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(57) Abréegée/Abstract:

The Invention relates to cryogenic engineering. The inventive device for liguefying and separating gas and for releasing one or
more gases from a mixture thereof, comprises, In series axially positioned, a prechamber (1) with gas flow whirling means (2)
arranged therein, a subsonic or supersonic nozzle (3) with a working segment (4), which Is abutted thereto and to which liquid
phase extracting means (9) Is connected, and a subsonic diffuser (/) or the combination of a supersonic (6) and the subsonic
diffuser (7). The nozzle (3) Is designed In such a way that it makes It possible to achieve the ratios, between the inlet and outlet
cross-sectional areas and the minimum cross-section thereof, which provides, at the output of the nozzle, a statical pressure and a
statical temperature corresponding to the conditions of condensation of gas or target gas mixture components. The length of the
working segment (4) Is selected according to a condition of forming condensate drops with a size greater than 0.5 mkm and of
drifting them, by centrifugal forces, from the axial area of the working segment to the walls of the drop extracting means, and the
aperture angle of the working segment (4) Is selected such as to maintain the conditions of condensation of the gas or the target
components thereof. The device Is provided with an additional nozzle (8) arranged In the prechamber. The invention makes it
possible to Increase the separation efficiency.
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(57) Abstract: The invention relates to cryogenic engineering. The inventive device for liquefying and separating gas and for
releasing one or more gases from a mixture thereof, comprises, in series axially positioned, a prechamber (1) with gas flow whirling
means (2) arranged therein, a subsonic or supersonic nozzle (3) with a working segment (4), which is abutted thereto and to which
liquid phase extracting means (5) is connected, and a subsonic diffuser (7) or the combination of a supersonic (6) and the subsonic
diffuser (7). The nozzle (3) is designed in such a way that it makes it possible to achieve the ratios, between the inlet and outlet
cross-sectional areas and the minimum cross-section thereof, which provides, at the output of the nozzle, a statical pressure and
a statical temperature corresponding to the conditions of condensation of gas or target gas mixture components. The length of the
working segment (4) is selected according to a condition of forming condensate drops with a size greater than 0.5 mkm and of drifting

AN them, by centrifugal forces, from the axial area of the working segment to the walls of the drop extracting means, and the aperture
o angle of the working segment (4) is selected such as to maintain the conditions of condensation of the gas or the target components
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thereof. The device is provided with an additional nozzle (8) arranged in the prechamber. The invention makes it possible to increase
ficiency.

(57) Pedepar: N300peTeHne 0THOCHTCS K KPUOTEHHOM TEXHUKE. Y CTPOMCTBO IS CKIDKCHHS M CeMaparvii ra30B WK BEUICITICHHS
OJTHOTO WJIM HECKOJIBKUX Ta30B U3 UX CMECH COJEPKUT TOCIICIOBATEIBHO COOCHO YCTAHOBJIICHHBIC (popkaMepy (1) ¢ pa3MEIICHHBIM B
HEH CpencTBOM (2) s 3aKPYTKH ra30BOT0 TIOTOKA, TO3BYKOBOEC HJIH CBEPX3BYKOBOE COTLIO (3) € TIPUCTHIKOBAHHOW K HEMY paOouch
qacThIO (4), K KOTOPOH TIPUCOCAUHEHO CPEACTBO (5) g oTOOpa KUIAKOU (pa3wl, 103BYKOBOW auddy3op (7)

[npooonxcenue na credyouien cmpanuye |



(71)
(72)

(81)

CA 02696657 2010-02-16

WO 2009/028987 Al

3asiBUTEJIN U

HU3obperarenn: AJIPEPOB, Baaum MHBanoBu4
(ALFEROV, Vadim Ivanovich) [RU/RU]; v
IIepBomaiickas, a. 92, kB. 57, Mockga, 105203, Moscow
(RU). BAI'HPOB, Jlee ApkaabeBuuy (BAGIROY,
Lev Arkadievich) [RU/RU]|; AcrpaxaHckui 1ep.,
a. 1715, kB. 64, Mockpa, 129090, Moscow (RU).
AMUTPUEB, Jleonapa Makapoeuu (DMITRIEY,
Leonard Makarovich) [RU/RU]; y1. MaskoBckoro, /.
26/7, kB. 85, XykoBckui, MockoBckas 0071., 140160,
Zhukovsky (RU). HMAEB, Caaasat 3aliHeTAMHOBMY
(IMAEYV, Salavat Zainetdinovich) [RU/RU]; vyu.
bponnuukas, a. 17, kB. 26, PameHckoe, MOCKOBCKas
06:1., 140110, Ramenskoe (RU). ®EUI'UH, Baaanmup
HUcaakoBuu (FEYGIN, Vladimir Isaakovich) [RU/RUJ;
yi. bapknas, n. 7/1, kB. 121, Mocksa, 121096, Moscow
(RU).

Yka3aHHBbIe TOCYAAPCTBA (eciu He YKA3aHO uHave, O0/is
Kaxcoozo euda snayuonanoHou oxpausvi): ABE, AG, AL,
AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY,
BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(84)

HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK,
SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG,
US, UZ, VC, VN, ZA, ZM, ZW.

Yka3zaHHbIe ToCyaapcrTBa (eciu He VKA3aHO UHAaye, OJA
Kaxcoo2o éuoa pecuonanoeHou oxpannt): ARIPO (BW, GH,
GM, KL, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), eppasuiickuii (AM, AZ, BY, KG, KZ, MD, RU, T1,
TM), esponeiickuii nareHT (Al, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
(BE, Bl, CEF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Ony6aukoBaHa:

C OMYEMOM O MEHCOYHAPOOHOM NOUCKE

00 ucmeyernuss cpoxa ONf  UBMEHeHUS  (DopMYIbi
uzobpemenuss U ¢ HOGMOPHOU NYOIUKAYUen 6 Ccayyae
NOYYeHUst USMEeHeHUY
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KOMTIOHEHT Ta30BOM cMecH. JlnmnmHa pabodeii yactu (4) BeiOpaHa U3 yCIIOBUS 00€CIICUCHUS (JOPMUPOBAHUS Kalle/lb KOHJICHCATA ¢
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ra’a HWJIN CI'0 LCJICBbBIX KOMITOHCHT.

