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IIpoananizosamo epexmusHicmv pobomu MUNoBUX yCmaHo80K HU3bKomMeMnepamypHoi cenapauii 3 6UKOPUCIAHHAM Opocesb-
epexmy i nodanvuL010 nodaueio 2asy NO6YMoBUM CHONUBAUAM. 3ANPONOHOBAHO MOOUPIKOBAHY MEXHONIOZIUHY CXeMY HUbKOmeMNepa-
mypHoi cenapauii, y sAxiti Opocenv 3amineHuti Ha suxposy mpy6y. Ompumani pe3ynomamu po3paxyHKie noKasyomo 3Ha4Hy efekmus-
Hictb MaKoi mexHonozii ma niomeepory0mv MOKIUBICL eKOHOMIT eHepeopecypcié NOPIBHAHO 3 MUNOBOI CXEMOTO.

KinrouoBi croBa: HU3bKOTEMIIEpATYpPHA CeTapailis, Apocenb-edeKT, BUXpoBa Tpyba.

IIpoananusuposana sPdexmusHocms pabomvl MuUN0EbIX YCMAHOB0K HUSKOMEMNePAmypHOU cenapauuu ¢ Ucnonab308aHuem

opoccenv-agppexma u oanvHetiuieii nodaueil 2aza 6vimosvim nompebumensm. IIpeonorena moOUPUUUPOBAHHAT MeEXHOIOZUHECKAS
cxemMa HUBKOMeMNepamypHoil cenapanuu, 6 Komopoti Opoccenv 3amerer Ha 8uxpesyio mpy0y. Ilonyuentvie pe3ynvmampl pacuemnos
NOKA3bLBAIOM SHAUUMENLHYI0 IPPHEKMUBHOCMD MAKOIL MEXHONO0ZUU 1 NOOMBEPHIAM BOIMOHCHOCHY IKOHOMUU IHEP2OPECYPCO8 1O

CPasHeHUuI0 ¢ Munosoil cxemoii.

KnoueBple cmoBa: HUSKOTeMIIEpaTypHas cerapars, fpoccenb-addekt, Buxpesas Tpyba.

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.

['a3omocrayaHHs HACEICHUX MYHKTIB 1 OKPEMHX CIIOXKH-
BadiB ra3y 3MIHCHIOETHCA 3@ JOITOMOTOIO Ta30PO3MOAUTEHIX
cranmii (I'PC) maricrpanbHux ra3onpoBois. Temmeparypa
razy, 1o Buxomuts i3 I'PC, y xozi nmpoekTyBaHHs ra3oIpo-
BoziB pertamentyetbest JJbH B.2.5-20-2001 Ta BcTanosro-
€ThCs Ha PiBHI He HIDKYe MiHyc 10°C mix Jac momaBaHHS B
HiJI3eMHi Ta30IPOBOIH. Y TOH K€ Yac MPaKTHKa eKCIUTyaTa-
1ii 'PC cBiguuTh, 10 IS TOTIePEHKEHHS T1paTOy TBOPEHHS
Ha I'PC i3 npoaykruBHicTIO 10 50-70 THC. M>/rO/ TOLIIBEHO
nependauary 3araibHui migirpis ragy [1]. [ligirpiBanss mo-
BUHHO 3a0€3IeUNTH TeMIIeparypy rasy BHIIE TeMIlepaTypu
ToukH pocu Ha 5—7 °C. JIns migirpiBaHHs rasy 3aJIe)KHO Bif
npoxyktuBHOCTI [ PC 3aCTOCOBYIOTH Pi3HI THIH ITiTiTpiBadiB
1 TerUI00OMiHHUX amapaTiB. HalO1IbII MOMHUPEeHNM € BUKO-
PHUCTaHHS TEIIOOOMIHHHKA, Y OJHOMY 3 IPOCTOPIB SIKOTO
LUPKYIIIOE Tapsiyuidi TEIUIOHOCIH. /Iyt HarpiBaHHs Teruio-
HOCISI CITAJIIOETHCS] 3HAYHA YaCTUHA TIPUPOIHOTO razy, SIKHid
Mir OM OyTH BUKOPUCTAHHH JUIS MPOJAXy, T4 BUTPAYAETHCS
€JIeKTPOCHEPTis IS 3MIMCHEHHS IUPKYIISIii TeIUIOHOCIA Y
cucteMi. O0G’eM BUTpATH MAJMBHOTO Ta3y BiIPi3HAETHCS Ha
KOXKHIH YCTAQHOBII HiJTOTOBKH Ta3y Ta MOXKE 3MiHIOBAaTHCS
B MEXax BiJ| KUJIbKOX COTECHb JIO KIIBKOX THUCSY KyOIYHHX

