Project

Abstract

Using features of vortex flows of high-pressure fluids and gases in the technology of transporting natural gas

From public corporation «BashTransGas»:  Usmanov R., Distanov R.;
from Ufa State Aviation Technical University (USATU): Badamshin R., Tselishchev V., Akhmetov Y.;
from public corporation «Scientific research Institute technology and production organization»: Yuriev V..
When natural gas transporting from fields to consumer gas pressure is increased multiply to cover pressure losses when pumping on the gas mains. With the withdrawal of gas pipelines from the highways through the gas distribution station network is gas pressure reducing to the consumer level, which causes a sharp drop of gas temperature and the necessity of utilizing a special heating device that burns a certain amount of gas being transported in combustion devices (fig. 1).
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Figure 1 Equipment of «Gasprommash» company
In addition losses of gas pressure potential energy when it is lowered to the consumer level is required to expend a certain amount of gas that could be implemented as a commercial product.

Joint investigation of gas pressure throttling conducted by BashTransGas, USATU and «Scientific research Institute technology and production organization» show that the transported gas pressure drops can be avoided by well-known Joule-Thomson effect with a lowering of gas temperature using of the vortex processes features. Vortex gas flow can be obtained by using vortex tubes, where with the throttling pressure takes place the temperature and mass stratification produces chilled and heated gas flow (relatively to the inlet gas temperature as seen on fig.2) with a certain weight ratio. 
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Figure 2. Hot and cold throttle back streams mixing
In this case, the mixing of hot and cold throttle back streams gives a much higher temperature of the mixture, and under certain conditions can be obtained gas mixture heating with relatively to the gas temperature at the injector insert of the throttling device. Analyzing of materials testing vortex tubes obtained that the hot and cold throttle back streams mixing gives a high temperature mixture and in certain conditions can be obtained by heating a gas mixture relatively gas temperature in the throttling device as seen in Figure 3.
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Figure 3. The temperature of the mixed stream after vortex tube

Thus the conditions of gas flow at which the gas pressure isothermal throttling process was obtained. The possibility of practical realization of such processes is tested on experimental facilities of vortex pressure regulators for the gas distribution station (Qmax=20 000 m3/h) and gas distribution substation (Qmax=500 m3/h) as seen on figures 4, and for gas distribution substation regulator was simultaneously implemented the principle of fluid separation from the gas flow (according to public corporation «Tyumenmezhraygaz» requirements).
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Figure 4. Vortex pressure regulator, flow curves, experimental data.

In consideration of the significant differences of various operating conditions gas distribution substation, these team of scientists has been developed nonflame way to warm before gas pressure throttling process due to the partial use of disposable pressure drop across the expansion screw machine, which leads the rotation of a special pump. Pumped fluid is fed into the liquid vortex heat generator, which due to the liquid hydrodynamic vortex flow processes (water, antifreeze) with no moving parts occurs an increase in temperature up to 90-100 º C, which is used for heating gas in special heat exchangers (possible to use existing heat units after appropriate processing). It is possible to use a rotational energy to drive electric generator produces electricity for electric pump and technological needs of the gas distribution station (see fig. 5,6). The efficiency of liquid heat generator enhanced by the positive feedback of fluid flow thermal contour, except operated hydrodynamic processes. Implementing such a scheme gas extraction on the technical needs of heating and burning is eliminated completely.
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Figure 5. Natural gas heating system using liquid vortex heat generator before reduction
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Figure 6. Schematic diagram of the operating fluid supply
On powerful gas distribution stations gas pressure potential energy in gas pipelines has significant reserve, the realization of joint developed throttling pressure principle are the most appropriate (according to energy performance and highly cost-effective technology for the timing of cost recovery) (see fig 7, 8), including:
· The natural gas heavy fractions vortex separation process with increasing in their concentration 15-20 times (for subsequent liquefaction);
· "Dry" gas supply to the expansion screw machine with an electric generator to produce electricity;
· Cold resource usage after the expansion screw machine for cooling and liquefying the heavy fractions;
· The remainder cold resource application for the cooling technology (industrial refrigerators for agricultural and meat products);
· Cold resource usage for ice sports and cultural facilities (ice fields and year-round ice-figure complexes).
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Figure 6. Pressure energy of the transported natural gas utilization scheme
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Figure 7. Pressure-temperature gas expansion diagram (scheme with two vortex tubes).

Expected result: Getting the heavy hydrocarbons liquid fraction of  and cold recource, electricity and reducing the cost of 2-4 times compared to existing technologies.

Thus, the usage of the gas main pressure potential energy can develop and implement a completely self-sustainable and highly effective projects with the proposals to implement additional forms of energy (electricity, liquefied gas, cold resource) as commercial product, and improve environmental control and profitability of existing transportation technology.
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