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AKTYanbHOCTb CCIEA0BaHWSA CBA3aHA C yBEMYEHMeM MAacLLTaboB J0ObIYM yrieBOAOPOLOB B LebGOBON 30He MMpoBoro okeaHa u
COMyTCTBYIOLMMU PUCKaMIM aBaPMIVIHBIX PA3/MBOB yI1eBOAOPOAOB. B kadecTBe oAHOro 13 crniocobos nMKBMAALMM MOCIEACTBUN rTy60-
KOBOAHbIX yTeqek npeanaraercs yCraHoBKa Kyrosa Hal MecToMm yTedku. [1py nvkBugaumm pa3mvsa Hegv Ha HegrenobbiBaloLLent nnar-
opme Deepwater Horizon bbina npeanpyHATa NoreiTka yCTaHoBKW yCTPOVCTBA B BUAE KYMONa, HO MAPaTbl, HAKOMIEHHbIE BHYTPU K-
nona, NPUAAaBasnM KOHCTPYKUMM M1aBy4ecTb, BCIEACTBUE Yero KYros BCIbIBA M He MOT ObiTb 3a@MKCUPOBaH. B CBA3M ¢ 3TviM HE0bXO-
AMMO MCCEnoBaTb MPOLECC rmapatoobpa3oBaHus 1 NCKIIOYNTL €ro HeraTuBHOE BWSIHWE Ha paboTy Kynona. [ns onvcanus ruaparto-
06pa3oBaHus Ha MOBEPXHOCTY M1y3bIPbKOB MeTaHa MpeanoxeHa NpeaebHas cxema, CornacHo KoTopov rmaparoobpasoBaHie IMMUTHY-
pyercs TennoobmeHoM. B bonee paHHX paboTax bbino paccMOTPEHO HaKOMMEHME YITIEBOLOPOLAOB C y4ETOM rMapaToo0bpasoBaHms, im-
MUTVPYEMOro AnGQy3ner, 4To SBASETCS APYM NPEAEeNbHbIM Cly4aeM OficaHus rmapatoobpasoBaHus. Viccneayercs mMatemarnye-
cKkasi Mogens paboTel Kyrona. B ycTpovicTee npeaycmoTpeHs! TpyOKu A5 OTKaukKu HaKOMIeHHbIX yrieBoAopo[os, 370 No3BomT n3be-
XKaTb npobniem ¢ BCM/bITUEM Kyrona 13-3a HaKOMAEHWS ra3a v riapata.

Lenb: nccnenosats 0C0GEHHOCTY HAaKOMAEHWS yreBOAOPOAOB (HegTH, rasa, rmapara) B Kyrnone Ass Cy4as, Koraa rapatoobpasosa-
HUe TMMUTAPYETCS TeNIO0OMEHOM C OKPYXaloLLew CPeou.

O06BeKT: CTPys yrneBoAoPOAOB, COCTOALLAs M3 BOAbI, Kanesb HEQTH, My3bipbKOB ra3a M KOMIO3UTHBIX M1y3bipbKOB, KOTOPas nonazaas B
KYron, MpUBOANT K HAKOMIEHWIO YINIeBOAOPOAOB B HEM. Ternnogusmnyeckme XapakTepuCTyKm OKPYXaloLLey cpesbl COOTBETCTBYIOT yCiIo-
BUAM CTabUIIbHOTO CyLECTBOBAHUS rvapaTa.

MeTtopabl. [locTpoeHa MaTemMaTn4eckas MOAeb HaKOMEHS yreBo4OPOAOB B Kynone. [lns onvcaHus npoLeccoB TenaoMacconepeHo-
€a WCroMb30BaHa CUCTeMa yPaBHEHWN, BKITIOYAIOLLasi 3aKOHbI COXPaHEHMS Macc As151 KOMIOHEHTOB, MOCTYNAIoLLMX U3 CTpyM (ra3, HegTb
Y TAPAT), ypaBHEHWs COXPaHeHMs SHEPrvv 1S CJI0EB ra3a v He(TH, a TakKe BCIOMOraTesbHble yPaBHEHWS TS PACHETOB TEMOBbIX
MOTOKOB.

