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The article presents the results of experimental
research conducted on a specially designed setup for
pressurizing various types of fluids through throttle ori-
fices. To determine the optimal operating mode of the
thermal system, throttle nozzles of different diameters,
specifically 1.5 mm, 2 mm, and 3 mm, were utilized.

One of the primary advantages of vortex heaters is
their high heat exchange efficiency. This is attributed
to the vortical motions and turbulence generated within
the device, which promote more vigorous fluid mixing,
thus enhancing heat transfer efficiency.

However, vortex heaters do have certain draw-
backs. Vortical components may experience wear and
require regular maintenance and replacement.

Subsequently, during the course of experimen-
tal work, an alternative inertia-based hydrodynam-
ic system for heating heat carriers was developed and
installed in a laboratory experimental facility. The
research focus was on technical water. The results
indicated that the static pre-pressure generated by
the supply of water from the water main into the sys-
tem decreases as the rotor’s angular velocity increases.
Experimental investigations demonstrated that rotor
rotation leads to a redistribution of flow characteristics
in throttle orifices for both static and dynamic inertial
Sluid discharge. Given that any static column of liquid
results in level flow through throttle orifices, their flow
static parameters were established.

Furthermore, the research revealed that with the
increase in rotor angular velocity, the fluid pressure at
the throttle orifices rises, while the share of fluid dis-
charge from the initial static pressure decreases in the
overall fluid flow
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1. Introduction

This article examines the optimal technical parameters
of an inertial hydrodynamic installation for liquid heating.
The study of liquid heating systems with effective thermo-
physical characteristics is relevant in the field of economical
energy consumption. Thus, when the liquid is throttled, its
temperature increases. This principle can be used to heat
various liquids in various systems, such as heating systems,
industrial processes or laboratory studies.

To date, studies are being conducted on heating systems
for liquids, more often water, when pumping liquids from
a higher pressure to a lower one without performing work.
The so-called throttle liquid heating or hydrodynamic liquid
heater. This method does not require the use of any type of
fuel and additional devices such as a pump, which has found
application in heat pumps, refrigeration units, cooling sys-
tems, etc. In this regard, the study of ways to obtain heat and
improve design problems is relevant.

Traditional types of thermal energy production, in addi-
tion to meeting the needs of humanity, cause enormous harm
to the environment. To solve environmental problems relat-
ed to energy production, renewable energy is widely sought
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to adapt to local conditions. Along with the use of alterna-
tive energy sources for space heating, thermal installations
based on previously known provisions of heat engineering
and hydraulics are being developed. In this regard, it can be
noted that the possibility of ensuring continuous rotational
movement of the elements of mechanisms, with small friction
losses, allows to use this advantage in almost all industries
(car transmission, hydraulic motors, pumps, etc.).

Therefore, the search for new efficient devices using the
principle of throttling the liquid to heat it is an urgent tech-
nological task today. Since reserves of natural hydrocarbon
resources are decreasing all over the world. Therefore, the
task of every scientist, researcher, innovator is to search for
alternative energy sources.

2. Literature review and problem statement

The paper [1] presents air conditioning in refrigeration
and in systems, also liquid throttling is used to control the
flow of working fluid (refrigerant) and control its pressure.
The paper provides an in-depth analysis of the effect of
mixed refrigerants on the thermodynamic characteristics of
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the refrigeration cycle with a throttling system. The use of
the obtained liquids in production or in everyday life is not
shown.

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 char-
acteristics 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. In this paper does not show the
application of this method or mathematical modeling.

The paper [3] presents experimental results of the prac-
tical possibility of using the throttling effect in hydraulic
systems for the implementation of commercial industrial
domestic heating systems. The work is relevant in countries
where heating systems operate using oil burners, the devel-
opment of environmentally friendly systems for heat genera-
tion is especially relevant. The study with other liquids is not
shown, there are no comparative analyses.

Many studies are devoted directly to the physical phe-
nomena occurring during throttling. Work [4] is devoted to
the experimental analysis of the flow through the throttle
valve, which was affected by cavitation, namely air bubbles
formed in the liquid. Where the amount of dissolved gas in
the liquid is directly proportional to the partial pressure of
the gas in the liquid, which is determined by Henry’s law.
Thus, the solubility of a gas in liquids depends on tempera-
ture and pressure. There are no descriptions of the sizes of
throttle valves in the work, and comparative analyses with
other studies are not given.

