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EXPERIMENTAL STUDY OF CAVITATION-HYDRODYNAMIC LUMINESCENCE IN GAS-LIQUID
ENVIRONMENT

The article presents the results of the study of cavitation processes in technological equipment related to analytical phenomena that are accompanied
by cavitation. One of the important factors accompanying cavitation processes is hydrodynamic luminescence. The information analysis of the existing
theories of luminescence formation, including at hydrodynamic processes in liquids and gas-liquid environments is carried out that allowed to
substantiate the basic conditions which provide emergence of the phenomenon of hydroluminescence. A literature search revealed that there is no
unambiguous theory of the nature of sonoluminescence and hydroluminescence. These processes have several theories of their origin: thermal,
electrical, quantum and even nuclear. Moreover, each theory is to some extent confirmed by the experiments of scientists, but at the same time is not
fully disclosed. This ambiguous interpretation leads to the conclusion that the current situation cannot be considered satisfactory. Detailed
experimental studies of this phenomenon are needed. For the practical study of the mechanisms of hydrodynamic luminescence, an experimental stand
based on a hydrodynamic cavitator was developed and manufactured. This stand allows to investigate the cost characteristics of the cavitator, to
observe and make photo and video fixation of the phenomenon of hydroluminescence in the flow of liquid or gas-liquid mixture, for which an ejector
mixer was used. As a result of application of experimental-analytical method and technical visualization it is established that the phenomenon of
hydroluminescence begins at an oil pressure of 20 bar, and at its saturation with inert gas — occurs at much lower pressures within 10 bar. According to
our observations, with increasing flow velocity in the narrowing region, cavitation first occurs, then, with a further increase in the flow velocity, single
sparks begin to appear, and at some point there is a "breakdown™ and a stable glow. Based on the results of processing and analysis of experimental
studies, a conceptual model of the stages of origin and development of the cavitation process and the accompanying effects is built. The conducted
researches allowed to reveal the cavitation zones arising in the cavitator. Cavitation areas were identified with the help of high-speed video recording
and the mechanism of its development was investigated. In addition, the visualized characteristics of the closed volume to some extent clarify the
existing ideas about the behavior of the liquid and gas-liquid mixture in the nozzle. It is concluded that the phenomenon of hydroluminescence
(triboluminescence) can be used as a method of cavitation visualization. At the same time, the management of workflows that accompany the
phenomenon of cavitation is quite relevant because it allows you to deal with the undesirable consequences of cavitation.

Keywords: luminescence, cavitator, cavitation, sonoluminescence, hydroluminescence, triboluminescence, throttle, ejector, gas-liquid mixture,
visualization of liquid flow, point temperature, viscosity, cavitation number, liquid flow rate, spectroscopy.

