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T1. 5. MALLIUXUHA (JUUT)

MATEMATHUYECKOE MOAEJIUPOBAHUE TEPMUYECKOI'O
MOPAKEHUSA JIIOJEN ITPU ABAPUSIX

3anporoHOBaHO METOJ PO3paxyHKy TEIUIOBOTO 3a0pyXHEHHS MOBITPSl BEHTWIISLII HIiCIsl TOPIHHS BOTHEHHOI KY-
ni. Meroj 6a3yeTbesl HA YMCEBHOMY IHTETpyBaHHI TPUBUMIPHOTO piBHSHHS eHeprii. [Tosie mBuIKocTi MoBIiTPst po3-
paxoByeThbcsl Ha 0a3i YHCEIBFHOTO IHTErpyBaHHS TPUBHMIPHOTO PiBHSHHS MOTEHIIHHOTO pyXy. HaBogsarscst pe3yin-

TaTHl YUCEIIBHOTO €KCIICPUMEHTY.

[IpennoxeH MeTox pacdera TEIUIOBOTO 3arpsA3HEHMS BO3AYIIHOM Cpenbl IPH FOPEHNH OTHEHHOTO mapa. Meron
OCHOBaH Ha YHMCJIICHHOM MHTETPHUPOBAHWH TPEXMEPHOTO ypaBHEHHMs 3Hepruu. Ilone cKkopocTH BO3IYLIHOTO MOTOKA
paccUnTHIBAETCS IyTEM YHCICHHO MHTETPHPOBAaHMSA TPEXMEPHOTO YPaBHEHUs MOTEHIMAlIbHOrO TedeHus. IIpuso-

JATCS pE3YyJIbTAThl YUCJICHHOI'O SKCIIEPUMEHTA.

The method to calculate the thermopollution when the fire ball was burning was developed. The method is based
on numerical integration of 3D equation of energy. Velocity field is calculated using 3D model of potential flow.

The results of numerical experiment are presented.

B Hacrosiiiee BpeMsl TMOBBILIEHHBIH HHTEPEC
MIPUBIIEKAIOT K ce0e 3a7auu, CBS3aHHBIE C TEPMHU-
YECKUM TIOpaKEHUEM ITFOJeH MpU TOPEHUH OTHEH-
HOTO 1apa. B Hay4yHOW JmMTepaType NPUBOAMUTCA
ONKCAaHUE METOAMK, C MMOMOIIbI0 KOTOPBIX MOKHO
paccuuTaTth TEPMUYECKOE MOpaKeHHe JIOACH WIN
00BEKTOB MPHU TEIUIOBOM H3Iy4eHHH. MeHee nzy-
YEHHBIM SIBJIIETCSI BOIIPOC TEPMUYECKOTO MOpake-
HUS JIIOJIEd MPH MX KOHTAKTE C TOPSYUM BO3IY-
XOM, KOTOPBIH JBHIKETCSI OT OTHEHHOTO IIapa MoJ
nercTBreM KoHBeKIH [1].

Hesblo HacTosIIIEH PaOOTHI SBIAETCS CO3AaHUE
YUCIIEHHOW MOJIEIH TEIJIOBOTO 3arps3HEHHS BO3-
IYITHOW cpenbl Ha MPOMBIIIJICHHBIX IUIOMIAAKaX
MIpU TOPEHUH OTHEHHOI'O IIapa C LEIbI0 MPOTrHO3a
TEPMHUYECKOTO TOPAKEHUS JIOJIEH Ha TPOMILIO-
manke. lpeamaraemasi MoJenb TO3BOJSET yYECTh
B IIpoOLIECCE pacueTa OCHOBHBIE (H3MUECKHE (ak-
TOPHI, BIUSIONIME Ha MPOIECC TEIJIOBOTO 3arps3-
HEHWsI, a TaK)Ke HATMYUE 3[aHUi Ha POMILIONIAI-
ke. Mognens TpebyeT HeOONBIINX PECYPCOB MEPCO-
HaJIbHOTO KOMITBIOTEpa MpH MPaKTHUECKOH peanu-
3aluu.

