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ABSTRACT 

 
Over the last ten years the TransLang Technologies Ltd Company and its main partners have un-
dertaken considerable efforts  to carry out investigations and developments and to continuously 
improve a new approach to the technology of natural gas conditioning and the separation of natu-
ral gas components under the general name Super Sonic Separation (“3S”).  The advancement of 
this technology is based on the application of results achieved in aerodynamics related to aero-
space engineering. Based on these developments, facilities for separation of natural gas compo-
nents have been developed which  have passed successful laboratory and pilot  testing in Russia 
and Canada. 
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NOMENCLATURE 
 
a   -  sound velocity in gas [m/s] 
m  -  mass fraction of condensate in flow [%]  
M=V/a -  Mach number 
P  -  static pressure [bar] 
T  -  static temperature [0C] 
V  -  gas velocity [m/s] 
α0 -  initial (at the facility entry) mole 
       concentrations of compo ��������� � 3+ [%, mol.] 
α	   - final (at the facility exit) mole 
       concentrations of components 
 3+ [%, mol.] 
∆α=α0−α�    - separation effectiveness [%, mol.] 
 
 
INTRODUCTION 
 
 In this presentation we  will report on the overall 
“3S-technology” without separating it between the 
various variants of types of devices within this 
group. 

 
The 3S technology is a modern technology in-
tended to extract target components from natural 
gases. The technology is based on the cooling of 
natural gas in a supersonic swirling gas flow. The 
supersonic flow is created using a convergent-
divergent Laval nozzle. In such a nozzle, gas is 
accelerated up to velocities exceeding the sound 
propagation velocity in gas. Due to transformation 
of a part of the potential energy of flow to  kinetic 
energy the gas is cooled to a high degree.  
As an example, Figure 1 shows variations in the 
main flow parameters when natural gas expands in 
the supersonic Laval nozzle. The natural gas com-
position is taken to be as follows: CH4  - 80%, 
C2H6 – 10%, C3H8 – 6%, C4H10 – 4%. The gas 
pressure and temperature at the nozzle entry are 
assumed to be 60 bar and 5 0C, respectively. These 
curves are plotted proceeding from the quasi-one-
dimensional isentropic approximation of gas mo-
tion in the nozzle. The vapor-liquid equilibrium is 
calculated by the Peng-Robinson equation. As is 
obvious from these curves, the natural gas expan-
sion even up to moderate supersonic Mach num-
bers (M ~1.5 – 2.0) allows the gas to be cooled to 
temperatures sufficient for the condensation of not 
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only components which are heavier than propane 
but also ethane. In this case, no additional cold 
sources, such as coolers, turboexpanders etc., are 
required to reach the relevant cryogenic tempera-
tures of natural gases.  
If condensed drops consisting mainly of heavy 
components, C3+, are separated from the gas flow 
in the supersonic nozzle, then the gas at the nozzle 
exit will primarily consist of  light components, 
such as methane, ethane etc.  
Using 3S technology, separation of condensate 
drops containing target components condensed in 
the supersonic nozzle occurs under the action of 
centrifugal forces. The field of centrifugal forces is 
created by means of flow swirling at the supersonic 
nozzle entry.  
A schematic of the facility (hereinafter the 3S-
separator) with the implemented  3S-technology is 
presented as Figure 2. The 3S-separator includes: 1 
– swirling device, 2 – supersonic nozzle, 3 – work-
ing section, 4 – a device for the extraction of the 
gas-liquid mixture, 5 – diffuser.  
The application of the diffuser at the 3S-separator 
working section exit makes it possible to transform 
a part of kinetic energy of the flow to potential en-

ergy to obtain the gas pressure at the diffuser exit 
larger than the static gas pressure in the supersonic 
nozzle.  
The international patents for the 3S-technology and 
the 3S-separators are the property of TransLang 
Technologies Ltd ([1,2] and others).  
 
