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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 ¢jector 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 ¢jector 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 ¢jector 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 simultancously
with the process of ¢jection. 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.
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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 (D30 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 (L'TS) 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 = (A1) rank + Bowvortiing] -
When determining the total vortex effect by the “hot flow”, the value of the integral throttling effect
(Binroriing) 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 (p = 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 ¢jector 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 ¢jector 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 ¢jector
installations in technological scheme of the high and low pressure gas flows” collection [1]. However,
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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.c., at

the maximum flow rate of the active stream), the temperature ratio in front of the nozzle (Ty) and in the

mixing chamber (7,.) is equal to: ;—0 = %, here k is the adiabatic index (for natural gases, £ = 1.3). In

this mode, the pressure ratio in front of the nozzle (Py) and in the mixing chamber (P.,.) is equal to:

K
Py [k + 1]k—1

PCT'

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

=1.15
T, 2

1.3

Py [1.15 + 1]1.3—1

— =1.83
P., 2

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

T 0.15

MTor = Ty = 335 = To(355) = 0137 AT, = 0.13T,
P, 0.83

Py = Po— =Ty (32) = 0,454P, AR, = 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, = 7}.,) and can be determined in the

critical mode of the flow of the active stream depending on the initial temperature (stagnation
temperature) of the active stream (T, = %).
Results. The table shows the calculation results for the determination of critical temperatures (77,).

CcT

Temperature differences (AT, = Ty — T,,) and coefficients a, = i}T)

cr

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

in the critical flow of the

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

P,/ P, , (MPa/MPa)
60528 | 70523 | 804437 | 90492 | 100546
AP,=P,~ P,
T Tk | ATe= T T K I IIEEA 3.63 | 408 | 4.54
0= ATy / APy (K / MPa)
273 237 36 132 11.3 9.9 8.8 79
283 246 37 13.6 11.7 102 9.1 8.1
293 255 38 13.9 12.0 10.5 9.3 8.4
303 263 39 14.3 12.3 107 9.6 8.6
313 272 40.7 14.9 12.8 112 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 (7,) increases the difference in critical temperature

. AT, . . . .
AT,,. = Ty — T,-and 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, whercas under these conditions, the corresponding ratio of the throttling
process (i.e. constant enthalpy i = consf) 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 ¢jector 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 ¢jector. 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 gjector using a moisture meter.

Thus, in the proposed vortex ¢jector, it is possible to combine the processes of ¢jection and gas
separation. The use of this small-sized ¢jector 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 ecasily 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
¢jector installations;

3. The presence of fluid in rectilinear ¢jector 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. Haepysora, E. B. 'azamosa

OzipOaibkaH MEMIICKETTIK MYHAH JKOHE Ta3 yHUBEpcuTeTi, baky, O3ipbaikan

TA3JEI JKHHAY JKOHE AJKEIPATY YIEPICTHJE
KYHEBIHABI D’ KEKTOPLI KOJITAHY MYMKIHIITT
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C.T. Hompy3ora, J. B. 'aramosa
Anepbarimkanckuii 'ocy napcteernbIil Yausepcurer Hedru u [IpomsmnerHoctr, baky, Azepbaimkan

BO3MOXHOCTb IPUMEHEHNWSA BUXPEBOT'O 27KEKTOPA
B ITPOLHECCAX CBOPA U CEITAPAIIUU I'A3A

AnHoTamust. B craThe mpoaHamM3upoBaHa padoTa ONMBITHO M ONBITHO-IIPOMBINIICHHBIX 3KCKTOPHBIX YCTAHO-
BOK, YKa3aHBI HEIOCTATKH B HX PadoTe ¢ AByx(a3HbMH MOTOKAaMH. OOBCIMHCHHC TA30BBIX MOTOKOB BHICOKOTO H
HU3KOTO JABICHUH ITOCPEICTBOM CTAHAAPTHOTO INTYHEpa NPHBOAWT K 3HAYUTEIBHBIM IOTCPSIM SHEPTHH Ta3a
BBICOKOTO JABICHMS. TakXe Takoe 00BEIMHEHHE IIOTOKOB I'a3a HI3KOTO M BHICOKOTO JABJICHHH OTPAHUYHUBACT OTOOP
ra3a U3 CKBAXXHH C HH3KHM YCTHEBBIM JABICHHEM W COBMEHICHHBIA MOTOK B 3TOM CIy4Yac MMEET HHU3KOC 3HAUCHHUC
JABICHMS, YTO JIETACT HEBO3MOXKHBIM €T0 TPAHCIIOPT HA OOIBINHE PACCTOSIHUA. B CBA3M C 3THM, I yCOBEPINCH-
CTBOBAHMS TEXHOJOTHUYCCKHUX IPOIICCCOB IPE/IATAacTCsl BUXPEBOM M CETIAPALMOHHBIN HKEKTOP.

