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00’emy 3piodicenoeo npupooHozo 2azy npu mucky 4 Mlla i memnepamypi euwge 2 °C Ha u-
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. BCTYII

ITocTanoBKa mpodaemMu.

Ha croromnimHili AeHb IMIOPT 3piTHKEHOTO
npupoanoro razy (3I1I') € anpTepHATHBOIO MOCTaBOK
TpyOOIIPOBITHOTO Ta3y, OCKUJIbKM BHUPIIIy€e IHUTaHHS
€HEepreTUYHOI HEe3aJIeKHOCTI BiJl BIUIMBY MOHOIIOJILHOT
MOJNITUKKM KpaiHu-ekcrnoprepa. [Ipupoanuii ra3 mepe-
Be/IeHUH B piakuil craH morpedye B 600 pa3iB MeH-
mux 00’€MiB IIPU TPAHCHIOPTYBAHHI, IO € PeHTA0EINb-
HUM JUIS MDKKOHTHHEHTAJIBHOTO IIepeBe3¢HHS 0e3
3JIy4eHHsI TPaH3UTHHUX KpaiH. HasBHICTH CIIOTOBOTO

PHHKY MajiiBa, THYYKOCTI IIOCTABOK JI03BOJISE YHHK-
HYTH MOJITHYHOTO BIUIMBY KpaiHH-eKCIopTepa Ha
iHy IMIIOPTOBAHOTO MPUPOTHOTO Ta3zy.

MopiuHO B  CBiTI  IMIOPTYETBCA  TIOHAT
300 mapa. M° IPHPOIHOTO Tasy B PIAKOMY CTaHi, pe-
ra3ugikyeTbcs Ta BIJIyCKaeTbcs B Mepexy Ha 99
npuiiMansaux LNG-tepminanax [1,2]. IIpouec pera-
3ucikamii (mepeBeleHHs] MPUPOJHOTO a3y 3 PiJKOro
CTaHy B ra3omoAiOHMIA 3 MOJAJBIIUM HOTO HAarpiBOM
JI0 HEoOXiJTHOT TeMIiepaTypH) norpedye 3HaYHUX BH-
TpAaT e€Heprii U MPOKaYyBaHHsI, MIIIrPiBy Ta BUMAPO-
BYBaHHSI 3piKEHOTO MPUPOIHOTO rasy, IIo 3ajlexaTh
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BiJl XapakTepy CIIOKMBaHHs IMPUPOAHOTO Tazy, HOro
napaMeTpiB IpH 110/1adi B ra30TPaHCHOPTHY CHCTEMY
Ta perazuikamiiHOro 00NaTHAHHS.

Jlnst BumapoByBanHs Ta migirpisy 1000 m® 31T
JI0 TeMIIepaTypH BHIE HYyI, Harpukiam, 2 °C moTpio-
Ho migBectu 900 x/[x teruma. Tobro, B mporeci pera-
3udikarii 1 MApa. M° IPUPOIHOTO ra3y MoTPiGHO cria-
sty 2% Bin #ioro 06’emy abo 29 T yMOBHOTO ITajHBa,
II0 CYTTEBO BIUIMBAE€ Ha COOIBApTICTH OTPHUMAHOTO
npupogHoro razy. ToMmy HpIOPUTETHUM € BUKOPH-
CTaHHs B SIKOCTI JpKepelia Telljla PUPOJHUX PecypciB
(moBITPst, MOPCHKOT BOJM), IO JO3BOJSE 3MEHIIUTH
eKCIUTyaTalliifHi BUTPAaTH Ha MaJUBO B TIpoleci poOdoTH
KOMIUTEeKCY perasudikanii. Hamani TepMiH «KOMIUIEKC
perasugikamii» (KP) BHUKOPHUCTOBYETBCS CTOCOBHO
npuitmansHoro LNG-TepMminairy, mo BKIIOYae B cede
npuiioM, 30epiraHss, Ta perasudikamiro MPUPOIHOTO
ras3y 3 MOJAJIBIIO0 MOJauei0 B Fa30TPAHCIIOPTHY CHC-
TEMy.

CrBopenns B VYkpaiHi npuiimamsHOro LNG-
TepMiHany OyJo 3aTBep/pKeHo sK neprmii Hariona-
nbHUi npoekT «LNG VYkpaina» B 2010 p. [lepxaBHo-
My mianpueMcTBy «Hanionansuuit npoext «EnEn/xi
TEepMiHaI» JOPYYEHO BUKOHATH peaji3alilo IPOeKTy B
JIBa eTary 3 OYAIBHUIITBOM HAa3€MHOTO IPUIMAaIbHOIO
TepMinany moTyxkaictio 10 mupam® Ha pik [3]. Ha
MEepIIOMY eTalli 3aIIAaHOBAHUH BIJIyCK NPHPOIHOTO
rasy B 00Cs3i 5 MIpA.M® IPOTSTOM poky. Jlmst 3a6e3-
nedeHHs e(peKTUBHOI POOOTH TepMiHANTY HEOOXimHO
BU3HAYHTH pAalliOHAIBHI MapaMeTpy TEII000MiHHOTO
Ta HACOCHOTO OOJIATHAHHS CHUCTeMH peraszuikarii,
0COOJIMBOCTI iX BUKOPHCTAHHS MPOTSATOM POKY 3 ypa-
XyBaHHSM TeorpadiuHux 0coONMBOCTEW Ta KIIiMaTH4-
HHUX YMOB mniBHiuHOTO [IpruopHOMOp’si.

