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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].

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 (Q,, ) 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

Qu =84/2ﬂ, (1)
y

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 lig-
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.

Table 1
Theoretical fluid flow through a 1.5 mm diameter choke hole, at different positions of the fluid ring

Angular ve-  |Theoretical fluid flow rate (Q,.1) through the throttle opening, at different radii of the inner ring of fluid

locity of the in the rotor drum (m%/s)

rotor, o _ _ _ _

(rad/s) r1=0,4 (m) r=0,3 (m) r;=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
Table 2

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

Angular ve-  |Theoretical fluid flow rate (Q,.2) through the throttle opening, at different radii of the inner ring of fluid

locity of the in the rotor drum (m%/s)

rotor, _ _ _ _

(rad/s) r1=0,4 (m) r,=0,3 (m) r;=0,2 (m) r,=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
Table 3

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

Angular ve- | Theoretical fluid flow rate (Q.s3) through the throttle opening, at different radii of the inner ring of fluid
locity of the in the rotor drum (m%/s)

rotor, _ _ _ _

(rad/s) r1=0,4 (m) r,=0,3 (m) r;=0,2 (m) r,=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 P, pressure inside the rotor, expres-

sion (2) will take the form
,2 P+P
QZm =S %, (2)

where P, - 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 P, in the sys-
tem. The results of the total theoretical consumption are shown in Figures 2-4.
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Figure 2. Total theoretical fluid flow through a 1.5 mm diameter choke hole, at different positions of the fluid ring
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Figure 3. Total theoretical fluid flow through a 2.0 mm diameter choke hole, at different positions of the fluid ring
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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
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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

Qm =k- QZm ) (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.
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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 w= 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

Qi =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

k-Q Q
D =—=— y 5
=75 g ()
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 w
=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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b.P. Hycyn6ekos, M.C. OBuapos, E.3. Omanos, ¥Y.b. Ecoeprenos, M.C. Jlyiicen6aeBa,
A.A. Tumb6exos, M.K. AManxoiioBa

Jlpoccesib cCaHbLIAy IMAMETPJIEPiHiH HHEPUUSJIBIK THIPOIMHAMHKAJIBIK
KOHJABIPFBIHBIH CYHBIKTBIK aFbIHbIHA dCEPiH AaHBIKTAY

Makanana FuMaparTap MeH KYpPbUIBICTap/Ibl JKbUIBITYFa OaiIaHbICTBI JIEKTP SHEPTHACHIH XKbLTY SHEPIUACHI-
Ha aifHaJIBIPYBIH SKOJIOTHSUIBIK MaceJelepiH Ienryre OarbITTaIFaH 9JicTep MEH IpOoIecTep KapacThIPhUI-
raH. Ky#bIHIBI, KaBUTAIMSUTBIK, KaBUTAIMSUIBIK-KYHBIHIBI, aifHaIMAJIbl CHSIKTBI O€NTiIl KBUTYy KOHJBIPFBIIa-
PBI TYTHIHYIIBUIAPBIH TAJANTapBIH TOJBIK KaHaraTTaHAbIpMaiabel. OCHl JKaFmaiiaapaa THIMII MIemimMaepi
i3ey ©3eKTi MiHAeT OOJbIm TaObLIagsl. MyHIal NienrMaepre CYWBIKTHIKTHIH aifHAIMAIBI MacCaChIHBIH
MHEPIHS KYIITEPIMEH JPOCCENBAIK TECIKTepre KbIChIM XKacay apKbUIbl KbUTY SHEPTUSACHIH ally Sfici KaTaibl.
Jlpoccenb caHplIayJIapbl QpKbUIBI CYHBIKTBHIK aFbIHBIH aHBIKTAY YIIIH 3KCIIEPUMEHTTIK cTeH[ xacanapl. CTeH-
ITiH KeMeriMeH 013 auametpi 1.5, 2, 3 MM apoccelns caHblUIaynaphbl apKblIbl CYHBIKTHIK aFbIHBIH aHBIKTa/IbIK.
Toxipube OapbIChIHIA APOCCETb CAaHBUIAYBIHBIH JHaMETPi HEFYPIIBIM YIIKeH 00Jica, CYHBIKTBIK aFbIHBI COFYp-
JIBIM JKOFaphl OONMAThIHABIFEI Oenrini Oonapl. JlereHMeH, Apocceib CaHbUIAYBIHBIH AWAMETPIH IaMagaH ThIC
yrraiityra GoiMaiiipsl, ce6edi Oy qpoccensb caHbUIayJIapbIHIAa KBICHIM JKacayabl KHBIHIATaAbl. PoTOpIbIH
OYPBIITHIK JKBULIAMBIFBIHBIH JKOFapbUIAyBIMEH POCCENb CaHbUIAYIapbIHAAFbl CYHBIKTBIK KBICBIMBI apThIIL,
JKaJIIbl aFbIHHBIH aJbIH-aJla CTATUKAJIBIK KBICHIMBIHAH CYHBIKTHIK aFbIHBIHBIH YJIeCi TOMEHICHTIHI aHBIKTAN-
Ibl. JKeTkizy KemiciHIeri ajgplH-ajla CTATUKAJIBIK KBICHIM POTOPABIH YIIKEH aifHaIbIMBIMEH FaHa emec ( @
=76 pan/c neliiH) arpIHFa alTapIBIKTall 9cep eTETiHI €o3Ci3, all OYPHIITHIK KBUIJAMIBIKTHIH ©CYIMEH OHBIH

acepi azasizpl xKoHE KOAPPUIUESHT k 1-re yMTBUIA/IBL.

