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The paper focuses on the natural ventilation research of space through windows. The
various ventilation strategies were examined in relation to the number of open windows and
ventilation geometry ergo air flow distribution. The numbers of chosen air flow distributions
in spaceare2. Thefirst air distribution flow presents a simple ventilation distribution with one
open window and the second is cross ventilation by 2 windows on opposite sides of the building
envelope. The measurements were performed for the purpaose of monitoring of carbon dioxide
(CO,) concentration decreasing, which is on value level over 1200 ppm, to value level of
500 ppm up to 530ppm in relation to speed of decline, thus a time duration of ventilation. The
level of CO, concentration exceeding the value 1200 ppm represents values, which do not meet
Code requirements of European standards STN EN 15251 and STN EN 13779. The considered
CO; concentrations of 500 ppm up to 530 ppm meet first category of European standards STN
15251 and also represent values at about 100 ppm above background outside CO,
concentration. The measurements were performed by using of Testo 435 instrument and took
4 days. The aim of the measurements was to determine the simple but effective strategy of
ventilation for the operation of the apartment space and to achieve the Code values of CO,
concentration and thusfor the purpose the indoor air quality improving.
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BEHTWJISAIISA B KBAPTHUPI
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CrarTs PoKyCY€eThCSI HA TOCTiTzKEHHAX MPUPOAHOT BeHTUIIsALIL yepe3 BikHa. Po3riasinyro
Pi3Hi cTpaTerii BeHTHAALIT 040 KiTbKOCTI BiIKPUTHX BiKOH Ta reoMeTpii BeHTHIALII. Ynciao
BUOPaHUX PO3MOALTIB MOTOKY MOBITPSI B MpocTopi ctaHoBuThH 2. [lepmnii moTik moBiTpsinoro
po3noaily — e NpocTuii BeHTWISUIIHUA Po3moaia 3 oAHUM BiAKPUTHUM BiKHOM, a Apyrui —
TepexXpecHo0 BEHTHJISINIEID Ha 2 BiKHA HA NMPOTHJIEKHUX CTOPOHAX Kopmycy. BumiproBanns
MPOBOIMJIM 3 METOK) MOHITOPMHIY 3MeHIIEeHHs KOHueHTpauii ABookucy Byriaemio (CO,), mo
Ha piBHi 3HavYeHHs OLibme Hizk 1200 ppm mo 3Hayenns 500 ppm mo 530 ppm BinHocHO
IIBHIKOCTI 3aHenaxy, TAKUM YHHOM, TPHBATICTh Yacy BeHTHJsinii. PiBenb koHnenTpanii CO»,
mo nepepumye 3HadyenHs 1200 ppm, BixnmoBinae 3HaYeHHsAM, sIKi He BiINMOBiTalOTHL BUMOram
esponeiicbkux cranaaptiB STN EN 15251 ta STN EN 13779. Posrasinyra konuenrpauisi CO;
Bin 500 ppm o0 530 ppm BixnoBinae nepuriii kareropii eBponeiicbkux crangapris STN 15251,
a TaKOK CTAaHOBHTH Mpuom3Ho 100ppm nax ¢ponom no3a kouuenrpaunicro CO,. BumiproBanns
NMPOBOIMJIM 32 10NMOMOTrow npuaany 1esto 435 ta tpuBanu 4 aui. Merow BUMipIOBaHb 0YyJ10
BU3HAYEHHS MPOCTOi, aje epeKTUBHOI cTpaTerii BeHTHJSIIl A eKcIIyaTainii KBAPTHPHOTO
NMPOCTOPY 3 METOI MOJIINMIIEHHs AKOCTi MOBITPSl Y NPUMIllleHHi.

KurouoBi ciioBa: KpaTHicTh moBiTpooOMiny moBiTpsi, ABookuc Byriaenw (CO2), sikicTh
noBiTpsi B npumimensi, | AQ.
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I ntroduction The carbon dioxide (CO,) isa major component of air in relation to indoor air quality. The
quantity of carbon dioxide in the air is variable, but mainly in indoor spaces with people (Space users), that are
the source by their breathing process. The content by volume ingredients in the air is about 0,03 %. The
concentration of carbon dioxide is generaly influenced by ventilation. Most apartment buildings in Slovakia
have not implemented mechanical ventilation. Residential buildings are limited only to the infiltration of natural
ventilation through window openings. Such a method of natural ventilation (uncontrolled ventilation) obviously
does not provide sufficient air exchange rate [1-4]. On the other side it represents a significant initia
investment savings to controlled ventilation. Of course, the energy costs to operation are only those that are
related to the infiltration of heat loss in the given space. The answer is a Strategy of modern, compact hest
recovery and ventilation systems. This type respectively ventilation strategy, but also for heating purposes is
nothing new. It used for years in commercial office buildings, where for this thing the financial space is created.
Also it is not news that considerably saves operating codts for ventilation and heating with a strong return of
costs [5]. The studies show, that when in the rooms increases concentration of CO, over the value of 1000 ppm,
then approximately 20 % persons fed discomfort. Discomfort is caused by emissions coming from breathing
and perspiration persons. In order to determine the required ventilation rate can be used theoretical knowledge
for calculation determining the air volumetric flow [6-10].