Pe3ynbTatbl. PaccMOTpeH NpoLiecc HakomnieHus yrieBoAopoAoB B Kyrnose B CJlyyae, Koraa riapatoobpasoBaHme Ha noBEPXHOCTY My-
3bIPbKOB MeTaHa IMMUTHPYETCA TernnoobmeHoM. Koraa nnoTHOCTb KOMMO3UTHBIX My3bipbKoB 60sIbLLe MI0THOCTY HeQTH, CIOV rmapaTta
(06pa3oBaHHOTO KOMIO3UTHLIMU My3blpbKamy) HaKanIMBaeTCcss MeXAy ClIOSMU HEQTV 1 BOAbI, B CITy4ae, KOrAa MioTHOCTb My3bipbka
MeHbLLE MA0THOCTA HeG T, CIIoN rvapata (06pa3oBaHHOrO KOMMO3UTHLIMU My3blpbKamu) HaKanMBaeTCcs MEXAY COSMM ra3a v Heg-
. OnpeseneHbl TemneparypHble noas A9 YIAeBoA0POAOB, HaKOMIEHHbIX BHYTPY Kynona. C TedeHrem BpemMeHy Temneparypbl Cioes
raza v HeTv CTPeMATCA K TeMrepaTtype MocTynaioLmx 13 CTpYv He@T v rasa.

Knroyesbie cnosa:
Kyron, pa3nvs yrneBogopoAos, Lwenbg, HegTs, rapart, rmapatoobpasoBaHye.

BeepeHue B cryuasx, xorga moBpeskieHue HedTen00bIBaI0-
el KOHCTPYKITMU MPOUCXOAUT Ha OOJBITUX TIIYOH-
Hax MupoOBOro OKeaHa, 3a4aCTYIO TEILIODUIUUECKIIE
XapaKTePUCTUKY OKDPYKAIOIIEH CPeAbl COOTBETCTBY-
0T YCJIOBUAM CTAOMJIBHOTO CYIIIeCTBOBAHUA THAPATA.
B rakmx cryuagx myseIppKu MeTaHa OyAyT IpeBpa-
marked B rugpaTable yactumsl [10-13]. Hakamnusa-
fCh BHYTPHU KYIIOJIa, TUAPATHLIE YACTHIBI MOTI'YT IIPH-
IaTh €My HeXKeJaTeJIbHYI0 IJIaBy4ecTh, IOMEINAaB

HccnenoBanne HOBBIX CIIOCO00B JOOBIUM, Pas3Be/-
KU ¥ OIEHKH 3aIlacOB IPUPOJHBIX PECYPCOB HOCHUT
IPUOPUTETHHIN XapaKTep B CBA3K C YMEHbIIEHIEM 3a-
macoB yryieBogopozoB [1, 2]. IloBpexaenus HedTeno-
OLIBAIOIIUX KOHCTPYKIMHA X OMACHOCTb pasjuBa
VIJIEBOZOPOJIOB B OKeaH, KaK dT0 ObLIO B MeKCuKaH-
cxom sajuBe [3] u CeBeproM Mope [4], MHOTOKpPATHO
VBEJIMUYMBAIOT MHTEPEC KCCIe0BATeIeH K N3YUEHUIO

croco00B JUKBUAAIINY YTeUeK. B cayuaax rakux pas-
JITBOB YTJIEBOJOPOABI PACIIPOCTPAHSIIOTCS B BUIE 3aTO"
neHHOH cTpyu [5—8]. OzruM 13 Haubosee IpPUBIEKa-
TENbHBIX CIIOCO00B YCTPAHEHWS YTeueK ABJIAETCS
YCTAHOBKA KYIIOJA I c00pa U 9BaKyalun YIIeBOL0-
POJIOB C IIENBI0 UX [AAJbHEHINEro MCIO0Jb30BAHMUS.
TexHosornueckas cxema paboThl KymoJa Ijs cbopa
VTJIEBOJIOPOZIOB IIpUBOAUTCA B padore [9].

