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Worthy of note, that the computational time to sollke problem was about $6c
So the developed model can be used to predictaugokly the concentration field in the
settler having comprehensive geometrical formubare the 3-D CFD model is proposed
to be developed.
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NUMERICAL SIMULATION OF AIR JET SUPPLY TO REDUCE
CONTAMINATION NEAR THE BUILDING IN THE CASE
OF CHEMICAL OUTDOOR RELEASE

Po3po0JieHo 4nceNbHY MOAEIb A/ MOJACTIOBAHHA 3aXHCTy OyAiBJi Bil MOTPamJsiHHS B HbOIO
XiMiyHO He0e3meYHUX pPEYOBHH NLIAXOM 3aCTOCYBaHHS NOBiTpAHOI 3aBicu. Po3poOiena mopean
0a3yeTbesi HA YHCEJILHOMY IHTEIPyBAHHI PiBHAHHSA NePEeHOCY JOMIlIKH Ta MOJe/Ii MOTeHiaJbHOI Tevil.
Jlis 4yKceIbHOro iHTerpyBaHHS BHKOPHCTOBYHOThCS HesiBHi pisHuueBi cxemu. HaBeneno pesyiabraTn
Po3paxyHkiB Ha 6a3i po3po0.ieHol Moaeni.

KunrouoBi cioBa. 3abpynHeHHs aTMOc(epH, YUCeIbHE MOACTIOBAaHHS, 3aXUCT Oy/iBelb.

Pa3pa0oTaHa 4ucjeHHasi MOAEJIb ISl MOJAETMPOBAHUA 3AUIMTHI 3JaHUS OT MONAJAHUS B HEro
XMMHYECKH ONACHBIX BEUIECTB ITyTeM HCII0JIb30BAaHMSI BO3AYIIHOW 3aBechl. Papaforannast monenb
OCHOBbIBA€TCS HAa YHCJIEHHOM MHTEIDHPOBAHMM YPABHEHHsl IlepeHOCa NpHMeCH M MOJAeTH
NOTEHIHAJIBHOT0 TeyeHus. [lJIsl YHCJIEeHHOr0 MHTErPHPOBAHUS HCIOJIb3YIOTCS HesIBHbIe Pa3HOCTHbIE
cxembl. IIpuBe/ieHbI pe3yJIbTaThl PAcU4eTOB HA 6a3e pa3padoTaHHON MoJeJIN.

KiroueBble ciioBa: 3arpsisHeHHE aTMOC(Epbl, YUCICHHOE MOJICIMPOBAHHUE, 3all[UTa 31aHUH.
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A numerical model was developed to simulate buildp protection from toxic chemical
penetration using air jet. The model is based on thK-gradient model of pollutant dispersion and the
model of the potential flow. The implicit schemes a used for the numerical integration. Results of
numerical experiment are presented.

Key words. the atmosphere pollution, numerical simulation t@ection of building

Introduction. At present problem of people protection inside dings in the case
of chemical attack (outdoor release of chemica)figreat interesiTo protect people
means to reduce the value of the hitting factar,dbncentration inside the building. The
toxic chemical penetration inside the building t@nreduced if the special measures will
take place near the building, for example, thgetisupply near the building. This air jet
makes the obstacle on the way of toxic chemicagledigon and it results in decreasing of
contamination near the building. It means thatasecof the atmosphere air infiltration
less contaminated air will infiltrate the building.

This work is dedicated to the problem of the nusarimodel development which
can be used to compute the efficiency of the dirsjgpply to reduce the level of
contamination near the building and thus proteddmg from intensive toxic chemical
penetration.

Literature review. The analysis of the modern methods of the atmospb@iution
prediction after accidents with dangerous substanas carried out. Nowadays in
Ukraine two models are widely used to predict tiredt in the case with accidents with
the toxic substance emissions. This the empiricatleh adopted by the Ukrainian
authorities [7] and Gaussian plume model (in somsecthe analytical model of the
instant ejection) [10; 11]. These models can't taite account the influence of buildings
on the process of pollutant dispersion [3; 10; THerefore, it is important to develop
CFD models to simulate the process of the atmosppeliution after toxic substances
emissions with the account of buildings or othestables influence on the process of
pollutant dispersion [1; 4; 5]. Such models will kery useful for prediction of the
atmosphere pollution in cities.

The purpose.The main purpose of this work is to give the eegms the tool, which
can be used to estimate the efficiency of the etirsupply to protect building from
chemical attack.

Governing equations.To simulate the process of toxic chemical dispersiothe
atmosphere the convective — diffusive equatiorsed6]:

oC , auC , o (;yW)C +0C = div(ugradC) @)

ot ox

where u, v are the velocity components ix, y direction respectively,C is the
concentration of toxic chemicaly —is the fallout speedy is the parameter taking into
account the process of toxic chemical decay or imgsby rain;u, , uyare the coefficients
of turbulent diffusion irx, y direction respectively.