YCTpOUCTBO CHAOMXEHO JOTIOMHUTEIBLHBIM COMIIIOM (&), YCTAHOBJICHHBIM B (popKamMepe.

TexHnuecKUi pe3ynbTaT 3aKIIFOYAcTCs B MTOBBIIICHUH YPPECKTUBHOCTH Cenaparnm.
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GAS LIQUEFACTION AND SEPARATION DEVICE

Field of the Invention

This mvention relates to the field of cryogenic engineering and may be used 1n various
industries for producing liquetied gases and separating gas mixture components or separating

one or more target components.

Background of the Invention

A gas liquefaction device 1s known that comprises a housing in the form of a horn with

several attachments successively arranged therein and provided with discs having a plurality
ot nozzles tor adiabatic expansion of a gas and lowering 1ts temperature to a point where a

portion of gas changes into a liquid state (see, JP Patent No. 07071871, F 25 J 1/00, 1995).

The disadvantage of this device 1s its relatively low etficiency.

A device for producing hiquefied gas 1s known that comprises a supersonic nozzle employing
adiabatic expansion of gas for cooling 1t and means for separating the liquid phase, which 1s
made as a nozzle area having perforated walls and deflected toward 1ts axis. Droplets of
condensed gas pass through perforations and come 1nto a receiver under the influence of
centrifugal forces artsing when a gas flow 1s deflected (see, US Patent No. 3528217, US ClL
55-15, 1970).

A disadvantage of this device 1s 1ts relatively low efficiency. It 1s due to the fact that shock
waves arise during detlection of a supersonic flow, which deflection 1s required in the known
device for separating the liquid phase, and such shock waves result in a gas flow increased

temperature that, 1n 1ts turn, causes evaporation of some already condensed droplets.

Furthermore, there are losses of full pressure in gas that has passed a shock wave. Such losses

result 1n a significant pressure differential between the inlet and the outlet of a device.

A known gas liquefaction device 1s described 1n RU Patent No. 2137065, F 25 J 1/00, 1999.
This device comprises a nozzle with a premix chamber having means for swirling a gas flow
therein. The device 1s provided with means for separating the liquid phase, which 1s made as

an annular slot formed by the walls of the nozzle and a hollow cone.

A disadvantage of the known device 1s its relatively low efficiency that 1s due to a pressure

loss 1n a gas flow passing through the device.

For example, at M = 3.0, where M 1s the Mach number of a supersonic flow, gas under the
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pressure of 200 atmospheres 1s fed to the inlet of the device, and gas leaves the device at the

pressure of 50 atmospheres.

A gas liquefaction device, which 1s the closest to the claimed device as to its technical
essence and the achieved technical effect, 1s known from RU Patent No. 2167374, F2513/06,
2001. This gas liquefaction device comprises a nozzle with a premix chamber, the latter
comprising means for swirling a gas flow, and 1s provided with a supersonic diffuser and/or a
subsonic diffuser, as arranged at the working section outlet, and means for separating the
liquid phase that 1s made as perforations in the nozzle walls and/or an annular slot formed by
the nozzle walls and the inlet section of the diffuser. Furthermore, the subsonic diffuser 1s
provided with means for straightening a swirling gas tflow, the said means being installed 1n
the subsonic diffuser in a location where the axial tflow velocity corresponds to M=0.25-0.45,

where M 1s the Mach number 1n a given medium. The invention enables to raise gas

liquefaction efficiency, which 1s achieved due to lowering a pressure differential between the

inlet and the outlet of the device.

Summaryv of the Invention

The present invention is directed to a device for raising efficiency of separating a gas mixture component or
the liquid phase from gas by excluding effects promoting flow mixing in locations used for separating the

farget component.

This result is achieved due to the fact that the device used for gas liquefaction and separation or for 1solating
of one or several gases from their mixture comprises the following units that are arranged sequentially and
coaxially: a premix chamber with a means arranged therein for swirling a gas flow. a main subsonic or
supersonic nozzle with a working section attached thereto, a separation means for separating the liquid phase
being attached to the working section, a subsonic diffuser or a combination of a supersonic diffuser and a
subsonic diffuser. the main nozzle being made such that relationships between the cross-sectional areas of the
inlet and the outlet to the minimum cross-section of the main nozzle that enables at 1ts outlet a static pressure
and a static temperature that comply with the condition of condensation of gas or of gas mixture larget
components. A length of the working section is selected so as to ensure formation of condensate droplets
having a size greater than 0.5 microns and to ensure their drift under the action of centrifugal forces from

the axial area of the working section to the walls of the separation means. and the opening

angle of the working section ensures maintenance of the conditions of condensation of

oas or its target components. the device being provided
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with an additional nozzle which 1s subsonic or supersonic, the additional nozzle being arranged in the premix
chamber.
The advantages of the present invention are also achieved due to the fact that the additional subsonic or

supersonic nozzle is configured so that the relationship between the outlet cross-sectional areas of the main

nozzle and the additional nozzle 1s equal to:

‘ Fadd nozzle.out. 0.01-05

Fmainnozzle.out.

The desired effect is also achieved due to the fact that the additional subsonic or supersonic nozzle may be

arranged in the premix chamber in a coaxial or non-coaxial orientation with respect to the main nozzle.

ant® - -
S

In a preferred embodiment the additional subsonic or supersonic

A

nozzle is arranged in the premix chamber in such a way that its inlet is located before the
10 means for swirling a gas flow or after it, and the nozzle outlet is located only after the means
for swirling a gas flow. The outlet of the additional nozzle may be located both in the premix

chamber and 1n the subsonic or supersonic portion of the main nozzle.

