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Abstract: A mathematical model of air contaminant (products of human activity) inflow into the
isolated air space has been developed. On the basis of the formula modified by us the simulation of
human respiration with carbon dioxide, water vapor and heat emission is implemented. The model also
takes into account the heat input from the human body through clothing.

Applying numerical modelling ANSYS CFD (Computational Fluid Dynamics) on the basis of
continuity equations and Reynolds-Averaged Navier-Stokes equations "RANS" (Reynolds-Averaged
Navier-Stokes) the following results on air medium state change in the isolated space were obtained:

- the human respiratory cycle is modelled at simultaneous heat transfer from the body surface
through clothes into the studied air space;

- the exponential equation of the trend line of CO, concentration to observation time was

obtained,;
- monitoring and rendering (visualization) of changes in CO, concentration, temperature and

relative humidity in the space under study by time along the room height was performed.

These results and regularities served as initial data for solving a number of model non-stationary
problems on aerodynamics and heat and mass transfer in the room. The inverse problem of general
exchange ventilation was to be solved. Changes in the state of the air environment initially
contaminated with carbon dioxide, heat and water vapors were studied when people were in the
studied space and the supply and exhaust ventilation was operating.

Of the four air change schemes planned for the study, the results for one schemes are presented in
this publication. The dynamics of assimilation of excess heat, humidity and carbon dioxide (CO,)

made it possible to assess the efficiency of ventilation systems and to predict improvements in their
energy efficiency when air parameters are brought up to standard values.

Keywords: mathematical model, air contaminant, aerodynamics, computational fluid dynamics,
air change scheme, relative humidity, temperature, carbon dioxide concentration, room working area,
rebranding, supply and exhaust ventilation.

MOJEJIOBAHHA HAIXOJXKEHHS «(IIKIJIJIUBOCTEN» ¥
HPUMIINEHHSA

Kiocak B. A}, Icaes B. ®.}, ®egopenko B. B.2, I'pinacos A. 0.3

'00ecwvra depacasna axademis 6ydienuymea ma apxiimexmypu

2Aryionepre mosapucmso Odecazas

SKomynanvhuii 3axnad «3anacui nynkmu ynpaeninus yuginonozo saxucny Q0eckoi Micbkoi paduy

AHortanin: Po3pobieHo MareMaTudHy MOZETbh HAJIXO/PKEHHS «IIKIAIMBOCTEH» (IPOTYKTIiB
JKUTTETISTIBHOCT JIFOJIUHH) JI0 130JIb0BAHOTO MOBITPSIHOTO TTpocTopy. Ha ocHOBI MonudikoBaHOT HAMU
(hopMynH peani3oBaHO IMITAIIIO TUXaHHS JIOJUHA 3 BUAUICHHS JIOKCHIY BYIJICIIO, BOASHOI apyu Ta
Teria. MoJienbio BpaXxoBY€EThCS TaK CaMO HaJIXOJIXKEHH: TeIia BiJl TiJia 4Yepe3 Ofifr.

3actocyBaBum uymcensHe MonemoBaHHS ANSYS CFD (Computational Fluid Dynamics —
o0uHCIIOBaNbHA TiOPOra3oJMHaMiKa) Ha OCHOBI pIBHSHb HEPO3PUBHOCTI Ta YCEPEAHEHHX 3a
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Peitnonbacom piBusab Hag'e-Ctokca «RANS» (Reynolds-Averaged Navier-Stokes) otrpumani
pe3yJIbTaTH 3MIHH

- 3MO/IeJIbOBaHUI JUXAJIbHUN IIMKJI JIIOJAMHU NP OTHOYACHOMY MEPEHECEHHI Teruia 3 MOBEpXHi
TiJia Yepe3 OST Y MOBITPSHHMN MPOCTIpP, MO TOCIIIKYEThCS;

- 0JIepKaHO €KCIIOHEHIIi}iHe piBHAHHA JIiHii TpeHay konuenTpauii CO, 10 4acy CIIOCTEPEKEHHS;

- BUKOHAaHO MOHITOPMHI Ta PEHACPHUHT (Bi3yami3allis) 1O BHCOTI MNPUMIIIEHHS 3MiHH
xonuenrpauii CO,, TemmepaTypu, BMICTy BOJOTM Ta HIBMAKOCTi IOBITPSA B JOCHIIXKyBaHOMY

MIPOCTOPI 32 YaCOM.