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 3aJeKHO Bif 00’eMy rasy, sSKuii HeoOXiTHO
MiAirpiBaTy, Ta KIIMaTHIHAX YMOB.

JlocuTh 4YacTo Tra3opo3MOJUIbHI CTAaHIIT PO3MILLYIOTH
Oe3rnocepeIHbO Ha YCTAHOBKAaX IMiJrOTOBKH Ta3y. SIKicTh
IIFOTOBKM Ta3y y TaKOMY BUIIAJIKy TIOBHICTIO 3aJISKUTH BiJl
BHUKOPUCTAHOI TexHouorii cenapamnii. OCKUIBKNM HaHOLIBII
momupeHa B YKpaiHi HU3bKOTEMIIepaTypHa Cemapaiis 3 BU-
KOPHCTAHHAM JIPOCETb- e(peKTy, TO e(EeKTHBHICTH TaKOl CHUC-
TEMH MOBHICTIO 3aJIC)KUTh BiJl HASIBHOTO Iepernay THCKY Ha
Jpocesi abo peryisTopi THCKy. Y XOi eKcrutyaranii pojo-
BUIII 13 YaCOM BHHUKA€E TAKUH MOMEHT, KOJIM TIEpPETIaly THCKY
CTa€ HEJJOCTATHBO JJISL SIKICHOI MIATOTOBKH ra3y 3a JOIIOMO-
TOI0 IPOCENIOBaHHA. YHachinok 1poro Ha ['PC morparmiste
HEIOCTATHBO IiATOTOBJICHHUH a3, M0 MPHU3BOANUTE 1O HE00-
X1IHOCTI OLIBIIOTO MiIrPiBaHHS BUX1IHOTO MOTOKY 3 METOIO
YHHUKHEHHSI KOHJICHCAllii PiJMHU Y Ia30IPOBO/II.

TaknMm 4yMHOM, Ha ycTaHOBKax MiaAroroBku rasy 3 I'PC
MOYKHA BUIITUTH MIPUHANMHI JIBa MOTCHIIIHHUX HEIOMIKHU:

1) HeedeKTHBHICTH IPOCETIOBAHHSA 31 3MCHIICHHSIM
nepenaay TUCKY Ha Ipocerti abo peryasTopi THCKY, IO MPH-
3BOJMTH JI0 MOTIPIICHHS SKOCTI MiATOTOBKH Ta3y;

2)  CrHaJIoBaHHS NPUPOAHOTO raszy JUisl IiAirpiBaHHS
TETUIOHOCIS Ta BUKOPUCTAHHS €JIEKTPOSHEPT il AU 3A1HCHEH-
HS IOTO HUPKYIAIIT Y CHCTEMI.

Ha mamry mymKy, omHAM i3 METOAIB, IO JACTh MOKIJIH-
BICTh YCYHYTH TaKi HEIOJNIKH, € BHKOPHUCTAHHS BHUXPOBOI
TpyOM y cucTeMi HH3bKOTEMIIEpaTypHOI cemnapariii 3amicTh
Jpocesst abo ix nmoenHaHHs. 3a gornomororo edekry Panka,
SIKHH pealli3y€eThesl y BUXPOBUX TPyOax, BXiJHUH MOTIK razy
PO3IUTAETRCS HA XONOMHWHA Ta rapsunid. OCTaHHIA MOXKe
Oyt BUKOpHUCTaHUWH A HarpiBaHHS rasy Ha ['PC 3amicTh
TETUIOHOCIS, 3a0INa/KYIOUN MPHU L[bOMY NaJUBHUI Ta3 Ta
esiekTpoeHeprito. HaromicTs TeMmeparypa XoJoAHOI YacTH-
HU TIOTOKY € HIDKYOIO, HDXK ITiJ] Yac 3BHYalHOTO JIPOCEIIIo-
BaHH, 1110 MiJBUIIYE SKICTH MiJTOTOBKH Ta3y 710 TPAHCIIOP-
TYBaHHS.