- In a turther preferred embodiment, the additional nozzle inlet is connected to

an additional gas supply source.

13 The device may be provided with a gas-liquid separator the inlet of which is connected to the outlet of the

separation means and the gas outlet is connected to the inlet of the additional nozzle.

The area of the main nozzle inlet cross-section preferably exceeds the area of its (minimum) cross-section by

at least 10 times.

20 A device transforming the Kinetic energy of a swirling flow into pressure can

be installed behind the subsonic diffuser or in the subsonic

diffuser. The provision of the device premix chamber with a means for swirling a gas flow is
required for generating centrifugal forces in the gas flow, which act to separate condensed

droplets from the main gas flow.

25 The use ot a subsonic diffuser or a combination of a supersonic diffuser and a subsonic

diffuser enables the increase in efficiency of the device, since it reduces the required pressure

ditterential of a gas flow between the device inlet and its outlet. Depending on the

Mach number (M) of the flow at the outlet of the working section, a pressure restoration



CA 02696657 2012-04-04

means 1s made as a subsonic diffuser or a combination of a supersonic diffuser and a subsonic diffuser. Thus.
If a subsonic nozzle is used as the main nozzle, then an initial section after the separation means is made as a
subsonic diffuser with a half angle of 3 - 6°. 1f a supersonic nozzle is used as the main one, then a
combination of a supersonic diffuser and a subsonic diffuser, which are installed successively downstream of
the separation means. The type of the main nozzle — subsonic or supersonic — is selected depending on the
thermodynamic parameters of a compressed gas or gas mixture (composition, pressure and temperature at the
device inlet, flow rate, dew point, etc.). In any case the main nozzle should ensure adiabatic cooling of a gas

or gas mixture to a point where it or a portion thereof is transformed into the liquid phase.

The separation means can be implemented in three variants: a) as perforations in the walls of the nozzle
and/or 1ts working section at the areas where condensed droplets reach the walls due to centrifugal forces
caused by the swirling flow; b) as an annular slot formed by the working section walls and the inlet section of
the diffuser arranged at the working section outlet; ¢) as a combination of wall perforations and use of an

annular slot.

The separation device may be used in any of the three above variants — a), b) or ¢) - depending on the
characteristics of a gas or the composition of a gas mixture and on the gas flow velocity in the nozzle. In
some cases it may be preferable to make the separation device in the form of perforations in the walls of the
nozzle and/or the working section. Depending on the thermodynamic parameters, separation devices may also

be arranged at the nitial section of a subsonic diffuser.

In the case where both perforations and an annular slot are used, the proposed device may be used for the
liguetying of multi-component gases. First, a gas-liquid mixture enriched with a component condensing at a
higher temperature will be separated via perforations in the walls and/or the working section, and then a gas-

liquid mixture enriched with a component condensing at a lower temperature will be separated via the annular

slot.

Making the main supersonic or subsonic nozzle with the disclosed relationships between the cross-sectional
areas of 1ts inlet and outlet and the minimum cross-sectional area of the nozzle, which will ensure achieving a
static pressure and a static temperature that comply with the condition of gas or its target components

condensation, will enable an increase of the separation
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efficiency by excluding effects of excessive or insufficient cooling of a gas as well as effects

causing mixing a flow in the separation point of a target component.

At a high swirling degree necessary for efficient operation of the device, reverse and
secondary flows arise around the axis of the premix chamber, precessing vortex formations
are generated. This situation leads to flow 1nstabilities along the installation path.
Furthermore, depending on the type of swirling, 1t causes various vortex wakes 1n the flow.

Thus, for example. in the case where a vane swirler 1s installed, flow velocity discontinuity arises on the rear

edge of the vane. A similar effect also occurs if an inflow 1s swirling tangentially.

Higher flow vorticity (along the flow line after each vane with higher vorticity) causes flow
disturbances near the walls as well as the boundary layer, which have a negative etfect on the

separation process, causing mixing of already separated liquid components with the gas.

In order to reduce the magnitude of disturbances caused by said wakes after swirlers. it is

advisable to use the effect that 1s called "effect of flow reduction” by the authors. It is

determined by calculations using the Bernoulli equation and during the subsequent

experimental check -;1— ~10—16, where F; u F» are the areas of the miet

e

cross-section and the minimum (critical) cross-section, respectively, of the main nozzle, non-

uniformities in the velocity field at the nozzle outlet are decreased by more than an order.

Thus. the main nozzle configured with definite relationships between the inlet and outlet cross-

sectional areas and the nozzle minimum cross-section makes it possible to achieve a static

pressure and a static temperature at its outlet, which comply with the condition of gas or 1its

taroet component condensation. and enables the maintenance of a thermodynamic state necessary tor

creating a required number of condensation centers. In order to create a required number of
condensation centers, gas should be supercooled. Therefore, the contour of the main nozzle 1s
selected so that gas, after reaching the dew point, may additionally expand until a static

temperature is reached that is 20 — 50°C less that the dew point.

Higher supercooling, which is possible at a greater Mach number (M) of the flow, leads to

greater losses in total pressure. 1.e., to a significantly higher pressure differential between

the inlet and the outlet of the device.
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The length of the nozzle working section, which ensures formation of condensed droplets
having a size more than 0.5 microns and their drift from the axial area of the working section
to the droplet separation device under the action of centrifugal forces. also enables an increase in
separation efficiency, since selection of the working section length 1s determined by a droplet
growth rate that depends on the medium thermodynamic parameters (temperature, partial
pressure of a target component, droplet surface tension, etc.) as well as the gas-dynamic
behavior of a flow, namely, its velocity, turbulence spectrum, specific distribution of pressure
on the nozzle radius, etc. The length should be sufficient in order that droplets may be formed
and grow to sizes greater than D>0.5 microns and may also diffuse to the working section
walls at a given flow velocity determined by initial thermodynamic parameters of gas and the
nozzle geometry. The time of droplet formation may be obtained from known literature
sources. The drift velocity at a given degree of flow swirling may be determined by using

known methods.