Orasig Jirepatypn Ta BUALIEHHS HeBHpilIe-
HHX NpodJeMm.

Biussko 70% KP B cBiTI BUKOPHUCTOBYE MOPCH-
Ky BOAY B SIKOCTi TEIUIOHOCIS, IIIO MOSICHIOETHCS BEIIH-
KOIO KUTBKICTIO HEBHUEPITHOTO OE3KOIITOBHOTO IDKE-
perna Ternia i ii BUCOKHMU Terio(pi3smyHIMH BIACTHBO-
CTSIMH, Ha BiIMiHY Bix moBiTps. HemonikoM BUKOpH-
CTaHHS BOJAH JUTA MiTIrpiBy KPiOPiJMHU € BUCOKA TEM-
neparypa 3aMep3aHHs, JOTPUMaHHS YMOBH €KOJIOTi4-
HOT Oe3meku s 30epexenHs (iaopu ta hayHu MOp-
CbKOI BOJIU.

g yHUKHEHHs 3aMep3aHHS MOPCBKOI BOIU Y
Bunapuukax 31" HeoOXiqHO 30LIbIIYBATH 11 BUTPATH
4yepe3 TeII000MIHHHK, 110 MOXE MPU3BOJHUTH JIO I0-
TipIOIeHHsT MacorabapUTHUX TOKa3HUKIB OOJaTHAHHS
Ta CHEPreTUYHHX BUTPAT Ha IepeKadyBajbHE 00Jsaj-
HaHHA. TOMy Ha iICHYIOUHX KOMII-IeKcax perasuika-
i1 J0AaTKOBO peai3oBaHO HACTYITHI 3aXO/H:
® B SKOCTI JOIOMDKHOTO JDKepesa Terja BUKOPHC-
TaHHS BTpaT TEIJIOBOi €Heprii aTOMHOI eJIeKTpOCTaH-
uii (KP 8 droukepky, Opantis [4]);
® 3aCTOCYBaHHS TPOMDKHOTO KOHTYpPY, pPOOOYUM
TIJIOM SIKOTO € OUITBII CTiliKa 10 HU3BKUX TeMIIepaTyp
pedyoBuHa (PO34MH BOJA-TIIKOJIIO, BYTJIEBOHEBA CIIO-
ayka) (KP Barcelona, Icmanis, Senboku, Smonis
[5.6]);

e 3aCTOCYBaHHsS KOMOIHOBAaHMX BHMIIApHHMKIB, i€ KpiM
TeIyla MOPCBKOi BOJAM JOAATKOBO BHUKOPHCTOBYIOTh

TEIJIOBY €HEPTilo, 110 BUALIMIACH B IIPOLIEC] 3TOPSIHHS
nanusa (KP Bilbao, Barcelona, Icnawis [7]).

B ocTaHHROMY BHIIaJKy BHKOPHUCTOBYIOTHCSI BH-
mapaukd  SCV  Tumy 3 3aHYypeHOI TOPLUIKOIO
(Submerged Combustion Vaporizers), mo 3acTocOBY-
I0ThCS KOJIM TEMIIEPATypa 30BHIMIHBOTO JDKEPENa TeTl-
Jla He MO’Ke 3aJ0BOJIFHUTH YMOBH perazucikamii abo
moTpiOHO 3a0e3MEeYNTH THYYKE CIIOKUBAHHS B XOJIO-
HUH NIEPioj POKY.

HaBezeHi 3axoam peaii3oBaHO 3 ypaxyBaHHSIM
YMOB po6oTH Ta reorpadivyHO-KIIMaTHYHUX OCOOJIH-
BOCTel paifoHy posramryBaHHs icHytounx KP B pe-
3yJIBTATI IHAMBIAYaJIbHOTO MPOEKTYBAHHS KOXKHOTO.

B myOumikarmisix BiACyTHI pexoMeHjamii Moo
pamionansHOi kommutekrarii KP Bumapraukamu ta me-
perpiBHEKaMH ra3y I KIIMaTHYHAX YMOB HiBHIYHO-
ro [IpugopHOMOp 4. 30KpeMa, aKTyalbHAM € THTaHHS
BHU3HAYCHHS MOXKJIMBOCTI BUKOPHCTAHHS TEIUIa MOP-
CBHKOI BOAM TIPOTSTOM BCHOTO POKY 3 BIJITyCKOM IIPH-
POIHOTO Ta3y B HEOOXiTHOMY NOOOBOMY 0OCSI3i.

Meta poboTu.

Bu3HaueHHs] MPUHIMIIOBUX CXEM, KOHCTPYKTHB-
HHUX Ta Maco-rabapuTHUX MapaMeTpiB TEMI00OMIHHUX
amapatiB 1 HaCOCHOTO OOJaJHaHHS CHCTEMH perasu-
¢ikauii, ocobnuBocTel iX BHKOPUCTaHHS MHPOTAIOM
poxky it LNG-tepMiHanmy  OpOXYKTHBHICTIO
5 mapa.m® Ha pik, 3a reorpaiuHEX Ta KIMATHIHHX
yMoB miBHIYHOTO [IpHmaopHOMOp’S.