Jns ycyneHHs abo MiHIMI3aIil pO3DIIHYTHX BHUIIE HE-
JIOTIKIB HEOOXiTHO YIOCKOHAIUTH CTaHIAPTHY CHCTEMY
HU3BKOTEMIIEPATypHOI cernapailii, B siKii BUKOPUCTOBY€EThCS
npocenb-edekT. HoBa TexHOJOrisI MOBUHHA 3a0e3IedyBaTu
JIOCTaTHE BUITYYCHHS BOJIOTHU Ta BYIJICBOJHEBOIO KOHJICHCA-
Ty 3 ra3y, a TAKOX 3a0e31meqyBaTi HeOOXiTHUI PiBeHb TeMIIC-
parypu razy Ha Buxomi 3 ['PC. Takoro monudikariiero Moxe
MOCITYKUTH BUKOPUCTAHHS BUXPOBOI TPYOU 3aMICThb ApOCes
(peryiroruoro Kiramnana) abo pa3oM i3 HUM. 3a TEPMOIHHA-
MIYHOI0 e()eKTUBHICTIO BUXpOBa TpyDa 3aiimMae MoJIOKEHHs
MK JJpOCEJIeM 1 IeTaH/IepoM, O/IHaK 3HAYHO ITePEBEPIIyE OC-
TaHHIH 32 MPOCTOTOIO KOHCTPYKIIi Ta HAAIHHICTIO B EKCILTY-
aramii. KpiM Toro, BuxpoBa Tpy0a He moTpedye JOTaTKOBOTO
06cnyr013y}0qoro TEPCOHaIy, & TaKOK MOXKE NPAIOBATH 32
HasIBHOCTI B ra3i piIMHH, 110 KaTerOPUYHO 3a00POHEHO s
TypOOAe€TaHIEpHHX arperaris.

3riiHO0 3 TPOBEICHUMH EKCIIEPUMEHTAIFHUMHU Ta YH-
CCJNIBHUMU JOCIIDKCHHSIMH, ONHCAHUMH y MyOmiKamisx [2,
3], BuxpoBa Tpyda MOXKe JOCTaTHHO €(hEeKTUBHO IPAIIOBa-
TH TIPY CHIBBiAHOIIEHHI BXiHOTO THUCKY JO BHXIiJIHOTO, IO
Oinbie Bin 2. Inmumu cnosamu, ©=P [P >2. 3a MeHmHIX
3HA4YeHb I[HOTO MapamMeTpa BUXpoBa Tpyda He 3abesmedye
HEOOXIZTHOTO PIBHS TEMIIEPaTyp XOJOAHOrO Ta Tapsyoro
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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 «Poltavagasvydobuvannyay. For
example, let’s consider Kopulivska Temporary Pilot Plant on
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MOTOKIB JJ1s1 €()EKTUBHOTO BUKOPUCTAHHS y CHCTEMax
nigrotoBku razy 3 I'PC. Buxozasiuu 3 1b0r0, BUKOPH-
CTaHHs BUXPOBOI TpyOH € HalOUIbII ONTHMAIBHUM Ha
yCTaHOBKaxX HU3bKOTEMIIEpPATypHOiI cemaparii, J1e ras
TIO/IAETHCS HE TUIBKU Y MaricTpaslbHUN ra30IpoBi, ane
it 1 TOOyTOBHUX MOTPeO HACEICHHS, a TAKOK Ha aBTO-
MaTHYHHX Ta30pO3MOAUIBHIX CTaHIIISX.

