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The paper discusses issues related to the design of a hydro-
dynamic throttle type heater. The maximum angular velocities
Jor cylindrical and conical shapes are determined from the con-
dition of non-spilling of liquid from a rotating vessel.

Theoretical studies have shown that the conical shape of the
skirt is more optimal, since with an increase in the liquid level
in the vessel within 0.02—0.09 m, the angular velocity decrea-
ses from 37.566 rad/s to 17.709 rad/s, respectively. In addition,
with a taper of the vessel walls of 5° and a liquid level height
of 0.02 m, the volume of the liquid is 11.0-10~> m>. If to increase
the liquid level to 0.09 m, then the volume of liquid will increase
t0 55.0-107° m3. At a taper of 10°, respectively, there is also an
increase in the volume of liquid from 6.0-10~> m> to 42.0-10~> m’.

1o establish a small increase in the temperature of the liquid
when it is forced through the throttle holes, a transparent mock-
up was made. Experimental studies have shown the locking of
air during the formation of a ring of liquid in the rotor cavity.
In addition, it was found that the smaller the inner radius of
the liquid ring, the higher the temperature of the pressed liquid
through the throttle openings. For this purpose, a system for
removing air from its rotor was provided in the hydrodyna-
mic heater.

When the rotor is running, the lateral outer walls of the coni-
cal skirt interact with the liquid, forcing it to rotate. The rotating
liquid, rising along the walls of the housing, begins to interact
with the lower part of the rotor, which negatively affects the ope-
ration of the hydrodynamic heater as a whole. For this purpose,
a special flow directing cylinder was provided in the housing.

When the liquid is forced through the throttle opening, there
is a decrease in pressure and an increase in the velocity of the
liquid. This leads to an increase in its kinetic energy, which is
then converted into thermal energy due to friction between the
liquid molecules. This principle is used in various systems such
as heating systems, industrial processes or laboratory research.
However, creating pressure in front of the throttle openings
using the inertial forces of a rotating mass of liquid is a promis-
ing direction
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One of the main advantages of vortex heaters is the high
efficiency of heat transfer, since the vortex movements and
turbulence created inside the device contribute to more inten-
sive mixing of the liquid, which increases the efficiency of heat
transfer. However, vortex heaters have some disadvantages, as
the main elements may be subject to wear and require regular
maintenance and replacement. In addition, the use of vortex
heaters may require higher initial investments compared to
traditional methods of heat generation.

Heating the liquid by pushing through the throttle open-
ings is one of the methods of controlled heating. This process
is based on the well-known principle of creating a narrowing
channel or installing a throttle through which a liquid flow is
passed, which requires a significant amount of energy.

The growing interest in the research of liquid throttling
in a rotating vessel is due to its importance both for studying
their hydro-thermodynamics and for optimizing industrial

processes such as separation, purification, mixing and heating
in the chemical, food, pharmaceutical and thermal power in-
dustries. These studies also help to develop new models and
theories that are used in a wide variety of fields of engineering
and industry. This is due to the fact that the use of inertial for-
ces of a rotating mass of liquid to create pressure in front of the
throttle openings allows the use of external low-power sources.

However, it is worth noting that the effectiveness of
throttling also depends on the parameters of the throttle,
such as its size, shape and material, as well as the velocity and
pressure of the liquid. In this regard, research in the field of
throttling of rotating fluid remains relevant.

2. Literature review and problem statement

In hydrodynamic heaters, thermal energy is generated by
activation by external sources of internal energy of the liquid.
These include vortex [1], cavitation-vortex and throttle




types of heaters. The optimal modes in which the coefficient
of conversion of electrical energy into thermal energy will be
maximum are not fully described.

The work [2] studies the dynamics of vortex cavitation
under various conditions, including the pressure and orifice
number, and their effects on the nozzle flow and spray charac-
teristics using a modified cavitation model considering the
swirling flow. Its validation against experimental data has
demonstrated a high precision of the code in terms of vortex
cavitation inside the nozzles. This paper does not show the ap-
plication of this method or mathematical modeling. The work
fully reveals the potential of the cavitation effect. The results
show that increased inlet pressures gradually reduce the in-
fluence and intensity of vortex cavitation structures.