Il. OCHOBHA YACTHHA

Ha mincraBi aHanmizy KJIiMaTHYHHX YMOB (3MiHH
CepeTHbOMICSYHUX TEMIIEPaTyp MOPCHKOT BOJIH, MOBi-
Tpsi 1 HOro BiHOCHOI BoJiorocti) miBHiYHOTO [TpHdop-
HOMOp’s1 B paiioHi nopry IliBnennuii, Onecbkoi oba-
cTi (pucyHok 1) s 3abe3neueHHs poOOTH CHCTEMHU
perasudikarii mpoTAroM poKy B SIKOCTI JpKepela Te-
ma oOpaHa Mopchka Bonma. Ha BigMiHy BiJ TOBITpA,
TeMIlepaTypa BOJM MPOTATOM BCHOTO POKY BHILE HY-
7S, BOJAa Ma€ OLNbII BHCOKI TEIUTO(i3UYHI BIACTHBO-
CTi.

Jnst BunaposyBanHs 31" MOpchKOIO BOJIOIO BU-
KopuctoBytoThes Bumapuuku ORV tumy (Open Rack
Vaporizer) a6o koxyxo-Tpy0OHi Bumapuuku. OcTaHHI
Ha BigMiHy Bix BumapHukiB ORV Tumy Oinbin KOM-
NaKTHI, 3HIKSHHS TEMIIEpaTypH TOBITPS HIDKYE HYJISI
HE BIUIMBa€ Ha IPOILIEC BUIIAPOBYBAHHS Ta Ieperpi-
BaHHS MPHUPOAHOTO Tazy. JloJaTkoBO Ciriji 3a3HaAYMTH,
110 BUTPATH MOPCHKOI BOJM IIPH 3aCTOCYBAaHHI BHITAp-
HukiB ORV Tumy € maibke BIBidi OUTBIIMMH, a OTXKE 1
eKCIITyaTalliiiHi BUTpaTH BHIIE. TOMy BBa)KaeMo 3a
JIOLITbHE 00paTH BUITAPHUKH KOXKYXOTPYOHOTO THITY.

Iponec perazudikanii 31" mpoxoauThs MOCIHTI-
JIOBHO: HarpiB 1 BunapoByBaHHs 3I1I" (mepeBeneHHs B
ra3onoMiOHNN cTaH) 3IIHCHIOETBCS B peboiinepi, me-
perpiB ra3zy g0 TeMIepaTypH BiIIMyCKy HOTO B Tra3oT-
PaHCIIOPTHY CHCTEMY — B MIEPETPIBHUKY.

Ha pucynky 2 mnpeacTaBieHUH TpPUHIUAMIOBUN
BUTJIsL peboiinepa, BUKOHAHOTO 3a CXEMOIO Oarato
pa3oBOro peBepcUBHOrO TOKy. Mopchka Boaa moja-
€TBCSL IO TpyOKaMm 3’€HAaHMM B TPYOHUI ITy4OK 3a
noromororo Tpyorux momok. 31" mogaeTscs 330BHI
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Pucynox 1 — Cepeonvomicauni 3sminu memnepamypu MopcbKoi 600U, nogimpsi i tlo2o 801020CMi NPOMA20OM
2009-2013 pp. 6 paiioni nopmy Ilisoennuii, Odecvkoi obracmi

TpyOOK TakuM YHMHOM, 1100 HOro piBeHb B TEIIO00-
MIHHUKY OyB NOCTiHHMM. YacTWHa piKoro rasy BH-
MapOBYETHCS, 3AUIIOK TOBEPTAETHCS B MAaricTpalb
nojavi 3 TeMIeparyporo OJNH3bKOI0 J0 TeMIlepaTypu
KUIIHHSL [T BIZTIOBIIHOTO THUCKY Ta3a B peOoiiepi.
Takum unHOM BuTpata 3I1I[" Ha BXO/i 10 TEIIOOOMIiH-
HHUKa TIEPEBUINYE BUTPATY BHUNAPEHOTO IIPUPOIHOTO
ra3y, a temneparypa 3[I[' Ha BXoXi IO BHIIapHHKA
BIIMIOBiZae Temrieparypi cymimi. B skocti moBepxHi
TEIIIOOOMiHY BUKOPHUCTOBYETHCS MYYOK TNIAJKHUX TPY-
00K, pO3TalIOBaHWX B IIaXMaTHOMY HOPSIKY 3a py-
XOM METaHy.

Bunapenuh
npupommit rad] L

Honxk
MOPCHKOI
HOM

JTLH

u chun.xpcunu"-

Horne 31T 300

Pucynox 2— Ipunyunosa cxema peboiiiepa

[eperpiBHUK (pUCYHOK 3) BHUKOHYETHCS Y BH-
TSI TETUTOOOMIHHUKA KOKYXOKOpPOOYaToro THUITY 3a
CXeMOI0 0araTopazoBOro IMEPEeXpecHOro TOKY NpHU
3araJlkHOMY TPOTUTOKY. IloBepxHS TemIooOMiHy
MpeJICTaBIIsiE COO0K0 MyYOK IIIOCKO-OBAIBHUX TPYOOK
3 3araJbHUM IUIACTUHYATUM 3apPEOPEHHSIM.