In [5], the evaluation of hydraulic systems in terms of the
energy and dynamic properties of the components, which re-
late to important criteria for their operation, is investigated.
This paper describes the advantages and disadvantages of
the systems. But the dynamic properties of the studied ener-
gy-saving measurement system are not considered.

In the article [6], the methods of heating the hydraulic
drive working fluid when operating at low temperatures are
considered. These chokes are usually used and located along
pressure lines as the simplest and most effective way to heat
the working fluid to operating temperature and in hydraulic
drives of self-propelled machines for the northern regions.
But the mathematical data is not shown.

The interaction [7] of fine particles with an expanding
gas flow under fluidization conditions is considered. The
objects of study are finely dispersed materials, their single
particles, gas flow in a fluidized layer. The study used the
laws of dynamics and hydrodynamics, the classical laws of
mechanics, as well as mathematical methods for the analyt-
ical solution of equations. During the study, an analytical
equation was obtained to find the height of the particle
ascent depending on the gas flow rate for given geometric pa-
rameters of the gas flow. The obtained formulas can be used
in the process of studying the process of convective drying
of finely dispersed materials for various design parameters of
the dryer. In practice, as a rule, there are various empirical
formulas that describe such interactions of particles for spe-
cific parameters, which make it difficult to generalize them.
In this work, the correctness of the assumed conditions nec-
essary for the analytical solution of the differential equation
of particle motion is proved. The application of these proven
formulas is not fully shown.

In this paper [8], experimental studies were carried out
to establish characteristic shrinkage zones during drilling

of polymer composite materials, as well as their values. The
methods used are the analysis of the quality indicators of
PCM (polymeric composite materials) holes and the method
of expert assessments. The calculation of the required cut-
ting forces and the roughness height when drilling holes in
PCM is proposed, taking into account chip settling under
the action of a wedge. These results and calculation methods
can be easily transferred in the manufacture of throttles for
a heat generating plant. The article does not consider the
disadvantages of the material used for milling cutters.

In this article [9], nonstationary mixed convection heat
transfer in a square housing with differential heating is in-
vestigated. It was found that fast rotation and high frequen-
cy combined with a low coefficient of thermal conductivity
are most effective for increasing the overall heat transfer
rate. However, in this case, the drive power supplied to gen-
erate thermal energy is determined by the maximum fluid
pressure and pump flow rate.

In the course of the study [10—12], the authors obtained
an analytical equation for determining the velocity of a
particle during its rise and fall in a gas jet. In this paper, the
correctness of the accepted conditions necessary for the ana-
lytical solution of the differential equation of particle motion
is proved. As a result, formulas were obtained to determine
the velocity of a particle in a gas jet and the height of its rise
depending on the gas flow. However, there is no information
in the article about the use of these formulas for various lig-
uids, although a fluidized bed is considered.

Currently, hydrodynamic heaters have not yet become
widespread. Let’s believe that this is due to insufficient
knowledge about this type of equipment and insufficient
amount of information. The presented data allow to take a
fresh look at the technological role of hydrodynamic heat-
ers, now it is not only an effective way to heat a liquid, but
also a fairly inexpensive and very expensive energy source.
The use of inertial forces of a rotating mass of liquid for its
heating allows the use of an electric motor of lower power,
which saves the consumed electrical energy. In this sense,
the search for constructive solutions for improving meth-
ods of heat generation and its economical consumption is
promising.

3. The aim and objectives of the study

The aim of this study is to design and test a throttle
valve with a diameter from 1.5 mm to 3.0 mm for an inertial
hydrodynamic system. This will allow to get a good tempera-
ture and pressure dependence.

To achieve this aim, the following objectives were set:

—to determine the preliminary pressure at the throttle
outlet at different angular speeds of rotation of the rotor;

— to get the results of measuring static and total pressure
in throttle holes with a diameter of 1.5 mm;

— to determine the effects on the flow rate of changing
the direction of the jet exit from the throttle holes of the
rotor with a diameter of 2.0 mm.

4. Materials and Methods

The object of the study is a hydrodynamic thermal in-
stallation, where electrical energy is converted into thermal
energy due to changes in velocity and pressure in the flow.