Vortex liquid heaters are a type of heat exchange devices
that use the Ranque effect [3] to heat or cool liquids. The
vortex effect, or the Wound effect, manifests itself in a swirl-
ing flow of a viscous compressible liquid and is realized in
a very simple device called a vortex tube. When a liquid
passes through a vortex tube, vortices and turbulent flows are
created. This contributes to a more intensive mixing of the
liquid and a more efficient heat exchange between the heated
liquid and the environment. The paper does not consider the
practical application.

In [4], a solution is considered for studying the characteris-
tics of heat transfer in a pipe with a turbulent damped swirling
flow using an integrated boundary layer circuit. The influence
of the Reynolds number at the inlet, the intensity of the tur-
bulence at the inlet and the Prandtl number on the thickness
of the thermal boundary layer and the Nusselt number is also
studied. The paper does not consider the practical application.

The work [5] shows patented devices that allow the use of
vortex and cavitation effects to provide heating of premises:
a hydrodynamic heater, includes a pump with an electric mo-
tor, an inlet pipeline, a vortex energy converter, a device for
forming a vortex installed at some distance from the vortex
shaper, a confuser at the outlet of the vortex tube. When the
device is in operation, the number of rotations of the rotor
reaches 6800 rpm. Under these conditions, the bearing bear-
ings wear out. The work does not describe the actions for the
wear of the part.

In [6], the authors proposed a cavitation vortex heat gene-
rator that includes a vortex chamber with two injection nozzles
that are positioned at an angle of 45—-90° to each other and have
different heights inside the chamber. The bottom of the cham-
ber is made in a curved shape for the lower injection nozzle.
The housing of the device is a cylindrical tube, and a bypass
connects the vortex chamber to the base of the housing.
At the base of the housing, opposite the vortex chamber, there
is a braking device, as well as an additional braking device in
the bypass. Both braking devices include fins with parallel
holes along the body axis and the bypass axis. At the entrance
to the injection nozzles of the vortex chamber, devices for
twisting the flow are installed, which are cylindrical bushings
with an internal screw surface. The housing is connected to
the vortex chamber by means of a pipe with a curved profile.

The work [7] shows an energy conversion system that
converts hydraulic wind energy directly into thermal energy.
When using wind energy, the throttle valve is considered
as a source of heat generation to convert wind energy into
thermal energy. The use of a throttle valve allows to calculate
heat dissipation using Matlab (USA) modeling and calculate
the physical and mathematical model of the heating system.
This process shows that heat can be obtained by pushing

through. A fully mathematical model is considered, but its
application in industry is not described.

In [8], cavitation heating of a liquid is shown, which is
based on the use of a physical phenomenon where, due to
a local decrease in pressure, tiny vapor bubbles form in the
liquid and burst at the moment they enter the high-pressure
zone, which leads to heating. However, these bubbles in large
concentrations can create powerful explosions, and this in
turn will lead to the exit of the engines.

In [9] shows throttling of a liquid rocket engine, which
have the ability to independently adjust thrust. A liquid-fueled
guided rocket engine can be used to enter and descend from
the planet, space rendezvous, orbital maneuvering, including
orientation and stabilization in space, as well as to hover and
prevent hazards during landing on the planet. But the effect
of variable thrust on the mechanics and dynamics of a liquid
rocket engine, as well as the difficulties and problems associa-
ted with the throttling process, are important aspects of re-
gulation. The problems associated with each method are con-
sidered and the advantages and disadvantages are compared.

In [10], the heat generator consists of an electric motor,
a housing with a cylindrical inner cavity, inside which a rotor
with many recesses and holes is rigidly mounted on the shaft
of the electric motor, it is equipped with a container covering
the electric motor and communicating through holes with
the inner cavity of the housing. The work fully describes the
application of hydrodynamic cavitation. The results obtained
are used to study the influence of the main design parameters
of the separator-throttle valve assembly on the flow capacity
of the control valve and are relevant for stochastic modeling
of the hydrodynamic cavitation process.

