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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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POSSIBILITY OF VORTEX SEPARATION
EJECTOR APPLICATION IN THE COLLECTION
AND SEPARATION OF GAS

Abstract. The article analyzes the experimental and pilot ejector installations and shows shortcomings in their
work with two-phase flows. Association of high and low pressure gas flows with a conventional choke device leads
to a significant loss of flow energy of high pressure gas. This union of gas flows of high and low pressures, also
limits the selection of gas from wells with low wellhead pressure and the combined gas stream in this case becomes a
low-pressure, so transporting it over long distances becomes impossible. Thus, new design of the vortex and
separation ejector for the improvement of technological processes is proposed.

Its design and principle of operation are described. The proposed ejector consists of a feed chamber with a
tangential inlet of the passive flow, and a tangential exit of the liquid phase, mixing chamber and diffuser.

The possibility of implementing it at the same time in the ejection and low-temperature gas separation processes
were considered. The advantages of the ejector are shown. Due to the cold created by very low temperature in the
proposed vortex ejector it is possible to carry out the process of static low-temperature gas separation simultaneously
with the process of ejection. The use of this small-sized ejector instead of compressor installations on limited areas of
offshore platforms, bushes and flyovers is especially expedient and advantageous.

The vortex ejector is simple in design and can be made out of the factory by forces of the manufacturers
themselves from tube elements.

Key words: pressure, temperature, flow velocity, nozzle, adiabatic expansion, flow, energy, vortex flow.

Introduction. In the operation of gas condensate fields in the technological scheme of collection and
preparation of gas to transport gas-liquid flows with different (high and low) pressures appear. In some
cases, because of the inability to dispose of these low-pressure gas streams with a high content of gasoline
fractions, they are useless burned in flares or released into the atmosphere. With the aim of increasing the
pressure of low-pressure gases requires the construction of a compressor station, which is not always
profitable with a techno-economic point of view.

Vortex tubes of small diameters (D<30 mm), working with air flow at low pressures, have found
their industrial application in the field of aviation, refrigeration, air conditioning, instrumentation,
measuring equipment and others.

However, vortex tubes, like other jet devices (ejectors, turbo-expanders), have not found their wide
industrial application and have remained at the experimental and pilot stage in the field of high pressure
and gas processing practices. There are several reasons for this. Firstly, in the technical literature, vortex
tubes have an opinion that they, as a transformer (converter) of energy, have a low performance index due
to the need for a high initial gas pressure. Secondly, it is difficult to carry out laboratory and bench tests of
large vortex tubes with high flow rates and initial gas pressures that simulate field and factory conditions.
In addition, there is currently no reliable theoretical basis and universally accepted methods for
technological and structural calculations of vortex tubes in the widely changing thermodynamic conditions
of field and factory practice. Heating half of the total flow in a vortex tube is also considered a vulnerable
factor when used in a low-temperature gas separation unit (LTS) installation.
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At the same time, the presence of “free” natural high reservoir pressures in gas condensate fields and
the need for rational use of the energy of these pressures cast aside the opinion of the low efficiency of
vortex tubes. It should be noted that the “hot stream” in the vortex tube can form at low initial pressures at
the inlet of the pipe, and at higher initial pressures at the inlet of the vortex pipe, the temperature of the hot
stream is equal to the initial temperature of the total flow at the inlet of the vortex pipe. At higher initial
gas pressures at the inlet of the pipe, the so-called “hot flow” of the vortex tube may have a negative
temperature. In this case, a strongly cooled dry (central) stream and a moderately cooled and
supersaturated vapor of heavy hydrocarbons and water (peripheral) stream will leave the vortex tube. The
decrease in the temperature of the “hot stream” is explained by the fact that the total vortex temperature
effect is the algebraic sum of the Rank effect and the usual throttling /(A7) 1o = (A7) rank = Birortiing] -
When determining the total vortex effect by the “hot flow”, the value of the integral throttling effect
(Bironiing) gets a negative value.