Taky Moau@ikallilo yCTaHOBKM HH3bKOTEMIIEpa-
TypHOI cenapatlii Moxke OyTH e(EeKTHBHO peai3oBaHO
Ha ofHiA i3 ycraHoBOK [TIY «IlonraBarasBumoOyBaH-
Hs». g npuknany posmistaeMo Kommmisesky TAITY,
Ha SKif 9acTHHA Ta3y MONAEThCS Y MariCTpaNbHU ra-

30MPOBiA 13 cepeaHbopiyHUM THCKOM 2,3-3,0 MIla, a
iHIa pexykyerbest 1o tucky 0,8 Mlla ta, mpoxonsun

Puc. 1. Tunoea TexHonorivHa cxema YHTC i3 nofaeaHHam rasy Ha ATPC / Fig. 1. Typical process flow
design of the low-temperature separation system with gas supplying to the pressure reduction station

4yepes3 JOAATKOBUII cemaparop, MOJA€eThes B TOOYTOBHM
ra3ormnpoBif, mo e B micto [lonraBa. Tunosy TexHO-
JIOTIYHY CXeMy TaKHX YCTaHOBOK 300pakeHo Ha puc. 1.

YV mporueci po3poOKH poJOBHINA BXiTHUHA THCK Ha yCTa-
HOBIII 3HIXKYETHCS, IO TTPU3BOIUTD 10 HEC(PEKTUBHOCTI BU-
KOPHCTaHHS ApoceioBanus Ha mtyiepi [IIP-1 (xus. puc. 1).
3 4acoM THCKY Ta [1e0iTy rasy cra€ HeIOCTaTHbO IS OTHO-
YacHOI 110141 y MaricTpaibHHi Ta OOy TOBUI Ta301IPOBO/IH.
Toni ycTaHOBKY NEpeBOASATh Ha ITOCTAYaHHs ra3y TUIBKH I10-
OyTOBUM CITO)KHBaYaM.

Jna morpuMaHHS yMOB momadi raszy mus M. IlonraBm 3
Komumiseskoi T/IITY, To6TO 3 Temmneparyporo He Hixkue 0 °C,
BUXIJIHUH TIOTIK ra3y IpOIyCKAeThCs Yepe3 TeII000MIHHUK
T-2, ae miairpiBa€Thes 3a JOMOMOTOO TapSTYOTO TEIUIOHOCIS.
IIpn oMy it HArpiBaHHS TEIUIOHOCIS CIATIOEThCS TPHU-
POZHMI Ta3 Ta BUTPAYa€ThCs SNEKTPOSHEPTis IS 3A1HCHEH-
HS LUPKYIALiil y cuctemi. Ha Hamry 1yMKy, yHUKHYTH Taknux
BUTpar ab0 MiHIMI3yBaTH X MOXHA 3aBISKH BIIPOBAHKEHHIO
TEXHOJIOTIYHOI CXeMH, OIIMCaHO1 y poOoTi [4] Ta 300paskeHol
Ha puc. 2.

[TocraBnena 3ajaya BUPINIYETHCS 3a paxyHOK TOTO, IO
B YCTAHOBII JUIl HU3BKOTEMIIEPATypHOI MiATOTOBKH MPH-
pomHOTO Ta3y 3amicTh apocens IIIP-1 BcTaHOBIIOETHCS BH-
xpoBa Tpyba BT, sika 3a0e3redye oHOYACHE HarpiBaHHS
Ta OXOJIOJDKEHHs rasy. 3alporioHOBaHA yCTaHOBKA IPALIOE
tak. [TnacToBuit ra3 i3 cBepAJIOBUH MOAETHCS Y cemaparop
nepioro crynenst C-1, e BinIUIAIOTh IUIACTOBY PiAMHY Ta
MeXaHIuHi JOMIIIKH, PeKyIepaTHBHUH TeIIo0OMiHHUK T-1,
y SIKOMY Ta3 OXOJIOZXKYETHCSI XOIOJHUM MOTOKOM i3 cemapa-
Topa japyroro cryrnesst C-2 Ta HaJIXOIUTh 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
previously heated by hot liquid. Separated gas from the
second stage separator S-2 is directed to recuperative
heat exchanger E-1 to cool the inlet stream from the first
stage of separation and then, dried and conditioned, it
flows through the pressure regulator JT-2 to the third
stage separator S-3. Cold gas from third stage separator
S-3 is directed to the recuperative heat exchanger E-2
in which it is heated by the hot stream from the vortex
tube. After that gas meets the spec and could be supplied

of the low-temperature separation system with gas supplying to the pressure reduction station