Onmcanbl €ro0 KOHCTPYKIWS M NpuHOHI padoThl [IpenmaraeMplii 3KEKTOP COCTOUT W3 HMPUEMHOH KaMEpBhl,
KaMepbl CMEIICHHUS C TAHTCHIMMATLHBIM COIUIOM I BX0A aKTHBHOTO IOTOKA, AUA()ParMbl, yCTAHOBICHHOW MEXIY
TIPUEMHON M CMECHTETIbHON KaMEPaMH JJIs1 BXO1A ITACCHBHOTO IMOTOKA B KaMepbl cMemeHusI, audysopa.

Brin mokazaHb! BO3MOKHOCTH OJHOBPEMECHHOTO IMPHUMEHCHUS MPE/ITI0KEHHOTO HKEKTOPA B IMPOIECCaX HU3KO-
TEMIIEPATy PHOH Cemapariy ra3a u ykekimd. OTMEUCHBI MMPEUMY IIECTBA 3TOTO »KEKTOpa. BBuay Xonoma, cosnasac-
MOTO OYCHb HHM3KOH TEeMIIEpaTypoii, B pa3pabOTaHHON CXeMe IPEIJI0KECHA OJHOBPEMECHHAA PEaH3alys BhIIICYKA-
3aHHBIX TEXHOJIOTHICCKUX MpoueccoB. MICmomp30BaHue 3TOT0 MAIOTadapUTHOTO 3KEKTOPA, BMECTO KOMITIPECCOPHBIX
VCTAHOBOK HA OTPAaHWYCHHBIX YYACTKAX MOPCKHX IUIAT(OPM, KyCTOB M 3CTAKAX SIBISIETCA OCOOCHHO LEIecoodpas-
HBIM U BBITOTHBIM.

Craeayer ydecTh TaKKeE TO, YTO B BUXPEBBIX TPyOax CEMApaMOHHAS CKOPOCTh Ia3a 3HAYUTEIHLHO (B COTHH Pa3)
Ooxpoie, YeM B COBPEMCHHBIX CEMAPAIMOHHBIX alllaparax, YTo IO3BOJUIET OCYIIECTBUTH OOPAOOTKY OOIBINOTO
KOJIMYECTBA Ta3a B BEChbMa MAIOTa0apUTHBIX BUXPEBBIX TPyOax.

YuuThBasg OTPAHHYCHHOCTh PA0OUHNX TLIOIMAACH 3CTAKAI W HHIUBHIYATBHBIX MOPCKHX OCHOBAHHUI, ABTOPAMHU
TIPEITIOKEHA TEXHOIOTHYECKAs cXeMa 00pabOTKM ra3a ¢ MPUMECHCHUEM COBMECTHO TPYOHOTO CEmaparopa W HOBOH
KOHCTPYKIHH BHXPEBOH TPYOBI, PACHOIOKCHHBIX HA THE MOPSL.

BuxpeBoii 3KEKTOp MPOCT MO KOHCTPYKIUMH W MOXCET OBITh M3TOTOBJICH HA 3aBOJEC CHIAMH CAMHX ITPOHM3BO-
JUTEICH W3 TPYOUATHIX 3IEMECHTOB.

KimoueBbie ¢10BA: 1aBJICHUE, TEMIICPATYPa, CKOPOCTH MOTOKA, COIIO, aTHA0aTHIECKOE PACHIMPEHUE, TIOTOK,
SHEPT UL, BHXPEBOC TCUCHHCE.
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