Journal of Applied Engineering Science

“ Original Scientific Paper

doi:10.5937/jaes16-17327

Paper number: 16(2018)2, 524, 242 - 245

PRINCIPLES OF DESIGNING WELL SEPARATORS

A.B. Feodorov* V.I. Afanasov V.N. Gaevsky S.P. Dunaeva R.S. Miroshnikov P.M. Kondrashov
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Vortex motion is effectively used in the development of wellbore filter designs. Further development of the principles
of such design requires the development of some principles based on experimental observations and computer
modeling. A constructive analogy between the wellbore filter and the Ranque vortex tube is shown. The results of
experimental and theoretical studies of the vortex tube are applied as a basis for designing a well separator. Recom-
mendations are formulated regarding the radius of the inner branch pipe of the downhole filter placed in the body. Ap-
proaches are discussed when choosing the length of the working section of the well separator, as well as the choice
of the shape of the input cochlear, the size of the outlet diaphragm, and the shape of the sand suspension window.
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LITERATURE REVIEW

The Vortex currents make it possible to intensify the
processes of mass transfer, organize cleaning and sep-
aration of the components of the working fluid. In recent
years, understanding of many processes occurring in
gas or liquid flows in a vortex tube has been achieved.
This is due to the desire for a theoretical explanation of
all the experimentally observed facts of such currents.

There are complications in the death of the axial mo-
tion [01-07]. Despite the significant ups and downs in
the modeling and understanding of the effect], practical
applications follow their course [01,13]. In our previous
work, we discussed the features of the application of a
particular construction [14-17] constructed with the aim
of using the separation capabilities of the Ranque-Hilsh
effect. Further discussion of our design led to an under-
standing of the independence of research on the physics
of processes and the practice of constructing serial pro-
duction. Our focus was mainly on the equipment of the
oil and gas industry.

The desire to modernize the sectoral equipment leads to
a gradual complication of structures. Additional elements
are introduced that give a local win within the product. At
the same time, designers forget about the possibilities of
using physical effects. This is due to the specifics of the
design school. There is also a reason for the inability of
physics to consistently describe the essence of nonlinear
effects.

The development of studies of the Ranke effect, lead-
ing to visual models, is limited to the standard case of
a hollow, long (50 caliber) tube. There is the desire to
introduce additional structural elements in the body of
the tube. However, there is a danger of losing physical
effect. Roll into a situation of minimalism. Create a con-
struction "based" on the use of local centrifugal forces.

Regardless of the existing difficulties of physical theo-
ries, the practice of using vortex technologies does not
stand still. In this regard, it is important to formulate the
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basic relationships and proportions of aggregates using
the Ranque-Hilsh effect. The goal is to create various
designs with internal elements introduced. Save useful
physical effects and their combinations in the process of
creating a serial aggregate.

Thread swirl is widely used in technical devices to or-
ganize and intensify various processes. As shown by
experimental studies, intensive swirling of the flow has
a great influence on the characteristics of the flow field.
This, above all, is associated with the intensification of
mass exchange.

The development and introduction into production of new
technology requires the study of local, integral and tur-
bulent properties of a swirling flow in various conditions.

It must be admitted that at present there is no unified
opinion on the mechanism of energy separation and
temperature stratification in such currents.

The most attention is drawn to the hypothesis of vortex
interaction [01,14]. The calculations were made in [17].
They confirmed the formation in the separation chamber
of two vortices rotating in one direction. These vortices
move in opposite axial directions. This circumstance
was first discovered experimentally in the experiments of
Shults-Grunow [18].

In our experiments, the goal was to verify the observed
effects for the conditions of particular designs. Sketch
designing was carried out with the purpose of adaptation
of requirements of model to the form of a serial well filter.

Regardless of the particular construction, interest is rep-
resented by a set of relationships. Criteria for the choice
of design, dimensions ensuring the pumping of techno-
logically required fluid volumes. The placement and di-
mensions of the internal elements (the red arrow in Fig-
ure 2) are investigated on the basis of physical technical
models and outline design of the vortex tube options.
The internal branch pipe in Figure 2 has the ratios of a
conventional serial well filter. The radius of the nozzle is
less than the radius of the central vortex.
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Such dimensions contribute to the partitioning of the cen-
tral vortex formed due to the Ranke effect.

A lot of work is devoted to the study of the character-
istics of the vortex tube [01-18]. Experimental studies
of dynamic vortices are associated with significant dif-
ficulties. The reason is the complexity of observing the
phase velocities of the liquid jets. Significant progress
is achieved through computer modeling. Comparison of
spatial images of currents with experimental data allows
us to judge the processes occurring in the vortex.

Computer simulation allows you to vary the geometric
parameters of the vortex tube and establish the neces-
sary relationships between the structural elements. Nu-
merical calculations provide information on the physics
of the processes that are taking place.

Here, the existing technical solutions are compared and
the recommendations derived from the existing studies
of the vortex tubes are formulated.

RESULTS AND DISCUSSION

The simplicity of the vortex tube design and high reliabil-
ity are attributed to its main advantages as devices for
producing cooled gas masses [01]. In this paper, the dis-
cussion is limited to mass transfer processes. The con-
struction of the counter flow vortex tube Ranque-Hilschis
is quite simple (Figures 1 and 2). The main structural
elements of the vortex tube are: a body with a swirling
nozzle inlet 1, a diaphragm at the end of the input and a
reversal element in the opposite end.

