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IIpoananizosano edekmusHicmo po6omu MUnoBUX YCMAaHOBOK HU3LKOMEMNEPAMYPHOL cenapauii 3 BUKOPUCAHHIM Opocesb-
epexmy i nodanvui010 nodadeio 2azy no6ymoBUM CHONUBAHAM. 3ANPONOHOBAHO MOOUPIKOBAHY MEXHONIOZIUHY CXeMY HU3bKOmeMNepa-
mypHoi cenapauii, y sAxiil Opocenv 3amineHuil Ha Buxposy mpy0y. Ompumani pesynomamu po3paxyHKie noKa3ywomv 3Ha4Hy eexmus-
Hicmb makoi mexHosnozii ma niomeeporcy0Omv MONCIUBICHb eKOHOMIT eHep2opecypci NopisHIHO 3 MUN0BOT0 CXEMOTO.

Knro4osi cnoBa: HusbkoTeMIIepaTypHa Celapalis, fpoceb-eQeKT, BUXposa Tpyba.

IIpoananusuposana sdexmusrocmo pabomvl MunosviX yCmamosoK HUSKOMEMNePamypHoi cenapayuu ¢ Ucnonb308aHuem

opoccenv-agppexma u danvretiwieil nodaueil eaza 6vimosvim nompebumensim. IIpednoxena MoOUPUUUPOBAHHAS MEXHONOZUUECKAS
cxema HUSKOMeMNepamypHoil cenapayuu, 8 KOmopoti Opoccenv 3ameHer Ha suxpesyto mpy6y. Ilonyuentvie pe3ynvmamol pacuemos
NOKA3bLBAIOM 3HAUUMENLHYI0 IPPHEKMUBHOCD MAKOL MEXHONOZUU U NOOMBEPHOAION BO3MOHCHOCHID IKOHOMUL IHEP2OPECYPCOB 1O

CpasHeHur0 ¢ Munosotl cxemoi.

KimroueBble cmoBa: HUSKOTeMIIEpaTypHaA cellapalyi, Apoccenb-3GpdeKT, Buxpesas Tpyoa.

The efficiency of operations on a typical low-temperature separation plants using Joule-Thomson effect with further gas supply to
household consumers is analyzed. A modified process flow of the low-temperature separation is proposed, where the choke is replaced by
a vortex tube. The computation results prove such technology to be very efficient thus confirming the possibility of saving energy resources

as compared to a typical process of separation.

Key words: low-temperature separation, Joule-Thomson effect, vortex tube.

["a3onocrayaHHs HACEJICHUX IYHKTIB 1 OKPEMHX CIIOXKH-
BayiB Iazy 3/1iHCHIOETHCS 32 JIONIOMOT'OI0 Ta30PO3MOIITBHUX
cranniit (I'PC) maricrpansanx razonposofis. Temneparypa
ra3y, mo Buxomuth i3 ['PC, y Xoi mpoeKkTyBaHHS Ta30mpo-
BofiB pertamenTyeTbes JIBH B.2.5-20-2001 Ta BcTanosmo-
€ThCS Ha PiBHI He HibKYe MiHyc 10°C mia Jac mogaBaHHS B
Mi3EMHI ra30MPOBOIU. Y TOW XKE yac MpPaKTHKA SKCILTyara-
1ii 'PC cBi4uTS, 1110 AJIs TOTIEPEKEHHSI T1APaTOy TBOPEHHS
Ha ['PC i3 npoaykrusHicTio 10 50—70 TrC. M*/ro TOLILIEHO
nepexbavaTy 3aranbHAN miairpis rasy [1]. [ligirpisanxs mo-
BHHHO 3a0€3[eYUTH TeMIIepaTypy rasy BHIIE TeMIepaTypu
Touku pocu Ha 57 °C. Jlnst mifirpiBaHHs rasy 3ajeKHO Bij
npoxyktuBHocTi ['PC 3acTOCOBYIOTH pi3HI THITH iIITpiBadiB
1 TeIUTOOOMIHHUX amapaTiB. HalOiIbII MOMUPEHNM € BUKO-
pHUCTaHHS TEIUIOOOMIHHUKA, Y OJHOMY 3 MPOCTOPIB SKOTO
MUPKYTIOE TapsS9nil TeIUIOHOCIH. J[ms HarpiBaHHS Ternio-
HOCISI CIIAJIIOETHCS] 3HAYHA YaCTUHA IIPUPOIHOTO Tazy, sIKHi
Mir Ou OyTH BUKOPUCTaHHM JUIs MPOJIAXy, Ta BUTPAYAETHCS
CJICKTPOCHEPTisl ISl 3MIHCHEHHS IUPKYJISALIT TEIIOHOCIS Y
cucteMi. O0’eM BUTpATH MAJIUBHOTO Ta3y BiIpPi3HAETHCS Ha
KOKHI yCTAQHOBIII ITiATOTOBKH Ta3y Ta MOXKE 3MIHIOBATHCS
B MEXaxX BiJ KUIBKOX COTCHb O KIJIbKOX THCSAY KyOI4HHX

