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Development of the Method of Preparation of the
Boiler and Heating Water by Phase Transfer in a
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Abstract-In this paper, development of the method of
preparation of the boiler and heating water by phase transfer
in a vortex is considered. Ranque-Hilsch effect in a vortex flow
is researched. The devices for realization this effect is pre-
sented. Problems of modeling the eddy currents with phase
transitions, realizing Ranque-Hilsch effect are described.

Index Terms— vortex flow, Ranque-Hilsch effect, phase
transitions, mathematical modeling.

The water treatment plant for the generation of steam
and creating a flow of coolant can be used effects arising
from eddy currents, including phase transitions representing
the evaporation and condensation of water vapor.

Devices that are implemented vortex motion are called
differently: centrifugal cyclone, the cyclone vortex chamber
and the vortex, the vortex pipe (Ranque-Hilsch effect) and
hydro cyclones, vortex separators, vortex combustor and
combustion chambers, etc. [1, 2]. Their common feature is
the presence of the working area (typically cylindrical or
conical shape) and the vortex flow (generally tangential or
axial).

The term "vortex chamber" was introduced in the si-
mulation of atmospheric vortices in the lab. According to
the accepted terminology, the vortex chamber — is a device
which implements a uniform distribution around the peri-
phery of the medium input chamber and in which a working
medium performs a rotary-translational movement.

Manuscript received July 10, 2015, revised July 28, 2015. The work
was conducted with the financial support of the Ministry of Education and
Science of the Russian Federation in the framework of the project "Applied
research and development of the method of preparation of the boiler and
heating water by phase transitions in the vortex under high vacuum" ac-
cording to the contract no. 14.579.21.0063 d.d. 20.10.2014, identifier
RFMEFI57914X0063 between the Ministry of Education and Science of
the Russian Federation and Federal State Educational Institution of Higher
Professional Education "South Ural State University" (National Research
University).

A. L. Kartashev. Doctor of engineering science. Professor of Flying
Machines and Automatic Apparatus Department of South Ural State Uni-
versity, Chelyabinsk, Russia. Tel.: +79193458556, e-mail:
al kartashev@mail.ru.

S. D. Vaulin. Doctor of engineering science. Prorector for scientific
work. Head of Aircraft Engines Department of South Ural State University,
Chelyabinsk, Russia. Tel.: +79028993852, e-mail: s.d.vaulin@susu.ac.ru.

M. A. Kartasheva. Candidate of technical science, reader of “Flying
machines and automatic apparatus” department of the South Ural State
University.  Chelyabinsk, Russia. Tel.: 8(351)2679461, e-mail:
ma_kartasheva@mail.ru.

E. V. Safonov. Candidate of engineering science. Dean of Aero-
spasce Faculty, reader of Aircraft Engines Department of South Ural State
University, Chelyabinsk, Russia. Tel.: +73519049585, e-mail:
e-safonov@yandex.ru.

ISBN: 978-988-19253-6-7
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

In the study of vortex motion and application swirling
flows were discovered their unusual features — counter and
"recirculation zone" energy separation (Ranque-Hilsch ef-
fect). The presence in the flow field considerable centrifugal
forces and significantly affects the properties of the eddy
currents, causing those flow characteristics, which can be
successfully used in the design of the vortex chambers for
various purposes.

In the gas dynamics of vortex flows is nontrivial phe-
nomenon known as the Ranque effect (effect Ranka-Hilsch
or vortex effect), which consists in the fact that in vortex
tubes fairly simple geometry (Fig. 1) is a division of the gas
flow into two, one of which — peripheral — has a temperature
above the temperature of the source gas and the second —
center — correspondingly lower. This effect is all the more
strange when you consider that, as in the case of vortex sta-
bilization of gaseous discharges [3], the buoyancy forces
would have to lead to a "surfacing" in the center of the vor-
tex hotter gas.
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Fig. 1. Schematic diagram of the vortex tubes:

(A) countercurrent type, (b) a ram type

1 — smooth cylindrical tube, 2 — swirl tangential or snail type for com-
pressed gas, 3 — throttle valve (throttle valve), 4 — out of the hot gas through
the annular gap 5 — aperture to quit cold gas.

Vortex tubes realizing Ranque-Hilsch effect can be
used in the composition of the evaporating section for the
simultaneous production of hot water, followed by evapora-
tion to produce steam using vacuum vessel with hot water or
water vapor directly into the vortex tube and the cold water
used in condensing section for cooling the steam.

