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Description:  The report reviews the basic directions of LLC “Managing Company “RusGasEngineering” activity with regard to the development projects of the technological processes and equipment improvement, as well as gas treatment and processing internals.
Few words about the company: The company’s activity base is process engineering, i.e. rendering scope of works for engineering and associated equipment design and delivery, plant management, project sites development on a turn-key basis, including operating personnel training, test production and after-guarantee service.
The company has been operating in the engineering market for 4 years. During this short period of time there have been implemented more than 20 leading oil-and –gas Russian companies projects sites developments.
In order to develop and implement the advanced manufacturing, the company has active cooperation with the leading world engineering companies. We signed cooperation agreements both with leading Russian and foreign companies, in particular: Aker Kvaerner Process Systems Canada Inc.(Canada), Toromont Energy Systems (Canada), Maloney Industries (Canada), Engelhard Process Chemicals Gmbh (Germany).
The directorship of technological development  is an organization department in the company dealing with research and technology surveying work and hydrocarbons treatment and processing technology research. The directorship major tasks are the search, elaboration, pre-starting work for optimal and advanced processing implementation.
Currently, the guidelines of the directorship activities are:
●  the separators internals improvement:
-  primary, with straight-flow, centrifugal elements;
-  low-temperature.

●  gas-dynamic separation.

Straight-flow, centrifugal elements, one of which is shown on drawing 1 were elaborated more than 20 years ago. The element’s design did not undergo any changes up to now and is widely used in the gas treatment units.
However, up-to-date exclusive standards to the treated gas qualities, made us to search for innovative technology for its upgrading. The research work was done by us to detect mechanical and technological shortcomings, in particular:

●  longitudinal weld on the oval cylindrical fitting pipe results in the separation efficiency reduction due to the premature loss of the separated liquid from the fitting pipe walls and its fracturing in the flow;
●  liquid dispergation on the displacer and recycle pipe by gas flow, which causes excessive liquid entrainment;
●  the second liquid entrainment at its removal from the puller device by the crosscut gas flow;
●  the element high hydraulic resistance due to the circulating gas non-optimum quantity in  a large diameter recycling tube and its movement towards the main stream from the ejection opening.
In order to eliminate these shortcomings in the centrifugal element:
●  the cylindrical fitting pipe is made from seamless pipe or is tumbled from the leaf with the following spiral welding, curled by the flow movement. The welding does not prevent the liquid flow down to puller device and does not cause the second entrainment;
●  the displacer edges is made in the form of teeth, turned towards the gas flow spin. This makes fluid elements coagulate and increases gas-liquid flow separation efficiency in the centrifugal field;
●  the puller device has the liquid and gas separating ring at their removal from the puller;
In order to decrease the hydraulic resistance and increase straight-flow, centrifugal elements   functional capabilities (to separate gas-liquid flow) its second upgrading was made without significant design change (drawing 2).
In this version the membrane and the openings before and after it in the fitting pipe have been installed at the cylindrical fitting pipe inlet. This allowed to reduce the liquid content in the treated gas up to 5-10 mg/nm3 (against existing 15-25 mg/nm3 for GPR353).
The applications have been filed for the innovative technology inventions.
The process design procedure, standard shop drawings (approved by the manufacturer) have been developed for the new straight-flow, centrifugal elements.
The development works have been used in the separators of Sterkhovsky gas field and other 

sites.
Thus, the multiple-function method of liquid separation from gas in the axifugal field has been created. This method includes the liquid drops coalescence process, gas separation from liquid and secondary gas separation from liquid in the puller device. The design offered by us implements this multi-function method.
Actually, the separation equipment efficiency updating by straight-flow, centrifugal elements improvement have reached its limit. This is conditioned by:
●  gas liquid mixture separation proceeds in uneven conditions (for instance, short dwell time

of gas liquid mixture  in the element- around 0,05 sec; different static pressure in the center and in the flow periphery; different tangential velocities on the flow cross section; phases random distribution on the element cross section);
●  Separation process in the axifugal field is the more effective, the more is the centrifugal effort. The more is the tangential velocity of the flow, the more is centrifugal effort value. However, the higher are these velocities, the larger is the liquid re-entrainment and higher is the unit hydraulic resistance.
In order to improve the efficiency of the low-temperature separation facilities, the separation process should be done:
●  in the balance conditions;
●  on low hydraulic resistance units;

