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An Automatic Multi-Tracer-Gas Method
for Following Interzonal Air Movement
Jd. Priar  C.J: Martin  J.G.P. Littler, PA.D. /
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A Few hethud For seasuring interzonsl air sovemest, using up to four difierant tracer gases
#iddl taneously, hes been develemed at the Polytechnic of Central London and testwd in & solar
air~heated snperisental house in Peterherough, UK. This paper descrides the sethod end ite
apnlicétion in ah investigatian of the transfer of air between & passively heated conservatory

an'd the eain living space of the house.

Four Derfiucrocarten tracer gases are injected, and sasples aé tracer gem in air aro
collected avtomatically usiAng the grinciple of gas adearption on a wolid agsorbdent. Sesples
af rooe air ére takéh simultaneously at up to five points in space and up to tan points in
tiwes, léading to & profile of gas concentratian with time for sach gas at sach saspling

‘positian,

The tracers sre rutrisved fram the adsorbent by thermal desorptien and are separatwe
Shd  snslyzed uminl & gas chromatograph, The {njection ‘systes, saepling yetenm, tracer
‘rotrieval, quantitative dnalysis, and data collection are all tamtrolled by @ microcssputer.

A% rates Yre calculated Lsing a new satrix sethad of snalysis.
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The study Pf%air,moﬁﬁmfgt;js pf. fundamental importance in building design. - Qver the %ﬁ1§£§0
years, resgarchers have .pald. particular . atkentipn. tg,. air . movemsnt ,as it affgcts the

cleanliness . of specipl  roops such as pperafing thepters, the fieajth ang capfart, of building

occupants, and the enerqgy efficiency of buildings in general. LR Te Fp s Y SBE cha B i

Investigations show that energy losses due to air i"fjﬁfﬁétﬁﬁhzéﬂjT#ﬂlfﬂéﬁﬂiﬂg.iﬁﬁy

accaunt for up oADK, of the patal hearing, pr; cpoIARS, 1oAP UL itles The nped 44 reduse

these energy losses has led workers in cold climate areas such as Scandinavia and Canada to

-

develop highly insulated, airtight buildings (5). These building designs Wave been very

successful in reducing heat losses but have presented problems h%hginrmirﬁftldgﬁ%%;hihca of

sufficient ventilatiaon. It is important to avoid high levels of go#ﬁii%Hﬁ‘adﬁyi for health

w

and comfort by maintaining adequate ventilation. Inﬂxiugiicular.' @%ﬂlﬁﬂ%bi%w. g%ﬁﬂiﬁwiremovo

harmful substances, such as radon daughters and formaldehyde, nhicﬁ&yﬂpﬂmi‘tt 'd;'-f»r-bm

building materialg, (b)., thus. engapgeriog, the ofewpapts. (7)p .o o gy vnr w

’?'M%% ?ar, ;bsi B? th% %%;;urén%hﬁza%% ;ontiiatiﬁafiaﬁhn air ﬁnf?ﬁ%?ﬁ‘idh’ havéliir;z¥%d
buildih%i'gggiingla zones, ivon'%%éhq%ri%og }reT%i%uzi %ﬁt%y% di@ia%dﬁib into ;e%b;iiv;%%;é‘by
internal walls and partitions., Such measurements cannot take ihto 2c:%zh¥ ihézif}#ﬁow‘gif;ﬁen
intertal rooms, which has a profound effect on both the local ai{ gya}ityzanp internal energy
transfer. By measuring interzonal airflows, valuableg}pfggmagépn may?po:ngngdgfnnggrning the
exposure of building occupants to odors, airborne cggé?aiggﬁt#;;\;ﬁg ynp]gangJn drafts. By
acting on this information, the indoor health, comfort and enorgy gggﬁafﬁﬁhe§accu&9nts may be

improved.
i i 1
‘ The use of a nulti-tracnr:ga; 'x,tqg U&nsSpaq: pf,.a conyentigpal single. gas: method
reduces the tiaw. requirgd to make jnterzogal. 4irfjopseeasuresents (9).; Using ppre than one

tracer gas r?@“"’b§§!3§;EP'3 in thg‘oxg,gggangl4,dctgrggnntionngf interzonal. flow.cates, . -

