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Summary. Purpose. One of the major tasks in the field of labor protection is providing of the necessary
qualitative composition of air in the working areas of office and industrial spaces. In order to maintain the necessary air
ion level in the air space premises, the artificial ionization of air is used often in the premises. At present in Ukraine
analytical model are used for the calculation of air ion regime in premises, influencing on the formation process of air
ions concentration field. An alternative solution is the use of CFD models, developing including the air jets
aerodynamics in the premise, the presence of furniture, equipment, transfer of ions under an electric field, and other
physical factors, determining intensity and shape of air ions concentration field in the premise. Methodology. Influence
of air flow was taken into account in the development of CFD models for calculation of air ion regime in the apartment,
caused by operation of ventilation, diffusion, electric field impact, as well as the interaction of different polarity ions
with each other, and their interaction with dust particles. The proposed model of calculation of air ion regime in
premises based on the use of aerodynamics, electrostatics and mass transfer levels. This model allows operatively to
calculate air ions concentration field with the influence of the walls, floor, ceiling and obstacles on the process of air
ions dispersion, the specific location of different polarity ions emission and their interaction in the premise and work
areas in conditions of artificial air ionization. Results. The calculated data were obtained and on their base could be
estimated the concentration of air ion anywhere in the premise with artificial air ionization. lons concentration field,
being calculated using this CFD model, as concentration field isolines is presented. Originality. The results of the air
ion regime calculation in the premise are presented, based on numerical 2D CFD model. To solve the problem on the
base, of the developed CFD model, about a minute of computer time is required. Practical value. 2D CFD model for air
ion regime calculation in premises allows to calculate the ions concentration in their working areas of premise in
conditions of artificial air ionization including the basic physical factors, determining the formation of ions
concentration fields.