i pesympTaTé 1 3aKOHOMIpHOCTI MOCTYXHMJM BHUXiJHAMH JaHUMH Ha BHPIIICHHS HU3KA
MOJIEIbHUX HECTAIlIOHAPHUX 3aBJaHb 3 a€POAMHAMILI 1 TEIIOMAacOOMIHY y MpUMilleHH]. BupimenHio
MIJUIArajgo 3BOPOTHE 3aBJaHHS 3arajlbHOOOMIHHOI BeHTHALIl. JlocmipkyBasocs 3MiHA CTaHy
MOBITPSIHOTO CepeIOBUIIA CIIOYATKY 3a0pyJHEHOI TIOKCHAOM BYTJIELIO, TEIIOM Ta BOJISHUMH MapamMH
MIPU 3HAXOJKECHHI B JIOCIIKYBaHOMY MTPOCTOPI JIIOJIeH Ta poOOTI MPUILIMBHO-BUTSDKHOT BEHTHIIALLI. 3
YOTHPHOX 3aTUIAHOBAHUX CXEM MOBITPOOOMIHY pe3yiabTaTh AOCHIIKEHb OJHI€] CXEMU MPENCTaBIIeH] Y
uiif myosmikanii. JlnHamika acHMINALIT HaUIMILIKIB TETJIOTH, BOJIOTH Ta Aiokcuay Byrnemo (CO,) nana

MO>KIIUBICTh OLIHUTH €(PeKTUBHICTH POOOTH CHCTEM BEHTWJISILII, CIIPOrHO3YBATH MiABUILEHHS IXHBOT
eHeproeeKTUBHOCTI MPH JOBEACHHI MapaMeTpiB MOBITPS 10 HOPMATUBHUX 3HAYCHB.

Kiw4oBi cioBa: mateMaTwyHa MOJENb, «IIKLJTUBOCT», acpoJHHaMiKa, OOYHCITIOBAIbHA
rigpora3orHaMika, cXema IOBITPOOOMiHY, BiZHOCHa BOJIOTICTh, TEMIIEpaTypa, KOHIIEHTpALlisl
JIIOKCHTy BYTJIEITIO, poboUa 30Ha MPUMIIIEHHS, peOPEHIUHT, IPUITIIMBHO-BATSKHA BEHTUIIAILIS.
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1 INTRODUCTION

Tasks related to the design, installation, adjustment and control of supply and exhaust
ventilation systems require careful monitoring of changes in the air environment. This is due
to both the implementation of the requirements of the legislative framework of Ukraine and
its harmonization with the standards of the European Union [1, 2], and the solution of
problems to prevent the spread of pandemics that are currently haunting humanity [3].

Changes in the air environment are typical for rooms with mechanical supply and exhaust
ventilation (flow classrooms of educational institutions, classrooms of schools, group rooms
of kindergartens, conference rooms, offices). The main air contaminants that are released in
this case are carbon dioxide, water vapor and heat.

Based on the patterns of distribution of air contaminants in the volume of isolated air
space, it became possible to solve the inverse problem of supply and exhaust ventilation. The
change in the state of the air environment initially polluted with carbon dioxide, heat and
water vapor was studied when people were in the space and the supply and exhaust ventilation
was operating. A study of the efficiency of four generally accepted indoor air change schemes
has been conducted:

Scheme A "air supply from above — removal from below";

Scheme B "air supply from above — removal from above";

Scheme C "air supply from above — removal of air from two zones above and below";

Scheme D "air supply from below — removal from above" (displacement ventilation).

The results for Scheme A (change in carbon dioxide concentration) are presented in this
publication.

2 LITERATURE REVIEW AND PROBLEM STATEMENT

Creating a comfortable indoor microclimate involves meeting a number of restrictions
related to:

- temperature;

- relative humidity in the working area (WA) of the room;

- velocity of the stream entering the WA from the air distributor;

- temperature difference between the air in the WA and the stream from the air distributor
entering the space under study.

The content of carbon dioxide, water vapor, sensible and total heat, as well as other air ,
if any, in the indoor air must also be monitored.

In the practice of calculating changes in the state of the air environment in rooms for
various purposes, different methods and approaches were used [4-11]. Examples of successful
solutions to applied ventilation problems do not remove the question of the accuracy of the
results obtained using mathematical modeling. Currently, mathematical modeling methods are
used in engineering calculations, which provide an estimate of flow parameters based on the
numerical solution of the Reynolds equations of stationary or non-stationary Navier-Stokes
equations. (English RANS/URANS: Steady/Unsteady Reynolds Averaged Navier-Stokes) [7].

