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Coboroani y OyniBeabHiil ramysi € TenaeHuia oyayBaTu OyaiBJji, siki CHOXKUBAIOTH MAaJio
eHeprii. /i 3HMKEHHSI TeMJIOBTPAT OyAiBesi TeMJIOI30II0I0THCA, a TAKOXK 30LIBIIYETHCH
repMeTHYHicThL OyaiBejb. BHacainoxk moJiniieHHsi NOBITPOHENMPOHMKHOCTI OyaiBeab
BinOyBaeTbcsl 3MiHa sIKOCTi MOBITPSI BeepeauHi mpumiliensb. be3 npupoanoi adbo MexaniyHoi
BEHTUWJISILII CHOCTepPiraeTbCcsi 3HaAYHe MOTipPIIeHHs1 SAKOCTI MOBiTpsi Yy mnpumimenHi. s
NiABUIEHHS SIKOCTI MOBITP B NpUMilleHHI BHKOPHCTOBYIOTH CHCTEMY HNPHMYCOBOI
MeXaHiYHOI BeHTWJIANIl 32 /J0NMOMOroI0 30HAYBAHHS BYIJIEKHCJIOro rasy. 3aBAsiIKH LbOMY
SIBHIIY € MOKJIMBICTb O0O04YMCIEHHS MAacOBOi BHTPATH BYIJIEKMCJIOIO rasy Ajisd Ppi3HoL
iHTeHcUBHOCTI podoTn y npuminienHi. Onucano o04YUCIeHHS MAacOBOI BUTPATH BYTJIEKUCJIOI0
rayy Ajsd Ppi3Hoi akTUBHoOcTi podoTm y kBaptupi. Po3paxyHok 3poOjeHo BiamoBigHO 10
peajlbHO BMMIpPAHOI KIJILKOCTI BYIVIEKHCJIOI0 ra3y B KBapTupi. 3a po3paxoBaHOI0 MacoOBOIO
BUTPATOI0 BU3HAYAIOTH HEOOXiIHY KUIBKICTh CBi2kOro mosiTpsa y kBaptupi. MeToro podotu €
BU3HAYeHHS1 HeOoOXiAHOI BUTPATH NOBIiTPA Yy NMpUMillleHHi HA OCHOBIi BHUMIpPIOBaHHSI BMicTy
BYIJIEKHCJI0T0 ra3y. BinnmoBigHo 10 o0uyuc/ieHHd MiATPUMY€EThCSI KOM(OPTHUI piBeHb AKOCTI
noBiTpsa y npumimenHi. Po3paxyHkoBa BUTpaTa NoBITPS MOBHHHA ONTHUMI3yBaTH KamiTalbHi
Ta eKCIUIyaTaliiiHi BUTpaTH BeHTUIsIUiliHOTO 00ManHanHsA. OpranizoBaHa BeHTHJISIIIS MOsKe
3aNpONOHYBATH HOBI TexHiYHi 3aco0M Il AKOCTI MOBITPA B NPHUMIllEHHAX KOMILJIEKCHHMX
oyniBesb. Hama wmera He TIIBKH NOJINMIIMTH €HEPreTHYHY e(QEeKTUBHICTh CHCTEMH
BeHTHJISANII, a i 3a0e3MeYnTH CIPUATINBE JISl 310POB’ 1 BHYTPIlIHE NMOBITPsAIHE cepeOBUILLe.

Kuio4oBi cjioBa: fikicTb BHYTPIllIHBOTO MOBITPS, ABOOKHC BYIJIELI0, MACOBA BUTPATA,
KBapTUpa.

Currently in the building industry is trend to build buildings consuming little energy.
For the aim reducing heat loss buildings they are building insulated and also air tightness of
buildingsincreases.. By improving the air tightness of buildings, thereis a change of indoor air
quality in buildings. Without natural or mechanical of ventilation there is a significant
deterioration of indoor air quality. For theraising of quality indoor air is optimal system with
demand-controlled ventilation using sensing of carbon dioxide. From sensing of carbon dioxide
is possibly calculated mass flow of carbon dioxide for various type of rooms and various
activity in them. In article is documented the calculation of mass flow of carbon dioxide for
various activity in the apartment. The calculation is elaborated as per real measured of carbon
dioxide in the apartment. From the calculated mass flow is calculated volume air flow
necessary for provision fresh air in the apartment. The aim of the paper is to determine the
needed airflow rate in an occupied room, based on carbon dioxide measurement. Accordingly
is calculation, in order to maintain a comfortable level of indoor air quality. The calculated
airflow rate should optimize the investment and the operating costs of ventilation equipment.
Controlled Ventilation has to offer new technical tools for the indoor air quality of complex
buildings. Our aim is not only improve the energy efficiency of the ventilation system, but also
to ensure a healthy indoor environment.
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Introduction. The trend in building construction area is to build living spaces with low energy
demanding. The aim of reducing the building energy consumption is mainly to save resources for building
operation but also to reduce the environment pollution. For the purpose, the buildings are more thermally
insulated, the air tightness of buildings increases and the rooms are without opening windows. This trend
requires a very quality and thorough design of building ventilation system, in order to prevent an
uncomfortable indoor environmental. The problem is that, when we try to reduce the outdoor air pollution,
it may occurs the deterioration of the indoor environment. Considering the today's society way of life, the
people spend more time in buildings and that is why we have to ensure a high indoor air quality. It is
therefore very important to ensure consistency thorough in designing of ventilation equipment for creating
a clean and healthy indoor environment.