In [11], energy losses (reduction of hydraulic pressure) in
amoving fluid are considered. As described in the work, pres-
sure losses are distributed along the length of the pipeline —
these are linear losses; in others they are concentrated on
very short sections, the length of which can be neglected —
on the so-called local hydraulic resistances: valves, all kinds
of rounding, constrictions, expansion, etc., that is, wherever
the flow is subjected to deformation. The source of losses in
all cases is the viscosity of the liquid.

The paper [12] presents the results of a study of the main
characteristics of the liquid throttling process in a control
axial valve, taking into account the dependence of the
simulated coefficient of hydraulic resistance on design and
operating parameters. The calculation of the throughput and
throughput characteristics of the separator of the specified
valve is performed from the standpoint of varying the degree
of its opening. In the course of the work, the main factors
influencing the change in these axial valve performance indi-
cators were identified.

In this article [13], dynamic mesh and UDF technology
are used to investigate the dynamic evolution of cavitation
and the axial force for the entire valve disc during the open-
ing and closing of an inclined ball valve. The results show
that the development of cavitation during the opening pro-
cess is divided into three stages, including the occurrence of
cavitation, its development and the complete development of
cavitation. The paper does not provide mathematical model-
ing of the process.

In this study [14], the efficiency of heat transfer of Galin-
stan liquid flowing through an immersion heater was analyzed
using computational fluid dynamics. The calculation was car-
ried out under different conditions with a different number of
partitions, mass flow and constant heat flow values.



In [3], the dynamics of vortex cavitation is studied under
various conditions, including pressure and hole number,
as well as their effect on the characteristics of sputtering.
The higher the inlet pressure, the higher the mass flow rate and
discharge coefficient, but the weaker the vortex cavitation.
While the intensity of vortex cavitation decreases, the flow
coefficient increases, and the mass flow remains almost con-
stant with increasing back pressure. Under the action of vor-
tex cavitation, the spreading angle of the liquid of the prima-
ry jet, the penetration of the jet, and the volume coefficient of
the jet first increase and then decrease with increasing inlet
pressure. As is known, the phenomenon of cavitation in the
nozzle, especially vortex cavitation, strongly affects the flow
dynamics and spray characteristics. The paper describes in
detail the influence of pressure conditions (inlet and return
pressure) and the number of holes on the internal vortex
cavitation and the dynamics of its sputtering.

There is also a method for generating thermal energy, where
heated water is given a rotational motion, causing centrifugal
forces and pressure that move water in a radial direction and
simultaneously create an increasing reusable pulsation of this
pressure, followed by its drop to atmospheric pressure. But
these methods are shown only in existing patents. And they are
not fully implemented.

Currently, hydrodynamic heaters are rarely used in every-
day life and in industrial enterprises. This is due to insuf-
ficient knowledge about this type of equipment and the
amount of information and research.

3. The aim and objectives of the study

The aim of the study is to select the shape of the rotor for
optimal operation of the hydrodynamic heater. This allows to
explore ways to heat the liquid using special chokes.

To achieve this aim, the following tasks were set:

— to determine the position of the coordinate of the pa-
raboloid vertex of the free surface and the volume of liquid in
the vessels, from the height of the liquid level;

— to determine the temperature of the liquid by the rota-
tion velocity of the rotor.

