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ABSTRACT

The Solar ZInergy Research Institute (SERI)
has developed a nultizone infiltration
nonitoring system {(MIMS) using a single
tracer gas. MIMS neasures zcnal {nfiltra-
tion and exfiltration as well as iater-
zonal air movement rates. The system has
been used at the &4-zone test house at the
SERI interim <ield site, and this paper
presentz preliminary rasults. The present
system can determine =zonal infiltration
ratas, 4and the =zasults show siznifi
diffarences in infiltracion rates I
various zones.

1. INTRODUCTION

An understanding of the basic thermoohysi-
cal »orocesses in buildings is necessary
hefora one can nake accurate pradictions
of anergzy loads and flows. Many heat flow
mechanisms in buildings have been ade-
quately deseribed, and can be modeled
quite accurately with existing algorithms.
Howevar, gseveral other such naechaniswos
axtramely flaportant to  buildiag  2nerzy
Slows are neither well understood aor ade-
quately deseribad. These iaclude heat
transfer uasing natural air asovement,
ground coupling, and diffuse sky radia-
cion. This paper describes work doune on a
sygtem to monitor interzonal air movement
and infiltration ratas in a multizoned
building using a siangle tracer zas and a
single instrument to neasure the tracer
gas concentrations.

2. PREVIOUS WORX

There are several methods and variatiouas
thereof that directly and indirectly nea-
sure air {afiltratcion rates {n buildings.
These techniques are generally classified
ag blower Joor and tracer zas nethods.

The »lower door nethod uses a fan, u1sually
1ountad in a frame that raplaces an axte-
rior door, to prassurize ot deprassurize a
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huilding. The air pressure differences
hetween the insgide and outside of the
Suilding and the corresponding air flow
rates through the fan are measured. The
air Ilow rates are deternmined by using fan
curves and rpm neasurements (1) or a cali-
brated nozzle at the inlet o the Zfan (2).
The Zndoor/outdoor pressure diifsrances
and the air Ilow rates are compared, and a
measure of the building’'s tightness, such
as the effective crack area, is calculated
by using a simple mathematical nodel [see
@.g., Sherman (3)]. These results can
then be ugsed to calculaze air infiltration
rates if iadoor/outdoor pressure diffsr-
ances are either assumed at some nominal
value (2) »r are determined from neasured
weather data (3). Blower door tests are
ralatively simple &5 oserform, and data
derived Irom chem can be used to oradic
whole building infiltration rates %o about
15%-30% as 2 ‘Sunction of time and weather
condicions (2).

Tracer 3zas methods involve introducing 2
3as into the air in a building and aneasur-
ing 1ts subsequent conc2ntration over a
period of time. Two tracer gas cechniques
are generally used. The decay method in=-
volves the iaitial iajectiomn of a tracer
zas and 7easuring its concentration over a
pariod of time. Single tracer 3zas decavs
are useful for single mixed =zones {4).
Usin a2 multiple =tracer gas system thas
also "“een oproposed for wmultizone dHduild-
ings (3), but no results f‘rom these svs-
“ems have been published £5 our wowledge.
These systems require using a separacs
“racer gas measuring instrumen:z Zor =2ach
3as.

The continuong Iafilzracion monitoring
system, devaloped at Lawrence 3Berkelay
Llaboratory, is another tracer zas aeth-
cd (5). The =quipment and softwars used
in this technique continuously monizor the
tracer gas concentration in a building
volume and constantly {nject 2nough tracer
33s to keep the concentrasion ralacively
leval. This =znethod has nicronrocessor-
contrilled hardware and can Se ased o
obtain single-zone f{anfiltration data over
1 relatively long pericd of time.



Tracer 3as methods gzenerally use either
chromatographs (5) or {infrared aspectral
analyzers [e.g., see Strong (3)] o wumea-
sure 3zas conceatrations. Typically, the
measuring Iinstrument 1is installed at the
building being monitored, and gzas samples
entar the machiane »y pumps and tubiag (6).
Variations include using plastic bags to
collect samples at remote sites for later
analysis with a chromatograph or spec:ral
analyzer (7). Tracer gas techniques can
nroduce accuracies on the order of
=107 (4).

