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CFD MODELING OF THE ATMOSPHERE POLLUTION IN THE CASE
OF ACCIDENTS FOR SOLVING MONITORING PROBLEMS

Po3podseno CFD moaenps Ta koA AJ5 MOJeJI0BAaHHS TPUBHUMIPHOIO mpouecy nepeHocy 3adpya-
HIOBa4a B yMoBax 3a0y10Bu. Po3podiieHa Mogenb 0a3y€eThbesi HA YHCEIbHOMY IHTeIPyBaHHI TPUBUMIp-
HOI'0 PIBHAIHHSI IEPEHOCY JOMIlIKH Ta MojJei MoTeHUiajJbHOoi Tedii. /I1A 4HMceabHOro iHTerpyBaHHs
BHKOPHCTOBYHThCS HesIBHI pi3HUIIeBi cxeMu.

Kurouosi ciioBa: 3a0pyqHeHHs1 aTMOcepH, YUCEIIbHE MOJICITIOBAHHS, PO3CIFOBAaHHS TOMIILIKH.

Pa3padorano CFD moaesib ¥ Ko ISl MOJIeIMPOBAHMS TPEXMEPHOT'0 MpPoliecca NnepeHoca 3arpss-
HHUTeJIsl B YCJIOBHSIX 3acTpoiiku. Pa3padorannasi Mojie/lb OCHOBBIBAETCSl HA YHCJIEHHOM MHTEIPHPOBa-
HUHM TPEXMEPHOIr0 YpaBHEHHUsl MepeHoca MPUMecH W MOJIeJIM NMOTEeHUHAJIBHOro TeueHus. s YuciieH-
HOT'0 MHTEIPUPOBAHHUS HCIOJIbL3YIOTCS HEesIBHBIE PA3HOCTHbIE CXeMBI.

KiioueBble cJ10Ba: 3arpsi3HeHne aTMoc(epbl, YHCICHHOS MOACIMPOBAHUE, PACCCHBAHHE IPUMECH.

CFD model and code were developed to simulate the pollutant dispersion among buildings. The
model is based on the K-gradient model of pollutant dispersion and the model of the potential flow. The
implicit schemes are used for the numerical integration.

Key words: atmosphere pollution, numerical simulation, pollutant dispersion.

Introduction. In the problem of the ecological monitoring, the prediction of the at-
mosphere pollution after accidents is the problem of the great interest because the solu-
tion of this problem provides the experts with the necessary information about the hitting
areas and the level of the danger. To predict the air pollution after accidents with toxic
substances, the special standard model is used in Ukraine [7]. This is the empirical model.
This model has a lot of lacks and is widely criticized in scientific circles. This model can
provide the information about the square of contaminated area. This model doesn’t take
into account the influence of the wind velocity or wind direction on the concen
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tration dispersion. The main lack of this model is that it cannot predict the change of the
concentration of the toxic gas in the atmosphere after emission. However, the concentra-
tion of the toxic gas in the atmosphere is the main parameter, which is necessary to know
to estimate the danger level or organize protection of population. So this model can’t be
used for the purposes of monitoring. The analytical models can’t take into account the
influence of buildings on the process of pollutant dispersion [3; 10; 11]. Therefore, it is
important to develop CFD models to simulate the process of the atmosphere pollution
after toxic substances emissions [1; 4; 5]. The main purpose of this work is to give the en-
gineers the tool, which is more effective than the standard model and can be used for
monitoring problems in the case of accidents.

Governing equations. To simulate the process of pollutant (toxic chemical sub-
stances) transfer in the atmosphere the transport equation is used [6]:
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where u, v, w are the velocity components in x, y and z direction respectively; C is the
concentration of toxic substance; o is the parameter taking into account the process of
toxic gas decay; u., u,, u. are the coefficients of turbulent diffusion in x, y and z direction
respectively; x; , y;, z; are the coordinates of point source of emission; Qi(?) is the inten-
sity of pollutant emission; &(x — x, )5(y — y,)8(z — z,) is Dirac’s delta-function.
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In the developed numerical model, the following profile of velocity component u
and coefficient of diffusion z_ is used [2]:
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where u; is the velocity at height z;; £,=0,2; n=0,16; m~ 1.

The transport equation is used with the following boundary conditions [6, 9]:

— inlet boundary: C| ~=C;, where C; is the known concentration (very often
C,=0);

— outlet boundary: in numerical model the condition C(i+1, j,k)=C(i,,k) is used
(this boundary condition means that we neglect the process of diffusion at this plane);

oC
— top boundary and ground surface o =0.

n
To simulate the 3-D wind flow over buildings the model of potential flow is used. In

this case, the governing equation is [9]:
o’P 0'P  0O°P

st Tt T
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0, 2)
where P is the potential of velocity.
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The boundary conditions for Eq. (2) are as following:

— at the «solid» boundaries we have: Z—P =0,
n
where #n is a normal to the boundary;
. oP
— at the inlet boundary we have: I =V,,
n

where V, is the known meaning of the speed;

— at the outlet boundary we have: P = P, + const (Dirichlet condition).