Puc. 2. MoaudikoaHa cxema YHTC i3 nopasaHHsim rasy Ha ATPC / Fig. 2. Modified process flow design

through the low-pressure pipeline to household con-
sumers. Liquids from the first, second and third stages
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BT. ITicns Buxposoi Tpyon BT orpumanuii xomomuuit
MOTIK a3y HalpaBISETBCS y Cemnaparop APYroro CTy-
nenst C-2, a rapsiuuii MOTIK Ta3y HaIpaBIsETbCS Yy pe-
KyTNepaTuBHUN TeTUI000MIHHMK T-2 1uist migirpiBy rasy,
10 HaJIXOAWTH i3 cemaparopa Tperboro crymens C-3,
SIKFHA paHiIlle MiIirpiBaBCcs TEIIOHOCIEM BiJl BOTHEBOTO
migirpisada. Bincenaposanuii ra3 i3 cemaparopa apy-
roro ctynens C-2 HampaBIsS€TbCA Y peKyNepaTUBHHUNA
Ter1000MiHHUK T-1 11 OXOJIO/KEHHS BXiTHOTO Ta3y
i3 TIEpIIOTrO CTYMEHS, IICIS YOr0 CyXHH Ta OUMIIECHUN
raz uepes perymntorounit kinanan 1P-2 nogaerbes Ha ce-
napaTop Tpetboro crymeHs C-3. OuuieHnid X0IOTHIH
ra3 i3 cemaparopa TpeTboro crymneHs C-3 HanpaBiIseTh-
Csl HAa PEKYIICPAaTUBHUN TEIIOOOMIHHMK T-2, sSKu# 1i-
JUTPIBAETHCS TapsYdM MIOTOKOM i3 BUXPOBOI TPyOH Ta
B)KE€ IIATOTOBJIIEHUM 10 BIAIOBIZHOI SKOCTI HAAXOMIUTH
y BUXIZHUI TOOYTOBHH KOJICKTOp UISi TOAAJIBIIOTO
TPaHCIIOPTYBAaHHS HacelleHHI0. PimuHa i3 cemaparopa
nepmroro crynens C-1, npyroro crymens C-2 Ta cena-
paropa Tpetboro crynens C-3 morparuisie y Tpudassi

PO3IUTIOBAYI 3 BiIIOBITHUMHU THCKAMHU.
JIis miATBEpIKCHHS MOXIIUBOCTI BHKOPUCTAHHS

Puc. 3. 3aranbHuii BATNsA MicList MOHTay BUXpOBOT Tpy6u Ha yctaHoBLi HTC / Fig. 3. General view of the
installation site of vortex tube at the low-temperature separation plant

BUXPOBHX TPYO Y TaKHMX CHcTeMax Oyiio MPOBEACHO 10-
CJTiTHO-TIPOMHCIIOBI BUIPOOYBaHHSA, SKi JETAaIbHO OMHCAHO
y po6oTi [2]. BuxpoBy TpyOy Oys10 BCTAHOBICHO HA yCTaHOB-
i HTC napanensHo g0 apocens (puc. 3).