B sKocTi Marepiary MOBEpXHi TEIIOOOMiHY pe-
Ooitnepa 1 meperpiBHHKa B PO3paxyHKax NPUHHATO
mopanoMiniii AJ[1, o0 Mae BHCOKI aHTHKOPO3iiHI

MMOKAa3HHUKH, IJIACTUYHICTh, CTIHKICTh O KPiOT€HHHUX
temieparyp (Hmxde minyc 153 °C) Ha nopsnox BUILY
TEIJIONPOBIAHICTD BiJ| CIJIABIB CTaji, JOCTYIHICTH Ta
MOPIBHSHO HU3bKY BapTICTh.
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Pucynok 3 — [Ipunyunosa cxema nepeepisnuxa

Jliis po3paxyHKy TEIUIOOOMIHHHX arnapaTiB BH-
KOPHCTAaHO Mporpamu, MmO O0a3yrThCs HAa METOII
NTU-n [8,9].

[Mpouecu Temnonepenadi B pedoiliepi MarTh
MeBHI OCOOJNMBOCTI, IO CIIPHYHMHHUIO BHECCHHS 3MiH
JI0 METOJJUKU PO3PaXyHKY.

®i3u4HI BIACTUBOCTI PiIKOTO METaHy Ta METaHY
Ha JiHIl HACHYCHHS Y BUTISAI IONIHOMi-aJbHHAX PiB-
HSHb OTPUMaHI IIIIXOM OOPOOKH HOBITHUKOBUX Ja-
nux [10].

[Tpn BH3HAuEHI €HEPrOEMHOCTI MOTOKY METaHy
WCH4 BpaxoBaHO HOro HarpiB i BUIIapOBYBaHHSI:

Scra Gona fena |

Wera =GcraCpora + T T
2cHa ™ licH4

ne Ggpa — MacoBa BUTpaTa MeTaHy, KI/c; Cpchg — TENl-
noemHicTh Metany, kKJxk/(kr-K); dcps— 4acTuHa BUa-
piB MeTaHy 3 3arajbHOI BHUTPATH; Icps— IPUXOBAHA
TEIUIOTa MapoyTBOPeHHs, KJK/KT; Tichg, Taochs — TEM-
rieparypa MeTaHy BiJIIOBIZIHO Ha BXOi 1 BUXOJi 3 pe-
ootinepa, K.

KimpkicTh Temuia, mo MiABOIUTECS OO METaHy,
BIIHOIIICHHSI €HEPTOEMHOCTEH Ta KOEQilli€EHT KOpHC-
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HOI Aii TernooOMiHHUKA B TAKOMY pa3i BU3HAYAIOTHCS
HACTYITHUM YMHOM (I[J'Iﬂ Bunagky Wepg < Wy):
-T.

Q CH 4 (TZCH 4 1CH4 /)

S :WCH4

w

-T

T 1CH4

2CH4
1’1 =

le - TlCH 4

ITpu po3paxyHKy BHIIapHHKA BBa)KA€MO, L0 KH-
THHSA BinOyBa€eThCS B OCTaHHIN, TPETil CeKmii Terio-
oOMiHHOTO amapaty (muB. pucyHok 2). Koedi-mieHT
TEIJIOBIAIa4l Bil METaHy 0 IMOBEPXHI TEINIO0OMIHY B

i ceKIlii BU3HAYCHO 32 HACTYIHUM BpazoM [11]:

0 yy4 =0,00417p) %" F ,

F,=0,1916 In(->) +1,7697,
C
q=Q/F,
ne Pc — KpUTHIHUH TUCK, KIla; F, — Kkoperyrounii dax-
TOp Uil BpaXyBaHHs THUCKY, M2, g — TEIUIOBHil IOTIK,
BT/MZ; Q — KUIBKICTP MiIBEICHOTO TEIlIa BiJl MOPCHKOT
BonH, BT; F( - mo1a noBepxHi TeII000MIHY, M
B mepiiux ABOX CEKIisX BUKOPUCTAHO BHPA3 JJISA PO3-
paxyHKy Koe(ili€HTa TEeIUIOBiAAayui MOTOKY METaHy
Kpi3b my4ok Tpyo 6e3 pasoBoro nepexoxay [12]:

Ogpyg = Nu-A/d,

Nu = C-Re*®.pr®3. (Mo a /By
ne Nu— grcino HyccenbTa; A — KOSQII[iEHT TEIUIONPO-
BigHOCTi, B1/(M'K); d — 30BHIiIIHIN JiameTp mOBepXHi
TeroooMiny, M; C — TompaBka 10 Koe(illieHTa Tel-
JOBiqayi 3 BpaxXyBaHHSAM TeoMeTpii mydka; Re — guc-
no Peitnonbaca; Pr — uucno Ilpavarns; pcws, Her —
MUHAMIYHA B’S3KICTh METaHY BIAIMOBIIHO TP cepel-
Hill Temmeparypi OTOKY Ta MPH TeMIIEpPaTypi CTIHKH,
Ia-c.

