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Annoranus. Ilocmanoexa npoonempr. OHUM U3 YCIIOBHI 0€30MACHOCTH NPY aBAPUIHBIX B3PhIBAX T'a30BO3IYIIHBIX
cMeced SBJIIeTCS IMPOTrHO3UPOBAHUE HOCJ’ICZ[CTBI/Iﬁ TaKuX chyauMﬁ " MPUHATUE aICKBATHBIX pelHeHI/Iﬁ 110 JIOKaJIM3aluu
BO3HHUKAIOIIKMX pa3pyniaomux ¢pakropoB. OZHUM U3 OCHOBHBIX MOPaXKaloIInX (haKTOPOB B3PhIBA ra30BO3AYIIHBIX CMECeH B
YCIIOBUSIX MPOTSHKEHHBIX COOPY>KEHUH BBICTYIIAET yAapHas BO3AYyIIHAs BosHA. J{J1s pacueTa B3phIBO3AIUTHBIX COOPYKEHUN
CYIIECTBYeT HOpMaTHBHasi 0aza, KOTopas ONMpaeTcs Ha AKCIEpUMEHTabHbIe NaHHble. OgHAKO IpobiaeMa yCTaHOBICHUS
JOCTOBEPHBIX IapaMeTPOB PACIpPOCTPAHEHMs] YNApPHOM BO3AYHIHON BOJHBI OCTAaéTCs akTyalbHOW. OpHUM U3
MIEPCIIEKTUBHBIX HANpaBJICHUH B pacdeTe 3a/1ad Pe3KO HECTAIMOHAPHBIX MIPOIECCOB SIBISIETCS NCIIOIb30BAHUE YMCIEHHBIX
MeTOJOB. B HacTrosiee BpeMst MPeIoXKEHO PELICHUE 3a/1adl PaclipOCTPAHEHUS B3PBIBHBIX BOJH B MPOTSDKEHHBIX KaHalax
C MCIOJIb30BAHMEM CXEM UYHCIEHHOTO CUeTa YPABHEHHH ra30ANHAMUKN MOAH(UIIMPOBAHHBIM METOJOM «KPYITHBIX» YaCTHII.
B 3amadge yuurhiBaercst (akTOp IAmeHHMs OSHEPrHM [BIDKEHHS Ta30BOIO IIOTOKA 3a CYET BOBJICUCHUS B JBIDKCHHE
BO3PACTAIOIINX C PACCTOSIHUEM BO3IYIIHBIX MAacC M 3a CUET AEHCTBUS CHJI TPEHHUS MOTOKA Ta3a O CTCHKU BBIPAOOTKH.
JanbHeilmee pa3BUTHE MaTeMaTHYEeCKONH MOJEIH IMpOIecca PaclpOCTPAaHEHHs YAAPHBIX BO3AYLIHBIX BOJH IPOUCXOTHUT
myTeM O6OCHOBaHI/IH MCETOAUKU pacye€Ta MapaMEeTPOB HMX 3aTyXaHUs C YUYETOM TEIJIOOTAA4YU IMOTOKA B CTCHKHU KaHaJia.
Memoouxa. Tlporneccsl (HOPMHPOBAHUS M PACHPOCTPAHCHHUS YAAPHOH BO3AYIIHON BOJHBI HMCCIICAOBAINCH METOIOM
MaTe€MaTnu4eCKoro MoACJIMPOBaHUA C HCIOJb30BAHUEM 3aKOHOB H ypaBHeHl/Iﬁ MCEXaHUKH CIUIOIOHBIX Cpe€a U
Maremarndeckoid ¢usnku. Jns 4ucieHHOro pemeHus TudQepeHIuanbHbIX ypaBHEHUH, MPUMEHSUICS METOJ KPYIHBIX
yactury (meron JlaBeinoBa). Pezynsmamer. CornacHO pe3yinsraraM MOZAEIMPOBAHWS HaWOOJbIIEE OTHOCHTENBHOE
CHIDKEHHE MPOUCXOAMT 10 MapaMeTpy yAeIbHOM MOJIHOW 3Hepruu cpeasl — Ha 5 %, nasnenue Ha 3 %, mioTHOCTH 2,5 %,
najiecHue CKOpoCTH 2 %, TPH MakCHMAaJIbHOM 3HaUeHHH ko3¢ ¢uunenTta temioodmMeHa. [IprueM MHTEHCHBHOE HapacTaHHE
TETJIONOTEPH MPOUCXOIMT B 30HE 3...5 JUIMH y4yacTKa Ta30BO3LYLIHOW CMECH, Aajee CTENCHb HapacTaHWs CHIDKAeTCS U Ha
BCEM OCTAJbHOM IIyTH M3MEHSAETCS HECYIIeCTBEHHO. [Ipm ymeHbmeHun kod(p¢uuueHTa TemooOMeHa BIBOE 30HA
HapactaHus koddduuuenra k, yBennuusaercsi 1o 5...7 x/Lp. Hayunas noeusna. ViccienoBaHO BIMSHHS TEIUIOOOMeHa
yAapHOW BO3AYIIHON BOJHBI CO CTEHKAMHM KaHajla, YTO IIO3BOJISAET YYHTHIBAaTh OalaHC AMCCHUIIAIMHU IOTHOW 3HEPrHU
HECTAllMOHAPHOI'0 ra30BOro MoTokKa. [lomyueHsl 3aKOHOMEPHOCTH M3MEHEHHs MapaMeTpoB YAapHOW BO3IYLIHON BOJIHEI,
KOTOpasi paclpoCTpaHseTcs B MPOTSHKEHHOM COOPYKEHHHU, 00YyCJIOBIICHHBIE TEIUIOOOMEHOM ra30BOTO IOTOKa CO CTEHKOM
coopyxenus. Ilpakmuueckasa 3Hauumocms. PaclipeHbl BO3MOXHOCTH TNPOLEAYP NPOTHO3UPOBAHMS IapaMeTpoB
pacrpocTpaHeHHs yIapHbIX BO3AYIIHBIX BOJIH C IOMOIIBIO MHOTO(AKTOPHON MaTeMaTHUeCKOH MOJIEINH.

