiãõ"-crfrett ainpiltude aod frequency. êéoerally, ttre de¡rtce Ehould
be able to opeEate over a raoge of frequeoclee betlteen 0:0i - l0 Hz and dtsplace approxioately
I - 200 llterg.' Several oPtlostt for the drlve coogroneot are¡ ..:i ' t: .-:

': t .| ':" I l'- :l lJj'

l. I g}g! b4!-".1rn., drlve cooponeot, ln shfch a pfEtoo ls drlveu by a varfaÙlô-sPeeit
electrlc ootor to conpress afr ln a sealed volune. Thfs oPtfoo does uoÈ Eequlre piercfng.gf
che buf ldlog eovelope i .: 

. , j :-
.,,,- 2. An gIE$ bellorrg drfve coopooént, 1o whfchs'a plston ts toctâlled la the bullding
eovelope (uE-;fty sl-Eñ-a-door or r¡lodorr,'lnaert) vfa:a flexlble, but-etrtlght belloútg. ¡(0ur
pregeDt fleld , prototype uses a scotch yoke oechaol¡io to turD the cLrcular 'ootlbn iof a

vaif¿ble-apeed oocor lûto-true slnusoldal notloo at the Pfstoo face.); ' x:"-:
,: ' -; ';,'*'tì

3.l.@f1u1dgdr1vecoopooeot1as1n11arÈothegealedbackvo1uneoPtlo¡i'.the
dlffereoce belug that the back pressure fs nlolnlzed by fllllog the back volune wlth a ofxture
of fluldc thet heve bolllog pofnts near rooo teopErature. Thts optloû 1s deçlgned. to çô.*6b1-fe
the edvantagee of the prevfouE optfooe, not requlrlng plerclog of lhe envelope and havtng-J.ow
poser requfreoents because of 1ow back preeeurea.

-.: '>¡i
-,The dlep¡,aceoq¡t-øonltorlog coo.pgueot provldea tt¡e laEtanta¡¡eot¡s valu&', ofi-the'' plstoD vè*ó;

cLty, .r{¡1ch ts ore of the t¡ro lûputs used Èu coEpute alrtlghtneas. . Thé uype'ôÉ-dlsplacèineot
noottortug Decessary depende both oo the drive coopouent and the ."aos.ts.á to drlve'1t. 'For

exanple, lf a eteppeE-ootor ls used 1n aoy, of lhe drlve congonents, a dlsplacenenÈ mooltoE lE
redundaot, as the veloclty catr be laferred dfrectly froo the ooÈor drlve. Sone dlsplaceoent
DoottoglnggBttousare: ' . : , ;' -

'. 1(-" .j t

I". _A ¡gSþ-lg!go3.presgure g!!8,:r¡hleh fs'only sultab-Ie for.,the sealed back-vòl'unê dr{ve
cor¡¡pouenr-irrTã-õtrããlãõ-lEãîure traneducêr Èo carculate Èhe dfsplaceneot froq'the back
pEessure, which fs then dlfferentlated to obtain the veloctty;

2. A veloclty ¡9gg, which provtdes the plston veloclty dlrectly;
| ' : '':' I

lng eh¡f t:::-ilheGl-oclty of the plston ls coop.uted froo the derivatfve'of tnstaotaneous ghaf t
posl tfou. ' :

* Flexlble structureè can be" treeteg a
fron auy resor¡anceà. Thls 6ubJec't ls
dlecuaeed la a future gubllcatlon.

s.,.ån additfoaal capacfty aa loug'as tt¡¿y ?t'd: fai
åot wtthln the seoge of thfs rêport aìod i¡tll be'
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.;i; ii.rÎhe presoure EeaourepoaÈ cocgotreot Eeasures the lnstantaneoue preaEure,iregponae" of-, lhe
lÞufls.{ns tci tl¡e voluue chaogee .,, It :14 rrequlred aoty to ioeasure pEessure sfgDals at the drtve

', frequeocy: aod 1Ès bsunoafce;r:othc¡¡f,requencfes can be'ffltered .otit or elluloatèd,:rrr,ith ûo Logs'ol:accuracy. The f,ollortog s'.threeooptlona, each of ¡chfch l¡as a df ffereot accf¡Dacy and coet
lupltcatlonr have beeu fouod acceptable. Llsted 1o order of decreeefog coet and¿'ábc{¡racyr they

r iâEê!
.l,i : , i.r' l- :S",_-"1

:.:I . :&-1"*{¡9g¡þ¿-glsropt¡one, a hfgh;accuracy, AC-coup,led coodeneer ulcrophone; ;
ij 3¿ ¿'e -.; -1 \ .f ,t; :'- :'

¡ ;r,,;'i.' 2t.,,åù úûa¡ûCtively coupled,.pressure transducer,
.: .pEsasurê;itbandducerìcoanected to a physlcal flltèr;

þi1'.i:. " : ::i :; l: ';i -: L

a conoercla'l-grade low-preeeure dlfferenÈlal
l:i.' -; -.

a plezo-Eeefstlve eleùeot oouoted o¡¡ ao IC
L

chfp aad

.l( i¡. -!
The a¡alyals/control coopooent uBeB the velocfty and presBure sfgnals to calculate aod

dleplay the effectfve leakage area. If ao autonatlc-operatloo devlce ls $eFired, thfs con-
Poueat wfll coatrol the volume drfve to attalû a speclfled preseure signal. Several optioos

-, fori thls êoúDcioent ate: r t ..