Natural gas is supplied to cities and separate consum-
ers through pressure reduction stations (PRS) placed on gas
transportation pipelines. Gas temperature at the outlet of PRS
is regulated by DBN B.2.5-20-2001 at the project stage and
is fixed at the level not less than minus 10 deg C for under-
ground pipelines. Besides, according to PRS operating data
with gas flowrate of 50 — 70 Mscmd it is appropriate to apply
gas heating for hydrate forming prevention [1]. Heating pro-
cess should provide gas temperature 5 — 7 deg C higher than
water dew point temperature. For this purpose different types
of heaters and heat exchangers are used depending on PRS
performance. The most widely used are heat exchangers with
hot liquid circulating in one of their sides. To maintain the
hot liquid temperature the significant volume of fuel gas is
burned that could be sold otherwise. Moreover, electric pow-
er is used to circulate this liquid in the system. The volume
of fuel gas consumption differs from a processing plant to a
processing plant and could change from hundreds to thou-
sands cubic meters per day depending on ambient tempera-
ture and the volume of gas that should be heated.

Rather often, pressure reduction stations are placed di-
rectly on gas processing plants. In such case the quality
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MeTpiB 3a 100y 3aJIe’KHO BiJ 00°eMy rasy, sIKMid HEOOXiIHO
MiirpiBaTH, Ta KIIMaTHIHAX YMOB.

JlocuTe 4YacTo Ta30pO3MOMiIBHI CTaHII{ PO3MIMIYIOTH
0e3rmocepeIHb0 Ha YCTAaHOBKAaX IMIArOTOBKH Tazy. SIKIiCTh
MIIFOTOBKY Ta3y y TAKOMY BUIAJIKY ITOBHICTIO 3aJICKHUTh BiJl
BUKOPUCTAHOI TexHouorii cenapamii. OCKUIBKH HaiOUIbII
MoIMpeHa B YKpaiHi HU3bKOTEMIIepaTypHa ceraparis 3 BH-
KOPHCTaHHAM JIpoceTb-e(heKTy, TO e()eKTUBHICTD TaKoi cHC-
TEMH MTOBHICTIO 3aJIe)KUTh BiJl HASBHOTO Iepernajay THCKY Ha
Jpoceiti abo peryasTopi TUCKY. Y XOMi eKcIulyarallii poao-
BUIII 13 YaCOM BHHHUKA€E TaKUil MOMEHT, KOJIH TIeperay TUCKY
CTa€ HEJJOCTAaTHBO JUIS SIKICHOI IIATOTOBKHM Ta3y 3a J0IIOMO-
TOK0 JIPOCEIIIOBAaHHA. YHacmigok poro Ha ['PC norparuiste
HEIOCTATHBO IiATOTOBICHUH ra3, M0 MPU3BOAUTH 10 HE0O-
X1JHOCTI OLIBIIOTO MigIrPiBAHHS BUX1IHOTO IIOTOKY 3 METOIO
YHUKHEHHS KOHJICHCAllii PIZIMHYU y T'a30TPOBO/I.

TakuMm 4yMHOM, Ha ycTaHOBKax MiArotoBku rasy 3 I'PC
MOYXHA BUAUTUTH MPUHANMHI JBa MTOTCHIIIMHUX HEIOMIKH:

1) HeeeKTHBHICTH IPOCETIOBAHHS 31 3MEHIICHHSIM
nepernay TUCKY Ha Ipocelii ab0 PeryssiTopi TUCKY, IO MPH-
3BOJUTH JIO MOTIPIICHHS SKOCTI IMiATOTOBKH rasy;

2)  crHaJroBaHHS IPHUPOAHOTO raszy IS MiAirpiBaHHS
TEIUIOHOCIS Ta BUKOPUCTAHHS SNIEKTPOCHEPTil JUTs 3iCHeH-
HS IOTO IHPKYIALIi Y CHCTEM.

Ha mamry mymKy, OIHHM i3 METOJIB, IO JaCTh MOXKIIU-
BICTh YCYHYTH TaKi HEJOJIKHM, € BUKOPHCTAHHS BHUXPOBOL
TpyOHM y cuctemi HM3bKOTEMIIepaTypHOI cerapaiii 3aMicTb
Jpocerst abo ix moexHaHHs. 3a gornoMorolo edekry Panka,
SKHUHA pealizyeThCsl Y BUXPOBHX TPyOax, BXiTHHUN MOTIK ra3y
PO3IIAETRCS HA XONOAHWHA Ta rapsunil. OCTaHHIA MOXe
OyTH BUKOpHCTaHU# Juis HarpiBaHHs rasy Ha ['PC 3amicth
TEIUIOHOCIS, 3a0II/DKYIOYM MPU LOMY HaJlMBHUI ra3 Ta
eslekTpoeHeprito. HaromicTs TeMneparypa XoJ01HOi YacTH-
HH TIOTOKY € HH)KYOI0, HDK HiJ Yac 3BHYaHOTO JPOCEIIO-
BaHHS, IO MiJBHUIIY€E AKICTh MiATOTOBKH ra3y 10 TPaHCIIOpP-
TYBaHHS.

