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ABSTRACT

The total air infilEraEion raEes can be determined by the decay t,racer gas

method. But Eo measure the influence of the inhabitants or Ehe convecEive
exchanges beEween rooms, Lhe consEanE concenEration is more suit,able. In
order E,o measure Ehese ef fecE.s, the CompacE Equipment for Survey of $ir
Renewal (CESAR), developed aE the LESO, r^ras used Eo perform an air exchange
analysis on dat,a recorded ac regular inEervals in up to l0 locat.ions simul-
taneously. Three tracer gas methods were implemenced : decay, consEanE con-
cenËracion and conË,inuous flow. Successfull concinuous measuremenEs were
worked ouE in 10 locacions and Ehe exchange flow raEes as well as Ehe inha-
bicancsr effects were measured by Ehe conscanE concenE.rat,ion met,hod.
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INTRODUCTION

The study of solar uniEs at E,he LESO solar passive building (Faist' 1983)
requires an accuraEe decerminat,ion of air renewal raEes and convect,ive
exchanges between rooms Eo calculaEe t,heir energy balance. The Èracer gas
meEhod offers a good manner of measuring air infiltra¡ion. Using che decay
meEhod only che Eotal air inf ilE,ration rat,e n hr-l can be deEermined. To

invesEigage che inhabit,ancsreffect or Ehe exchanges beEween uniEs, the cons-
Eant, concenE,rac,ion was used. An auEomated equipmenc based on Eracer gas
meEhod was developed. Measurements during Ehe winEers of 83-84 and of 84-85
were done in the LESO.
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Description of the ApparaEus

The Compacr, EquipmenE for Survey of Air Renewal (CESAR) developed aE Ehe

LESO can be used È,o perform a simulE,aneous and periodical air exchange
analysis in up Eo lO locations. This apparetus consists of a microcomPuter'
a lO-channel programmable gas injecÈ,ion unit,, a l0-channel gas sampling unit,
an N2O/H2O infrared gas analyzer and an anemomet,er. ConEinuous measurements
can 6e tãken over several days. AfEer Èhe survey an auEomatic analysis is
done on t,he daEa, and t,he essential parameEers such as air renewal raÈes,
wind velocicy and wind direcE,ion are displayed.

Tracer Gas MeEhods

Three t,racer gas meEhods are implemenEed : decay, constant concenE,raEion
and continuous flow. The.decay curve in figure I gives a measure of Ehe

coEal air infilErat.ion raEe buE, neither the inhabiEantsreffects nor Ehe

convective Eransfers can be determined.
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Fig. I Analysis of a solar unit by che decay mechod.
The dashed line is the concenEration of N20 versus
cime. The docted line is the Éicced exponencial
curve.

I^¡iEh Ehe consE,anE cohcencrarion mechod (Figure 2) , the .inhabiEanEs' ef f ecE,s
and the convective Eransf ers can be esÈimat,ed. The measuremenE.s are conti-
nously checked by uhe microcompuEer and a regulaEion program comp.uEes the
amounE of Èracer gas to be injected in che room Eo keep t,he concdnErarion
consEanE. The concenEracion ranges from O ro 200 ppm of N20 i
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Des crip cion of t,he Tes Es aE Ehe LESO
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Analysis of a solar unit, by Ehe constanE concenEraE,lon

me¡hod. The dashed line is the concenÈraEion PPm ver'sus

Eime Hr The dotted line fixed at 100 ppm is rhe

desired concenEracion. The second docted line shows a
qualiE,at,ive represenEation of Ehe amounc of injected
versus cime.

De Eermina E, ion of E.he Erans f ers beEween Ehe rooms and Èhe corridor

During E,he winEer of 1983-84, Ehe transf ers
uniEs wirhout inhabiEanEs \trere investigaced'
the air flow bet.qteen room A and the corridor

from t.he corridor
The mechod used
B is as follows

to Ehe solar
co deEermine

CORRIDOR
'3)

orJl-000R

SOLAR UNITS '1
aAl

- . AIR FLOW( møasurød)

. .ò AIR FLOW( not søøn)

Find the E,oEal air infilEration raEe of A

Make a second measuremenC with Che same concencracion
in A and B so chac che exchanges beEween A and B arej

no E. " seen't in À.