: : . . . JUBIU SRU DR v G 8y
The ventilation rate of a building is defined here as the rate at which air enters froa

outside. Air infiltration is that part of the total ventilation due to unintenfjgpal 9aps . 4pd

gras%l &QMEE'agﬁildigﬂ oggoéapct ;Airglou r{&,q;*;Qquqogglly:lggrgiped ejther &g,vo;an! flow
units of a¥ s~! or as yentilatipg rate yoits:of air changes per hour (h~')., The nupber of adr

changes per, hour faking pjace in.a giyen zaone if,equal .to.the.total, volume of air entering,per

i HESERNEY SN AN R R U - IR e &TE

hour diyided by the vglume af the zoney, . . ..
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The paper is divided inte three main sections. The first describes the method and
apparatus., The second illustrates the development of a discrete time matrix analysis of
single- and ®wul ti¥ondt &ed,  The third™ gives an aczount ° of sahe single~ and multizone
experindnts tiat NWive tWed carried ot at’ e PEL solsr heated te¥t hol'we at Peterbbrbugh, UK.
Ak infiltra¥idinand’ interzdnal airfloWd'are critiiWted frim the measured data using®the

17 SN el ¥ e BT EL Db TR R b
discrete time matrix methad. TR PETLt o dve ot B
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THi *expwrinehtal }nth%d’%i%ign'WEs di%idiﬁ“i“%u‘?%‘!ral’biiis inc‘idfﬁy‘ ' ' St
AU S ioWop Boe o souvg &%L Lo TRER vl Rk % A
- ,§'1§Q°{5P Pﬂ'ﬁﬂ’c'r gases. . 3 N SIMET 1 LT

TATASAr oas injection Lozn e noov o s
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zero 5_I:nav;kgru:'n.lm;l'_ concentration, ‘"ﬁ whés?'are nat ‘9§°’ngmPY rogg 3urfgges_}9). A gﬁrins of

perf;gP{oc:ffqns, sx@xlar :3'}?050 g:gg ?xmpfgt: ;"dﬁcgt§,f§2;'> fit the fequ§£eg’n§5.i§1795
follawing have been ysad in this work:- _ . . )
< 13 D K N = =g 3 & W : ted  J— t “y %a

L. oond ER ns PRy fracia,

PPl per¥luoro-n-hxane

J . i ,-.‘. >y . t\_: .'I € T PR R L« 7 ks
" PP2 perfluoro-methyl-BitloHexine* ' T NL
g ¥ - o : RS P Y ‘e .y R i
PP3 pbrFluoro-dimethyl-tyclbhekape’ 7 "0 x cinei A A !
PPS " perfluoro-ghalin'®™ "0 FiTe.si o Teee vabuioaet Lo
(&

Tracer Gas Injeetion

'
3

In domestic spdtas with volumes typidaily B¢ ¢k obler of 30 o3, about 1 ml B¢ liquid
tracer is tifash evaporated by 4 12 9?9535ﬁ$q3ﬁa?t2i5373§5n? ¢Sr” né¥dlamp” haié, yielding an

initial*’tonéentration *6f about 4 ppm. " The*{nikétion systen i§ endfgized by Femote  control

using a microcomputer.
e i
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*17 The sampling System” (sde Figufé’l)-ofdbatds on®Ehe pfinciblggof?,aZs ‘idsorptian Tl
801id  adsdrbent. Each’ sdipling ‘Haint® lsee “FiguPh '2)" Fidsid€37®8¢ a Group of renollbil
stainless steel tubes packed ﬁifhia;divinyl4ﬁoﬁzeﬁe/styr§ﬁe colpolymer adsofbent. Samples of

room air are obtained by drawing a small fixed volume of*air tabiodf 700 #1)*Ehradgh the Sanple

3



tubes, air ‘being admitted by 4 -soldncid vilve controlled*¥roh™a"nitFochbputied.” "A°Flow
constrictor in the pump side of each manifold ensures that the +flow through the teq‘ tubes
‘. Lk =y Y RE SNT LU ERvoB2LL T smvLiT o w67

sampled in turn is the samn. The flows through each of the five different manifolds were not
M N *® : 5 PN ES LN = LSBT MRESIOGE LNZET JRMLC

exactly the sanme. Thexr rllatxve values ware moasured.
P il b A1 3. L R TEWT” L. TS TeD R LT LLEERC &N8e