Jnst ycyHeHHs1 a00 MiHIMI3alil po3IISIHYTUX BHIIE He-
JIOJIKIB HEOOXiTHO YIOCKOHAIUTH CTaHIAPTHY CHCTEMY
HU3BKOTEMITEpaTypHOI cenapailii, B SIKiii BHKOPUCTOBY€THCS
npocenb-eekt. HoBa TexHooris nmoBUHHA 3a0e3nedyBaTh
JOCTaTHE BUIIyYEHHS BOJIOTH Ta BYIJIEBOIHEBOTO KOHJICHCA-
Ty 3 Ta3y, a TaKoX 3a0e3nedyBary HeoOX1IHUIi pIBEHb TeMIIe-
parypu razy Ha Buxofi 3 ['PC. Takoro Momudikariero Moxe
MOCITY’KUTH BUKOPUCTAHHS BUXPOBOI TPYOH 3aMiCTh Apocesis
(perymrorouoro kiramana) abo pa3oM i3 HUM. 3a TepMOIMHA-
MIYHOIO €(EKTHBHICTIO BHXpOBa TPyOa 3aliMae MOJIOKEHHS
MIXK pocesieM i IeTaHIepoM, OfHAK 3HAYHO NIePEeBEpLIyE OC-
TaHHI} 32 NPOCTOTOK KOHCTPYKLIT Ta HaAIHHICTIO B €KCILTY-
aranii. Kpim Toro, BuxpoBa Tpy0a He norpedye 101aTKOBOTO
00CIIyroByFOUOTr0O MEPCOHANTY, a TAKOK MOXKE MPAIIOBATH 32
HasBHOCTI B Ta3i PiWHU, M0 KaTETOPUIHO 3a00POHEHO I
TypOOJeTaHIEPHHX arperaTiB.

3riIHO0 3 TPOBENECHUMH EKCIIEPUMEHTAIBHUMHU Ta YH-
CEJIbHUMHU JIOCIIDKEHHSIMHU, ONMCAaHUMH Yy IyOmiKamisx [2,
3], BuxpoBa TpyOa MOXe DOCTaTHHO €(hEeKTHBHO IpaIlfoBa-
THU TIPH CIIiBBiHOIICHHI BXiTHOTO THUCKY JI0 BHXIiIHOTO, IO
Oinbime Bix 2. [mmmmu cnosamu, =P /P >2. 3a MeHIIHX
3HAa4YeHb I[HOTO TIapamMeTpa BUXpoBa Tpyda He 3abe3medye
HEOOXiTHOTO PIBHS TEMIIeparyp XOJOJHOTO Ta Tapsdaoro

BUOOBYBAHHA HA®TU | TA3Y

of gas is fully dependent on separation technology used.
As far as the most common gas processing technology in
Ukraine is low-temperature separation with Joule-Thom-
son effect, the efficiency of such system is fully dependent
on pressure drop at the choke or pressure regulator. Dur-
ing field development, at some moment arises such situa-
tion that the amount of pressure drop becomes not enough
to efficiently utilize J-T effect and provide the quality of
natural gas according to specs. As a result unprocessed
gas flows to PRS that causes the need of higher heating
the outlet stream to avoid hydrocarbon condensation in
pipeline.

Thus, at least two potential drawbacks on gas processing
plants with PRS can be identified:

1) J-T effect becomes not efficient during pressure
drop decrease at the throttle or pressure regulator that causes
the decrease in gas processing quality;

2)  the burning of fuel gas to maintain hot liquid tem-
perature and the consumption of electric power to perform
hot liquid circulation in the heating system.

As we think, one of the methods that could help to re-
move such drawbacks could be the implementation of a vor-
tex tube into low-temperature separation system in place of
J-T valve or in combination with it. With Ranque effect that
occurs in vortex tubes inlet gas stream is divided into cold
and hot ones. The last could be utilized for heating the natu-
ral gas at PRS instead of hot liquid while saving fuel gas and
electric power. At the same time cold stream temperature is
lower than that achievable with J-T effect which enhance the
quality of natural gas processing.