●  at flow movement velocity, which provide the minimal re-entrainment.
These requirements are carried out in the new separation placing units. Let’s take, for example, structured packing with clear opening ~ 92%, (drawing 3), i.e. at low velocities, with the extended time. The liquid separation from the gas is produced in the structured systems, which have macropores and micropores. The larger is the surface of the regular packing, the more effective is the separation. The manufactured packing specific area reaches around 200 m/m, in potential packing it reaches 600.
These separators tests were performed (in vertical position) in Zapolyarnoye deposit by LLC “Yamburgdobytcha” and by LLC “Urengoygasprom” (in horizontal position).
The mentioned engineering solutions allowed to reduce the hydrocarbons losses C3+  from 74,3 up to 47,7 mg/m and C5+ from 9,4 up to 2,5 mg/m.

Also, the high separation efficiency was achieved on the industrial packings, which is around 8 mg/m3 of gas at velocity factor of 4, and at velocity factor of 2 the liquid content in the form of drops practically equals zero.
These engineering solutions can be used as well in Sterkhovy gas field separators.
Therefore, we can say that the new separation method with the simultaneous mass exchange which balances gas-liquid formation at which the maximum separation efficiency is achieved.
The peculiarities of joint operation of the productive gas-condensate stratums and Central Processing Facilities (CPF) impose a number of requirements to process flow schemes and equipment. One of such requirements is low-temperature separation units flexibility to the feedstock parametric variation. The more simple is the technology and the less equipment is used in it, the easier is the readjustment, connected with the pressure change, performance and feedstock composition.
One of this issue alternative solutions is the use of low-temperature, gas-dynamic separation. Low-temperature, gas-dynamic separation drew attention of many foreign specialists and domestic engineers.
Foreign and domestic separators are similar. Its operating principle is reduced to the following.  The multi-component hydrocarbon gas original stream is spinned. After that it is accelerated length-way up to Mach number rates 0,9 -1,0. The gas internal energy adiabatically transforms into kinetic. The static pressure and temperature in the flow decline. This forwards hydrocarbon components C3+  condensation  and water vapor. The obtained liquid phase in the spinned flow is concentrated peripherically and remains on the separation chamber walls. Then it is removed to the diminished pressure area – capacity. The diminished pressure is created by the gas phase ejected from it by the expanding original stream. The treated gas flow is slowed down with the pressure recovery. The described process is similar to the low-separation process with the use of expander-compressor unit. Low-temperature, gas-dynamic separation implementation is much simpler.
However, this low-temperature separation procedure has a number of considerable shortcomings, the main of which is insufficient gas dehydration from hydrocarbon components and water due to the insufficiently low temperatures (around minus 500C) of the flow having transonic or sonic speed. To provide gas-dynamic separator effective operation, it is necessary to strengthen gas coolhouse, which is impossible at a near-sonic speed. At the gas flow out with the supersonic speed the static temperature in the flow reaches around minus 1000-1200 C. The deeper freezing is intensified by the gas components condensation. However, the separation of the condensed components from the gas refrigerated stream is not effective. High turbulence caused by the gas flow high speeds strips off the laid-down liquid particles from the hard surface and takes them off from the gas-dynamic separator. That’s why it is necessary to remove the laid down liquid particles from the hard surface to the diminished pressure area very fast. The laid-down particles migrating is conditioned by the pressure difference in the gas flow and in the diminished pressure area (capacity). The more is pressure difference, the higher is the speed of the laid-down particles. Amount of difference depends on the gas phase quantity ejected from the capacity. The gas and liquid flow from the main to the diminished pressure area, and the more gas is there, the more is the underpressure in the capacity. The gas circulation motion results in loss of power – the treated gas pressure. The higher is underpressure, the higher are energy losses. The energy losses cause the cooled gas speed reduction and result in its temperature increase and  reduction of the components condensation density. Thus, the described technical discrepancy is one of the main concerns in the low-temperature, gas-dynamic separation improvement. There are other concerns connected with the processes:
●  condensation in the supersonic flows;

