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Determination of the effects of the diameters of the throttle holes on the fluid flow 

of an inertial hydrodynamic installation 

In the article, in order to solve environmental problems associated with heating buildings and structures, the 

methods of converting electrical energy into thermal energy and the processes occurring at the same time are 

considered. Well-known thermal installations, such as vortex, cavitation, cavitation-vortex, rotary, do not ful-

ly meet the requirements of consumers. In these conditions, the search for effective solutions is an urgent 

task. Such solutions include a method of obtaining thermal energy by creating pressure at the throttle open-

ings by inertia forces of a rotating mass of liquid. To determine the flow of liquid through the throttle holes, 

an experimental stand was made. With the help of the stand, we determined the flow rate of liquid through 

throttle holes with a diameter of 1.5, 2, 3 mm. During the experiment, it was found that the larger the diame-

ter of the throttle opening, the higher the fluid flow. However, it is impossible to excessively increase the di-

ameter of the throttle opening, as this will complicate the creation of pressure at the throttle openings. It is 

found that with an increase in the angular velocity of the rotor, the fluid pressure at the throttle openings in-

creases, and the proportion of fluid flow from the preliminary static pressure in the total flow decreases. It is 

certain that the preliminary static pressure in the supply line has a significant effect on the flow rate only at 

low rotor speeds ( up to = 76 rad / s), and with increasing angular velocity, its influence decreases and the

coefficient k tends to 1. 
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Introduction 

In hydrodynamic heaters, thermal energy is generated by activation by external sources of internal en-

ergy of the liquid. These include vortex, cavitation-vortex and throttle types of heaters [1]. 

Vortex liquid heaters are a type of heat exchange devices that use the Zh. Ranka effect to heat or cool 

liquids. The wound. The vortex effect, or the Wound effect, manifests itself in a swirling flow of a viscous 

compressible fluid and is realized in a very simple device called a vortex tube [2]. When a liquid passes 

through a vortex tube, vortices and turbulent flows are created. This contributes to more intensive mixing of 

the liquid and more efficient heat exchange between the heated liquid and the environment [3]. 

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 intensive mixing of the liquid, which 

increases the efficiency of heat transfer.  

However, vortex heaters have some disadvantages. Vortex elements may be subject to wear and require 

regular maintenance and replacement. In addition, the use of vortex heaters may require higher initial in-

vestments compared to traditional methods of heat generation. 
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Devices using vortex technology to generate heat are known. When exposed to water by an external 

force field of a mechanical type, for example, created by an electric pump, it is possible to obtain thermal 

energy due to: 

1) dissipation of the energy of vortex motion due to the irreversible process of dissipation of part of the 

mechanical energy of motion due to viscous friction and the transfer of this energy into heat; 

2) reversible phase transitions of water from the free state to an ordered, close to the liquid crystal state, 

in which the specific heat capacity of water in this phase is two times less than in the free state. Since during 

mechanical treatment of water in a reactor of a fixed volume, accompanied by cavitation, part of the water 

passes into a liquid crystal state, this exothermic phase transition is accompanied by the release of excess 

heat [4].  

In the article [5], the methods of heating the hydraulic drive working fluid when operating at low tem-

peratures are considered. The method of increasing the durability of a hydraulic drive operating at low tem-

peratures is preheating the working fluid by throttling. The authors of the work proposed a design of a heat-

ing throttle with automatic regulation of the conditional passage remotely depending on the temperature of 

the working fluid in the hydraulic system tank and presented a method for calculating the main parameters of 

the proposed throttle. However, the authors of the works do not show the results of the calculation. 

The paper [6] presents the results of a hydrodynamic liquid heater. The difference between this installa-

tion and other heaters is that it allows you to significantly simplify the design and increase the efficiency of 

the heating process. The main principle of its operation is the direct conversion of mechanical energy into 

thermal energy. As a result, the efficiency of the heater is 80%. However, the author of the works did not 

show the experimental data of the proposed installation. 

It is shown in [7] that on modern supersonic aircraft, due to aerodynamic heating of the skin, the envi-

ronment surrounding the hydraulic system has a temperature that is much higher than the permissible for the 

liquids used. Therefore, when creating hydraulic systems of such aircraft, it is impossible to use a convective 

heat exchange cycle to maintain a given liquid temperature. In this regard, the authors of the works consid-

ered stationary and non-stationary modes of operation of the hydraulic system, their calculation, determina-

tion of the temperature of the working fluid, methods of maintaining its set temperature. The obtained data 

allows us to estimate the surface temperature. 