The main hypothesis of the study is that the static pre-pres-
sure created by the supply of liquid from the water supply
system decreases with an increase in the angular velocity of
rotation of the rotor. When the liquid from the water pipe
enters the rotating rotor of the system, it is subjected to the
action of centrifugal force, which acts on each of its particles
and contributes to the creation of pressure in front of the
throttle openings. As it is assumed, the assembled laboratory
installation using the centrifugal forces of a rotating mass of
liquid and a method of controlled heating of the liquid is an
attractive and promising direction for obtaining thermal en-
ergy. The technological solution is achieved by the fact that
the static preliminary pressure created by supplying liquid
from the water supply system decreases with an increase in
the angular velocity of the rotor.

When the liquid from the water supply enters the ro-
tating rotor of the system, it is subjected to the action of
centrifugal force, which acts on each of its particles and is
directed from the center of rotation toward the walls with
throttle openings. The higher the angular velocity of the
rotor’s rotation, the stronger the centrifugal force, and the
more liquid is forced out of the throttle openings.

A full-scale experimental setup [13] was used to establish
fluid flow rates at various pressures and total areas of throt-
tle orifices and to assess their influence on the heat transfer
medium’s temperature.

To determine the optimal operating mode of the ther-
mal system, various diameter nozzles were used as throttle
orifices. Nozzles are employed in hydraulic systems when a
specific flow pattern of the exiting liquid is required. Nozzles
have a consistent flow coefficient, making them widely used,
and the thermal installation is no exception.

In the thermal installation, cylindrical nozzles that ex-
tend outward from the vessel are employed (Fig. 1), as the
flow rate of liquid when the nozzle length exceeds the orifice
diameter by three times is approximately 30 % higher than
that of flow through an orifice in a thin wall (Fig. 2) [14].

Fig. 1. Liquid flow through throttle orifices: the outflow of
liquid from the cylindrical nozzle
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Fig. 2. Liquid flow through throttle orifices: the outflow of
liquid through the opening of a thin wall

It is well-known that the pressure drop Ap and fluid flow
rate Q through an orifice in a thin wall are related by the
equation:

Q=u~5,/2ATpg, ()

where § — the cross-sectional area of the orifice, p — the dis-
charge coefficient.

The discharge coefficient is equal to the product of the
cross-sectional area of the orifice and the square root of the
pressure drop p=o¢, where ¢ — coefficient of velocity, & — co-
efficient of the compression of the jet as it exits the orifice.

The coefficient of velocity ¢ is equal to the ratio. ¢ :VL’

where V, =4/2gH the coefficient of velocity is equal to the
ratio of the actual velocity of fluid discharge to the theoreti-
cal velocity of an ideal fluid under the same pressure head H,
V — the coefficient of velocity represents the actual velocity
of real fluid, taking into account the deceleration of the fluid
layers at the orifice’s edge.

The coefficient of compression ¢ is determined by the

. S . .
ratio ¢ :?‘, where § — compression coefficient, S = ndf//;

cross-sectional area of the jet at its compressed location.

The compression of the jet is caused by the fact that
liquid particles move along curved paths towards the orifice
from all directions, leading to the jet detaching from the wall
at the inlet edge and compressing at a distance of approxi-
mately 0.5 d from it.

For approximate calculations, when low-viscosity liquids
flow out of a round hole, the compression ratio of the jet is
assumed to be equal to e=0.64.

The discharge coefficient u for specific types of orifices
is determined after conducting experimental research using
the following expression:

-£ 2
p 0. 2)

where Q — the measured fluid flow rate through the orifice,
Qn — theoretical flow rate.

The theoretical flow rate of liquid through throttle ori-
fices is calculated using the expression:

Q=S /2%, 6)

where § — throttle opening area.

5. Results of the study on the parameters of throttles in
the inertial hydrodynamic installation

5. 1. Results determination of the preliminary pres-
sure at the throttle outlet at different angular speeds of
rotation of the rotor

The research has shown that the static initial pressure,
created by supplying liquid from the water supply system
into the installation, decreases as the angular velocity of the
rotor increases. The results are presented in Fig. 3.

The results of measuring the flow rate of the installation
with and without the additional tank through a throttle



with a 3 mm orifice diameter at different initial water supply
pressures are shown in Fig. 4-7.
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Fig. 3. Pressure drop curves with increasing rotor angular
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Fig. 4. Flow curves of the installation fluid with a pre-pressure of
0.25 kgf /cm? through throttle holes with a diameter of 3 mm
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Fig. 5. Flow curves of the installation fluid with a pre-pressure
of 0.5 kgf /cm? through throttle holes with a diameter of 3 mm
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Fig. 6. Flow curves of the installation fluid with a pre-
pressure of 1.0 kgf /cm? through throttle holes with a
diameter of 3 mm
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Fig. 7. Flow curves of the installation fluid with a preliminary
pressure of 1.5 kgf /cm? through throttle holes with a
diameter of 3 mm

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.