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AHOTaUiA. MeTa. OgHe i3 HaliBaXNMBILIMX 3aBAaHb Y rafysi OXOpPOHM Mpali - 3a6e3rneveHHs HeobXigHoOro
AKICHOr0 CKnagy MOBITPAHOrO CepefoBulla B pobouMx 30HaX OMICHUX i BUPOOGHMYMX NpUMILLeHb. s NigTPUMKN
HeobXiAHOrO PiBHS aepOioHIB y MOBITPSHOMY CepeaoBMLLI MPUMILLIEHb YaCTO 3aCTOCOBYHOTh LUTYYHY iOHi3aL|it0 NOBITPS
B MpUMIilLEHHAX. Ha pfgaHuWiAi MOMeHT B YKpaiHi Ansi po3paxyHKY aepoioOHHOI0 PeXxuMy B MPUMILLEHHSX
BUKOPUCTOBYHOTLCSA MEPEBAXHO aHaniTUYHi Mogeni, po3pobneHi, K npasuio, 6e3 ypaxyBaHHs Pi3HWUX (i3UUHUX
(hakTopIB, L0 BMMBaOTL Ha MpoLec (DOPMYBaHHS KOHLEHTPALiAHOro Moss aepoioHiB. ANbTEPHATVBHUM PILLEHHAM €
3actocyBaHHa CFD mMopgeneit, fiki po3pobnsloTbCs 3 ypaxyBaHHAM aepoAvMHaMiky MOBITPSHWMX CTPYMEHIB Y
NPUMILLEHHI, HAABHOCTI MebNiB, 06NnafHaHHA, MepeHeceHHs IOHIB 3a Ail eNneKTPUYHOro nons, iHWUX isnyHUX
(haKTopiB, IO BU3HAYalOTb IHTEHCUBHICTL i (DOPMY KOHLEHTPaLiAiHOro Mons aepoioHiB y NMpuUMILLeHHI. MeToauka.
Pospobnstoun uncnosy CFD mogenb Ans po3paxyHKy aepOiOHHOrO PeXxuMy B MPUMILLEHHSX, BPaxoByBa/M BNAVB
MOTOKIB NOBITPS, BUKIMKAHMX PO6OTOI BEHTUAAUIT, ANGY3ii, BNAMB eNeKTPUYHOro Mos, a TaKoXX B3aEMOAIH0 iOHIB
Pi3HOT MOMISIPHOCTI MK CO60H0 | i3 YaCTUHKaMKU Nuy. 3anponoHOBaHa MOAeNb PO3PaxyHKY aepoiOHHOr0 Pexumy B
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MPUMILLEHHSX 3aCHOBaHa Ha 3aCTOCYBaHHI PIiBHSHb aepoAuHaMiKu, eneKTpocTaTMKM i MaconepeHocy. Lla mogenb
[03BOJISIE OMEpPaTMBHO PO3pPax0oBYBaTU KOHLEHTPaLiiHe Mosie aepoioHIB 3 ypaxyBaHHAM BMAMBY CTiH, mignoru, creni,
MepeLlKoA Ha MpOoLEeC po3CitoBaHHSA aepoioHiB, KOHKPETHOrO Micus eMicii ioHiB pPi3HOT NONAPHOCTI Ta iX B3aemogii B
NPUMILLEHHI | B pOBOUYMX 30HAX B YMOBaX LUTYYHOT iOHi3auii NoBiTpa. PesynbTaTun. OTpUMaHO po3paxyHKOBI AaHi, Ha
nigcTaBi SKMX MOXKHA OLIHWTW KOHLEHTpaUilo aepoioHiB y ByAb-AKOMY MiCLi NPUMILLEHHS 3i LUTYYHOR iOHi3aljieto
noBiTps. KOHUEHTpaLiiiHe none aepoioHiB, po3paxoBaHe 3a Aonomoroto aaHoi CFD mopgeni, HaBefeHe y BUrnagi
i30NniHin. HaykoBa HOBM3HA. HaBeAeHO pe3ynbTaTu PO3pPaxyHKY aepoiOHHOr0 pPeXxuMy B NPUMILLEHHI Ha Gasi
yncenbHoi 2D CFD mogeni. [na po3B’sa3aHHs 3afgadvi Ha 6a3i po3pobneHoi CFD mogeni noTpibHO 6/1M3bKO XBUAWHW
KOMM'IOTEPHOro Yacy. MpakTuyHa sHaunmicTb. 2D CFD mofenb po3paxyHKy aepoioOHHOro pexxumy B MPUMILLEHHSAX
[l03BOJISIE PO3PaxX0OBYBATU KOHLEHTPaLil0 aepoioHiB y poboumx 30HaX MPUMILLEHHS B YMOBAaX LUTYYHOT iOHi3auil
MOBITPS 3 ypaxyBaHHAM OCHOBHMX (i3NYHMX (PAKTOPIB, WO BM3HAYalOTb (HOPMYBAHHS KOHLEHTPaUiliHWX MoniB
aepoioHiB.