The article [8] presents the results of laboratory studies of hydrodynamic liquid heaters. The calculated 

data is shown. However, the proposed shape and diameter of the throttle valves do not allow to increase the 

required temperature. This requires an increase in the applied pressure. The maximum heating temperature of 

existing heaters is 56 °C. 

The vortex technologies used for the autonomous heating system are based on the Rank−Hilsch effect. 

In most works, the mechanism of separation of the swirling flow into a cooled core and hot peripheral layers, 

as well as the thermogasodynamic parameters of devices implementing the vortex effect, are investigated. 

The presence of screw-shaped vortex structures in swirling flows and the significant influence of the preces-

sion of the vortex core on the energy separation process have been experimentally established. According to 

the hypothesis of vortex interaction, the energy separation process is the result of the interaction of two vor-

tices moving along the axis towards each other, where the peripheral one rotates according to the law of a 

potential vortex, and the axial one according to the law of a quasi-solid body. 

It is important to note that energy separation in the vortex interaction hypothesis is a complex and mul-

tifaceted phenomenon that requires detailed study and analysis using numerical models, experiments and 

theoretical approaches. 

A physical phenomenon like cavitation occurs when the pressure in a certain area of a liquid decreases 

to a level at which the liquid begins to evaporate, forming bubbles. Then, when the pressure around the bub-

bles rises again, the kinetic energy of the colliding particles at the moment of closing of the bubbles causes 

local hydraulic micro-shocks, accompanied by high pressure and temperature drops in the centers of the 

bubbles (according to calculations, temperatures can reach values of 1000-1500 °. With and above and the 

local pressure can reach 150-200 MPa.  

The work [9] is devoted to the study of the parameters of the installation for heating the coolant using 

liquid injection through throttle openings. A scheme of a full-size experimental stand has been developed 

and the principles of its operation are described in detail. For visual observation of the state of the liquid at 

different angular speeds of rotation of the rotor, a transparent drum model is made. However, the transparent 

model is subject to deformations with strong rotation, and it is also difficult to evaluate the data. 
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In the case when the closing of bubbles occurs near the walls of the hydraulic system, continuous mi-

cro-impacts can cause mechanical erosion and local damage to surfaces. Due to high temperatures and the 

presence of oxygen in the air, active oxidation of surfaces occurs. Oxidative processes are further aggravated 

by the fact that dissolved air in a liquid contains almost one and a half times more oxygen than atmospheric 

air. 

Experimental 

To determine the flow of liquid through the throttle holes, an experimental stand was made [10]. 

R
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Figure 1. Scheme of the experimental stand 1-main unit, 2-hydraulic unit, 3-power supply unit 

The stand allows for the study of liquid forcing through throttle holes with a diameter of 1.5, 2, 3 mm, 

located at a distance of 0.235 m from the center of rotation of the rotor, with a static height of the liquid col-

umn equal to 1.0 m (9796.462 Pa). 

The opening of the valve 13 ensures the beginning of water flow through the supply line 9 to the throttle 

openings, as soon as the column of liquid in the accumulator 12 reaches a predetermined level, readings are 

taken from the flow meter 11. The liquid flow rate ( nQ ) is fixed for the angular velocities of the rotor vary-

ing in the range 0...314 rad/s. 

When the electric motor 4 is switched on, the mass of liquid inside the rotor is rotated. Inertial forces 

arise in the rotating mass of the liquid, which create pressure in the radial direction in front of the throttle 

openings.  

It is known that when the rotor rotates, the liquid in the drum cavity tends to the periphery, thereby 

forming a ring of liquid, the cross section of which directly affects the pressure at the throttle openings. Since 

the distance from the center of rotation to the throttle holes ( R ) remains constant, equal to 0.235 m, the 

pressure value is affected only by the change in angular velocity. 

Results and Discussion 

The flow of liquid through the throttle holes depends on several factors, such as the diameter of the 

hole, the pressure of the liquid in front of the hole, the viscosity of the liquid, the length and shape of the 

channel in front of the hole, etc. 

For an ideal frictionless fluid, the flow rate of the fluid through the throttle orifice can be calculated us-

ing the Torriceli-Chazele equation. However, in practice, due to friction and other losses, the fluid flow rate 

may be less than that calculated using the Torriceli-Chazele equation. Therefore, for a more accurate calcula-

tion of fluid flow through the throttle opening, it is necessary to take into account factors related to specific 

operating conditions and the design of the system. 