1. B. HOYHTYEHKO, B. €. KPUBOIIIEEB, 0. M. AXHO, O. ®. TYTOBCbKHH

EKCIIEPUMEHTAJILHE JIOCJIJIKEHHS KABITAIIIHO-TTIPOINHAMIYHOL
JIIOMIHECHEHIIII B FA30-PIMHHOMY CEPEIOBHIII

V cTatTi NpeacTaBieHi pe3yabTaTH JOCHTIPKSHHS KaBiTalliiHUX HPOLIECiB Y TEXHOJIOTIYHOMY OOJiaJHAHHI, MTOB'SI3aHUX 3 AHAIITHYHUMU SIBULIAMH, 10
CYNPOBOUKYIOTbCS MMiA vac KaBiTawii. OIHHM 3 BaXJIMBUX (DaKTOPIB, II0 CYNPOBOKYIOTH KaBiTaliifHI HpouecH SBISETbCS TiIpOAMHAMIYHA
moMinecueHuis. [IpoBeneHo iHpopMauiiiHuil aHaNi3 ICHYIOYHX TEOpiil yTBOPEHHS JIIOMIHECLEHIIIT, B TOMY YHCII NPU TiAPOJUHAMIYHHX MpoLecax B
pinMHax i ra3o-piIMHHUX CEpelOBHIIAX, IO JO3BOJIMIO OOIPYHTYBATH OCHOBHI YMOBH, sIKi 3a0€3I€4yIOTh BUHUKHEHHS SIBUILA TiIPOIIOMiHECIICHIII.
IIpoBenenuii niTepaTypHHii MOMIYK BUSBUB, L0 HE iCHY€E OJHO3HAYHOI Teopii MPUPOIY BUHUKHEHHS COHOJIOMIHECHeH] 1 rixpomominecuennii. ani
MPOLIECH MAIOTh KilbKa TEOpiil X BUHHKHEHHS: TEIUIOBA, €JIEKTPUYHA, KBAHTOBA 1 HaBiTh saepHa. [Ipudyomy KoXHa Teopis B sKiiick Mipi
i ITBEPKYETHCS IOCHIIIAMH BUCHHUX, aJle B TOH e 4ac He € IMOBHICTIO pOo3KpHuTOr0. Take HEOTHO3HAYHE TPAKTYBAHHS IPU3BOAUTH O BUCHOBKY, IO
CHTYaIlilo, 1110 CKJIaNacsl He MOXKHA BBaXKaTH 3aJI0BIIbHOI0. HeoOXizHI po3ropHyTi eKcriepiMeHTasbHi JOCIIIKEHHS JaHOTo sABUINA. s mpakTHYHOro
BHMBYCHHS MEXaHi3MiB BHHHKHEHHS TiIPOJMHAMIYHOI JIOMiHecUeHLii OyB po3poOIeHHi i BUTOTOBJICHMI €KCIIEPUMEHTAIBLHUN CTEHJ Ha OCHOBI
TiIPOJMHAMIYHOTO KaBiTaTopa. JlaHui cTeH 103BOJISE JOCITIIKYBaTH BUTPATHY XapaKTEPHCTHKY KaBiTaTopa, croctepirati i podurn ¢oto- i Bineo
(ikcarifo ABHIIA TiAPONOMIHECIIEHIIIT B TTOTOLI PiIMHN a0 ra30-piAMHHIN CyMIllli, /I OTPUMaHHS SIKOi BHKOPHCTOBYBABCS €XEKTOPHMH 3MillIyBad.
B pesynbTaTi 3acTOCYBaHHS €KCIEPUMEHTAIbHO-aHAIITHYHOTO METOMY i TEXHIYHOI Bidyami3alil BCTAaHOBJEHO, L0 SIBHIIE TiAPOTIOMIHECIIEHIT
TIOYMHAETHCS IPH THCKY Macia 20 Oap, a mpu HOro HaCHMYEHHI iHEPTHHM ra3oM — BiIOyBaeThCS HPH 3HAYHO MEHINHUX THCKax B Mexax 10 Oap. 3a
HALIUMHU CIIOCTEPEKCHHSAMH, 31 30LIBIICHHAM LIBHAKOCTI MOTOKY B OOJACTi 3BY)KCHHS CIIOYATKy BHHHKA€ KaBiTallis, MOTIM, NPU HOAAIBIIOMY
301JIBIIEHH] IIBUIKOCTI MOTOKY, TIOYMHAIOTH 3'SBJISTHCS MOOAMHOKI iCKPH, a 3 IEBHOTO MOMEHTY BiJJOyBa€ThCs «Ipo0iil» 1 BCTAHOBIIOETHCS CTa0IbHE
CBiUGHHs. 3a pe3yibTaTaMd OOpPOOKM 1 aHai3y MHpPOBENECHHX CEKCIEPUMEHTAJIbHHX IOCITIIKEHb MOOyJOBaHA KOHIIENTyalbHa MOJETb eTamiB
BUHUKHEHHS 1 PO3BHTKY IIpOIlecy KaBiTamii i cymyTHIX mpomy edekTiB. IIpoBeneHi MOCHifUkeHHS O3BONMIN BHABMTH KaBiTaliifHi 30HH, IO
BHUHHKAIOTh B KaBiTaTOpi. 3 JOMOMOIOI0 MIBUAKICHOI BiJI€O3HOMKH OyiM BUSBIIEHI 00J1acTi KaBiTauii i JOCIIKEHO MexaHi3M 11 po3ButKy. Kpim Toro,
OTpPHMaHi 3a PaxyHOK Bi3yaJli3allii XapakTepHCTHKH 3aMKHYTOTO OOCSTY IE€BHOIO MipOO MPOSICHIOIOTH iCHYFOUi YSBICHHS IPO MOBOPKECHHS PiMHH i
ra30-piAMHHOI CyMimi B coruli. 3po6ieHO BUCHOBOK, IO SBUINE TiAPONIOMIHECHEHIIT (TPUOOIFOMIHECTIEHIIIT) MOXKE BUKOPHCTOBYBATHCh SK METOJ
Bi3yaiizauii kaBitauii. ¥ TOH e yac KepyBaHHsS pOOOYMMH IPOLIECAMH, SIKI CYNPOBOUKYIOTh SIBUILE KaBiTAallil, € JOCUTb aKTyalbHUM, OCKUJIbKH
J103BOJIsIE OOPOTHCS 3 HEOAKAHUMHM HACIIIAKAMH KaBiTarlii.

