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ABTOMOBWJIBHOM 3AITIPABOYHOM CTAHIINH
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AnHoTanus. Mcnonb3oBaHHe CKMKEHHOTO TPHUPOJHOr0 ra3a B KayecTBe MOTOPHOIO TOIUIMBAa HA
ABTO3aNPABOYHBIX CTAHIHUAX NPEICTABIACTCSH MEPCHECKTHBHBIM MO0 PSAY CJICAYIOIMMX NPHYHMH: MO OLEHKAM
Pa3JHYHBIX BEIOMCTB U KOMMEPYECKHX CTPYKTYP C:KH:KCHHBIH NPHPOAHBIN ra3s JemeBie cBoero HeGTsaHOrO
aHaJIora, BBIOPOCHI BPEAHBIX BellecTB B aTtMocdepy npH padoTe TeXHHKH HA CKHKEHHOM IPHPOJHOM rase
3HAYUTEJIbHO HUXKe, U KAK CJIe/ICTBHe HAHeCeHHe ylepoa oKpy kaoleil MPUPOAHON cpeje, HUKe M0 CPABHEHHIO
¢ HMHbBIM MOTOPHBIM TONJMBOM (0€H3UHbI, IM3eJbHOE TOILUIMBO), 00OpyAOBaHUe, NpeIHAZHAYEHHOE [JIsl
o0pameHnsi ¢ CKHKEHHBIM IPHPOAHBIM TIa30M, MMeeT NPEHMYILIECTBCHHO KOMIIAKTHOE HCIOJTHEHHE, YTO
cnoco0CTBYeT €ro pasMelleHHI0 Ha JAelCTBYIOIIMX HJIH CTPOSIIIMXCH ABTO3AaNPABOYHBIX CTAHIMAX,
o0opynoBaHue, NpeJHA3HAYEHHOE /ISl 00pallleHUs ¢ CHKUKEHHBIM NPHPOAHBIM Ia3oM, HMeeT (ojiee BbHICOKHE
ypoBHHu Oe3onacHoctu. Ilo cBoum ¢usnuko-xumuuyeckum cpoiicteam CIIT' sBisieTcss HamGoJsiee 0e30MACHBIM
TOIUIMBOM. ABapuiiHble cUTyanuu, o0yciaoBieHHble BbIOpocamu CIII', uMmeroT psa cnenuduyeckHx
0CO0eHHOCTeH, KOTOpbIe OnpeaesiioTes (GU3NKO-XMMHYECKHMH CBoiicTBaMu ra3a. B pesyiabTtate aBapuiiHbIX
pa3auBoB U BbIOpocoB CIII' BO3MOHO NpOfIB/ICHHE JOMOJHUTEILHBIX ONMACHBIX (DPAKTOPOB B CPABHECHHH €
JIETKOBOCILIAMEHSIIOIMHCH M TOPIOYHMH KUAKOCTAMH: OBICTPOPAa3BHBAKOINMECH MO0Kap B3PBIBOONACHBIE
o01aka, pacnpocTpaHsilOliHecss Ha OoJbIINE PACCTOSIHUSI, BBICOKAS CPEIHENOBEPXHOCTHAS IJIOTHOCTH
TEeIJIOBOT0 M3JIy4YeHUs MJIaMeHH mapoBoid u (miam) xuakocTHoil (pa3pl CIIT, HU3KHe TeMmepaTypsbl, KOTOPbIE
MOIYT NPHBECTH B ONPEIEJCHHBIX CIY4YasX K yTepe NPOYHOCTH U QPyHKIHMOHATBHOI0 HA3HAYCHHUS MAaTePHAJIOB
U KOHCTPYKLIMI eMKocCTeil, 1 000pyaoBaHMsl, HU3KHE TeMIlepaTypbl, KOTOpPble MOIYT BbI3BaTb 00MOpO:KeHUe
Yyes10BeKa WM ero rudenb, B pe3yabTaTe BbiOpocax nmpoaykra. Ilponeccbl NpoeKTHPOBAHUS U CTPOUTEIbCTBA
CTAHUMI 1A 3anpaBKH AaBTOTPAHCIOPTA CHKUKEHHBIM MPHPOAHBIM Ta30M CBS3aHbI € OTCYTCTBHEM
NpopadoTAHHOI HOPMATHBHOH NOKYMEHTALlMM B 4YacTH Tpe0OBaHUN K pa3sMelleHHI0 YKa3aHHBIX 00bEKTOB
OTHOCHTEJIBHO OKPY’KAIOLIUX 31aHUI, COOPY’KEHMIl U T.[., 2 TAK/KE OTCYTCTBHEM ONbITA IIMPOKOr0 NPUMEHEeHHs
CIIT. B cBs3M ¢ H3JI0’KEHHBIM BONPOCHI NMPOTHO3MPOBAHHWS IOCTIEJCTBHI 4Ype3BbIYANHBIX CHUTyalnMil Ha
KPHMOTEHHO 3aNPaBOYHOI CTAHIMH HMEKOT Ba)KHOE 3HAYCHHUE.

