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Takayshvili. Later this approach began to develop inresearching of the Siberian Energy Institute (now
the Institute of Energy named after L.A.Melentyev).Many scientists such as M. Rozkin,A. lonin, A.
Merenkov, E.Sennova, V. Sidlerand otherswere working onreliability s problems.General theoretical
methods to ensure the reliability of technical systems, special techniques that can be effectively used
in systems of power were worked out by Yu.N.Rudenko.

Researchobjective.Reliability can be determined as an gas tube heaters property to perform the
prescribed functions in the prescribed volume at certain conditions of operation. Ensuring reliability of
heat supply systems with gas tube heaters is one of the most important requirements to them as at the
design stage and during operation. The article provides an answer the question: «Can we all scientific
— methodical achievements of the reliability of large systems of energy transfer to the research of
decentralized heating systems, heating systems with tube heaters?».

Conclusions.lIt is considered the heat supply systems with gas tube heaters. During operation any
energy object can be found in different states, determined by the states of its components. The states
characterizing reliability are operating, inoperable and limit states. The classification of statesfor
reliability definition is given.

A part of tube of the heater is heated (the temperature of the outer surface of the tube can reach
450 — 650°C). In the desing of the heaters you should consider changing the length of the pipe due to
thermal expansion of the material with temperature and the proper selection and placement of fixture.
Design and installation of heaters must be performed by the way when the pipe could move freely
within the value calculated elongation.Failure — free operation indice of reliability that can be used to
study of heat supply systems with tube gas heatersreliability was
proposed.Methodandmathematicalmodelofindicecalculationarepresented.
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SIMULATION OF THE ATMOSPHERE POLLUTION IN THE CASE OF ACCIDENTS
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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
protectionor 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
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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;

ois the parameter taking into account the process of toxic gas decay;

Uy, 1, p-are the coefficients of turbulent diffusion in x, y and z direction respectively;
X;, ¥»z; are the coordinates of point source of emission;

Qi(?) is the intensity of pollutant emission;

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

In the developed numerical model, the following profile of velocity component u and coefficient

of diffusion g is used [2]:
z z
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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, 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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Thesecondorder deriveties areapproximated as following:
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operators.
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etc. are the notations of the difference

After the approximation the solution of the difference equation is splitted in 4 steps

— at the first step k = l
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1
— at the third step k:n+%; c=n+—:
2

cl -C;
—Ukm = :%(MMC” +MC'+M C+M'C + M _C +M;C");

— at the fourth step k=n+1; c=n+%:

Cl -C;
== :%(MHC" +MIC+M C'+ M C+M_C +M;C0).

At
At the fifth step the influence of the sources of toxic gas emission is taken into account [9]:
5 n+tl 5N
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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=11min(1 —
(Railway bridge near settlement «Igreny) C=24 mg/m’; 2 — C=53mg/m’)
A — position of the toxic gas emission

Fig.3. Concentration of NHs, t=32 min(1 — C=18mg/m’; 2 — C=43mg/m’)

Results. The developed model was used to solve the following problem. It is suppose that the

emission of NH; takes place as the result of the accident at the railway near the railway bridge
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«Samarskij» (Fig.1). The settlement «Igren» 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 /=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 figures2 — 3 the toxic gas plume very quickly reaches the buildings of «Igren»
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 NH;. It means that it is necessary to develop measures to protect the population in settlement
«Igreny.

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

[ocTranoBka 3amaui. BHacnmizok Hag3BMYaWHMX CHUTYaliii TEXHOTEHHOTO  XapakTepy
BiIOyBaeThCs 1HTECHCUBHE 3a0pymHeHHs aTtMocdepu. [IporHO3yBaHHS MPOIECY PO3MOBCIOIKCHHS
3a0pyIHIOBaua € BRXKJIMBUM TP MPUAHATTI ICKBaTHUX PillleHb ITiJ] Yac JOKami3allii 30H 3a0pyJHEHHS
Ta JiKBiJauii HacTiAKiB aBapifHUX CUTYaLil 3 XIMiYHO HEOE3MEYHHUMHU PEUOBHHAMH.

