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Abstract. This paper presents the documentary part of the study of the effect of human physical activity on the microclimate
of the premises. In gyms, ventilation requirements are higher than in conventional living quarters. Today, a lot of attention is
paid to a healthy lifestyle. In cities where the environment is polluted with exhaust gases of vehicles, it is not recommended
to go in for sports in urban parks. For this reason, a variety of simulators, including cycling, are used. When using
simulators, indoor air quality deteriorates. The purpose of the study is to determine the amount of pollutants released in the
room by means of experimental measurements and calculations, as well as determination of the required air exchange on the
basis of the determined quantities. Such low quality of the internal environment can cause a decrease in human productivity,
drowsiness, fatigue, and may also be the cause of various diseases. In this paper, an experimental measurement is
documented, during which various motor activities of one person took place — sedentary administrative activity and exercise
bike. Experimental measurements took place in two stages in winter. On the basis of the measured internal air parameters,
the required airflow is calculated for both cases. Measured indoor air parameters (temperature, relative humidity and
carbon dioxide concentration) are documented in figure. Estimates can be used to select equipment for conditioning in
gyms. On the basis of experimental measurements, we argue that the CO; concentration increases by 3.2 times in the case of

a stationary exercise bike compared to sitting work. However; atmospheric air (m* / year) — 5 times more.
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Introduction. When designing ventilation in
buildings, the designer is guided by standards and
rules that provide, inter alia, the necessary air in-
terchange indoors. One of these legislative acts in
Slovakia is the Decree 210/2016 [1], which sup-
plements and replaces Decree 259/2008 [2] on in-
door requirements. In decree 210/2016 [1] for chil-
dren and teens, the necessary microclimate para-
meters for training are also specified. It states that
the temperature of the air must be at least 15 °C,
the relative humidity of air from 30 to 70 %, and
the frequency of air exchange of the room 5 h".
The average daily rate is often used in 24 hours.
The quality of the exhaust air is considered satis-
factory if, in its composition, it does not endanger
the health or worsens the living conditions of
people in or around the building. Circulation of
ventilation air in a room should provide good vent-
ilation of people’s places of residence, reducing
the concentration of pollutants to values below the
maximum permissible concentrations [2].

This paper presents the documentary part of
the study of the effect of human physical activity
on the microclimate of the premises. For this pur-
pose, experimental measurements were carried out
indoors for various activities.

Problem. After replacing old windows with
new dense windows due to lack of ventilation,
room users may complain of increased fatigue,
headaches, and the like. In the premises for gym-
nastics and other sports activities, it is necessary to

monitor the provision of proper air exchange.

Aim of the work. The purpose of the study is
to determine the amount of pollutants released in
the room by means of experimental measurements
and calculations, as well as determination of the
required air exchange on the basis of the determ-
ined quantities.

Method. In order to determine the necessary
air indoors, we can use theoretical knowledge to
calculate the amount of air from the concentration
of carbon dioxide, which we can determine experi-
mentally [3, 4]. Measurements were made in an
area of 19 m? and an internal volume of 52 m’
(fig. 1). TESTO 435-4 + Testo 0632 multifunction
sensor was used to measure indoor air temperature
(temperature, relative humidity and carbon dioxide
concentration). Technical parameters of the meas-
uring device: measuring range from 0 °C to
+ 50 °C, sensitivity of the instrument + 0,1 °C and
the accuracy of the device + 0,3 °C. The relative
humidity range is 0 to + 100 % RH, the sensitivity
of the instrument + 0,1 % RH, and the accuracy of
the device +1,8% RH. The CO, concentration
range is from 0 to 10,000 ppm, the instrument’s
sensitivity is 1 ppm, and the accuracy of the instru-
ment is = 3 %. The operating temperature of the
measuring device is from — 20 °C to + 50 °C. The
device is located near to the centre of the occupied
area at an altitude of 0.8 to 1 m.

Experimental measurements took place in two
stages in winter. At the first stage in the room there
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was one person who worked on a stationary exer-
cise bike [5].
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Fig. 1. Scheme of the experimental setup:
a — the experimental room; b — the exercise bike [5]

After the room was cleaned, a second stage of
measurement was conducted, during which the
same person was in a state of rest.

The amount of carbon dioxide was calculated
according to the measurements of its concentra-
tion. Consequently, the necessary air exchange,
which meets hygiene requirements, is calculated.

Results. Measured indoor air parameters
(temperature, relative humidity and carbon dioxide
concentration) are documented in Fig. 2. From the
measured indoor air temperature, it can be ob-
served that the average air temperature is 22 °C.
The average relative humidity was 33 %, which,
according to Decree 210/2016 [1], is satisfactory.
The concentration of carbon dioxide (CO,) was
429 to 1 094 ppm, which is also permissible.

With the increase and decrease in CO, concen-
tration, we can observe certain actions that are per-
formed indoors.