Kii040Bi c10Ba: JITOMiHECLICHITiS, KaBITaTOP, KaBiTallisl, COHOJTIOMIHECIIEHIIs], T1APOTIOMiHECIIEHIIis, TPHOOTIOMIHECIIEHIIISI, IPOCEND, EKEKTOP,
ra3o-pilMHHE CEepelOBHUILE, Bi3yali3allis IMOTOKY pIiAMHM, TOYKOBA TEMIIEpaTypa, B'A3KICThb, KaBiTalliiiHE YHCIO, HIBUAKICTH IMOTOKY piJIMHH,
CHEKTPOCKOIis.
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3KCHEPUMEHTAJIbHOE UCCJIEJIOBAHUE KABUTAIITMOHHO-TUAPOJIUMHAMUYECKOM
JIOMHUHECIEHIIMM B I'A30-) KMJIKOCTHOM CPEJIE

B cratbe NPEACTABJICHBI PE3YJbTATHI UCCIICAOBAHNUA KaBUTALIHOHHBIX MPOLIECCOB B TEXHOJIOTHYECKOM 060pyz[013aﬂ1414, CBA3AaHHBIX C aHAIMTUYCCKUMHU
SABJICHUAMH, COIIPOBOKIAMOIIMMHUCA MPHU KaBUTALUU. OfHUM M3 BaKHBIX q)aKTOpOB, COIIPOBOKAAIOIINX KAaBUTALIMOHHBIC NPOLECCHI ABIIACTCA
TAAPOAAHAMUYCCKAsA JIIOMUHCCIICHINA. HpOBCHCH PIH(IJOpMaLIHOHHLIﬁ aHaIU3 CYUICCTBYIOIUX TeOpI/If/‘I 06p330BaHI/IH JIIOMAHCCOCHIIMM, B TOM 4YHCIIC
Ipyu TUAPOJAMHAMHUYCCKUX IIpoLeccax B JKUIAKOCTAX M Ta30-KUAKOCTHBIX Cpe€aax, 4YTO I103BOJIHIO 000CHOBaTh OCHOBHBIE ycioBus, KOTOPBIC
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obecreunBaroT BOSHUKHOBEHUSI SIBJICHHS THAPOIIOMHHECLICHINN. [IpoBeIeHHBII TUTEpaTypHBIil MOMCK OOHAPYXKHII, 4TO HE CYIECTBYET OAHO3HAYHOM
TEOPUH TIPUPO/IBI BOSHUKHOBEHUS COHONFOMHMHECICHIIMN W THAPOTIOMHHECHCHIMH. JlaHHBIC MPOLECCH HMEIOT HECKOJIBKO TEOPUH BOSHHKHOBCHHS:
TEIUIOBast, SIEKTPUYECKas, KBaHTOBas U Jaxe saepHas. [IpnueM Kaxnas Teopus B KAaKOH-TO CTENCHH MOJTBEPIKAACTCS ONBITAMH YYCHBIX, HO B TO XK€
BpeMsl He SBIAETCA MOJIHOCTBIO PAacKpbITO. Takoe HEOJAHO3HAYHOE TPAKTOBAaHUE HPHBOAMT K BBIBOJY, 4YTO CHUTYallMIO0 HENb3s CUHTATh
yaoBIeTBOpHTENbHO. HeoOXOmHMBbI pa3BepHYTBIC OSKCIEPUMCHTAJIbHBIC WCCICAOBAHMS [TAHHOTO SBICHUS. JIsi NPaKTHYECKOro H3ydeHHs
MEXaHH3MOB BO3HMKHOBEHHs T'MAPOJMHAMUYECKONH JIOMHHECLEHIMH ObUI pa3paboTaH M HM3rOTOBJIEH SKCIEPHMEHTAIbHBI CTEHJ Ha OCHOBE