DOI 10.18799/24131830/2019/2/117

ycranoBke. Takum 006pasoM, Ipoliece IugpaToodpaso-
BAHU JOJKEH ObITh JeTAJbHO PACCMOTPEH B PaMKax
MCCJIeIOBAHUS HAKOILIEHUS YTJIeBOIOPO/IOB B KYIIOJIe.

B pabore [14] paccmoTpera Mozesnb paboThI KYTIO-
J1a, KOTOPBIH MCKJII0UaeT HAKOILIeHNe Tuapara. B pa-
oore [15] OBLI PacCMOTPEH IIPOIECC YCTAHOBKH KYIIO-
Ja s JTUKBHAAAIUNN He()TerasoBBIX yTeUeK Ha [IHe
OKeaHa IPY YCJIOBUM, UTO IPOIlECC TUAPATO00pA30Ba-
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HUA TUMATHPYeTCA fuddysueii. ITo ABIAETCI OTHAM
13 MPefIeNbHBIX PEKUMOB, IPUHATHIX JJIS OMUCAHUS
ruapaToodpasoBanusd. [[pyrum npenesbHbIM CaydaeM
ABIISETCS OMUCAHNE THAPATO0OPA30BAHE C TOMOIIIHIO
CXeMBI TeILIo0OMeHa, KoTopas 0oJiee MOAPOOHO pac-
cMarpuBaercsa B aToil pabdore. CorsiacHo mccienosa-
HUAM, TPUBEJIEHHBIM B paboTe [16], ObLTO BHIABIEHO,
4yT0 06pasoBaHue rujpara B cydae, Koria rupaToon-
pasoBaHue, TUMUATHPYETCS TEILIOOOMEHOM C OKPY:Ka-
I0Ilel Cpefol, ImpoTeKaeT OBICTpee, UeM B CIyduae
nudysuoHHOr0 IepeHoca rasza uepe3 I'UAPATHYIO
000J10uKy. BestesicTBIE 9TOTO ra3oBhIi My3bIPEK IHOJ-
HOCTBIO YCIIeBAeT MPEeBPATUTHCA B I'UAPATHYIO UACTH-
my. IIpomecc rugpaTooOpasoBaHuss HAUMHAETCS, KOT-
Jla Ty3bIpeK IMoAHsICH Bhime k', KoMmosuTHeIMU ITy-
3BIPbKAMH Oy/IeM Ha3hIBATH TAKWe My3bIPhKY METaHa,
Ha TTOBEPXHOCTHY KOTOPHIX y:Ke Hauamia 00pa30BbIBATH-
¢ ruApaTHasa 00009Ka, HO MOJTHOTO TPEeBPAIeHNs B
TUAPATHYIO YACTHINY €IIé He IIPOM30IILI0. B mporecce
MUTPAIUK B CTPYe ILJIOTHOCTH KOMIIO3UTHOTO (ras+ru-
IpaT) y3bIphbKa YBEJIMUMBAETCA OT IJIOTHOCTH Tasa
IO TLIOTHOCTH ruapaTa. [I10THOCT: KOMIIO3UTHOTO Y-
3BIPbKA CTAHOBUTCSA GOJIBIIIE LIOTHOCTY HEMTH O, > O,
Ha BbICOTE f1;.

MocTaHoBKa 3agaun

Bymem momarats, 4To ra3, He)Th ¥ KOMIIO3UTHbIE
Ty3bIPbKM, TIOCTYIAONINE BHYTPh KYIOJa U3 CTPYU
[17-21], ecTecTBeHHBIM 00Pa30M CETIAPUPYIOTCSA BHY-
TPHU KyIoJa ¥ 00pasyioT COOTBETCTBYIOI[UE CIOU: Ta-
3a, He()TM ¥ THUApaTa. PaccioeHne MOCTYIANUX 13
CTPYH YIJIEBOJOPOZOB OYAEeT MPOMCXOAUTH COTJIACHO
IIJIOTHOCTSM KOMIIOHEHTOB (puc. 1).

