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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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Anomauia. Mema. OnHe i3 HaWBaXJIUBINIMX 3aBJaHb y Taly3i OXOPOHHM Mpalli - 3abe3MeueHHs HEOOXiIHOTO
SIKICHOTO CKJIaJy TOBITPSHOTO CEpelOBUINA B POOOYMX 30HAX O(ICHUX 1 BUPOOHMYMX MpuMilleHb. s miaTpuMKu
HEOOXI1THOTO PiBHS aCPOIOHIB Y IMOBITPSIHOMY CEPEIOBHIL MPUMILIEHb YaCTO 3aCTOCOBYIOTh LITYYHY 10HI3allil0 HOBITPS
B mpumimeHHsXx. Ha pnaHumii MoMmeHT B VYKpaiHi JUIs pO3paxyHKY aepoiOHHOTO pEXHMY B HPUMILICHHIX
BHKOPHCTOBYIOTHCSI TIEPEBAKHO AHAIITHYHI MOAENI, PO3poOJieH], SK MpaBWio, 0e3 ypaxyBaHHS pPi3HHUX (Di3UMYHUX
(baxTopiB, 1110 BIUIMBAIOTH Ha Hpolec (GOpMyBaHHS KOHIEHTPALIHHOTO MOJIs aepOioHIB. AJbTEPHATHBHUM PIIICHHSM €
3actocyBanHs CFD wmogenei, ski po3poOSMIOTECS 3 YpaxXyBaHHSAM aepOAMHAMIKH TIOBITPSHUX CTPYMEHIB Y
MIPUMIIICHHI, HasBHOCTI MeOIiB, OONaJHAHHS, TEpEeHECEHHS iOHIB 3a il EeNeKTPUYHOTO IO, iHMHX (Pi3mIHIX
(axTopiB, 1I0 BU3HAYAIOTh IHTEHCUBHICTH 1 (OPMY KOHIEHTPALIWHOTO IOJsl aepOiOHIB y mpuMilleHHi. Memoouka.
Pozpobnstoun uncnoBy CFD mozens ais po3paxyHKy aepoOiOHHOTO PEXKHUMY B HPUMIIIEHHSIX, BPaXOBYBAIH BIUIUB
MTOTOKIB TIOBITPS, BUKIMKAHUX POOOTOI0 BEHTHIIALII, An(y3ii, BIUINB €IEKTPUIHOTO MO, a TAKOXK B3AEMOJIIO iOHIB
PI3HOI MOJSIPHOCTI MiXK cO0OI0 1 13 YacTHMHKaMH IMITy. 3alpolOHOBaHA MOJIENb PO3PaXyHKY aepoiOHHOTO PEXHUMY B
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MIPUMIMICHHSAX 3aCHOBAHA HA 3aCTOCYBAaHHI PIBHSHB aepOAMHAMIKH, €JIEKTPOCTAaTHKH i MacomepeHocy. Lls momens
JO3BOJISIE OTIEPATUBHO PO3PaxOBYBAaTH KOHIICHTPAILiHE IIOJIE aepOiOHIB 3 ypaxyBaHHSAM BIUIMBY CTiH, IiJUIOTH, CTEII,
MEPEIIKO]] Ha TPOIEC PO3CIFOBAHHS aepOiOHIB, KOHKPETHOTO MiCIlS €Micii i0HIB Pi3HOI MOJSAPHOCTI Ta iX B3aeMomii B
MIPUMIIICHH] 1 B pOOOYHX 30HAaX B YMOBAaX INTYYHOI i0Hi3amii moBiTps. Pe3yrsmamu. OTpUMaHO pO3paxyHKOBI JaHi, Ha
HiJCTaBi SKMX MOXKHA OLIHUTH KOHLEHTPALI0 acpoiOHIB y Oylb-IKOMY MicCILi NPHUMIIIEHHS 31 IITYYHOIO 10Hi3amliero
noBiTps. KoHIleHTpalliiiHe IMoJjie aepoioHiB, po3paxoBaHe 3a gomomorow manoi CFD moneni, HaBeAeHe y BHIVIAIL
i3omiHid. Haykoea Hoeuszna. HaBeneHo pe3yiabTaTd pPO3PaxyHKY AaepoOiOHHOTO PEXHMMYy B NPUMINICHHI Ha 0a3i
yucesnsHOT 2D CFD mopeni. [ns po3s’sizanHs 3amadi Ha 6a3i po3podsienoi CFD mozeni notpiOHO O1M3bKO XBUIIMHA
KoMIT'toTepHOTO uacy. Ilpakmuuna 3navyumicme. 2D CFD Moznens po3paxyHKy aepoiOHHOTO PEKHMY B HPUMILIEHHSIX
JIO3BOJISIE PO3PAaXOBYBAaTH KOHLICHTPAII0 aepoioOHIB y poOOYMX 30HAX IPUMIIIEHHS B YMOBaX IITYYHOI iOHi3awil
TOBITPSL 3 ypaxyBaHHAM OCHOBHHX (i3WMYHHX (PAKTOpiB, IO BHU3HAYAIOTH (OPMYBaHHA KOHIICHTPAIIMHHUX IIOJIB
aepoioHiB.