KoedimieHT Teruoignayi Bijy MOPChKOT BOJH JI0
CTIHOK TPYyOOK PO3paxoBaHO 3a BUpa3aMu:
ITpu Re>6000

a,=0021¢, - Re

014
)

043 XW N W)ozs
P

w I

TTpu Re<6000
2 1

2
~129) P+ (S W) ] (i L

CcT dW
Jie € — TOMpaBKa JI0 KoeqnmeHTa TEIUIOBI A4l Ha
JIOBXXHHY TPYOKH Ta peKUM pyxy pimunu; d, — ekBiBa-
JICHTHUH JiaMeTp MoBep-xHi Temiooominy, M; dy/H,
3BOPOTHA BEJIMYMHA BiZIHOCHOT IOBXHHH TPYOKH.

[Tpn po3paxyHKy neperpiBHHKa 3MiHU O METO-
JIVKH, Tpe/CcTaBieHoi B [8] momsAranu B ypaxyBaHHI
(i3MYHUX BJIACTUBOCTEW Ta30MOJIOHOTO MeTaHy, IO
BUKOPHCTOBYBAINCH Y BUIJISIII IOJIIHOMIaJbHUX PiB-
HSHBb, OTPUMAHHUX IUIIXOM OOpOOKH JTOBITHUKOBHX
marux [10]. KoedirieHT TemioBigmadi Big METaHy 10
MOBEPXHi TEIIOOOMiHY B MEPETPIBHUKY:

n

a,=0116-(Re3

OcHa —C ORe" —

9
ne Cz, 6, N — KOHCTaHTH KPHUTEPiaIbHUX PIBHSHD JUIS
00paHO1 MOBEPXHi TEIUIOOOMIiHY, SIKi BU3HAYAIOTHCS 32

KpPUTEpiaJIbHUMHU PIBHSHHSAMHU JUIi KOHBEKTHBHOT'O
KoedillieHTa TeIIoBiAnaYi:

d, . S,-S, _
Oyopq =0,0512- (?W) 0'54(%) 4 x

4 4

0,73 0 33
x Re

3
ne dy— BHCOTa MOIepEeYHOTo TIepepi3y B TpyOIi, M; S,
S3, S4 — BIIMOBITHO KPOK MiX IOTIEPEYHUMH PsIaMU
TpyO, HaWOULTBIIMIA TabapHT MOMEPEeYHOTO Mepepizy
TpyOKH, KpOK Mik pebpamu, M; N, € — BicoTa Ta Iu-
puHa rodpa BiANOBIIHO, M; S — KPOK MiX rodpamu B
OJTHOMY sy, M

[Tpn mpoBeneHHi po3paxyHKiB Oyna Mpui-HATa

cucTeMa 0OMeXeHb 11010 HACTYITHHUX MTapaMeTpiB:

e 3III" Ha 100% ckinagaeTses 3 METaHy,

®  CIIOXMBAaHHS NPHPOJHOTO Ta3y IPOTATOM POKY
Mae€ piBHOMIpPHHH XapakTep;

®  BIUTMB 30BHIIIHIX (PaKTOpPiB HA MPOIEC TEII000-
MiHY HE BPaXOBY€EThCS — CHCTEMA 130Ib0BaHA;

e temneparypa 3III, mo HagxomuTh Mo pedoiinepa
31 CXOBHIIA, CTAHOBUTH MiHyc 163 °C, a Tem-niepaTypa
KUIIHHS MeTaHy npu Tucky 4 MIla ctaHOBUTH MiHYC
86 °C;

®  [IBUAKICTH PyXy MOPCHKOI BOIHM B TpyOKax Ter-
JI0OOMIHHHMX amapatiB 2 m/c, B TpybompoBogax — 3
Mm/c;

®  OXOJIOJUKEHHS MOPCHKO BOJIM B TEIUIOOOMiHHHX
anaparax He nepesuinye 3 °C, 10 OB’ S3aHO 3 3aXHC-
ToM (ayHn YopHOTO MOpPS — B IEpiox HEPECTy AEAKUX
BHIIB KpeBeTKH, Omdka, kpaba, Oapadyimi, xaMmcH, cKa-
Ty XBOCTOKOJy, aKyJ{ KaTpaH MiHIMaJlbHa TeMIIepa-
Typa Mopcbkoi Boau He Hmkde 17 °C (£2 °C) [13];

® [pu pPO3paxyHKy KoedillieHTy TemoBignadi B
peboiiiepax po3rISHYTO My3UpYacTe KUIIHHS HA IO0-
BEpPXHI TEII000MiHY;

e TeMIeparypa IPHUPOAHOIO Tasy micis perasudi-
Kamii He Hmwkue 2 °C;

® TiApaBNIYHWIA OIip TEIIOOOMIHHHX amapariB 3a
pyxoM MopcbKoi Boau He nepesuinye ApMB=50 kIla;
® TiApaBNIYHHUIA OIip TEIIOOOMIHHUX amapariB 3a
pyxoMm Mmertany He nepesuiye ApM=500 mM.B.CT;

® IOBEpXHA TEmIOOOMiHYy  TNpHHMAaeTbhCs — 3a-
OpyIHEHOIO Ha PIBHI TEPMIYHOrO OIMOPY IHapy 3adpy-
muenns (1,10...1,76)10-4 M?-K/Br.

