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Introduction. The prediction of the concentration of the toxic gas in the atmosphere is the main
information which is necessary to know in the case of toxic gas release after accidents. This
information is very important to assess the danger level after the accident and to organize the
protection or evacuation of the population. To solve this problem it is necessary to calculate the toxic
gas dispersion in the atmosphere. The emergency service is in need nowadays of the effective tool to
solve this problem.

Literature review. In Ukraine two models are widely used to predict the threat in the case with
accidents with the toxic substance emissions. This the empirical model adopted by the Ukrainian
authorities [7] and Gaussian plume model (in some case the analytical model of the instant ejection)
[10; 11]. Both models allow to calculate the size of the hitting area but they can’t take into account the
different types of ejections [3; 10; 11]. Therefore, it is important to develop CFD models having more
capabilities to simulate the process of the atmosphere pollution after toxic substances ejections
[1; 4; 5].

The purpose. The main purpose of this work is the development of the effective numerical model
which is more effective than the standard model and can be used for monitoring problems in the case
of accidents with toxic substances.

Governing equations. To simulate the process of pollutant (toxic chemical substances) 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;

Uy, 1y, 14, are the coefficients of turbulent diffusion in x, y and z direction respectively;

Xi, Yi, Zi are the coordinates of point source of emission;

Qi(t) is the intensity of pollutant emission;

5(x—x,)5(y —y,)8(z — z;) is Dirac’s delta-function.

In the developed numerical model, the following profile of velocity component u and coefficient
of diffusion 4, is used [2]:
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where u; is the velocity at height z;; k;=0,2; n=0,16; m = 1.
The transport equation is used with the following boundary conditions [6; 9]:

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

+ayﬂ

T @)

— outlet boundary: in numerical model the condition C(i+1, j,k)=C(i, j,k) is used (this boundary
condition means that we neglect the process of diffusion at this plane).
Numerical integration of the equations. To develop the numerical model the following splitting
of equation (1) is carried out [1]:
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The following approximation of the first order derivatives is fulfilled [9]:
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The second order deriveties are approximated as following:
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where 1, :M, etc.
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In these formulael,, L, L;, L, L, L, M, M, , etc. are the notations of the difference
operators.

After the approximation the solution of the difference equation is splitted in 4 steps:
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At the fifth step the influence of the sources of toxic gas emission is taken into account [9]:
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On the basis of the developed model the code was created using FORTRAN language.

Fig. 1. Sketch of the computational domain: Fig. 2. Concentration of NH;, t = 11 min (1
(Railway bridge near settlement «Igreny) —C=24mg/m’; 2—C =53 mg/m’)
A — position of the toxic gas emission



Fig. 3. Concentration of NHs, t=32 min (I — C=18 mg/m’; 2 — C=43 mg/m’)

Results. The developed model was used to solve the following problem. It is suppose that the
emission of NHs takes place as the result of the accident at the railway near the railway bridge
«Samarskij» (Fig.1). The settlement «lgren» is situated near the railway bridge. That is why it is very
important to predict the level of the atmosphere pollution after the accident.

The scenario of the problem was as following. At time t = 0 the short term emission, during 25
min of NH; takes place. The wind speed is 5 m/s. The aim of the calculation was to obtain the
dimensions of the contaminated area near the settlement «Igren». The results of the numerical
experiments are shown below.

As it is clear from figures 2 — 3 the toxic gas plume very quickly reaches the buildings of «lgren»
settlement. The plume has the specific geometrical form as a result of the short term emission. The
concentration in the plume is much higher than the hitting concentration which is equal to 20 mg/m®
for NHs. It means that it is necessary to develop measures to protect the population in settlement
«lgreny.