The above-mentioned works do not consider in aggregate the issues of interaction of air
pollution from people, occurring during moderate work, in ventilated rooms with different air
change schemes.

3 THE AIM AND OBJECTIVES OF THE STUDY

The aim of the study is to develop a mathematical model that determines the processes of
heat and mass exchange between humans and the environment. Based on this model, it is
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possible to solve applied problems related to the creation of a comfortable microclimate in
rooms, increasing the energy efficiency of systems that provide air change.

4 RESEARCH RESULTS

4.1 Study of the entry of air contaminants into an isolated space

Initial conditions:

- isolated space (see Fig. 1), with a volume of 12 m®, at a rate of 2m?/person,
according to the requirements of [1];

- number of people in the isolated space: 2 people;

Air parameters in the isolated space:

- air temperature: t =22°;

- initial level of CO, concentration: 350 ppm;

- atmospheric pressure: P, =101325 Pa ;

- relative humidity: ¢ =50% ;

- humidity content: d=8,29/kg;

- average body surface temperature of a dressed person: t, =27°.

Air parameters exhaled by a person [4]:

- CO,content in exhaled air — 4,0% (40000 ppm) ;

- air temperature: 34°;

- relative humidity: ¢ =91%;

- humidity content: d =31,2g/Kkg.

Modeling of the release of air contaminants into an isolated space is presented in the
research scheme in Fig. 1.

Volume to be investigated.
Initial air parameters:
P(abs)=101325 Pa;
Temperature =295,15 K;
CO2 =350 ppm;
- =50% ¥

Survey point within

Surfaces that limit the worklng area
the scope of the research
by boundary conditions

are adiabatic Air intake area

breathing volume: 0.5 |

Exhalation region of air:
€02 and moisture content =0.5 |
gas outlet temperature =307.15 K

Human body
_ with surface temperature = 300.15 K

000 1500,00 3000,00 (mm)

750,00 225000

Fig. 1. Schematic representation of air contaminants entering an insulated room

Using the ANSYS CFD (Computational Fluid Dynamics) computational hydrodynamics
simulation complex, a human breathing cycle function was mathematically created, which
generally simulates the flow of air contaminants (water vapor, relative humidity, carbon
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dioxide, air mass temperature) into the study space. At the same time, the flow of heat from
the human body through clothing into the study space is also simulated.

The breathing cycle was modeled by a sinusoidal function with a period of 4 seconds and
a respiratory volume of air V, = 0,5l, which corresponds to breathing at rest [5]. The
breathing function is defined in the boundary conditions of the "EXHAIL" outlet, with a
diameter of 20mm , which corresponds to the diameter of the human trachea. The function is
given by equation

Q) =”TMt-sin(2?ﬂtj,

where Q(t) — mass flow rate, kg/s, M (t)—mass of air exhaled by a person (th), kg ,

T —period s, t — time step, s. One respiratory cycle takes 4s, and the time step for the
calculation was set at 0,2s, which is of fundamental importance according to the Courant
number [6].

Visualization of breathing by time is presented in the graphs of Fig. 2 and 3, for which,
according to the function Q(t), 16 respiratory cycles were realized within 1 minute.
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Fig. 2 Graph of the respiratory function Q(t)

The modeling of carbon dioxide, heat and humidity emissions from humans was
performed in the ANSYS CFX software package under non-stationary conditions in a multi-
component air environment, in which the monitoring of the air contaminants into the work
area was performed, geometrically located at a distance of 1,0—-1,2m, that is, the rooms
where sedentary activity predominates were considered. The model series of non-stationary
problems considered in this work are based on the mathematical analysis and interpretation of
physical processes of heat and mass transfer and hydrogasdynamics. Mathematical modeling
is based on the continuity equations averaged by Reynolds, the Navier-Stokes equations
"RANS" (Reynolds-Averaged Navier-Stokes), which is an abbreviated form of the general
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Navier-Stokes equations and the equations of the k-g¢ turbulence model (two-equation
standard model) [6-8].

Plane 1 Piane 1
4.000e-02 4,000e-02
3,0008-02 3.000e-02
2.000e-02 2.000e-02
1.000e-02
1.000e-02

1.000e-15
1.000e-15
4,000e-02 4,000e-02
3.000-02 500000
2.000e-02

2.000e-02
1.000e-02

1.000e-02
1.000e-15

1.000e-15

Fig. 3 Simulation of the human respiratory cycle

Continuity equation
dp
—+V(pu)=0,

where p — air density, u— flow velocity, V— Nabla operator.