Kinm ce30ep: KYWBIHIBI 9cep, KABUTALNS, OYpaJFaH aFblH, KHHCTHKAJIBIK SHEPTHUS, APOCCENb CaHbLIAYbI, CY-
HBIKTBIK.

b.P. Hycyn6exos, M.C. OBuapos, E.3. Omanos, ¥Y.b. Ecoeprenos, M.C. Jlyiicen6aeBa,
A.A. Tumbexos, M.K. AmManxojioBa

Onpez(e.ﬂelme BJUAHHUA THAMETPOB JPOCCEIAbHbIX OTBepCTI/Iﬁ HA NOTOK KUAKOCTH
I/lHeplIHOHHOﬁ FHleOIII/IHaMquCKOﬁ YCTaAaHOBKH

B cratbe A perieHus 3KOJOTMYECKUX MPOOIeM, CBSI3aHHBIX C 000TPEBOM 3/1aHHIA U COOPYKEHHI, pacCCMOT-
PEHBI CIIOCOOBI MPeoOpa3oBaHus AEKTPUUECKON SHEPrHH B TEIUIOBYIO M HPOLECCHI, MPOHCXOJSLINE MPH
3ToM. VI3BECTHBIE TEIUIOBBIE YCTAHOBKH, TaKHe KaK BHXPEBBIC, KaBHTallMOHHBIE, KaBUTAI[IOHHO-BIUXPEBEIE,
POTAIOHHBIE HE B MOJHOM Mepe yJOBIETBOPSIOT TpeOoBaHUAM MOTpeOuTeNnei. B maHHBIX yCIOBHAX MOHCK
3¢ (EeKTHBHBIX PEHICHHH SIBISETCS aKTyalbHOU 3amadueil. K TakuM pemeHusM MOKHO OTHECTH CIoco0 IMoiy-
YEeHUs TEIJIOBOI SHEPTUH ITyTeM CO3AHHS JaBICHHS y JPOCCETbHBIX OTBEPCTHH CHIIAMH MHEPIIMH BpAIaro-
Imeiicss Macchl KHUAKOCTH. I OmpeseNeHust pacxoa KHUIAKOCTH depe3 POCCENbHbIE OTBEPCTHUS OBUT M3rO-
TOBJIEH JKCIIEPHMEHTANbHBINA cTeHA. C MOMONIbI0 CTEHJa HaMH OBbLI OIpE/eNIeH PacXo] JKHJKOCTH uepe3
JpoccenbHbIe OTBEpCTHs AuameTpoM 1,5; 2; 3 MMm. B xone skcnepuMeHTa ObUIO BBISIBICHO, YTO 4eM OOJIbIle
JMaMeTp JIPOCCETBHOrO OTBEPCTHUS, TEM BBIIIE pacXo KUAKOCTH. OHAKO HEJb3sl Ype3MEPHO YBEINYNBATH
JMaMeTp JIPOCCETBHOTO OTBEPCTHSI, TAK KaK ATO OCJIOXKHHUT CO3JaHHE JAaBJICHHS Y IPOCCEIbHBIX OTBEPCTHH.
YCTaHOBIIEHO, YTO C MOBBIIEHHEM YTIIOBOH CKOPOCTH POTOpa PacTeT JAaBIEHHE >KHUIKOCTH y APOCCENbHBIX
OTBEpPCTHH, a JOTA PAcXoja XHUAKOCTH OT NPEABAPUTENHFHOTO CTATHYECKOTO AABICHUS B O0IIEM pacxoie
cHmkaercst. OnpeieneHo, ITo MpeABapUTEIFHOe CTaTHIECKOE AaBICHNE B MOABOJAIICH MarucTpal OKa3bl-
BaeT CYIIECTBEHHOE BIHSHUAE HA PacXof TOJBKO MpH HeOONBIINX 000poTax poTopa (o @ = 76 pan/c), a ¢
POCTOM YTJIOBOM CKOPOCTH €€ BIIHSHHUE yMEHbIaeTcst u koadduument k crpemurces x 1.

Kniouesvie cnosa: BuXpeBoit 3G GeKT, KaBUTANUs, 3aKPyICHHBIH ITOTOK, KWHETHIECKast SHEPTHs, APOCCEITb-
HOE OTBEPCTHUE, KUJIKOCTb.
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