IIycTs KOOPAUHATHI 2,, U 2, COOTBETCTBYIOT TPAHMU-
1aM He()Thb—THUIPAT ¥ TUAPAT—BOJA. Bynem momarars,
YTO BHAYAJIE CJIOH ruapara 0yeT HaKaIlJInBaThCA HU-
JKe CJI0sT HepTH [0 TeX [Op, MOKA BBIIOIHAIOTCS YCJI0-
BUA P,,,> P, 4 2,,2h,, a 1pu 2,,<h, coii rugpaTa Oyner
HAKAIJIMBATHCA BEHIMIE CI0A HE(TH, T. K. Oy, <P,
BestemcTBre aTOrO MOCTYIAIOITNE U3 CTPYU YIJIEBO/IO-
DOJIBI PACCIAMBAIOTCA BHYTPH KYIOJIA B CIEAYIOMIEM
nopAnke (cBepXy BHU3): T'a3; KOMIIOBUTHBIE IY3bIPH-
KH, IJIOTHOCTh KOTOPBIX MEHBIIE ILJIOTHOCTH He(TH;
He()Th; KOMIIO3UTHbBIE MY3BIPbKU, ILIOTHOCTH KOTO-
DBIX 0OJIBIITE TLIOTHOCTH He(TH.

ITyers wrAeKC (h,) OTHOCUTCSA K CJIOK0 THAPATA, 00-
DPa30BAaHHOTO KOMIIO3UTHBIMU IY3BIPHKAMMU, ILJIOT-
HOCTh KOTODBIX 0OJIBIIE IJIOTHOCTH HEMTU OOy
unpeKc (h,) OTHOCKUTCS K CJIO0 TUapaTa, 00pa3oBaHHO-
T'0 KOMIIOBUTHBIMY My3bIPbKAMHU, MIJIOTHOCTH KOTOPBIX
MeHbIIIe II0THOCTH HedTH p,,,<P,. Beaexcraue aToro
TIOCTYIAOIIKE M3 CTPYU YTJIEBOJOPOIbI PACCIANBAIOT-
cA BHYTPU KYIOJIA B CJIEIYIOIIEM MOPAAKe (CBEPXY
BHM3): I'a3 — Ha yUaCTKe 2, <2<z,, TufipaT (06pasoBaH-
HBIN KOMIIO3UTHBIME y3bIPhKAMU MEHBIIEeH I0THO-
CTH) — HA YUACTKe 2,,<2<Z), He(Thb — HA yyacTKe
2,,<2<2,,, runpaT (00pa30BaHHBIA KOMIIOZUTHBHIMU
Iy3bIpbKaMu OOJbILIEH IJIOTHOCTH) — HA yYacTKe
20h1<2<2h1w'
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OCHOBHbIE ypaBHeHusl

3aKOHBI COXPAHEHWA MacC IJId YIJIEBOJLODPOJOB,
MIOCTYTAIINNUX U3 CTPYU (Ta3 1 He()Th), BAMUIITYTCS B
cJenyoleM Buze:

M, _ odM
A S

m, =p, Q5 M =pQ,
|0, t<t* [0 t<t
Tz Mg

3neck M,, Q,— Macca 1 00'b€MHBIH PacXof i-T0 KOMIIO-
HeHTa B KyIoJe; m,’, m, — MacCOBbIE PACXOAbI i-TO
KOMITOHEHTa, ITIOCTYMAIOIIero 1 OTKaYNBaeMOro 13 Ky-
mosia; t* — BpeMs Hauajla OTKAUMBAHUS YTIEBOZOPO-
I0B 13 KymoJsa. HmxHue nHaeKcs i=(g,0) 0OTHOCATCSA
K rasy u He(yTH, BepXHIe HHIEKCHI + 1 — OTHOCATCA K
«IIOCTYIAOIIEMY» U «OTKAUABAEMOMY» KOMIIOHEHTY.
3aKOHBI COXPAHEHUS MacC [JIS CJII0EB KOMIIO3UT-
HBIX TY3bIPHKOB BAIIUIITYTCS B CICAYIONEM BUIE:

M, . dv,

o g M

M, = Peon Qs Peom > o

m, =0 P <p

M, = PenQy+ Poom <o | @
m, =0, P > P,

371eCh M}, , M}, — MaCCOBbIE PACXOMBI KOMIIO3UTHBIX ITy-
3BIPHKOB, IIOCTYIAKIIINX B KOHTPOJBHBIA 00BeM
(KO). CoriacHo olleHKaM, NpPHUBEIEHHBIM B paboTe
[22], pasmokeHMeM ruzpaTa MOKHO IpeHeOpedb.