THIPOJMHAMUYECKOro KaBuTaTopa. JlaHHBI CTEH]I MO3BOJIAET UCCIIEA0BATh PACXOJHYIO XapaKTEPUCTHKY KaBHTAaTOpa, HaOJrOAaTh U AenaTh GoTo
BUCO (PUKCALMIO SIBICHMS TMAPOIFOMHHECLICHIIMH B IOTOKE XKUIKOCTH WIIH Ta30-)KHAKOCTHOW CMECH, /Ul MOIy4eHHsS KOTOPOI HCIIOIB30BAJICs
KEKTOPHBIH cMecuTenb. B pesysnbraTe NpUMEHEHHs SKCIEPUMEHTAIbHO-aHATUTHYECKOr0 METOAa M TEXHUYECKON BU3yaH3allMH YCTAHOBJICHO, YTO
SIBJICHUE THPOIIOMHHECIICHIINY HAUMHACTCS IIPU JaBleHHH Macia 20 6ap, a IpH ero HaChIEHHH HHEPTHBIM Ta30M — MPOMCXOIUT IIPH 3HAYUTEIEHO
MEHBIINX JaBieHusX B npenenax 10 Oap. Ilo HammM HaOMIOAEGHHMSM, C YBEIMYEHHEM CKOPOCTH MOTOKA B OOJACTH CYXEHHs CHadana BO3HHKAET
KaBHTALlHs, 3aTeM, IPH NAIbHEHIIEM YBEIMYCHHH CKOPOCTH ITOTOKA, HAYMHAIOT IOSBILATHCS CIMHHIHBIC MCKPBI, a C ONPEIEICHHOT0 MOMEHTa
MIPOUCXOIUT «IIPOOOI» M yCTaHABIMBAaeTCs CTaOwibHOe cBedeHue. Ilo pesynbpratam oOpaGOTKHM M aHamM3a MPOBEICHHBIX JKCIIEPHMEHTAIBHBIX
HCCIICZIOBAHMIT TIOCTPOCHA KOHIIENTyalIbHash MOJIENb ITAllOB BOSHUKHOBCHHS U PA3BUTHS MPOILIECCAa KaBUTALMK U COMYTCTBYIOIIUX 3TOMY 3()(EKTOB.
IIpoBeneHHbIC UCCIIEIOBAHNS TTI03BOJINIIN BEISIBUTH KABUTALIMOHHBIEC 30HbI, BO3HUKAIOIIHE B KaBUTaTOpe. C MOMOIIBIO CKOPOCTHOH BHICOCHEMKH OBLIN
OOHapy)XeHBI O0JIACTH KaBHTALMM W HCCIIENOBaH MeXaHM3M e€ pa3BuUTHs. Kpome TOro, moiydeHHBIE 3a CUET BH3YyalM3alUM XapaKTCPUCTUKU
3aMKHYTOr0 00bEMa B OIPEICICHHON CTEICHHU MPOSICHSIOT CYIIECTBYIOIIHME NPEACTABICHUS O MOBEICHUH XXUIKOCTUH M Ta30-)KMAKOCTHON CMeECH B
comue. CrenaH BBIBOJ, YTO SIBJICHHE THIPOJIIOMIHECIICHINH (TPHOOIFOMHHECIICHIIHS) MOXKET UCIIONB30BAThCS KAK METO BH3yaJlM3alluy KaBuTanuu. B
TO K€ BpeMs yIpapleHHs pabOYMMH HPOLEeCCaMd, KOTOPHIC COIPOBOXKAAIOT SBICHHE KaBHTALMHU, SIBIIETCS BECbMa aKTyaJbHBIM, IHOCKOJBKY

