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AnHoTanus: B pabore npeyioxkeHo YHCICHHOE PEelIeHHe 33/1a4H IPOLECCOB TEIUIO0OMEHa IPU CTPYHHON OYHCTKE pe-
3epByapoB OT OCTATKOB HE()TEIPOIYKTOB HarpeThIM pacTBOPOM TEXHHYECKUX MOIOIIMX CPEJICTB, YTO MO3BOJISIET OMpe-
JIeJIATh TapaMeTphl B3PhIBOMOKAPOONAaCHOCTH IIPOLIECCa OUUCTKH.

KiroueBble cj10Ba: B3pBIBOIIOKAPOOMACHOCTD, TSIUIOBOW OOMEH, KOHIIEHTPAIIHUS apOB HE(YTEIPOTyKTa.

IocTanoBka mnpodaemsbl. [l oOecrieueHUs
B3pBIBOIOXKAPOOIIACHOCTH IPOLIECCOB OYHCTKU pe-
3epByapoB OT OCTaTKOB He(TEmpOAyKTOB HEOOXO-
IUMO 3HaTh BPEMS IPOBENEHHS TEXHOJIOTHYECKUX
olepaluii, Ha MPOTSHKEHUN KOTOPOro OyAeT MpoucC-
XOAWTh HUCTapeHue He(TeNnpoAyKTa B CBOOOIHBIH
00bEeM pe3epByapa, 4TO B KOHEYHOM HUTOTEe I03BO-
JUTH ONpPENENIATh UX KOHLEHTPALUIO M OLICHUBATbH
B3pBIBOIIOXKAPOOIMIACHOCTh Tpoliecca. DTO MO3BOJIS-
€T BBIIOJIHUTH OJHO M3 HAIPaBJICHUH CUCTEMBI Ipe-
OyNpexIeHUs M0XapoB - MoLAepKaHue 0e30macHon
KOHIIGHTPAIMH CPEJIbl B COOTBETCTBUU C HOPMaMH U
MpaBUIaMHU " JPYTUMH HOPMAaTHUBHO-
TEXHUYECKUMH, HOPMATUBHBIMH [TOKYMEHTAMH H
npaBuiamu 6e3omacHoctu [1].

AHanIu3 MOCJEAHUX JTOCTHKEHUH U myOauKa-
nmii. OYrcTka pe3epByapoB OT OCTaTKOB HedTe-
MPOAYKTOB — JIOBOJIBHO YacTO IOBTOPSAOLIASACS
TEXHOJIOTHYECKasl Omepainusi, 0T KOTOpOi B 3HA4H-
TEJIHHON CTENeHH 3aBUCUT 0€30macHOCTh U dddek-
TUBHOCTb JKCIUTyaTallud PE3epBYyapHOro Iapka B
Ykpaune.

HopmatuBHBIE TOKYMEHTHI YCTaHaBIMBAET Clie-
OYIOIIME CPOKH IPOBEACHHUS  IEPUOIUYECKON
OYNCTKU pE3epBYapoB: HE MEHee JIByX pa3 B rof -
JUIS. TOIUTMBA K PEAKTHBHBIM JIBUTATENSIM, aBHAIU-
OHHBIX OCH3MHOB, aBHALMOHHBIX Macel U HUX KOM-
MIOHEHTOB; HE MEHEe OJHOr0 pas3a B o - ISl MpH-
CaJIoK K CMa304YHBIM MacliaM M Macell ¢ MpHcajaKa-
MH; HE MEHEe OJIHOTO pa3a B JIBa Iojia - IJIsl OCTajb-
HBIX MaceJjl, aBTOMOOMJIbHBIX O€H3MHOB, AM3EIbHBIX
TOIUIUB, apaHOB U IPYTUX aHAJIOTHYHBIX UM TIO
cBorictBam HedrenponykroB [2]. Kpome Toro,
OYMCTKa pe3epByapoB HEOOXOMMa MPU CMEHE COP-
Ta He(TEeNpoAyKTa, NP OCBOOOKACHUH OT MHUPO-
(OPHBIX OTJIOKEHHH, PKABUYMHBI, BOJIbI, BBICOKO-
BSI3KHX OCAJIKOB C HaJIMYUEM MHHEPAJbHBIX 3arpss-
HEHMH, a TaKKe AJIsl IPOBEIEHHsI KOMIUIEKCHOH Jie-
(DEKTOCKOIHHU, OYEPETHBIX WM BHEOYEPEIHBIX pe-
MOHTOB.