The components of velocity are calculated as follows:
opP oP opP
u = —— 5 y = -, = —.
Ox oy oz

Numerical integration of the equations. To develop the numerical model the fol-
lowing splitting of Eq.1 is carried out [1]:
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To solve these equations the change — triangle difference scheme is used [9].

To solve Eq. (2) A.A. Samarskii’s change-triangle difference scheme is used [8]. In
this case, instead of equation (2) the «time-dependent» equation for the potential of veloc-
ity is used in the model:

op _o°P o'P O°P
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where 7 is the «fictitious» time.

For 77 — oo the solution of this equation tends to the solution of Laplas equation.

According to A.A. Samarskii’s change-triangle difference scheme the solution of
equation (3) is split in two steps:

— at the first step the difference equation is:
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— at the second step the difference equation is:

Pn+1 _ Pn+l/2 Pn+1 _ Pn+1 _Pin;-lt/z + Pn+l/2 Pn+1 _ Pn+1
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From these expressions, the unknown value P is calculated using the explicit formu-
lae at each step (the «method of running calculation»). The calculation is completed if the
condition:

n+l n
Phx—PLi<e,
is fulfilled (where ¢ is a small number, 7 is the number of iteration). The components of
velocity vector are calculated on the sides of computational cell as follows:

_ Pi,j,k — Pi—l,j,k
Wik = Ax
b
_ Pi,j,k - Pi,j—l,k
vi,j,k - Ay
b
_ Pi,j,k - Pi,j,k—l
Wi = Az

Results. The developed CFD model was used to predict C/, concentrations in the
case of the accident at the Nizhnedneprovsk Filtration Station. There is the storage of lig-
uid C; at this station. This storage is situated near Nizovaya Street where there are many
civil buildings (Fig. 1).The numerical modeling was carried out using the following initial
parameters: the length of the region is 300 m, the width of the region is 250 m, the height
of the computational region is 70 m. The wind speed is u;=3 m/c, the emission of the
toxic substance is 180 kg and this amount of C/; is ejected during 2 seconds.

T AR o b R

Fig. 1. Urban territory near the storange of toxic substance:
1 — storage with Cl; 2 — civil buildings
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Fig. 3. Concentration of Cl, =23 s (level z=12 m):
1- C=7 mg/m®; 2 — C=17 mg/m®; 3 — C=25 mg/m’

The results of the CFD modeling are shown in Fig. 2 and Fig. 3. These Figures illus-
trate the concentration field for different time after accident. It is clear that in the case of
the accident the toxic gas cloud very quickly will cover the urban area. In Table 1 the
concentration of C/, at the different distance from the point of emission is shown.

Table 1

Cl; concentration at the different distance from the point
of emission (for time /=22 s)

X, m 60 72 98

C, mg/m’ 27 19 8,1
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Conclusions. It is obvious that in the case of the accident the concentration of the
toxic substance will exceed the level of the hitting concentration. This is a real danger for
the people living near this Filtration Station.
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H. H. Beasies, /1. O. 3aTbIHaiiueHKO

Jlnenponempoeckuil HayUOHATLHYL YHUGEPCUMEm
JHCENE3HOOOPOIICHO20 MPAHCnopma um. akademuxa B. Jlazapsna

YNCJIEHHOE MOJAEJIMPOBAHUE ADPONOHHOI'O
PEKUMA B PABOYEM IOMEINEHUA

Po3po0iiena nBomMipHa Mojesb 1JIsl MPOTrHO3Y aePOiOHHOIO pe:kuMy Yy npumimeHHsix. Mogeanb 6a-
3y€TbCSl HA BUKOPHCTAaHHI PiBHAHb NepeHOCY aepoioHiB Ta MojeJi HeB’AI3K0I HeCTHCJIOl pifMHH.
Po3p’sa3aHHd 3a1a4i 3HAXOAUTHCS 32 I0OTIOMOT0I0 Pi3HMIIEBUX CXeM.

Kio4oBi ci10Ba: aepoioHHUH pexuM, IPUMIIICHHS, YACETbHE MOICTIOBAHHS.

Pa3padorana JByXMepHasi MOJeJb JUISl IPOrHO32 a3POMOHHOIO PesKUMa B MoMeleHusix. Moaesb
6a3upyeTcs Ha HCNOJb30BAHUHU YPABHEHHUI MepeHoca a3PONOHOB U MO/1eJI HEBSI3KOi HeCKHMAaeMOii
JKHKOCTH. PemreHune 3a1aun HaX0QUTCS € TOMOIIBIO PA3HOCTHBIX CXEM.
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