It should also be noted that by cooling a hot pipe with an external source of cold (water or another
cooling agent), it is possible to increase the proportion of cold flow

(n = 0.8-0.9). This situation (the use of a non-adiabatic vortex tube) increases the cooling capacity
and thereby increases the possibility of the use of vortex tubes in LTS installations (figure 1).

Figure 1 — Schematic diagram of the low-temperature separation of natural gas using vortex tubes
1 - well; 2 - the first vortex tube; 3 - heat exchanger; 4 - the second vortex tube; 5 - blockhouse;
6 - separator-heat exchanger; 7 - capacity for liquid; 8 - dry gas reservoir

Thus, the technological need to reduce wellhead pressure during the operation of gas condensate
wells to the pressure of apron gas pipelines, the simultaneous cooling and separation of gas in small vortex
tubes without rotating metal elements, makes it possible to rationally use the pressure energy of the gas
flow during its expansion and significantly reduce the specific consumption of metal. The throughput of a
vortex tube with a diameter of 60 mm at a critical expiration of a gas stream with an initial pressure of
100 kgf / sm” is approximately 350 thousand nm’/ day. The mass of such a vortex tube is about 4550 kg.
In the separation mode of operation (i = 0.6), this jet apparatus can carry out gas separation in an amount
of: 0.6 - 350000 = 210000nm’ / day. A comparison of the mass of the vortex tube and the amount of
treated gas shows a very low specific metal consumption for separating gas in the vortex tubes.

This article proposes a model of a vortex separation ejector for collecting and separating produced
gas.

Methodology. Association of high and low pressure gas flows with a conventional choke device
leads to a significant loss of flow energy of high pressure gas. This union of gas flows of high and low
pressures, also limits the selection of gas from wells with low wellhead pressure and the combined gas
stream in this case becomes a low-pressure, so transporting it over long distances becomes impossible.

In the case of high-pressure gas stream in the field scheme of gas collection is much beneficial the
use of ejector units in exchange for the construction of the compressor station. From oilfield practices
there are known some results of experimental and experimental-industrial tests of straight ejector
installations in technological scheme of the high and low pressure gas flows’ collection [1]. However,
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these ejector installations is not found wide industrial application in field practice, and remained at the
stage of experimental work for the following reasons:

- The lack of reliable calculation methods of the ejection for not-separated gas-liquid flows’ process;

- Violation of the optimal operation mode of straight ejector installations in the presence of a liquid
phase in active (high-pressure) and passive (low-pressure) gas flows;

- the need to implement the process of active and passive gas-liquid flows separation before entering
them into the ejector unit;

- difficulty controls work of straight ejector installations, as in the case of change of initial parameters
of active and passive flows, you often need to change all the transverse dimensions of the ejector units
elements (i.e., dimensions of cross sections of the nozzles, chambers and displacement diffusers);

- presence of a liquid phase in the active and passive flow leads to a large hydraulic resistance, loss of
energy pressure, the emergence of a "flooding" regime in existing ejector systems;

- Appearance of the liquid in the gas enter to those set, also dramatically affects the main indicators,
including the coefficient of efficiency and coefficient of ejection.

Considering mentioned above drawbacks in operation and design of the existing straight ejector units
upon their work with two-phase flow, the authors have developed a new design of vortex separation
ejector (figure 2) that performs simultaneously two functions in the collection and preparation of gas for
transport:

- Ejecting and increase of the passive flow pressure;

- Implementation of the active and passive flow separation together in the vortex ejector [2].

The proposed ejector consists of a feed chamber with a tangential inlet of the passive flow, and a
tangential exit of the liquid phase, mixing chamber with a tangential nozzle for active flow input, the
diaphragm installed between the receiving and mixing chambers to enter the passive flow in the chamber
of the displacement, diffuser with a rectifier of common flow and tank for collecting liquid.