; - 'Íl':"'ì-'' lili'l il-; .I:t[¡re pa,gElve"dfgf tal ana,Iysis optloo, 1o whlch a geaeral purpose mfcrocdnputiÉr ie used' to
aaalfCe'åthê {¡d'Ëfi i .,i- i-' .:- .. i-'. --

":I' .::ì. '2'¡ The:actlve'dig{tål- aPalysfs optfon, whl¡h uses the sane t¡ardr¡are as. the paÊgfve option,
but -controrãõã-s¡-ãei-õ'F E-ñõ"r ro r¡eioralo a epecif,ted prejsure signal¡

.:, i' 'J Çi -:, ¡ .. 'f ' I

. - 
3. A¡¡lo8ue 4¿g1g' whlch can be eltherr actfve or -paeslve; il.t replaces', the,ñlcroprocessor

,. wltb aoalog oath proceeslng aud dlrect dfsplay, thereby ellninatlog the need for ADCg, DAC¡ aad
u 8eoqro¿-pgrPose sof tware. ': : , i ' ; - .>; :¡e. 

:-:o.
,'. li - "- . ¡.i 1: -'- i)

THEORETICAL DERIVATION

'Do-ch. 
AC' prersurlzatlon aod DC prea-eurlzartloo are baeed oo certåln assumptfoos ê.$.gJ.t the,rela-

tfoaahlp between the afr flos through the bullding envelope aod Èhe p."""u"" dl..f.ä;;o;; across
the envelìope; Thls sectlon Presente Èhe maJor assuoptlone aod shorÈ EBtheoatlcal dertvatloos,firet for the staodard fao preesurfzatlon tec rnlque (1.e., DC pressurlzetfon) and then iot the

lAC ,preaaurlza tl.oû tech¡lque.
v,:: i ,i.:.;'-: ra.j

D0 Pnessurfzatlon

the Èern DC preaeurlzatfoû cooeg fron electrlcal englneering terninology
.we use dtrect curEer¡t to oeasure bulldtog airtightoess (or flor¡ reelsrance).
,piec dlrect oeaouÊÊt¡eo"tg of alr floq¡ as a func,tloo of pressutë dlfference to

..r cl4.FacterlçÈfgs of -I-eaks 1o"a- buildfng eovelope:
-tr-r ¡ rli."

-' , ,î ''. :Iufii J.- r j,q :Q -,Q( AP) :r1

. ..rl - :. lt :. I 'ü -f ', ,:

Iu addf\{oq/. to the work already etÈed (Refereocee 4, 6,
.. re8earch'" I ^l had de terulned eoplrtcally thâ t the slmples t
. relaÈlegahlp'betlreen the p."""u." ddf.fereocê aod the alrflow

tbe:'forn:

-, Q - c Apa

and 'lmplleþ ths t,

DC preeeurlza tfoo
Itt-ëïersútse-. tlle , flow
¡i 'Íi. \::

: 'el )'

I) and our qnn workyl?n1."11t".
matheoatlcal descrfptfon of the
throughJ;leaks ls a -[b/er lau, of

1.

(2)

Becauge of the exPooeotfatfou ln lhe prevlous expressfon, the slgn of the pressure dtfference
flugt Þe taken,tBto aecguût: .¡t , . !.:.- :.- .,:: Ì.r rr t'..¡ . , i.

ô-.larl"".à.iarí : . ,(3)
I j., :-.. r- : i ': i:

tJfth thle expreaeloo, Èhe measured data can be ftB uefng standard llnear regresslou uethodsl5to flod the paraoetera C and n. The regressfoo could be perforned oo the eot,lre data set toflod a elngle ç and !r although separate regresslors are 
-ueually 

pericr.ned for poér-t*l* ,-ãnegative PEe.sr{Ìfe'4$ffereocee becage.q -of pobsfble- asynacitric", lea_kage, . ; r,: ¿' , . r "r,i,r.l .,. .i
..'lL' nhi.'':.ü3'l : ' r,,; ,: _ : ,t -:',. : , i':ili '1'ìì níi'
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It 18 ofteu deetrable rforá:onvert the leakage (regreeglo¡t paran¡eter)_-. lnfa44stlos';loto-l.aa
ef!çqll_ye leakage aEgl, L.re-¡e The effectfve leakage aEee lE deteEnlned by aaeunlag thaÈ tlrc
TEw at-a-paEticulÉrr refereoce pEesguEe ls slnflar to perfect orlflce flo¡l' (d.e. r,;a' floc

,: i!."i. 1expooeot of 0.5):

ÍFQ(P")-tilTl : ç

.,. - ür\

The regreaafon paraoeters (C aad n) aod the effective leakage area (L) are Eelated asi'f;o-l[!.ôlf*l
:,( - t:: '

L-C

'F

, (a-0.5)
E

r,, . ! ...t1.