To remove or minimize the above-mentioned drawbacks
the typical low-temperature separation with J-T effect
should be modified. The new technology should provide
sufficient removal of water vapor and hydrocarbon conden-
sate from gas and maintain the required level of PRS outlet
gas temperature. Vortex tube could be utilized in place of
J-T valve or in combination with it in such modification.
The thermodynamic efficiency of vortex tube is stated be-
tween J-T valve and expander but vortex tube significant-
ly exceeds the last by simplicity of design and reliability.
Besides, with vortex tube there is no need for additional
service personnel. Also it can operate on natural gas with
some content of free liquids that is strictly prohibited for
expanders.

According to the results of conducted experimental and
numerical investigations published in [2, 3] the vortex tube
can efficiently operate at inlet to outlet pressure ratios higher
than 2. In other words, = = P, /P_ > 2. At lower values of
this parameter the vortex tube could not provide the required
levels of cold and hot streams temperatures for effective uti-
lization in gas processing systems with PRS. On this basis
the utilization of vortex tubes is the most optimal case for
PRS and low-temperature separation systems with PRS in
which natural gas is supplied to transportation pipelines and
household consumers at the same time.

The proposed modification of low-temperature separation
system can be effectively implemented on one of the plants
of Gas Production Division «Poltavagasvydobuvannya». For
example, let’s consider Kopulivska Temporary Pilot Plant on
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MOTOKIB I €()eKTHBHOTO BHKOPUCTAHHSA Yy CHCTEMaxX
miarotoBku razy 3 I'PC. Buxomsau 3 1p0ro, BUKOPH-
CTaHHsI BUXPOBOI TPyOH € HalOLIbII ONTHMAILHUM Ha
YCTaHOBKaX HH3bKOTEMIICpATypHOI cerapariii, je ras
MOJIA€THCSI HE TUTBKU Y MariCTPaIbHUI ra3o0MpoBi, aie
i 171 TOOyTOBHUX MOTPEO HACEICHHS, a TAKOK HA aBTO-
MaTUYHAX Ta30PO3MOIUTEHIX CTAHIIISAX.

Taky wmoamdikamico yCTaHOBKH HH3BKOTEMIIEpa-
TypHOI cenapailii Moxke OyTH e(eKTUBHO peallizoBaHO
Ha ojHii i3 ycraHoBoK ['TIY «IlonraBaraspumoOyBaH-
Hs». [ npukinany posnistHemo Komwmisesky T/ITY,
Ha SKif 9aCTHHA Ta3y MOMAETHCSA Y MariCTpalbHUIl ra-
30MpOBiA 13 cepeaHbopivHNM THUCKOM 2,3—-3,0 MIla, a

3
3
3

iHIIa penykyerbes mo tucky 0,8 MIla ta, mpoxomsun
4yepe3 JIOAAaTKOBHH CerapaTop, MOJaeThCs B OOy TOBHIA

Puc. 1. Tunosa TexHonoriuHa cxema YHTC i3 nogasanHsm rady Ha ATPC / Fig. 1. Typical process flow
design of the low-temperature separation system with gas supplying to the pressure reduction station

ra3ormpoBij, mo Wae B micto [lonrapa. TumoBy TexHO-
JIOTIYHYy CXeMy TAaKHX YCTaHOBOK 300paxxeHo Ha puc. 1.

YV mporieci po3poOKK poAOBHUIA BXiTHHA THCK Ha ycTa-
HOBIIi 3HWXKYETHCS, 110 TIPU3BOJIUTH 10 HEe(PEKTUBHOCTI BU-
KOpHCTaHHs ApocertoBanns Ha mryiepi [IP-1 (qus. puc. 1).
3 JacoM THCKY Ta Je0iTy ra3y cTa€ HeJOCTaTHbO ISl OJTHO-
YacHOI Moj1adi y MaricTpaibHHI Ta OOy TOBHUI ra301IPOBO/IH.
Toni ycTaHOBKY IEpeBOATH Ha MOCTaYaHHs ra3y TUIBKH I10-
OyTOBHM CIIO)KMBaYaM.

Juist noTpuMaHHsT yMOB mojadvi ra3y Juisi M. [lonrasu 3
Komuniserkoi TAITY, To6T0 3 TeMneparyporo He Huxue 0 °C,
BUXIJHUI TTOTIK ra3y IpOIYCKaeThCs Yepe3 TeII00OMIHHUK
T-2, ne mixirpiBa€Thes 3a JOMOMOTOIO TapAY0Tro TETUTOHOCIS.
[Ipn poMy It HarpiBaHHS TETUIOHOCIS CTIANIOETHCS MPH-
POIHUIA Ta3 Ta BUTPAYAETHCS SIEKTPOSHEPTist sl 3/1iHCHEH-
HS LUPKYIsIiil y cucremi. Ha Hainy IyMKy, YHUKHYTH TaKUX
BUTpaT a00 MiHIMI3yBaTH IX MOKHA 3aB/ISIKH BIIPOBAPKCHHIO
TEXHOJIOT1YHOI CXeMH, OMUCAaHO1 y poOoTi [4] Ta 300pakeHOT
Ha puc. 2.