 
LABORATORY AND PILOT PRODUCTION 
TESTS OF THE 3S-TECHNOLOGY 
 
To improve the technology and develop its com-
mercial applications, TransLang Technologies Ltd. 
has developed a number of facilities.  By now, the 
“3S”– type facilities developed are as follows: 
- The test complex (Figures 3-4) at Didsbury (Cal-
gary, Canada). The facility provides a gas flow rate 
of up to 12 kg/s at an initial gas pressure of 50 – 70 
bar and an outlet gas pressure of not below 40 bar. 
The facility is designed to investigate extraction of 
the components C5+ from natural gas. The test 
facility is designed for  long period tests and 

����
�����
�����
�����
���
� �
� �
� �

 !#" $ % %'& ( )*

 
Figure 1: Main parameters of gas flow in super-
sonic nozzle vs Mach number 
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Figure 2: Schematic of 3S-separator 

Figure 3: Test bench at Didsbury 

 
Figure 4: 3S–separator installed on the bench  
at Didsbury 
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equipped with a measuring complex to measure 
pressure, temperature and component concentra-
tions in the 3S-separator elements.  
- The experimental bench with the “3S”-type facil-
ity (Figure 5)  in Moscow region (Russian Federa-
tion) provides a gas flow rate of 1.5 – 2.5 kg/s and 

working pressures up to 150 bar. The initial tem-
perature can be varied from –60 0C to +20 0C. The 
bench is equipped with special devices  to specify 
required hydrocarbon gas mixture compositions at 
the 3S-separator entry. 
- The pilot production facility in Western Siberia 
(Figure 6). In September, 2004, a complex consist-
ing of two “3S” facilities with a capacity of above 
400 mmscm per year each was successfully put 
into pilot production operation at one of the gas 
treatment plants in Western Siberia as a part of the 

LPG complex. The initial gas pressure at the 3S-
separator entry is 32 bar, the initial gas temperature 
is –30 0C. The 3S-separator provides extraction of 
components C3+ in the complex of LPG recovery. 

 - To investigate various fundamental physical as-
pects of applying the “3S” technology, two labora-
tory facilities are used in Moscow region.  In one 
of them the working gas is air, while in the other 
the mixture of nitrogen and propane–butanes is 
used.  
Over the last five years, more than 400 tests of 
“3S”-type facilities have been carried out at differ-
ent temperatures, pressures and gas mixture com-
positions. Subsonic, transonic and supersonic sepa-
ration modes have been tested. Optimal 3S-
separator structures were designed to provide ex-
traction of components C3+, C5+ from natural gas.  
A range of experimental investigations were con-
ducted under conditions up to those approaching 
industrial applications. Experiments confirmed the 
main results and conclusions made in the labora-
tory test facility, in particular the conclusion re-
garding the high level of effectiveness of the 3S-
separator.  
Relying on the data obtained from these test facili-
ties, specific software was developed to calculate 
the 3S-separator physical components under vari-
ous operating conditions. 
The diagram in Figure 7 clearly demonstrates the 
results of a series of test runs with 3S-separator 
and their comparison with corresponding results 
for a  JT- valve. 

 
Each point on the diagram corresponds to a spe-
cific experimentally achieved result. The extraction 
effectiveness for heavier components of  natural 
gas (pentane, butanes+propane) in the 3S-separator 
is plotted on the vertical axis of the diagram and 
the effectiveness calculated for the facility with the 
JT valve for the same condition (at the same dif-

 
Figure 7: Comparison of 3S and JT 
 effectiveness 

 
Figure 5: Familiarization with the test bench 
(Moscow region) 

 
Figure 6: General view of the 3S-facility in 
Western Siberia 
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ferential pressure) is shown on the horizontal axis. 
The separation effectiveness is measured by 
∆α=α0−α+ , where α0, α +  are the initial and final (at 
the facility exit) mole concentrations of compo-,�-�,/.�021

3+.  
It is clear from these data that there exists a range 
of conditions, (especially where small initial con-
centrations of heavier hydrocarbons are present) 
when it is possible to extract such liquid compo-
nents using the 3S-separator while it would be im-
possible if a JT valve were to be used.  
In the tests, the results of which are presented on 
the above diagram, the initial concentrations of 
components, gas pressure and temperature at the 
3S-separator entry, differential pressure through 
the facility and gas dynamic flow condition were 
varied. The results were obtained for conditions at 
Mach Number M<1.5 in the 3S-separator working 
section.  
Comparison of the 3S-technology with turboex-
panders shows that there exist schemes in which 
the 3S-technology provides better extraction of 
target components when compared with  the 
schemes in which only the turboexpander is used. 
In some cases the 3S-separators provide extraction 
of target components for operating parameters 
when the operation of turboexpanders is impossi-
ble (see below).   