II03BOJIICT 60pOTI>C$I C HCXKECIIATCIIbHBIMU ITOCJICACTBUAMU KaBUTALIUH.

KioueBblie ciioBa: JIIOMUHECLEHLIMS, KaBUTATOp, KaBUTalMsl, COHOJIOMHMHECUCHIMS, THUAPOJIIOMHUHECLHECHIINS, TpI/I60JIIOMI/IHeCH€HLII/I$I,
ApOCCEib, IKEKTOP, Ia30-KUAKOCTHASA Cpe€la, BU3yaIn3alys IMOTOKA XUAKOCTH, TOUEYHAsA TEMIIEpATypa, BA3KOCTb, KABUTAITUOHHOE YHCJIO, CKOPOCTh

TIOTOKA XKUIKOCTHU, CIIEKTPOCKOITHA.

Introduction. The phenomenon of luminescence can
be interpreted as the light radiation of substances that is
excess over their thermal radiation at a given temperature
and excited by a certain energy source. Such sources can
be radioactive, X-ray or light radiation, chemical reactions,
mechanical actions, electric fields, etc. (Table 1).

Table 1 — Types of luminescence

Types of luminescence (by the method of excitation of
molecules)

Excitation by visible or

Photoluminescence . T
ultraviolet radiation

X-ray luminescence X-ray excitation

Luminescence of a phosphor
when bombarded by electrons
(cathode jets)

Cathodoluminescence

Glow under the action of
nuclear radiation (alpha parts,
beta parts, gamma radiation,
protons, etc.)

Radioluminescence

Glow due to the energy of

Chemical luminescence . ; )
chemical (and biochemical)

(bio-chemical luminescence)

reactions
. Glow of phosphors in electric
Electroluminescence ;
fields
. Excitation by sound or
Sonoluminescence
ultrasound

Luminescence as a result of
deformation during rubbing,
destruction of mechanical
particles

Triboluminescence

Emission of light by the liquid
arising at cavitation of the
bubbles caused exclusively by
hydrodynamic effects

Hydrodynamic luminescence

In the elements and devices of modern hydraulic
systems, the working pressure can reach up to 2000 bar
[1, 2]. In the throttle elements of hydraulic equipment, the
flow of working fluid has a pronounced turbulent nature.
At a high speed of the working fluid in the throttle
elements there is cavitation and the associated active
release of bubbles of undissolved air and steam [2-5].

Cavitation leads to a number of physicochemical
processes, may be accompanied by cavitation chemical
reactions, oxidation, destruction, destruction of molecules
and luminescence. Rapid collapse of vapor-gas bubbles-
caverns, according to the laws of thermodynamics, can
cause a local increase in temperature up to 1500 K, and
under certain conditions, and light radiation of liquid or
radiation of light quanta (electronic breakdown [1]).

The effect of hydroluminescence (GL) was first
discovered by Konstantinov in 1947 [6]. With a flat flow
of water of a solid body (round cylinders) in the flat
channel there was a glow behind the cylinders, with
highly developed hydrodynamic cavitation.