Kiwuosi cnosa: CFD mooens, aepoionnutl pexcum,; KOHyeHmpayiiine noie aepoioHis, WmyyHa ioHizayis
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Annomayun. Ilens. OnmHOM W3 BaXHEMIMX 3amad B 00JNAaCTH OXpaHbl Tpyda ABIAETCS obecredeHne
HEOOXOJMMOT0 KaueCTBEHHOIO0 COCTaBa BO3JYIIHOW Cpeabl B pabouumx 30HaX O(QUCHBIX M IIPOU3BOJCTBEHHBIX
nomemenuit. Jlns mojnuepkaHusT HEOOXOOMMOrO YPOBHS a’pOMOHOB B BO3AYIIHOM cpele IMOMEIIEHHH YacTo
NPUMEHAOT HWCKYCCTBCHHYIO HOHM3AIUIO BO3yXa B IMOMCIICHUAX. Ha HaHHbIﬁ MOMCHT B praI/lHe JJI pacucTa
A’POHMOHHOTO PEKUMA B MIOMEIICHHUSAX HCIIONB3YIOTCS MIPEUMYIIICCTBEHHO aHATUTHYECKIE MOJICIH, pa3paboTaHHbIe, KaK
mpaBwiio, 0e3 ydera pa3audHbIX (U3NIeCKHX (PAKTOPOB, BIHMSAIONIMX HA Hporecc GOpMUPOBAHUS KOHIICHTPAIMOHHOTO
MOJIsL a9POMOHOB. AJIBTEPHATUBHBIM pelneHneM siBisieTcs npumenenue CFD Mopeneii, koTopble pa3pabaThiBaloTCs C
YYeTOM a’pOIMHAMHKH BO3IYIIHBIX CTPYH B MOMEIICHWH, HaIwmdus MeOenn, o0OpyIOBaHUS, MEPEHOCa MOHOB IO
JNEHCTBHEM DSJICKTPUYECKOTO TIIONISA, APYTHX (U3NYECKUX (PAKTOPOB, OMPEHENSIONINX HWHTEHCHBHOCTE U (OpMy
KOHIIEHTPAIIMOHHOTO TIOJISi adpPOMOHOB B TomerneHuu. Memoouka. Ilpu pazpabotke uncnenHorn CFD mopenu st
pacueTa a’pOMOHHOTO pPEXHMMa B IOMEHICHUSX YYHUTHIBAJIOCH BIMSHHE IIOTOKOB BO3/AyXa, BBI3BAHHBIX pabOTON
BEHTWIALUH, AU DY31H, BO3NEHCTBUSI AIEKTPUUECKOTO OIS, & TAKIKE B3aMMOACHCTBUE HOHOB PA3IUYHOMN MOJISPHOCTH
JpyT ¢ APYTOM U ¢ YacTUIlaMu Iblin. [IpeqnoskeHHast MoAeIbh pacueTa a3pOMOHHOTO PeKUMa B IOMEIIEHUSIX OCHOBaHA
Ha MPUMEHEHWU YpPaBHEHHM a’pOJMHAMUKH, 3JIEKTPOCTATMKM M MaccomepeHoca. JlaHHas MoJenb I03BOJISET
OIICPATUBHO PACCUYUTBHIBATh KOHHCHTPALMOHHOC I10JIC aOpOUOHOB C YYE€TOM BJIMAHHUA CTCH, 110J1a, IIOTOJIKA, HpeHHTCTBI/II‘/II
Ha IPOLECC PACCEHBAHUSA a’POMOHOB, KOHKPETHOTO MECTa 3MUCCHM MOHOB PAa3JIMYHOM MOJSAPHOCTH U HX
B3aUMOJEHCTBUS B MOMEIIEHHN M B pabOYMX 30HAaX B YCJIOBHUSX MCKYCCTBEHHOHM MOHM3alUH Bo3ayXxa. Pe3ynvmamol.
[Tomy4yeHbI pacyeTHBIC TAHHBIC, HA OCHOBAaHUHM KOTOPBIX MOXKHO OIICHHUTHh KOHIICHTPAIUIO a3POUOHOB B JIFOOOM MecTe
MTOMEMICHUS ¢ UCKYCCTBEHHOM HMOHM3auel Bo3ayxa. KoHIeHTpaiioHHOE T0JIe a3pOHMOHOB, PACCUYNTAHHOE C TTOMOIIBI0
nmarHoi CFD Moznenu, mpeicTaBlieHO B BUIE W30JIUHUNA KOHIICHTpannoHHoro noyst. Hayunasa noeusna. IlpencraBieHsl
pe3yIBTaTHl pacdyeTa a3pOHOHHOTO PeXHMMa B moMernieHn: Ha 6a3e uncinenHoi 2D CFD mopenwn. s pemenns 3agaqyn
Ha Oaze pa3paboranHoii CFD wmozenm TtpeOyeTcss OKOJIO MHHYTHl KOMIIBIOTEPHOTO BpeMeHH. IIpakmuueckas
3nauumocms. 2D CFD wMopmens pacdera ad’poOHMOHHOTO pEeXMMa B TOMENICHHSAX MO3BOJSIET PACCUUTHIBATH
KOHIICHTPALIUIO a3POHOHOB B PabOYHMX 30HAX IMOMENICHHUS B YCIOBHAX MCKYCCTBEHHOW MOHH3AIIMHM BO3IyXa C YUETOM
OCHOBHBIX (PM3HUYECKUX (PaKTOPOB, ONPEACISIONNX (OPMUPOBAHUE KOHIEHTPALOHHBIX MOJIEH a9POHOHOB.