The computational time to solve the problem was about 15 sec. So the developed model can be
used to predict very quickly the concentration field in the case of accidents.
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SUMMARY

IMocTtanoBka 3amaui. BhHacnmigok Hag3BUUalHMX CUTyalii TEXHOTEHHOTO  XapakTepy
BinOyBaeThCsl IHTEHCHMBHE 3a0pynHeHHs atMocepu. [IporHo3yBaHHs Mpolecy pPO3MOBCIOKEHHS
3a0pyIHIOBaYA € BRXKITUBUM TIPH MPUHHSITTI aA€KBATHAX PIIIEHb ITi]] 9ac JIOKami3amii 30H 3a0pyTHEeHHS
Ta JIKBiAAMii HACIIKIB aBapifHUX CUTYaIli# 3 XIMIYHO HEOS3IEYHUMHU PSUOBHHAMMU.

AHani3 mpodjeMu I0CHiIKeHHs. AHaNi3 Cy4acHHX METOIIB TPOTHO3YBaHHS 3a0pyAHEHHS
atMocepH micas aBapid 3 HeOE3MeYHWMH PEeYOBHHAMH ITIOKa3aB HASBHICTH CYTTEBUX HEHONIKIB, a
caMe: BOHM HE BpaxOBYIOTh BIUIMB OyiBeNb Ha IIPOIEC IEPEeHOCY HEOE3NEYHHX pPEYOBHH B
aTMocdepi, mapaMeTpr METEOCUTYAIlil Ta TOTPEOYIOTh BEIMKMUX BTPAT Yacy Ha OTPUMAHHS Pe3yJbTaTy
MPOTHO3YBaHHs. TakuM YHHOM, TIOCTAa€ HEOOXIAHICTh y CTBOPEHHI UHCENBHUX MOZeNeH, o
JI03BOJISIFOTH KOMITIEKCHO BpaxXyBaTH TEpeTiueHi BUIe YAHHUKH Ta [MIBUAKO BUKOHYBAaTH PO3pPaxyHKH.

Jns TpakTHYHOTO 3aCTOCYBaHHS BKpail BaKIMBO MaTH CTIMKI YHCENbHI aITOPUTMH, SKi
JO3BOJSII O po3paxoByBaTH 3a0pyAHEHHsI aTMocepd Ui IIUPOKOrO KOJa aBapiiHUX CHUTYaIlii.
Tomy B maniii poOOTI IuIsi TPOTHO3Y aBapilfHOrO 3a0pyAHEHHsS aTMoc(epl 3aCTOCOBAHO HESBHY
MIONIEPEMiHHO-TPUKYTHY pi3HHIEBY cxeMy. Ll cxema mae 0coOimMBICTP — BOHA € HESBHOIO 3a
moOyIOBOK0, aJieé PO3pPaxXyHOK 3HAYCHHS KOHIICHTpAIii 3IIHCHIOETHCS 332 SBHOK CXEMOK — METOJ
«Oerymiero cueTay.

Mera gociigkenns. MeToro TOCHiHKeHHS € po3poOka HOBOI edekTnBHOI 3-D uncensHOi Moaemi
JUIL PO3PaxyHKY pO3CIIOBaHHS TOKCHYHHMX ra3iB B aTMocdepi, sKa BpaxoBye BIUTUB Oy[iBeNb Ha
MPOIIEC MEePEHOCY 3a0pyaHIOBaua B aTMocdepi, mapaMeTpyu METEOCHUTYaIlil, Jerka B KOPUCTYBaHHI Ta
JUTSL OTPUMAaHHS pe3yNbTaTy IpoTHO3yBaHHA oTpedye 10 — 15 cexyH.

BucnoBku. Po3po0neHo edexkTUBHY dHCENbHY MOJIENb Ui MOJEIIOBAHHS TPHUBHMIPHOTO
nporiecy 3a0pyIHEHHsT aTMOC(epH y pa3i HaI3BHYaWHUX CUTYyallild Ha 0a3i TigpoJuHaMidyHOI MOAedi
MOTEHIIABHOT Tedii i TPUBUMIPHOTO PiBHSHHS NIEPEHOCY JOMIIIKH, SIKi BPaXOBYIOTh BIUIHB BITPOBOTO
MOTOKY Ha TIEpEeHOC 3a0pyAHIOBaYa 1 XIMIYHUH Po3Ma;] 3a0pyTHIOI0U0] PEUOBUHH.