A half-angle of the nozzle working section. which ensures the maintenance of condensation

conditions for gas or its target components, and increases separation efficiency due to the optimal

relationships between the main nozzle inlet and outlet and its minimum cross-section, at
which static temperatures of a flow and a partial pressure of a gas target component
correspond to the conditions of maximum droplet growth rates at a mimimum required
pressure differential at the inlet and the outlet of the whole device. The half-angle of the

nozzle working section 1s selected on the basis of maintaining the said conditions. Here, the

orowth of the boundary layer on the walls should also be considered.

The provision of the device with the additional subsonic or supersonic nozzle and
arrangement of the same in the premix chamber enable an increase in the separation etficiency.
since the stability of a flow increases significantly. It is known from the experiments and
literature sources that a certain portion of a vortex flow, which 1s near the device axis, 1s
unstable and precesses relative to the device axis, thus leading to flow disturbances and
adversely influencing the separation process. Blowing of a non-eddying jet into the flow

central area enables, for example. the stabilization of the flow, thus excluding the precession etfect.

A position of jet blowing from the additional nozzle to the main flow (1.e., the premix
chamber, the subsonic or supersonic portion of the main nozzle) depends on the swirling

intensity, the thermodynamic parameters of the flows in the main nozzle and the additional
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nozzle and the relationship between flow rates therein.

Making the additional nozzle so that the relationship of the outlet cross-sections between the
additional nozzle and the main nozzle is 0.01-0.5 enables optimization ot the target component
separation condition. The selection of the geometric dimensions 1s based on

experimental relations. Thus, if the relationship 1s less than 0.01, the separation

efficiency is reduced, since in such a case the effect of stable flow axis position does not
appear. Also, 1f this relationship is greater than 0.5, the separation etficiency 1s also reduced
because the vortex intensity and centrifugal forces, and. consequently, the separation effect,

are lowered at such intensity of gas supply into the vortex core.

The additional subsonic or supersonic nozzle in some embodiments may be arranged in the

premix chamber coaxial or non-coaxial orientation to the main nozzle. In a case of the coaxigl

arrangement the separation 1s more effective due to stabilization of the flow axis position.
Non-coaxial arrangement of the additional nozzle provides for the possibility of acting better on

instability of a vortex flow.

The additional nozzle may be arranged in the premix chamber differently. In one embodiment
its inlet may be located before the means for swirling a gas flow. In another embodiment the

inlet may be located after the means for swirling a gas flow.

In both embodiments the outlet of the additional nozzle may be located after the means for
swirling a gas flow only. [n the case where the additional nozzle inlet is located before the
swirling device and the outlet is located after the swirling device, an noneddying gas jet 1s

supplied into a swirling flow, which stabilizes the vortex flow.

This case corresponds, as a rule, to the case where intensive initial swirling 1s used. If less
intensive initial swirling is used, then the use of already swirling jet may be more beneficial

for stabilizing a flow. In such a case the additional nozzle inlet is located after the swirling

device.

The outlet of the additional nozzle may be both in the premix chamber and in the subsonic or

supersonic portion of the main nozzle.

A connection between the additional nozzle inlet and an additional gas source may increase the

separation efficiency, since in such a case a higher total pressure and, correspondingly, a

more dense jet at a higher velocity may be used, which, when necessary, ensures better
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stabilization of a flow.

Provision of the gas hquefaction and separation device with a gas-liquid separator whose inlet
1s connected to the outlet of a means for separating the liquid phase and whose gas outlet 1s
connected to the inlet of the additional nozzle raises the separation efficiency due to the fact
that a gas from the gas-liquid separator, which has a separated component with a high
concentration on one side and a lower temperature on the other side, enters the central part of
the vortex area, which promotes the formation of clusters being nuclei of droplets in the gas.
A higher concentration of a target separated component in the gas entering the additional
nozzle 1s conditioned by the fact that the thermodynamic equilibrium and the gas-liquid phase
equilibrium exist in the gas-liquid separator. Here, the liquid contains mainly the target
conﬁponent. A lower temperature of the gas entering the additional nozzle 1s conditioned,
mainly, by the Joule-Thomson effect that occurs during gas expansion in the main nozzle,
since a pressure in the means for separating a component 1s lower than at the inlet of the main

nozzie.

[n order that a gas may enter into the additional nozzle inlet from the gas-liquid separator. it is

necessary that a pressure at the additional nozzle outlet be less than a static pressure mn a

swirline flow at the outlet location. This is accomplished, for example, by selecting swirling intensity. That

is. such swirling intensity may always be selected such that a pressure af the flow axis in the area of the nozzie

outlet will be sufficiently low in order that a pressure differential may be created which is required for

supplying a gas back into the flow from the gas-hqud separator.

The proposed structure has a significant advantage over the known ones, since it enables

the solution to the problem of liquid carry-over when preparing a gas for transportation in the gas
industry. For example, according to the common methods of 1solating a condensed
component with the use of a turboexpander or a throttle, all gas, which 1s cooled 1n such
devices, enters 1into a gas-liquid separator where the two-phase flow 1s divided into a gas and
a liquid. The gas tlow comes to a pipeline, but this gas, which 1s prepared for transportation,
still contains some quantity of a liquid component due to incomplete division of the two-
phase flow. This leads to serious problems during gas transportation. A similar problem
arises in a case where a gas 18 prepared for transportation with the use of a supersonic

separator (see, e.g., RU Patent No. 2137065, RU Patent No. 2167374). In such a case a

treated gas flow from a supersonic separator, before being supplied to a pipeline, 1s combined
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with a gas flow from a gas-liquid separator where an enriched gas-liquid flow from the supersonic separator 1s
divided into the gas phase and the liquid phase. This problem 1s solved by the structure of the present
invention since only a treated gas flow from the supersonic separator is fed to a pipeline. and the gas tlow

from the gas-liquid separator is returned to the inlet of the device of the present invention.