Kntouosi cnosa: CFD mMogenb; aepoiOHHWA peXKnM; KOHLEeH T paLifiHe None aepoioHiB, LWTYYHa ioHi3ayis
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AHHOTAauuA. LUenb. OfHoii ©3 BaXHeWWMX 3aga4 B 06/MacTM OXpaHbl Tpyda sBAseTcs o6ecrneyeHune
Heob6X0AMMOro Ka4yeCTBEHHOrO COCTaBa BO3AYLUHON cpefbl B paboumx 30HaX OMUCHBIX W MNPOM3BOACTBEHHbIX
nomeLleHniA. [na noagep>xaHWs HeobXOAMMOro YPOBHS aspoOMOHOB B BO3AYLUHOW CpeAe MOMELEHMIn 4acTo
MPUMEHAKOT UCKYCCTBEHHYIO MOHM3aLMI0 BO34yXa B MOMELLEHMAX. Ha JaHHbI MOMEHT B YKpauHe Afis pacyeTta
23PONOHHOTO PEXMMA B NOMELLEHWSAX UCMO/b3YHOTCA NPEUMYLLECTBEHHO aHANUTUYECKNE MOLENN, pa3paboTaHHbIe, Kak
npaBuso, 6e3 yyeta pasfMyHbIX (YU3NYECKUX (HaKTOPOB, BANSAIOLMX Ha MPOLEecc POpMUPOBaHNS KOHLEHTPALVUOHHOIO
MONs a3pOMOHOB. ANbTEPHATMBHLIM pelleHneM sBnseTcs npumeHeHne CFD mogeneid, koTopble paspabaTbiBatoTcs C
YYETOM a3pOAMHaMUKM BO3AYLUHbIX CTPYA B MOMELLEHWM, Haimumna mebenn, 060pyfoBaHMsA, NMepeHoca MOHOB MO
[EACTBMEM 3MIEKTPUYECKOTO MOJS, APYTUX (M3NYeCKMX (HaKTOPOB, OMNPefenstomX WMHTEHCMBHOCTb U (hopmy
KOHLIEHTPaLMOHHOIO MO/ a3pOMOHOB B MoMelleHnn. MeTogamka. Mpu paspaboTke uucneHHoli CFD mogenun ans
pacyeTa a3poOMOHHOIO PEXMMa B MOMELLEHMAX Y4YUTbIBA/IOCH B/IMSIHME MOTOKOB BO34yXa, Bbl3BaHHbIX PabOTON
BEHTUAAUMK, Anddy3nn, BO3AENCTBMA 3/IEKTPUYECKOr0 NOJS, a TakxKe B3aMMOAENCTBME MOHOB Pa3/IMYHON MNONSPHOCTK
Jpyr ¢ ApYrOM ¥ € YacTuuamu nbinun. MNpesnoXeHHas Mogenb pacyeTa aspoMOHHOI0 PeXUMa B NOMELLEHNSX OCHOBaHa
Ha NPUMEHEHWN YPABHEHWI a3pOAMHaMMKK, 3MEeKTPOCTaTUKM WM MacconepeHoca. [aHHasd Mogenb MNO3BONASET
OnepaTyBHO PacCUUTLIBATL KOHLEHTPALMOHHOE MO/e a3POMOHOB C YYETOM B/INSHWUA CTEH, M0Ma, NOTO/Ka, NPEnsTCTBUI
Ha MpoLecc paccemBaHWs aspOMOHOB, KOHKPETHOrO MeCTa 3MUCCUM WOHOB PasNMyHOM MOASPHOCTM W KX
B3aMMOZEWCTBMA B NOMELLEHUN U B paboumx 30HaxX B YCMOBMAX WCKYCCTBEHHOW MOHM3aUMKU BO3fyxa. PesynbTaTbl.
Mony4yeHbl pacyeTHbIE JaHHbIE, HA OCHOBAHUM KOTOPbIX MOXHO OLEHUTb KOHLEHTPaLMI0 a3poroHOB B IIO60M MecTe
MOMELLEHNS C UCKYCCTBEHHOW MOHM3aLMeit Bo3ayxa. KOHLEHTpaLMOHHOe Mo/e a3poroHOB, PacCUUTaHHOE C MOMOLLGHO
faHHoi CFD Mogenw, nNpefAcTaBieHo B BUAE M30/MHUIA KOHLEHTPALMOHHOTO nonsi. HayyHas Hoeu3Ha. MpeAcTaBnieHb!
pe3y/bTaTbl pacyeTa a3pOMOHHOI0 peXxKMa B MOMeLLEeHUN Ha 6a3e uncneHHoin 2D CFD mogenn. [ns peleHuns 3agauqm
Ha 6a3e paspaboTaHHoW CFD mogenn TpebyeTca OKOMO MWHYTbl KOMMbHOTEPHOrO BpemeHW.  [MpakTuyeckas
3HaunmocTb. 2D CFD Mofenb pacyeTa aspoOMOHHOTO peXxuma B MOMELEHUAX MO3BOJIAET PacCYUTLIBATH
KOHLIEHTpaLMI0 a3pOMOHOB B paboumx 30Hax NMOMELLEHWS B YCNIOBMAX WCKYCCTBEHHOW MOHM3aLMKU BO34yXa C YYETOM
OCHOBHbIX ()131YECKMX (JaKTOPOB, ONpeaenstoLmMX GOPMMpPOBaHNE KOHLEHTPALMOHHbIX NOEA a3pONOHOB.