Mertoro Takux BHUIPOOyBaHb OyJ10 BH3HAUCHHS TEPMO-
JIMHAMIYHOT €()eKTUBHOCTI BHUXPOBOI TpyOHU 3a PI3HMX BiJ-
HOIIEHb THCKIB MIXK BXO/IOM Ta BHXOJOM, & TaKOX PI3HHX
CHIBBIJHOIIEHb BUTPAT XOJIOJHOTO Ta TapsSdIOTO ITOTOKIB.
3a IOmMOMOTOI0 TepMoIap Ta PTYTHUX TEPMOMETpPIB BHMi-
pIOBaJIM TEMIIEPaTypy Ha BXOAI y BHXPOBY TpYyOy, a Takox
Ha BUXO/IaX XOJIOJHOTO Ta rapsyoro MoTOKiB. Y pesynbrari
MIPOBEACHHS JIOCIIKEHb OyI0 OTpUMaHO HEOoOXiJHI Xapak-
TEPUCTUKH, SIKI JaTH MOXJIMBICTH MPOBECTH PO3PAXyHOK
MaTepiabHO-TEIUIOBOTO 0OallaHCy 3alpoIlOHOBAHOI BHIIE
TEXHOJIOTIYHO{ CXeMH. 3TiHO 3 MPOBEICHIMH PO3paxXyHKa-
MU BHKOPHCTaHHS BHXPOBOI TPyOM Ja€ MOMJIMBICTH 3HU-
3UTH TeMmIeparypy cenapauii y cenaparopi C-2 (auB. puc.
2) 6inbine HiX Ha 30 % npu nepenazni Tucky 3 2,5 MIla na
0,8 MIIa mopiBHSIHO 3 BUKOPHUCTAHHAM Jpoceis. Y TOH ke
Yyac BUKOPHCTaHHS rapsuoro MoToKy 3 BHXPOBOI TpyOH mae
3MOTY TIOBHICTIO 3aMiHUTH TETUIOHOCIH Yy TETIO0OMIHHUKY
T-2 Ta orpumaru Temneparypy raszy sHa suxozi 3 'PC Ha piB-
Hi +4 °C.

BucnoBku

TexHIYHMM pe3yJIbTaTOM BUKOPUCTAHHS TaKoT MOU(iKo-
BAHOI CXEMH € OTPUMaHHs OLJIBII HU3BKOI TEMIEPaTypH XO-
JIOTHOTO ITIOTOKY, HiXK Y 3BHYaifHOMY APOCEIBHOMY IIPUCTPOT,
1 B TOW K€ Yac OTPUMAHHS TapsiIoro IMOTOKY, SIKUW 3aCTO-
COBYIOTb JIJISI TIJIITPIBaHHS Ta3y, IO MOAAETHCS Y BUXIIHHUNA
10Oy TOBHH KOJIEKTOP, SIKWI 3a3BUYAil i IirpiBaBCs TEIIOHO-
cieM i3 BUKOPHCTaHHSIM BOTHEBOTO MifirpiBaya. Takox Mae
MicIie 3MEHILICHHS €HEPrOBUTPAT 1 eKCIUTyaTaliifHuX BUTpaT
TIOPIBHSHO 3 BUKOPUCTAHHAM TypOoneTanziepa i migirpirada
rasy Ta IOKpaLIeHHs AKOCTI MiArOTOBKH HMPUPOIHOTO Iasy 3
OUIBII TPUBAJIMM TESPMIHOM PO3POOKH POTOBHIIIA.

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.
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[TpogiBmm npuOIM3HY OLIHKY €KOHOMII pecypciB y po3-
paxyHKy Ha 7 MICSIIIB ONAJOBAJIILHOTO MEPioLy, MU BH3HA-
YHJIM, IO Y Pa3i BAKOPUCTAHHS BUXPOBOI TpyOu Ha Konmiis-
cekit T/IITY MoxHA TOBHICTIO 800 YaCTKOBO 3¢KOHOMUTH 32
pik monaj 75 MBt*roj enexrpoeneprii ta monana 150 tuc.m?
MPHUPOAHOTO Ta3y. KpiM Toro, BUI0OYTOK KOHICHCATY Ti/IBH-
IIUTHCS 32 PaXyHOK OUTBII HU3BKOI TEMIIepaTypH cemapaii,
sIKy 3a0e3redye Buxposa TpybOa. [IpeacraBicHa TEXHOIOTIsS
He 00MexyeThcsi BukopuctanusM Ha Kommisebkiit TIITY
Ta MOXke OyTH e(heKTHBHO 3acTOCOBaHa Ha OyIb-sKil 1HIIII
YCTaHOBII], STKa MPALIOE 32 CX0XKOI0 CXEMOIO.