[TocraBnena 3aiaya BUPILIYETHCS 32 PaxyHOK TOTO, IO
B YCT@HOBII JUISi HU3BKOTEMIIEPATypHOI MiJATOTOBKH IMPH-
poaHoro rasy 3amictb apocens [1IP-1 BcTaHOBIIOETHCS BU-
xposa Tpyba BT, sika 3a0e3nedye onHOYacHe HarpiBaHHI
Ta OXOJIO/DKEHHS rasy. 3arpolloHOBaHA YCTaHOBKA IPALIOE
Tak. [ImacToBwmii Ta3 i3 CBEPATIOBHH MOJAETHCS y CENapaTrop
nepiioro crymnenst C-1, e BIAAUIAIOTH TIACTOBY PiAMHY Ta
MeXaHI4HI JOMIIIKH, PeKyllepaTUBHUAHN Teru1ooOMiHHUK T-1,
y SIKOMY Ta3 OXOJIO/KYETHCS XOJIOJHUM TIOTOKOM 13 cerapa-
Topa npyroro cryneHs C-2 Ta HaJIXOAWTh y BUXPOBY TPyOy

which outlet gas stream is divided into two parts. One part
of gas is supplied to transportation pipeline with an average
annual pressure of 2,3 — 3,0 MPa. The other part is reduced to
0,8 MPa and passing through additional separator is supplied
to the low-pressure pipeline of Poltava city. Typical process
flow design of such plants is shown in Fig. 1.

During the field development plant inlet pressure de-
creases that leads to inefficiency of J-T effect on throttle JT-1
(Fig. 1). After some time the levels of gas flowrate and inlet
pressure become insufficient to simultaneously supply gas to
transportation and low-pressure pipelines. Then the plant is
switched to supply gas to household consumers only.

To ensure the gas spec for Poltava, t.e. with temperature
not less than 0 deg C, outlet gas stream passes through heat
exchanger E-2, in which it is heated by hot liquid. As usual
for such systems fuel gas is burned to maintain the hot liquid
temperature and electrical power is consumed to perform hot
liquid circulation in the system. We suggest to implement
process flow design published in [4] and shown in Fig. 2 to
avoid or minimize such expenses.

The problem is solved by installing a vortex tube VT in
place of J-T valve JT-lat the low-temperature separation
plant, which provides simultaneous gas cooling and heating.
Suggested system operates as follows. Reservoir fluid from
wells flows to the first stage separator S-1, in which free lig-
uids and mechanical impurities are separated from gas, recu-
perative heat exchanger E-1, in which inlet gas is cooled by
cold stream from second stage separator S-2 and flows into
the vortex tube VT. After passing the vortex tube VT cold

stream flows to the second stage separator S-2 and hot

stream is directed to recuperative heat exchanger E-2 to

- heat the gas from the third stage separator S-3 that was

Sy s | O previously heated by hot liqqid. Separated gas from 'Fhe

™ B e i second stage separator S-2 is directed to recuperative

) il yar ar w| heat exchanger E-1 to cool the inlet stream from the first
R, -1 = | l — stage of separation and then, dried and conditioned, it
e - flows through the pressure regulator JT-2 to the third

1 c-3 2 stage separator S-3. Cold gas from third stage separator

- K J ST S-3 is. dirgcfced to the recuperative heat exchanger E-2

T e - in which it is heated by the hot stream from the vortex

tube. After that gas meets the spec and could be supplied

Puc. 2. MogudikosaHa cxema YHTC i3 nopasanHsm rasy Ha ATPC / Fig. 2. Modified process flow design through the low-pressure pipeline to household con-
of the low-temperature separation system with gas supplying to the pressure reduction station sumers. Liquids from the first, second and third stages
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BT. ITicns BuxpoBoi Tpyou BT oTpumaHuii XomomHmi
TIOTIK a3y HAIpaBJISETHCS y CEmaparop APYIoro CTy-
nenst C-2, a rapsunii MOTIK Ta3y HAINpPaBISETHCS Y pe-
KyTepaTuBHUI Ter1000MiHHUK T-2 [1st migirpiBy rasy,
0 HAJIXOAWTH 13 cemaparopa TpeTtboro crymens C-3,
SIKHMI paHiIle MiIirpiBaBCs TEIIOHOCIEM Bill BOTHEBOTO
migirpiBaga. BigcemapoBaHuii ra3 i3 cemaparopa Ipy- [
roro ctymnens C-2 HampaBiIsS€eTbCA Y PEKyIepaTHBHUH
Ter1000MiHHUK T-1 11 OXOJIO/PKEHHS BXITHOTO Ta3y
i3 TEpILOro CTYIEHS, IICIIsl YOro CyXHW Ta OUYMIIECHHH
ra3 uepes perymorounii kinanad 1IIP-2 nogaerses Ha ce- |
mapatop TpeThoro crymneHs C-3. OUuIeHni XOIoIHIH
ra3 i3 cemaparopa Tpetboro crymness C-3 HanpaBIsIeThb-
Csl HAa PEKYIEpaTHUBHUN TEII000MiHHKMK T-2, sikuil mi-
JUTPIBAETHCS TapsSYUM TIOTOKOM i3 BUXPOBOi TpyOH Ta
B)K€ IIJITOTOBJIEHUM IO BIAIIOBIAHOI SIKOCTI HAJAXOIUTH
y BUXIZHUI TOOYTOBHH KOJIEKTOp ISl IMOAAJIBIIOTO
TPaHCIIOPTYBaHHS HaceleHHIo0. PimmHa i3 cemaparopa
neproro ctynens C-1, apyroro crymens C-2 Ta cemna-
paropa tpetboro crynensi C-3 norparuise y tpudasti
PO3ILUTOBAYI 3 BiIIOBITHIMHU THCKaMHU.