In 1964, Jarman and Taylor recorded a weak
luminescent glow of water in the area of the cavitation
cavities in the Venturi tube. In his dissertation, Peterson
[2] in 1966 also noted light radiation in the field of
bubbling during hydrodynamic cavitation.

In the 70s of the twentieth century Koldomasov A. 1.
the glow of distilled water flowing in a narrow channel
was detected [7]. The nature of light radiation was
explained by plasma discharges during water cavitation,
but the cause of the discharges and the source of plasma
formation were unclear.

In 2004, Pilgunov V. N. and Efremova K. D. found
intense light radiation during the passage of mineral oil
through the diaphragm throttle [2].

Later (2007-2010) similar phenomena were found in
the study of cavitation in organic liquids flowing at high
speed in narrow dielectric channels [5].

The information analysis of the sources showed that
there is no unambiguous theory of hydrodynamic
luminescence and unambiguous interpretation of its
nature.

The largest number of results of experimental and
theoretical works indicates that the processes of
hydrodynamic luminescence have an electrical nature of
origin, but there are also a number of works in which
arguments are made in favor of thermal theory.

Electrical theory is based on electrical phenomena
inside the bubble itself or its interaction with near-caviting
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bubbles. As a substantiation of this theory, the messages
about the correspondence of the continuous spectrum
observed during sonoluminescence to the radiation
spectrum of an absolutely black body play a certain role.

Even in [8], light radiation was associated with
electric discharges in the liquid. The electrical effects that
accompany the flow of liquid at high pressure were
directly observed in [5, 6], in [4] a similar conclusion was
made as a result of indirect measurements. In general, the
relationship between cavitation and electric discharges can
be important for understanding the physical nature of the
breakdown of liquid dielectrics.

However, detailed ideas about the mechanism of
hydroluminescence are still unclear. Which phases — gas
(bubble), liquid (flowing liquid itself) or even solid
(channel wall) — are responsible for light radiation, to
what extent can this physical mechanism be applied to
sonoluminescence as a phenomenon in general?

For example, in [9] the crucial role is played by the
emission of electrons from the wall, which adhere to the
molecules of the liquid with the release of photons.

The thermal theory is based on the assumption that
when exposed to a cavitation bubble, high temperatures
are formed inside it, which stimulate the emission of
radiation by the bubble.

The thermal theory of hydrodynamic luminescence
was proposed by Koldamasov [7], pointing out in his
article that the source of luminescence is a plasma clot
formed with an average temperature. 10* K.

Proponents of the thermal theory of hydrodynamic
luminescence include Gordeyev and Serbinov [10, 11]. In
a series of experiments to study the excitation of an
explosion in liquid explosives in [11] it was found that the
initiation of an explosion by cavitation does not occur
during expansion, but during the closure of the cavitation
cavity in the explosive liquid. Based on the obtained
results, the authors [10, 11] concluded that the cause of
light emission during hydrodynamic luminescence is the
thermal processes that occur during cavitation.

There are also other variants of thermal theory.
According to Griffing's hypothesis, light radiation in water
occurs during radical recombination H*, OH", formed by
thermal hemolytic dissociation of water. Jarman
considered the closure of a cavitation bubble as a
microscopic shock tube in which, when the bubble is
compressed, the shock waves are focused, and the light
radiation corresponds to a thermal process. The possibility
of excitation of thermonuclear reactions in a
sonoluminescence bubble is expressed by the authors, and
there is also refuting this possibility of the article [12].

There is also a hypothesis based on quantum
theory, which was proposed by the famous physicist
Julian Schwinger [13] and discussed in more detail in an
article by Claudia Eberlein of the University of Sussex
(UK).

Eberlane [14] assumes that sonoluminescence during
cavitation is generated by a vacuum inside bubbles,
similar to Hawking radiation, ie radiation emitted on the
horizon of black hole formation. Quantum theory states
that a vacuum contains "virtual" particles. According to
this explanation of vacuum energy, the rapidly moving

interface between a liquid and a gas converts "virtual"
photons into real photons.