KunroueBble cioBa: snympennee mevenue nomoxa, epanuynsie ycaosus 111 pooa; yoapnas 6030ywnas onna, wucieHHulll pacyem,
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Anotauis. Ilocmanoexa npoénemu. OnHa 3 yMOB O€3MEKH i Yac aBapiiHUX BHOYXiB Ta30MOBITPSIHUX CyMiIIeH -
MIPOTHO3YBAaHHS HACIIAKIB TaKUX CHUTYaIlill i MPUAHATTA aJeKBaTHUX PIIIEHb MIONO0 JIOKaTi3alii BHHUKAIOUUX PyHHIBHUX
¢axropiB. OfHUM 3 OCHOBHUX BPa)KalOUMX YMHHHKIB BHOYXy ra30HOBITPSHHX CyMillleil B yMOBaxX MpPOTSHKHUX CIIOPY[
BUCTYIIA€ yAapHa MOBITpsiHA XBWIA. J{J1s po3paxyHKy BHOYyX03aXUCHUX CIOpYJ iCHYe HOpMaTHBHa 0a3a, sika CIIUPAETHCSI Ha
eKCIIepUMEHTaIIbHI JaHi. OHaK npobsieMa BCTaHOBJIEHHS JOCTOBIPHUX MapaMeTpiB MOMIMPEHHS YAapHOI MOBITPSIHOT XBHJI
3aJMIIAETBCS.  aKTyaJdbHOMO. [lepCreKTMBHUIHANIPSMOK y PpO3paxyHKy 3aBlaHb pIi3KO HECTaIllilOHApHHUX IIPOLECIB -
11e3aCTOCYBaHHs. YHMCIOBUX MeToaiB. Hapasi 3ampomnoHOBaHO po3B’si3aHHS 33ja4i IOIIMPEHHS BUOYXOBHX XBHIb Y
MPOTSDKHUX KaHAlIaX 13 BHKOPHCTAHHAM CXEM YHCJIOBOTO PAaXyHKY PIiBHSAHP Ta30JMHAMIKA MOIU(IKOBAHHM METOIOM
«BEIIMKHX» YaCTHHOK. Y 3a1aui BpaxoBYEThCs (haKTOp MaiHHs eHeprii pyxy ra3oBOro MoTOKy 3a PaxyHOK 3aJIy4eHHS B pyX
3pOCTAIOYHX i3 BiJICTAHHIO TOBITPSIHAX Mac i 32 paXyHOK [ii CHJI TepTs MOTOKY razy o0 criHkd BUpoOkw. [lTomampmmmii
PO3BHUTOK MaTeMaTHYHOI MOJENi MPOIeCy MOMHUPEHHs YIApHHUX MOBITPSHUX XBHJIb BiOyBa€ThCS IMUIIXOM OOTPYHTYBaHHS
METOMKHM PO3PaxyHKy IapaMeTpiB iX 3aracaHHs 3 ypaxyBaHHSAM TEIUIOBiI#adyi MOTOKY B CTiHKM KaHaimy. Memoouxa.
AHami3 1 y3araJbHEHHS TEOPETHYHUX IOCITIKEHb, MaTEeMaTHYHE MOIETIOBAHHA T'a30AWHAMIYHUX MPOLECIB MOUIMPEHHS
BUOYXOBHX TOBITPSIHUX XBHJIb Y NPOTSDKHHUX criopynax. [Iporecu (opMyBaHHs 1 MOIIMPEHHS YIApHOI MOBITPSHOI XBHJII
JOCITIJDKYBAJIUCSl METOIOM MAaT€MaTH4HOTO MOJICTIOBAHHS 3 BHMKOPHUCTAHHSIM 3aKOHIB 1 PIBHSIHb MEXaHIKM CyLIUIBHUX
cepenoBuil 1 maremarn4yHoi ¢i3uku. [l uucenbHOro pimieHHs AudepeHHianbHUX pPIBHSHB, 3aCTOCOBYBABCS METO[
BeNUKUX yacTok (Meron JlaBunosa). Pezynsmamu. 3riqHo 3 pe3yabraTaMi MOJICIIOBaHHS HalOUIbIe BiTHOCHE 3HM)KCHHS
BiZIOYBa€ThCS MO IapaMeTpy NMUTOMOI NMOBHOI eHeprii cepenoBuima — Ha 5 %, THck Ha 3 %, minbHICTD 2,5 %, magiHHA
mBHAKOCTI 2 %, IpH MakCUMaJIbHOMY 3Ha4eHHI KoedinieHTa TeruioooMiny. [Ipudomy iHTEHCHBHE HApOCTaHHS TEIIOBTpAT
BiIOyBAa€THCS B 30HI 3...5 MOBXKWH IUISHKA Ta30IMOBITPSHOI CyMIIlli, fadi CTYIiHb HAPOCTAHHS 3HWKYETHCS i HA BCHOMY
IHIIOMY MIUTAXY 3MIHIOEThCA HECYTTEBO. IIpu 3MeHIIeHHi KoedillieHTa TeII000MiHy BABIUI 30HA HapoCTaHHS KoedilieHTa
ks 30impmryetsest o S5...7 x/Lp. Haykoea noeusna. JIOCHIIKEHO BIUIMBY TEIUIOOOMIHY YIOApHOI MOBITPSHOT XBWII 3i
CTIHKaM{ KaHaly, IO IO3BOJISIE BPaxOBYBaTH OalaHC AWCHIANii ITOBHOI €Heprii HEeCTaliOHapHOTO Ta30BOTO IOTOKY.
OTprMaHO 3aKOHOMIPHOCTI 3MIHHM IapaMeTpiB yAapHOi MOBITPSHOI XBWJI, SKa IMOIIUPIOETHCS Yy TPOTSDKHIA CHOPYI,
00yMOBJICHI TEIJIOOOMIHOM Ta30BOTO IMOTOKY 3i CTiHKOW criopynu. Ilpakmuuna 3uauumicms. Po3mMpeHoO MOMXIIMBOCTI
OpOICyp NPOTHO3YBAaHHS IMMapaMeTpiB MOIIMPEHHS YIAPHUX MOBITPSHUX XBWJIb 3a JOMOMOTOK OaratodakropHOi
MareMaTHYHOI MOJIEI.