●  condensed liquid evaporation at its temperature increase due to the flow decompression on the hard walls and capacity.
In order to improve the efficiency “Managing Company “RusGasEngineering” developed the gas-dynamic separation method (RF patent #  229736), shown in the drawing 4 .
According to this method the condensed components in liquid and/or vapour phase are additionally injected into gas (in original or expanded gas). Due to the fact that injected liquid phase has larger heat capacity and getting chilled in the dynamic flow it maintains the low temperature longer than gas. It acts as a cooling agent, which can intensify the components condensation in the expanded gas and perform technological operations, like the original gas refrigeration (drawing 5).
In the expanded, chilled and spinning flow the axile area is formed. This area mainly consists of the gas phase and peripheral area – from the gas liquid mixture of condensed and non-condensed components. The gas liquid mixture flow has both axial and rotating speed, equal to axile flow. All gas liquid flow runs off to the diminished pressure area practically without deceleration. It is done by integrated outlet through swirl chamber (drawing 6) or differential extraction by the flow through the separation chamber walls, made of metal-ceramic filter medium (drawing 7), or by the combined method. Thereby, we maintain static temperature and reduce the condensed liquid evaporation.
The gas liquid mixture is finally separated in the diminished pressure area, where the filter medium application is possible (drawing 7), i.e. basically high-grade gas treatment from liquid is performed.
There is no intensive evaporation because in the gas-liquid mixture the fluid mass exceeds the gas mass and it’s a cooling agent.
The gas phase is ejected by the treated gas from the diminished pressure area and axile area (drawings 4-7). The gas phase ejection by the treated gas from the diminished pressure area allows to make underpressure in the diminished pressure area without the original gas power/pressure losses, which is used for its expansion and liquid condensation. By this method  the cooling rate of the expanded gas is increased and the condensation process is intensified, i.e. it results is gas-dynamic separation efficiency increase.
The treated gas and condensate are carried off separately. In this case, the original gas can be pre-cooled by the liquid and/or treated gas, removed from the diminished pressure area (drawing 7).
The gas-dynamic separation by the described method can be done as a single-stage or multiple (drawing 8). 

Gas-dynamic separation pre-calculated technological parameters by RF patent # 229736 are shown in the table 1.
Table 1

GAS-DYNAMIC SEPARATION BASIC TECHNOLOGICAL PARAMETERS

Original gas pressure ration to the treated gas pressure 



1,4 + 1,7
in the starting regime

Original gas pressure ration to the treated gas pressure



1,25 – 1,35
in the optimum operation












Original gas temperature






plus 300 C
Hydrocarbon components and water phase state




vaporous
in the original gas










Mach number in the expanded gas flow





1,1 +- 2,0
Static temperature in the treated gas flow




minus 70-1200C
Pressure energy specific flow per temperature reduction



0,65 – 0,30 atm/deg
Condensed dropping liquid separation efficiency:




- at single-stage separation






90-95 %

- at multiple separation







99,9 %
Dew point of the dehydrated gas:

- at single-stage separation






minus 350 - 500 C

- at multiple separation







minus 550 – 700 C

According to expert appraisals, the use of gas-dynamic separation against, for instance, the improved low-temperature separation installation, allows to reduce capital costs and power consumption of the gas separation units in more than 30 %.
The solutions offered by us are intended to provide high grade treatment of the natural and associated gas. However, in each specific case the efficiency of such solutions depends on variety of factors and conditions typical for the specific gas treatment project site.
The company’s successful operation in O&G industry is resulting from the high scientific and research potential, solid material and technical base for research and development. As a consequence of above mentioned, we have the required patents and licenses.
The shown developments are in the industrial practice implementation phase.

The company represents the effective form of the perfect junction of science and manufacture, which realizes development, industrial use implementation with economic cost and innovation solutions in a relatively short time.