Kirouessie ciioBa: Meran, CIIT', npupoanblii ra3, ajibTepHATUBHBINA BU/I TOILIMBA, DKOJIOTHsL.

CALCULATION OF THE GAS-AIR MIXTURE COMBUSTION SCENARIO IN AN OPEN
SPACE AT EMERGENCY SITUATION AT A CRYOGEN CAR FILLING STATION

Klimenko D. A., Adamov A.P.
Moscow Automobile and Road Construction State Technical University (MADI)

Moscow, Russia

Annotation. The use of liquefied natural gas as a motor fuel at gas stations seems promising for several of the
following reasons: according to various departments and commercial structures, liquefied natural gas is cheaper
than its oil counterpart, the emission of harmful substances into the atmosphere when using liquefied natural
gas equipment is much lower, and how consequence of damage to the environment, lower than other motor fuels
(gasolines, diesel), equipment designed for tions with the liquefied natural gas is advantageously compact design
that facilitates its placement at the operating or under construction refueling equipment for handling liquified
natural gas, has higher safety levels. By its physical and chemical properties, LNG is the safest fuel. Emergencies
caused by LNG emissions have a number of specific features, which are determined by the physicochemical
properties of the gas. As a result of accidental spills and LNG emissions, additional hazardous factors can occur
in comparison with flammable and combustible liquids: rapidly developing fire, explosive clouds spreading over
long distances, high average surface density of thermal radiation of a flame of a vapor and (or) liquid LNG
phase, low temperatures that may lead in certain cases to the loss of strength and functional purpose of
materials and structures of containers and equipment, low temperatures, which can cause human frostbite or
death as a result of product emissions. The processes of designing and constructing stations for refueling vehicles
with liquefied natural gas are associated with the lack of elaborated regulatory documentation regarding the
requirements for the location of these facilities relative to surrounding buildings, structures, etc., as well as the
lack of experience in the widespread use of LNG. In connection with the foregoing, the issues of forecasting the
consequences of emergencies at a cryogenic gas station are important.
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BBenenune

KprnoA3C OTHOCHUTCS K OIACHBIM TMPOW3BOJICTBEHHBIM OOBEKTaM, OOJIaacT IOBBIIICHHON
OMACHOCTHIO, TaK KaK Ha CPaBHUTEIBHO HEOOJBIIMX IUIOMIAAAX KOHIEHTPUPYETCsS OOIbIIoe
KOJIMYECTBO JIETKOBOCIIAMEHSIIONIMXCS W TOPIOYMX JKUIKOCTEH/Ta3oB. B pesynbrate aHammsa
(PM3UKO-XMMHYECKUX CBOKMCTB BEIICCTB, OOpalarommMxcss Ha OOBEKTE, YCIOBHH BEACHHS
MIPOU3BOJCTBEHHBIX ONEPALUiA U U3YUYEHUS OIbITa aBapU HA APYTHUX NMPEAIPUATHAX YCTAHOBIICHO,
yTO0 OCHOBHYI0 omacHocTh Ha KpnoA3C mpexacrasmsitor UC, KOTOpble MOTYT CONPOBOXKAATHCS
noxxapamu M (wim) B3pbiBaM [l]. YkazaHHbIE ONacHOCTM MOTYT IPOSIBISATHCS COBMECTHO, T.€.
yTeUKa CXKMIKEHHOTO TMPHUPOJHOTO Tra3a MOKET COMPOBOXKAATHCS IMOKApOM, a TOXKap, B CBOIO
ouepelb, IPUBOJAUT K B3PBIBY W pa3pylIieHUI0 obopynoBaHus. Eciau B 30He NEHCTBUS OMaCHBIX
(hakTOpOB HAXOAATCA JIIOAU, TO BO3MOXHO UX Hopaxkenue [2]. [Ipu HapyleHHH TepMETHUYHOCTH
pesepByapa ¢ CIII" co3maercss omacHOCTh 00pa30BaHUs B3PHIBOOMACHBIX KoHIleHTpauuii ' BC, uto
MPU HATMYUU UCTOYHUKA MHUIIMUPOBAHUS B3pbIBa MOKeT 00ycioBuTh B3phiB [ BC B pe3epByapHOM
MapKe M CO3JaTh YCIOBHS Il JOainbHeimero passutusi aBapuu Ha KpuoA3C. Paccmorpum
HauOoJiee onacHsli crueHapuii — cuenapuii cropanus I'BC [3].