Knrouosi cioBa: suympiwna meuisn nomoky, epanuuni ymoeu III pody, yoapna nogimpamua Xeuns, HUCIO6UL PO3PAXYHOK,
Menniosuti NOMIK, 6HYMPIWHs eHep2is
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Abstract. Purpose. One of the safety conditions for emergency explosions of gas-air mixtures is the prediction of the
consequences of such situations and the adoption of adequate decisions on the localization of destructive factors. One of the
main factors affecting the explosion of gas-air mixtures, in conditions of extended structures, is the shock air wave. For the
calculation of explosion-proof facilities there is a regulatory framework that is based on experimental data. However, the
problem of establishing reliable parameters of the propagation of a shock air wave remains relevant. One of the promising
directions in the calculation of tasks of highly unsteady processes is the use of numerical methods. At present, a solution
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has been proposed for the propagation of explosive waves in extended channels using the schemes of numerical calculation
of the equations of gas dynamics by the modified method of “large” particles. The task takes into account the factor of the
fall in the energy of motion of the gas flow due to the involvement in the movement of the air masses increasing with
distance and due to the action of the friction forces of the gas flow against the walls. Further development of the
mathematical model of the process of propagation of shock air waves occurs by substantiating the methodology for
calculating the parameters of their attenuation, taking into account the heat transfer to the channel walls. Methodology.
Analysis and synthesis of theoretical studies, mathematical modeling of gas-dynamic processes of propagation of explosive
air waves in extended structures. The processes of formation and propagation of a shock air wave were investigated by the
method of mathematical modeling using the laws and equations of continuum mechanics and mathematical physics. For the
numerical solution of differential equations, the method of large particles was used (Davydov method). Results. According
to the simulation results, the largest relative decrease occurs in the parameter of the specific total energy of the medium —
by 5 %, pressure by 3 %, density 2.5 %, decrease in speed 2 %, with the maximum value of the heat exchange coefficient.
Moreover, an intensive increase in heat loss occurs in the zone of 3...5 lengths of the gas-air mixture section, then the
degree of increase decreases and on the rest of the way it changes insignificantly. If the heat transfer coefficient is reduced
by half, the growth zone of the coefficient k increases to 5—7 x/Lp. Scientific novelty. The effects of heat exchange between
the air shock wave and the channel walls are investigated, that allows to take into account the balance of dissipation of the
total energy of an unsteady gas flow. The regularities of changes in the parameters of the shock air wave, which propagates
in extended structure, due to the heat exchange of the gas flow with the wall of the structure are obtained. Practical
relevance.The possibilities of procedures for predicting the parameters of the propagation of shock air waves have been
expanded using a multifactor mathematical model.

Keywords: internal flow; boundary conditions of the 3 kind; shock air wave; numerical calculation; heat flow; internal energy

ITocranoBka mpodieMbl, ee CBI3b €  HECMOTPS Ha COONIOACHHE BCEX NEHCTBYIOIIUX

HAyYHbIMH M MNPAKTHYECKHMMHU 3aJaHUAMH.  METOJAMK ONpe/ieeHus 0€30MaCHbBIX PACCTOSIHUM.
ABapuifHblE B3pbIBbI T'a30BO3AYIIHBIX CMECEH AHaIM3 MOC/HEIHUX HCCJICJOBAHUM H
TEHEPUPYIOT MHOKECTBO paspymaronux — myO0Jamkanmii, BblleJIeHHe HepelIeHHON 4acTH
(akTOpOB, OCHOBHBIMHU H3 KOTOpPBIX sABIseTcs  mpoOsembl. JleiicTBue ymapHOW BO3TYLIHOM
yAapHbIE BO3AYLIHbIE BOJIHBL. MIX OCOOEHHOCTb -  BOJHBI Ha  B3pBIBO3AIUUTHBIE KOHCTPYKIIHMU
CBOWCTBO 3aTeKaHUs B JOOble O0BEMBI M ONpeaessieTcs JBYMS JUHAMUYECKUMU

Pa3BETBICHUS MPOTSKEHHBIX KAaHAJIOB M TaKUM  XapaKTEPUCTUKAMM: M3OBITOUHBIM JABICHHUEM BO
o0pa3oM BO3MOXHOCTh pAcCIpOCTpaHEHUsT HAa  (POHTE BOJIHBI M UMITYIHCOM CHIIBI, KOTOPBIU
3HAYUTENbHBIE paccTosiHUA. be3omacHocTs paboT  mepenaeTcsi B3pHIBO3AIIMTHON KOHCTPYKIUHM 3a
MepcoHasia MpH yrpo3ax JAeUCTBUS yaapHOMl — Bpewms ee aeicTBusi. CHUKEHUE MHTEHCUBHOCTHU
BOJIHBI oOecrieuynBaeTcs 3alIUTHBIMA ~ yOApHOW BOJIHBI IpPU €€ JBWKCHUU BJOJIb
KOHCTPYKIMSIMH YCTAHABIMBAEMbIX HA IyTU €€  MPOTSDKEHHBIX TaJepedl MPOUCXOAUT 3a CYET
pactpoctpaHeHus. Ha ycTOWYMBOCTH TakMxX  BOBJICYEHUS B JBHJKEHHE  HOBBIX  Mace

KOHCTPYKIIMM, B  TOM  4YHCIle, BIUSAET  arMoc(epsl, pacxofa SHEPrHM Ha pas3pylIeHHE
JOCTOBEPHOCTb OLIEHKM HArpy3kH CO31aBa€MOl  NIPEMATCTBHMN, MPOLECCOB BHYTPEHHETO BS3KOTO
YOApHOM  BO3AYILIHOM  BOJHOM. Pacuera  TpeHHMsS M TpeHHs ra3a O CTEHKHU BBIPAOOTKH, a
B3PBIBO3AIIATHBIX KOHCTPYKIIMM ~ TakXke 3a C4eT TOTepb DJHEPIHMH  IIpHU
OCYILECTBIIIETCS HA OCHOBE HOPMATUBHON 0asbl,  TEINIOOOMEHE CO CTEHKAaMH COOPY>KEHHS.