3. A SINGLE GAS MULTIZONE SYSTEM

Our gzroup at the Solar Znergy Rasearch
Ingtitute (SERI) is ianvolved in bhoth Class
A instrumentation of multizome residential
building and wvalidation of building snergy
analysis simulacion codes (8). After
invescigazing existing :echniques for nea-
suring iafiltration rates, we discoveraed
chat no affordable method was available to
crovide the dertailad air movement informa-
tion needed for these tasks. Blower door
and siangle tracer 3zas techniques gzave, at
best, iafiltracion rates for a siagles
aixad zone. Multiple tracer gas tach-
aigues provide encugh detailed informa-
tion, Hut require several <ralatively
axpensive gzas detectors. We decided to
develop 3 system with multizone iantiltra-
tion and air exchange measurament capabil-
ities, wvet with only a siagle infrarad
spectral analrzer as a zas concencration
detector.

The multizone {nfiltration measurament
svstem (MIMS) was installed in our :tesc
house at the SERI *test facility ia Goiden,
Colo. The tast house is designed o pro-
~ida exparimencal data for all dominant
anergy transfar naechanisms in a typical
sut zontrollad, unoccupied residance. The
jata will e used iaitially *+o validate
public domain building enerzy analysis
zodes on both the overall systam and the
thermal 1echanism l=vel (8).

4. THEORETICAL 3A4SIS

schematic of the test house Is shown ia
ig. 1. including zone aumbers ) through %
wich zome 9 as the outside. 1Ia general,
if the same =:racar 3zas i3 introduced into
aach zoue {axcept oucside) and allowed to
decay, the ‘!astantaneous decay rats Zor
2ach zone would be:

3p: =
P S e (il
j=o

Pigure 1. Schematic of the Test Building
Showing Zone Mumbers

(d=outside)
whera
30 4
?:2 = the instantaneous concentration
: decay rate i{n zone 1
Cj-*i = the air flow rate from zone j to

zone i, Cj’i > 9

P ; = the tracer zas concentritions in
zone j, £, = 0

T = tinme.

Taitial concentrations » ;{0) ara arbi-
trary, being set chiefly” by =zeasursment
range. Hdence, Eq. 1 constitutes 3 sez of
four coupled flrst order, ordinary differ-
antial equations, which are lipear If Ct*j
is 2ssumed constant.

The p; values for =2ach zone czan be mea-
sured "as a2 functiom of time. If enough of
these neasur=2ments are aade, air flow
craces C.., can be determined using ragres-
sion :echniques. A five zome situation
requires thar 25 ¢, , terms be defined.
dowever, with our Lase building, we can
raduce this number. First, we scate
=0 .

o
19

—
(18]

ii
This aeans that a zone does 20t 2xchange
ai>r with ifkself. Secend, iz zan e seen
in Fig. 1 that zones 1 znd 3 Jo not ii

rectly communicate with 23ach ocher. Thus
we see

= c,_’3 & {) 2 [3

This lesaves 13 undefined C. ; za2rms. The
sroblem also can be reasonahly coanstrained
i one 2ssumes {ncompressibdble conditions
and conservation of mass far the air in
2ach zone; i.2.,

Ci“'j =

a1

Can b



S. SYSTEM HARDWARE AND SOFTWARE

The basic coufiguration of MIMS is shown
in Fig. 2. Basically, a minicomputer con-
trols sampling/injection valves and data
lines through a standard control and data
interface. The computar is a 250 Xbyte
MODCOMP CLASSIC wainisystsm, with wmain
peripherals including a 50-Megabyte disk
for data storage, 9=-track tape drive, and
line printer. SERI has developed soitware
te executa the bHasic ianjection/decay-
monitoring pattern shown in Fiz. 3. The
software allows parametars to be input as
desired to experimentally optimize the
system operation. The parameters typi-
cally used imply that =ach zone is sampled
about everv 20 ainutes, except when 3zas is
injectad. After each injection, data are
analyzed to detarmine the actual injection
rate. This calculated rate {s then used
5 comput2 the time needed to keep the
injection wvalves opea o bring the zone
concentrations all Dback ta zhe desired

aaximum at the next injection. In these
axperinments, 23il zomes are initiallized at
2 max = 225 opm and allowed to run several
1a3 n

hours {(usually 10-14 "ours) until any zone
Za2lls delow 25 opnm <’:1in)' Gas injection
then sccurs in all Iour zones.

We used an infraraed analyzer :to measuras
the =racar 3zas, sulfurhexafluoride (3F6),
concszntration in  the range $-250 oppm.
Instrument accuracy varies Srom about 5%
o 20%, depending on signal magnitude and
“ow the significant zero drif:t 1is ac-
counted for. The analyzer air input was
controlled by positive-closure solenoid
ralvasg. Wa installed a boostar pump on
the analyzer air ocutput 20 zroperly bhal-
ance the air flow ratas through the long
sanpling lines.