IIpu cemapanyy MOCTYIIAMOIEH 13 CKBAMKUHEL CMe-
CH C TeUeHWeM BPeMEHU B KYI0oJie BO3HUKAIOT 00Ja-
CTH, HACHIIIEHHBIE ra30M, IuapaToM (00pasoBaHHBIM
KOMIIO3UTHBIMY IIY3LIPhKAMH MEHBINEH IJIOTHOCTH),
HedThI0, TUApPATOM (00Pa30BAHHBIM KOMIOBUTHBIMUI
y3bIpbKaMu G0JIbIIeH I0THOCTH) U Bogoit. CooTBeT-
CTBEHHO, Macca JaHHBIX IPOIYKTOB B KYIIOJIe OIpefe-
JI€TCS BBIPASKEHUAMM:

M, = | p, Sz M, = | pS@d,
Zah, z

ho

Zho
M, = | P, (2)dz,

Zony Zhw
M, =[pS(2dz, M, =[p,S(2dz, ()
Zyw Zp

rme o, — IJIOTHOCTH i-i (asel; S,(2) — mIomans ceue-
HHUS KYII0JIa; HIKHIE NHAEKCHI i=(g,h,0,W) OTHOCATCS
COOTBETCTBEHHO K rasy, 'MapaTy, He)Tu 1 Boge.

3aKOHEBI COXPAHEHNS DHEPTUH I/ CJI0EB He(ITH U
rasa 3amuIIyTCA B CICAYIOIEM BU/Ie:

du
TS, G TEMTL M

dt
U, =cM.T )

oo’
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du .
J:_qughz +CMyTy —¢myTy, Uy :CgMng’(5)

BIIECH (.5 hps g, — TEIJIOBBIE TTOTOKU MEIKY CIOAMU
He(pTH U rugpara, rugpara u He(pTH, ra3a u IUAPaTa;
T, u T, — remmepaTypsl He(pTH 1 rasa, HOCTYIAOMILE
B COOTBETCTBYIOIIINE CJION U3 CTPYH.

Az
FELELEEL e T s -1 =
s : :/‘:H‘“'-._.—--—""‘ A “n
L as e
il A 8- -1z
1 hydr‘afe_ B, m
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1
: oil h,
Zr i
\‘---._._.-/T""“--__;i_..—-—‘ ----- n = o e Rl
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”--...___'-_/:“'-...,h_.l'____...--" L
1 1 :
E I water h,
I o

Puc. 1. Cxema kynoaa u pacnpedeienus KOMNOHEHMO8 HYMPU Ky-
noaa 04 cayuas 2ay6orxosodvs npu zudpamoobpasosanu,
UMUMUDYeMON Mennoo0ueroM. 30ech 24, — KoopouHama
pasdena caoes 2asa u eudpama; 2y, — K0opdurama pasdena
ca0e6 zudpama u Hemu; 2., — Koopdurama pasdena ciloes
He(mu u zudpama; z,,, — Koopdurama pasdena cloes 2udpa-
ma u 600bl; 2, U 2, COOMEEMCMEYIOM 6ePXHEMY U HUNHEMY
0CHOBAHUI0 KYNOLa; hg, By, by — MoORWUHBL C1LOCE 2030, HepmU
u 600bl. Kpacras nynxkmupHas JUHUA COOMBEMCcmayemn cxe-
MAMUYHOMY 0003HAUEHUI0 CMPYU

Fig.1. Scheme of the dome and distribution of components inside

the dome for the case of deep water in hydrate formation, li-
mited by heat exchange. Here 2, is the coordinate section of
the layers of gas and hydrate; z,,, is the coordinate section of
the layers of hydrate and oil; z,,, is the coordinate section of
the layers of hydrate and water; z, and z, correspond to the
upper and lower base of the dome; hyg, h,, h,, is the thickness of
the layers of gas, oil and water. The red dotted line corres-
ponds to the schematic designation of the jet