Figure 1: Scheme of counterflow vortex separator
1 - input stream, 2 - axial flow, 3 - near-wall flow

Figure 2: LAKOS eJPX Centrifugal Separator
for industrial applications [19]
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The figures show that the fluid flows in both devices look
similar.

The process of separation of vortices, known as the vor-
tex effect or Rank's effect, is realized during the flow of
an intensely twisted flow. Flows are formed along a cy-
lindrical channel. On the end surfaces of the channel,
restrictive elements are installed - a choke on the "hot"
and a diaphragm with a central hole at the "cold" ends
of the pipe.

The physics of the phenomenon of redistribution of vor-
tices in a pipe is the result of complex gas-dynamic pro-
cesses. The peripheral vortex moves from the nozzle
inlet to the throttle, and the axial vortex in the opposite di-
rection. Their energy and gas dynamic interaction forms
the basis of the physical model for describing the separa-
tion process, known as the vortex interaction hypothesis.

The optimal designs are wellbore filter type of the Ran-
que vortex tube. It is necessary to reject various kinds
of return elements of the throttling end of the tube. A
design with a length of at least 50 gauges is preferred.
The choice is made in favor of the maximum length of
interaction between the central and peripheral vortices.
The area of mass transfer increases. Providing the maxi-
mum volume of unperturbed rotation of the central vortex
promotes maximization of the sand removal zone. The
absence of superfluous internal elements at the lower
end of the tube is positive for minimizing the thickness
of the transition layer between the central and peripheral
vortex.

All these limitations are directed toward eliminating micro
vortices in the interaction zone of the two main vortices.
Along zone is created to clean up the ascending vortex
flow.

As a result of experimental studies, the proportions be-
tween the axial and parietal vortex were determined [01].
The radius of the axial vortex is from 0.6 to 0.8 parts
from the radius of the vortex tube. The preservation of
the effectiveness of mass transfer processes requires
the preservation of the unperturbed structure of the ax-
ial vortex. The additional cylinder in the axial area must
be chosen with a radius of at least 0.6 the radius of the
vortex tube. Otherwise, the destruction of the axial vor-
tex will reduce the efficiency of separation of the fluid
streams. And as a consequence, create conditions for
the penetration of sand into the axial vortex.

Effective separation of vortices occurs with a tube length
of more than 20 gauges. It is desirable to have 50 cal-
ibers. Vortex tube designs use specific recurrent ele-
ments or a cone-shaped body profile. That allows you
to reduce the length of the tube to 5 - 7 calibers. In the
absence of restrictions on the length of the downhole
filter, it should be selected in the range of 20 to 50 cali-
bers, preferably, closer to 50. In this case, the quality of
the axial symmetry of the axial vortex is improved from
the returning throttle to the outlet nozzle. From this fol-
lows the conclusion: the length of the outlet branch pipe
should be a small part of the length of the tube. It should
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be noted that increasing the length of the vortex chamber
contributes to an additional filtration effect. In this case,
the influence of the counterflow effect increases.

The nozzle input is profiled along the Archimedes' spiral
with a minimum radius equal to the radius of the vortex
chamber. The input window reaches 0.4 of the tube radi-
us and has a square cross-section.

The output diaphragm at the end of the nozzle inlet is
40% of the sectional area of the tube body.

The lower outlet for the entrainment of the sandy sus-
pension should be designed as a ring. The central part
of the return end is designed in the form of a cone. Such
geometry ensures a sufficiently effective separation of
the vortices. The peripheral vortex bearing the sandy
suspension is separated from the axial vortex of the pu-
rified liquid.

CONCLUSION

A comparative analysis of the Ranke vortex tube and
a borehole filter is carried out. The experience of two-
phase fluids in the conditions of vortex flows has been
used [19-29]. It is shown that their constructions are fun-
damentally similar. Increasing the efficiency of the well
separator is achieved, as a rule, by introducing additional
structural elements. Each such element is the source of
the twists associated with it. The dialectics of the pro-
cess consists in the delicate balance of the vortex and
laminar flows. In principle, the rotational vortex motion
in the downhole filter may contain laminar sections. It is
known from the studies [01-19] of vortex tube physics
that the axial vortex rotates like a solid body. Introducing
additional elements into the body of the vortex tube, it is
necessary to take into account their effect on the phase
picture of the liquid flows.

The diameter of the central branch pipe introduced into
the design of the well separator should be 60% of the
diameter of the housing. This constructive solution is dic-
tated by the requirements of minimization of disturbanc-
es on the emerging structure of the ascending vortex.
A good choice separates the action of the elementary
centrifugal force or the formation of the structure of flu-
id flows according to the Ranke effect type. In practical
terms, this is a different efficiency of sand removal from
the central vortex. The optimal design allows us to avoid
micro vortices and reverse pulling of sand into the central
vortex.

On the pattern of liquid motions in the vortex tube, guide-
lines for designing effective borehole filters are formulat-
ed without attracting unnecessary elements. Numerical
calculations and computer visualization can be used to
refine the fluid flow characteristics in a well separator, as
is done in the study of the characteristics of vortex tubes.
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