Objectives of research This case, the experimental measurements were performed in order to
quantification of gaseous pollutants — CO,. M easurements were carried out in the heating period (winter) in
apartment flat in one room during 3 days. From measured data concentration of CO, is possible calculated
therequired air flow and consequently ventilation rate. Ventilation rate must provide hygiene regulations.

Research conditions Type of measurement room is bedroom in apartment building. The room is
located on the 6th floor in the 8 storey building. The size parameters of room are mentioned in Table 1.

Table 1
Theroom dimensions
Room dimensions
Width, (m) Length, (m) Height, (m) Room area (m?) Room volume, (m°)
2.78 4.65 2.8 12.9 36.2

During the 3 day of measurements were three persons (occupant) in apartment in common operation
mode. There were two adult persons and one 2-month child. The geometry of room and location in the
frame of apartment are presented in Figure 1. The measurements were performed at 3 research alternatives —
1 continuous measurement during 3 days, but where during the 3 days the 3 ventilation modes were

realized (3 modes). The schemes of ventilation modes in apartment areillustrated in Figure 2 and Figure 3.
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Fig. 1. The geometry of apartment and room
location in the frame of apartment
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Ventilation Mode 1: The first day was realized measurement, which began at 8:00 in the morning.
The measurement runs during standard daily operation cycle of young family with a small child, who slept
in the measurement room. At the time of ventilation was room empty. The room ventilation was realized
only by opening of windows — wide open. The time of window opening was 45 minutes in the morning
(8:30-9:15) and window opening was 45 minute in the evening (20:55-21:40). The door to the room was
closed, aswell as all the other doors and windows in the apartment, Figure 2.
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Fig. 2. The scheme of ventilation — mode 1

Ventilation Mode 2: The second day measurement continues permanently from first day. The
measurement runs during standard daily operation cycle of young family with a small child, who slept in
the measurement room. At thetime of ventilation was room empty. The room ventilation was realized only
by opening of windows — wide open. The time of window opening was 30 minutes in the morning
(9:20-9:50) and window opening was 10 minutes during afternoon (13:25-13:35). The door to the room
was open and also window on north side of apartment was open — cross ventilation, Fig. 3.
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Fig. 3. The scheme of ventilation — mode 2
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Ventilation Mode 3. The third day measurement continues permanently from second day. The
measurement runs during standard daily operation cycle similar to day 1 and 2. At the time of ventilation
was room empty. Theroom ventilation was realized only by opening of windows — wide open. The time of
window opening was 15 minutes in the morning (8:00-8:15). The door to the room was open and also
window on north side of apartment was open — cross ventilation, Figure 3. The ventilation mode 3 is
similar to mode 2, but distinction is only in time of window opening (mode 2 — 45minutes, mode 3 — 15
minutes).

Results. The results of all 3 modes of ventilation are presented in Figure 4 (graph). From the results
of measurements of all 3 modes it is evident, that CO, concentration in the night is still increasing at a
maximum, whereas at night the room is fully occupied and ventilated only by infiltration through the
window gaps, thus the window is of course closed. Time ventilation by open window 45 minutes
respectively 30 minutes was not random.

In mode 1: It was time 45 minutes, when we reached almost outdoor background concentration
450 up to 500ppm. To reach real outdoor background concentrations 390 up to 400 ppm was according to
given the operational requirements of families with a small child in time but also with regard to
temperature stability, unreal (already very low temperature in the room). Subsequently, the concentration
of CO, has increasing to value 2200 ppm during the day. By ventilation of room in the evening, we have
decreased the CO, concentration to 500 ppm again, even though the concentration at night increase to its
maximum values up to 2600ppm, which are really unfavorable values in relation to air quality, but also in
relation to current valid Standards STN EN 15251, STN EN 13779, as well as other national regulations
and directives [11], [12].

In mode 2: It was time 30 minutes, when we reached almost outdoor background concentration
450 up to 500 ppm. The distinction is in time, when in mode 2 was value reached already in 30 minutes,
instead of 45 minutes as in mode 1. In afternoon was realized also fast cross ventilation which takes 10
minutes. Total time of ventilation in mode 2 was together 45 minutes as in mode 1. At evening was not
realized cross ventilation asin mode 1. Instead of this, it was not possible to reach lower CO, concentration
at night in mode 2, when was room fully occupied as in mode 1.

In mode 3 — similar to mode 2: By cross ventilation for 15 minutes in morning, only background
CO; concentration at value 650ppm was achieved and subsequently CO, concentration goes sharply up.
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Fig. 4. The carbon dioxide concentration process during 3 days.
(1 day/Mode 1 2 day/ Mode 2 3 day/Mode 3)

Conclusion. From this initial study and measurements mentioned, that time ventilation, process
ventilation and ventilation rate influence not only on the level of CO, concentration but also to fact, how
fast we know to achieve background concentration. Thus, it has also an impact on the final energy balance
of given room.
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We ventilation strategy influences the future development of the concentration over time and thus
theindoor air quality. The results have shown that the mode 2 is slightly better ventilation strategy as mode
1. Night concentrations were moderate. Mode 2 is not taken to the comparison, because it represents short
shock ventilation and from point of view starting background concentration, there are not similar
conditions of total time duration of ventilation.

Further research will deal with dependence of the CO, concentration decreasing over time, but also
onindoor air temperature in room.
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