5. 2. Results of static and total pressure of throttle
holes with a diameter of 1.5 mm of the throttle at different
angular speeds of rotation of the rotor

In further experimental investigations, the case of cre-
ating the same total pressure at the throttle orifices was
considered by adding static and inertial pressure. Table 1
provides data on the liquid flow rate through a throttle ori-
fice with a diameter of 1.5 mm.

With an increase in the angular speed of the rotor, the
liquid pressure at the throttle orifices increases, and the
proportion of liquid flow from the initial static pressure de-
creases in the total liquid flow.



Table 1
Flow rate from static and total pressure at the throttle openings
@ | e | a0/ ey | o s | rodation, enys
1.0 56.029 0.5 48.52 63.416
1.5 0.75 | 48522 | 0.75 67.294 82.214
0.5 39.618 1.0 81.833 98.118

3. 3. Results determination of the effect on fluid flow
of changing the direction of jet departure from the throt-
tle holes of the rotor with a diameter of 2.0 mm

To establish the influence of the direction of the jet exit
from the throttle orifices on the liquid flow rate, an experimen-
tal stand was used [15]. The results are provided in Table 2.

Table 2

The dependence of the fluid flow through the throttle holes
with a diameter of 2 mm on the direction of the jet departure

and the angular velocity of the rotor

Direction of the throttle nozzle
Angular . .
! . Against the In the direction
velocity of Straight rotation of rotation
the rotor o,
rad/s Flow rate Q, Flow rate Q,, Flow rate Q;,
cm?/s cm?/s cm?/s
0 31.875 30.253 30.248
48.52 43.066 42918 43.649

To more accurately determine the influence of coriolis
forces on the liquid flow through the throttle orifices of a
rotating rotor, it is necessary to conduct specialized exper-
iments that take into account all possible factors, including
orifice geometry, vessel rotation speed, liquid viscosity, and
other parameters.

6. Discussion of the results obtained for determining the
optimal technical parameters of the inertia-based liquid
heating system

The rotating rotor with throttle openings acts on the wa-
ter supply pipeline like a pump with a higher flow rate than
the water supply. This fact is consistent with Fig. 3, which
illustrates that as the angular velocity of the rotor increases,
the proportion of dynamic inertial liquid discharge begins
to dominate over the initial static flow through the throttle
openings.

From this, it follows that supplying liquid from the water
supply cannot ensure the proper functioning of the installa-
tion. Therefore, for the normal operation of the installation,
it is necessary to constantly increase the flow rate of water
from the water supply, which complicates and distorts the
research results. Hence, for subsequent measurements in the
setup, an additional storage tank was provided, which can
supply an additional volume of liquid when needed.

In Fig. 4, 5, it can be observed that initially, in the instal-
lation without an accumulator, the liquid flow rate increases
gradually at angular speeds of 20—40 rad/s, respectively, and
then pulsations occur. When the installation has an accumu-
lator, it is possible to see a stable increase in the liquid flow

rate. The curve changes proportionally to the increase in the
angular speed of the rotor.

In Fig. 6, 7, pulsations in the flow rate curves can also
be observed in the absence of an accumulator, although they
are minor, but a stable increase is maintained over the entire
range of rotor angular speeds. Pulsations begin at higher
angular speeds of the rotor. The flow rate curves with the
accumulator have a parabolic character, which is clearly vis-
ible in Fig. 7. This is due to the fact that, according to equa-
tion (6), the pressure at the throttle orifices is in a quadratic
dependence on the angular speed of the rotor [15].

As can be seen from Table 2, when the throttle nozzle is
oriented along the rotor pipe without rotating it, the fluid
flow is higher. In this case, the fluid does not change direc-
tion inside the tube, which means that the local resistances
are lower than when the flow direction changes.

At an angular velocity of the rotor of 48.52 radians per
second, the liquid flow rate is lower when the throttle is po-
sitioned in the direction of rotation than when it is aligned in
the opposite direction. This can be explained by the fact that
during the rotor’s rotation, Coriolis forces of inertia deflect
the liquid within the throttle, resulting in a narrowing of the
jet and reduced flow.