KoTOpast Obl1a pa3paboTaHa BO BTOPOH MOJIOBUHE Yucnennsie METOZBI pelieHus

nBaamaroro  croierus. OpHako, mpobOiIemMa  Ta30AMHAMHYECKHX 3aJa4  HECTal[MOHAPHOTO
3alUTHl OT B3PHIBOB ra30BO3/YIIHbIX CMECEl HA ~ TEUEeHUs BO3AyXa W  MNPOAYKTOB  B3phIBa

IIPOMBIIUICHHBIX o0ObeKTax MOBBIIICHHOW  IO3BOJISIOT BBIIBUTH 3aKOHOMEPHOCTH BIIUSHHUS
ONaCHOCTM W mpobiemMa  MHMHUMHM3AlMM  BceX (AKTOPOB Ha  IapaMeTpbl  yAapHOH
MOCJICACTBUM  Pa3pyLIUTENBHOTO  JCHUCTBUS  BO3AYLUIHOM BOJIHBIL. Hns MPOBEACHUS
BO3IYILIHBIX yIapHBIX BOJIH OCTaéTCsl  BBIYMCIUTEIBHOIO HKCIIEPHUMEHTa HEOOXO0IUMO
akTyasnbHOU. [lonTBepKIeHNEe ITOr0 MOTYT ObITh  peliaTh CUCTEMY YpaBHEHHM ra30BON JUHAMUKH,
clly4au paspyLicHUs B3PBIBO3AIIUTHBIX ~ KHHETHKHM XUMHYECKOM PEaKUHUU OKHUCICHUS

KOHCTPYKIIMII MpU B3pbIBE ra3a B MOA3EMHBIX  METaHa M JPYrMX KOMIIOHEHTOB METaHOBOT'O
COOPYXKEHUAX M pacnpocTpaHeHus yhaapHo  psga. O4YEBHUIHO, UYTO MOAXOABl K PEHICHUIO
BO3AYILIHOW BOJHBI C ONACHOW [UISl YEJIOBEKA TaKOM 3aJa4d, OCHOBAaHHBLIC Ha MKCIIOJb30BaHHUU
aMILTUTY/ION JTaBJICHHWs] B MeCTa padOTHI JIIOACH,  aHAIUTUYECKUX pelIeHHH, MOTYT
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HCIIOJIb30BATHCA JIMIIb IUJIS TIOJIYUCHUS FPY6BIX
OICHOYHBIX PE3YJILTATOB.

Hns IIPOBEACHUS BBIYHCIIUTEIILHOTO
JKCIIEpUMEHTA Tpedyercs IIPUMEHEHHE
YCTOWYUBBIX, KOHCEPBAaTUBHBIX  Pa3HOCTHBIX

CXEM, OTHOCUTEIBHO MPOCTBIX B peaju3alud U
SKOHOMHUYHBIX C TOYKM 3pEeHUsl  3arpar
BBIYHCIIUTEIIBHBIX MOIIHOCTEN KOMIBIOTEPOB. B
pabotax [4; 8; 9] mpenoKEeHO pelIeHue 3aaa4u
pacnpoCTpaHEHUs YIApHOW BO3IYLIHOM BOJIHBI
(YBB) B mom3eMHBIX COOpPYKEHHUSAX C TOMOIIBIO
CXEMbl YHUCJECHHOIO CYETa YPAaBHEHHU Ta30BOM

JUHAMUKA ~ MOIUGUIMPOBAHHBIM  METOOM
HaBpimoBa (kpynHbIX 4Yactun). B 3amaue
yuuThIBaeTCs  (pakTop  MaaeHUs ~ SHEPruH

JBUKEHUS ra30BOTO MOTOKA 33 CUET BOBJICUCHMUS
B JIBIDKCHHE BO3pACTAOIIUX C PACCTOSIHHEM
BO3YLIHBIX MaccC U 3a CUET TEII000MEHa IOTOKa
rasza co CTeHKoOM coopyxeHusi. Ha nanHom stamne
B PELIEHUU 3a/a4d HE YUHUTHIBAJIOCH JEHCTBHE
CWJI TPEHHMs ra30BOrO MOTOKA B YAApPHOW BOJIHE
CO CTEHKOM.

3HauuTENbHBIE  pe3yJlbTaTbl B 3TOM
HAIpaBJICHUU MOMy4deHbl ucciaenoBanus HUNUT/]
«Pecnmpatop». B pabote [1; 2; 6] npemioxeHo
pelreHre 3anadn pacrnpocrpanenus Y BB, mytem
YUCJIEHHOTO  PENIEHUsS ypaBHEHUH Ta30BOM
JMHAMUKHU Pa3HOCTHOM cxeMoi. MozaenupoBaHue
JUCCUIIALIMA DHEPTrUU MOTOKA MPOU3BOAMUTCS 3a
CUET TEIUIONOTEPh OT HarpeBa BOBJICKAEMBIX B
JBUYKEHUE BO3AYIIHBIX MACC IAXTHOTO BO3yXa.

B coBmectHrix  paborax  Tomckoro
nonuTexHuyeckoro uHcrturyta, PocHUUI] u
MIPUBOAMTCS YUCIIEHHOE PEIICHUE 3a7a4d ra30Boi
nuHamukun MeronoM C.K. Tomynoma [5; 7; 11].
Jlna  pacuera  TEIUIOBOIO  B3aUMOJEHUCTBHUE
ra3oBoro IOTOKa CO CTaHKaMU BbIPaOOTKH
UCIOJIB3YIOTCS MaTeMaTU4eCKUe 3aBUCUMOCTH
MEXaHUKH [JBWKEHUSA JKUJIKOCTH M rasa B
KaHaJIax.