OcHoBHast YacTh

M30bITOuHOE JaBiieHWE B3pbIBA NPH CTOPAHUHM B3PHIBOOMACHOW Ta30BO3AYIIHOM CMECH,
pacCUMTHIBAETCA C UCIOJIb30BAHUEM METOIUKH, ITpuBeaeHHON B ['OCT P 12.3.047-2012.

N30biTOuHOE JaBiieHHE, Pa3BUBAEMOE IMPU CrOPaHMM Ta30BO3AYLIHOW CMECH B OTKPHITOM
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rne Po - atmocheproe namnenue, klla (momyckaercs npunumarb paBabiM 101 klla); mmp -
MpUBEJICHHAs Macca Ta3a, Kr; I' - PacCTOSHHE OT TEeOMETPUYECKOro IIEHTPa Ta30BO3IYIIHOTO
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rne Qcr - yaensHast terota cropanus CII, JDx/kr; Z - KO3QPHUIUEHT ydacTusi, KOTOPBINA



nomyckaercsi nmpuHuMath paBHbIM 0,1; QO - koHcranTa paBHas 4,52-106 J[x/kr; mr - macca

roptounx CIII' mocTynuBiIero B pe3yJibTaTe€ aBapuud B OKpPYKalolllee MPOCTPAHCTBO, KI; O

CTETeHb 3aMOHEHUSI eMKOCTH o 00beMy(95%); pcnr - mnotHocTh CIIIT, kr/M3 ; VPE3 - 00bem

pe3epByapa (3x12), M3 .

OnpeneneHI/Ie HMITYJIbCa BOJIHBI IaBJICHUSA
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ra30BO3IYIIHOTO O0JIaKa, M.

PesynbraThl pacuera npuseieHs! B Tabnuue 1 u pucynkax 1 u 2.

Tabn. 1. 3naueHue umnynibea 80aHbL 0ABIEHUSL HA PA3TUYHBIX PACCOSHUSAX OM pe3epsyapa
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rac mip - MNPUBCACHHAA MacCa rai3a, Kr, r - paCCTOAHHUC OT ICOMCTPHYCCKOI0 LCHTpA
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Puc. 1. Umnynvc 6onmbl 0asnenus npu c2opanuu 2a308030VUUHOLU CMeCU HA OMKPLIMOM
npocmpancmee, klla-c.
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Puc. 2. U30bimounoe oasnenue, pazgueaemoe npu c2opanuu 2a308030YUWHOU CMECU HA OMKPbIMOM

npocmpancmee, klla

Bo3moskHass 00CcTaHOBKa Ipu BO3I[€I>'ICTBI/IPI BOJIHBI H30BITOYHOTO JAaBJICHUS B3phbIBa




IIpu upe3BbIYAHON CUTyallMH, CBA3aHHOM C IPOLIECCOM CrOPaHUU Ia30BO3yIIHOW CMECH HA
OTKPBITOM IIPOCTPAHCTBE ONACHOCTh Oy Iy T NPEICTABIIATh:

BOJIHA AaBiieHUs npu cropanuu 'BC B 0OTKpBITOM MPOCTpaHCTBE (MOCAEACTBUS BO3ACHCTBUS
M30BITOYHOTO JIaBJICHUS NIPEICTAaBIICHbI B TAOIHIIE 2);

OCKOJIKM, oOpasymommuecs B IpoLecce pa3pylleHHs pe3epByapa U JAPYroro
TEXHOJIOTHYECKOT0 000py10BaHHUS.