Temn0B0i IOTOK MEKIY CAOIMHU HeQTH U THAPATA
q,, OTIPeJIeINM, MCIIOMb3YS BhIPasKeHHe /IS TeII000-
MeHa JJIS TT0JyOTPAHNIEHHOTO Tejia coriacHo [23]:

)VD

oh, — -I;_Ts’ 6
Uon, m( hs ) (6)

31ech A, — Ko3(D(UIUEHT TEILIOMPOBOJHOCTU HE(TH;
K,=A,/ P,C, — K0d(DULIXEHT TEMIEPATYPOIPOBOLHOCTH
He()TU; T, — BpeMsdA, KOTOPOE COOTBETCTBYEeT Havaly
HaKOILJIeHUd cJI0d HepTu.

TemoBbIe IOTOKY MEKIY CIOAMYU TUAPATA U Hed-
TA (,, ¥ Ta3a U TUAPATA (, ONPEIEJUM, UCIONb3Ys
BHIpAJKEHME [IJId TeII000MeHa [ MOJyorpaHuyeH-
HOTO TeJia coryiacHo [23]:

;Lo /19
qhzo :7(1-0 _Ths)l Ogh2 = 7(1; _-lr:s )7(7)
A [ﬂKg Tg

oThz

3lecb A, — K03()(QUIeHT TeIJONPOBOZHOCTY rasa;
K=A,/ P, — KO3 UIMEHT TeMIepaTypoIpOBOJHO-
CTH Ia3a; T, W T, — BpeMs, KOTOPOe COOTBETCTBYeT Ha-
yajJy HAKOIJIEHUA CJIOA Tasa U CJI0d KOMIIO3UTHBIX
ITy3bIPHKOB, PACIIOJIATAIONIETOCA MeKIY CI0AMU rasa
u He(pTH.

Ilnsa ymoOcTBa YMCJIEHHBIX PACUETOB IPUBEIEM
ypaBuenud (1), (2), (4), (5) K crexyomiemMy BUIY:

dM,  Jp, Q. t<t* dM,  |p,QS, t<t*
0, tx>t*

dt ottt = dt
thl _ poomQ ’ poom >po

dt 01 poom < po
dMy PeonQys Peom <P

Tdt , 8
dt 0 Peom = Po ( )
18 1 o
a = o 5% 8%, e @ -T) ©)
dTg 1 o
F:M[‘qughﬁcg”l;(rg -T).  (10)

Havanbusble yemoBus:
Q;r:Qe! QEJZQE! QJ:(I: Q::q, % =7TR2,
T, :T(zhlw), Tg* :T(zhiN).

10 .
' |7,
1
L]
1
L}
z 3
o
- -
g
E 6
=3
g
3
3 4
3
E 1
2,
0 1
0 80
temneparypa 7, °C
Puc. 2. 3asucumocmb memnepamypol KOKMPOLbHO20 003eMa OM 8ep-
MUKAIbHOIL KOOpOUHAMbL 6 ciy4ae, kozda 2udpamoodpasosa-
Hue numumupyemcs menroobmeron (1) u dupdysuei (2),
6ePMUKAILHAA JUHUA COOMBEMCMBYem PAGHOBECHOIL meM-
nepamype eudpamoobpasosanus [16]. IIpu pacuemax uc-
noavayen kpueyo 1
Fig.2. Dependence of the control volume (CV) temperature on verti-

cal coordinate in the case when hydrate formation is limited
by heat exchange (1) and diffusion (2), the vertical line cor-
responds to the equilibrium temperature of hydrate formati-
on [16]. When calculating, use curve 1
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Puc. 3. 3asucumocmb koopduram, pa3dersiowux ciou yzuie6000po008 6HYMPU KYnoid, om épemeHu

Fig.3. Time dependence of the coordinates separating the hydrocarbon layers inside the dome