 
 

ADVANTAGES OF THE 3S-TECHNOLOGY 
 
Some advantages of the 3S-technology as com-
pared with traditional technologies of hydrocar-
bons separation from natural gas are as follows: 
- small size and therefore reduced space re-

quirements, greater portability and reduced 
handling and installation costs,  

- low capital and operating costs, 
- no adverse environmental impact, 
- the absence of moving parts, 
- no requirement for routine maintenance, 
- conservation of reservoir energy, 
- superior performance capabilities compared to 

conventional separation equipment and con-
figurations. 

There are a wide range of potential applications for  
3S-separators  to solve the following problems of 
gas industry:    
- gas conditioning (dehydration and extraction 

of heavy hydrocarbons); 

- separation of propane-butanes (LPG); 
- extraction of ethane 
- production of LNG.  
The calculations based on the experimental data 
for particular fields reveal that the application of 
the 3S-technology could result in an increased  
recovery of heavier gas components by more than 
30% for the same power of requirements. 
The application of 3S-separators instead of JT-
valves on existing gas processing and extraction 
plants makes it possible, utilizing the same com-
pressor power, to increase the LPG extraction by 
10 – 20%. Similarly, if satisfied with the current 
extraction level, it would be possible to decrease 
the required compressor power by 10 – 20%.  
At gas processing plants for LPG extraction 
equipped with turboexpanders and coolers (high 
LPG extraction), the application of 3S-extractors 
could lead to reduction in the required compressor 
power by 15 – 20% at the same extraction level.  
These examples offer the possibility of increasing 
the profitability of gas processing plants by means 
of an inexpensive reconstruction. 
 
 
APPLICATION OF THE 3S-TECHNOLOGY 
TO FACILITIES OF GAS CONDITIONING 
(HYDROCARBON DEWPOINTING) 
 
Relying on the results of pilot production tests of 
the 3S-separator obtained, in particular, on the test 
bench at Didsbury, it is easy to show the advan-
tages of using the 3S-technology under conditions 
of natural gas preparation for transportation.    
The main aim of these facilities is to extract heavy 
components C5+ (C3+) from natural gas and to 
provide a required dew-point level for hydrocar-
bons in natural gas at the facility exit.  
The process of natural gas  dehydration is con-
ducted either upstream of such a facility or water 
extraction is performed simultaneously with heavy 
components C5+ (C3+) extraction. If separation of 
components C5+ (C3+) and water is performed 
simultaneously, inhibitors of hydrate-formation, 
for example, ethylene glycol, are added to natural 
gas.   
The functional diagram of the commercial facility 
of gas conditioning using the JT-valve is given in 
Figure 8. This diagram with similar parameters is 
typical, in particular, for various fields in Alberta 
(Canada).   
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Let us consider the operational parameters of the 
facility for one of the fields.  

Natural gas is delivered to the facility at pressure 
of 18.9 bar. In the compressor C-1 it is compressed 
up to 76.3 bar, as a result the gas temperature in-
creases up to 140 0C. Then gas is cooled in the air 
cooler down to 48 0C and delivered to the recu-
perative heat exchanger. In the heat exchanger, gas 
is cooled down to -6 0C and supplied to the JT-
valve entry. When the gas pressure in the JT-valve 
is reduced from 75.6 bar to 58.8 bar, gas is cooled 
down to  -15 0C and there occurs condensation of 
heavy gas components. The condensed liquid frac-
tion is then extracted in the three-phase separator 
V-1. After the separator, the gas fraction is sup-
plied to the recuperative heat-exchanger and then 
to the gas main. The liquid fraction after the sepa-
rator is supplied to the stabilization facility and 
then to the storage for condensate.  
The mole composition of natural gas at the facility 
entry is as follows: 
N2 – 1.65%, CO2 – 0.44%, CH4 – 87.49%, C2H6 
– 7.00%, C3H8 – 2.07%, i – C4H10 – 0.35%, n-
C4H10 – 0.46%, i – C5H12 – 0.17%, n – C5H12 – 
0.14%, C6+ - 0.23%.  
The parameters of main flows for Figure 8 are 
summarized in Table 1.  
For the above process the extent of extraction of 
C5+ from natural gas flow is 38%, the dew-point 
for hydrocarbons being –15 0C (at gas pressure of 
58 bar).  