As the CO, concentration, documented in
Fig. 2, can be observed:

* from 9:54 to 10:54, the CO,; concentration in-
creased from 415 to 1 094 ppm. An increase in the
concentration of CO, 11.32 ppm/min was caused

by work on the bike. At approximately 10:36,
there is a slight interruption in the increase in CO,
concentration due to acceleration of the bike from
17 km/h to 25 km/h.

e from 11:48 to 14:48, the CO, concentration
increased from 425 to 1054 ppm. Change in the
concentration of CO, at 3.49 ppm/min caused by
changes in human physical activity.

Changing the concentration of CO, shows that
when working on the simulator, the concentration
of CO, changes 3.2 times faster than when sitting.

Based on the methodology for determining the
volume flow of air on the basis of experimental
measurements [6-9], a mass flow of CO, was ex-
pected. The calculation is made during a time in-
terval of continuous increase of CO, concentration,
during the stay of occupants in the room. The pro-
cess is quantified below:

Cipst)=gunVe "'+ Csyp+

+ (Cipawy— Csup)e™ "' [mg/m3], (1)

where ¢, — CO, mass flow rate [mg/s]; n — ventil-
ation rate from infiltration [s ~']; V is room volume
[m’]; Csur — outdoor air CO, concentration
[mg/m’]; Cipae) — CO» concentration in the room at
the beginning of its increase at =0 [mg/m’];
Ciaw is CO; concentration [mg/m’] in the room
after the time interval ¢ [s] of continuous increase.

Then, a volumetric flow of fresh air was re-
quired to provide the required air quality. When
the CO, mass flow rate ¢, [mg/s] released by oc-
cupants is known, the total outdoor air volume
flow rate needed to ensure a healthy indoor cli-
mate in the room is

qv=(qm (CIDA — CSUP) [m3/5], (2)
where Cipa is indoor CO, concentration [mg/m®].

From the results presented in Table 1, it can be
argued that while sitting, 33 m*/h of fresh air is re-
quired to provide the necessary air quality (the re-
commended maximum CO, concentration should
be 1000 ppm), while training requires 30-40 %
more.

Conclusion. On the basis of experimental
measurements, we argue that the CO, concentra-
tion increases by 3.2 times in the case of a station-
ary exercise bike compared to sitting work. How-
ever, atmospheric air (m’/year) — 5 times more.
These calculation values are considered only for
one person who participated in experimental meas-
urements.

Acknowledgement. This article was elabor-
ated in the framework of the project VEGA
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Table 1
Estimated air exchange
Physical activity of a person Speed [km/h] | Mass flow of CO, [mg/s] | Air exchange [m’/h]
. . 17 12 43
Work on a stationary exercise bike
i 25 48 166
Seated administrative activity 0 9 33
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Annomayus. B cnopmusnvix 3anax mpebo6anus K SeHMUNAYUU 6blule, YeM 6 00bIUHBIX HCUnblx nomewenusx. Cezooms
bonbuoe BHUMAHUe YOenaemcs 300p0eomy 00pasy xcusHu. B eopodax, ede okpysicarowasn cpeda 3aepsA3HeHa GbIXTONHbIMU
2a3amu MpPAHCNOPMHBIX CPEOCMS, He PEKOMEHOVemcs 3AHUMAMbCS CROPMOM 6 20podcKux napkax. Ilo smoil npuuure
UCRONB3YIOMCA PA3TUYHbIE MPEHANCEDDI, 6 MOM YUCTe 6ellocuneonble. 1Ipu uCnonb308anuy MPeHajtcéPos Kawecmeo 6030yxa
6 nomewjenuu yxyowaemcs. ILlenvio ucciedosanus sAesemcs onpeoeieHue KoIUuecmed 3acpAHAIOWUX 6euecms,
BbIOPACHIBACMbIX 6 NOMeWeHUue ¢ NOMOWbIO IKCNEPUMEHMANLHBIX UCCIE006AHUL U PACYEMO8, A MAaKdice onpedeieHue
HeoOX00UM020 6030yX000MeHa HA OCHO8e Onpedenénubix Konuwecms. Huskoe kauecmeo eHympenmeli cpedvl MoOdcem
npUeCm K CHUMCEHUIO NPOU3BOOUNENbHOCHU Yel08€eKd, COHIUBOCMU, YCIMANLOCHU, A4 MAKX*Ce Modxcem 0bimb NPUYUHOL
pasnuunblx 3a6oneeanuil. B smou cmamve npusedenvt pe3ynomamul IKCHEPUMEHMATBLHO20 UCCTIEO08AHUSA, 8 X00e KOMOPO2O
UMenu Mecmo pasiuyHvle 0sucamenvHvle 0elicmsusi 00HO20 4eN08eKd — CUOAYAS. AOMUHUCTPAMUSHAS OesMETbHOCMb U
6€I0CUNEOHBINl MPEHANHCED. 3UMOLU  IKCNEPUMEHMATbHBIe UCCTe008aHUs NPOBOOUIUCy 6 06a 3mana. Ha ocHosanuu
UBMEPEHHBIX NAPAMempo8 GHYMPEeHHe20 6030yxa mpebyembvlll NOMOK 6030yXa paccuumvléaemcsi O0isi 000ux Cryuaes.
Oyenxu mozym Obims UCHONL3068AHbL O 8b160PA 060PYO08aHUA OJi KOHOUYUOHUPOBAHUS B030YXA CHOPMUBHBIX 3a108. Ha
OCHOBANUU DKCNEPUMEHMANbHBIX UsMepenuli noxaszano, umo xouyenmpayus CO; ysenuuusaemcs 6 3,2 pasa 6 ciyuae
CMAYUOHAPHOL0 ENOCUNEOH020 MPEHAXHCEPA NO cpasHeHulo ¢ pabomoii cuda. Oonaxo npu smom mpebyemcs - 6 5 pas
b0blUe HAPYIHCHO20 8030YXA.