Ouuncrka pe3epByapoB OT OCTaTKOB HedTempo-
JYKTOB, KaK TMPaBHUIIO, MMPOU3BOJUTCS PYYHBIM WA
MEXaHU3UPOBAHHBIM criocobamu. [Ipu 3ToM He cy-
LIECTBYET METOJMK OLIEHKH B3PHIBOIIOKAPOONACHO-
CTH 3TUX MPOILIECCOB.
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CocraB He(TeocTaTka MOXKET OBITH PAa3TMIHBIM
U COJEp)KaTh YIJIEBOJOPOAHBIC COCIUHEHUS, CBO-
OOIHYIO BOIY, CBSI3aHHYIO B OMYJIBCHSIX BOJY, Me-
XaHUYECKHE MIPUMECH, HEKOTOPbIE SJIEMEHTHI B CBO-
00/HOM BHUJI€ WM B BUJIC XUMHUECKUX COEANHEHUH.
HaubGonee 5>(deKTHBHBIMU  SBJISIOTCS  XMMHUKO-
MEXaHU3UPOBAHHBIE CTIOCOOBI OYNCTKH PE3epBYapoB
32 CYET KOMIUIEKCHOTO BO3JCHUCTBHS (DU3HMKO-
XUMHUYCCKOIo, TEPMHYCCKOTO MW MCXAaHUYCCKOI'O
BO3JICUCTBUSI MOIOIIEH MKUIAKOCTH Ha OCTaTKU
HedTenpoaykTos [3, 4].

IMocTanoBka 3aaauu u ee pemenue. [Ipu npo-
BCACHUU onepaum‘/'l XUMUKO-MEXaHN3NPOBAHHOI'O
croco6a OYUCTKU PE3ePBYapoOB OT OCTATKOB HedTe-
MPOAYKTOB TPOUCXOAUT WHTCHCHU(PHUKALNS MPOLEC-
COB HcHapeHus HePTEeNPOAyKTa B CBOOOAHBINH 00b-
€M pe3epByapa, B TOM YHCIIC M 32 CYET IOABOJA
TeTJIa HarpeThIM PacTBOPOM TEXHUYECKOTO MOFOIIIe-
T'O CPEICTBA.

[Ipy TepMHUYECKOM BO3JIEHCTBHU CTPYH TEXHH-
YeCKOTr0 MOIOIIETO CPEJCTBA Ha OCTaTKM He(Temnpo-
JIYKTOB B pe3epByape MPOHUCXOANUT HarpeBaHue Hed-
TEOCTaTKa, B PE3yJIbTaTe Yero KOHIIEHTpAIHs B3PbI-
BOITOYKAPOOTIACHBIX MapoB HE(PTENpOayKTa BHYTPH
pesepByapa nobliaeTcs. Heobxoaumo gath KoIu-
YECTBEHHYIO OIIEHKY NpOIIECCY HACHIIEHHUS CBO-
0O0THOTO MPOCTPAHCTBA pe3epByapa mapaMu HedTe-
NpOJyKTa. DTO MOKHO C/eNaTh, 3HAs BpeMs IpoBe-
JICHHS TIPOIIeCCca OUUCTKH.

[lpouecc  TEpMHUYECKOTO  HArpeBaHHs
TEOCTaTKa B pe3epByape MOXKHO OIUCATh:

— YpaBHEHHMEM TeIUIOBOr0 oOMeHa He(hTeocTaTka

leC(T _T1)af = MlclaTl +Olzsz (Tl _Tz)af + a3S3 (rl _Ts)af +

Hed-

; (1)
+584(T1 ~T,)of +M,lox

— yPaBHEHHEM TEILUIOBOTO 0OMEHA TapOBO3IyIIHON
cpeJtbl BHYTPH pe3epByapa
QuaC(T ~Tp)of +,S,(T, - T,)of = )
M,C,0T, + S (T, —T;)of

— ypaBHEHHEM TEIJIOBOI'0 OOMEHa KopIyca pesep-

Byapa
38, (T, =T,)of +asSy (T, —T,)of =

(3)
M,C,0T, + s S¢ (T, — T )of
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rae: Qmi, Qmz — MaccoBas MPOM3BOIUTEIIBHOCTD T10-
Ja4¥yl HArpeToro MOIOIIET0 PacTBOpa, MPUXOAIIas-
cs Ha He(DTEOCTATOK W MApOBO3AYIIHYIO CMECh pe-
3epByapa, COOTBETCTBEHHO, KI/C;