N36bITOYHOE /aBiIeHHE NPUHUMAET ONACHOE 3HAUYE€HUE B TEYEHUH HECKOJIBKUX CEeKyHA. B
TaKUX yCIIOBUAX 3BaKyalys 00CITy>KMBAIOIIET0 MepCcoHalia He BO3MOXHA [4].

Pa3mepsl 30H nmopakeHus

Tabn. 2. [locneocmsus 6o30eticmeus uz0blmoyHo20 0a61eHUs

CTeneHs NopaseHNA HstmTounoe Paccroamme oT

ZaexeHHe, Ella paspyArIIerocs

pesepEvapa, M

IMoneoe paspymenns 3TaHMH 28-54 1-29
0% paspyIIeHHe 3TaHHA 33-29 90-129
CpegHee NOEpeaIeHAe STAHHH 28-13 130-222
VuepeEHCE [OEpeEIeHHe 3JaHPH (Ooepexmgenme | 12-6 23-403

EHYTpEHEHX Neperopolol, paM, Jeepef B T.IL.)

Hes®re nopor DOEpeJeHAH TeI0ESES JARTeHHEM -4 404-568
Maneie nospesIeHnad (pasoNTa SAcTh OCTEEICHHS) 3 369-732
3akiouenue

Hcexons u3 nosydeHHBIX IpU pacueTax XapaKTEPUCTUK 30H BO3MOXHOIO MOPAXKEHMs, CIEAYET,
YTO NEpPCOHAJ, BOJUTENN TPAHCHOPTHBIX CPEACTB, KHUTENU MNPUWIETAIOUIMX 3JaHUI MoIydar
CJIEIYIOIINE NOPAKCHMSI B 3aBUCUMOCTH OT yIaJICHHs MECTa aBapHHU:

- HECMOTpS Ha COOJIIOJICHHE HOPMATHBOB B Ciydae HaJ3€MHOI0 pa3MeLIeHMs pe3epByapa IMpH
cropanuu ' BC HabmoaeTcss HUKHHUM TOPOT MOBPEXKCHUS YeJIOBEKa JIaBJICHUEM, HAa PACCTOSIHUN
6omee 500 meTpoB [5].

Hnst camxenns: pucka Bo3HHMKHOBeHUS YC Ha KpuoA3C, BbI3BaHHBIX aBapUiIMHU C B3PHIBOM
TBC, npexycmaTpuBaroTcs CiaeayoUe MEpOIIPUATHSL:

- yCUJICHHE KOHTPOJISI KauecTBa Mpu cOOpKe

- YCUJIEHHE KOHTPOJIS KauecTBa IpU COOPKE pe3epByapoB;

- peryJisipHas IpoBepKa 3HaHUM 00CITyKHBaIOLIETO EPCOHANIA;

- BO3BE/ICHHE 3aLUTHBIX OIPaXICHUN;

- YCUJIEHHE OXPaHbl TEPPUTOPHH.

Jna  cHmxenuss T1sbkectd  ymepb6a ot UYC, BbI3BaHHBIX aBapusiMu ¢ B3peiBoM  TBC,

MpeyCcMaTpUBAIOTCA CIIETyIOIINEe MEPOTIPUSATHSL:



-HaJIMYME y PEMOHTHBIX M aBapUHHBIX OpHUraj, a TakKe B KaXKJIOM aBTOMOOWIIE anTeyek AJis
OKa3aHHs MEePBOM MOMOIIHU MPHU TPABMAaX, BBI3BAHHBIX OAPHUUECKUM U TEPMHUUECKUM MOPAKEHUSIMH,
a TaKk)Ke MOPAKCHUSIMHU OCKOJIKAMHU CTEKOJL.

- HaJTM4Ke B KXKJIOM aBTOMOOMIIE CPEJICTB IEPBUYHOTO MOKAPOTYIICHHSI (OTHETYIIUTEIIHN );

- HCMCJICHHAA 3BaKyalus nNepCoHajia pEMOHTHBIX 6p1/1raz[, a TaKXE J'[IOIlef/'I H aBTOTpaHCIIOPTa B
0e30macHOe MECTO, B CBSI3HM C OMACHOW MokapHOW oO0ctaHoBKOW BOMM3KM UC, BRI3BAaHHOHN B3PHIBOM
I'BC.
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