Navier — Stokes equation:

o Ou, 0.
° (pquj):_@+i(#(%+i—z5 GU'B—@spgﬂL%_(pﬁin),

OX; o ox; | \ex, ox 37 ax J
—— o ou, 2 ou

T T Rl R LA W

pu;U; ut(axj axi) 3 (P Maxj) i

where p— pressure; Pa, x4 — dynamic viscosity, kg/ms; u - turbulent dynamic
viscosity, kg/ms; g — acceleration of gravity,m/s*; k— kinetic energy of turbulence,

V. Kiosak, V. Isaiev, V. Fedorenko, A. Gridasov
https://doi.org/10.31650/2618-0650-2024-6-2-58-76 63



user
Штамп

user
Штамп

user
Штамп


VI/2/2024
Crop. 58-76/ Page 58-76

Mexanika Ta MareMaruuHi meroau /
Mechanics and mathematical methods

m?/s*, j=12,3.; &; — Kronecker symbol.

According to the Boussinesq approximation [7], the linear relationship between turbulent
and Reynolds stress and mean velocity is expressed as follows

—— 2 au; | ou;

]

Turbulent Kinetic energy

1== 1% = =
kzzuiuizz(uf+u§+u§)

The RANS k-¢ two-equation standard model is the definition of two transport equations
for two turbulent properties: the turbulent kinetic energy and the other turbulent properties,
which are the dissipation rate of the turbulent kinetic energy or the specific dissipation rate
[7]. Thus, the turbulent viscosity equation is defined using kand w:

pk
,th =
@
2SS, =~ =
W = MaX < o, CI ”* . ) Sij = Sij _l%é‘ki’ Cl :Z
imy[ ™, 3 0%, 'm 8

The transport of turbulent kinetic energy (k) according to the standard k —& model is
determined by the equation

0 0 ou. .« « pk ) ok
—(pk)+—\pu.k)=pr. —— ko + +0 — |—
2, (,0 ) x| (,0 i ) PT; ox Bp |:(/U - jale

The specific dissipation rate @ according to the equation:
0 ou,

0 0] .
6_t(pa))+6_xj(pujw)=a?prij8_xj_ﬁ pP° +

p kK 0w 0O ( *pkjﬁa)
o, ———+—|| u+o — |—

@ OX; OX; 0X; @ ) OX;
The closing coefficients of the k —@ model:

a=0,52;8=p,f,;5 =0,09;

o =0,50 =0,6;0,,=0,125,

0 ﬁa_a)go’
LOX; 0X Ligs
= +

" Koo o I =1+1oozw !

Ta0: oX; OX; o

QQ. S
Xo = %kgkl Sy =Sy _1%5ki

(5 o) 2 o,
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where C, —force limiting the stress [9]; 7; —Reynolds stress tensor, f,—vortex
stretching function, y —dimensionless vortex stretching parameter, S, and S, — function of
the undesirable effect of flow compression, €; —mean rotation tensor.

Another commonly accepted k —& recommended model of turbulent viscosity [6, 10], is
calculated using k and &(13)

k2

m=C

The transport equation for the standard k —&: model is determined by the equation:

o 0 ol wu k] ——ou
_(pk)+—(pujk):— [lu+—tJ _puiujg—pg,

) ox, ox, o, )ox; J.

0 0 o 4, oe | & —— Ou; &
—(pe)+—I(pu.e)=—|| p+= |— |-c,—puu’ —L—c, p—.
5 P o (pus2) ox] (” ajaxj PN o Tk

The coefficients of the model are constants:
c, =144, c, =192, c,=0,09, o =10, o, =13.

First of all, in an isolated volume, the change in CO, concentration over the observation
time is determined, the source of which is the physiology of human respiration. The graph of
the change in CO,concentration is shown in Fig. 4. Geometrically, the monitoring point is a
point located in the WA at a distance of 1,0-1,2m from the floor level. The contours

(planes) of air contaminants distribution in the room volume were also used to display the
results of the study.

ppm, CO,
2400

2200
2000
1800
1600
1400
1200
1000

800

600 == ppm, CO2 = = = trend line
-

400

200

0 1 2 3 4 D 6 7 8 9 10 11 12
Time (min)

Fig. 4 Graph of CO, concentration (ppm) by observation time

Regression analysis of CO, inflows indicates that the growing line of CO, concentration

(ppm) acquires a linear-broken character at small concentration values (<900 ppm), which is

due to the convective properties of the environment and an exponential character at
concentrations above 900 ppm.
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The exponential trend line model has the following equation, ppm(t)
ppm(t) =541,53exp(0,138t).