Making the inlet cross-sectional area of the main nozzle at least 10 times greater than its minimum (critical)
cross-section 18 necessary in order to significantly reduce existing non-uniformities at the main nozzle inlet.
Such non-uniformities arise due to swirling devices arranged in the premix chamber, external turbulence,
various devices, e.g., valves, gates, etc., installed in the gas transportation route. The “reduction effect”
enables the significant decrease in the flow non-uniformity and, consequently. decreases the flow mixing that

adversely acts on the process ot droplet separation.

In particular embodiments it 1s advisable to install, after or in a subsonic diffuser. a device that
transforms the kinetic energy of a swirling flow into pressure, since a significant part of the

kinetic energy of a swirling flow is contained in its tangential components. Only the velocity

component 1s transferred to the pressure energy in a device comprising a combination of a
supersonic ditfuser and a subsonic diffuser, therefore, the use of straighteners is desirable.

Several types of straighteners are known. Some of them simply dissipate the tangential

velocity component (for example, grids, honeycombs, etc.), the other ones transform the

tangential velocity component into pressure. One example of the latter is a straightener made

in the form of a central body having vanes arranged thereon and oriented correspondingly.

Devices of this type should be installed to increase the efficiency of the device.

The provision of a diffuser with a means for straightening a swirling gas tlow enables the transtormation of
the kinetic energy of its swirling motion into translational motion energy. which results in a pressure increase
at the device outlet and. consequently decreases a pressure differential between the inlet and the outlet, thus

also increasing the efficiency of the device.

I'he essence of the gas liquefaction and separation device of the present invention will be further explained by

reference to its embodiments and the appended drawings.

Brief Description of the Drawings

FIG. | schematically shows a longitudinal cross-section of the device of the present invention

comprising: an additional supersonic nozzle arranged coaxially, its inlet being arranged

upstream the device for swirling a gas flow and its outlet being arranged in the subsonic
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portion of the main nozzle, a working section and a system of a supersonic diffuser and a

subsonic diffuser.

FIG. 2 schematically shows a longitudinal cross-section of the device premix chamber, the

additional subsonic nozzle inlet being arranged downstream of the device for swirling a gas

B

flow and the outlet being arranged 1n the premix chamber.

FIG. 3 shows a longitudinal cross-section of the premix chamber of a device having an

additional subsonic nozzle whose inlet is connected to an external gas source and whose outlet is in the

subsonic portion ot the main nozzle.

FIG. 4 schematically shows a longitudinal cross-section of the device provided with an
additional gas source in the form of a gas-liquid separator whose gas outlet is connected to the
inlet of an additional subsonic nozzle, the latter's outlet being in the subsonic portion of the

main nozzle.

FIG. 5 shows a longitudinal cross-section of the device having geometrical relationships of
typical dimensions, which ensure dumping flow pulses arising due to swirling devices and

other elements of a pipeline.

FI1G. 6 schematically shows a longitudinal cross-section of the device, comprising

an additional subsonic nozzle arranged coaxially wherein the nozzle

inlet 1s arranged upstream a means for swirling a gas tflow and the nozzle outlet 1s arranged 1n

the subsonic portion of the main nozzle, and a subsonic diffuser.

Detailed Description

Example 1. One embodiment of the gas liquefaction and separation device, as shown in FIG.

1, comprises the following components 1nstalled successively and coaxially: the premix
chamber 1 with-the means 2 for swirling a gas flow, the supersonic nozzle 3 with the working
section 4 attached thereto, the means 5 for separating the liquid phase being attached to the
working section. The supersonic diffuser 6 and the subsonic diffuser 7 are arranged at the
outlet of the nozzle 3 downstream the working section 4. The additional supersonic nozzle 8
1s arranged 1n the premix chamber 1 of the device, the inlet of the nozzle being provided with
the device 9 for regulating gas flow rate in the additional nozzle. The additional nozzle inlet

1s upstream the means 2 for swirling a gas flow, and the outlet 1s 1n the subsonic portion of

the main nozzle. This structural arrangement 1s used, as a rule, for intensive initial swirling.

The means 5 for separating the liquid phase is connected to the gas-liquid separator 10.
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The device 1s operated as follows.

A gas mixture 1s fed into the premix chamber 1, its main portion going through the swirling
device 2 and the remaining portion going to the inlet of the additional nozzle & (its flow rate
1s regulated by the device 9). The swirling flow enters the main nozzle 3 where it expands
adiabatically, 1ts pressure and temperature being decreased. The characteristics of the nozzle
3 (relationship between the inlet and outlet cross-sectional areas and the mimimum cross-
section area) are selected, on the basis of calculations, so as to reach a static pressure and a
static temperature at its outlet, which comply with the condition of the target component
condensation, with due regard to required supercooling (for the purpose of creating a required

quantity of condensation centers).

In such a case 1t 1s necessary that, for the purpose of reducing flow non-uniformaities arising at

the main nozzle inlet, the following relationship is met:

2 2
R out "‘R in
2
R i o

> 10, which corresponds to Claim 9 (see Fig. 5).

The swirling flow then enters the working section 4, the length of which is selected

such that 1t enables droplets to grow to sizes greater than 0.5 microns and drift under

the action of centrifugal forces toward its walls. The aperture angle of the working section 1s
determined both by calculations and experimentally, and is selected so as to maintain
conditions for maximum growth of droplets and to compensate for a growth of the boundary

layer.

Directing a flow portion, in the form of a non-swirling jet. through the additional nozzle

stabilizes the vortex flow and maintains the process stability 1n the device, thus contributing

to the efticiency of the device.