AHnaniz npoodJjemMu JOCTiTzKeHHs. AHAJTI3CyYacHIX METO/TiBIIPOrHO3YBaHHS
3a0pyaHEeHHsIaTMOC(hEepHTIicas aBapiii3 HeOS3MeYHUMHUPEUOBUHAMH TI0Ka3aB HAsSBHICTh CYTTEBHX
HEJNIOJIKIB, a caMe: BOHM HE BPaxOBYIOTh BIUIUB Oy/IiBeJb Ha MPOIIEC IEpEeHOCY HeOe3NMeUHUX PeYOBUH
B atMmocdepi, mapamMeTpd METEOCHTyalii Ta HOTpeOyIOTh BEIUKUX BTpAaT dYacy Ha OTPUMAaHHS
pe3ynbTaTy MPOTHO3YBaHHA. TakuM YHHOM, TIOCTa€ HEOOXITHICTh Y CTBOPEHHI YHCEIBHUX MOJCIICH,
IO JI03BOJISIIOTH KOMILUIEKCHO BpaxyBaTH IMEpeNideHi BHINE YHHHUKH Ta MIBHIKO BHKOHYBAaTH
PO3paxyHKH.
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Jnsi TpakTHYHOTO 3aCTOCYBaHHS BKpail BaKIIMBO MAaTH CTIiMKI YHCENbHI alrOPUTMH, SKi
no3Boisi O po3paxoByBaTH 3a0pyAHEHHs atMochepd Uil IIUPOKOTO KoJia aBapiiHUX CHUTYallii.
Tomy B maniii poOOTiI IuIsi TPOTHO3Y aBapiiiHOrO 3a0pyAHEHHs aTMoc(hepH 3aCTOCOBAHO HESBHY
MONIEPEMIHHO-TPUKYTHY pi3HHUIEBY cxeMy. Ll cxema mae o0coOnmBiCTH — BOHA € HESBHOIO 3a
no0yJ0BOI0, ajie PO3paxyHOK 3HAUCHHS KOHLEHTpalii 3[iMCHIOETHCS 3a SBHOIO CXEMOI0 — METOJ
«Oerymiero cueray.

MeTa gocJiakeHHs1. MeTOI0 TOCHTIKEHHS € po3poOKka HOBOI edekTrBHOI 3-D uncenpHOI Moeni
JUIL pO3paxyHKY pO3CIFOBaHHS TOKCHYHHX ra3iB B aTMocdepi, ska BpaxoBYy€ BIUIMB OyAiBelb Ha
npolec MepeHocy 3adpyaHioBada B artMocdepi, mapaMeTpyd METEOCHTYallii, JIerka B KOPUCTYBaHHI Ta
JUISL OTpUMAaHHS pe3yJIbTaTy MPOTHO3YBaHHA MoTpedye 10—15 cexynm.

BucnoBku. Po3poOrneHo edekTHBHY dHCENBbHY MOJENb I MOJCIIOBAHHS TPHUBHUMIPHOTO
npouecy 3a0pyIHEHHsT aTMOC(epH y pasi HaJA3BHYAHHUX CUTYyaliid Ha 0a3i TiapoAnHaMivyHOI Mozemi
MOTEHIIABHOT Tedii i TPHBUMIPHOTO PiBHSHHS MEPEHOCY AOMIIIKH, SIKi BpaXOBYIOTH BILTHB BiTPOBOTO
MOTOKY Ha TIEPEHOC 3a0pyIHIOBaYa 1 XIMITHHH po31aj] 3a0pyIHIOI0Y01 peUOBHHH.

Po3pobnenymMonens0yn0 BUKOPUCTAHOUIAPO3PAXYHKY30HH YPaKeHHsS B CENITEOHIH 30HI Y
BUIAOKy aBapii3 BHUKUIOMTOKCHYHMX Ta3iB MOOMM3y 3aii3HMYHOro Mocty. IlpencraBieHo
PE3yIBTATHPO3PAXYHKIB, IO 1LTIOCTPYIOTh €(EKTHBHICTH po3pobiieHoi 3-D momeni mporHo3yBaHHS
po3citoBaHHs 3a0py/aHIOBada B arMocdepi. Ha OCHOBI MpoBeIEeHUX PO3PaxXyHKIB MOKa3aHO, IO Y
BUTAJKy aBapiiiHOI CHTyallil MOXIIMBE IIBUAKE Ta HeOe3neuHe 3a0pyaHeHHs atMocepu B ceniTeOHii
30Hi.
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