30 'ttre differe*ce of air renewal raEes of A give clre air
f low raEe f rom Il'co A.

Figure 3 shows Ehe corridor and Che ouedoor Eo room inEiltraCion fluxes
measured from March co }lay L984.
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OUTOOOR IO
ROOM FLO'I

CORRIOOR TO
ROOM FLO''i

I

I : HYBRID AIR
II : R.EFERENCE FACADE

III: SUNSPACE

IV : DIRECT GAIN I
V : DOUBLE SKIN
VI : \^JATER WALL

VfI: DIRECT GAIN 2

VIII:DIRECT GAIN (IR FILM)
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Fig. 3 0uEdoor-Eo-room and corridor-Eo-room air infiltracion
f lor¡s measr¡red f rom March to l'lay f 984.
Ilean exE,ernal EemperaEures : 5 - I8 oC

lutean wind velociEy.: l.l - 4.3 m/s
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The oucdoor-go-room infilcracion fluxes lie in che range of 0 co 42 m l-nr
For each solar passive syst.em ic has been possible co deEermine che corri-
dor-t,o-room air infilEraEion; a Elow of 5 m3/trr is measured for Ehe

systems which have one door opening eo È,he corridor.

Influence of È.he inhabicanEs on the EoEal air infilE,raEion raEe

During Ehe winter of 1984-85, an experiment,al survey was made Eo poinE ouc
E,he inhabiEants' ef f ecE.s. The air inf ilÈ,racion raE,es of Ehe empt.y rooms
during the nighc and on weekends, and in the daytime wich habitants_q/ere
measured. The resulE,s are displayed in figure 4 where che black bars give
ehe air infilcragion rak hr-l wich occupants. Thre is no doubc chat
che inhabitancs have a greaE, influence on-air renewal. The *ost i*porëanc
increases r^/ere measured in t.he passive sysE.ems where people were oft.en
circulat,ing. In Lhe direct gain f açade (IV), t,he secrecary of f ice of che
LESO, the air renewal raEe \^¡as 200 7" greaE,er chan when iE was empEy. The
four persons working in E,he double skin uniÈ caused an increase of 150 Z.
Systems wi.th one employee (the 7Eh and 8Eh units) have a lower race : l
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MEAN AIR RENEWAL RATES
' MARCH 1985
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: SUNSPACE I
: REFERENCE FACADE

: SUNSPACE 2

: DIRECT GAIN
: DOUBLE SKIN
: ALL GLAZED FACADE

: HYBRID FACADE

: DIRECT GAIN (IR FILM)
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SOL^R UN I TS OES ¡ 6NA T I ON

Mean air renewal raEes measured in March 19

8 solar uniEes. The percentage given on Ehe

represenE che gains in che air rener¿al rate

vtt Yll¡
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Ehe inhab i EanE,s .

Mean exE,ernal t,emperaE.ures : - I
l"lean wind velocity : .5 tò 7 .7

co 6.2 oC

The 6Eh trrit remained empEy so Ehrere is no measuremenc with inhabiÈanEs.

CONCLUS IONS

85 for the
black bars
caused by

.8
m/s

SimulEaneous measuremencs rnlere

days wi Eh succes s . The cons t.anÈ
goals E,o be reached :

Ëaken in up co I0 locations during,several
conCenE.ration meEhod allowed Èhree major

raEe in all che locaE,ions
beEween E,hê solars 'uni 

E,s

To measure E,he air renewal
To det,ermine E,he Eransf ers
corridor
To measure t.he
rate.

ànd the

ef f ecrs of inhab'itants lon che cotal "air.inf ilc,ration
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