The selection of a subsonic or supersonic additional nozzle 1s determined by swirling
intensity and a related pressure differential between the additional nozzle inlet and outlet. At

high swirling intensity a supersonic nozzle 1s preferable, and at low swirling intensity a

subsonic nozzle 1s preferable. Here, the following relationship should be complied with:

Fadd .nozzle.out. . . -
~(0.01-0.5, which corresponds to Claim 2, at Fadd.nozzle.out = nr~ and

Fmain.nozzle.out.

Fmain.nozzle.out = nR” (see Fig. 5).
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The gas-liquid flow, which 1s formed near the working section walls and 1s enriched with a
target component, goes to the separation means 5 and further to the gas-liquid separator 10,
and the gas mixture without the target component leaves the device, passing through the

supersonic diffuser 6 and the subsonic diffuser 7.

In this Example the main supersonic nozzle 3 1s used. Therefore, in order to stagnate the flow
and transform its kinetic energy into pressure, the flow successively passes through the
supersonic diffuser and the subsonic diffuser. The flow 1s stagnated in the shock wave system
to a sound velocity in the first diffuser and to a velocity required for further transportation of
the gas in the second diffuser. The selection of geometric parameters for the ditfusers (their
inlet and outlet cross-sections, their aperture angles) is determined to provide

maximum efficiency of transforming the tlow kinetic energy into the pressure energy.

Thus, due to the device operation, the gas mixture 1s divided into two flows. One flow 1s

a gas flow cleared from the target component, and the other flow 1s a gas-liquid flow that 1s
directed, for example, into the gas-liquid separator 10 where it 1s divided into the gas phase
and the liquid phase. The gas flow from the gas-liquid separator may be combined with the

gas flow from the device or may be directed to the device inlet, as described 1n Example 4.

Example 2. Another embodiment of the gas liquefaction and separation device, as shown in

FIG. 2 (only the cross-section of the premix chamber 1s shown, the other elements are as 1n
Fig. 1) comprises the following components installed successively and coaxially: the premix
chamber 1 with the means 2 for swirling a gas flow, the supersonic nozzle 3 with the working

section 4 attached thereto, the means 5 for separating the liquid phase being attached to the
working section. The supersonic diffuser 6 and the subsonic diffuser 7 are arranged at the
outlet of the nozzle 3 downstream the working section 4. The additional supersonic nozzle 8
is arranged in the premix chamber 1 of the device with the use of pillars 13, the inlet of the
nozzle being provided with the device 9 for regulating gas flow rate in the additional nozzle.
The additional nozzle inlet 1s downstream the means 2 for swirling a gas flow. This structural
arrangement 1s used, as a rule, for relatively weak initial swirling. The device 1s operated as

follows.

A gas mixture is fed into the premix chamber 1, its main portion going through the swirling
device 2 and the remaining portion going to the inlet of the additional nozzle 8 (its flow rate

1s regulated by the device 9). The swirling flow enters the main nozzle 3 where 1t expands
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adiabatically, its pressure and temperature being decreased. The characteristics of the nozzle
3 (relationship between the inlet and outlet cross-sectional areas and the minimum cross-
section area) are selected, on the basis of calculations, so as to reach a static pressure and a
static temperature at 1ts outlet, which comply with the condition of the target component

condensation, with due regard to required supercooling (for the purpose of creating a required

quantity of condensation centers). The swirling flow then enters the working section 4, the

length of which is selected on the basis of the conditions that enable droplets to grow to sizes

oreater than 0.5 microns and drift under the action of centrifugal forces toward 1ts walls. The
aperture angle of the working section 1s determined both by calculations and experimentally,
and 1s selected so as to maintain conditions for maximum growth of droplets and compensate

for a growth of the boundary layer.

Directing a flow portion 1n the form of a non-swirling jet through the additional nozzle

stabilizes the vortex flow and maintains the process stability in the device, thus contributing

to the efficiency of the device.

In this case the selection of a subsonic additional nozzle 1s determined by weak efficiency ot

swirling.

The gas-liquid flow, which 1s formed near the working section walls and 1s enriched with a
target component, enters into the separation means 5 and further to the gas-liquid separator
10, and the gas mixture without the target component leaves the device, passing through the

supersonic diffuser 6 and the subsonic diffuser 7.

In this Example the main supersonic nozzle 3 1s used. Therefore, in order to stagnate the tlow
and transform its kinetic energy into pressure, the flow successively passes through the
supersonic diffuser and the subsomc diifuser. The tlow 1s stagnated in the shock wave system
to a sound velocity in the first diffuser and to a velocity required for further transportation of
the gas in the second diffuser. The selection of geometric parameters for the diffusers (their
inlet and outlet cross-sections, their aperture angles) 1s determined to provide

maximum efficiency of transforming the flow kinetic energy into the pressure energy.

Thus, due to the device operation, the gas mixture 1s divided 1nto two flows. One flow 1s
a gas flow enriched with the target component, and the other flow 1s a gas flow without that

target component.
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Fxample 3. Still another embodiment of the gas liquefaction and separation device, as shown

in FIG. 3 (only the cross-section of the premix chamber and the external gas source are

shown, the other elements are as in Fig. 1) comprises the following components installed
successively and coaxially: the premix chamber 1 with the means 2 for swirling a gas flow,
the supersonic nozzle 3 with the working section 4 attached thereto, the means 5 for
separating the liquid phase being attached to the working section. The supersonic diffuser 6
and the subsonic dittuser 7 are arranged at the outlet of the nozzle 3 downstream the working
section 4. The additional subsonic nozzle & 1s arranged 1n the premix chamber 1 of the device,
the 1nlet of the nozzle being provided with the device 9 for regulating gas flow rate in the
additional nozzle. The additional nozzle mlet 1s connected by the pipeline 11 to the external
gas source 12 which may be any known source. For example, this may be the outlet of any

apparatus used for treating gas mixtures, a gas or gas-condensate well, etc. In this case the

additional nozzle inlet is located upstream of the means 2 for swirling a gas flow.
The device 1s operated as follows.

