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Kokkuvote

Kéesolevas maéistritﬁﬁs uuriti maailmas kiillaltki levinud, kuid Eestis vihe kasutatud
mirkegaasi meetodil Shuvahetuse ja selle efektiivsuse mddtmist. Peamiselt keskenduti
kontsentratsiooni languse meetodile, kuid uuriti ka konstantse doseerimise meetodi alla
liigituvat ainevahetusliku CO, meetodit. Mérkegaasina kasutati siisihappegaasi, sest see
on lihtsasti mdddetav, suhteliselt odav ning fiiiisikaliste omaduste poolest kiillaltki
lihedane Shule, mis on mérkegaasi valikul oluline tingimus. Mirkegaasi doseerimiseks

kasutati kuiva jadd, mis ruumis aurustati.

Laboratoorsete mddtmiste kdigus moddeti fikseeritud Shuvooluhulgal kontsentratsiooni
languse meetodil huvahetust ja selle efektiivsust erinevate sissepuhketemperatuuride ja
Ohujaotusviiside korral. Analiilisi tulemusena selgus, et nimetatud tegurid méjutavad
teataval médral modtetulemust, kuid keskmiselt 12 protsendiline erinevus seadesuurusest
kinnitab autori hinnangul meetodi sobivust Shuvahetuse md&otmiseks. Ohuvahetuse
efektiivsuse mootmisel tuvastati, et lacaluse liibuva Shujoaga on voimalik saavutada
ideaalselt segunev Shuvahetus, seejuures on tShusam madalam sissepuhketemperatuur.
Laminaarsete Shujaotajatega tdrjuvale Shuvahetusele teoreetiliselt vastavat Shuvahetuse

efektiivsust ei saavutatud.

Testmaja tingimustes moddeti iihtlasi kolme ruumipshise ventilatsioonilahenduse
Ohuvahetuse efektiivsust. Uui"itud siisteemid olid regeneratiivse soojustagastiga
paarisseade Inventer 14R, rekuperatiivse soojustagastiga Meltem M-WRG-K agregaat
ning virskedhuradiaator Purmo Air kombineeritult mehaanilise viljatdmbega.
Madtetulemused néitasid, et olenemata kasutatavast ventilaatori vdimsusest toimub kdigi
nimetatud seadmete puhul ruumidhu tdielik segunemine. See niitab, et Shuvahetuse
efektiivsuse seisukohalt sobivad need ruumip&hiseks kasutamiseks. Kiill aga ei taga karge

Shuvahetuse efektiivsus automaatselt ruumis head siseshu kvaliteeti.
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To66 kiigus teostati mirkegaasiga mdotmised ka loomuliku ventilatsiooniga korterites,
kus selgus, et dhuvahetuse efektiivsuse seisukohalt on oluline sisemiste uste asend.
Suletud ukse korral oli magamistoa lokaalne 6&huvahetuse indeks segunevale
ohuvahetusele vastavast kuni 39% vorra madalam, avatud ukse puhul aga oli dhuvahetus
kogu korteri 15ikes iihtlane. Selle pdhjal jéreldati, et magamistoa dhuvahetust arvutades
peaks suletud ja avatud ukse korral efektiivseks ruumalaks arvestama vastavalt ainult

magamistoa ja kogu korteri kubatuuri.

Korterite 6huvahf:tust moddeti kontsentratsiooni languse meetodil nii kunstliku kui ka
loomuliku mérkegaasi kontsentratsiooni tGstmisega ja ainevahetusliku CO, meetodil, kus
efektiivne ruumala oli arvestatud vastavalt tilalpool kirjeldatule. K&igi kolme meetodi
puhul saadi vdrreldavaid tulemusi, mis kinnitab nende sobivust dhuvahetuse modtmiseks.
Loomuliku kontsentratsiooni languse meetodi ja ainevahetusliku CO, meetodi eeliseks on
see, et nende ldbiviimine ei sega inimeste igapdevast eluriitmi, vaid pohinebki korteris
esineval loomulikul CO, sisalduse &6pédevasel muutumisel, mis on tingitud inimeste

kodus- ja eemaloleku perioodidest.
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Voorkeelne resiimee

The Usage of C62 Tracer Gas Methods for Ventilation Performance Evaluation
Summary

The purpose of the thesis was to investigate the potential of using tracer gas methods for
ventilation air change rate and effectiveness measurements. Tracer gas methods, despite
being rarely used in Estonia, are common practice for assessing the performance of
ventilation systems in many countries. The objective of the paper was to study the
concentration decay method in detail and provide a valuable insight into the application
of metabolic constant dosing strategy. Carbon dioxide was used as a tracer gas because it
is easily measurable and relatively cheap compared to other potentially suitable tracer
gases. Furthermore, the physical properties of CO; are rather similar to air, which is an
important condition for selecting tracer gas. Frozen CO, (dry ice) was used for tracer gas

dosing.

Air change rates and effectiveness were measured in laboratory conditions using
concentration decay method. The measurements were conducted on the fixed air supply
rate with various supply air temperatures and air distribution strategies. As a result of the
analysis, it was concluded that those parameters had a certain impact on the outcome of
the tracer gas air change rate measurements. The average difference between the setpoint
value and the test results was 12%, which can be considered small enough to indicate the
applicability of the tracer gas concentration decay method. The test results for assessir}g
air change effectiveness showed that nearly ideal mixed ventilation was achieved with
horizontal supply air jet from the overhead air diffuser. Furthermore, lower supply air
temperature increased the air change effectiveness. On the contrary, the desired
theoretical effectiveness of displacement ventilation was not achieved by using low-

velocity laminar air distribution,
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In addition, the air change effectiveness of three different room-based ventilation
solutions was measured in the test environment. Tested systems included Inventer 14R
and Meltem M-WRG-K air handling units and Purmo Air ventilation radiator, which was
‘combined with mechanical extract ventilation. The test results confirmed that all three
solutions were capable of producing fully mixed ventilation. The air change effectiveness
was not affected by the variation of the fan speed. This can be considered as an indication
that all three systems studied in this thesis are suitable for room based exploitation. It
should be noted that high air exchange effectiveness is not the only criteria for providing

good indoor air quality.

Tracer gas measurements were carried out in naturally ventilated apartments as well. The
test results indicated that the position of the inner doors significantly affects air change
effectiveness. The local air change index in the bedroom with closed door was up to 39%
lower than it would have been in the case of fully mixed ventilation. When the bedroom
door was open, the local air change indexes were the same throughout the whole
apartment and in correlation with .‘fully mixed ventilation. Based on the that, it was
concluded that the effective volume of the ventilated zone depends on the door position.
Consequently, when calculating the air exchange rate in the bedroom with closed or open
door, the effective volume used in calculations should be only the volume of the bedroom

and the volume of the whole apartment, respectively.

The measurements of air change rate in apartments were performed using three different
methods. Concentration decay method was applied with both artificially and naturally
increasing the concentration of tracer gas. Metabolic CO, emission was the source of
tracer gas in the latter case. The air change rate was also calculated using metabolic
constant dosing method with the effective volume being chosen based on the principal
described above. All three methods ‘produced comparable results, which confirmed the
applicability of the studied techniques for measuring air exchange. Unlike other
measuring procedures, metabolic methods, which utilize the daily fluctuation of CO,

concentration in apartments, have the advantage of having no impact on the everyday life

of tenants.
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