5. DATA ANALYSIS TECINLQUE

Jata, in the form of tracser zas zonceatra-
ticns, ars availabdle it a series of times,
sequenced through the Isur zones (see

Fig. 4). The parameters, C. ., in 2q. 1
i
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Figure 3. Flowchart of the Tracer Gas
Injection and Decay Monitoring

are subliesct rto the constraiats in Egqs. 2,
3, and 4 and are estimated using a con-
strained nonlinear parameter search tech-
aique. This technique afficlently finds
parametar sets that define local wminima of
the sum of the residuals between the cal-
culated and measured tracer gas coacentra-~
tions.

Zach C, , zerm generally is not a constant
over 4 period of time. The parameter
astimation technique will give average
values over a data sampling period. We
chose hourly windows as our period since
this fulfills the input needs of our vali-
dation work. We determined chat we needed
at least five sample concentration mea-
surements from 2ach house zone, 20 in all,
Zor a meaningful estimation of the 18 pa-
rameters. (The sampling scheme is shown
in Fig. 4.) Samples for =ach zone are
caken approximately 20 wminutes apart, and
samples Sfrom before the hour beginsg and
after it ends are used. Each sample point
in Fig. 4% 1is determined by taking several
measuraments over a faw ainutes and using
a regression technique %o derive a <oncen-
tration at the beginning of the period.

After sampling for osne hour, the window is
aoved one hour azhead in time. Each hour's
data can be used to estimate a complets
set of parameters C. ,. Thus, we can cai-
culata each air flow and infiltrzction rate
as an hourly averaged function of time.
The hourly averages for =zach flow path czan
se corralataed to measured weather data,

for axampla:
Civs *Adssg + 30y (T
o4 - - -

. . -
- 3:;_.5_(‘/39,) + lj«»-;_(
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Figure 4. Sample Data for One Hour, Four
Hours After All Zones Were Ini~
tialized at About 225 ppm

n

where

Aj*i’Bj*i'Dj+i’Ej*i'L’m’“
= constants

T, = temperature of zone 1

V.. = 2ast-west component of the wind

veloeclty

aorth=-south component of the

wind velocity.

-t
3
o
[}

“neca these ~orralations are deaveloped,
they can be used to axtrapolate to Zimes
outside of =zhe experimental sericd, >r to
interpolate to 7ill in gaps Iin the data.

7. STATUS OF RESULTS

We van WIMS ia the Class A test house dur-
ing the spring of 1982. We operated the
svstam 30 =hat SF6 concentrations after a
zas ralaase wers about 225 spm in each
zone. Analvsis of the data showed rhat
several of <ne hcourly air Ilow ratas could
22 consistently determined when the ra-—
zression search technique was started from
diifarent solnts {a :the 13-parametar space
(ses Fig. 3). In facz, these results weare
developed by using two starting polnts on
ten 3ets of consecutive hourly data.
These Zlow ratss were, In general, asso-
clated with the zreatast differance in SFA
concentrations Gtetween the zones. Since
fy = d, these include the infilitration
rates Jor =ach zone C_,,. It should Be
1otad that thase paths are also the most
important from 3 thermal poiat of view.
The other flow rates could wvary gzraatly,
depending on =zhe starting polnt for the
regrassion search.

8. TFUTURE WORK

We ara develoning an aporscach to incraase
the axperimental sensi:civity to all the

air flow rates. This iavolves iaitializ-~
ing tracer gas concentTrations at systemat-
ically different levels, thus ensuring
that large differences in concentration
exist between adjacent zones. {This
strategy involves only software changes.)
If chis approach is 1inadequate, the system
can easily be converted to a multigas sys=—

 tem usiag wmultiple gas detectors 1in

series.

9. CONCLUSIONS

MIMS has been used in a %-zone residence.
Praliminary results indicaze that zone-by-
zone Infiltration rates can be derived
using a single tracer gas, bat Interzonal
rates are generally not well determined.
Infiltration ratas 1in cthe various zcnes
differ greatly, implying that zone-by-zone
validation of computsr simulations is very
juestionable without some iaput of :the
infiltration characteriscics of each zona.
Work is proceeding to ‘etter Jdetermine
interzonal rates. This will open the door
o the study of natural conveciion from
nhigh insolation zones, such as sunspace or
direct zain desizns.
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