¢, €1, Cz, C3 — YACTbHAS TEIIOEMKOCTH MOIOIIETO
pacTBOpa, He)TeocTaTKa, MapOBO3AYITHON CPEIBbl U
KopITyca pe3epByapa, cooTBeTcTBeHHO, [Ix/(kr-K);

T, Ty, Ty, T3, T4, Ts — TeMiepaTypa MOIOLIETO
pacTBOpa, HedTeocTaTka, MapOBO3AYIIHON CpPEIBI,
KOpIlyca pe3epByapa, OCHOBAHHS M OKPYKAIOIICH
Cpebl, COOTBETCTBEHHO, K;

02, 03, 0s, 0g — KOXDPUITUEHT TeTIo0oOMeHa Hed-
TeOCTaTKa M TMapOBO3AYIIHON Cpenbl pe3epByapa,
He(TeocTaTKa W KOpITyca pe3epByapa, IMapoBO3-
IYITHON Cpelsl  KOpITyca pe3epByapa, Kopiryca pe-
3epByapa W OKpY’KaloIlel cpeapl, COOTBETCTBEHHO,
Jix/(m*cK);

Sy, S3, S4, S5, Sg — OIAaNE TEemIOOOMEHA HE)-
TeocTaTka M TAapOBO3AYIIHON Cpenbl pe3epByapa,
He(TeocTaTKa U KOpIlyca pe3epByapa, HedreocTat-
Ka ¥ OCHOBaHWsI, ITAPOBO3IYIITHON CPEIbl U KOpITyca
pe3epByapa, Kopiryca pe3epByapa M OKpYXKaromien
CpPeIbl, COOTBETCTBEHHO, M,

7 — BpeMsl MPOTEKaHUs Ipoliecca, C;

M, M,, M3 — macca HedTeocTaTKa, MMapoBO3-
IYITHOW cpelmbl M KOpIlyca pe3epByapa, COOTBET-
CTBEHHO, KT}

A — xK03(p(UIHEHT TETIONPOBOJHOCTH OCHOBA-
Hus, Jx/(m-cK);

0 — TOJIIIMHA OCHOBAHUS, M;

| — ymenpHas TemsoTa IUTaBiACHHS TapadwuHa,
JIx/Kr;

X — MaccoBas jgons napaduHa B HedreocTartke,
Oe3pa3zmepHast.

[Mpuanmaercs ycnoBue, 9T0 Qmy, Qmz, My, My,
M3, C, C1, Co, C3, O, O3, Os5, Og, Sz, 83, 84, 85, 85, T, T4,
Te, A, 6 — BETHUHMHBI TOCTOSTHHBIE.

B pesynbrare pemenus cuctemsl auddepeniu-
aNBHBIX ypaBHeHHH 1-ro mopsaka (1 - 3) moxydena
3aBHCHMOCTh TEMIIepaTypbl cMecH He(TeocTaTka C
MOIOIIMM PacTBOPOM 7 OT JUIMTEIBHOCTH Mpoliecca
HarpeBaHus 7 (BpeMsl MPOBEICHUS OYHCTKH)

z
T,=—2

(Tfo _T1O)ezl¢ - Z_lz (T100 _T1O)ezz¢ +T100 (4)
2

1725 1

-B++/B*-4C
2

CKOTO YpaBHEHHS.
B ypaBHenue (4) BBeeHO 3HAUCHUE TEMIIEPATY-

rne z,, = - KOpHHM XapaKTepUCTHYC-

o0 o
pet T{ ", KOTOPO# JOCTHraeT cMech HehTeOCTaTKa ¢

MOIOIIEH JKHIKOCTHIO TPH €€ OECKOHEYHO JTUTETh-
HOM 1upkymauuu. OHa OmpeaenseTcs 3aBUCHUMO-
CTBIO

T = Js+ .jz.j4 (5)
1= hls

rae ji — 3HaueHHsT KOI(PPHUIUEHTOB, MOJYICHHbBIC B
XOJI€ pelieHus cucTeMbl ypaBHenuit (1-3).
PaBHOBecHOe cocTosHME CHCTEMBI (KOpIyC pe-
3epByapa — He(PTeOCTaTOK - BHYTpEHHUI 00BeM pe-
3epByapa) B Hayaje Mpolecca, Korjaa HeT MmojaBoja
TEIIa, XapaKTePU3YeTCsS PABEHCTBOM TEMIIEPATypP
TO =10 =712, xoroprie ompenensoTCs 3aBHCHMO-

CTBIO
TO = Tlo _ Tzo _ Yals +Y,T, (6)
YstY,

rae Y; — 3Ha4eHus1 KOd(QPUINESHTOB, IMOTyICHHBIE B
XO0JI€ pelieHus cucTeMbl ypaBHenuit (1-3).