. i¡,"

the flos can

(5)
-v

beCooblofng thls deffoftloo wlth our Pocer lag exþresalon (Equatfoo 2.2),
expressed as a fu¡ctlon of the leakage area,(L) aod the flow exponeot (o):

o

Q-L AP
P

sren( Ap)
r

(ó)

(8)

ACPreseurfzatloo :, r ? it :',

The preaaure-fiow relatlonehlpa used for AC preasurlzaaloo r.""ureoeûts are eubstattally
oore cooplex than thoee for DC preeeurtzatloo. Because the drlve cooponent providea a perlodfc
volu¡e clnoge, and Èhereby lnducea a perfodfc pEesaure respoose, the flow throug.þ-:thel .eo.rþlppe
oust be deterotqed froo Èhe cootlnulty equêtloû for a conpressfble oedluu:

Ji: . i,
:i., ).,, (i)Q+V¿*cP-0

Theoretfcally, thls expreesloo could be uaed to calculate Èhe lngtaotaoeoug fn¡fftratfoo
(Q) dlrectly fron the Beasured volune aod pressure changes. ln practlce, thfe 1s not pocslble
becauoe of the accuractes requlred for both Èhe estloatloq of the cepeclty, c, aad the oeaeuge3
BeDt of the preasure (eepecially lta tloe
perlodfc (1.e., AC), we can uae synchrouous
ar.ralyze the data aod increase the accuracy.
by extracting the coopoueot thåt fs ln phase

< aAP >.+ < v¿,Æ ) + C("P,AP ) - 0

Éecauae the preeaure slgnal la, perlodlc and the ouEalde preseure ts
algoal, we cao nake a qulck slnpltflcatloo:

derfvative\, However, becauee all Èhe terns are
detectfoo ^' (1."., pha.se-senaltlve détecttoû) to.@ally, 

we iover our precf e16.'tequ.flFbnÞots.
wf th.t,he Preasure sfgnal; : :: , ;r"r: ii"i '.

lndepeodeut, of our drfve

< PA¡l ) - 0,

whlch leeds to the followlng expreseloo:

< aAP ) - - ( v¿Æ ) (r0)

If we lnsert our prevlous detloitloo of alr flow 1o terma of effectlve 1eakage..are8, we get,-,the
followlag:

l[.

(o

Sfppllfylng aud solving for the leakage areaiylelds the fgllowfng:

< vd+E >'

L

il

ûf.

/\D2P,

E

sren( /F) 
_ Æ.) - - ( ri6 Af >

!;.. i.i

lr-

rl
(r2)

Thls ls che basic equatloo of AC pressurlzatlon. It ls used to deternloe the leakage erea
dfrectly fron the neaaured pfgton veloclty and pressure reepoose.

h



Bresknpoln.t Freoueocv : 2,
- - f:i-i +..--. . ii'¿ . '-;!¡t, í"
'.; :.- The bçBak-pofnt:frequeocy te
clEcuf tr.zo Fo; 

"o nc clrcuf r, l. of Ac

doofnated regfoe (1ow-frequency) f,ï:_cect. tlheu applled to AC voluE t fre_quency ls the frequency at which the pEessure-Eespoose asyrptotes of the leakage-dori*t oreglne (low-frequeocy) aad the conpreselôo-domlnated- reglme (hlgh-frequency) ruterJeci.---ir,"".
a9üDP-Èkt€s¡are deterntned by soJ.vfng Equatlon 7 at lts low-frequency 

"oa ilgh-frequency 1'Àtts.The break-Po1ot frequency can be vlsuallzed ln a plot of the pr"s"ùr" regponse auplftude vereue
,voluoe drlve frequeûcy. The typlcal reEpouse cuivt .to Figure I ahows the break-polot frequeucyqi¡arltaÈlvely. rt ls ls effectfvely a Beparatloo betweeu the lúro Eegioûs, ard cao be expreeeedas:

p -t (l¡)

I

the goverulog equatloos, estå-
fleld neasureoer¡t devtcee aod

of Ehe AC preseurlza tioa tech-

( 14)

(17)

The break-polot fre(ueocy for oost siagle-fanlly reeldeace8 ls betueen I aod 2 gz¡ but forlarge tlght houses' ft cao be ae low ag o.z ttz, aâd for enall leaky houeee, lt ca¡ be as highaa 4 Hz. rn the sectfoûs that follow, we w1li use the coocept oi ureat-pornt rrequency todeternlne the optlnal slzlng.ood deslgn of AC preasurizatioo procotypee. . lj
_ 

:',' l- , ::

APPAß4-TJjS-,DESIGN ,l.j ;, ;

-

l¿boratoEy experfoeuts, tn conbinatfon wfth careful aaalysis of
þlfehed lopoEtent decfgn cooacrainte for Ac preeeurlzatlon
rEcolved eeveral iuportaot lssueg concerulng thà llnftatlons
nfque.