Up"to four peréilorocarbon tracer gasks maj“be’ injedted* simlitanwbusly 1h* di¥febent’

parts of a'building, A3 the cRanhe ifi"concentrdtion offeRchtgasWith’ tihe isChbasursd at'iy

to five points in space. The  solenojid valves are oggr ted so that _tubes are exposed
L1 U ;;t.iLﬁméi;_i_J,Tﬁf; 3R EPOT-2 8812 30 CITA UL AN
simultaneously at each sampler and in a timed sequence from one to ten., The sample tubes are

then seaiéd and analySed lateF?”™ Five sampling points ahd teh'poithts‘in®tine haVe been" thosen’

for cBiveniedE®: although there'is no restriction’on &ithef the number 0% groupd’ off the number’

of tdbes!ih e3Eh froup -that mifte us@l, "¢ T IneiEt n v ooociTeen e o o
‘6. &I 2O '8 TR DRE BICCIKN ne’ Qo RBOC L7

To expedite experiments, a microcomputer was used to drive the gas injection and

e
@~

sanpfifGg system. -The'Sahplifi§ sytemBhal*Buén left rahnihg aRattend®d %7 as 1ong”4s®3 week.
vl AN T3 . g Asicn. 2V wwes
BF .7 & T WES TR RE L NP €3N Rie ®27E owelir “s allvmo Ten ogo

A schematic diagram of the analysis systeam is shown in Fig rn‘§.r*Th¢ tracer gases are

[ " g
L fie s, -4

desorbed from the sample tubes using an automatic thermal desorber and then separated and
analyzed on a gas chromatograph fitted with a“flame ionisatioh detector and a im packed glass

s ; LR AN

coluan, T s . - iy i

Nitrogen flows through the saeple tube at 15 ml min~! and an oven programed to a
suitable temperature is engaged round the tube for a pcrxod of several mtnutes. As the gases
GRS a" Gy v 1 W

are desorbed from the sampling tube, they are flushed into a cold trap packed with adsorbent

where they are readsorbed. . )
Bl R0 3ML DY ¢ Rl

The reason for using the cold trap is that by® confdntritidg’ the"Cdases into a tiny
volume, band spread is reduced and column resolutio is 1ncr!aspd. When the primary
v IR cEw S TNoBULD .8 DB BN P TRE&L 4 BvITIRGY TUEW 5. AP o

desorption is complete, the cold trap 19 f{aah hnath tu l;borate ;heatzﬁger‘ ggog. The gases
are then swept directly into the snparatxng column via a heated line. The whole process is

réfedted for sach tibe GAEil “Enalysfs fs codpleta.c  ©° R SR E AT 2R A
HES | R U RE)

Experiments have been carried out to examine the efficiency of the desorption process and
ensure that all tracers adsorbed bi the tubes-aré desarbed as quickly aﬁd‘ckeaﬁly as po;!ible.
Tests have also been carried out to ensure that under any given experimental conditions, all

the tracer gas drawn into the adsérber -tubes duFingithe sampling ‘procedure will ramain on the

b



adsorbent apd_ thai. no tracer.gag will break through.the rear end of the tube (12),

e L K RSN . . '

The mi;;ucﬁnphfei Wai used “to monitor Eh; automatic thermal desorber and the gas
ch;om;lagriiﬁik;gixhal?ﬁ;lk; wauia ;niy be w?%ttén éaldisc when desorg:d tracer ga;' samples
ware passed to the detector. Software allownd'theé;gﬁeen to eiulgte a ;Hh}t réggﬁaer; showihq
scalable,. peak heights, . apd . retentjon times at gny point in.the analysis, Very low signals

agtivated.an ampjifier.tp ayoid ercprs: introduced by.the analogue to digital cenyertor,

LEET D N ozELL Y URP LS 23¢ Aac LU TR R e TEze p,oEroe
CALEQLATIDN %F ;NBLE-Z%NE LNFILTRRTIGﬁ RATES AND MULTIZONAL AIRFLOWS
CLTMEE F T S A N O L T styper STEOSLILRED D v .