[IpumeHuTENHEHO
TemmoooMeHa U

K  pEUIeHHI0  3a1ad4
Teruonepenay  HauOosee
NEPCHEKTUBHBIM  SIBISIETCS  UCIOJIb30BaHUE
nporpaMMHoOro  komiuiekca ANSYS, mnaxer
FLUENT wnmu CFX, mo3BoJsONIEro NpoBeCTH, B
TOM 4HCJE, YHCICHHBIM SKCIEPUMEHT JUIS
TypOYyJIEHTHBIX TEYEHHUH ra3a ¢ pa3InYHbIMU
pexumamu  temonepeHoca [3; 12]. Opnaxo
Takas 3aja4a OyJeT pemieHa B obmeM Buzae, 6e3
0COOCGHHOCTEH, BO3HHUKAIOIIUX B  YCIOBHUSX
TOPHBIX BBIPAOOTOK.
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Ieas crarbu. Pa3BuTrHe MaTeMaTH4YeCKOM
MOJIETIM TIPOIecCa PACHpPOCTPAHCHUS YIapHBIX
BO3IYIIHBIX BOJH B NPOTSKEHHBIX KaHallax
myTeM  OOOCHOBaHUSI ~ METOAMKM  pacyeTa
nmapamMeTpoB  HMX  3aTyXaHusd C  Y4YeTOM
TEIJI0OTIa4YH IIOTOKA B CTCHKHU.

OcHoBHoOIi Mmarepuaj. B paGore [8; 9]
MaTeMaTHYecKas IMOCTaHOBKA 3a7a9u
pacpoCTpaHEeHHs YIapHOM BO3IYIIHOW BOJIHBI B
COOPY>KEHHU  CBOJUTCA K  PACCMOTPEHHUIO
JBUKEHHUS Ta30BOTO MOTOKA B LUJIMHIAPUYECKOM
KaHaJle C SKBUBAJEHTHBIM JMaMETPOM. 3ajaya
pemanach IMyTEM  HCIONb30BAaHUA  METOJOB
YUCJICHHOTO CUéTa ypaBHEHUN TUAPOAMHAMUKH B
CUCTEME «ra3oBasi  B3pbIBUaTas  cpena
OKpy>Karotmas cpefa» (puc. 1).

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\

Z(u)

\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\

Yuacmok kaHana 3anonHeHHsbIt
83pbleyambiM 2a30M

TMpomsaxeHHsIl
Kanan

Puc. 1. Cxema 3a0auu / Fig. 1. Driving task

Jns  pa3BuTHE MaTEeMaTUYECKOW MOJECIH
pacpoCTpaHEHUs YAApHOM BO3IYIIHOM BOJIHBI
M0 CETH KaHAJIOB M BHIPAOOTOK HEOOXOAMMO B
YpaBHEHMSAX OMjepa yuyecThb TEIUIOBOM IOTOK B
CTEHKY KaHaJjla OT HarpeTbIX I'a30B JBHXKYILUXCS
3a (POHTOM yHAApHOM BOJIHBI.

MonenupoBaHie  TEIJIOBOTO  B3aUMOJIECH-
CTBUS Ta30BOTO MOTOKA CO CTEHKAMH BBIPAOOTKH
mpeyIaraeTcs CIeayImmM o0pa3oM. B mpaBoii
YaCTH  ypaBHEHUS  SHEPIMM  yUYHUTHIBAETCS
TEIJIOBOE B3aMMOJICUCTBHE Ta30BOTO MOTOKA CO
CTEHKaMu BbIPaOOTOK B (QopMe ypaBHEHUSA
TEIJIOBOTO 0OajaHca, OCHOBAaHHOE Ha 3aKOHE
COXpaHEHUsI SHEPTUH.

Bcenencreue KOHBEKTUBHBIX u
TypOyJIeHTHBIX TEUCHHWI ra3a B BO3MYIIECHHOM
cpenie CKOPOCTh BBIPABHUBAHUS TEMIIEPATYPHI O
CEUEHHIO KaHaja HaAaMHOTO OOJIbIe CKOPOCTH €e
W3MEHEHHUSI 3a CYET TEIUIOOTBOAA B CTEHKH
kaHasa. Ha ocHOBaHMM 3TOro, pelIeHHE
ypaBHEHUU TEIUIOBOTO OajaHca MpeajiaraeTcs
MIPOU3BOAMTH IS Bcero 00bema rasa B IeJIOM:

qPdz = QS8dz, (N
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I1e ¢ — IJIOTHOCTh IOTOKAa TeIUla B CTEHKY,
Jx/(M*c); Q — yaenmbHAs 0OBEMHAs CKOPOCTb
Temmornoreps B rase, JUK/(M>c); P — mepuMerp
KaHasa, M; S — IUIONIab MONEPEYHOrO0 CEYECHUS
KaHana, M.

TemnieparypHoe mosie B pacueTHOW 00JacTu

ompesensieTcsi Ha  OCHOBAaHMHM  yPaBHEHUSA
TCPMOJAUHAMUKH:

T=j/Cy, 2
rne I — temmneparypa raza, K;j — ynmenbHas
BHYTpeHHss1 »Heprus raza, Jhx/kr; C, -—
yaenpHass — TemoeMkKocTh  rasa,  JIx/(kr-K);

Cn=CJu; C, — MosspHas TEIIOEMKOCTb rasa,
Jlx/(mons'K); 4 — MomsipHas Macca BO3dyXa,
KI/MOJTb.

[lepenava TemyIoBOM HEPTUM OT Ta3a CTEHKE
KaHasa, MPOUCXOIUT 3a CYET KOHBEKTHBHOTO H
KOHJIyKTUBHOTO  TeruiooOMeHa.  Bceneactsuu
WHTEHCUBHOTO TYpOYJEHTHOTO MepeMeIInBaHUs
ra3oB M KOHBEKTHUBHBIX ITOTOKOB IPOUCXOIUT
BBIPAaBHUBAHUE TEMIIEPATYPHI Ta30B 0 CECUYCHHIO
kaHanma. Takum  o0Opa3oMm, MPHUCTEHOUYHBIE
TEIIOBbIE  APQPEKTHl MOXKHO  OMYCTHUTb H
ypaBHeHUs1 OWiepa, B IUBEPr€eHTHOM BHIE, B
HWINHAPUIECKOW CUMMETPUH MOXKHO 3aIliCaTh B
CJIEYIOIIEM BUJE:

0p, ., =
1 4 -
5 div(pW )= 0,

HEpa3PbIBHOCTH;
aﬂ ] v a_P:

3, +div (puW )+ e 0,

0 . =\, 0P

%+dzv (pv W)+W= 0

dé N

¢l newkenusi; (3)

aLE+div(pEVT/)+div(PW)= qll

dt

,SHEPTHH,

IJI€ p — INIOTHOCTh; P — naBnenue; W — CKOpOCTh;
U, V— KOMIIOHEHTBI CKOpocTH W mo ocu z u r
COOTBETCTBEHHO, 2z, F HAJTUHIPUYECKUE
E= J+%(u2+v2)

KOOPJIHHATBHI; — TIOJIHAs DHEPIHs;
q IUIOTHOCTh TEIUIOBOTO IIOTOKa B CTEHKY
KkaHaua, J[x/(M>-c); IT — mepuMerp KaHala, M.
bananc TerioBoil 3HEpruM B TEIIOOOMEHE
CO CTEHKOHM KaHaja, IPEACTABICHHBIA B IPABOU
yacTu ypaBHeHUs sHepruu (3) wieHoMm gll,
OyZeM y4uThIBaTh I'paHWYHbIMU ycioBusimu IlI
poJa 1o TEMJIONPOBOAHOCTH, KOTOPBIE BOBMOYKHO
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OPUMEHUTh Uil JaHHOTO BHJA TemaooOMeHa
[13]:
g=a, (TS- T)FAt ’ 4)

e oy — koddduurent remioodmena, Br/(m*K);
T —temnieparypa cTeHku, K; T cpenHsas 1o
CEUeHMIO KaHaja Temreparypa rasa, K; F
TUTOINAb Ha KOTOPOW MPOUCXOAUT TETIO0OMEHa,
M?; Af — BpeMst TerIoobMeHa, C.

Koaddumment TemmoodMeHa (TETIoOTIa4YH)
O, KOTOPBIM IO ONpPEAENCHHUIO  SIBIAETCS
KOJIMYECTBOM TEIUIOTHI, PAaCIPOCTPAHSAIONIETOCS
yepe3 eAMHUYHYIO TOBEPXHOCTh MPU €AMHUYHOM
Pa3HOCTH TEMIIEPATYP, ONPEACISIOT CIeTyOIUM
obpazom [14]:

- Nu (./ln

(% D

IKE

; ()

rae N, — uucno Hyccenbra; 4, — xoaddunmueHt
TETUTOTIPOBOTHOCTHU TOPHBIX mopox, Bt/(m-K);

N=0,22 R P* B

(6)
rne P, —uaucno Ipanars;
p=t
e (7)

e Ay — K03(GHULUUEHT TEIUIONPOBOIHOCTH Ias3a,
B1/(M-K); @ — nuHaMu4eckas BI3KOCTh BO3/yXa,
[Ta-c; ¢, — wu300apHas TEIJIOEMKOCTb Ta3a,
Hx/(xr'K); R, ynciao PeliHombaca, st
WIMHIPUYECKOTO KaHala OMNpenensercs I

dbopmye [15]:
qD9K8

2 VL2
R=(— i‘l \]:M
e \k+1 i+1
Ao (8)

I1e ¢ — TpUBEIEHHBIM pacxo] Tas3a uepes
pacdyeTHyI0 SUeiKy; k — Tmoka3arenb aauadarhl

BO3AyXa, k = 1,4; D, — DKBUBaJICHTHBIH
JIMaMeTp KaHasa, M, ; S — monepevyHoe
ceueHue KaHaja, Mz; B — mnomnpaBo4HbIH
k03 purmeHT, YUYUTBIBAIOIITUI BIIMSTHHE
[IepPOXOBATOCTHU CTEHOK Ha porecc
TEIJIO00OMEHA, OMNpeAeNsieTCs MO  CleayIomen

3aBUCUMOCTH [15]:
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(5)] ¢)

Zl
(,no

-[§)] o
{G). -

(i) - 13
e N )
rme [ — XapakTepHOE pacCTOSHUE MEXIy
BBICTYyIIaMH IIEPOXOBATOCTH, M; O — BBICOTA
BBICTYIIA, M.

Peanmaunﬂ yqua Tennonepenaqn oT

ra30BOTO MOTOKAa B CTEHKY KaHaJla B YHCIJICHHOM
cxeMe OyJeT BBIIAAETh CIeIYIONMM 00pa3om:
Ha OiinepoBom 3tame (mepBblii pacyeTHbII
IIUKIT):
n i
_ Pisos~ Picos,j At

u =
Sy, (10)
o= - Pz”l,j+0,5_ P;j—o,sﬁ,
ST
T [jP;'l,j+(),5V:l,j-0,5 (J- 1)P1] 05"1, 05 4
LR (G 05) dr
+P 05,705, Pi-0s, /U0, ][AL +
Az /7;1,_,'
HAL(T,~ T )At .
i (11)

Jlis TecToBOro pacuera OIICHMM 3HAYCHUS
ko3 dunrenTa TermiooOMeHa ra3oBOro MOTOKa,
KOTOPBINA JBMIKETCS 32 (PPOHTOM yAapHON BOJIHBI
CO CTEHKAMH KaHaJIa TOJI3EMHOTO COOPYKCHHUS.
MarepuajioM CTEHKH MOJ3EMHBIX COOPYXCHUH,
KaKk TpaBUJIO, SBISETCS KHUPIUY, OETOH,
Kene300eToH. B mom3eMHBIX BhIpaOOTKax, B
MEPBOM TPUOIMKECHUH, MOXHO CUUTATh CTCHKOM
TOpHYIO TIOpoAy (TecyaHble, INIMHUCTHIE CIaHIIbI,
TECUAHUKH).