The principle of operation of the proposed ejector is as follows. Passive two-phase flow, coming
through the tangential inlet to the receiving chamber, makes in it a rotational movement. The free liquid
phase of the flow due to centrifugal force is forced out to the walls of the inlet chamber and through a
tangential exit pipe is drained into a tank for collecting liquid. After separation, the rotating passive gas
flow through the central hole of the diaphragm and enters into the mixing chamber, where through the
tangential inlet nozzle the active two-phase flow enters too. Here the flow is also subjected to rotational
movement. In this case, in the mixing chamber is a joint rotational movement of active and passive flows
in the form of a "vortex inside another vortex", that is, in this camera continues the rotary motion of the
passive flow inside rotating active flow. There is a separation of combined flows, and selected liquid
phase through a tangential outlet of the mixing chamber is drained into a tubular container for collecting
liquid. Then mixed combined separated flow in the diffuser straightening and raising its pressure, shell out
of the vortex ejector.

Note that the active flow passing through tangential nozzle is subjected to adiabatic expansion in
which the flow becomes very low static (local) temperature.

Figure 2 — Vortex separation ejector 1 - input passive flow; 2 - input of the active stream; 3 - receiving chamber;
4 - mixing chamber with a diaphragm; 5 - diffuser with a rectifier; 6 - tube fluid container; 7- gas line; 8 - fluid line
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However, measurement of this low static temperature with a thermometer is almost impossible, since
in this case the movement of the thermometer with the same speed at which the moving stream of gas is
necessary. But, despite that this temperature is not subject to direct measurement, however, due to the cold
created by this very low temperature in the proposed vortex ejector it is possible to carry out the process of
static low-temperature gas separation simultaneously with the process of ejection.

The static temperature of a moving gas stream can be determined using the dependences of the
adiabatic expansion of the gas. In the critical mode of the gas stream outflow through the nozzle (i.e., at

the maximum flow rate of the active stream), the temperature ratio in front of the nozzle (T,;) and in the
% = %, here k is the adiabatic index (for natural gases, k = 1.3). In
this mode, the pressure ratio in front of the nozzle (P,) and in the mixing chamber (P,,.) is equal to:

k
Py [k + 1]ﬁ

mixing chamber (T,) is equal to:

PCT

2
For natural gases, these ratios are equal:
To 13+1

- 115
. 2

§3

1.3
Py [1.15 + 1]1.3—1 B
Fer

= 1.83
2

Temperature (AT, = T, — T,,) and pressure (AP.. = P, — P..) differences for this mode for
natural gases will be:

T 0.15
My = Ty — 2= To (T13) = 0,137, AT, = 0.13T,
APy = Py—= =Ty () = 0454P, AP, = 0.454P

In the proposed vortex ejector, the critical static temperature (7,,) corresponds to the separation
temperature (7.,) of the total mixed flow in the mixing chamber (7, = T.,) and can be determined in the
critical mode of the flow of the active stream depending on the initial temperature (stagnation

. T
temperature) of the active stream (T, = —>).

1.15
Results. The table shows the calculation results for the determination of critical temperatures (7).
. . ATer . .
Temperature differences (AT, = Ty, — T,-) and coefficients ay = AP" in the critical flow of the
cr

active stream at initial pressures and temperatures equal to Py = 6.0 +~ 10.0MPa and Ty = 273 <+ 313K.

Table 1- Calculation results for gas flow cooling during adiabatic gas expansion under critical outflow conditions
for various initial pressures and temperatures

P,/ P, , (MPa/ MPa)

60328 | 70323 | 804437 | 90492 |  100/546
AP, =P,— P,
T ek | ATe= T T K 212 | 31| 3.63 | 408 | 4.54
o= ATe,/ AP, (K / MPa)

273 237 36 13.2 113 9.9 8.8 7.9

283 246 37 13.6 11.7 10.2 9.1 8.1

293 255 38 13.9 12.0 10.5 9.3 8.4

303 263 39 143 12.3 10.7 9.6 8.6

313 272 40.7 14.9 12.8 11.2 9.9 8.9
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Analysis of table data shows that in the adiabatic expansion of the gas committed at the critical gas
outflow with increasing initial temperature (7p) increases the difference in critical temperature

. AT, . . . .
AT, = Ty — T,rand the coefficient a3 = AP". This ratio also increases at lower values of AP, in case
cr

when AT = const.