Coos tra ln te

b

P

Brr. ' 1.03 P
E

';. 
The. qlze cougtralnts qg , tbe volume drfve sten dlrectry froo the expreaaioa used to deter-plne,,, the,,le,Ê&âge area (Equatlon l2). Becauge the aoalyef a does not det"r.-fo" 

-il"--,flùr-ã*ião"oa
of the leake, ao estloated va"Iue of the flow,expon"oi t." to be used fn che denonlnator ofEquatloo 12. The accuracy of the neasured leakage area will thua depend on the accuracy of theflor expooer¡t e8tlnatlou. Thls estldaGloû probrão can be avoided ri tne denonloatoE ln Eque-t1on. 12 Ís equat Èo uolty. Thls can be accooprlshed by runolog the vorune drive to oake the.(pll) csot oeao pressuae eqû¿r1 to the reference p..asure. Spectflcally, :. r

rnn rP-
if

where:

,.,o-[.]apo+rlr]# o5)

Thlej(a+f') rooL'oeen preagure can be related to tÍre rns oi""uu." (a Àore eaelly ,"."L.ed luas-.tlty)t as th€ relatloashfp between these tuo preseures hås only a weak depeodeoce oo the flonexDouent. Fron a large data geÈ of oeaeureð flow expoo".rts isee Reference 4), *" ùu" aneoplrfcally d-e-t€rDloed nean vaLue for the flor{ expooent of 0.ó5 wf th a staadard devlatfon of0;09, rhlch allocs us to express the relrÈioos.irlp aÀ:

' Pi¡n - 0.97 (10.01) P.r" :'. .;' ) .' ì {f Oj

Thuet the oeaeured EDs Pressure can be used to oloirulze the lnpacl of the expooeut oo theanalysta by adJuetlug tha volume drlve so 'af,.l, -- --î-'

s



' it'rre aaauue thdi'the extíonéuFt¡elghted þredeüìe 1a rexattly 'éqrË,l to tlie']heìeióöce pre*-i
aure, the deuoulnatoE of the baelc AC pressurtzatloo equatlou becor¡eôrualcj;"åâðiwéteau"expreåá
the le,¡kage area a.s:

( v¿1\P >

Pr
Thus, actlvely cootrolllng the drlve coopoueot,.to keep the pressure aE a speeff{ed level. can.
alopllfy the analysfe. : -.

Glven that we ha-r¿s coustqalaed -'the size of the pressure ef6oa1, th{rq tranpls!çq,ûn.!g ¿ rgon-
Btrafût oo the df sglacenent.rof the drlve co¡npooen!. lt caa..be ,,ghown1f,roo ,Qqr¡a llgo 7 tlnF¿¿tþÇ'
oaxlnun: 'rlnupoldal pressuEe, fn:a, bulldiug ls, dlrecÈIy groportlaoêt to Bhe rdlsþlacqoçgÈ.:of ..:t'þç.
drfve component, and the capac:tty of the but,ldfng. The ¿ptal capacfty of the,þ¡¡f]<lfqg.,Qgç.; Þe
deternfaed frso the .volune ofr the bulldfng aod the capaclty assocfated r¡1 th ç¡e1fle+196:,of . Fþg
eovelope. t¿borato.try: tests, ln ,twp. bulldloga provided an approxlnate relatloaeþl
bufldfflg capacfty d$e to flexfug and çhat represeoted by the volune. Tbcge leg
wlth acr early procotype (eee Flgure-2), lndfcated that the flgxlng capaclty lp
oae qriftEter the gize of the volune c¿?ac1ty. Thus, by choosfng a oeximum sdz."e._'for,.tl¡g;buåldr
fngo to be tesÌed, se caa eatabllEh,a lo¡ser 11n1 t for Èhe dgtve-compooeuc,plep,lpÊeognç. ,:,r,oi

i .,. 
'1.Deslgn colx!¡trel¡rgs ou operatiog frequeûcÏ are the result,'of several effecË*¡..f ¡ tfr,i ;tåË'"iF