4. Materials and methods

The object of the study is the design of a hydrodynamic
heater and the physical processes in a liquid during the pro-
duction of thermal energy. The assumption is made that the
conical shape of the skirt contributes to a better filling of the
rotor cavity and the creation of liquid pressure in front of the
throttle openings. To confirm the shape of the skirt considered
the behavior of a liquid in a rotating vessel around a vertical
axis with a constant angular velocity. The rotating walls of the
vessel will cause the layers of liquid closest to the walls to ro-
tate, and then, due to the viscosity of the liquid, its entire mass.
After some time, all the particles of the liquid will rotate at the
same angular velocity. The equilibrium of the liquid relative to
the vessel will be established. In this case, the liquid is at rest
relative to the vessel in a non-inertial coordinate system x, y, z.
When writing equilibrium equations in a non-inertial coordi-
nate system, it is necessary, in addition to surface forces, mass
gravity, to introduce a portable force of inertia of rotational
motion [15]. For this case, the portable force of inertia is the
centrifugal force directed along the radius and equal to:

F=Amo?r, (1)

where Am — the elementary mass of the liquid; » — the dis-
tance from the vertical axis to the elementary mass.

Projections of the density vector of the distribution of
mass forces from gravity and the portable force of inertia
have the form:

F, =0,
F% = O’ le = _g’

where x and y are the horizontal coordinates of an arbitrarily
selected point of the liquid.
Using the equal pressure surface equation:

F.dx+F,dy+ F,dz=0, (2)

let’s define the shape of its surface. To do this, let’s substitute
expressions into the equation F,, F, and F, then the equation
will take the form:

o’xdx + o’ ydy — gdz = 0.

Integrating:

2

o)
S ltey)-g=c

since x2+y? = r? the equation can be written as follows:
0*r’/2-gz=C. (3)

Find the value of an arbitrary constant C for a paraboloid
with vertex coordinates x=0; y=0; z=z,. By substituting
these coordinates into expression (3):

C,=-gz,.

The equation of the free surface:

0)2
z/S—ZO:E(x2+y2):>mer/2g. (4

To determine the cause of a slight increase in the tempera-
ture of the liquid, a transparent mock-up was made (Fig. 2),
where a tinted liquid was used as a coolant.

Any particle of liquid (Fig. 2), which is in a state of rela-
tive rest in a rotating vessel, located at a distance from the
axis of rotation, has a linear velocity. The height of the point
of the free surface of the paraboloid is equal to:

W =z-zp=w’r’/2g=u’/2g. (5)

To determine the advantage of the conical shape of the
skirt compared to the cylindrical one, the forces in the rotat-
ing fluid were determined in Fig. 1.

The ordinate of the vertex of the paraboloid of the free
surface at a given angular velocity depends on the volume of
liquid in the vessel. Before the vessel rotates, the liquid level
has a horizontal position and is at a height 4 with a volume of
liquid equal to TR*1. When the vessel rotates, the shape of the
liquid surface changes, but its volume remains unchanged:
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(zo + a)zrz/Zg)Qnrdr =TR’h.

After integration, the free surface equation has the form:

0.)27’2

h=z,+ 2 orz,=h-o’R*/2g.

(6)

To establish the advantage of the conical shape of the
skirt in comparison with the cylindrical shape, it is possible
to determine to what maximum angular velocity the vessel
can be spun so that the liquid does not spill out of it. At the
same time, let’s change the taper of the vessels, as well as the
liquid level in them. Next, let’s write down the necessary
formulas for calculating the parameters of the cylindrical and
conical shapes of the vessel, based on the condition that the
liquid should not spill over the edge of the conical vessel [16].

5

Fig. 1. Forces in a rotating fluid

The temperature increase during throttling can be deter-
mined by equating the energy given by the liquid flowing out
of the throttle openings to the energy spent on heating it [2].

The temperature of the liquid can be determined by the
following formula [17]:

At=237-107 Ap. (7

However, when the installation was started within 20 mi-
nutes, the coolant temperature reached only 36-37 °C. To de-
termine the reason for the small increase in liquid tempera-
ture, a transparent mock-up was made (Fig. 2), where a tinted
liquid was used as a coolant.

During rotation, tinted water, lifted by the conical skirt
of the rotor, rushed along the bottom of the drum to the
throttle holes, which caused an air cavity to form in its upper
part, as shown in [18]. The trapped air in the rotor reduces
the fluid pressure at the throttle openings:

2(R2_ 2
T (2g n)y ®

where y — the specific gravity of the liquid, N/m?; R — the outer
radius of the ring of liquid in the rotor, m; 7; — the inner radius

of the ring of liquid in the rotor drum, m; g — acceleration
of gravity, m/s% @ — the angular velocity of rotation of the
rotor, rad/s and, accordingly, the increase in its temperature.