Kuarwuessie cioBa: CFD Moaeﬂb,’ a3p0u0HHblZZ pescum, KOHYeHmpayuoHHoe nojie a3pouoHos, UCKYCCmMeEeHHAsl UOHU3AYUs

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. Ionization 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]:

6_C+ O(u + bE)C N O(v+bE)C _
ot ox oy

21, 22,2 cacs-
ox ox ) oyl 7 oy

- BCD+Y 0. (1)(x—xo(y-y.), (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; u = (ux, py) — diffusion coeffi-
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cients; t — time; o — the rate recombination of
ions with different polarity; g — the rate of re-
combination of ions with dust particles;
QOci, — the intensity of the negative ions emission
at the appropriate points with the coordinates
Xeve, O(x—x,)8(y—y,) — Dirac delta function;
b — coefficient of ion mobility; £ — electric field
intensity.

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

OFE

E
L_F_y:&’ (2)
ox oy &

where &, — the dielectric permittivity;

q. — the space charge density.
From equation (2) can go to the scalar poten-
tial, taking into account such dependence
E=-% -9 3)
ox oy
Then we get the Poisson equation of the fol-
lowing form [16], which we will use to simulate
the electric field:
82 2
S0, o0 L @)
ox~ Oy &
where ¢, =—eC(x,y), C(x,y) — the concentra-
tion of negative air ions; ¢ — scalar potential; e
— 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 ( aBj
Ll R A T
o ox oy Ox ox

+ 0 [y aBJ—(ZCB—ﬂBD-i—

o\ oy
+ ZQB(I)5(X—XB)§(y—yB )> )
oD ouD ovD
—+ + -
ot  Ox oy
S22, 2(,, ),
o\ ox oy Hy oy
+ z Op (t)é‘(x ~—Xp )5()’ Vb ) (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 aecrodynamics 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
TPLOP Ly, (7)
ox oy
where P — velocity potential.

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

u=Z 2E (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)
«ION-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.
Y |
—
7
> &
/7
c, ! 3
e 1 2.
>
[
v el

Fig. 1. The computational domain: I — 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 techniquey, 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 C()ZO.55><1011 par‘[icles/m3 . The air exit
from the room occurs through the outlet in the
wall. The work area includes table and chair
placed next.

B.342E+81

B.312E+66 e
m—fl, Z75E +86
8. 230E+86
w—fl, ZBZE +B6 g
8. 165E+86
wfl. 120E+86
8.917E+85
mfl. 55HE +85
8. 183E+85

8. B0HE-B1
a. ZSBE BB

coordinate x 8. 126E+8Z

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
Oy = 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" ms, f = 1x10" m*/s [13; 16]; the
coefficients of turbulent diffusion in all direc-
tions are taken to equal u =u,=kV (where

k=0,1 — the parameter, V - the local velocity in
the specific computational point and it is defined
by solving the aerodynamic problem). Dust
emission occurs indoor, Op=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 C,,,. Printing was done on the for-
mat as «whole numbery, 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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