This hypothesis is based on the consideration of
changes in the vacuum state of the electromagnetic field in
the bubble in the process of rapid change in the shape of
the latter, in terms of close to that usually used in
describing the Casimir effect. For example, when
considering the vacuum state of an electromagnetic field
in a flat capacitor, depending on the boundary conditions
defined by the plates.

However, some authors have argued that
sonoluminescence releases too much energy in a very
short time interval to match the explanation of vacuum
energy [15], although other reliable sources claim that the
explanation of vacuum energy may be correct [16].

If this is true, then sonoluminescence is the first
example in which radiation associated with a change in
the vacuum state is directly and experimentally observed.

Some researchers have proposed and substantiated
the theory of nuclear fusion on the grounds that the actual
temperatures in sonoluminescent systems can be much
higher than 20,000 K. Some studies claim that the
measured temperatures reach 100,000 K, and suggest that
the temperature can reach millions of kelvins [17]. Such a
high temperature can cause fusion. This phenomenon is
sometimes called "bubble fusion™ and is compared to the
implosion scheme used in the thermonuclear component
of thermonuclear weapons.

In 2006, researchers from the Rensseler Polytechnic
Institute (USA) stated that in experiments on
sonoluminescence produced nuclear fusion [18, 19].

R. P. Taleyarkhan's experiments conducted in 2002
and 2005 using deuterium acetone showed that he was
able to reach temperatures of the order of millions of
kelvins in a sonoluminescent flash, observing the products
of the thermonuclear reaction: tritium and neutrons.
Confirmation of the results of these experiments would
allow to obtain a compact thermonuclear reactor.
However, the experiments were considered poor, and
doubts were expressed about the report of the author's
scientific discovery. This report has lost interest among
the scientific community.

This paper presents the results of studies of the
phenomenon of hydroluminescence, ie the emission of
light by a liquid, which occurs during the cavitation of
bubbles caused by hydrodynamic effects in a gas-liquid
medium.

The main processes that accompany hydrodynamic
luminescence are:

- sound,;

- luminescence;

- local temperature rise;

- hydraulic shocks and pressure pulsation, etc.

Cavitation can cause many effects (Fig. 1).

Hydrodynamic luminescence (HL) is the emission of
light by a liquid in a narrow channel. It can be explained
that HL is caused by friction, so this is also a special case
of mechanical luminescence, which occurs when grinding,
crushing or splitting crystals — triboluminescence. That is,
HL is the triboluminescence of the fluid.

HL spectroscopy gives us information about the
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conditions in the fluorescent liquid — exactly, about the
conditions in the bubbles, because the main source of light
is the emission of gas into the air bubbles. The HL
spectrum gives a clear light of non-equilibrium plasma
radiation in bubbles.

Cavitation

Shock point /
increase in
pressure Sound
‘Warmth
Electrllﬁcz?non Stablhzatl_on Hydrodynamic
of liquid consumption luminescence

Sonoluminescence

Fig. 1 Cavitation processes and effects

Thus, the effect of hydrodynamic luminescence is
electrical. The insert material, in the zone of intense
cavitation, emits electrons that are transferred by the flow,
and at the inlet edge of the holes a positive charge of high
density is formed, the potential of which relative to the
ground can reach kilovolts.

What is the drag when flowing around solids with a
stream of liquid or gas — it is well known. However, in
addition to the drag, when flowing there is a so-called
wave resistance, which is the result of energy
consumption for the formation of acoustic or shock waves.
In gases, for example, shock waves occur during the
formation of a jump seal in the frontal surface of the body
when flowing around it by a supersonic gas flow. At
formation of a jump of consolidation density, temperature,
pressure, speed of substance of a stream sharply increase,
as a result processes of dissociation and ionization of the
molecules which are followed by powerful light radiation
can take place. Light radiation can greatly heat both the
gas in front of the wave front and the surface of a moving
body.