KntoueBble cnoBa: CFD MofeNb; a3povOHHbI PEXKIM; KOHLIEH TPaLMOHHOE Mojie a39POMOHOB, UCKYCCTBEHHAS MOHU3ALMS

Introduction. Under modern conditions  staff productivity is the qualitative composition
one of the most important tasks in the labor  of the air. In order to maintain the necessary ions

protection field is to provide of proper micro-  level in the air space is used often the artificial
climatic conditions for the staff of industrial ~ ionization of the indoor air. lonization is general-
and office premises [2-12]. One of the signifi-  ly carried out either by setting the ionizer indoors

cant parameters is directly affecting on the  or supply of ionized air into the room. In the case
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of an ionized air supply it is necessary to cal-
culate the level of negative ions in the work-
ing areas of office and industrial premises,
and therefore have the necessary mathemati-
cal apparatus for calculating the ions concen-
tration field in the premises. It is important to
take into account all factors that influence the
ions dispersion in the room.

In Ukraine today for calculating air ion
regime in premises mainly used analytical
models [4-12], allowing calculating the ions
concentration in the room. However, as a rule,
in these models do not consider the aerody-
namics of the air jets in the room, the pres-
ence of equipment, furniture, dust emission
sources, that is, physical factors influencing
the formation of ions concentration field. To
account for the above mentioned factors, it is
more expedient to use CFD models [2; 3; 13;
16].

Purpose. In the given work results of ap-
plying CFD numerical models, which is taken
into account the placement of furniture and
equipment in the room and physical factors
determining the formation of the ions concen-
tration field, for computation air ion regime in
premises and in work areas in the conditions
of artificial air ionization.

Methodology. In the development of a
numerical model for computation of air ion
regime should take into account the impact of
indoor air flows caused by the ventilation op-
eration, diffusion, electric field effects. It is
also necessary to take into account the inter-
action of different polarities ions with each
other and their interaction with the dust parti-
cles. Thus, in the simulation of air ions dis-
persion to account for the above processes
will use the transfer equation in the form [16]:

£+ o(u +bE)C N o(v +bE)C _
ot OX oy

0 oC 0 oC
=—|HW— |+ —|Hy—|-aCB-
OX ox ) oy oy
—bCD+ ZQC (t)é(X — X )6(y —Ye )! (1)
where C, B, D - the concentration of negative
and positive air ions and dust particles respec-

tively; u, v, — velocity components of airflow
in the room; P = (x , My) — diffusion coeffi-
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cients; t — time; a — the rate recombination of
ions with different polarity; b — the rate of re-
combination of ions with dust particles;
Qci, — the intensity of the negative ions emission
at the appropriate points with the coordinates
XeYe, d(x=x)(y—y;) — Dirac delta function;
b — coefficient of ion mobility; E — electric field
intensity.

Since air ions have a charge, they generate an
electric field E, which is described by the follow-
ing equation [16]:

oE
@_,__y:&’ )
oX oy €
where €, - the dielectric permittivity;

g. - the space charge density.
From equation (2) can go to the scalar poten-
tial, taking into account such dependence
of of
E,=—, - 3
“oox T oy ®)
Then we get the Poisson equation of the fol-
lowing form [16], which we will use to simulate
the electric field:
o .\ o q

oo e @

where G, =—eC(x,y), C(x,y) - the concentra-

tion of negative air ions; f — scalar potential; €

— elementary charge. On the basis of this equa-
tion is performed simulations of the electric field.
To describe the processes of positive ions
and dust dispersion will use the equation of trans-
fer in the form [16]:
oB ouB ovB 0 oB
—t—F——==m— |+
ot ox oy oax\ Cox

0 oB

+— — |—aCB - bBD +
ay(my ayj

+2. Qs () (x = x5 )d(y - ys), (5)
oD auD ovD _

ot ox oy

(D) 2 D),

B oy m dy
+ZQDi(t)d(X_XD)d(y_yD)- (6)

Designation of the physical parameters in

these equations is the same, which was given for
the equation (1).
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To calculate the aerodynamics of air flow
in the room will use a model of potential
flow. In this case the Laplace equation for the
velocity potential is a modeling equation

2 2
IPLIP ()
OX oy
where P — velocity potential.

The components of the air environment
velocity vector are connected with the veloci-
ty potential following dependencies

u=£, v=@. (8)
OX oy

Formulation of boundary conditions for
the modeling equations is considered in [1;
13; 16].