Also, it is provided (Fig. 3) a special cylinder, which was
mounted in the casing of a hydrodynamic installation to ac-
commodate a rotor with a conical skirt.

Fig. 2. Transparent rotor layout:
1 — conical rotor; 2 — axial fitting; 3 — tinted liquid

Fig. 3. Housing of a hydrodynamic installation
for placing a rotor with a conical skirt: 1 — body of the
hydrodynamic installation; 2 — separator of liquid flows (cold
and hot); 3 — special guiding cylinder for liquid flow;

4 — fitting for liquid supply; 5 — connector for mounting
an electronic digital thermometer; 6 — fitting for hot
liquid discharge; 7 — viewing window; 8 — grippers for
transportation installations

During operation of the rotor 2, the lateral outer walls
of the conical skirt 3 interact with the liquid, forcing it to
rotate (Fig. 4, @). When the liquid rotates, its surface forms
a parabola 4 (Fig. 4, b), the surface of which, rising along the
walls of the housing 1, begins to interact with the lower part
of the rotor drum 2.

To eliminate dynamic surface contact, it is installed
motionlessly in the center of the body of the hydrodynamic
installation, covering the conical skirt of the special guiding
cylinder 6, made with holes for supplying liquid flow (Fig. 5).




values of the constant C correspond to different
paraboloids of equal pressure. The free surface
is also a surface of equal pressure, where at all

points the pressure is equal to the external pres-

sure po. Since the volume of the liquid is equal
to the volume of the paraboloid, the ordinate of

the vertex of the paraboloid zy can be calculated.

Fig. 4. Condition of the moving parts of the heat generator:

a — static state; b — dynamic state

g

Fig. 5. Diagram of the installation of a special guiding
cylinder in a hydrodynamic installation

The liquid flow guide cylinder simultaneously acts as
a liquid calmer, and cuts off its bulk from the rotating skirt.

It should also be noted that compliance with the location
levels of heating devices and the hydrodynamic installation
allows for the supply of coolant in the system by gravity. This
is due to the fact that the rotor of the hydrodynamic installa-
tion functions as a pump. However, an additional low-power
circulation pump is provided in the heating system, which
can be turned off during normal circulation of the coolant.

5. Results of work on the study of fluid parameters
in an inertial hydrodynamic installation

5. 1. The results of changing the position of the vertex
of the paraboloid of the free surface and the volume of
liquid in the vessel

Using the above expressions, the maximum angular ve-
locity of rotation is determined at which liquid will not spill
out of the vessels. At the same time, the calculated depen-
dences of the angular velocity of rotation of the vessels on the
liquid level in them show that the lower the liquid level, the
higher the required value of the angular velocity.

However, dependency graphs were previously defined and
constructed. At the same time, the ordinate of the vertex of the
paraboloid of the free surface at a given angular velocity de-
pends not only on the angular velocity, but also on the volume of
liquid in the vessel. The following Fig.6 shows the dependence
of the positions of the ordinate of the vertex of the paraboloid
of the free surface on the height of the liquid level in the drum.

It can be seen from expression (3) that surfaces of equal
pressure represent a parabolic shape. It should be noted that
different paraboloids of equal pressure correspond to diffe-
rent values of the constant.

It can be seen from expression (3) that surfaces of equal
pressure represent a family of congruent paraboloids. Different

Taking zp=2h{—h, and presenting formula (6) in

the following form w=((h-2z,)-2g) /7", it is
possible to determine the angular velocity at
which the liquid will not spill out of the rotor
skirt. The dependencies in Fig. 6—8 are based on
theoretical studies.
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Fig. 6. Dependence of the positions of the vertex ordinate
of the paraboloid of the free surface on the height of
the liquid level from the condition of its non-spilling:

Zy1 — at a taper angle of 0°; Zy, — at a taper angle of 5%
Zy3 — at a taper angle of 10°

The graph shows that at the height of the liquid level of
0.020 m, the ordinate of the vertex of the paraboloid is 0.070 m,
and at the level of 0.060 m, this parameter is 0.010 m. Thus, it
can be stated that the change in the ordinate of the vertex of
the paraboloid depends on the liquid level in the drum.