Experiments have shown that Coriolis forces depend
on the direction of liquid movement within the rotating
rotor. If the liquid moves along the rotor’s rotational di-
rection, it experiences fewer Coriolis forces than if it were
moving against the rotor’s rotation. Thus, for the thermal
installation, schemes can be devised to reduce the impact
of Coriolis forces on the liquid flow through the throttle
nozzles.

In experimental investigations, the influence of Coriolis
forces on the liquid flow through throttle orifices was con-
sidered by reducing the flow coefficient.

Experimental research has shown that when the rotor
is in motion, there is a redistribution of flow characteristics
for throttle openings concerning static and dynamic inertial
liquid flow. Since any static column of liquid causes level flow
through the throttle openings, their static flow characteristics
were determined. With a stationary rotor, each throttle ori-
fice has a constant flow rate, which corresponds to a diameter
of 1.5 mm — 5.714*105 m3, a diameter of 2 mm — 10.02*10% m?,
and a diameter of 3 mm — 21.28%10% m? per unit time. This
static flow rate contributes to the overall inertial liquid flow
from the throttle opening.

Inertial liquid flow is influenced by both centrifugal
force and tangential forces resulting from the interaction
of the liquid with the drum walls. The speed of liquid flow
depends on the radius, the number of throttle openings, and
the angular velocity of the rotor’s rotation. With an increase
in the rotor’s angular velocity, the centrifugal force grows,
leading to an increase in the speed of liquid flow through
the throttle openings. However, when the water supply’s
capacity is limited, and the system’s flow rate is high, flow
pulsation occurs due to the presence of air entering the water
supply and connection points.

The study in [16] presents the percentage of static and
inertial liquid flow for various angular velocities of the rotor
in the form of a table. The work shows that the preliminary
static flow in the supply main significantly affects the iner-
tial flow at low rotor speeds (up to ®=21 rad/s). In this case,
the inertial component does not exceed 74.4 %. However,
as the angular velocity of the rotor increases, its influence



decreases and approaches zero. This is because, with the
increased angular velocity of the rotor, the liquid pressure
at the throttle openings significantly exceeds the static
pressure in the supply main. Therefore, at angular velocities
greater than 84 rad/s, with a maximum error of 2.4 %, the
flow rate can be considered negligible.

Until now, obtaining heat using hydrodynamic heaters
using throttling was not perceived by scientists, they con-
sidered it insignificant. However, experience has shown that
in order to control the location of a space probe or ships, it
is necessary to apply a certain pressure to rotate the object.
But at the same time, the temperature of the liquid always
increased when passing through the throttle opening. In this
regard, this process can be considered not only for space-
craft, but also for ground services.

7. Conclusions

1. The research showed that the static pre-pressure cre-
ated by introducing water from the pipeline into the system
decreases with an increase in the rotor’s angular velocity.
Curves of liquid flow rates were also demonstrated for setups
with pipeline pre-pressures of 0.25kgf/cm?, 0.5 kgf/cm?,
1.0 kgf/cm? and 1.5kgf/cm? through throttle holes with
a diameter of 3 mm. The results of the study revealed that
for setups with pipeline pre-pressures of 0.25 kgf/cm? and
0.5 kgf/cm?, there is an increase in liquid flow rates at angular
velocities of 20—40 rad/s, and a stable growth of liquid flow
rates beyond that. However, for setups with pipeline pre-pres-
sures of 1.0kgf/cm? and 1.5 kgf/cm?, the vibration of the
accumulating tank begins at higher rotor angular velocities
of 150-160 rad/s.

2. During the research, static and cumulative pressure
results were obtained for throttle holes with a diameter
of 1.5 mm. Based on the study, it can be concluded that when
the rotor is rotating, the liquid flow rate is 17 % higher than
when the rotor is stationary. It was also found that with an

increase in the rotor’s angular velocity, the pressure of the
liquid at the throttle holes increases, and the proportion
of liquid flow from the static pre-pressure decreases in the
cumulative liquid flow, down to 35 kg/cm?.

3. Dependencies of liquid flow rates through throttle
holes with a diameter of 2 mm on the jet’s ejection direction
and rotor’s angular velocity were obtained. Coriolis forces
depend on the direction of liquid movement inside the
rotating rotor. At an angular velocity of 48.52 rad/s, the
liquid flow rate is 1 % lower when the throttle is directed
straight compared to when it is oriented in the direction of
rotation.
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