Figure 9 shows the diagram of the facility of gas 
conditioning using the 3S-separator. In this scheme 
the 3S-separator is installed instead of the JT-
valve.  The gas-liquid flow from the 3S-separator 
is delivered to the same three-phase separator V-1.  
Gas from the three-phase separator is mixed with 
purified gas from the 3S-separator and supplied to 
the recuperative heat exchanger.  
The calculated parameters of main flows for Figure 
9 are summarized in Table 2.  
The calculation of the natural gas purification ef-
fectiveness in the 3S-separator is based on the re-
sults of its tests on the bench at Didsbury. For the 
scheme in Figure 7 the extent of extraction of C5+ 

from natural gas flow at given parameters of the 
3S-separator operation is 50%, while the mass 
fraction of  gas-liquid flow delivered to the secon-
dary gas-liquid separator from the 3S-separator is 
20 – 30 % of the total flow supplied to the 3S-
separator entry. Thus, simple replacement of the 
valve with the 3S-separator in the LTS facility of 
gas conditioning makes it possible to improve the 3

5+ extraction by a factor of 1.32. This is equiva-
lent to reduction in the dew-point of the output gas 
by 4 0C.  
Some modification of the scheme of using the 3S-
separator, in particular, introduction of an addi-
tional recuperative heat exchanger allows the dif-
ferential pressure through the facility to be de-
creased considerably. During the tests carried out 
at Didsbury it is shown that for gas pressure after 
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Figure 9: 3S-separator LTS Process  
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Figure 8:   JT-valve  LTS Process  

Flow 1 2 3 4 
Pressure, bar 76.3 75.6 58.8 58.8 
Temperature, 0C 48 -6 -15 -15 
Content of  
Components 
C5+, % mass. 

2.27 2.27 2.27 1.43 

 
 Table 1: Parameters of main flows for  
 JT-  valve  LTS Process 

Flow 1 2 3 4 
Pressure, bar 76.3 75.6 58.8 58.8 
Temperature, 0C 48 16.8 11.3 9.93 
Content of  
Components 
C5+, % mass. 

2.27 2.27 0.71 1.15 

 
 Table 2: Parameters of main flows for  
 3S-separator LTS Process 
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the compressor of 66.3 bar the extent of extraction 
of C5+ in the case under consideration can be 49%. 
Thus, with significant reduction in the compressor 
compression ratio and, respectively, with reduction 
in the compressor unit power by ~12% the applica-
tion of the 3S-technology allows increase in ex-
traction of components C5+ from natural gas by a 
factor of 1.3. In this case, the compressor power 
required for extraction of target components  is 
halved. 
 