Later, during laboratory work, the results are obtained
and the dependence (Fig.7) of the volume of liquid in the
vessel on the height of the liquid level are plotted. Dependen-
cies in Fig. 7 are based on theoretical research.
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Fig. 7. Dependence of the volume of liquid in the vessel on the
height of the liquid level from the condition of its no-spilling



As can be seen from the graph, data taper angle of 5°,
at a liquid level height of 0.02 m, the volume of the liquid
is 11.0-10°m3. And when the liquid level increased to
0.09 m, the volume of liquid is 55.0-107> m3,

At a taper angle of 10°, respectively, there is also an in-
crease in the volume of the liquid. The increase in liquid vo-
lume is observed in the range from 6.0-10-° m3 to 42.0-105 m?,

5. 2. Results of liquid temperature measurements from
the rotor rotation velocity

The results of the experiment showed that the water lif-
ted by the conical skirt of the rotor rushes along the bottom
of the drum to the throttle holes, which is why an air cavity is
formed in its upper part. The trapped air in the rotor, accord-
ing to (6), reduces the pressure of the liquid at the throttle
openings and the increase in its temperature [17].

The rotation velocity of the liquid is significantly lower
than the rotation velocity of the rotor. Dynamic surface contact
occurs. The contact belt is determined by the angular velocity
of the liquid, and the higher it is, the larger the contact surface.
This has a negative effect not only on the operation of the
engine, but also on the hydrodynamic installation as a whole.

Since the radius of the drum of the heat generating unit
remains constant, 0.5 m, then having previously assumed
radii equal to 0.4, 0.3 and 0.2 m for various positions, re-
spectively, and at 7,=0, for angular velocities of the rotor 42,
76, 136, 215, 314 rad/s, let’s calculate the pressure values
according to a known method [19]. The calculated values
correspond to the density of water at a temperature of 20 °C.
Table 1 shows the calculated pressure in the throttle open-
ings of the rotor drum at different positions of the liquid ring.

Table 1

Design pressure at the throttle holes in the rotor drum,
for different positions of the liquid ring

Angular Pressure (p) at the throttle openings, for different
velocity of radii of the inner ring of the liquid in the rotor
the rotor, drum (MPa)
o (rad/s) | r=0.4 (m) | 7=0.3 (m) | 73=0.2 (m) | 74=0.0 (m)
0 0.00 0.00 0.00 0.00
42 0.020 0.035 0.046 0.055
76 0.065 0.116 0.152 0.181
136 0.208 0.370 0.486 0.578
215 0.520 0.925 1.213 1.445
314 1.109 1.972 2.588 3.081

Table 1 shows that as the angular velocity of the rotor in-
creases, both the cross section of the liquid ring and the pres-
sure at the throttle openings increase. However, at the an-
gular velocity of the rotor, the liquid pressure at the throttle
openings will also be zero, since without rotation, the liquid
will not flow into the drum.

Substituting the calculated pressure values into the
expression (7) (Table 1), it is possible to determine the theo-
retical increase in water temperature in one pass through the
throttle openings, provided that the pressure drops to zero.

It follows from Fig. 8 that the smaller the inner radius
of the liquid ring, the higher the temperature of the pressed
liquid through the throttle openings. However, in reality, the
heating of water due to heat transfer is somewhat lower, but
nevertheless, to obtain a set temperature in the heating sys-
tem, repeated pumping of liquid through the throttle openings
is sufficient. Therefore, the turnover of the liquid associated

with its flow through the throttle openings is important in
a thermal installation. Dependencies in Fig. 8 are based on
theoretical research. The description of the method for ob-
taining the dependence in Fig. 8 is given and constructed ac-
cording to the indicators obtained by formula (7) and Table 1.
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Fig. 8. Dependence of the increase in water temperature
in one passage through the throttle openings
on the design pressure

After laboratory work, it was possible to eliminate air
locking in the rotor drum, which allowed a 4-fold increase
in temperature every minute, and in the future, it is possible
to use only the conical shape of the skirt, for better filling of
the rotor cavity.