This article refers to monitoring the carbon dioxide concentration produced by humans during their
stay in aresidential room and, after that, to determine the mass flow rate of emerging pollutants and, in the
end to calculate the fresh air volumetric airflow rate needed to ensure a healthy indoor environment.

Material and methods. The whole process of calculation is based on experimental measurements
performed in a three-room apartment with a 204 m® volume of air, occupied by four persons.
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Fig. 1. The apartment plan showing the volume of each room.

In each room it was measured carbon dioxide concentration and, based on these values, it was then
calculated the intensity the uncontrolled ventilation caused by leakages through building elements.
Considering these values known, in this paper is presented a method to calculate mass flow rate of the
increased pollutants and consequently, the required volumetric fresh airflow rate in every room of the
apartment.

Measurement of indoor air parameters. The measurements were carried out separately for each
apartment room. In every room the measurements were carried out during a whole week, from Monday to
Sunday. The aims of measurements was to find out the variation of indoor air parameters during each day,
while the apartment was occupied by a standard family. In Figure 2 is presented the measured average
carbon dioxide concentration of indoor air in each apartment room.
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Fig. 2. Average carbon dioxide concentrations for each room in the apartment.

From Figure 2 it can be seen that the maximum value of carbon dioxide concentration is establish at
night when people are asleep. During night hours sleep, all the doors in rooms are closed and no ventilation
is provided through them and similarly, the ventilation through all the windows is not considered. A
rapidly decrease of carbon dioxide concentration in the morning, after sleep, was caused by opening all the
windows in all rooms. After that, in the following hours of the day it is less concentration of carbon
dioxide in individual rooms. Theindoor air quality during the whole day did not reached to the same level
asoutside air. It is necessary to be taken into account the fact that in Figure 2 is presented the course of the
average value of CO, concentration, calculated on the base of carbon dioxide concentration measured
during the seven days of the week. It is clear that residents of the apartment were acclimated in the
apartment. The progressive deterioration of indoor air quality was very slow, so residents did not felt the
change in air quality and thus, they did not considered necessary to ventilate the room.

Pollutants (carbon dioxide) mass flow rate calculation. The main monitored pollutant in the
apartment is carbon dioxide. On the base of the measured values of carbon dioxide concentrations, there
were calculated the mass flow rate of carbon dioxide, which is released by each room. The mass flow rate
of pollutants was calculated by using the formula (1):
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where: s — mass flow of pollutants [mg/s]; gqv — volumetric air flow rate produced by uncontrolled
ventilation (infiltration) [m%s]; Cipaa — carbon dioxide concentration at the beginning of CO,
concentration increase [mg/m’]; Cipag — carbon dioxide concentration at the end of CO, concentration
increase [mg/m’]; Caup — outdoor carbon dioxide concentration [mg/m; t — time of CO, concentration
increase[s]; Vi — volume of the room [m?].
According to STN EN 13779, it is calculated the ventilation rate by using equation (2):
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The resulting values for pollutant mass flow rate and the necessary ventilation rate for each analyzed
room aregivenin Table 1.
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Tablel
The calculated values of pollutant mass flow rate

Ventilation Time of Concentration of carbon dioxide Mass flow Nec_es&_ary

Type of room rate Mmeasurement Oudoor At the Atthe | rate pf (?arbon ventilation
air start end dioxide rate

[1/h] El [mg/m?] | [mg/m’] | [mg/m’] [mg/s] [1/(h.pers)]
Hallway 0,40 1080 755 2032 4126 18 61
Living room 0,23 600 755 1752 2299 11 38
Children’sroom 0,11 1200 755 3883 3757 15 53
Kitchen 0,44 1080 755 1525 4371 26 89
Bathroom 0,52 720 755 955 2955 15 50

Based on carbon dioxide mass flow rate and on calculated volumetric air flow rate needed per
person, it can be determined the volumetric air flow rate needed for a proper ventilation in entire
apartment.

