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The aim of the article is to establish the necessary air exchange rate in the room at the
principal production carbon dioxide calculation and experiment. In order to determine the
necessary volume the air flow was made more experimental measurements in selected rooms.
From the measured data of concentration CO, by combination of graphic method and
mathematical formulas we can determinate the required air flow which meets the hygiene
requirements. The entire computation we can see on the example.
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MeTo10 cTATTi € BCTAHOBJEHHS1 HeOOXiIHOro PpiBHSI KPaTHOCTI MNOBITPOOOMiHY B
NpuMillleHHI HA OCHOBI po3paxyHKiB KOHIEHTPALii ByIJIeKHCJIOr0 ra3y Ta eKcepuMeHTAIbHO.
Jas1i BCcTaHOBJIEHHS HeoOXiZHOro 00’€My MOTOKY MOBIiTps Oy 3po0JieHi eKcrnepuMeHTAIbHI
3amipu y o0paHux npuMimeHHsnx. 3 BUMipsiHuX JaHuX moao kounentpauii CO,y komOinamii 3
rpagiyHo0 METOOAMKOI0 Ta MATeMATHYHMMH (opMyJIaMM MOKHA BH3HAYMTH HEOOXiIHY
KPaTHiCTb NOBITPOOOMiHY, IO 3ad0BOJIbHSIE Tiriemiyni BuMoru. Po3paxyHok cynpoBo-
IKY€ETHCS NPUKJIAT0M.

Ku104oBi ¢jI10Ba: KOHIEHTPAaLisl BYTJIEKHCJIOI0 ra3y, BeHTHJIANLis, OTIK.

Introduction

According to EuroACE [1] are 57 % energy used in building heating, 25 % for heating hot water,
11 % for lighting and electrical appliances a 7 % for cooking. Improving the thermal properties of building
and Improving air tightness of building, there is a change of air quality in buildings — without mechanical
ventilation to a deterioration of air quality. People living in the room can not guess the momentary air
guality. Ventilation is provided by subjective feelings. The low-energy and passive houses is about 80 % of
the total heat consumed to heat the fresh air needed for living persons.

Measure the concentration of carbon dioxide

In the course of the research has been detected in the selected room (office for one people) measuring
indoor environment parameters: temperature, relative humidity and carbon dioxide concentration.

Considered room: Office in the five floors building on the second floor. The Office has the
dimensions: length 5,63 m, width 3,4 mand height 2,72 m.

In the room is one window with dimensions: height 1,75 m and width 1,1 m. the internal volume of
the room is 52,07 m® and the floor area of the room is 19,14 m? In outdoor environments was the
concentration of CO, Csyp=380 ppm. During the measurement were in the room one adult person.

Measurement of the parameters of internal air: temperature of air, relative humidity
and concentration of CO, was realized in winter from 1.2.2013 to 2.2.2013. For measurement of
concentration of carbon dioxide was used sensor concentration of CO,: C-AQ-0001R working by NDIR
method. For measurement the temperature and relative humidity was used thermo-humidity meter S3541.

For mathematic definition of process concentration CO, from measured data was very important
provide ideal conditions during the measurement. In addition to the measured internal parameters of air
was clock data of parameters of outdoor air like temperature outdoor air and wind speed too. The data are
manipulating on intensity ventilation by infiltration.
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Measured data of internal air are documented on the next picture. Form measured parameters is
possible watch how the same with growing concentration CO;rising relative humidity too. If we want
mathematically describe all process on the picture is necessary deal the chart for two main independents

P

sectors and that are:
— Rising concentration CO,, the time when is in the room resource of the pollutants — sector A-B,

— Ventilation of room by infiltration, when is not resource of the pollutants in the room — sector B-C.
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Fig. 1. Plan of the office with an indication of sensor concentration CO2

Analysis the concentration of carbon dioxide
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Fig. 2. Process of concentration CO, — separation on sectors
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In sector A-B come into being to raising concentration CO,, where the main resource is human.
Rising of concentration CO, can be expressed by the formula [2]:

Oms —Qv
Cppr=Cqpp+—=- 1l—exp -t
IDA SUP VM

Where: Cipa - concentration CO, in air in the room in the time t [mg/m3]; Csup - concentration CO, in

supply air in the time t [mg/m®]; qms — weight flow CO, in the room form resource the pollutants [mg/s]

gv — volume flow of air necessary by ventilation of room [m*/s]; Vy — volume of room [m?]; t — time [s].
From listed parameters we know volume of the room, time of concentration CO,, time of

concentration CO,, concentration CO, in units ppm, which we need to recount to units mg/m®. Unknows

parameters are for us volume flow of the pollutants and volume flow fresh air, which permeate into the

room by infiltration.

