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PROMPT CFD SIMULATION OF AIR IONS DISPERSION IN THE
ROOMS

IIpencraBiena CFD mopeab s MOAeTIOBAHHSI PO3CIIOBAHHS aepOiOHIB B NPUMileHHSIX.
Mopeab 3aCHOBAHA HA BHKOPHCTAHHI PIBHSIHHA IEPEeHOCY AOMIIIKM i MojeJi HOTeHUiiiHOro Teuii.
IIpencraBieni pe3yabTaTH 00YMCJIIOBAIBLHOIO eKCIEpPHMMEHTY, NpOBeleHOro Ha 0a3i po3pod.eHol
MojeJIi.

Kurouogi ciioBa: aepoionn, CFDmozentoBanHs, MiKpPOKITIMAT IPUMILIICHb.

IIpencraBiena CFD mopens miisi MomeaMpoBaHUs pacceMBAHUS a3POHOHOB B MOMELIEHMSIX.
Mopaenp OCHOBaHa Ha MCHOJb30BAHHH YPABHEHHUsI NepeHOca NPHUMeCH U MOAeJM NOTeHUHATBLHOI0
TedeHusi. IlpeacraBiieHbl pe3yjbTaThl BBIYMCJIUTENBLHOIO JIKCIEPUMEHTA, NPOBEJEHHOr0 Ha 0a3se
pa3paGoTaHHOi MoJeJIH.

Kiwuessle cioBa: aspononsl, CFD MomenmmpoBanne, MUKPOKITUMAT ITOMEIICHUIA.

A CFD model to simulate the air ions concentratiorin rooms was developed. This model is based
on the equations of the admixture dispersion and # model of potential flow. The implicit schemes are
used for the numerical simulation. The results of th numerical experiment are presented.
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Introduction. The prediction of the air ions concentration inusttial rooms, office
rooms is now the problem of great interest. It Elvnown that the concentration of
negative and positive air ions influence on thdthezf people. To provide the normal air
ions conditions in industrial rooms it is hecesdarpredict the air ions concentration at
the work places when the special equipment ofoais emission are proposed to be used.
To solve this problem the researches need speaidlematical models.

Literature review. Now in Ukraine to predict the air ions regimesadoms only the
analytical models are used [2 - 5]. These modédsvaio calculate rapidly the air ions
concentration but the models can't take into actdhe influence of the furniture
deposition in rooms or the air flow induced by vation system on the air ions
dispersion. CFD models developed abroad are basédthvier — Stokes equations [ 1 ]
and need a lot of computational time. It is notyveonvenient at practical use especially
when many variants of have to be solved. So iteisessary to have CFD models to
provide researches with the more power tools oibai prediction in industrial rooms.

The objective. The main objective of this paper is the developnedithe effective
CFD model to predict the air ions concentrationrooms.
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Governing equations.To simulate the process of the negative and pes#ivions
dispersion in the room the transport equationsdlZaare used [1]
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whereC is the concentration of the negative air iamsy,are the velocity components in
X, Yy direction respectivelyp is the parameter taking into account the procdss o
flocculation and decay, , iy, are the coefficients of turbulent diffusionxny direction
respectively; B is the concentration of the positair ions;x , ¥ , are the Cartesian
coordinates;a is parameter taking into account the interactibnegative and positive
air ions; £ is the parameter taking into account the intesactif the air ions with dust
particles; @; is the negative air ions emission rate; i®the positiveair ions emission
rate; x,yc, etc.are the coordinates of emissidﬁx— X; )J(y— Yi ) etc. is Delta function.

The transport equation 1 or 2 is used with theofathg boundary conditions [6,7]
(we describe these conditions only for equation 1):

— at the inlet boundanyC|inlet =C., whereC; is the known concentration of the
air ions;
— at the outlet boundary:in numerical model the following condition
C(i+1j)=C(,]) is used. Here C(i+1,)) is the concentration attiséet boundary cell.