OTXe, BUKOPUCTAHHS BUXPOBUX TPYO y CKJIai yCTaHO-
BOK HU3BKOTEMIIEPATypHOI cenapariii JOIoMoKe I JBHIIUTH
SIKICTB T ITOTOBKH a3y, SMCHIIUTH BUTPATy CHEPrOHOCIIB Ta
MPOJIOBXKUTH 11epioj] eheKTHBHOI 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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Y monoepaii euxnadeno Hayko60-00spyHmosani no-
JIOHEHHST U000 B00CKOHATIEHHS CUCeM PO3poOKU Hadmo-
8UX | 24308Ux PO00BULY. SHAUHY Y6AZY NPUOITEHO MEMOOAM
iHmepnpemayii pe3ynvmamis CeticMiuHuX, 2eoizuuHux
ma 2idpodunamiunux 00cnioxeHs, no6ydosi dizuko-zeono-
2iunux Modenetl OnsT BUSHAMEHHS EMHICHUX Xapakmepuc-
MUK KoneKmopie, nposedenH0 iHOUKAMOPHUX 00CTiONEHD
mizicceeponosunozo npocmopy. Cdopmynoosano ocHo8Hi
HPUHYUNY MA MeXHONI02iuHi | peazeHmHi 3acobu ynopso-

Yy 2015 poui eu-
fna  OpyKom HAyKoea
MmoHozpagis «Cmpamezi-
He ynpaeninua Hapmoea-
306UMU  NIONPUEMCIBAMU
Yxpainu: mextonoeii, mexa-
HI3MU MA THCMPyMeHmu pe-
anisauiiv, asmopamu AKoi €
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Monozepagisa npusHauena 0711 WUPOK020 KONA iHHEHePHO-MEeXHIUHUX | HAYKOBUX NPa-

uisHuKi8, acnipanmie ma cmydenmis HaPMo2az06020 npoginio.

Y euoasnuymsi  Jlveiécvokoi  nosimexHixu
sutiina Opykom kuuea «lidpokpekiHe» asmopis
O.4. Mauuncvkozo ma I11. Toninvnuyvroeo. Y Hiii po3-
NSTHYMO MeopemuuHi 0cHoBU npouecy 2iopoKpexiney,
HABEOEHO XAPAKMEPUCIUKY NPOOYKMie, munu Kama-
73AMopie, onucaxo e2idpoxpexine OUCMULAMHOI ma
3A7UIK0BOT CUPOBUHL, 2i0poceHi3auiiini Memoou nepe-
OOKU meepoux 8y2n1e600Hi6, BUCBIMTIEHO BUPOOHULINGEO
B00€HDBMICHO20 243y, A MAKOX Micye 2i0pokpexiey y
cmpykmypi Hagmonepepo6Hoeo 3a600y. Budanus 6yoe
KOPUCHUM OISl HAYKOBLB, iHIHeHePHO-MeXHIYHUX Npa-
Yi6HUKI8 HAPM02a30801 2a71y3i, a MAKOMHC 0717 BUKNAOAH-
HA HABUATILHUX OUCUUNTIIH.
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H.O. Insadsun, 0-p exon. nayx J1.C. [0106K06a, KAHO. eKOH.
Hayx Lb. 3anyxnax, kano. exor. nayx PT. Mauvkis, 0-p exoH.
Hayx B.IL. Ilempenxko, kano. exon. Hayk C.A. IlobieyH, KaHo.
exor. Hayk I.C. Cmenanox.

Y monozpagii posensnymo npobremu egexmusHozo
BUKOPUCMAHHS MeXHOTI02(ll, MeXAHI3MI8 Ma THCMPyMeH-
mie cmpameziuno2o ynpasiHHa OisvHicmio nionpuemcme
BIMYUBHAHOI HAPMO02A30801 2ary3i, a MAKON NPUEeIeHO
Pe3ymbmamy  meopemudHux i memooonoiuHux 0oci-
0seHb, po3poOKy i anpobauii NPaKxmuHux pexomeHoayi
0717 YNpasiHcukoeo Kopnycy, Paxieyis, suxknadayis eany-
3e60 OpiEHMOBAHUX YHiBepCUmemis, cmydenmis, acnipan-
mie i 3000y6a4i6 HAYKOBUX CHIYNEHiB.

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