3aBUCUMOCTb TEMIIEPATYPHI CTPYH OT BEPTUKAJD-
HOH KOODAMHATHI ObLIa oIpeZeseHa B pabore [16] u
mpuBefieHa Ha puc. 3. {14 ompeseneHusa reMueparyp
T; u T, ucnonbsyem M3BECTHYIO TeMIIEPaTypy TPy
Ha BBICOTE, COOTBETCTBYIOIEH KOODAMHATE pasfena
CJI0eB KOMIIO3UTHBIX ITy3bIPHKOB U BOAHI Z; . VI3 ypa-
BHeHUA (8) ¢ yuerom (3) cieylT ypaBHEHWS s
onpeeNeHusA KOOPAUHAT 2y 209 Zop,» Zjype I PABHEHUSA
(8)—(10) ¢ yuerom (6), (7) m HAUATBHBIX YCJIOBUU pe-
IIAI0TCA YNCIEHHO, METOROM Jiiiepa.

PesynbTaTbl pacyeToB

ITapaMeTpbl CHCTEMEI, KOTOPbLIE KCIIOJb30BAJINCH
IIS PacueToB: pasMephl Kymoaa R=2 M, H=8 M, Koop-
IVHATA HIKHEro ocHOBaHMs Kymoa 2,=0,5 m, r=0,1 m,
Q=0,7wm*/c u Q/~=0,3m’/c, T,=4 C, T=80°C,
p=15 Mlla, ¢,=2090 [xx/(xr-K), ¢,=2365 [Ix/(xr-K),
c,=2100 Ox/(xr-K), ¢,=4200 Ox/(xr-K),
p,~1030 xr/m*, p=650 xr/m*’, p,=99,25 xr/m’,
£,=910 xr/v’, 1,=0,58 Br/(m-K), 1,=0,45 Br/(m-K),
2,~0,12 Br/(m-K), 11,=1,57-10" ITa-c, L=5-10° [z /T.

Ha puc. 3 mpencraBieHa 3aBHCHMOCTb KOOPAH-
HAT, PasJIeJIAIONINX CIOU YIIeBOLOPOJOB BHYTPH KY-
I0JIa OT BpeMeHM. BuaHO, UTO ¢ TeueHNeM BpeMeHH
KOOPJHMHATHI pasjiesia COOTBETCTBYIOLIUX CJIOEB YOBI-
BAIOT, UTO CBSI3AHO C IIPOIECCOM HAKOILIEHWS Trasa,
KOMIIO3UTHEBIX IIY3BIPbKOB U He(Tu B Kymose. IIpo-
Iiecc IPOAOJIKAETCS N0 IIOJHOTO 3AII0JHEHHA KYIoaa
yrJIeBOJopofaMu. BHYTpM Kymosia IOSBUJINCH B
00JaCTH, B KOTOPHIX HAKOIIeH ruapar. Kampas
00J1aCTh HACHII[EHHA KOMIO3UTHBIMEU MIY3bIPHKAMHI
COOTBETCTBYIOIIEH MJIOTHOCTH.

Ha pwuc. 4 mpencraBieHsl 3aBUCHMOCTH TOJIIIHH
cJI0eB He()TH, Ta3a U rUapaTa OT BEPTUKAIBHON KOOp-
nuHATH. Hambouablmas TOJIMHA HAKOILIEHA y CJIOS
HeTH, 4TO CBA3AHO C HAYAJLHBIM 3HAUEHHEM 00Bbe-
MHOTO Pacxojia IOCTYMAIIel 13 CKBAKUHEI He(TH.
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Benencreue ruzpaToo0pasoBaHUA Ha IIOBEPXHOCTU
IIy3BIPHKOB U 3alOJTHEHUA KYIIOJa CBEPXY BHU3 CHA-
yaJia HaKaIlJIIBaeTcsd CJI0 KOMIIOBUTHEIX IIy3bIPHKOB
C IJIOTHOCTBIO P,,,>p0,, 3aTe€M IIJIOTHOCThH IIy3LIPHKOB
CTAHOBUTCSA MEHbIIIE ¥ HAKATIIUBAIOTCA KOMIO3UTHbIE
IY3BIPBKHY C IJIOTHOCTBIO P,,,,<P,, TIOCJIE UET0 HAUNHA-
€T HaKaIJIUBAThCA I'as.