A.program. was written to.allow datqifrggbthg;floppyﬂdiscgtu be reqd. Each data file 5§h£oaded
into. computer_ mgmory, and peaks are reconstructed on the screen. As with. a chapt..regorder:
plat, peaks are identified by their retention times. 4n_average baspline may be constructed

and then peak heights and intmgrated areas calculated.

i e, 2 ety (ol e o i) ERS i TR SE D ey ELSEAS B foa

. The multizone systepp is modeled following Sindep, (B8), 39,a series of cells of copstant

and known volume, which are all connected to a cell of infinitely large volume carresponding

i g b
A o

to the outside. The net inflow and outflow from each zone éﬁeéwgkhTESSEH'hﬁy a~UsEriEg BT

., #Et [ - oy LAP WE el ; Laows L R TR B
equations (13) which are summarized below:
a7 ‘ AL A : £ pook i E L
Vi Kaft) = Fu,a xa(t) # Fa,ame(t) + cuvnme® Fu,exnltd o CETYS
Vz X2(t) = Fi,2 X:(t) 4 Fa,2x2(t) + .uuus + Fu,zXni(t) .
r = f H LR §
!

kS 2 LN 1 vty F gl W, 3y - L TN
Y Xnlt) = Fu,n %a(t) ¢ Fz nx2(t) + ..., + Frn,nXn(t)

g . A Bagfle 1Y omue . € g £50, ub @

where vi @ volume of zone i

: ,Fl.,.,:.ﬂ f,}&an:rate?frng ZQggF‘&ato )& 1E LR AR SV Y v R

0on - L REETG O TR L T S 1Y L : BB TasT 3L B
The quantity F.,; 1s always positive except in th; special case of i=j. P§y51cally,

T IEY SEE VIR S R U F R LS B PN E T Town o binr oged i ioantog, At danaen o
F.,: represents minus the sum of outfiows from zone i.
gawn: wo v.ode w7 o E hpdrat 4 opr oA LNt gn AT SR Yo By thip sbegiE SuhD whi

The important parameters Fo,. and F.,o ganbe derived by, guhtractiop from .the, gther.

equations:
R s - AR LT e L IUE SIS O 3 L ) [ o+ EE A L LA I
Fi,o = - F:!'", i Ei'l Luywes T F-lq.-’L-:.} * Fiyiea ase T Fg,n A~ 1
i 3 ) bl E Loim PR e reg kS XY
'-F9'fs?~' Fioem Fooe wvnen = Fucaen = Fgengs gone ™ By o e o erd
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Using the notation 6.,, = F,,s/v,, the equations can be expressed in matrix.form:

x(t) = Bx(t)

Nh!r. x_(t) L [ xl(tl) RN XN(t) ]T
and
T T
(61,1 62,1 v0vs Buys |
Gl,z 62,2 (AN BN.Z -
H ' 2 ol 3
G = H
¢ , ¥ Py
LGI.N GI,N [N} SN,N i

Single- and multizone infiltration rates are calculated from the measured data using a
discrete time model. This means restricting the variable t to have only values of 1 2 ...

§-1, where § is the number of samples taken in each zone.. The discrete time model is written:

Xi(t+1) = Dy analt) ¢ Dz,uX2(t) sevs + Dn,adin,

N L . e 1T
Xz(t#l) = Dx,le(t) + Dz.zx:(t) R 3 DN,:XN “ g wi o )
:
IRk = ’ W AR § Aohph % L t
:
L AT
Xn(t+l) = Dy nna(t) + Dz,nxa2(t) .uue + Du,nitn T W
o somvn cwata ERD TEn AT L
" = L P -
and in matrix fora _ 5 . o
I T PO [t g wnopRE T, iprat droaw 1 [N S
C W IS - .. . i 1 s 3 %,
x(t+l) =.Dyut) Swee Nzub Al LoineezoLe  pEv.d i
ag sges  elgr ot BN & LRSS LT S N 1 4 Tk g " !
where
EapEeLacd el ymma. oL R TedT DX LIR2 “
D= Dy,y 1 )
. : Ly e v osTasn oeapT s Lpb 4D wnd Yoo ten omesdE b S ¥
id SUEEY RE. H o N . X
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o+ ltupis,  well:known ;from ltnear sfatemcthidbry-that the®¥istrete’Fuhctions x. toincide

" LTI 3 A L G TR LR
exagtly with: the gontinuoys-timezfunctiondiaboVRVi¥2D Ecekp .6 ' Where thb‘eaxpogoniial of ihe

squage @atrin 8 is mosticomvenientiy defined 8y thé power beriesy ¢ *7 P0F O Cow
. = wfoMe. e D L E Y soiingL 0 E
exp 8 = 1 + 8 + G2/2! + 63/3! ..... .
i “an lipi vmoowpar TES AT A% i o &