Discussion. From the calculated values of uncontrolled ventilation rate, caused by the leakages
through building elements, it can be stated that, in the apartment rooms, there is not the same natural air
exchange. Also, the calculated carbon dioxide mass flow rates are very different for each room. The
difference between the calculated values of mass flow rates is caused by the different activities devel oped
by rooms occupants. In the hallway, where the calculated mass flow rate is 18 mg/s, there were no
intensive physical activities such as slow walking and movement, storytelling. In the living room (mass
flow rate of 11 mg/s), there were passive activities such as resting in a sitting, reading books, watching
TV. In the children's room (mass flow rate of 15 mg/s), the physical activities were more
intensive. In the kitchen (mass flow rate of 26 mg/s), it occurs, in addition to other activities of persons,
the burning of natural gas for cooking. In the bathroom (mass flow rate of 15 mg/s), it was performed
movement only during washing.

Table 2
The effect of carbon dioxide concentrations on persons
Concentrations of carbon dioxide (ppm) The effect on occupants
330 - 400 Outdoor air —fresh air
450 — 1000 The pleasant feding - good level
1 000 —2000 Sleepiness- bad air
2000 — 5000 Possi ble headaches,

For each activity, it was calculated the volumetric flow rate of fresh air needed to ensure a healthy
indoor environment. It was assumed a maximum concentration of carbon dioxide of 1,000 ppm. If we want
to achieve a entirely hedthy indoor environment, we need a level of indoor air carbon dioxide
concentration as close as possible to the carbon dioxide concentration from outdoor fresh air (Table 2).

Table 3
Required volumetric fresh air flow rate

Necessary air flow rate [m*/(h.pers)]
for various carbon dioxide mass flow rates

Carbon dioxide massflow rate 11 mg/s 15 mg/s 18 mg/s 26 mg/s
1000 38 53 61 89
Indoor air carbon 900 46 64 74 108
dioxide concentration 800 58 81 93 136
[ppm] 700 79 110 127 185
600 122 170 197 287
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For a better understanding, it was made a graphical representation of required volumetric air flow
rate for different values of carbon dioxide mass flows rates (Fig. 3).
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Fig. 3. Volumetric air flow rate per person.

As it can be seen from the graphical representation, it can be concluded that, for a better quality of
indoor air we are going to need a bigger quantity of fresh air, whose volumetric flow rate will be increasing
logarithmically. As we presumed, that in the apartment live 4 people, we can make a preliminary
calculation for the needed fresh air flow rate in order to choose a proper ventilation system, working with
no unnecessary energy costs (Fig. 4).
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Fig. 4. Volumetric air flow rate per apartment

From the graphical representation of required volumetric air flow rate for the entire apartment, it can
be seen that, for a normal way of living inside an apartment, we need to maintain the carbon dioxide
concentration around 1,000 ppm. This means a proposed ventilation equipment with an airflow rate of
400 m*/h. For abetter indoor air quality, the proposed ventilation system must work with an airflow rate up
to 1,000 m?/h.
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Conclusions. In terms of room air cleanliness, the major source of pollutants inside an apartment are
the humans, which in every carried activity produces more or less pollutants. A healthy adult, which is
carrying out a moderate activity, inhales about 0.4 % of oxygen and exhales about 4 % of carbon dioxide
per minute. He inhales and exhales from 7.5 to 8 litre per minute, for about 15 breathe per minute. If he
perform an intensive physical activity, when it is necessary a bigger volume of oxygen, the inhale/exhale
volume increases.

From the experimental measurements carried out for determining the carbon dioxide concentration
in the apartment, it was establish the real course of indoor air quality during the operation of the apartment.
Based on the real values of carbon dioxide concentration, it was calculated the mass flow rate of pollutants
- in our case the carbon dioxide, for different types of activities carried out in the apartment. Further, from
the carbon dioxide mass flow rate, it was calculated the required volumetric airflow rate in order to reach
the demanded level of indoor air quality. For night resting (sleeping) of the whole family, it is required the
lowest volumetric fresh airflow rate (69 m*h) to achieve clean air (carbon dioxide concentration of 1,000
ppm). If we want to achieve a higher air quality, with a carbon dioxide concentration of 600 ppm, we need
avolumetric fresh airflow rate up to 222 m/h.

Similarly, for physicaly more demanding activities, the needed fresh airflow rate will be
considerably higher. For example, if the whole family will do the household cleaning, it will be needed
fresh airflow rate from 345 to 1,112 m*¥h. The cleaning process inside an apartment is not for along time,
so, there is no need to oversize the ventilation equipment for a such airflow rate. Normal activities carried
out inside an apartment are usually cooking in the kitchen, rest, study and similar domestic activities. For
this type of activities, in the apartment it is necessary a ventilation system having an airflow rate 269 m*h
of fresh air, to reach the allowed limit for air quality (carbon dioxide concentration of 1,000 ppm). If we
want to achieve a higher air quality, with a carbon dioxide concentration of 600 ppm, we need a volumetric
fresh airflow rate up to 866 m*h.

The results of this study take us to the conclusion that, if it is required a better air quality inside an
apartment, it have to choose a ventilation equipment able to introduce larger quantities of fresh air, with
higher energy consumption. This also leads to an increased level of energy for fresh air treatment (heating,
cooling, €c.).
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