Cornacao dopmyne (5) ompenenum YHUCIIO

[Ipanatns Ha €AMHUYHOM JUIMHE KaHaja,
arMocdepa — BO3IyX IpU CpelHEed TemrepaType
B MOTOKE 500 °C, ko3 durnrenre
teronpoBonuoctu 0,0574 Br/(m-K):
#e,_2,170107°1,00310°
p=—>=%== : =0,47
", 0,0574 ’
Hns  pacuera wuwmcina Hyccenpra Ham

HeoOXoauMo 3HaTh KpuTepuidl PeitHonbaca B
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CBEPX3BYKOBOM TMOTOKE 3a (POHTOM YHApPHOM
BOJIHBL. [locKoNbKy Takue JaHHBIE VIS YIApHBIX
BOJIH OTCYTCTBYIOT, IO aHaJOTMH MOXHO
IIPUHATH 3Ha4YeHUs 4ncia PeiiHonbaca B MOTOKax
ra3oTypOMHHBIX ~ ABUAIMOHHBIX  JIBUTATENsIX.
B HuMX naHHBIA TOKa3aTeab B HOMUHAIBHBIX M
dopcaxHBIX pexUMaxX H3MEHSETCS B Mpeaenax
2:10°...8-107 [16].

Tak, IIOITPABOYHBIN
YUUTHIBAIOIINNA BIIMSIHUE
onpeneauM JUTSt YCIOBHI
MIOJI3€MHOTO COOpY’KEHUS 3aKpEIUICHHON
apoyHoi kpemblo u3 cneunpopuns CBIL.
Paccrosinue mMexnay pamamu kpenu 1 M, BeIcoTa
BoicTyna 0,2 M. Torna, cormacuo (9) oTHOIICHHE:

AT AT

COOTBCTCTBCHHO
L
0 ex] > |-
rf]

ko3 purreHt
IIEPOXOBATOCTH
BBIPa0OTKH

expl——2|F

1
O Pni
Torna:

N,=0,22 R** P’ =
¢0,220(5107)"1(0,47 )" 1,4= 1524

Kosdduument  temmompoBogHOCTH IS
MEeCYaHWKa, KOTOPBIH 10 TETUIOPU3HYECKUM
CBOMCTBaM OJNM30K K CTPOUTEIBHOMY OCTOHY U
HaxomuTcs Onm3Kko K 3HadeHwio 2,18 Bt/(m'K).

B wurtore, xoapduIUMEHT  TeII00TIaAYU
COCTaBUT:

N, il

0= n 1524?, 18 _ 3323 :
Bt/(m™K).
Ounenum  paboTy  YHCICHHOHW  CXEMBI
MOAM(PHUIIMPOBAHHOTO METONA KPYIMHBIX YaCTHII
YUHUTHIBAIOIICH TeriooOMeH yIapHOM
BO3/IyIITHOW BOJHBI CO CTEHKaMH IMPOTSIKEHHOTO
KaHaja TpH  U3MEHEHUU  Kod(pUIeHTa
terooomMera or 0 mo 10000  Br/(mM*K).
TecroBas 3ajaya pacmaj pa3pbiBa BBHITIOJHEHA
JUISL YCJIOBUSI PACIIONIOKCHUSI HCTOYHHKA B3PHIBA
B TYNHKOBOW YacTH CEKIMU BBICOKOTO TABICHUS
yaapHoi TpyObl. PasMep cekuuum BBICOKOTO
JABJICHUS 2 M, CEKITUA pasrpy3ku 5 M (puc. 2).

IK6

Hcexonst U3 pe3ylbTaTtoB  YUCIEHHOIO
HKCIIEPUMEHTA, BIUAHUE TEIUNIOOOMEHA ra3oBOIO
IIOTOKa CO CTEHKOM KaHajla He HMeeT

pelLIaroIlyo poib B OPMUPOBAHUH ITApaMETPOB
YOApHbIX BO3AYLIHBIX BOJH, HECMOTps Ha
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3HAUUTENIbHYIO OLIEHOYHYO BEJINYMHY
ko3 dunrenra TeriooOMeHa MOPsIIKA
3 000 Br/(M*K). DT0 OOBSCHSIETCS TEM, dTO
BpeMsi KOHTaKTa ¢ OOJBIINMH TpaHeHTaAMH
TEeMIIepaTyp MEXAy ra30M U CTEHKOM HaXOTUTCS
B CyOMIUIMCEKYHIIHBIX TIpENenax, 4yTo U JaeT
HE3HAYUTEIIbHYIO JMCCUTIALINIO TETIOBOM
SHEPI'uH MOTOKA B CTEHKY KaHama. Tak, COrmacHo
rpaduxoB (puc. 2-5) OCHOBHBIE MapaMeTphl B
OMIDKHEH 30HE 3a CYET TEIJIOOTAAYH CHIKAIOTCS
He Oonee yem Ha 1-5 %. OpHako, CyIIeCTBYyeT
JBOWHAS B3aWMOCBSI3b  CTCIIEHHW  CHIDKCHHS
SHEPrUy YAApHOW BO3AYIIHOW BOJIHBL: C OJHOM
CTOPOHBI, B OJIDKHEH 30HE MPH OTPaHMYCHHOM
BPEMEHHU C MOMEHTA Hauaja B3pbIBa CYLIECTBYET
3HAUNTENILHBINA TPaJUeHT Temreparyp. Janee, mo
Mepe HAKOIUIEHUS BPEMEHHM KOHTAaKTa I'paJUeHT
TEMIIepaTyp CHIKACTCS.

Hns yCTaHOBIICHHS pacnpeneneHust
kod((UIMeHTa CHIDKCHHS OJHEPTUU YIApHOM
BO3/YIIHOW BOJIHBI B 30HaX ee

pacnpocTpaHeHHUs, 3a CUET TEIUIONOTEepb, HAMU
ObUI TIPOBEACH UHWCICHHBIH OKCIEPUMEHT B
YCIOBUSIX  paclpOCTpPaHEHUs  BOJHBI  Ha
paccrostauss 10 300 M. HauanbHble ycioBus:
nasiienre B3peiBa P, = 1 Mlla, nnuHa ceknuu
neToHanuu Lp= 2 M, auameTp kaHana d, = 1 M,
HauajgbHas IUIOTHOCTh TPOMYKTOB  B3phIBA
por = 1,1 Kr/M>. B cekumM  pasrpysku
¢u3nuecKkre MmapaMeTpbl CPeabl MPUHATHI IS
XapaKTEepPUCTHK BO3TyXa.

Kos¢ppunuent cHukeHHs napaMeTpoB K
ynapHoii BomHbI (Pu, p, E) ompenensieTcs Kak
OTHOILICHUE:!