Èhe volune drtse deÈermfnea the frequeaey at whlch tbe rua pressure w111 be eqt¡al to,tlre ref,ef-
ence pressure, 2) Precf aloo llotEa tlons oo the pEessure BeesuEeûeûts dlcta te Èba ç, j Èhe tee.Ë.qr:
should ,,:be jp.erforoad- beloc the break-polnt frequêocy, as the , sigual-to-oolse Ea tlo drop8 ..off:
near the break-pofnt frequeoclr .aod 3) Resooance effects teûd, to, occur rear ¡fre break-pplnt
frequeney sheo there are large leaks lq the bulldlng (see Refereuce l1). Thesç effec¡s..fodl-
cate that the operatfog frequeaey should be ag low ae poeatble. 0n the oÈher haod, lloltatfooe
oo the. pbyelcal aLze .ol, the devfce and the tlne requlred ;tg-- oake ê, teçt eqcourag€ thg gge of
hlgher opera tfng frequ,çnclee" .The solutloq then, t_8- Èq selqçt - a drlve êogll.tude thet all..ocç
the drtve frequeuey to be- ln tlqg. raoge lmoedla.tely below the break-pofnt frequeo'cy. ._:.¡-,..

- -)!
Laboratory tests alag establtshed that ne-sooant vlbratlçng of the bulld¡l.lg enveloje ¿o Bät:

EePreseot a slgnlflcaut-problen. Reso¡raot frequency calculatloos :based oo.naterfal d¡ropertfes:.
of typical bulldfng shellsr aa well ag bulldlog respoose Eeasureneûßrirwlth a spectral,auaiyzerr..
ahowed tbst the resonatt frequencieE are ouch hlgher thau the frequency raoge eetabllshed,:byi
the afgnal-to-oolee ratfo aqd large-leak resoûarce cooeEralnts.

Ffeld Test Prototype

L-- lo
2Y

(r8)-'
r

I
A ffeld test pEototype was bullt fn aqcordaB.Ge &.1 &t¡ c,he.destgn coûstralnÈs descçfþçd._ebçye.

The drive-coopooent diaplacemeot, 59r: 1l tere, alla¡¡ts tlre 4evfFe. "Èo opera te fn the;Q.d1-4r0 H¡l
frggueucy range (sufflp,len..çlx,,Þglow the breakpot.nt, fËqquency .,pf,-.1 gosÈ hp.uscA). aad,,allows.-Èhç
devlce to be snaJ.l enough,for., ea"sy l4atallatlon 1u a,doorway. the dr.!.ve cooponçFt, whlch use9.
a scotch yoke nechaalio to drive a pfscoo-bellows arraogemeot, ls shown 1n Flgure 3. ,

lbe.firat &C pEesFurtzatloo fleld protoq,ype coaststs,,gf] a 60:cn roqq{ plstoqibeltjgws gÈlve
coDpoqest, ra l-qc-f¡equency olcrophone, slgnal-condltlonlng ffltÊrsr qadì .a >corDpuÈer;Èha.t: coo-r
Pqçeg' tbe leakage area ag. cell aa lnternedfate experlnenÈal data. ¡,"The,p.tstos:bellocs;+åssÊEbly,
aalwell as the- DC ootor and scotch yoke mechaoien tha:t drfu.ee .f t, ts s¡ounted ln a dooruey ln¡
ouch,the saoe;rfagb.fou as a staodard blorder door. The :stroke iof the scotct¡ ryoke mechaq*sm-cao
be'vard,ed be'tweeq, 4 cn-aod 181 qqt thus allowlug the voluue drlve to be varfedrrtGtwee'Eilo aud 50
lItera.:'-The frequaucy of lhe devlce ls coutrolled by adJusÈlng the speed'of the DC:eotÕE;:a¡ô-
ceo bê -varled ".be:tÎrleen 0.1 ao4 ,:4 Hz. :The speed of r the,rEf ston ls r¡<in1 tored ,cf th.a:.',r¡{rc-cab'1er
Veloclty traoaducer, and the pEeBsure rer¡po¡¡se ls noqltored with a low-frequency u$crophoner
thet le Ben8lÈfve to 0.01 Pa.

FIELD TESTS

l{e.Perforqed A6.LS.E'essurfzatlon, teeta ln..alx.housr8.;1ai-the Sao Frqncfsß.ô!åay area.. Tåe,'hbueeoi,
chlch .aod a,ff chosen¿rto. -rGgre'sent¡ìs cEotss frthe
houge E aôrnall reagurfzatlsa"r Fór eech.-of oi DC
pEe88 loeasure. aod .floc :expone.n,t, .aod.i;the; rL.pa¿,
tfoû volune d was. used to meas,uEel leekâge area: aod pregeubèl
resPolrse aa a functloo of,'¡f.¡iequency. -The effect oS oiciophonelþlåcoxeut os{¡ e¡ta,tt¡¡Ed fq'aS]-bf,
thè houbesr eod, 1o one house, .l,eakage area . ûeasureneotÈ-- matè; rwt.Ch ,'a lor¡-ioet,^ plezo-reate,tfvèf
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prÊtsure -SSagsdgceE - were c-o.-npared. .w{th nlcrgpohgne-baeed ,ne+gqFeoç¡ts. Brfef deecrlpclooa of
thr-houaes 4rera,p5ÊBe4ted 19- Tàble l. " . --, j : .ì.: r: !,