The system . flow .constants.may ‘ndw be obtaimed ‘from-a set of equations fh&olCing only

the desired .coefficients and -the nedsured data;’ %7 7-:3% 77 o toH X



x(2) = D w(1)
H

x(8) = D x(8-1)

The solution to the equations is given by Dorny (14),

D

( RT R)-' RT Q.
where
D_k = [ Dl.k Dz.n s Du,n 1T
@k = [ X f2)y X (3 0o Xu(8) 17
and i % i i 5 o I
" i we, 0 E -3 .- i
010 %201 AL e
R a X1(2) NX:(.Z) LR Y XN(Z’

i . . - *

bl(s-l) *2(8=1) wos xn(S-1) | < 8
The solution is completed by finding the logarithm of the matrix D,

SCOPE OF THE METHAQD - = B S PR '

N own

The multi-tracer-gas method described here has shown great versatility. The infiltration

)

rates of several very different single zones, ranging from the small and tight to large and
leaky, have been measured successfully. It has also been used to nmeasure single-zone

infiltration rates and interzonal airflaws in the PCL solar test house.

Measurement of Infiltration Rate in a Very Tight Enclosure

L

The infiltration rate of the PCL Solar Test Cells of volume 10 as (15) u;s measured by
placing four tracer liguids, thrge sampling upits,. the \sampling system troltey, -and’ the
cuntrollan cnmputvg 3 sxdg1the gell to. be weasured,.,The-computer was:programed tolinject tha ©
gases after the door had been sealed from fhe outside.. The -hirst samplecwas collected Ein
minutes after the injection and a further nine samples were callected atsten hourly xntervals.

Results. Figure 4 shows a plot of PPl concentratian agaxnst t;me ;or Sampler A, The

infiltration rate implied by the data is 5.0 % 1072 R7* .+ 0.9:x.10"2, The erfor

band has been calculated from the data collected for .each:sampler -and mach tracer ‘gas. i *

‘:}



Infiltration Rate of an Atrium.
o EAL gnee - gemi .oLliuy BT oBAR tnugl CAE Rss
The largast space (3000 mn>) measured during this programe of work was the uncluttered

atrium of a new school (16), The weather was warm and still. Two,gases were ipjected, PP1
(10 ml) and PP3 (10 ml), from four injection heaters placed in different, posifdions.;abput the
space. Two gases and two sampling units were used so'that an estimate, cosdd be made of the
measurement error, and the four injection points were us¥d tol halp. distribute the, tracer gases

evenly throughout thﬁ‘atriun._ A puxr of aixing fans and two people walking about waving
: - SLASR B

- A T A Y- - TS S Y n. (R 1 A ¥ T
neuspapers nrnmoted further wmixing of the tracnr gas with the roem air. Ten minutes after
i in T xIm B2 T - Y S 1 troolle sew W BRLy 0 LY
1nJect1ng the traclr gas, tho first saaplo was taken and a further nine samples were taken at
ra TEODEL LITmL 8w 2eiamsr an: - . cospe: I8 apgEsn
ten mipute intervals. The similarity of results from the two sampling posxtxons which were
AT L SEATT L - BESIEME LD JECYRINT SAE BSNYIR0L Lis Y PR ST

widely separated, suggested that ten minutes was an adequate aixing time.

gnsu;ts. The noasurod data 1aplys an 1n411trat1un rate of 1.0 h'* + 0.2, which is

grd o g g - a7 th Q i “ T 7 .upgh
Lower than had bgcn lxpectnd. Tho low rate may be due to the absence af either wind or a
S ot & L N .5(." N P T . Sieonmentes . T o " .
519n1f1cant temperature difference bctneen 1ndoors ‘and out51de. The error band has been
oy oedl L p3EC tnil, TRsse: Tt S S - TH &I, owr. o

cglcg a q froa all thc data collected.