6 T

N\

TOJNIIHHA CIIOA /1, M
.
1

(%]
1

BpeMA I, MHH

3asucumocmy MoIWUK cl0e6 8 Kynole, t' — 6pema HAYAIA
omrayusanus yeae6odopodos us xynora. Ludpanu obosna-
yeHwl: 1 — 2a3, 2 — eudpam mexndy ci0SMU 230 U Hepmu, 3 —
eudpam mexcdy crosmu Hemu u 600, 4 — Hemb

Puc. 4.

Fig.4. Dependence of the thickness of the layers in the dome. The fi-
gures are: 1 — gas, 2 — hydrate between the layers of gas and

0il, 3 - hydrate between the layers of oil and water, 4 - oil

Ha pme. 5 mpepcraBiera 3aBUCMMOCTH TEMIIEPA-
Typ coeB Hedru (1), rasa (2) u paBHOBECHAS TeMIIepa-
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Temneparypa T,°C
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I

BPEMS f, MHH

Typa rugparoo0pasoBanus (3) OT BpeMeHHU JJId dTara
HAKOILIEHHS YIIeBOAOPOA0B B Kymose. C TeueHunem
BPeMeHH TeMIIepaTypa cJios Hed)TH BO3PACTAET U CTPe-
MUTCS K TeMIIEpPaType MOCTYHAINUX U3 CTPYHM Ka-
neas HedTu. TeMuepaTypa cIos ra3a TaKk:Ke CTPeMUT-
¢ K TeMIeparype IOCTYNAONINX U3 CTPYU IY3bIPh-
KoB rasa. C TeueHmeM BpeMeHHU TeMIIePATyDHI CJI0EB
rasa u He()TU CTPEMATCA K TeMIepaType HOCTYIai0-
mux 13 crpyu Hedru u raza T=35,5 °C.
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THEORETICAL MODEL FOR HYDROCARBON ACCUMULATION IN A DOME TAKING
INTO ACCOUNT CONDENSATION, LIMITED BY HEAT TRANSFER
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The relevance of the research is related to the increase in the scale of hydrocarbon production in the offshore zone of the world ocean
and the associated risks of accidental spills of hydrocarbons. In this regard, it is necessary to study the mathematical model of the dome,
designed to eliminate deep-sea leaks. According to the formulation of the problem, the thermophysical characteristics of the environ-
ment correspond to the conditions of stable existence of hydrate. To describe hydrate formation on the surface of methane bubbles, a
limit scheme is proposed, according to which hydrate formation is limited by heat exchange. In earlier works, the accumulation of hy-
drocarbons was considered, taking into account the hydrate formation limited by diffusion, which is another limiting case of describing
hydrate formation.

The main aim of the research is to study the features of hydrocarbon accumulation (oil, gas, hydrate) in the dome for the case when
hydrate formation is limited by heat exchange with the environment.

Object of research is a stream of hydrocarbons consisting of water, oil droplets, gas bubbles and composite bubbles, which leads to the
accumulation of hydrocarbons in the dome when gets into it. The thermophysical characteristics of the environment correspond to the
conditions of stable existence of hydrate.

Methods. The mathematical model of hydrocarbon accumulation in the dome is constructed. For describing heat and mass transter the
authors have used the system of equations that includes conservation laws for mass of gas, oil and hydrate, equation of energy conser-
vation for the layers of gas and oil, as well as auxiliary equations for calculating heat flows.

Result. The paper considers the process of hydrocarbon accumulation in the dome in the case when hydrate formation on the surface
of methane bubbles is limited by heat exchange. When the density of the composite bubbles greater than the that of oil, a layer of hyd-
rate (formed composite bubbles) is accumulated between the layers of oil and water; in the case when the density of the bubble is less
than that of oil, a layer of hydrate (formed composite bubbles) is accumulated between the layers of oil and gas. The authors deter-
mined the temperature field for hydrocarbons accumulated inside the dome. Over time, the temperature of the layers of gas and oil tend
to temperature of oil and gas coming from the jet.

Key words:
Dome, hydrocarbon spill, shelf, oil, hydrate formation.
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