Jns miaTBEepUKEHHS MOXKIMBOCTI BUKOPHCTAHHS

BWOOBYBAHHA HA®TU | TA3Y

Puc. 3. 3aransHuii BUrnsia MicList MOHTaxy BUXpOBOi Tpybu Ha yctaHoLi HTC / Fig. 3. General view of the
installation site of vortex tube at the low-temperature separation plant

BUXPOBHX TPYO y TaKUX CHCTEMaX OyJI0 IPOBEICHO [10-
CJTiTHO-TIPOMHCIIOB] BHMPOOYBaHHSA, SIKI AETATHHO OMHCAHO
y po6oTi [2]. BuxpoBy TpyOy OyJsi0 BCTAHOBJICHO Ha YCTAHOB-
ui HTC napanensHO 10 npocens (puc. 3).

Mertoro Takux BUIPOOYBaHb OyJ0 BHU3HAYEHHS TEpMO-
MUHAMIYHOI e()eKTUBHOCTI BHXPOBOi TPyOW 3a pI3HUX Bij-
HOIICHb THCKIB M BXOIOM Ta BHXOIOM, a TaKOX Pi3HUX
CHIBBIHOIICHL BUTPAT XOJOJHOTO Ta Iapsdyoro IOTOKIB.
3a JI0IOMOrol0 TepMoIap Ta PTyTHUX TEPMOMETPIB BUMi-
pIOBalI TEMIIEpaTypy Ha BXOAI y BHXPOBY TpyOy, a Takox
Ha BHUXOJAX XOJIOIHOTO Ta rapsuoro MOTOKIB. Y pe3ynbrari
TIPOBEICHHS OCIIKEHb OyI0 OTPUMaHO HEOOXiIHI Xapak-
TEPUCTHUKH, SIKI Jajld MOXJIIMBICTb IPOBECTH PO3PAXyHOK
MarepiaJbHO-TEIIOBOrO 0OajlaHCy 3alporOHOBAHOT BHIIE
TEXHOJIOTIYHOI CXeMH. 3TiJJHO 3 IPOBEJACHUMH PO3paXyHKa-
MU BHKOPHCTaHHS BUXPOBOI TPyOM Ia€ MOXKIJIMBICTH 3HU-
3UTH TeMIIeparypy cemapariii y cemapartopi C-2 (muB. puc.
2) 6inbine Hixk Ha 30 % npu nepenaxi Tucky 3 2,5 Mlla Ha
0,8 MIla nopiBHSIHO 3 BUKOPHCTAHHSM Jpocesst. Y Toil xe
Yyac BHKOPHCTAHHS rapsiuoro MoTOKy 3 BUXpPOBOI TpyOH nae
3MOTY MOBHICTIO 3aMIHUTH TEIUIOHOCIH Yy TEIUIOOOMIHHHKY
T-2 Ta orpumaru Temneparypy raszy Ha suxoxi 3 ['PC Ha pis-
Hi +4 °C.

BucHoBku

TexHIYHMM pe3yJabTaTOM BUKOPUCTAHHS TaKOT MOIU(IKO-
BaHOT CXeMH € OTPUMaHHs OUIBII HU3BKOT TEMIEpaTypu Xo-
JIOTHOTO TTOTOKY, HIK y 3BHYaiHOMY JAPOCEILHOMY IIPUCTPOT,
1 B TOH ke 4ac OTPUMaHHS Tapsdoro MOTOKY, SKHH 3acTo-
COBYIOTB /ISl MIAIrpiBaHHS Tra3y, 0 MOJAETHCSA Y BUXITHUI
10Oy TOBUI KOJIEKTOP, SIKUI 3a3BUYAii 1Mi{IrpiBaBCsl TEILIOHO-
cieM i3 BUKOPHCTaHHSIM BOTHEBOTO Iijirpiadya. Takox mae
MiCIIe 3MEHIIICHHS EHEProBUTPAT 1 eKCITyaTalliiHIX BUTPAT
TTOPIBHSHO 3 BUKOPUCTaHHAM TypOomeTanaepa i migirpipada
rasy Ta IIOKpalleHHs SKOCTI i JTOTOBKH HPHPOIHOTO Ta3y 3
OUIBII TPUBAIMM TEPMIHOM PO3POOKH POIOBHUIIIA.

of separation flow to three-phase separators with relevant op-
erating pressures.