Tut &FI L bR et svemenar @62 0 % ow By oeeny L izc o Gepgens G own F

Infilérdtion Rate of theiGdfsérvatory 64 tHe PCE-SokarcHouse: ~. sap . 5w« 8% vprery o

& %y

" Four sampling "unifé here set Gp $ide® by“sidewin the-consecvatory of volume 35.m3, and:
tracer gases PP1 (0.5 ml), PP2 (0.5 sl), PPI 40.35:ml)4randzPPS (0.5 mi) werer flash-evaporated
simultaneously from a single injection heater, Aftar a pause of ten minutes to allow the

tracer gases to mxx with the axr in the conservatory, the first sample was :allectedf‘ A
BELRLE syt “REL L M. HeRr R fpnnTan i Y i -

. e

furthe! nine samples nore colltctnd at ten minute intervals. The cunsnrvatory was left as it

A AT T2 8 1 T r s oh KT L N T i Y

would nornally be used in nxnter, ulth all the doors and windows shut and with no spoc1a1

FARr S ¥ EECI: ] WHA B t¢el v 2 gl 4

seal}egv measures, No art1f1c1al mixing was used. The tracer gas was left to mix naturally

-2 B P ® Tabg TE o B 5 RENLY 2 ¥ Biais ” \ R . T r - T
with the surrounding air. The weather was cold and still,

Ao Ly

Results, Figure 5 shows a plaot of concentration against time for PP2 collected at

sampler B. The calculated infiltration rate was 1.4 h~* + 0,5. The error band has been

calculated from all the data collected for each sampler and each gas. AETHEIIAL
o e R L A L L N 7= Rt S S T R e 2En
Interzonal Airflows in the PCL Solar House

SEEY e S R 1) & L 1 i Y

P

Several experiments have been carried out to 1n§|sthat| the airflow between the
south-facing‘-condervatory dnd the Tiving room" af -the.hduse (17). The.one described here
illustratés the eicharge “f¥ét took ‘Alace:between :the ‘living room-and conserwatory on 12/7/84.,

Sampler B was placed in the living r&éﬁlgﬁd'égmpler‘éth fhe~conservatory: ThH& Q@either was

%



warm and sunny and the follonlnq temperatures were observed:-

LEY T o AT TR e

cl QutEidet T5% JE%EA R ea. 22,2°C R T B .
- ConseP¥akdrycy.niieiese 30,620 -
£ Living roodm= s &veiisidees 24.72C 0 .3, e .
EXSE HELT? G o om0 S e o o 2T 2000 e Erpcur Bt el o sre e, " ooF Rog
“WE It laiee L Ded BRat gazn.n b -
1 0 ml PP1 was injected 1in the living ruom and 1.0 ml PP3 1n the conservatnry. A
TRovE tEIL E Mie ppam WAsgatie on grgpen opes Shbrin el g 3 vae .
total of nine m;nute1 was allowed for the injection dnd mixing of the gases in ® their °
ks EE A & Ged ORIy 3AE NBRMEI L osa e
respoctxve zunes, before ten gas samples were cnllnctnd at ten m:nute 1ntervals. Durinh'the
R : AU L R TR A 1 4 Covioe i T e o
entire exper1ment all internal and external doors remained closed. No artifi:fal mixi”n’g'r was
BT A B R R It P R
used,
T } R O SR P P T 2 3 i TN TT
Results. Fxgure 6 shows a plot of gas cnncnntratxan in the 11v1ng room Tsamrrer B,
ohwmen .- Y [N - * et & rme

and F1qure 7 shows conccntratzons in the conservatury (Sampler C).= %1gura 8 shows a schematxc'
2t DR TeraT sy POECLRE i e ugw
of the 1nterzona1 flowl calculated frun the gas concentration data. The overall directian af

huv

flow is predominantly from the house to the conservatory and td the outsxde. 35 calﬁufggféﬁséf'
the energy balance from the measuredrtepperatyredifference.and calculated flows indicates for
the conservatory a net lossn of:0.9 kWpafer the living room, & pet gain of Q.1 kW; faor the

outside, a-net gain of 0.8-kWy and for .the hall, .a net gain af 0.0 kW,

ul ‘- o trLel = wd s ! 9 M i B .
CONCLUSION v
A new automated multi- tracer gas method has been suc:nssfully developed and has baen hse&' to
- ] ,1 RN 57 EY & L L
measure 1nterzona1 airflows in a solar heated test housn. In addltxon to this, single zone
k4 ro3 Rk Tt AE IR - 15 B A - S i N

air 1nflltratxon rates have been nlasured in a wide varlety of building " types, A novel

w &

- RN #e [ B W S LB s (ol
discrete txme matrzx method of analysxs has also been developed and demonstrated using
N N L L1 3
measured data.
v _\ \ 2 i e Py & 8
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