f,le see lo Table' I thst ûre volunes of the houeee vary by a factor of 9o, "'C 
do the fédkage

aree!. Ths speclfic leakage areaE, chlch range betweeo 3 aod l0 cmofû', are typlcal for the

i:Ï::: i:":i":: i:ttt:Pñ2.*rth 
the' excePtto" 9f- suPeEtlsht coostructroo' where the specrrlc

; ÌfA,coogarlaoa of the leakage areas neasured)wlth AC preeeurizatioo aûd those neasured wfth
DC preeeurlzatloo ls preseoted 1o Table 2.

reoëDts ob taiued by DC praræurlza tf oo and AC
!t Aß:values are cooslsÈeoLly lower (averaglng
Ither aeasureoettr¡techefque le a prLoary (orn

techolque trs) côrÉec.t. The fao preseurtzattóo
lgh becauee 'ot ê.Étorg assöe1aÈed alth -cxtrapo=

lattag.åfEjlrflËrr.¡"¿'¡6.: preeeuree belos È,he oeasured raoge. l{e al,iro hypö.theelzêd tha,t AC precsurl:
át1ðnl'bfght1i1Ëld lty¡¡ér valuee 'thao DC pressurizatloo becai¡3e.'of the effeët of large leakeu
Tó* -5ÈeEt:iÈfils'' la ttëE hypo theala¡ B{o addt ttonsl ex.Derineots wet¡i perforoed tu eeveral houses,
oËê,åy¡opêo!ilg ttre'{f.rèplacë dauper, and the secood by opeoi.ugra,ulodoc. In,-the ffrat e:aperlr-
oeqÈ, lu áIl ci{tie:the leakage areb measured by AC preeeuÊlzatloo dld not cl¡ànge ltheq bbel
daoper was opeoed. Thfe flodfAg lodfcated tlrat AC pEessurtzatlon cas luseûsltlve to thfs leak-
age âtéa tápproxtñdtely 200 cot). In che secood t€dlr,'1¡s.6sasured the leakage area of a sfndow
(62"jèE.cföë) as-.lti)ûes opened further aod further. The gesult. of thf s t€stiúrês 'that the leak-
a!èi :àrea'.locreaged cith window opeoing-up uotll a certalu polot (6 cn), af ter nhlch the alze of
thb,ogentng no'longer affected the oeae'ured leakage area. Both of these eff.erD.t8j lìod.J.cate thst
leãkà..'-over aouie' crl tlcal sf ze. aEe trea ted by AC preeaurlza tlon ae though : tt¡ey "cere egrial to
that crltlcal size. ' 'i.,:.i ! ,- : :

. 0¡e tiheory,for'rilly A0 jpressurizâtfoo dfd noc detect large leaka ls tùat largeË aod looger
lËêka-lre{utre the novbneut of re!ÉÈlvely large naadés of alr, whose belbvlor la analogoua to
loductancee 1o aa'electric ctrcu{:t--; itheee leaksr. lbetead of betnþ-represented as ^elmple rerttsi:
taûcee, are ¡¡oEe cloeely approxlnated by resfstaocee and toductances fa eerleg. Thla conblna-
tlÈlir of cl:'rcuf t eleärents haa a tlne constaot asaocleted wf th lt, whltth llhits-Èhe flos frequeo-
ctes allorred . to para. The result fs that certåln 1eake r¡111 noþ.ralLou the pEoper anouot of
floc to pess at Èhe rleasureoe¡t frequeuclee, thereby causlog an usderestlnåtloo of the leakage
aréa. ' .i t. i: ¡t:

An luportant outcooe of our fleld Èests ls thât they couflrned thet, for oost houses, our
drlve-coogooent dfsplaceoent of 50 lltres cao provide large eoough preseuree. It eaally pro-
vlded preasures larger than thgee requlred Eo oake P--- equal to the reference preasure;. of 4
Pa. lu addltloo, 1t was able to produce Eheae preãäüres slgulficaotly below the breakpolot
frequeacfeË:of the'houees (1.e.r fu the rd'glbû:r+4'th'a hlgh signal-to-nolse raÈ1o). In Table 2

we ded)-ùrft the ßeesurerneot :freqi¡eucy ts á,þrexloately .ooe half the breakpolnt frequeucy. A

saople'prèesure re"òpon'sii epectruo (for lìo*rlee; f,),.f s ehown .lo Fit'{.rrè -1¡"' Io thls ffgure we '9ee
thåÈ the. leakåtä arearú¡bäaureuents are uade oo the, Ledl{age-donlnated jàrt of lhe respodse
curve. -'!: r-ì r -.-J :t, -? ' <