Po3pobieny mojens 0yino BUKOPHUCTaHO il PO3paxyHKy 30HH YPaKEHHs B CENITEOHIN 30HI y
BUIAAKYy aBapil 3 BHKHAOM TOKCHYHUX Tra3iB N0OiM3y 3aimizHHYHOro Mmocty. IlpencraBieno
pe3ynbTaTH PO3pPaXyHKIB, IO UTIOCTPYIOTh €PEKTHBHICTE po3poOiieHoi 3-D Momerni mporHo3yBaHHS
po3citoBaHHs 3a0py/aHIOoBaua B arMocdepi. Ha OCHOBI MpoBeeHUX PO3PaxyHKIB ITOKA3aHO, IO Y
BUTIAJIKY aBapiiiHOI CHTYyallii MOXJIMBE IIBUKE Ta HeOe3neuHe 3a0pyaHeHHs aTMochepu B ceniTeOHii
30HI.
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Simulation of the atmosphere pollution in the case of accidents / E. Gunko // Visnyk of
Pridneprovsk State Academy of Civil Engineering and Architecture. — D. : PSACEA, 2014. -
Ne 1. — P. 40 — 45. — pic. 3. — Bibliogr. : (11 names).

A numerical model was developed to simulate the pollutant dispersion in the atmosphere after
accidents. The model is based on the 3-D K-gradient model of pollutant dispersion. The implicit
scheme is used for the numerical integration. Results of numerical experiment are presented.

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

MonemoBanusi 3a0pyaHeHHsi aTMocepn y BHNAAKY HaI3BHYAHUX cHUTyamid /
O. 10. I'yubko // Bicnuk [IpuaHinpoBchKoi 1epkaBHOT akaaeMii OyIiBHHIITBA Ta apXiTeKTypH. —
O. : ITIABA, 2014. — Ne 1. — C. 40 — 45. — puc. 3. — Bi6aiorp. : (11 nass).

Po3pobneno uymciaoBy MoAens Ui MOJETIOBaHHS TPUBHMIPHOTO IPOIECy MNEepeHOCY
3a0pyAHIOBa4Ya B artMocdepi mijg dvac apapid. Mogenb 0a3yeThCss Ha YHCIOBOMY IHTETPYBaHHI
TPUBUMIPHOTO DIBHSHHS TEPEHOCY MOMIMKH. [[g d9uCIOBOTO iHTETpyBaHHS BHUKOPHCTOBYETHCS
HesiBHA pi3HMIIeBa cxeMa. HaBeneHo pe3ynbTaTi po3paxyHKiB Ha 0a3i po3po01eHoT Moeri.

Knrouoei cnosa: 3a0pyornenns ammocghepu, Huciose MoOenosants, po3Cito8anHs OOMIUKU.

MopaenupoBanue 3arpsi3HeHusi aTtMoc(epbl B ciaydae 4Upe3BbIYAWHBIX cHUTyamuid /
E. 1O. I'ynbko // Bicauk IpuaHinpoBcbKkoi AepxaBHOI akaneMii Oy1iBHUITBA Ta apXiTeKTypH. —
I. : ITACA, 2013. — Ne. — C. 40 — 45. — puc. 3. — bu6anorp. : (11 Ha3s.).

PazpaGorana umcieHHas Mogesnb s MOJICIMPOBAHUSA TPEXMEPHOIO IIpolecca IepeHoca
3arpsi3HUTENS B aTMocdepe. Moseldb OCHOBBIBACTCS Ha YHUCICHHOM HHTETPUPOBAHHUU TPEXMEPHOTO
ypaBHEHHUS TIepeHoca MpuMecH. J[Is YHCIEHHOrO WHTErPUPOBAHUS HCIIONB3YyeTCS HesBHAs
pasHocTHas cxema. [IpencTaBieHbl pe3yabTaThl YUCIEHHOTO MOJICINPOBAHHUS.

Knrwouesvie cnosa: 3azpsazuenue ammocgepnl, YUcienHoe MoOeIuposane, pacceusanue npumecu.