Monitoring the distribution of CO,concentration (Fig. 5) along the vertical line H , (by
room height, m) includes observations: at the beginning — ppm(0s); during — ppm (1505s)
and at the end — ppm (6005).

H,m
32

= = = ppm (0s);
— = ppm(150s)
==+ ppm (600 s)

-l -
" -

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
ppm, CO2

Fig. 5 Monitoring the distribution of CO, concentration by the height of the study space

Monitoring the CO, concentration on the vertical scale shows that in a homogeneous air
environment, under the influence of gravitational forces, the highest CO, concentration is
concentrated closer to the floor. The straightness of the lines (Fig. 5) at the beginning of the
observations is due to the principle of detailed equilibrium of the system [11].

Visualization of the results of the process of CO, inflow into the study volume over a
15-minute period is presented in Fig. 6.

T,=450s

I . .
CO2 Volume Fraction 'CO2 Volume Fraction L ‘
Contour 3 bottom of space Coniour 3 bosiom of space

'—5- ""—h‘ — ) —
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Fig. 6 Change in CO, concentration by the height and time of the isolated space

Secondly, observations were made on changes in temperature and relative humidity in
the isolated volume (Fig. 7) over time, in connection with breathing and heat loss from the

surface of the human body in clothing.

t, Ce
235 ¢, %

70

69
233 68
67
66
65
64
63
62
61
60
tC 39
Relative humadity, % 58

2 57
223 36
55

2 ~ 54

0 1 2 3 4 5 6 7 § 9 10 11 12 13 14 15
Time, min

Fig. 7 Graph of changes in temperature and relative humidity

Fig. 8 shows a visualization of changes in temperature and humidity that occur over a 15-
minute period. The simultaneous increase in temperature and humidity causes the process of
increasing the enthalpy of air in rooms where humans are primarily the source of pollution.
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t,=22.0°C, T:=0s

,=22.71 °C, T,=450s d,=8.8 g/kg, T,=450 s

080 1.000 (m)

0250 0750

3=23.28 °C, T5=900 s d3=9.4 g/kg, Ts=900 s

e

Fig. 8 Rendering of temperature and humidity content relative to the research point over time

Figs. 9-11 represent the planes of the distribution of the height of the studied space over
time:

* humidity content;

* temperature;

» air velocity.
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Fig. 10 Change in temperature along the height of the isolated space over time
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Fig. 11 Variation of velocity along the height of an isolated space over time

4.2 Modeling of air contaminant intake, scheme A

The assimilation of excess heat, humidity and carbon dioxide (CO,) in the research

space is organized according to variable schemes, which allows to assess the efficiency of
ventilation systems with various design solutions taking into account constant air flow.

The air contaminant parameters, which are later assimilated by ventilation systems for all
schemes, are adopted as follows:

- air temperature: 24°;

- initial level of CO, concentration: 2100 ppm ;

- atmospheric pressure: 101325 Pa;

- relative humidity: ¢ =65%;

- average surface temperature of a clothed person: 27°.

Results of studies of the "air contaminant” assimilation according to scheme A.

Scheme A (Fig. 12) provides the following constructive conditions for ventilation
functioning:

- air supply from above using a static chamber and a ceiling diffuser with a working
diameter of @150 mm;

- consumption of supply and exhaust air: 120m*/ hour ;

- exhaust ventilation is organized in the lower part of the wall using a ventilation grid.

First of all, it is reasonable to consider the time required to bring the microclimate of the
room to the normative state during CO,assimilation. In turn, preliminary studies have

established that the highest concentration is concentrated in the working zone, which is due to
the physical properties of carbon dioxide compared to the surrounding air.
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The space under study.