A gas mixture 1s fed into the premix chamber 1 and is passed through the swirling device 2.
Another gas flow from the external source 12 enters into the ilet of the additional nozzle 8
through the pipeline 11 (the flow rate 1s regulated by the device 9). The swirling flow enters
the main nozzle 3 where 1t expands adiabatically, its pressure and temperature being
decreased. The characteristics of the nozzle 3 (relationship between the inlet and outlet cross-
sectional areas and the minimum cross-section area) are selected, on the basis of calculations,
SO as to reach a static pressure and a static temperature at 1ts outlet, which comply with the
condition of the target component condensation, with due regard to required supercooling
(for the purpose of creating a required quantity of condensation centers). Then, the swirling
flow enters the working section 4, which length 1s selected on the basis of the conditions that
enable droplets to grow to sizes greater than 0.5 microns and drift under the action of
centrifugal forces toward 1ts walls. The aperture angle of the working section is determined
both by calculations and experimentally, and 1s selected so as to maintain conditions for

maximum growth of droplets and compensate for a growth of the boundary layer.

Directing a gas tlow 1n the form of a non-swirling jet through the additional nozzle stabilizes

the vortex flow and maintains the process stability in the device, thus contributing to the

efficiency of the device. The gas from the additional source may contain some quantity of the hquid
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component which droplets act as nucle1, thus contributing to the condensation process and

raising the efficiency of the device.

The gas-liquid tlow, which i1s formed near the working section walls and 1s enriched with a
target component, enters into the separation means 5 and further to the gas-liquid separator
10, and the gas mixture without the target component leaves the device, passing through the

supersonic diffuser 6 and the subsonic diffuser 7.

In this Example the main supersonic nozzle 3 is used. Therefore, in order to stagnate the flow
and transform 1ts kinetic energy into pressure, the flow successively passes through the
supersonic diffuser and the subsonic diffuser. The flow 1s stagnated in the shock wave system
to a sound velocity m the first diffuser and to a velocity required for further transportation of
the gas 1n the second diffuser. The selection of geometric parameters for the diffusers (their
inlet and outlet cross-sections, their aperture angles) 1s determined 10 provide

maximum efficiency of transforming the flow kinetic energy into the pressure energy.

Thus, due to the device operation, the gas mixture 1s divided into two flows. One flow is

a gas flow enriched with the target component, and the other flow 1s a gas flow without that
target component, which 1s passed to, for example, the gas-liquid separator 10 where 1t 1s
divided into the gas phase and the liquid phase. The gas flow from the gas-liquid separator
may be combined with the gas flow from the device or directed to the device nliet, as

described 1in Example 4.

Example 4. Still another embodiment of the gas liquefaction and separation device, as shown

in FIG. 4, comprises the following components installed successively and coaxially: the
premix chamber 1 with the means 2 for swirling a gas tlow, the supersonic nozzle 3 with the
working section 4 attached thereto, the means 5 for separating the liquid phase being attached
to the working section. The supersonic diffuser 6 and the subsonic diffuser 7 are arranged at
the outlet of the nozzle 3 downstream the working section 4. The additional subsonic or
supersonic nozzle 8 1s arranged 1n the premix chamber 1 of the device, the inlet of the nozzle
being provided with the device 9 for regulating gas flow rate in the additional nozzle. The

additional nozzle 1nlet 1s connected by the pipeline 11 to the external gas source 12 being the

cas outlet of the gas-liquid separator 10. In this case the additional nozzle mnlet is located

upstream of the means 2 for swirling a gas flow.
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The device 1s operated as follows.

A gas mixture 1s fed into the premix chamber 1, 1ts main portion going through the swirling
device 2 and the remaining portion going to the inlet of the additional nozzle & (its flow rate
1s regulated by the device 9). The swirling flow enters the main nozzle 3 where 1t expands
adiabatically, its pressure and temperature being decreased. The characteristics of the nozzle
3 (relationship between the inlet and outlet cross-sectional areas and the minimum cross-
section area) are selected, on the basis of calculations, so as to reach a static pressure and a
static temperature at its outlet, which comply with the condition of the target component
condensation, with due regard to required supercooling (for the purpose of creating a required
quantity of condensation centers). Then, the swirling flow enters the working section 4,

the length of which is selected on the basis of the conditions that enable droplets to grow to sizes
greater than 0.5 microns and drift under the action of centrifugal forces toward 1ts walls. The
aperture angle of the working section is determined both by calculations and experimentally,
and 1s selected so as to maintain conditions for maximum growth of droplets and compensate

for a growth of the boundary layer.

The gas-liquid flow, which i1s formed near the working section walls and 1s enriched with a
target component, enters into the separation means 5 and further to the gas-liquid separator
10, and the gas mixture without the target component leaves the device, passing through the

supersonic diffuser 6 and the subsonic diffuser 7.

The gas from the gas-liquid separator 10 enters into the inlet of the additional nozzle & via the

pipeline 11. Its flow rate 1s regulated by the device 9.

Directing a gas flow from the gas-liquid separator to the additional nozzle inlet can solve two
tasks. First, as in the above Examples, non-swirling jet from the additional nozzle stabilizes
the vortex flow and maintains the process stability in the device. Second, since the gas from

the gas-liquid separator always contains some quantity of a liquid, directing it to a pipeline

may result in problems during further transportation. The proposed solution enables the reduction n the

quantity of a liquid in the treated gas, thus contributing to mcreasing the efficiency of the device,

In this Example the main supersonic nozzle 3 is used. Therefore, 1n order to stagnate the flow

and transform 1its kinetic energy into pressure, the flow successively passes through the
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supersonic ditfuser and the subsonic diffuser. The flow 1s stagnated in the shock wave system
to a sound velocity in the first diffuser and to a velocity required for further transportation of

the gas in the second diffuser. The selection of geometric parameters for the diffusers (their

inlet and outlet cross-sections, their aperture angles) is determined to provide

maximum efficiency of transforming the flow kinetic energy into the pressure energy.