In the considered coefficient o [as an indicator of the degree of cooling efficiency during iso-
entropic (s = const) expansion of the gas flow] equal to:

os = 7.9-14.9°C/MPa, whereas under these conditions, the corresponding ratio of the throttling
process (i.e. constant enthalpy i = comnst) equal a; = 3 —4.5°C/MPa This means that under these
conditions the process of iso-entropic gas expansion from the point of view of obtaining a cold at a lower
temperature, significantly effective (2.5-2.7 times) than the gas throttling process, applicable in existing
low-temperature gas separation units.

It should be noted that the mode of operation of the vortex ejector can be likened to the mode of
operation of the turbine expander only with the difference of absence of rotating parts (wheels, bearings)
in vortex ejector. In this ejector the rotation of the high circumferential and angular velocities is exposed
to the gas stream. Therefore, in this case, unlike the wheel of the turbine expander, the gas vortex rotates
with a significantly higher number of revolutions, which allows the low-temperature separation process
more effectively, so this process can co-administer at lower static temperatures of the gas streams. Despite
the fact that this static low temperature cannot be directly measured, it really exists and can be
successfully used in the proposed vortex ejector for low-temperature gas separation. Its value, as has
already been said, can be determined by calculation and confirmed by measuring the temperature of the
dew point of the gas at the outlet of this ejector using a moisture meter.

Thus, in the proposed vortex ejector, it is possible to combine the processes of ejection and gas
separation. The use of this small-sized ejector instead of compressor units on limited areas of offshore
platforms and overpasses is especially expedient and advantageous.

The vortex ejector is simple in design and can be made out of the factory by forces of the
manufacturers themselves from tube elements. Its work is easily regulated by changing the initial
parameters of the initial gas flows. In this case, it is enough to replace the dimensions of the nozzle cross
sections and the diameter of the diaphragm for the passive flow to enter the mixing chamber.

Conclusions. 1. The reasons that delay the widespread use of existing rectilinear ejector installations
in technological schemes for gas collection are indicated;

2. The presence of a free liquid phase in the composition of the active and passive flows impairs the
reliability of the results of technological and mechanical calculations for the design of existing rectilinear
ejector installations;

3. The presence of fluid in rectilinear ejector installations increases the hydraulic resistance in them,
leads to a loss of pressure energy and violates their optimal mode of operation;

4. In the proposed vortex separation ejector, the above-mentioned disadvantages of existing ejector
installations are eliminated and pressure energy is rationally used.

5. In the vortex ejector, the processes of ejection and gas separation occur simultaneously;

6. Low-temperature gas separation in a vortex ejector occurs at low static temperatures obtained due
to high gas flow rates during adiabatic expansion of gases;

7. The advantages of vortex separation ejector using in the technological scheme of collecting and
preparing gas for transport are indicated.

C.T. HaBpy3oBa, E. B. 'agamosa

O3ipbaiikaH MEMIIEKeTTIK MyHal jkoHe ra3 yHuBepcuTeri, baky, O3ipbaibkan

TA3JbI JKHHAY JKOHE AJKBIPATY YJEPICIH/IE
KYHBIHABI D’KEKTOP/IbI KOJJIAHY MYMKIH/IITT
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BO3MOKHOCTb IPUMEHEHMUS BUXPEBOT'O 37 KEKTOPA
B ITPOLECCAX CBOPA U CETAPALIMU I'A3A

AHHoTanusl. B crarbe npoananuzupoBaHa paboTa ONBITHO M OMBITHO-NPOMBILIUIEHHBIX KEKTOPHBIX YCTaHO-
BOK, YKa3aHbl HEJIOCTATKH B MX padore ¢ AByX(a3zHbiMH moTokaMu. OObeIMHEHUE Tra30BbIX MOTOKOB BBICOKOTO U
HHU3KOT'O JaBJICHUH IOCPENCTBOM CTAHIAPTHOTO IITYyllepa MPHUBOAMT K 3HAYUTENBbHBIM MOTEPSIM SHEPTUM rasza
BBICOKOTO JlaBlieHus1. Taxke Takoe 00beJMHEHHE TIOTOKOB I'a3a HU3KOTO M BHICOKOT'O JIABJICHUH OrpaHUYMBaeT 0TOOP
ra3a U3 CKBaXMH C HM3KHM YCTHEBBIM JIaBJIICHHEM M COBMEUICHHBIH MOTOK B 3TOM CJydae MMEET HU3KOE 3HAueHHE
JIABJICHUS], YTO JIENAeT HEBO3MOXHBIM €ro TPAHCIIOPT Ha OOJIbIIKE PACCTOSHUSA. B CBSI3M € 3TUM, ISl YCOBEpIICH-
CTBOBaHMS TEXHOJOTMYECKUX MPOLIECCOB MPeUIaraeTcsi BAXPEBOM U CerapaliOHHbII MKEKTOP.