B pe3ynbTari po3paxyHKiB TEIUIOOOMIHHUKIB 3
ypaxyBaHHSM HaBeJIeHOI CHCTEMU OOMEKEeHb Ta pid-
HHX 3MIiH TeMIepaTypy MOPChKOi BOAM B paiioHi mop-
Ty [liBgeHHHMH (32 TaHUMH METEOLIEHTPY MOpTa) 1 Bij-
TIOBIZTHUX 3MiH BUTPATH TEIUIOHOCIS BCTAHOBJICHI Ha-
CTYIIHI TEOMETPHUYHI Ta KOHCTPYKTHBHI TapameTpu
JUISL BUTIApHUKA!

— 136 rmagkux Tpy6ok 60%2,5 MM, po3ramoBa-
HUX B IaXMaTHOMY IOPSZIKY, 3 KPOKOM MK TpyOKa-
MH 1o rimouHi 70 MM Ta 80 MM — NepHEeHANKYIISPHO
PYXy MeTaHy;

— Tpu cekuii aiamMerpamu myuka 1,25 M, 10Bx)U-
oo 0,45 M, TermooOMiHHUK posmipamu (JIXIIxB)
1,25x1,4x4,1 wm;

— Maca my4ka Tersioo0oMiny cknanae 220 kr Ta
TErI000MiHHUKA B HJIoMY — 4,4 T.
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Po3zgin 2. EHepreTuka Ta eHepro3tepexxeHHst

Kinbkicts peboiinepiB — 10 mrT, BCTAaHOBJICHHX
napaenbHO K 32 pyXOM METaHy, TaK i 3a pyXOM 3a-
6optHOi BOAN.

I'eomerpruHi Ta MacorabapuTHI MOKa3HUKH IIe-
perpiBHAKA HACTYIIHI:

— 2580 m1ocK0OBaIBHUX TPYOOK 3 BHCOTOIO IT0-
MIepEeYHOTO Tepepizy 23 M Ta iioro moBxuHOIO 50 M, 3
3araJlbHUM IDIACTUHYATHM 3apeOpeHHSAM, KUIbKIiCTh
mactud — 99 mmr.;

— Maca myuka temioodminy 3,45 1 Ta Temnooo-
MiHHHKA B LIIOMY — 8 T.

Kinpkicte meperpiBHuKiB — 10 mT, BCTaHOBIE-
HUX TIapaleIbHO 32 PyXoM 3a00pTHOI BOIU 1 METaHy.

Ipu piBHOMIpHIi perasudikarmii 5 Mapa M° Ha
PIK KUTBKICTh MPAIIOI0YUX TETIOOOMIHHUKIB HE3MiH-
HAa, TIEPErpiBHUKY IiJKITI0OUEH] MTOCTiTOBHO 10 peboii-
JIepiB 3a PyXOM NPHPOTHOTO ra3zy. BurpaTi MopchKoi
BOJM B cucTeMi perasudikariii 3anexars Bia ii Temre-

— TETMI000OMIHHHUK po3Mipamu (AXIIxB)  paTypu Ta 0OMEXeHb OO0 3aXUCTy diopu Ta hayHH
3,6x1,55%1,55 m; MOpSI, TOMY MPOTSTOM POKY 3MIiHIOIOTHCS (PUCYHOK 4).
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Pucynok 4 — 3anesxcuicmo sumpamu ma memnepamypu MOpcbKoi 600U Ha 6X00i i 8UxX00i 3 Men100OMIHHUKIE
810 3MIHU CEPEOHbOMICAUHOI MeMnepamypu MOpcoKoi 600u. a) — 0as peboiiiepis; 0) — Ois NePesPiGHUKIE

KiHueBa Temmeparypa MpUpPOIHOTO Ta3y 3a Iie-
PErpiBHUKOM II€pEeMiHHA 4Yepe3 3MiHy TeMIepaTypu
MOPCBKOI BOAM MPOTATOM POKY: SIKIIO B3MMKY, KOJIX
TeMmreparypa MoOpCbkoi Boau He mnepesumye 3 °C,
NpUPOAHHUI ra3 neperpiBaerscs aume a0 0 °C (B pasi
HOTpeOHM MOXKIIMBO AOTPIBATH ra3 3a JOIOMOIOI0 J0-
JTaTKOBOTO JDKEperia TEMJIoTH), TO BITKy — 1o 21 °C
(pucyHok 4, 0).

3a pe3ymbTaTaMH PO3PAXyHKIB TiApaBIidHOTO
OTIOpY 3aIpPOTIOHOBAHOI CUCTEMH perasudikamii BcTa-
HOBJICHO, 110 /I 3a0e3MedYeHHs Mojavi Ta MpoKady-

© M.O. Yenntoxa, M.C. boHdapetko, [.C. Minyes, A.B. HaeipHuti, 2014

BaHHS MOPCHKOI BOJIHM y peboiinepax Ta meperpiBHH-
KaX Ma€ BHKOPHCTOBYBATHCS HACOCHA CTaHIs, IO
cnokuBae 10 4300 kBt  enexkrpuuHoi  eHeprii
(2x1500kBT, 1x1300xBT HacociB). [TapanensHo mpa-
LIOIOTh 3 HACOCHI JiHIA I IPOKadyBaHHS TEIIOHO-
cist: 1Bi — uepe3 5 peboiinepiB KoKHa; Ta OJfHA — Yepe3
10 meperpiBaukiB. Ha pucyHKy 5 mpezacTaBieHa cxe-
Ma 3’€HAaHHS TEIUIOOOMIHHHKIB CHUCTEMHU peraznudi-
Karii.