Thus, due to the device operation, the gas mixture 1s divided into two flows. One 1s a gas

flow prepared for transportation, and the other one 1s a liquid flow.

Example 5. Still another embodiment of the gas liquefaction and separation device, as shown

in FIG. 6, comprises the following components installed successively and coaxially: the
premix chamber 1 with the means 2 for swirling a gas tlow, the subsonic nozzie 3 with the
working section 4 attached thereto, the means 5 for separating the liquid phase being attached
to the working section. The subsonic diffuser 7 1s arranged at the outlet of the nozzle 3
downstream the working section 4. The additional subsonic nozzle 8 1s arranged in the
premix chamber 1 of the device, the inlet of the nozzle being provided with the device 9 for

regulating gas flow rate in the additional nozzle.

[n this case the additional nozzle inlet is located upstream of the means 2 for swirling a gas

flow, and its outlet 1s arranged 1n the subsonic main nozzle. The means 5 for separating the

liquid phase 1s connected to the gas-liquid separator 10.
The device 1s operated as tollows.

A gas mixture 1s fed into the premix chamber 1, 1ts main portion going through the swirling
device 2 and the remaining portion going to the inlet of the additional nozzle 8 (the flow rate
1s regulated by the device 9). The swirling tlow enters the main nozzle 3 where it expands
adiabatically, its pressure and temperature being decreased. The characteristics of the
subsonic nozzle 3 (relationship between the inlet cross-sectional area and the minimum cross-
section area) are selected, on the basis of calculations, so as to reach a static pressure and a
static temperature at the inlet of the working section 4, which comply with the condition of
the target component condensation, with due regard to required supercooling (for the purpose
of creating a required quantity of condensation centers). Then, the swirling flow enters the

working section 4. the length of which is selected on the basis of the conditions that enable droplets

to grow to sizes greater than 0.5 microns and drift under the action of centrifugal forces
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toward 1ts walls.

Directing a portion of the gas flow in the form of a non-swirling jet through the additional

nozzle stabilizes the vortex flow and maintains the process stability in the device, thus

contributing to the efficiency of the device.

In this case the selection of a subsonic additional nozzle 1s determined by weak swirling

itensity.

The gas-liquid flow, which i1s formed near the working section walls and 1s enriched with a
target component, enters into the separation means 5 and further to the gas-liquid separator
10, and the gas mixture without the target component leaves the device, passing through the

subsonic diffuser 7.

In this Example the main subsonic nozzle 3 1s used. Therefore, 1n order to stagnate the tlow
and transform its kinetic energy into pressure, the flow passes through the subsonic diffuser
7. The flow velocity 1s reduced in this diffuser to a velocity required for further transportation

of the gas.

The selection of geometric parameters for the diffuser (its inlet and outlet cross-sections, 1ts

aperture angle) is determined to provide maximum efficiency of transforming the

flow kinetic energy into the pressure energy.

Thus, due to the device operation, the gas mixture 1s divided mnto two flows. One flow is

a gas flow cleared from the target component, and the other flow 1s a gas-liquid tlow enriched
with that target component, which 1s passed to, for example, the gas-liquid separator 10
where 1t 1s divided into the gas phase and the ligquad phase. The gas flow from the gas-liquid
separator may be combined with the gas flow from the device or directed to the device niet,

as described in Example 4.
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WHAT IS CLAIMED IS:

. A device for gas liquefaction or separation of one or more gases from a mixture
of gases, comprising, in a coaxial arrangement. a premix chamber with means for
swirling a gas flow; a main nozzle with a working section attached thereto; separation
means attached to the working section for separating a liquid phase: and a diffuser; the
main nozzle having an inlet and an outlet and a minimum cross-sectional area. a cross-
sectional area of the inlet, a cross-sectional area of the outlet and the minimum cross-
sectional area of the main nozzle are configured to ensure a static pressure and a static
temperature at the main nozzle outlet, which complies with a condition ot condensation
of a gas or target components thereof, the working section having a length which
ensures formation of condensate droplets having a size greater than 0.5 microns and
drift of said condensate droplets from an axial area of the working section toward walls
of the separation means and an aperture angle of the working section ensures that the
conditions for gas or target component condensation are maintained; the device being
provided with an additional nozzle arranged in the premix chamber; and wherein the
main and additional nozzles are selected from subsonic and supersonic nozzles, and the

diffuser is a subsonic diffuser or a combination subsonic/supersonic diffuser.

2. The device according to claim I, wherein the additional nozzle 1s configured

such that a relationship between the outlet cross-sectional areas of the main nozzle and

the additional nozzie is:

Fadd.nozzle.out.

Fmain.nozzle.out.

~0.01-0.5,

3. The device according to claim 1, wherein the additional nozzle 1s arranged in
the premix chamber in a coaxial or non-coaxial orientation with respect to the main

nozzie.
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4. The device according to claim 1, wherein the additional nozzle is arranged 1n
the premix chamber such that an inlet thereof is located upstream of the means for
swirling a gas flow and an outlet thereof is located only downstream ot the means tor

swirling a gas flow.

5. The device according to claim 4, wherein the outlet of the additional nozzle is

arranged In the premix chamber.

6. The device according to claim 4, wherein the outlet of the additional nozzle 1s

arranged in the main nozzle.

7. The device according to claim 1, comprising the inlet of the additional nozzle 1s

connected to an external gas source.

8. The device according to claim 1, further comprising a gas-liquid separator with
an inlet connected to an outlet of the separation means and a gas outlet of the gas-liquid

separator is connected to the inlet of the additional nozzle.
9. The device according to claim 1, further comprising a cross-sectional area ot the

main nozzle is greater than the minimum cross-section of the main nozzle by at least 10

times.
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