Kniouesvie cnosa: KOMHANbl, MOMOPHAS AKNMUBHOCNIb, ya/ZEKMCﬂblﬁ 2as, 6EHmMuIAYUsl, CKOpoCcmb
nomoka
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Anomauia. Y cnopmusHux 3a1ax sumocu 00 8eHMUIAYIL Ui, HIdC Y 36UHAUHUX dcumaosux npuminyennsax. Cbo200HI genu-
Ka y8aza npudiiacmocs 300pOBOMY Cnocoby dcumms. Y micmax, 0e Ha8KOIUUWHE cepedosuiye 3a0pyoHeHe GUXTONHUMU 2a -
3aMu MPAHCNOPMHUX 3Ac00i8, He PeKOMEHOYEMbCA 3aUMAMmMuUcs Cnopmom 6 Micokux napkax. 3 yiei npuyunu euxopu-
CMOBYIOmMbCsl Pi3HI MpeHasicepu, y momy wucii eenocunedti. Ilpu suxkopucmantni mpenasicepieé sKicmv nosimpsi 6 npumi-
wenni nocipuiyemoca. Ocooauso ye cmocyemvbcsa npumilyeHs, y aKux 6CaHO61eHO 2epMemuyti ni1acmuKkogi 6ikHa i 6io -
cymus adekeamua eenmunayis. Huzeka sAxicmb 6Hympiunb020 cepedosuwya moxice npusecmu 00 3HUNCEHHA NPOOYKMU-
8HOCMI IOOUHU, COHNUBOCMI, 6MOMU, A MAKOIC MOJice OYMU NPUNUHOIO PI3HUX 3aX60pI06anb. Memoto docniodicents € 8u-
3HAUeHHs KilbKocmi 3a6pyOHI0BANbHUX PEYOBUH, WO BUKUOAIOMbCA 8 NPUMIlYeHHs, 3a 00NOMO2010 eKCNepUMEHMANbHUX
00Ci0CeHb | PO3PAXYHKIB, A MAKONC BUSHAYEHHs He0DXIOH020 nogimpoobminy. Bumipiosanucs memnepamypa, 6i0HOCHA
80/102iCMb NOGIMPS MA KOHYEHMPAyis 8yneKuciozo 2asy 6 npuminjenni. OCHOBHOIO YMOBOIO € He NepesueHHs 2PaHUIHO
donycmumoi konyenmpayii gyenexucnozo 2azy — 10000 ppm. 'V yiii cmammi nasedeHi pe3yiomamu eKCnepUMeHmaibHo20
00CNiOJCeHH s, 8 X0OI K020 Manu Micye pPi3Hi pyxosi Oii 0OHIEl TOOUHU — AOMIHICMPAMuUeHa OILIbHICMb CUOSYU T €10 -
mpenaoicep. B3umky excnepumenmanvhi GUMIpIogantsa npogoounucs y osea emanu. Ha niocmasi eumipsanux napamempie
GHYMPIUIHBO20 NOBIMPSL HEOOXIOHA SUMPAMA NOBIMPsL PO3PAXOBYEMbCA 05t 000X 6unadkie. Ompumani pesyrvmamu mMo-
JHCymo Oymu UKOPUCMAHT 015 6UOOPY OONAOHAHHA O KOHOUYIOHYB8AHHA NOGImps cnopmugnux 3anie. Ha niocmasi exc-
NEPUMEHMANLHUX O0CAIOHCEHb OmpuMano, ujo konyeumpayia CO; 30invuyemsca 8 3,2 pasu 6 pasi cmayioHapHozo eio-
mpenagicepa nopisHano 3 pobomoro cudaqu. Ipu ybomy eumazaemocs y 5 pasis 6invuue 306Hiwnb020 nogimps. Li pospaxy-
HKOGI 3HAYEHHS OMPUMAHI MITbKU 011 OOHIET MOOUHU, KA OPANA Y4ACMb 8 eKCHEePUMEHTNATIHUX OOCTIOHCEHHSX.

Knrouosi cnosa: ximHamu, MOMOpHA AKMUBHICMb, BY2NEKUCIUU 2a3, GeHMUNAYISL, WEUOKICMb
NOMOKY
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