APPLICATION OF THE 3S-TECHNOLOGY  
FOR OFFSHORE AND SUBSEA  
PROCESSING  
 
Offshore Processing 
 
It is believed that the advantages of 3S-technology 
listed above make the application of 3S-technology 
especially promising for fields in offshore loca-
tions. 
The application of 3S-technology for subsea proc-
essing of gas from the fields located at sea bed is 
especially effective. 
At the present time, the main scheme of natural gas 
conditioning on off-shore fields at medium  and 
high field pressure is the scheme of low-
temperature gas separation (LTS).  
The purpose of such gas preparation can be provi-
sion for both the dew-point for hydrocarbons and 
water and, in some particular cases, achievement 
of required level of HV (Heat Value) of the pre-
pared gas.  
At the initial stage of operating the fields, only the 
Joule-Thomson effect is used in the LTS schemes 
for gas cooling. This effect is realized by reducing 
the gas pressure in the JT-valve. When the field 
pressure decreases with time,  turboexpanders are 
generally used in which  gas cooling is attained not 
only due to the Joule-Thomson effect but also due 
to additional work performed by the gas.     
The model  LTS schemes which use  the JT-valve 
and the turboexpander are given in Figures 10 and 
11.  
Natural gas is cooled in the heat-exchanger by sea 
water or in the air cooler AC and the recuperative 
heat-exchanger HE and supplied to the primary 
separator V-1 in which the liquid fraction (water 
and heavy hydrocarbons) is separated from gas. 
Then the gas  phase from the separator V-1 is de-
livered to the JT-valve or to the turboexpander TE. 
The cooled gas from the JT-valve or the turboex-
pander turbine is supplied to the secondary  low-

temperature separator V-2, in which condensed 
components are separated, and then to the heat ex-
changer HE. Downstream of the heat exchanger 
gas is supplied to the gas main according to the 
scheme in Figure 10, but according to the scheme 
in Figure 11 gas is compressed in the turboexpan-
der compressor, cooled in the air cooler and also 
supplied to the gas main.  
The application of the 3S-separators developed by 
TransLang Technologies Ltd makes it possible to 
improve the operation of the considered schemes 
of gas processing.  
The advantages of the 3S-separator as compared 
with the JT-valve are demonstrated in detail in the 
previous Section. Here are considered the cases 
when the 3S-technology offers advantages as com-
pared with the schemes in which the turboexpander 
is used.   
In this connection, of most interest is the case of 
using the 3S-technology in fields when it is neces-
sary to maintain the pressure of the prepared gas at 
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  Figure 10:  JT-valve  LTS Process  

    

� � � � �

� � � � � � � �
� � �

����� � ���
� � �

��� �  �¡ ¢
£�¤¦¥¨§ª©«9¬wN®w¯ °

±#²'³�´�µN³N¶N·�¸ªµ

¹�º¼» ½�¾ ¿ÁÀÂÁÃ�Ä�ÅÆ�ÇVÈ�ÉVÊ ËÍÌAÌÁÇ�ÊÇÁÎ�Ï�ÐÑ Ò Ó Ô
Õ¦Æ�Ö ×

Ø�Ù�ÚÜÛªÝqÞwßà¨á�â â ã ä å9æ çVè
é èé

Figure 11:  Turboexpander Process 
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   Figure 12:  3S-separator   
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the gas preparation facility exit at the level of ~100 
bar and more. The high gas pressure level at the 
facility exit can be dictated by the necessity of gas 
transportation for long distances. This is of particu-
lar importance  for versions when the prepared gas 
must be transported through the subsea pipe-line to 
the shore and then, without additional treatment, to 
the customer. In most cases, it is impossible to 
provide the natural gas conditioning using the JT-
valve or the turboexpander. The reason is that in 
standard schemes the condensation of target com-
ponents at high gas pressures  is not feasible.  
Figure 13 shows the phase envelope of natural gas 
in the “temperature –pressure” coordinates. Inside 
the phase envelope, natural gas represents a two-

phase gas- liquid mixture. For natural gas compo-
nents to be separated in the low-temperature proc-
ess, it is necessary that natural gas at any process 
point should be in the two-phase state. At the same 
time, for any natural gas there are pressure Cricon-
denbar (CCB) and temperature Cricondentherm 
(CCT) above which the formation of liquid phase 
is impossible. For natural gases, Criconcenbar of-
ten does not exceed 100 bar, that is why at pres-
sures above 100 bar the condensation and separa-
tion of natural gas components in the standard low-
temperature processes  prove to be unrealisable.   
Figure 13 represents the diagrams of variations in 
the thermodynamic state when natural gas succes-
sively passes through different facility sections the 
schemes of which are shown in Figures 10–12.  
The P-T diagram A-D-F-E corresponds to the 
scheme of the facility with the JT-valve given in 
Figure 10, the diagram A-D’-F’-E’-E refers to the 
scheme with the turboexpander (Figure 11),  and 
the diagram A-B-C relates to the 3S-separator 