For a better understanding of the processes and struc-
ture of the flow in the vortex tubes should be, except for the
considered planar vortices present features swirling three-
dimensional flows in cylindrical channels. Consider a long
tube (Fig. 2) near the closed end which is located swirler — a
gas distribution device that provides spin when entering the

gas pipe.
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Fig. 2. Typical pattern of flow in a pipe near a tangential or snail vortex
1 — smooth cylindrical tube with a closed end, 2 — swirler,

3 — peripheral vortex flow, 4 — central zone of inverse currents,

5 — circulation flow.

An important feature of the vortex flow is the presence
of phase transitions, in detail these processes are considered
in paper [4]. For water treatment systems that use as a work-
ing medium water characterized by the processes of evapo-
ration and condensation of water vapor occurring during the
movement of the medium in the vortex tube.

In operation of all types of vortex power converters
there is a common characteristic of all the vortex devices
property consisting in that, when creating a vortex flow of
gas or liquid therein is intensive heat and mass transfer
processes that change the physical characteristics of the flu-
id and its status. At the same time the energy impact on the
working environment at the expense of the various methods
of organization and management of the vortex flow.

The vortex gas flow liquid and two-phase heterogene-
ous environments is accompanied by various physical ef-
fects, among which are the most important: the heating and
cooling of the working medium, the formation of two-phase
liquid-gas environments, accompanied by cavitation, disper-
sion, and spray fluid. Understanding the nature of the
processes occurring in the vortex flow of gaseous, liquid and
two-phase liquid-gas vortex flow allows purposefully lead
the development of the vortex energy converters and
processing equipment using them, which opens up oppor-
tunities for improving the quality of devices using eddy cur-
rents.

Hot water at a pressure of 2-5 atmospheres and a tem-
perature of 90-100 °C in the vortex tube leads to the fact that
the flow of hot water begins intensive evaporation (boiling)
to form a large amount of steam, which will flow out of the
"hot" end of the vortex tube. Because of the "cold" end of
the vortex tube will expire chilled water. A feature of work
processes in the vortex tube in this case is the presence of a
multiphase fluid, greatly complicates the dynamic processes
in the vortex tube, whose behavior requires a fairly complex
and lengthy investigations.

The use of steam as a source of the working environ-
ment, on the contrary, causes condensation of steam in the
"cold" end of the vortex tube (in some cases, the formation
of the solid phase — ice, greatly complicates the work of the
vortex tube because of infringement of the design mode).

In addition, in order vortex tube can be supplied and
vapor-liquid mixture. Thus, depending on the parameters of
the vapor-liquid mixture, and the geometric characteristics
of the vortex tubes may be implemented by various modes
of energy separation streams. For the simulation of such
flows is necessary to use models and methods of mechanics
of heterogeneous media [5, 6].

Currently vortex tubes which realizing the effect of
Rank-Hilsch used for different purposes. As an example, the
following technical means.

Refrigeration and heating installation on the basis of
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the vortex tube. The principle of operation is based on the
vortex tube vortex effect. Essence of vortex effect is to re-
duce the temperature in the central layers of the swirling gas
flow (free vortex) and raising the temperature of the peri-
pheral layers. With appropriate design of the device (Fig. 3),
the gas vortex can be separated into two streams, with re-
duced and increased temperatures.

Technical capabilities. Working medium pressure gas
Inlet pressure 0.5 ata ... 100. The minimum temperature of
the cold flow - 90 °C. The maximum temperature of the hot
stream to + 300 °C. Efficiency 40 ... 60%.

inlet

cool
outlet

Fig. 3. Construction of the vortex tube.

Vortex flows, including implemented in vortex tubes
using Ranque-Hilsch effect, applied in a number of industri-
al devices and assemblies [7]. The book discussed a study of
energy separation in intensive swirling flow when the flow
channels on the axially symmetric vortex tubes. Analyzed
existing models Ranque-Hilsch effect and given the im-
proved method for calculating the characteristics of vortex
tubes. Techniques of analysis and design of vortex devices.
Described based on vortex tube vortex burner igniters,
plasma torches, their design and method of calculation. Fig-
ures 4-5 are the different options for commercially pro-
duced vortex tubes.

ol

Fig. 5. Commercially available vortex tube cooling.

Development evaporator section based on the eddy
current Ranque-Hilsch effect. For the developed multi-
functional water treatment plant as an evaporator section of
the vortex tube can be used. Thus operation of this section
of the evaporator can be in two modes.