The theoretical flow of liquid through the throttle openings is calculated by the expression 

2
,т

Pg
Q S


=                (1) 

where S - the area of the throttle opening. 
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With a constant radius of the rotor drum, having previously assumed the internal cross-section diame-

ters of the liquid ring equal to 0.4, 0.3, and 0.2 m, it is possible to determine the calculated values of the liq-

uid pressure at the throttle openings [10]. 

According to the expression (1), we determine the theoretical flow rate of the liquid for the diameters of 

the throttle orifice 1.5, 2, 3 mm, using the calculated pressures. The results of the theoretical flow rate are 

included in Tables 1-3. 

T a b l e  1  

Theoretical fluid flow through a 1.5 mm diameter choke hole, at different positions of the fluid ring 

Angular ve-

locity of the 

rotor, ω 

(rad/s) 

Theoretical fluid flow rate (Qт1) through the throttle opening, at different radii of the inner ring of fluid 

in the rotor drum (m3/s) 

r1=0,4 (m) r2=0,3 (m) r3=0,2 (m) r4=0,0 (m) 

0 0,00 0,00 0,00 0,00 

42 6,968E-05 9,29E-05 0,000106 0,000116 

76 0,00012609 0,000168 0,000193 0,00021 

136 0,00022563 0,000301 0,000345 0,000376 

215 0,00035669 0,000476 0,000545 0,000594 

314 0,00052094 0,000695 0,000796 0,000868 

T a b l e  2  

Theoretical fluid flow through a 2 mm diameter choke hole, at different positions of the fluid ring 

Angular ve-

locity of the 

rotor, ω 

(rad/s) 

Theoretical fluid flow rate (Qт2) through the throttle opening, at different radii of the inner ring of fluid 

in the rotor drum (m3/s) 

r1=0,4 (m) r2=0,3 (m) r3=0,2 (m) r4=0,0 (m) 

0 0,00 0,00 0,00 0,00 

42 0,00012387 0,000165 0,000189 0,000206 

76 0,00022415 0,000299 0,000342 0,000374 

136 0,00040111 0,000535 0,000613 0,000669 

215 0,0006341 0,000845 0,000969 0,001057 

314 0,00092609 0,001235 0,001415 0,001543 

T a b l e  3  

Theoretical fluid flow through a 3 mm diameter choke hole, at different positions of the fluid ring 

Angular ve-

locity of the 

rotor, ω 

(rad/s) 

Theoretical fluid flow rate (Qт3) through the throttle opening, at different radii of the inner ring of fluid 

in the rotor drum (m3/s) 

r1=0,4 (m) r2=0,3 (m) r3=0,2 (m) r4=0,0 (m) 

0 0,00 0,00 0,00 0,00 

42 0,00027871 0,000372 0,000426 0,000465 

76 0,00050433 0,000672 0,00077 0,000841 

136 0,00090249 0,001203 0,001379 0,001504 

215 0,00142673 0,001902 0,002179 0,002378 

314 0,0020837 0,002778 0,003183 0,003473 

 

According to Tables 1-3, the larger the diameter of the throttle opening, the higher the theoretical fluid 

flow. However, it is impossible to indefinitely increase the diameter of the throttle hole, as this will compli-

cate the creation of pressure at the throttle holes. 

Considering that the stand [2] provides a preliminary static fluid nP  pressure inside the rotor, expres-

sion (2) will take the form 

2( )
,n

m

P P g
Q S




+
=                                (2) 

where nP - preliminary static pressure of the liquid in the supply line.  
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According to expression (2), we determine the theoretical flow rate of the liquid for the diameters of the 

throttle opening 1.5, 2, 3 mm, taking into account the preliminary static pressure of the liquid nP  in the sys-

tem. The results of the total theoretical consumption are shown in Figures 2-4. 