To confirm the possibility of utilizing vortex tubes in
such systems several pilot-scale tests were carried out, which
are described in details in publication [2]. Vortex tube was
installed on low-temperature separation plant parallel to J-T
valve (Fig. 3).

The purpose of these tests was to define thermodynamic
efficiency of vortex tube at different inlet to outlet pressure
ratios and different ratios of cold and hot streams mass frac-
tions. The temperature was measured with thermocouples
and mercury thermometers at the vortex tube inlet and also
at cold and hot streams outlets. As a result of research, the
required characteristics were achieved that made it possible
to calculate heat and material balance of suggested process
flow design. According to performed computations the utili-
zation of the vortex tube allows to decrease temperature at
the second stage separator S-2 (Fig. 2) more than by 30% in
comparison with utilizing the J-T valve at pressure reduction
from 2,5 MPa to 0,8 MPa. Besides, the proper utilization of
hot stream from the vortex tube allows to fully replace hot
liquid in the heat exchanger E-3 by gas and achieve the PRS
outlet gas temperature at the level of +4 deg C.

Conclusions

The technical result of implementing the proposed modi-
fied process flow design is the achievement of the lower cold
stream temperature than with the common J-T valve and at
the same time receiving the hot stream which is utilized to
heat gas supplied to the low-pressure pipeline previously
heated by heat carrier by using fired heater. Reducing energy
and operating costs is also taking place compared to using
the turbo expander and gas heater for improving gas process-
ing quality along with the possibility of longer reservoir de-
velopment time.

ISSN 2409-7500. HadbTtorazoBa rany3sb YkpaiHu. 2015. Ne 5




30

BUOOBYBAHHA HA®TWU | TA3Y

[IpoBiBmmn MpUOIM3HY OILIHKY €KOHOMII pecypciB y po3-
paxyHKy Ha 7 MICAIIB OMAJTIOBAIFHOTO TEPiOay, MU BH3HA-
YHJIH, 110 Y pa3i BAKOPUCTaHHS BUXPOBOi TpyOu Ha Komwitis-
cekiit T/IITY MoxHa OBHICTIO 200 YaCTKOBO 3¢KOHOMHTH 3a
pik monax 75 MBt*roz enekrpoeneprii Ta monan 150 tie.m?
npuponHoro razy. Kpim toro, BUIoOyTOK KOHICHCATY i JBH-
IIUTHCSA 33 PAXyHOK OLTBII HU3BKOI TEMIIepaTypH Cermaparii,
AKy 3abe3nedye Buxposa TpyOa. IIpeacrasiena TexHomoris
He 00Me)KyeThesl BukopucTaHHsM Ha KomwmmiBebkiit TITY
Ta MOXKe OyTH C()CKTHBHO 3aCTOCOBaHA Ha Oy/Ib-sKiil 1HIIIN
YCTaHOBIII, SIKa MPAIIOE 33 CXOKOI0 CXEMOIO.

OTXe, BUKOPUCTAHHS BUXPOBUX TPyO Yy CKJIaJi yCTaHO-
BOK HU3BKOTEMIIEpaTypHOI Cemaparii JOOMO)Ke i IBUIIATH
SIKICTB I ITOTOBKY a3y, SMCHILIUTH BUTPATy CHEPrOHOCIIB Ta
MPOJOBKUTH 11epio]] eheKTUBHOI POOOTH yCTAaHOBKH.

After rough estimation of saving the resources per
heating period of 7 months, we determined that it could
be saved more than 75 MW*h of electric power and
150 Mscmd of natural gas during one year in case of using
the vortex tube at the Kopulivska Temporary Pilot Plant.
Additionally, condensate recovery increases due to lower
separation temperature that is provided by the vortex tube.
The proposed technology is not limited to the use at the
Kopulivska Temporary Pilot Plant and can be effectively
applied to any other plant, which operates on a similar
scheme.