The first mode. The vortex tube under a pressure of 3
... 4 kgf/em? is supplied hot water with a temperature of 70
... 80 °C. On the "hot" withdrawal from the vortex tube is
obtained with water at 90 ... 100 °C. Further, this water en-
ters the vacuum chamber, at reduced pressure where it
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comes intensive boiling and vapor is formed, after the sepa-
rator (acting as a cleaning vapor) enters the condenser
mounting section. Chilled water from the "cold" outlet of
the vortex tube flows into the condenser section and serves
as a cooler for condensate.

The second mode. The vortex tube under pressure 4 ...
5 kgf/em? is supplied superheated water at a temperature of
110 ... 120 °C. When you receive a water vortex tube in the
separation process takes its boiling streams and "hot" output
is a pair (the pair will be "clean", free of impurities, which is
likely to allow dispense with the separator), the evaporator
section with an additional evacuated. On "cold" output is the
water that can be used in the condenser section as a coolant.
If the water temperature at the "cold" output is too high, then
it can be used in the heat exchanger when heating the raw
water supplied to the evaporator section. These modes have
a fundamental difference, due to the fact that in the first
mode in the evaporator section is water, and the second
mode — vapor liquid two-phase medium.

Offered to develop evaporator design provides similar
performance demineralized water is not at the expense of the
adiabatic multiple stages of boiling water in the evaporator,
and due to intensified thermal mass transfer processes in the
eddy currents in the field of centrifugal forces. It is assumed
to reach the desired rate of generation of steam in a smaller
volume.

Furthermore, the use of a vortex effect in the evapora-
tor section splits supplied via water line into two circuits:
steam generating circuit for generating and distillate loop
circulating water serving as a cooling agent with a tempera-
ture sufficient to cool the steam and the distillate. Last sig-
nificantly affect the weight and dimensions of the condenser
section.

Summary: examined existing physical principles and
technological solutions in the field of phase transitions in the
vortex. Variants of using a vortex tube, realizing Ranque-
Hilsch effect for the energy division of fluid flow in the
evaporator section as a multifunctional water treatment
plant.

Problems of modeling the eddy currents with phase
transitions, realizing Ranque-Hilsch effect. Research Ran-
que-Hilsch effect should not be considered complete. It re-
quires still conducting both theoretical and research experi-
mental to give it the status of a theory confirmed experimen-
tally. As theoretical problems to the fore appear need to
build a more rigorous physical model of energy separation
in a vortex flow taking into account such factors as:

— kinetics of movement and exchange of micro volumes of
kinetic energy;

—real, depending on the initial conditions, the distribution of
micro volumes largest forward speed;

— entry into the central part of the flow of the turbulent
boundary layer structures;

— the dependence of the translational velocity of gas exiting
from the pipe radius.

Considerable approximation to reality models consi-
dered possible, taking into account the three-dimensionality
of the main flow. Progress in this area can probably be
caused by the use of numerical modeling at least for laminar
flow. Compressibility environment and energy separation
may be the next step.
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As one of the important applications of vortex tubes is
the separation of gas condensate or evaporation, for mea-
ningful improvement of appropriate equipment required to
enter in the model account kinetics of the condensation, se-
paration and evaporation of the droplets.

The proposed theory, apparently, may give rise to a
new round of inventive activity, the main achievements
which are likely to be in the way of increasing heterogeneity
of the velocity of the incoming flow, and further improve-
ment of poorly studied direct-flow vortex tubes with de-
pressed reverse vortex.

It is important extensive research back-vortex flows
with the purpose of their use in energy, chemical and
process equipment for the isolation environment and the
chamber walls from exposure to the reaction zone.

The study of the above problems and to help in solving
the problems that are discussed in this project, first of all it
is the following model problem:

— study the effectiveness of energy separation flow at the
outlet of the vortex tube, working in hot (superheated) wa-
ter;

— the study of operating modes of the vortex tube in the
presence of vapor-liquid medium;

— determination of optimum operating conditions based on
the evaporating section of the vortex tube as a part of multi-
functional water treatment plant;

— experimental studies modes evaporator section based on
the vortex tube;

— research designs evaporator section based on the vortex
tube.

For the answer to these questions should be developed
mathematical model describing all the different processes in
the vortex tube, realizing the Ranque-Hilsch effect. Devel-
oped modeling tasks vortex flows with phase transitions,
realizing the Ranque-Hilsch effect.

The developed tasks include:

— the development of a mathematical model describing the
diversity of processes in the vortex tube, realizing the Ran-
que-Hilsch effect;

— the approaches to numerical modeling of processes in the
vortex pipe.
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