For the numerical integration of the trans-
fer equations [1; 11; 13; 16] used the implicit
alternately - triangular difference schemes,
which has being implemented by the method
of running accounts [1]. For the numerical
solution of the Laplace equation and Poisson’s
equation used the Libman’s method. The cal-
culation is performed on rectangular differ-
ence grid.

On the basis of the difference schemes
was designed the software package (code)
«lON-2». This package is built on a modular
principle; each sub-program implements a
specific numerical integration of the modeling
equation and implementing appropriate
boundary conditions.

3 I
%
: ./4
24 7
Cy | 2
—_— P
5
b 4
5 sel

Fig. 1. The computational domain: 1 - chair;
2 —work desk; 3 — rack; 4 — place of positive ions emission
(the position of the respiratory organs); 5 — place of dust
emission

A feature of the modeled process is the
presence of furniture in the room, i.e., objects,
influencing the formation of ion concentration
field. To «reproducing» these and other ob-
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jects in the numerical model uses a technology
called «porosity technique», also called the
method of marking [1]. The essence of this tech-
nology lies in the encoding of difference cells,
which belong to such facilities, and the imple-
mentation of them in the appropriate boundary
conditions.

Findings. CFD numerical model was used to
calculate the negative ions concentration in the
field of office space in the conditions of artificial
air ionization.

Sketch of the computational domain is
shown in Fig. 1. It is the premises where to the
air flows enter through the ventilation system.
These air contains negative ions with a concen-
tration Co=0.55x10" particles/m*. The air exit
from the room occurs through the outlet in the
wall. The work area includes table and chair
placed next.

C
a
), GOE+EG 0

B.532E+66
—H . A40E+HR d

B.45BE+EG i
], 422E166 1

coordinnte

Fig. 2. Concentration field of negative air ions in the
room

The people are the source of positive ions
emission in the room. Therefore in the zone of
their respiratory organs (Fig. 1, pos. 4) set point
sources of positive ions emission intensity
Qg = 7x10° particles/s. The other of the problem
parameters are: the size of the computational
domain 12.25mx3.50m; ventilation rate is equal
3 [1/h]; the position of the inlet and outlet venti-
lation holes shown by arrows in Fig. 1;
o = 1.5x10? m¥s, B = 1x10™" m¥/s [13; 16]; the
coefficients of turbulent diffusion in all direc-
tions are taken to equal m =m,=kV (where

k=01 — the parameter, V - the local velocity in
the specific computational point and it is defined
by solving the aerodynamic problem). Dust
emission occurs indoor, Qpi=52x10° particles/s
(dust emission position shown in Fig. 1 as a
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wavy line). Purpose of numerical modeling is
definition of the negative ions concentration
in the room and the area of the human respira-
tory system.

The results of numerical simulation on the
following figures are shown. On these figures
the negative ions concentration field in the
room was given. The simulation results are
given in dimensionless form, where each
number is a measure of concentration in per-
centage of the maximum ions concentration in
the room Cpax. Printing was done on the for-
mat as «whole number», i.e. the fractional
part shall not be issued to the printer.

In Fig. 2, the concentration of negative
ions in the room is presented. The concentra-
tion of negative ions above the chair (the po-
sition of head of the worker) is equal to
0.021x10% particles/m>. It is known that the
maximum level of negative ions in the work-
ing areas must be 0.05x10" particles/m®. So,
for the proposed regime of ionization the con-
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centration of negative ions is satisfied this condi-
tion.

In conclusion, for the solution of the problem
on the basis of the developed CFD model it took
about 1 minute of computer time.

Originality and practical value. The results
of the new CFD model for the computation of air
ion regime in rooms with artificial air ionization
are represented. This 2D CFD model is based on
the use of aerodynamics, electrostatics and mass
transfer equations, and developed taking into ac-
count the main factors determining the formation
of fields of concentration of ions in the room and
work areas.

Conclusions. The article contains results
numerical simulation of air ion regime in office
and industrial environments with artificial air
ionization. Calculated ions concentration field in
the room, presented in the form of isoclines. To
solve the problem on the basis of the developed
CFD model took about a minute of computer
time.
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