IIpn mpoekTyBaHHI TepeKadyBaJbHOTO 00JaA-
HaHHS 3 METOI0 3a0e31edeHHs e(DEeKTUBHOTO BUKOPHC-
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TaHHs HacocHOI craHuii moTpiOHO 3abe3neunTH edek-
THUBHE pETYJIIOBaHHS BHUTPAaTH BOAM 4Yepe3 HAcOCH
HPOTSTOM POKY.

Ha pucyHky 6 nmpuBeeHO 3aleXHICTh CyMapHUX
MOTY>KHOCTEH HACOCIB 3 ypaxXyBaHHSAM CepeIXHBOMICS-
YHOI 3MIHH TEMIIEPaTypHu TEIUIOHOCISA Ta HOro BUTpAT.

T

&y

o

Mopcska posa

3

pupoasoit ras
D= Hacoc MOPCLKOT BOII
b Hacoce 31T
Manicrpansimit ran
Pucynok 5— Cxema exmouenms meniooOMiHHUKIG
cucmemu pezazugixayii: 1 — nepeepisnux,

11

BUCHOBKH TA HNEPCHEKTUBU ITOJAJIb-
mux 10CJIIKEHb

B pesynpTaTi mpoBeneHUX po3paxyHKiB BCTaHO-
BieHo, mo perasudikamis 3I1I wa LNG Ttepminamni
MIPOAYKTUBHICTIO 5 MIIpJ. M3 MOXke OyTH 31iliCHeHa 3a
PaxyHOK TEIUIOTH MOPCBKOI BOIH INPOTSAIOM BCHOTO
poxy. Ilpum mpomy KOJMBaHHA HEOOXiIHOI BHUTpaTH
BoxH cTaHoBIATH 6700...9350 kr/c, moTpiOHA MOTYX-
HicTh HacocHOT craHuii — 4300 kBT.

Ilpu  mpoekTyBaHHI  TemI00OMiHHOTO  00-
JIaJHaHHS HEOOXIJHO 3aJ0BOJIBHUTH HHU3KY oOMe-
KEHb, OCHOBHUMH 3 SIKUX € BUMOTa JOTPHMaHHS pi3-
HUII TeMIepaTyp MOPCHKOI BOJM HAa BXOJI Ta BUXOII
Ha piBHi 3 °C (1), He IepeBUIIEHHS MBUAKOCTI BOAH
B TpyOKax TPaHWYHOTO 3HAYEHHS 2 M/C Ta 3a0e3me-
YeHHs TeMIIEpaTypH ra3y Ha BHXOII 3 IeperpiBHHKA
Bumoi 3a 2 °C. 3 ypaxyBaHHSIM [IaHUX OOMEXEHBb
CIIPOCKTOBaHI BUIIAPHUKU Ta IICPETPIBHHUKH, 3arajb-
HOIO KiNbKicTio o 10 mTyK, BCTAaHOBIJICH] apajeIbHO
3a pyxoM MeTaHy i 3a0opTHOi Boau. PerymroBanHHs
poOOTH TEIIOOOMIHHOTO OOJNATHAHHS 3AIHNCHIOETHCS
LIJISIXOM 3MIHU BUTPATH MOPCHKOT BOIH.

Jlns 3abe3neucHHs POOOTH HACOCHUX CTaHIIT
HEOOXiHI CYTTEBI 3aTpaTH eHeprii, SKy JOLIIbLHO
OTPUMYBATH IUIIXOM yTHumizamii xomoxy 3I1I. Po3po-
O0kxa cxemu ytmmizamii xonoxy 3IIIT mpencrasise co-
000 TIEPCIEKTHBY HOJAIBIIHX J0-CJIiKEHb.
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C— IlotyxHicTb HacoCiB W1 pedoiinepis

- =~ = ButpaTta Mopcbkoi Boau yepes peboiinepu

C— IloTyXHICTb HACOCIB VISl IEPETrPIBHUKIB
—{— Butpara MOPCHKOi BOJIH Yepe3 MeperpiBHUKA

Pucynok 6 — 3uina cnoosicusants enekmpudHol eHepeli Hacocamu ma eumpamu MopcbKoi 600U NPOMAOM POKY

JITEPATYPA

1. BP Statistical Review of World Energy June 2013
[Enextponnuit pecypc]/ http://www. bp.com/content/
dam/bp-country/es_es/statistical_

review_of world_energy 2013.pdf

2. World LNG plant & terminal [EnextponHuii pe-
cypc]/ http://lwww.globall ng.info.com

3. Hamionanpuuii mpoekt «LNG Ykpaina» - CTBOpPEH-
HS 1HQPACTPYKTYpH MOCTA4aHHS CKPAIUIEHOTO ra3zy B
Vkpainy» [Emexrponnuii pecypc]/ http://www.ukr
project.gov.ua/node/27

48

4. ADC Gravelines cTaHeT HMCTOYHHKOM TEIUIA IS
tepmuHana perazudukanun CIII [EnextponHuii pe-
cypc]/ http://www. atominfo.ru/newsc/10672.htm