_ (12)
e f,, / — aMIUIMTyJa napaMeTrpa BO (poHTe
yIapHOW BOJHBI C Yy4YeroM H 0e3 ydera
TETJIONOTEPD.
Pe3ynerarel MopenupoBaHUs MPUBENCHBI Ha
pHUCyHKE 6.
P
Mrla 1

1.0

0.5

Puc. 2. Pezynomam uucnennozo Mooenupoeanus 61usHus
menioobmena co cmenkou kanana: 1, 2, 3 — oasnenue 6
momenm epemenu 0; 3,1; 7,1 mc; cnaownasn aunus
o = 0 Bm/(m’K), wumpuxosas nunus —

a =10 000 Bm/(m>-K) / Fig. 2. The results of numerical

simulation of the effect of heat exchange with the channel
wall: 1, 2, 3 — pressure at time 0; 3.1; 7.1 ms, solid line
a = 0 W/(m*K), dashed line — a = 10 000 W/(m*K)

m/c 1 2 3

480

o EESREEEETEE

i fl,. (A

Puc. 3. Pe3ynbmam wucieHno2o MoOenupo8anus Guusus
mennoobmena co cmenkoul kaunana: 1, 2, 3 — ckopocmo
2a306020 nomoxa Ha momenm epemenu 0; 3,1; 7,1 mc;
cnnowmnas aunus o. = 0 Bm/(m’-K), wumpuxosas numnus —
a =10 000 Bm/(m*-K) / Fig. 3. There sults of numerical

simulation of the effect of heat exchange with the channel
wall: 1, 2, 3 —velocityattime 0; 3.1; 7.1 ms; solidline
a=0W/(m’K), dashedline — o = 10 000 W/ (m’ K)

1 3
KM 1 2

27

o - 5
3 =
Iy Iz Iy

Puc. 4. Pe3ynomamul 4ucieHH020 MOOeIUpOBaAHUsl 8IUAHUE
mennioobmena co cmenkou kanwana: 1, 2, 3 — nniomnocmo
2a306020 nomoxa Ha momenm epemenu 0; 3,1; 7,1 mc;
cnnownas aunus o. = 0 Bm/(m*-K), wumpuxosas nunus —
a = 10 000 Bm/(m*K) / Fig. 4. The results of numerical
simulation of the effect of heat exchange with the channel
wall: 1, 2, 3 — gas flowden sityat time 0; 3.1; 7.1 ms; solid
line a. = 0 W/(m*K), dashed line —a = 10 000 W/(m’-K)

E,
Lz 1 2 3

2,110

i, i i!

Puc. 5. Pe3ynomamul 4ucieHno2o MoOeIupo8anus GuusHue
MmenioobMeHa co CMmeHKol KaHana.
1, 2, 3 —yoenvHasnonnas enepaus 2a306020 NOMOKA HA
momenm epemenu 0; 3,1; 7,1 mc; cnaownas auHus
a = 0 Bm/(m*-K), wumpuxosas nunus —

a =10 000 Bm/(m**K) / Fig. 5. The results of numerical
simulation of the effect of heat exchange with the channel
wall: 1, 2, 3 — specific energy flow of gasat time
0;3.1; 7.1 ms; solid linea=0W/ (mz K), dashed line —
a = 10 000 W/(m’-K)

CormacHO  pe3ysibTaraM  MOJICITHPOBAHUS
HanOoJIIbIIIEE OTHOCHUTCIIBHOC CHHIKCHUC
IIPOMCXOAUT IO IapaMeTpy YAEIbHOM IIOJHOM
sHepruu cpenbl — Ha 5 %, naeneHue Ha 3 %,
IUIOTHOCTH 2,5 %, majgeHue ckopocTu 2 %, mpu
MaKCHUMaJIbHOM 3HAYCHUUN KO3(1)(1)I/IHI/ICHT3.
Ter1000MeHa. [Tpruem MHTEHCUBHOE
HapaCTaHUEC TCIUIOIMIOTEPb IMPOUCXOAUT B 30HC
3...5 nmIMH ydYacTKa Ta30BO3AYIIHOH CMECH,
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Jajiee CTENeHb HApacTaHWs CHIDKACTCS W Ha a =10 000 Bm/(w’*K) / Fig. 6. Dependence of the
BCEM OCTATILHOM nyTH H3MEHSeTCS coefficient of reduction of the amplitude of the parameters
I of a shock air wave from the distance to the explosion

HECYHICCTBCHHO. Py YMCHBIICHUH epicenter: solid line a. = 5 000 W/(m’-K),

koo dunmenta  TermrooOMeHa  BABOE  30HA dashed line — o = 10 000 W/(m*K)

HapacTaHus k03P PUIeHTa k; yBEIUINBACTCS JI0

5.7 x/Lp. BeiBoabl. Takum 00pa3oM, NOITy4YEeHHbIE
nyTeM YUCJICHHOTO MOJICTTUPOBAHHUS

kE K" kY kP
H 0,05

KOA()(UITMEHTBI CHIDKEHUS TapaMeTpoB k; 3a

vos s cyYeT Teruionoreps B OmmkHel 30He (10 10 x/Lp),
_ REBRPL B 3aBUCHMOCTH  OT  pa3MEpOB  ydacTKa
. Y Enny. ra3oBO3YIIHON cMecH, MOYKHO
0.02 } - aIIIpOKCUMHPOBATH Ha BECh IyThb
u pacrpocTpaHeHUs] yAapHOW BO3MYIIHOM BOJHBI.

a.01

OTO0 naeT BO3MOXHOCTb YMEHBIIMTH OOBEMBI
BBIUYHCIICHUN ISl IPOTHO3UPOBAHUS PACCTOSIHUM
Y 30H MOPaXECHUS YAAPHOM BO3AYIIHON BOJHOM
IIPY aBapUIHBIX B3pbIBAX.

13 15 17 19 %,

Puc. 6. 3asucumocmo kosppuyuenma crHudxcenus
aMAAUMY bl NAPAMEMPO8 YOAPHOU 8030VUIHOL BOTHbBL O
paccmosHus 00 INUYEHMPA 63pbled: CRIOWHAS TUHUS
a =5 000 Bm/(W’-K), wmpuxoeas nunus —
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