, [mg/m°] (1)

The determination of intensity ventilation by infiltration
from measured drop of concentration CO,

In sector B-C in room isn’t any person so we can consider with zero production CO,. Enhanced
concentration CO,, which was caused by presence of aperson (sector A-B) in sector B-C gradually
reduces by influence uncontrolled ventilation by infiltration. Whereas during the reduction of concentration
CO, limited condition was changing (temperature outdoor air and wind speed) which were impacting on
process of infiltration is necessary determinate intensity of ventilation form measured values concentration
CO..

Intensity of air by infiltration in considered room we determinate from function drop of
concentration CO, in independence of time.

C -C

IDA,B SUP — e—nt ) (2)
Cibac = Csup

By edit of equation we expressed intensity of ventilation by infiltration:

n= 1 In Cias ~Csup
t CIDA,C _CSUP
Where: n — intensity of ventilation by infiltration [1/s]; Cipag - concentration CO, in room on the
start reduction concentration [mg/m3]; Cipac — concentration CO, in room at the end of reduction
concentration [mg/m’]; Csue — concentration CO, supply air in the time [mg/m’]; t — time reduction
concentration CO; [s]
Substitution parameters the air:  Cypas= 2 288 mg/m®; Cipac = 1752 mg/m®;
Csup =683 mg/m® t =7200s
e 1 In Cioas — Csup _ 1 In 2288 —-683
t  Cpac—Csp 8100 1752-683
Volume flow the air calculating volume flow of air we calculate from detected intensity ventilation
by infiltration and volume of the room:

g, =n-V,, =0,00006-52,07 = 0,0029 m®/s (5)
From measured concentration CO, was calculated intensity ventilation by infiltration n= 0,00006

1/s. next was calculated volume flow of air gy = 0,0029 m/s, by whom was into the room uncontrolled
supply fresh air by infiltration.

, [1/s] €©)

=0,00006 1/s. (4)

Determination mass flow of CO2

In the office was exercised work by one person in a sitting position, which produced CO, by
breathing. For the expected average 0,5 liter volume of breath / exhale and for intensity of breathing from
12 to 20 breath per minute was calculated mass flow carbon dioxide.

Actual production carbon dioxide by breathing of person in the office we find graphically form the
picture 3, where is for all the intensity of the breathing according to formula lcalculed process of
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concentration CO,. On the picture with calculated process of concentration CO, je plotted course the actual
measured value CO.,.

From the submitted curves is possible to observe, that actually production of the pollutants is
corresponding to the intensity of breathing 15,5 breath per a minute, with which is corresponding
produced mass flow of carbon dioxide 10,15 mg/s.

From graphic subject is possible to observe the course of concentration of CO, by different mass
flow carbon dioxide. A person working in the office produces 10,15 mg/s.
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Fig. 3. The course of concentration CO, — according to intensity breathing

Determination volume flow of fresh air

Volume flow of fresh air we determinate similar graphically from course concentration CO, By
making course concentration CO, we use a formula 1, to which we substitute determinate mass flow CO,,
volume of the room and calculated started concentration CO,. The calculation we perform for all hour and
for different intensity of ventilation. The result is necessary adjusted so that the resulting value of
concentration CO, was determinate in units’ ppm. For our case are all results shown on next picture.

If we have required level of CO, together 1 000 ppm, next form the picture we are looking for
course of concentration CO,, which do not exceed the limit of the 1 000 ppm. In our case is it course of
concentration with an indication of intensity ventilation 0, 7 1/h.

This method is enough exact but on finding necessary intensity ventilation is very hard and long.
The resulting value of intensity ventilation we compare with values intensity ventilation obtained from
other sources: legislation and applicable standards on the Slovakia.

Conclusion

According to the measured data of concentration CO, and calculated value of intensity ventilation in
considered room is possible allege, that the result is the closest to actually necessary intensity of ventilation
according to STN EN 13 779, where standard for all category of air IDA 2 determinate volume flow
outsides air per person 45 m*/hour — after calculated 0,86 — multiple exchange of air in the room.

Needed value ventilation rate detected by measurement is 0, 7 — multiple air exchange per hour in
room. Calculated value meets from listed methods only calculation according to standard STN EN 13 779.

72



2000

p— -

& 1500 11 1,11/h -
Ve

é ——131h s
O 4
c /
S ;
8 2 PP _
;T
c e
<] /s
S 1000 -

500

01 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
time (hour)

Fig. 4. The course of concentration CO, — for different ventilation rate

1.60

144

1.20

1,00

4,80 1

Uﬁu m . I . I . I . . . I . E

STHEM 15 STM EN 5TH EN 5TH 73 Motice  Direction sf According to
251 13779 137749 0544-2 364/2012 natien the
391/2006  measurad
data

verntilation rate {1/h)

= = =]

g - =

=] =] =
| |

Fig. 5. Compare of ventilation rate
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