 

Figure 2. Total theoretical fluid flow through a 1.5 mm diameter choke hole, at different positions of the fluid ring 

 

Figure 3. Total theoretical fluid flow through a 2.0 mm diameter choke hole, at different positions of the fluid ring 

 
Figure 4. The total theoretical flow of liquid through the throttle hole with a diameter of 3.0 mm, at different positions 

of the liquid ring 

0 50 100 150 200 250 300 350

0,0000

0,0002

0,0004

0,0006

0,0008

0,0010

Q
т 

(m
3/

s)

ω (rad/s)

 r1=0,4 (m)

 r2=0,3 (m)

 r3=0,2 (m)

 r4=0,0 (m)

0 50 100 150 200 250 300 350

0,0000

0,0002

0,0004

0,0006

0,0008

0,0010

0,0012

0,0014

0,0016

Q
т 

(m
3
/s

)

ω (rad/s)

 r1=0,4 (m)

 r2=0,3 (m)

 r3=0,2 (m)

 r4=0,0 (m)

0 50 100 150 200 250 300 350

0,0000

0,0002

0,0004

0,0006

0,0008

0,0010

Q
т 

(m
3
/s

)

ω (rad/s)

 r1=0,4 (m)

 r2=0,3 (m)

 r3=0,2 (m)

 r4=0,0 (m)



Determination of the effects of the diameters… 

Серия «Физика». № 4(112)/2023 87 

According to formula (1), with an increase in the angular velocity of the rotor, the fluid pressure at the 

walls of the throttle opening increases, then the proportion of fluid flow from the preliminary static pressure 

in the total flow decreases. The relationship between expressions (1) and (2) can be represented as 

m mQ k Q=  ,                     (3) 

where: k - the coefficient of distribution of fluid flow from static pressure for different angular veloci-

ties of the rotor. 

From expression (3), the coefficient can be defined as the ratio of the theoretical flow rate to the total 

theoretical flow rate, and since the flow rates depend on the angular velocity and cross section of the fluid 

ring in the rotor drum, these dependence graphs are shown in Figure 5. 

 

0 50 100 150 200 250 300 350

0,90

0,92

0,94

0,96

0,98

1,00

k

ω (рад/с)

 r1=0,04м

 r2=0,03м

 r3=0,02м

 r4=0,00м

 

Figure 5. Dependence of the liquid flow distribution coefficient on the static pressure in the total flow rate for different 

angular velocities of the rotor 

Figure 5 shows that the preliminary static pressure in the supply line has a significant effect on the flow 

rate only at low rotor speeds (up to  = 76 rad / s), and with increasing angular velocity, its influence de-

creases and the coefficient k tends to 1. This is due to the fact that with an increase in the angular velocity of 

the rotor, the fluid pressure at the throttle openings is several times higher than the static pressure in the sup-

ply line. 

It should also be noted that the value of the coefficient of distribution of fluid flow from static pressure 

k depends on the angular velocity of the rotor and the inner radius of the fluid ring in the drum, but does not 

depend on the diameter of the throttle opening. 

It follows from the above that the experimental values obtained at the stand are applicable to a thermal 

installation at certain positions of the liquid ring in the rotor drum.  

Since during experimental studies [2] the flow meter 11 shows the total main flow rate of the liquid, the 

inertial flow rate is determined by the expression 

iQ k Q=  .                     (4) 

It follows from expression (4) that the inertial flow rate and the flow through the throttle openings of 

the thermal installation are identical. 

Knowing that the inertial radial velocity can be represented as 

,i
i

Qk Q

S S



= =                                (5) 

where S – the area of the throttle opening. 

 

However, in most practical situations, the effect of coriolis forces on the flow of liquid through the 

throttle openings of a rotating vessel is insignificant and can be ignored. This is due to the fact that the influ-

ence of coriolis forces on the flow of liquid depends on many factors, such as the speed of rotation of the 

vessel, the diameter of the holes and other parameters, which in most cases are not critical for the flow of 

liquid. 
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Conclusions 

To determine the effect of the diameters of the throttle holes on the fluid flow of the inertial hydrody-

namic installation, an experimental stand was made. The results of the experiment showed that the larger the 

diameter of the throttle opening, the higher the fluid flow.  