ITocTtanoBka 3aJa4u, MAaTEMATHICCKHUE MOJC/IN

PaccmoTpuM  HNPOMBINUIEHHYK — IUIOIIAJKY,
HMCIOIIYI0 pasMepsl R, R,,R,. bynem cuurars,

YTO Ha MECTE aBapUH IMPOU3O0IIIO OBICTpOE Tope-
HUE yTIEBOAOPOIOB (WIJIM IPYTHX BEIIESCTB), B pe-
3yJbTare KOTOporo o0pazoBaliach MOJ30HA C BbI-
COKOM Temmeparypo 7, — OrHEHHBIM map. B
JAHHOW paboTe MPUHUMAETCS, YTO Iap UMeeT Xa-
pakTepHblil n1uamerp D B MOMEHT BpeMeHu f =0
¥ XapakTepHyIo TemriepaTypy (puc. 1), aTa Teme-
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patypa coxpaHsercsi B TeueHHe BpemeHu ff. Ha
IUIOIIA/IKE MMEETCs] MapLIpyT 3BaKyalUM JIOJCH
mpu aBapuu (Ha puc. 1 3TOT MapHIpyT MOKa3aH
mTpUXOBOW JuHMEH). Tpedyercs onpeneinuTs Be-
JMYUHY BO3MOYKHOI'O TEPMHYECKOTO IOPAKEHUS
JIOZIeH Ha MapIIpyTe SBaKyaluy P aBapyu.
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Puc. 1. Cxema pacdeTHolt oOmactu

g MonmenupoBaHMS TEIUIOBOTO 3arps3HEHUS
BO3AYIIHOW cpellbl Ha MPOMIUIOIIAAKE OyaeM Hc-
M0JIB30BaTh YpaBHEHUE dHEpruu [3].

or ouT ovl owT
—+ + + =
o ox oy oz

0 or\ o or) o0 oT
=—la,— |[+—|a,— |+—|a.— |, (1)
Ox ox) oy\ Yoy) oz oz

rne T — temmeparypa, a — KO3(Q(OUIIUEHT TeMIie-
paTyponpoBOAHOCTH, U, V, W — KOMIIOHEHTHI
CKOPOCTH BO3YIITHOW CPEIbL.

TlocTaHoBKa KpaeBbIX YCJIOBUH IS JAHHOTO
ypaBHEHUs pacCMOTpeHa B pabore [3].

B paspaGoranHO#l Mopenu monaraercs, 4TO
poniTh BETpa HEPAaBHOMEPHBIN U pAaCCUNTHIBACT-
CA I10 3aBUCUMOCTHU




IJie u, — CKOPOCTh BeTpa Ha BeicoTe Z,; n=0,16.
1 1

Jns pacdera mojs CKOpPOCTHM BO3IYLIHOTO IIO-
TOKa Ha IPOMIUIOLIAJKE EJIACTCs AOIyLIEHUE, YTO
JIBIDKEHUE BO3AYILIHON Cpeabl — MOTEHIMAIbHOE,
TOrga KOMIIOHEHTHI CKOPOCTHM BO3IYLIHOW CpEZbI
ONPEAEIISIIOTCS] COOTHOLIEHUSMU
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TToctaHoBKa KpaeBbIX YCIOBUM ISl ypaBHEHUA
(1) paccmotpena B padote [2]. [nsa ypaBHeHus (2)
CTaBATCS CIEIYIOIINE TPAHUYHBIE YCIOBHS:

oP
- Ha TBEPHBIX CTEHKAaxX a—zO, rae n — enu-
n

HUYHBIA BEKTOP BHELIHEN HOpMaIH;
- Ha BXOAHOW TpaHuue (TpaHHULBl BTEKaHMS

— H3BCCT-

n

oP
BO3IYITHOTO TTOTOKA) 8_: V,, tne V,
n

HOE 3HaY€HUE CKOPOCTH;
- Ha BBIXOJIHOW TpaHuLE

P=P. (x = const, y) + const (ycnoBus Jupuxie).