At the same time, the small gap between the skirt and
the cylinder does not allow the formation of dynamic surface
contact of the liquid with the lower surface of the rotor. The
liquid flow guide cylinder simultaneously acts as a liquid
calmer, and cuts off its bulk from the rotating skirt. At the
same time, the small gap between the skirt and the cylinder
does not allow the formation of dynamic surface contact of
the liquid with the lower surface of the rotor.

6. Discussion of the results of a study related to the shape
of the rotor of a hydrodynamic heater

The heating of the liquid when passing through the throttle
openings of a certain diameter of 1.5 mm, 2 mm and 3 mm
occurs due to the Joule-Thomson effect. This effect occurs
when a gas or liquid expands or contracts as it passes through
the throttle opening. This fact can be observed in Fig. 8,
which shows an increase in temperature. Experimental stu-
dies have shown that when liquid passes through the throttle
opening, the pressure decreases. This leads to a decrease in
intermolecular forces and an increase in the average velocity
of the molecules. The higher velocity of the molecules leads
to a large number of collisions between the molecules, which
leads to an increase in their internal energy and, consequent-
ly, to an increase in the temperature of the liquid.

To ensure effective heating of the liquid, the optimal shape
of the skirt was determined. To do this, it was determined to
what maximum angular velocity the vessel can be spun so that
the liquid does not spill out of it. According to the results of the
study, it was found that the higher the taper, the higher the filling
capacity. The effect of the angular velocity on the change in the
level of immersion of the skirt in the liquid is smoothed using
a special guide cylinder (Fig. 5) in a hydrodynamic installation.



With the help of a transparent layout, the movement of the
liquid was observed and the reason for the insufficient increase
in the temperature of the coolant was determined. During
rotation, tinted water, lifted by the conical skirt of the rotor,
rushed along the bottom of the drum to the throttle openings,
as a result of which an air cavity was formed in its upper part,
as shown in Fig. 2. To eliminate this disadvantage, as shown in
Fig. 2, a special guiding cylinder for liquid flow was provided.

To eliminate air locking in the upper part of the drum
of the heat generating unit, a pipe with holes in the center
was passed along its entire length. When the rotor rotates
around the periphery of the tube, the pressure decreases due
to the high velocity, which makes it easy to remove air from
the center of the drum cavity. The spray gun effect used is
a phenomenon that occurs when a liquid or gas passes through
a narrow opening at high velocity. With such a flow near the
hole, the velocity of the liquid (or gas) reaches significant
values, and the pressure decreases. The spray effect creates
avacuum in the system, which has a beneficial effect on increas-
ing the cross-section of the liquid supply ring into the drum.
The ring of liquid in the rotating drum of the rotor is formed as
aresult of the action of centrifugal force on the liquid, which is
directed radially from the center of rotation to the periphery.
The formed ring of liquid along the inner surface of the
drum (Table 1) is maintained at a constant angular velocity of
rotation of the rotor, which has a positive effect on the energy
consumption of an external source and temperature control of
the installation. As shown in Fig. 6, the removal of trapped air
increases the inflow and volume of liquid into the drum cavity,
which leads to an increase in the ordinate level of the vertex of
the paraboloid of the free surface relative to the calculated one.

After a preliminary test, it is possible to obtain a depen-
dence (Fig. 8), from which it can be seen that the smaller the
inner radius of the liquid ring, the higher the temperature of
the liquid supplied through the throttle openings. Therefore,
if the liquid passes through the throttle opening at a high
velocity, its temperature can increase significantly.

However, if the velocity of the liquid passing through
the throttle opening is low, the Joule-Thomson effect can
be neglected.