scheme (Figure 12). The segments A-D, A-D’ and 
F-E, F’-E’ show the gas passage through the cool-
ing and heating channels of the recuperative heat 
exchanger HE, the segment D-F concerns the gas 
throttling in the JT-valve, the segment D’-F’ re-
flects the gas passage through the turbine of the 
turboexpander TE, and the segment E’-E relates to 
the gas compression in the compressor of the tur-
boexpander TE.  
The diagram A-B-C corresponds to the gas passage 
through the 3S-separator (Figure 12). The segment 
A-B refers to the natural gas expansion in the 3S-
separator nozzle accompanied by gas cooling, con-
densation of target components and separation of 
condensed drops of condensate, the segment B-C 
shows the gas compression in the 3S-separator dif-
fuser.  
In cases presented in Figure 13, neither the LTS 
process with the JT-valve nor the Turboexpander 
process provide condensation of gas components 
and, hence, separation of target components. While 
due to gas expansion up to supersonic velocities in 
the nozzle channel of the 3S-separator it is possible 
to cool gas to a sufficiently great extent and pro-
vide separation of heavy components.  
Thus, the application of the 3S-technology opens 
up new capabilities for gas processing in offshore 
gas fields.  
 
Subsea Processing  
 
On most gas production platforms the gas pressure 
is limited to 100 bar. from considerations of plat-
form and personnel safety. The gas pressure at    
the well-head often exceeds this by a considerable 
margin. This results in the necessity of installing a 
JT-valve at the well-head to reduce the gas pres-
sure on the platform.  
Replacement of the JT-valve with the 3S-separator 
will allow simultaneous solution of several prob-
lems: pressure reduction, gas dehydration, conden-
sate (LPG) extraction together with dew-point con-
trol. 
A possible scheme utilizing 3S-separator for con-
densate (LPG) extraction in Subsea Processing is 
shown in Figures 14, 15.  
In these Figures, the following designations are 
used:  1 -  Well ,  2 -  Well head, 3 -  Condensate 
extraction facility,  4 - 3S-separator, 5 - Gas-liquid 
separator, 6 - Heat-exchanger, 7, 11 - Pipeline for  
condensate  transportation, 8 - Gas pipeline for 
purified gas, 9 – offshore platform, 10 -  Facility 
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Figure 13: Diagrams of different processes of  
natural gas processing for high gas pressure 
at the facility exit 
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for preparing condensate for transportation, 12 – 
Sea land. 
Gas from the well, after passing the well-head, is 
delivered to the processing facility with the 3S-
separator mounted near the well-head located at 
the subsea. The facility consists of a recuperative 
heat-exchanger, a 3S-separator and a secondary 

separator for separation of the gas-liquid flow 
coming from the 3S-separator. The liquid mixture 
of hydrocarbons and water separated from the 
natural gas in the facility are supplied along pipe-
lines to the platform facility to prepare condensate 
(LPG) for transportation.  
A very important application  of the 3S-separator is 
in a full subsea scheme. The scheme of gas prepa-
ration for transportation for this case is given in 
Figure 15. 

 
 

CONCLUSIONS 
 
A new technology has been developed for the 
separation and processing of natural gas compo-
nents based on the adiabatic cooling of swirling 
gas flow in a supersonic nozzle.  
New, highly efficient, technological schemes for 
gas processing with 3S-separators have been de-
signed and tested in test facilities.  
There are a wide range of potential applications for 
3S-separators in facilities for natural gas process-
ing such as: 

− facilities for gas conditioning; 
− facilities for LPG extraction (shallow cut and 

deep cut); 
− offshore gas separation  and treatment  facili-

ties etc; 
− many others (CO2 extraction, Ethane recovery 

and LNG) are under extensive investigation. 
In all cases considered, the technology supplied 
using 3S-separators makes it possible to provide a 
cost effective and highly efficient extraction proc-
ess for C3+ gas components combined with a po-
tential reduction in energy consumption. 
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Figure 14: Application of the 3S-technology sub-
sea 
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