At the ‘solid’ surfaces of the computational region (on the floiothe room, at the
surfaces of the furniture, etc.) the following bdary condition is used

a_c =0
on
wheren is the vector of the normal to the correspondingese.
In the model 1, 2 the process of the air ions adon with the dust is taken into
account. It means that it is necessary to simulaedust dispersion in the room. To
simulate the dust dispersion in the room he foll@méquation is used

(5] auD avD 0 oD) a
e -y%) @
a ox oy ax(ﬂx axj ay(”y ayj 2. Qi (1)a(x=)o(y= %) 3)

where D is the dust concentratiory; @ the emission rate of dust.

Fluid Dynamic Model. The ventilation of the room forms the comprehendioe
pattern in the room which influence the air iond @ust dispersionlo predict this flow
field is very difficult because of the differentsibcles (furniture, etc. ) which influence
on it. To simulate the air flow in the room the model lné potential flow is used. In this
case the governing equation is [7,8]

op 0P
x> oy?

=0, (4)
whereP is the potential of flow.
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Velocity components are computed using the foll@aisrmulae [8]
oP oP
u= —_—, V=—— s
ox oy
Numerical integration of the equations To solve equation (4) it is transformed
into the ‘evolution’ equation

2 2
oP _ 0°P + 0°P 5)
an ox* oy’
where/} is a fictive time

To solve equation 5 the difference scheme of thelitlonal approximation is used
[9]. The change triangle difference scheme of tpktimg is used for the numerical
integration of equations 1-3 [6,7]. On the basigtaf developed CFD model the code
‘AIRPRED was created using FORTRAN language.

Results. The proposed CFD model was used to predict the tiwegair ions
concentration in the office (Fig.1). The specialiipgnent of air ions emission is used in
the room (Fig.1., position 1). Also in this offidhe different obstacles are situated
(Fig.1). Emission of negative air ions is Qc'particles/s. Another parameters of the
study case are as following: dimension of the dat@n region: 6.25m*4.20m; £4000
particles/s; @= 4*10° particles/s (area where the dust emission takeseplis
schematically shown in Fig.1 by wave arrows¥1,5x10 ** m’/s, p=1x10 *m%s [1];
both coefficients of the turbulent diffusion areuatjto 0.4:%/c; the velocity of the air
flow at the inlet opening is 1m/s. The numericapement was carried out for two
scenarios: the height of the equipment producirgatiee air ions is 2.5m and this height
is 3.3m.
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Fig. 1. Sketch of the computational domain:
1 — equipment producing negative air ions; 2 — ches;
3 — place of dust emission; 4 — place of positivens emission

The results of the numerical experiment are shawig.2 and Fig.3. The position
of the equipment producing negative air ions issshm these figures byound.
One can see from Fig. 3, that the position of the equipment producingias
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influences the concentration of ions in differeotrs of the room. To see it's clear the
concentration of the negative air ions above tharshat the work places is shown in
Table.1. Worthy of note that the air flow speed\abthe first chair is 0.26m/s, and above

the second chair is 0.25m/s.
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Fig. 2. Concentration of negative air ions

(first scenario, Cmax
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Table 1

Second work place

0.23*1bparticles/m3)

First work place
0.76*18 particles/m3| 0.10*10" particles/m3

0.66*Tparticles/m3| 0.89*10° particles/m3

Fig. 3. Concentration of negative air ions

(second scenario, Cmax
Concentration of negative air ions above the chair

Scenario

First scenario
Second scenarip

As we see from Tabl.1 the concentration aboveitbedhair is less than above the

second chair. This is explained by the air flowsping’ of air ions from left side of the

room to the right side of it.
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The computational time to solve the problem wasualiosec So the developed
model can be used for prompt computing of air icoscentration in rooms.

The next step in this field will be the developmet3-D numerical model for
prediction of air ions concentration in rooms.
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