Takum o0pa3oMm, ¢ MOMOMIbIO ypaBHEHUs (4)
MOKHO OINpPEAENUTh BpeMs, B TE€UYEHHH KOTOPOTO
Heo(TeocTaToK OyAeT Harper J0 3aJaHHOM TemIe-
parypel, a TaKKe HM3MEHEHHE TeMIIepaTypbl Hed-
TEOCTaTKa B TEUYCHHUH 3TOT'O BPEMEHH.

YucneHHoe ornpeneseHre napamMeTpoB (TeMiepa-
TYpBI MOIOIIETO PacTBOpa, HehTeOCTaTKa, MapoBO3-
JIYIIHOM cpelibl, BpEMEHHU MPOTEKaHUs MPOIECCOB)
npousBoauTcs Ha DBM.

BoiBoasbl. Ilomydaemble 4uClieHHbIE 3HAYCHHS
napamMeTpoB, KOTOPBIE BIUSIOT Ha B3PBIBOIIOKAPO-
OMaCHOCTh IPOLIECCa OYMCTKH PE3epByapoB OT
OCTaTKOB HE(TENPOAYKTOB (TeMIIEpaTypHBIA pe-
KHM, BpEMsI CYIIECTBOBAaHUS OMACHBIX KOHIIEHTpa-
Ui mapoB HEQTENPOYKTOB, KOHIIEHTPAIIMU T1apOB
HeTENPOAYKTa BHYTPH pe3epByapa MPH OUUCTKE)
MO3BOJIIOT TPOTHO3MPOBATh CTETEHh ONACHOCTU
npoBeleHNs padoT u pa3padaTeiBaTh dPPEKTHBHBIC
MEpPONPHSATUS JUI TPEAOTBpAIleHHsT BO3HUKHOBE-
HUSl Ype3BbIUAHBIX CUTYallUil IPU 3TOM.
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Lipovoy V. A.
A solution of the heat transfer problem occurring at blasting cleaning of the petroleum product residuum in the
tanks
Abstract: The paper deals with the numerical solution of the heat transfer problem occurring at blasting cleaning of the
petroleum product residuum in the tanks by the heated technical cleaning compositions, that allows to define the param-
eters highly explosive cleaning process. Cleaning of tanks from the petroleum product residuum is highly repetitive
technological operation, so safety and operation efficiency of the Ukrainian tank farm are strongly depends on the pecu-
liarities of this cleaning procedure. Cleaning of tanks of oil residues usually performed manually or mechanically. There
are no methodologies for the fire and explosion safety assessment at these processes. The chemico-mechanical methods
of tank cleaning are more effective due to the complex combined physical, chemical, thermal and mechanical effects,
which are influenced on residues of petroleum products under the action of cleaning fluid. An intensification of the pro-
cesses of evaporation of petroleum products residuum into the free volume of the tank is realised at the chemico-
mechanical method of cleaning. These process additionally amplifying due to the heating by the hot cleaning liquid.
The thermal impact jet of the cleaning liquid leads to increasing of the concentration of explosive vapours inside the
tank. Fire and explosion hazard is directly relates to the level of petroleum products vapour saturation in the tank vol-
ume. Thus, a quantify assessment of the process of the vapour saturation in the space of the tank is an important practi-
cal problem. The process of thermal heating in the tank during the cleaning are described by the equations of thermal
process which are taken place in cleaning liquid together with petroleum products residuum, equations of thermal con-
vection in gases inside the tank volume (petroleum steam and air mixture) and also of the heat exchange between tank
body with environment. As a result, the system of differential equations describing thermal parameters of mixture of pe-
troleum products residuum with cleaning liquid as a processes in time. Solution of these equations has given a relation
between the temperature of mixture on the duration of the heating process. Thus, it is possible to determine the period
of time, which will needs for petroleum products residuum being heated to a predetermined value of temperature and al-
S0 a process of temperature changing in the petroleum products residuum at this time. The resulting numerical values of
the parameters have given a possibility to predict risk level of the cleaning work and to develop effective arrangements
for the prevention of emergency situations.

Keywords: highly explosive, heat exchange, the concentration of petroleum products vapour.
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