Onucanbl €ro KOHCTPYKIMS W HPUHLUI PaboThl. [IpenyaraeMplii 25KEKTOp COCTOMT W3 IPUEMHON Kamepsbl,
KaMmepbl CMEIICHUS C TAHT'€HIIMAIBLHBIM COILUIOM JUIsl BXO/la aKTHBHOTO MOTOKA, qradparMbl, YCTAHOBICHHOW MEXITY
MPUEMHOW ¥ CMECUTENBHON KaMepaMH JJIsl BXO/1a ITACCHMBHOIO TOTOKA B Kamepbl cMmenienust, auddy3opa.

Bbuti nmoka3aHbl BO3MOXHOCTH OJHOBPEMEHHOTO MPUMEHEHHS MPEJIOKESHHOT0 KEKTOpa B MPOLECcax HU3KO-
TEMIIEpaTypHOU cenapanuu ra3a u »kekiud. OTMeYeHbl MPEenMYIIeCcTBa ITOro MKekTopa. BBuay xosoxa, co3aaBae-
MOTO OYeHb HHM3KOIl TeMIepaTypoii, B pa3pabOTaHHON cxeMe MpelUIoKeHa OJJHOBPEMEHHAsl peann3allvs BbIlIeyKa-
3aHHBIX TEXHOJIOTHYECKHX MPOILIECCOB. MCHONb30BaHue ITOr0 MaorabapuTHOTO MKEKTOPa, BMECTO KOMIPECCOPHBIX
YCTAaHOBOK Ha OrPaHMYEHHBIX YYaCTKaxX MOPCKHX IIaT(opM, KyCTOB M 3CTaKall SBISETCS OCOOCHHO Iiesiecoodpas-
HBIM U BBITOJIHBIM.

Cremyer y4ecTh TakKe TO, UYTO B BUXPEBBIX TpyOax cemapaioHHas CKOPOCTh ra3a 3HAYUTENIBHO (B COTHHU pas3)
Oojplie, YeM B COBPEMEHHBIX CEMapaldOHHBIX almapaTax, YTO IMO3BOJSET OCYIIECTBUTH 00pabOTKy OOIBIIOro
KOJIMYECTBA ra3a B BeCbMa MaJlorabapUTHBIX BUXPEBBIX TPyOax.

Y4uThIBas OrpaHUYEHHOCTh PAbOYMX IUIOLIAJIeN ICTaKa] U MHIUBUIAYAIbHBIX MOPCKHX OCHOBaHHM, aBTOpaMH
NpeAoKeHa TeXHOJIOruueckas cxema o0paboTKH ra3a ¢ MpUMEHEHHEeM COBMECTHO TPYOHOro cemnaparopa v HOBOW
KOHCTPYKIIMU BUXPEBOi TPYObI, PACTIONIOKEHHBIX Ha THE MOPSL.

BuxpeBoit 3)KekTop NpoCT MO KOHCTPYKLMH M MOXET ObITh M3TOTOBIEH HAa 3aBOJE CHJIAMH CaMHUX MPOH3BO-
JTeneil n3 TpyOouaThix AIEMEHTOB.

KioueBble ciioBa: aBiieHne, TeMIiepaTypa, CKOPOCTh IIOTOKA, COIUIO, aJiadaTHUeCcKoe pacliupeHue, MOTOK,
SHEPTHsl, BAXPEBOE TEUCHHE.
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