:1..Íle elôô.iueed the flë¿d:te8:tr' to câÈefully exaoloe the functloofng of :the precsúre ùeaEure-
¡¡ert c.oopooêoty The $fl¡tet teB.tì was 'lþ' e:(âElne.,1the rãeoslttvtty of the measuted 'Ieakage,áre¿¡ to
¡þs:ptaeeneot df the nlcçophooe, ln àlL;..houses; ne e,found thåt the loc¡,t,Íon of "the. oloûoPhoûe,r
dlð àort affect the qeagured preesurerèlgnal, ,eveu oD the secood: e,tory of the Hro--g.tor'y'hounes.
The: aecood best e:€nitr,ed the use of an lnexpeoaive plezo-reelstfve preasure tfâosdtlse'r loatead,
of: the lo,w-fr.eq,rrcocy rolcrophooe.r These traoEór¡cere were e:<amlned by. uslog therl-a^..p1âce.rÖf¡the^
lor:f4equeoc¡D'ntcroghooe- tgt neasure :the. leakageÌarea fn house F¡r¡, It: was fouûôt,"ttnt the Pres-
sûËer,ì:trau.bducer oeasuredÌÊ,he eane leå,kage area aB the rÍlcrophonef both under*'uocoal coudlttoos ",

aadLdùrfoàr'tlre large-leak testlng. ¡:"' J, '') ,, !'i

Ê |l

coNcLusroNs

Sl¡ce the lntroductloo of the blower door, the AC preseurlzatloû techntque Eeprese¡ta tÀe tiÏit
Degat' 4dvaùce lo 'the.Aåcùnologli for oelsurlog r¡holé-house leakagesirÌ¡iowever, there aEéi, sèvaratr
tagkcj lthat-ÐC pregsur¡/æ4*B'læ oÞrJor[s..r.bettert' tttiû ACl prë,B8uElta tf'oo. 'Fôr ,exáagld, ,.becduae .of ,'

the l-atge, loluoe of afr dúSplaoEd:by;DC preasurizatlonr-enokè, sgfcks o¡t; r:lnfEa-red êaoeras cea
be used?,to-r:loðate leakg. ,-Atthqügh these leak-deÈegtlqtritechnlques:caqi be oacd.srlth AC, pressur+.
lzaitlpå¡1 Èhi¡ rasulte¡,aree.leaa cãr-taln becauae of :the trower'f1oer ratee. , AddlÞ1ooellyr..,óC pres='
eurlzåtf oo pernleta ne^asurc.èôti þfi large, rlong leaks ouch ae undeopèred chlnæys 'or fluea¡
ThuÍìî i l! ;fi, prèasurtza tloo ii:devleç-.1 i.g, 

- 
aeedá prloclpeldy + ifor ' thäse"' truda iòf lçks r Pçi.
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preEsurtzatlon could be the better chotce. 0n tàe other baad, a connerclal vergtoa qtt,lthClAÇ
precaurlzatfoû prototype deecribed 1o thla report would have several lnportant advantaÈ'eî-"- "'

1. It operates at the pregsuEeg Èhat.actually drive l¡flltratlqni thu.s tt. lt,r ilFrherently
Eore accuEet€ thåû fao preeeurlzatlou. i _r :. 'ì. r6-r,riJtrr.'

2. the neasureoent and analyefs fa done ln real tlne. The leakage aree ts t""Åu""d con-
tfououely and essentlally lnetaotaoeously. For house-doctortag, for e:raop1e, the devics can be
left runnlng durfog retroflttlûg so tbat the effecta of the retrofltB car be qu¿,pttffeô:ea they
happFg. : iì :

3. Because the devlce deternlneg leakage area dlrectly aod auto@atically, 11ttI; oierator
tralnlng ls requfred and post-te8t-calèulatlons are Bot necessäEy; 'ii:,,.'

4. Ouly soall voluneg of alr åiË exchaaged wlth Èhe outalde, whlch i" "rp.ór"ffyt fiportant
fu gevere cllnatec, (Fa¡ pressurfzattoo pro.duces 3-20 atr chaogeo peË hour, whf¡cb:r¡giû cause
large lodoor 'teopérature ehangea, .ralo petretraÈlon, aud/or flue reversal.:! , i:,.

:. f: : 'i: -li
5. The devtce potêntfally need'ioË pierce the bulldlog eovelope. Thls offe,ng the.;advaotage

of both epeed aad co¡venÍeoce 1o setup and executloo.