5. Integration of a new CCGT plant and an existing
LNG terminal at Barcelona port [EnexrponHuii pe-
cypcl/  http://www.ivt.ntnu.no/ept/fag/tep4215/innho-
1d/LNG%?20Conferences/2005/SDS_TIF/050165.pdf
6. Evolution of an LNG Terminal: Senboku Terminal
of Osaka Gas [EnexTponnmit pecypcl/
http://members.igu.org/html/wgc2006/pdf/paper/addl
1362.pdf

© M.O. Yenntoxa, M.C. boHdaperko, [.C. MiHues, A.B. HazipHuti, 2014


http://www.bp.com/content/dam/bp-country/
http://www.bp.com/content/dam/bp-country/
http://www.globall/
http://www.ivt/
http://members.igu.org/html/wgc2006/

Po3zgin 2. EHepreTuka Ta eHepro3tepexxeHHst

7. LNG IMPORT TERMINAL PROFILE: Bahia de
Bizkaia Gas, Bilbao, Spain [Enexrponnmuii pecypc]/
http://www.member.zeusintel.comZLNGR
show_image.aspxid=1070

8. Momenues IO.JI. TemmooOMeHHBIE ammaparsl
JBC: YuebHoe mocobue [Tekct]/ FO.JI. Momenrnes. —
Huxkomaes: HYK, 2006. — 330c.

9. Keiic B.M. KomnakrtHble TEIIOOOMEHHUKH
[Texct]/ B.M. Keiic, A.JI. JloHn0H, Tiep. ¢ aHTJ. MO
pen. FO.B. ITerpoBckoro.— M., Dueprus, 1967.— 224 c.
10. 3aropyuenko B.A. Temnodusudeckue CBOWCTBA
ra3oobpasHoro W kuAkoro MeraHa  [Tekcrt]/
B.A. 3aropyuenxo, A.M. Xypasnes. — M.: M3narens-

11. CopaBounuk 1o TermioodOMenaukam: B 2-x . T 2
[Teker])/ Ilep. ¢ anrn. nox pea. O.I. MapTbiHEeHKO 1
Ip. — M.: Dueproatomusgar, 1987. — 352 c.

12. Your X. OcHOBHBIE (POPMYIIBI U TAHHBIEC IO TET-
nmoobmeny 1t mHxeHepoB: CrnpaBouynuk [Teker]/ X.
Your, ep. C anra. B.B. fIkoBneBa. — M.: ATomu3zfar,
1979.-216 c.

13. UcskuB E.M. Tlogommerii mup YepHOro mops
[Tekcr]/ E.M. UcbkuB. — Cumdeponons.: Taspus,
2002. - 64 c.

14. Unenvunk WU.E. CnpaBoYyHHMK TIO THIPaBIHYCC-
kuM compotuBieHusM [Tekcr]/ Tlog pen. M. O.
[reiinbepra. — M.: Mammunoctpoenue, 1992. — 672 c.

CTBO KOMHUTETa CTaH/IApTOB, MEP M HM3MEPHUTEIBHBIX
npudopos, 1969. — 236 c.

M.O. Cheplyukha, M.S. Bondarenko, D.S. Minchev, A.V. Nagirnyi
Admiral Makarov National University of Shipbuilding, Mykolaiv, str. Skorohodova 5, 54002

HEAT EXCHANGERS DESIGN FOR THE REGASIFICATION SYSTEM OF THE LNG
TERMINAL WITH ANNUAL CAPACITY OF 5 BILLION M?

The paper is devoted to the important scientific and technical problem of development of the modern and high-
efficient storage and regasification liquefied natural gas terminal. The design, calculated performance and
mass-dimensional parameters of heat exchangers and pumping equipment for the regasification system of the
LNG terminal with annual capacity of 5 billion m® at the northern Black Sea coast conditions are presented. The
regasification system provides evaporation and superheating of liquefied natural gas to meet the given parame-
ters of evaporated gas at the inlet of the main pipeline. The composition of the system includes heat exchangers:
reboilers to evaporate the liquefied gas and superheaters to get the necessary temperature of evaporated gas.
The seawater is suggested as the source of heat for evaporation and superheating of the natural gas, with the
pumping station is to be used for pumping the water through heat exchangers. To make a sufficient investigation
the change in seawater temperature throughout the season is had to be taken into account. Peculiarities of the
annual maintenance of reboilers, superheaters and pumps due to change in the seawater temperature have been
shown in the paper. A shell-and-tube heat exchanger type with multiple reverse flow of LNG is suggested to use
for the reboiler. The superheater is designed as the finned-tube heat exchanger with multiple cross-flow of sea-
water. The set of limits was applied to the calculations among them are: the temperature drop of seawater on the
heat exchanger is less then 3 °C (+/) and the maximum permissible speed of seawater in heat exchanger is 2
m/s. According to the calculations, the necessary amount of reboilers and superheaters is 10 items each type
with the dimensions of reboiler about 7,25x1,4x4,1 m and superheater about 3,6x1,55x1,55 m. Seawater flow
adjustment during the year, corresponding to its temperature, permits to meat ecological limits and to provide
the regasification of the daily capacity of liquefied natural gas at the pressure of 4 MPa and outlet temperature
greater than 2 °C as it is shown by dint of mathematical simulation. The range of seawater flow is 6700...9350
kg/s, the necessary pumping station power — 4300 kWt.

Keywords: Liquefied natural gas — Regasification — Reboiler — Superheater — Seawater heat.
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