In addition, the work [20] shows how the efficiency of
a hydrodynamic installation affects the turnover of the coolant,
which was confirmed by a study of throttling through throttle
openings with a total area of 31.4-106 m? and 64.34-10 5 m?,
where the indicators of the second case were 6 % higher.

A distinctive feature of this study in comparison with
existing ones is that the pressure in front of the throttle open-
ings is created by centrifugal forces arising in the rotating
rotor of the liquid. The use of centrifugal forces makes it pos-
sible to use an electric motor with a capacity of up to 3 kW
as an external rotor rotation activator. This is due to the
fact that the rotor of the installation acts as a hydrodynamic
pump, where the supply of liquid along the skirt and its flow
through the throttle openings are balanced, and the power
of the electric motor is spent only on maintaining rotation.

It should be noted that throttling in hydraulic systems is
used to regulate the temperature of heat carriers within limits
that depend on the specific conditions and requirements of
the system. The specific temperature ranges depend on the
characteristics of the equipment, the type of coolant and the
operating conditions. In domestic heating systems, the tem-
perature of the coolant usually varies from 60 °C to 80 °C.

The disadvantages of this study are that it is difficult
to select an engine with the necessary parameters and the

appropriate power to rotate the rotor. Also, the dependence
of the magnitude of the centrifugal force on the angular
velocity and distance from the center of rotation imposes its
own limitations on the study. Increasing the distance affects
the overall dimensions of the installation, and the angular
velocity is limited by the capacity of the throttle openings.
In the future, research is planned to improve the design of the
installation, which will reduce its overall dimensions, while
maintaining the pressure value at the throttle openings and
determining the optimal angular velocity.

In the future, during the preparation of this experimental
installation, the exact manufacture of the housing and the
cylindrical rotor with appropriate parameters is required.

7. Conclusions

1. The study shows that at the same angular velocities, the
height of the paraboloid in conical vessels is higher, since the
supply of liquid into the cavity of the rotor drum contributes to
the creation of pressure at its walls. It is known that the higher
the pressure, the higher the flow of liquid through the throttle
openings. In this case, the top of the paraboloid, depending on
the angular velocity, can move up or down, and will drop even
below the end of the conical skirt. The study shows that when
the cylindrical skirt of the rotor is immersed in a liquid at 0.07 m,
the branches of the paraboloid reach its upper edges at an angu-
lar velocity of 25 rad/s, whereas with a taper of 5° and 10° this
occurs at angular velocities of 24.1 and 23.2 rad/s, respectively.
This indicates that the conical shape of the skirt is preferable
to the cylindrical one, since the creation of pressure in front
of the rotor throttles is directly related to the supply of liquid.

2. During the study, the results of a study on the change in
water temperature through throttle openings were obtained.
Based on the study, it can be said that the smaller the inner
radius of the liquid ring, the higher the temperature of the
pressed liquid through the throttle openings. However, in
reality, the heating of water due to heat transfer is somewhat
lower, but nevertheless, to obtain a set temperature in the heat-
ing system, repeated pumping of liquid through the throttle
openings is sufficient. Therefore, the turnover of the liquid
associated with its flow through the throttle openings is im-
portant in a thermal installation. In the course of the study,
theoretical results were obtained concerning the effect of
changing the cross-section of the liquid ring on the tempera-
ture increase when it is forced through the throttle openings.
For the inner radii of the liquid ring of 0.2 m, 0.15m, 0.1 m
and 0.0 m, the average temperature increase per pass through
the throttle openings was 1.1 °C. Based on the conducted re-
search, it can be concluded that a decrease in the inner radius
of the liquid ring leads to an increase in the temperature of
the pressed liquid through the throttle openings. However,
in practice, water heating is slightly lower due to heat transfer.
Nevertheless, to achieve the set temperature in the heating
system, it is sufficient to repeatedly push the liquid through
the throttle openings. Thus, the turnover of the liquid as-
sociated with its flow through the throttle openings plays
an important role in the operation of the thermal installation.
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