FUTURE IJ'RK 
' 'rr rl": ì r'î '

' ¡':?r

thls report h¡a dlscuaged the uoderlylag prlnclples behlod AC.preoeurlzaÈloq,ae a tectmf(ue for
oeasurfng leakage are a tu resldentfal buflàfngs aod hag deecrlbed a prgtotype apperaÈus,: Thet
the concept 1s practfcel aud has advaotagea over fau preaeurizattoo has also beeo denouetrated.
Tbe rgsearch oeeded co eohaoce tte lrtde ecale uae ehould focue..ou uoderaQÊpdlug.the lf¡l,tatlooi
oo-tùå-äfze.of the leeks t¡et can be oeasured, the ,sengitlvlty'of the resu¿ls -to tn. cholce of
frequency, åod'the quåot1 tatlve effects of weather'òo the oeaeureoeuts. S,lfl"lar worklEhø¡ld be
perforoed ¡rlth DC preaaurizatfoo, whlch haa recelved Ilttle quåotftative aoalyala of ceather
dependeat effects. F!na1ly, although the devlce . uee{,. for, the f1e1d, negsurenents repdrted her.e
1o both pqr.tbble aud- effective, tuittre!' developoeut-'is oecessary' Þefore the devlce. 'c¿n be
o¡nufac tutéd- co.oerclally.

NOI{ENCLATURE J

Ç r Leakage (regreealoo) coefflcfeot [o3/a paul : - - 
I

c - (Effectfve) capact

(t o3. lPa - 8796 t
of lnternal vôlune Ir3/p"]

/ln Hro)

ty
r3

tnn - Break-polnÈ frequency IHz]

L :1 - Leakage aree [o2¡ (l 03 - 10.76 f 12)

B - t 
ltaee 

flow.expooent. IdLoeqsf oulese ]

-._fFter-¡a:l_, pres&uËe lea¡ 1l Pa - 0.004 ln. Hro"),

Alp - Inalde-gutsfde pressure difference Ipa]

P" - Refereoce presÈúre tâ pal ''!:

p r Tloe change fo ln-ternal pressure [pa/e]
P"r" - The cycle-averaged root mäan squ¿¡re pressure [pa]

P.ro'-' The cyctËlaveraged e*ponenr-uëtgÏíted preãburà [pa]

(o 
-. ,- 

Afr^deÎsl,r-y Ir.2 kg/o3.1 (o..zs 16/ tç3¡

Q , - Iufll.tra tton: ¡,q37r¡ (l .o3/sec - 35t3 f t/gec) i

Yd - Dleplaceoeot of the drtve tr3l (r al - ¡S.¡ ft3)
Vd . Tloe ctraoge of drive disglacenent I03/s]
(...) r Indlcatcs a cycle average of the enclosed quaûtlty

.l

,i ¿:I: tr:, ,a :
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TA¡LES

Eoergy,
the tl.S.

TABLE I

Descrtptloos of Test Houscg

Eouge lyPe Iear Buflt Volune

I13 ]

Leakage Area
*

,2,Ica I

- Sgeclflc t3aþge Area{__
: [cn2l02]

A

B

c

D

E

F

I stoEy

2 atory .

2 story
2 atory

2 e tory

I , Btory

L920

l9l5
1909

s,ffi:a
L9T2

L97 9

t''360

320

300

410

530

¿so

r300

1100

940

700

r200

580, L

9.7

8;6

6.7

4.3

5.9

3"4

*

t
Baeed oo DC preeaur.lzaÈfon oeaEureBeûÈ8.

Leakage area dlvfded by floor ares.

Ì"
TABLE 2 .:"--- - Ét' ..' r'{;

'; ' " fj' ,, il,i. i"
.

Coupa'riøoo of Lieakage Areas fton AC aod'0ë Preagurlzatloo.

Eouse f

t Leallh i¡e Anea

Preas )

fereoce niä\ueocy
(A9

i:J
at'

['2.¡ ¡,71 
/

t t

Break-Pn t
Frequency

Iuz ì

A

B

c

D

E

F

i'r¡oo

t r00

940.ì

700

1200,

580

99ó
! ;. 1 ,.lt

24,i. i "r
93 0

'(

o

I

t:

4.' 91

,u'àoo

r000

520

Q.69Ëi"

L.2L

o.62

,L7

l0

2.6

2:4

3.4

1"4

1:9

1.0

All testE perforned with-É-lreplaee damper closed.
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PjsÉonáel Lows AC ptessuri,zat.ion protoÈype r,rsed f or f iel.d tests

o
o-
IJ

OJT
J

-JJ-

F{

(L
E

0,
L
l
a.
(0.

o
G

o-

2A

l0

5

¿
l

$:

FÉequerroy ti-lzl

Figute 4" Préssure response versus f¡eguencg cutve for hou.Je F

7 IN STROKE

FrcquenoyBreokooiI ."

, Low FreÇL.rency

Asymptot'e

.f2

l?-