Initial conditions

of contaminated air:

P(abs)=101325 Pa;

Temperature =297,15 K;

CO2 = 2100 ppm;
~ 9=50%

Clean air inlet using plenum
box and ceiling diffuser
with air flow rate

of 120 m3/hour P . thi
Temperature =295,15 K; Survey point within
€02 =350 ppm; the working area

9=50% -
The human body as a source of excretory
air contaminant: Exhaust air outlet using a ventilation

Exhalation zone - incoming CO2 and moisture: grille at the bottom of the wall
respiratory volume:=0.5 I;

temperature gases: =307,15 K

Inhalation zone - espiratory volume:=0.5 |;

Body temperature in clothing =300.15 K

0,00 1500,00 3000,00 (mm)
——
750,00 2250,00

Fig. 12 Initial data for modeling and research according to scheme A

There is an interest in the organization of exhaust ventilation in the lower plane of the
working area, where the extraction of polluted air has the shortest path and the possibility of
repeated ascent of carbon dioxide into the human breathing zone is excluded. The dynamics
of changes in CO, concentration at the monitoring point in a 9-minute period is presented in

Fig. 13.

ppm, CO,
2200

scheme A

2000
1800
1600
1400
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Time (min)

Fig. 13 Dynamics of changes in CO, concentration over the time of observation

The value of carbon dioxide on a vertical scale during the functioning of the ventilation
system (Fig. 14) is distributed with a fluctuation within 200 ppm, which indicates uniform
assimilation of polluted air in the study area over the time of observation.
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Fig. 14 Monitoring the distribution of CO, concentration on a vertical scale
Volumetric visualization of changes in the carbon dioxide content over a 9-minute period

of time is shown in Fig. 15

Fig. 15 Volumetric CO, rendering over time relative to the observation point

The formation of a uniform distribution of air is due to the geometric properties of the
ceiling diffuser (Fig. 16), which forms stream lines of a cyclic nature along the adiabatic walls
of the study space. The analysis of the jet (stream line) acquires a stable character, where the
velocity vector of the supply air coincides with its direction. That is, the use of static pressure
chambers in supply devices of air supply systems has advantages in terms of hydrodynamics

and acoustics.
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Fig. 16 Stream lines

The distribution of carbon dioxide concentration in different horizontal planes of the
investigated volume by both height and time is presented in Fig. 17

T4=180c

. .
CO2.Volume Fraction L !
Com?uv 2Zoneoutiet

T4=540c¢c

C0O2.Volume Fraction
Contour

C02.Volume Fraction
2 Zone outlet Copiat 2 Zcns ouliet

3000 (m) E
o180

—
o750 225

Fig. 17 Variation of CO, concentration by height and time, scheme A

V. Kiosak, V. Isaiev, V. Fedorenko, A. Gridasov
https://doi.org/10.31650/2618-0650-2024-6-2-58-76 73




Mexanika Ta MareMaTduHi MeTomu [/ % V1/2/2024
Mechanics and mathematical methods Crop. 58-76/ Page 58-76

5 DISCUSSION OF RESEARCH RESULTS

On the basis of the developed mathematical model, it became possible to solve such
problems using the ANSY'S software complex as:

» Human air contaminant intake in an isolated space;

» Modeling of the change in the concentration of carbon dioxide, scheme A.

The ANSY'S mathematical apparatus allows analyzing the operation of air handling unit
to redistribute and remove the main air contaminants from the room (carbon dioxide, heat,
water vapor) and monitor temperature, humidity, relative humidity, enthalpy and air velocity
parameters

In particular, based on the contour distribution of carbon dioxide (see Fig. 18), it can be
concluded that after nine minutes of operation of the air handling unit according to scheme A,
the CO,content decreased from 2100 ppm to 600—800 ppm. The optimal parameters at the

inlet of the stream into the working area of the room [1, 2] for this indicator are
400 —-600 ppm..

Supply air zone Work area boundary
MiNg2=678 ppm MiNg,2=687 ppm
MaXce2=850 ppm MaXce2=864 ppm

3 )
o 10 2000 fm) [ 100 2000 m)
— — — — 1
g D 050 1500

Breathing zone
ming,z=700 ppm
MmaXg,;=857 ppm

3 ©
o 1000 2000 gm) ° 1500 2000 fm)
— — —  m—
050 50

o750 2%

Zone air outlet
Ming,,=724 ppm
MaXq2=828 ppm

Fig. 18 Variation of CO, concentration by height and time, scheme A . Time 540 s

6 CONCLUSIONS

With the use of the ANSYS software package, mathematical modeling of processes of
changing the state of the air environment has become possible. The above approach and
method provided an opportunity:

- processes of heat and mass exchange and hydrogas dynamics during the interaction of
systems (human and air handling unit operating according to various air change schemes);

- obtain intermediate results of the efficiency of various air change schemes in the room.

Subsequent publications will allow a comprehensive assessment and comparison of the
efficiency of all four air change schemes we have chosen, when solving the inverse problem
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(bringing the parameters of the polluted air environment of the room to optimal standard
parameters by means of general exchange ventilation).
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