Thus, the utilization of vortex tubes at low-temperature
separation plants will help to increase gas processing quality,
reduce energy consumption and extend the period of efficient
plant operation.
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Buiiwina  0pyxom  yKpaiHcoko-nonvcoka moHozpagia
«Hayxoei 0CHO8U 600CKOHATEHHS CUCHIEM PO3POOKU PO-
dosuwy, nadmu i easy». Aemopu 6i0 Yipainu - B.IL Ipu-
wianenxo, 10.0. 3apy6in, B.M. Iopowenxo, M.B. Iynoa,
B.JIL. Ipoxonis, B.C. Boiixo, O.A. Illsudxuii, 8i0 [omvui -
M. Llexanoscvxa, I1. Cyx, I Tuukoecoka.

Y moHozpaii suknadeqo Hayko6o-06spyrmosani no-
TIONHEHHST w000 BOOCKOHATIEHHS CUcmeMm pO3poOKU Hapmo-
8ux i 2a306ux po0osuLl. 3HauHy yeazy npudineno memooam

ma 2i0poOUHAMIYHUX 00CTIIONEeHb, 100Y008i (isuKo-2eono-
2iuHux Modeneil 0715 BUSHAUEHHS EMHICHUX Xapaxmepuc-
MUK KOZEKMopis, nposedeHH10 iHOUKAMOPHUX 00CTIONEeHD
MiscceeponosunHozo npocmopy. Copmynvosano ocrosHi
NPUHUUNY A TEXHONI02IMHI | peazeHmHi 3acobu ynopso-

mu ix peanizaugi.

Moroepagis npusnauena 075 WUPOK020 KON iHIICEHEPHO-MEXHIMHUX | HAYKOBUX NPA-
yiHuUKie, acnipanmie ma cmyoenmis Hapmozazo8020 npoginio.

Y esudasruymsi
sutiuna  Opykom  KHuea
O.A. Mauuncokozo ma IL1. Toninenuypkozo. Y uiii po3-
GNTHYMO MeopemuuHi 0CHOBU Npouecy 2i0pokpexiney,
HABEOeHO XAPAKMEPUCINUKY NPOOYKMie, Muny Kama-
ni3amopis, onucano eiopokpexine OUCHUNAMHOI ma
3A7IUWKO0601 CUPOBUHY, 2i0poeeHi3auilini Memoou nepe-
POOKU mBepoux 8yenes00Hi8, 6UCBiMAEHO BUPOOHULMEO
800eHbBMICHO020 2a3y, A MAKoH Micue 2i0pokpexiney y
cmpykmypi Hagmonepepo6Hoeo 3a800y. Budanus 6yde
KOpUCHUM O7IS1 HAYKOBUiB, iHIEHEPHO-MEXHIHUX Npa-
YiBHUKIB HAPM02a30801 2a71y3i, a MAKOHC 0718 BUKIAOAH-
HS HABYATLHUX OUCYUNTIIH.

Jlvsiscvkol

nonimexHiKu
«Tidpokpexine» asmopie

ISSN 2409-7500. HacbTorazoBa rany3b YkpaiHu. 2015. Ne 5

Y 2015 poyi 6u-
iwina  OpyKom HAayKkosa

CTPATITFSE FAFLR s
HASTETL IR MNANFRMITRA M . .
i monozpadis «Cmpameziu-
TELHOAGMI, MELLH S .
T4 BRCTRYMENTH PEANCIALS He ynpasninHa Hapmoea-

308UMU  NIONPUEMCINBAMU
Yipainu: mexronozii, mexa-
Hi3MU Ma tHCMpymeHmu pe-
anizayii», aemopamu AKoi €
KkaHo. exoH. Hayk B.I. Bapya-
6a, 0-p exon. Hayk A.C. Bu-
MEUUbKULl,  KAHO.  EKOH.
Hayk  O.M. Bumsuupka,
Kano. exoH. nayx YA. Bum-

BUUYKA, KAHO. eKOH. HAyK
H.O. Ineadsun, 0-p exor. nayk JI.C. Ion06k08a, KaHO. eKoH.
Hayx Lb. 3anyxnsx, kano. exor. nayx PT. Maupkis, 0-p exot.
Hayx B.IL. ITempetio, kano. exon. nayk C.A. IToGizyH, Karo.
exon. nayx I.C. Cmenaniox.

Y monoepadii posenamnymo npobnemu eexmuerozo
BUKOPUCMAHHS MeXHO02ill, MEXAHI3MI8 Ma THCMPYMeH-
mie cmpameziuHo20 ynpasmiHHs OisbHicMIo nionpuemcme
BIMYUBHIHOI HAPIM02A30801 2a71y3i, A MAKON NPUEEIeHO
pesynomamu  meopemudHuX i Memooono2iuHux 00ci-
03ceHb, PO3Po6KU i anpobayii npaxmuuHux pexomeHoauitl
0715 yNpaBiHCLK020 KOpnycy, Ppaxisuis, suxnada4is zany-
3660 OpiEHMOBAHUX YHiBepCUMemi8, cmydenmis, acnipan-
mi6 i 3000y8a4i6 HAYKOBUX CHIyNeH6.