Meton peuieHust

J1s 94MCIeHHOT0 WHTETPUPOBAHHS YPaBHEHUH
(1), (3) wucmoONB3yIOTCS TOMEPEMEHHO-TPEYTOIb-
HbIe HEsSBHBIE pa3HOCTHBIE cxembl [3, 4]. Kaxmoe
pPa3HOCTHOE YpaBHEHWE MPEICTABISAET COOOW 3a-
MUCH 0AIaHCOBOTO COOTHOIIEHUS TSI KOHTPOIb-
HOro o0beMa (pa3sHOCTHOU sueliku). Pacuer Heus-
BECTHOI'O 3HAYCHUS ONPECIIASTCS Ha KaXKJOM IIla-
re pacIieTUIeHHs 0 SBHOW ¢opmMyse Oerymiero
cdera. JTO MO3BOJSET co3/1aTh 3((HEKTUBHBIN all-
TOPUTM pacueTa B OOJACTIX CIOXKHOM reoMeTpH-
yeckord (opmbel. B paspaboraHHON IHUCKpPETHOMH
MOJIETM WCTOJB3YeTCSd MPHUHIUN MapKUPOBaHUS
pacueTHOM O00JIACTH, ATO TO3BOJISICT 3aj]aBaTh B
YHCIEHHON Monenu Io0yr ¢GopMy 3maHUN Ha
MPOMIUIONIATKE, WX pacmojoxeHwne, (GopMmy or-
HEHHOTO I1apa (M1 HECKOJIBKHX IIapOB).

IIpakTHYeckasi peaJu3anusi MoJIeJIH

Ha 6a3e pa3pabotaHHOW YHCIIEHHONW MOJEIH CO3-
JaH makeT mpuknaaHelx nporpamM THERMO-3D.

[laker mporpaMM peajau3OBaH Ha aJITrOpUTMHUYE-
ckoM si3pike FORTRAN. Paccmotpum npakrtuye-
CKO€ HCIIOJIb30BaHUE MTaKeTa Ha MPUMEPE PeIIeHuUs
KOHKPETHOM 3a1a4H.

PaccmatpuBaercs  3arpsisHeHHE  aTMOC(eEpbl
mpu 00pa30oBaHWM OTHEHHOTO Iapa Ha MPOMILIO-
LIAJKE. Pa3mepnl pacueTHoOn obnacTu:

120 x 120 % 60 m; auamerp 1mapa — 30 M; Temrepa-
Typa TpoaykroB ropeHuss B 1mape 1100 °C;
a=0,8 MZ/C; CKOpOCTh BeTpa Ha BeicoTe 10 M co-
cTaBiseT 5,5 M/c; tt =7 c; CKOPOCTh TepeaBIIKe-
HUS JIIOJIeHl Ha MapuIpyTe 3BaKyallddl COCTABIISET
3 ™/c. Jlromn HAYWMHAIOT JABWXKEHUE Cpa3y MocCie
aBapuu oT 3aaHus (puc. 1, Touka C). JIronu pacno-
JararoTcss Ha pacctosHud 30 M OT OTHEHHOTO
mrapa.

T'opssunii BO3QyX Ha CBOEM IIyTHM BCTPEUYAET
pasnuyHble 0OBEKTHI, KOHCTPYKIUH, Jroael. Tep-
MHUYECKOe TOpaKeHHe JI0AeH MOXKET OBITH OIleHe-
HO C TIOMOIIIBIO MTapaMeTpa TeruioBoi 1o3el Th D

Tthdet,
0

rne T = f(x,y,t) — Temneparypa Ha MeCTe Haxo-

*kaenus yenoseka (°C);

¢ — BpeMsl 3KCIIO3ULIUH (C).

TepMuueckoe mopaxeHue (0XOT 2-i CTEIICHH)
HACTYNUT TPU BEIUYMHE TETUIOBOM J103bI, PABHOMU
Th- D =1100...1500 °C-c (mpu T >71 °C). Orme-
THM TaKXe, 4TO OOJIeBbIe ONIYIICHUS YEJIOBEK Ha-
YUHAET TOJIYYaTh TPU TEeMIIepaType Bo3ayxa 00-
nee 50 °C.

Hwmxe npencraBieHsl JaHHBIC O BEJTMYHHE TEP-
MHYECKOM J03BbI:

t=3c¢c Th-D =1644 °C-c;
t=6c¢c Th- D =4423 °C.c;
t=9c¢c Th- D =6864 °C-c;
t=12 c Th-D=7270 °C-c;
t=15c¢ Th-D =7727 °C-c;

W3 70l TabNHIbl BUJHO, YTO TIPU aBapuu JIO-
1 Ha MapIipyTe 3BaKyalMd IO0JydaT CEpPhE3HbIE
oxord. [IpakTuyeckn MOKHO KOHCTaTUPOBATh, YTO
B Clly4ae Takoil aBapuu MapLIpyT 3BaKyalud Ha
MIPOMILTONIAKE SBISIETCS KpaitHe HeOe30acHBIM.