In the developed numerical model, the following fipeoof velocity component

and coefficient of diffusion, is used [2,3]:

= l ni = l m;
) Ul(yj A kl(yJ

whereu; is the velocity at height;yk;=0,2;n=0,16;n=1.
The transport equation is used with the followimgihdary conditions [4, 5]:
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— inlet boundary:C|inlet =C., where C; is the known concentration (very often
C. =0);
— outlet boundary: in numerical model the condit®(i +1,j k) =C(i,j k) is used

(this boundary condition means that we neglecptioeess of diffusion at this plane);

— top boundary, ground and solid surfac¥s 0-
on
To simulate the wind flow over buildings the modé&potential flow is used. In this
case, the governing equation is [5]:
2 2
a_s +a_§ =0, (2)
ox= ay
whereP is the potential of velocity.
The boundary conditions for equation (2) are ae¥ghg:

— at the «solid» boundaries we have: a—P =0,

on
wheren is a normal to the boundary;

— at the inlet boundary we have:g—P =V,,
n

whereV, is the known meaning of the speed,;
— at the outlet boundary we havé:= B, + const (Dirichle condition).

The components of the wind velocity are calculatesdollows:
_oP _0P
ox’ oy

After computing of the wind velocity components thenvective — diffusion
equation (1) is solved.

Numerical integration of the equations.To develop the numerical model on the
basis of equation (1) the change — triangle diffeeescheme is used [1,7]. The following
approximation is carried out

u

oc_G"°-G
ot At
auc:au+c+au‘c_ ovC_aV covc

ox  Ox ox = 0y dy 0y

u+{u _ u-|u v+ _ V-
whereu” = ||;u = ||;v+= M;v _v-M
2 2 2 2
First order derivatives are approximated as follows
1 1
au'c - uitl,j an+ -y q:rl-'i-u, —Ltcnt
ox Ax X
_ - 1 _ .~ ntl
ou"C_U,iGYy —y§ § _ el
ox Ax =
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1 1
v C VY J+1qn+ —¥ Cm — Ltent
dy Ay A
1
NV C_V Gy (Em et
oy Ay
Second order derivatives are approximated usinly difference formulae:
1 1 1
i( 6_C)~ Ir-]:ij Canr _ c':?+ B @r—}i “Mo.cM™lim* Cn+1
aX,uxa = Hx A2 Hx A2 = M xx
1 n+1 ml_ ~n+l
oC, _ C|n+ - Gj G ~Cia_ - + AN+l
a_y(”ya_y)~”y I AN =My, CT+M,C
The difference approximation of Eq.1 is now asdat

C|n+1 C,
At J+LCn+l+LCn+1+LCn+l+LCn+l+0.C|

- 1, (- 1 1, - i
= (MpC™™ + LM+ L, L™+ L, ™)
To solve this difference equation we split it:

1
Step 1k==:
P 4

n+k_
G - qJ s (|_ ekt ck)+_c|kJ

- Kym— on Ky v~
—Z(MXXC + M CM+ M, C+ M, €

Step 2k:n+%;c:n+£:

4
Cqull—k—kUk_l—k + ~C k
o (G H L C + G =7 (Mg C M3 Co+ Myy C*+ M, CY

Step 3k = n+§;c: n+£:
4 2

Cllq11+k—kak_1—c + ~k k
m +§(LXC +LyC)+ij_z(Mxxc + Mgy C*+ My, C+ M, C9
Stepdk=n+1; c= n+:31:

G -G§
At
Unknown concentratlorC at each step can be easily computed using explicit
formula of running calculation’1, 5].
To solve equation (2) Richardson scheme and Libmathod were used. Special
code InNFLOW-2D’ was created on the basis of the developed numenicdél.
Results. The developed numerical model was used to estithatefficiency of the
jet supply to reduce the concentration near th&dimgi and thus protect building from
toxic chemical penetration. The numerical experitwegs carried out using the following

G .1 (|_ ck+ i chy+ 2 qj__(MXXck+ My Co+ M, Co+ M, CY
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data: the length of the computational domain ismiOthe height of the computational
domain is 63m; wind speed is 5m/s; air jet speedl@sn/s; the dimensionless
concentration in cloud is 1(at t=0). The sketchtied calculation domain is shown in
Fig. 1. At t=0 the form of the toxic chemical (NH3pud is set.

The results of the computational experiment arevshia Fig.2,3. If we compare the
concentration field near the second building foo tvases ( with air jet and without air
jet) we can see that the air jet influence thensity of the air contamination near that
building. The concentration near the windward wiéithe second building is less than in
the case when the air jet is not used.

};

X
Fig. 1. Sketch of the computational domain: 1 — tog cloud;
2 — position of air jet; 3 — position of receptor
(intake of the ventilation system)
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Fig. 2. Concentration of toxic gas, t=6 sec (no airte
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Fig. 3. Concentration of toxic gas, t=6 sec (withigjet)

The efficiency of this method of protection can ésimated if we compare the
concentration of the chemical for both cases, xanaple, on the roof where the intake of
the ventilation system is situated. This positiontlee roof is shown bycircle’ in Fig.1.
These results are shown in Tabl.1.

Table 1
Dimensionless concentration on the roof
t,sec| Nojetl With jet
6 0,281 0,19
9 | 0424| 0,26
12 | 0,331 0,18

As we see from Tabl.1 the jet implementation catluce the level of contamination
even at the roof level.

The computational time to solve the problem wasuai®sec. It means that the
developed model can be attractive from a desigmeiist of view.

The future work in this field should be directenl the development of the 3-D
numerical model of this process.
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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.

Key words: air ions, CFD simulation, rooms microclimate

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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