Using the calculated pressures, the theoretical flow rate of the liquid for the diameters of the throttle 

opening 1.5, 2, 3 mm was determined, as well as the effect of the preliminary static pressure on the total the-

oretical flow rate. The calculated data showed that with an increase in the angular velocity of the rotor, the 

fluid pressure at the walls of the throttle opening increases, and the proportion of fluid flow from the prelim-

inary static pressure in the total flow decreases. The obtained dependence showed that the preliminary static 

pressure in the supply line has a significant effect on the flow rate only at low rotor speeds (up to 

= 76 rad / s), and with increasing angular velocity, its influence decreases and the coefficient k  tends to 1 

regardless of the diameter of the throttle holes. This is due to the fact that with an increase in the angular ve-

locity of the rotor, the fluid pressure at the throttle openings is several times higher than the static pressure in 

the supply line. 
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Дроссель саңылау диаметрлерінің инерциялық гидродинамикалық 

қондырғының сұйықтық ағынына әсерін анықтау 

Мақалада ғимараттар мен құрылыстарды жылытуға байланысты электр энергиясын жылу энергиясы-

на айналдырудың экологиялық мәселелерін шешуге бағытталған әдістер мен процестер қарастырыл-

ған. Құйынды, кавитациялық, кавитациялық-құйынды, айналмалы сияқты белгілі жылу қондырғыла-

ры тұтынушылардың талаптарын толық қанағаттандырмайды. Осы жағдайларда тиімді шешімдерді 

іздеу өзекті міндет болып табылады. Мұндай шешімдерге сұйықтықтың айналмалы массасының 

инерция күштерімен дроссельдік тесіктерге қысым жасау арқылы жылу энергиясын алу әдісі жатады. 

Дроссель саңылаулары арқылы сұйықтық ағынын анықтау үшін эксперименттік стенд жасалды. Стен-

дтің көмегімен біз диаметрі 1.5, 2, 3 мм дроссель саңылаулары арқылы сұйықтық ағынын анықтадық. 

Тәжірибе барысында дроссель саңылауының диаметрі неғұрлым үлкен болса, сұйықтық ағыны соғұр-

лым жоғары болатындығы белгілі болды. Дегенмен, дроссель саңылауының диаметрін шамадан тыс 

ұлғайтуға болмайды, себебі бұл дроссель саңылауларында қысым жасауды қиындатады. Ротордың 

бұрыштық жылдамдығының жоғарылауымен дроссель саңылауларындағы сұйықтық қысымы артып, 

жалпы ағынның алдын-ала статикалық қысымынан сұйықтық ағынының үлесі төмендейтіні анықтал-

ды. Жеткізу желісіндегі алдын-ала статикалық қысым ротордың үлкен айналымымен ғана емес ( 
=76 рад/с дейін) ағынға айтарлықтай әсер ететіні сөзсіз, ал бұрыштық жылдамдықтың өсуімен оның 

әсері азаяды және коэффициент k 1-ге ұмтылады. 

Кілт сөздер: құйынды әсер, кавитация, бұралған ағын, кинетикалық энергия, дроссель саңылауы, сұ-

йықтық. 
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А.А. Тишбеков, М.К. Аманжолова 

Определение влияния диаметров дроссельных отверстий на поток жидкости 

инерционной гидродинамической установки 

В статье для решения экологических проблем, связанных с обогревом зданий и сооружений, рассмот-

рены способы преобразования электрической энергии в тепловую и процессы, происходящие при 

этом. Известные тепловые установки, такие как вихревые, кавитационные, кавитационно-вихревые, 

ротационные не в полной мере удовлетворяют требованиям потребителей. В данных условиях поиск 

эффективных решений является актуальной задачей. К таким решениям можно отнести способ полу-

чения тепловой энергии путем создания давления у дроссельных отверстий силами инерции вращаю-

щейся массы жидкости. Для определения расхода жидкости через дроссельные отверстия был изго-

товлен экспериментальный стенд. С помощью стенда нами был определен расход жидкости через 

дроссельные отверстия диаметром 1,5; 2; 3 мм. В ходе эксперимента было выявлено, что чем больше 

диаметр дроссельного отверстия, тем выше расход жидкости. Однако нельзя чрезмерно увеличивать 

диаметр дроссельного отверстия, так как это осложнит создание давления у дроссельных отверстий. 

Установлено, что с повышением угловой скорости ротора растет давление жидкости у дроссельных 

отверстий, а доля расхода жидкости от предварительного статического давления в общем расходе 

снижается. Определено, что предварительное статическое давление в подводящей магистрали оказы-

вает существенное влияние на расход только при небольших оборотах ротора (до   = 76 рад/с), а с 

ростом угловой скорости ее влияние уменьшается и коэффициент k стремится к 1. 

Ключевые слова: вихревой эффект, кавитация, закрученный поток, кинетическая энергия, дроссель-

ное отверстие, жидкость. 
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