PaccmoTpum Tenmepp ONacHOCTh MOpaXEHUA
JIIOZIEH, €CTM B MOMEHT aBapuu OHU HAaXOIWIWChH B
palioHe TopLa 34aHUS W Hayaldd [BUraThCsi IO
MapUIpyTy »3Bakyaluud. BenuunHa TepMUYECKOU
036l (B CKOOKax MPHBEIICHO 3HAUCHHUE TEeMIIepa-
Typbl BO3AyXa Ha MaplIpyTe SBaKyallUM B TOM
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MecTe, IZleé HaXOAATCS B 3TOM MOMEHT JIIOAH) B
3TOM ciy4ae OyzneT paBHa:

t=6¢c  Th-D=598 °C-c (T =164 °C);
t=9 ¢  Th-D=1332 °C-c (T =255 °C);
t=12 ¢ Th-D=2193 °C-c (T =257 °C);
t=15c¢  Th-D=3095°C-c (T =370 °C).

Kak BuIHO M3 maHHOH TaGnuupl, JTIOOU, HAXO-
JsiIpecs BO3JIC 3JaHHS B MOMEHT aBapHUM, TAKXKe
MOJIy4aT CepbE3HbIE OKOTH.

Tenepb paccMoTpuM 0€30MACHOCTD JIIOAEH, KO-
TOpBIE B MOMEHT aBapuM HAXOAWINCH 32 3JaHUEM
(puc. 1, Touka A) u pemmiiu He yoerats. Bennun-
Ha TEPMHMUYECKOM JO3bI U TEMIIEPATypbl B 3TOM
CIIy4ae COCTaBsIT:

t=12 ¢ Th-D=1238 °C-c (T =328 °C);
t=15¢  Th-D=2501 °C-c (T =501 °C);
t=18 ¢ Th-D=4183 °C-c (T =599 °C);
t=21c  Th-D=5998 °C-c (T =59 °C).

OTcrofa BUIHO, YTO, KaK U B MIPEBIAYIINX CITY-
Yasix, JOJIU MOTy4YaT CephE3HBIE 0XKOTH.

Ha mnocnenyromux puCyHKax MpeacTaBiIeHa
JMMHAMHKA TEIUIOBOTO 3arps3HCHHUS BO3IYLIHON
cpempl Ha IPOMILTONIaAKe. XOopoIIo BUAHO (puc. 2)
MOJIO)KEHUE OTHEHHOrO Ilapa B MOMEHT aBapHU.
30Ha TEIUIOBOTO 3arpsi3HEHUS XapaKTepU3yeTCs
OBICTPBIM BBITSITUBAHUEM B HAIPABJICHUH BETPA, B
cropony 31anus. U3 puc. 3, 4 BUIHO, YTO TOPSIHIA
BO3/yX OBICTPO OXBaThIBAaET BCE 3/1aHUE.
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Puc. 2. Pacnpenenenue usorepm,
t =3,5 cnocne aBapun
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Puc. 3. Pacnipenenenue nzorepm, ¢ =9 ¢ mocne aBapun
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Puc. 4. Pactipenenenue n3otepM,
t =18 c moce aBapun

BriBoabI

B pabore moctpoeHa uncieHHas MOJENb TEl-
JIOBOTO 3arpsA3HEHHs BO3JYIIHOW cpenbl Ha MPOM-
IUIOIIAKaX NPH TFOPEHUHM OTHEHHOro mapa. Mo-
JleNIb OCHOBaHAa Ha HESIBHOM PAa3HOCTHOM aJITOPHUT-
M€ peIleHUs] TPEXMEPHBIX YpaBHEHUH IOTEHIIHU-
aNbHOTO TEUEHHs W dHEepruu. Mojenb Mo3BOJIsIeT
TaK)Ke PACCUUTATh TEIUIOBOE BO3ICHCTBUE HA JIFO-
Jieil, IBUKYIINXCS Ha MapIIpyTe 3BaKyaluu, 1 TeM
CaMbIM OLEHHTH 0E30MacHOCTh ITOr0 MapuIpyTa.
JlanpHelIee cOBEpIIEHCTBOBAHNE MOJEIN CIELy-
€T NPOBOJUTH B HAIPABICHUU €€ Pa3BUTHUS NI
MOJIETMPOBAHUS TOPEHHUSI M TEepPeHOca TOpPAYEro
BO3/1yXa C yUYETOM BS3KOCTHBIX 3P(EKTOB.
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