The questions related to the description of the stages
of luminescence in the fluid flow during hydrodynamic
cavitation are quite complex, which until recently remain
completely unexplored. This is especially true of the
multicomponent medium, which includes oil and
petroleum products (hydraulic oils). In this regard, we
consider hydrodynamic luminescence from the standpoint
of physicochemistry and the most well-founded two
theories of origin — thermal and electrical. Information
about the formation of Iuminescence is especially
important for cavitation technologies, as at this level when
closing the bubble in oscillations can release significant
energy, which is often used for high-quality mixing of
media, their separation and destruction at the molecular
level, polarization, etc. So, for example, it is established
that at fluctuation of small gas bubbles in water, in a
compression phase, in a short period of time 10°-107 ¢,
order pressures may occur 10°MIla and "point"
temperature 10* °C.

Sufficiently high energy is released in a short time
when the bubble closes, when an area of high pressure

appears in the local area (to 4-10° MIIa) and intense jet
flow  with  cumulative  microcurrent  velocities
300-500 m/c. During a pulsed discharge, radiation occurs:
ionizing, acoustic waves, electromagnetic fields and high-
speed fluxes with the occurrence of cavitation when
closing the discharge zone [1].

Visualization and study. A sample with a
transparent plexiglass cylinder was used for visualization

(Fig. 2).

Fig. 2. Design of a model (sample) of research:
1 - reactor; 2 — ejector; 3 — body

The experiments were performed at a pressure drop
to 5 MIIa and consumption to 107 m%/c. The sample was
connected to the hydraulic system according to the
scheme (Fig. 3).

M1 & 1 1%

gf C? p] ,/'/ ‘/ pf
— e b7

Fig. 3. Schematic hydraulic diagram of the test bench:
1 - cavitator; 2 — ejector; 3 — speed video camera

The main parameters that were controlled: the level
of inlet pressure, the pressure drop at the inlet and outlet
of the sample, flow rate and outlet temperature. The
temperature of the working fluid was monitored in the
apparatus using a reference thermocouple. Experimental
studies on the rotary mode using the working fluid type
"H-L". Processing on the sample of the piston valve was
carried out by the camera at a speed of 120-1000 frames
per second. Studies were conducted to obtain data
describing the structure and parameters of the flow
(Fig. 4).

The amount of gases in the bubbles depends on the
number of cavitation. Critical flow parameters and

Bulletin of the National Technical University "KhP1".
Series: Hydraulic machines and hydraulic units, no. 12021

35



ISSN 2411-3441 (print), ISSN 2523-4471 (online)

depending on the height and velocity of the pressure,
indicating the beginning of the cavitation of the flow, can
be calculated [1]:

y = 2(p1_2p2)
p-Vy

>

where p;, Vi — pressure and flow rate, for example at the
inlet of the valve; p, — vapor pressure; p — fluid density.

Fig. 4. Schematic diagram of hydraulic test stand:
1 - cavitator; 2 — ejector; 3 — system for saturation of the liquid
flow with noble gases; 4 — safety valve; 5 — manometers at the
inlet and outlet; 6 — temperature sensors; 7 — speed camera

The method of experimental research consisted of
the following actions. Setting the required pressure drop
on the apparatus, the temperature of the working fluid was
controlled by a reference thermocouple and measured the
volumetric flow rate. According to the results of the study,
a number of images were obtained, which are presented in
Table 2.

Investigation of the influence of inert gas
saturation on hydrodynamic luminescence. According

to the results of the study, a number of images were
obtained, and it is possible to draw conclusions about the
effect of noble gas saturation on the intensity of
luminescence that occurs behind the screw in the throttle
channel.

Table 2 — Conditions for conducting experiments

Conditions for
the Parameters Picture
experiment
Ap = 2 MPa, oil temperature
Without t=33°C, Q =0,000012 m¥s, | Fig.5, a,
saturation throttle area 0,00003 m?, b
Ve = 25 mM/s
Ap =5 MPa, oil temperature
Without t =33 °C, Q = 0,0000004 m%s, Fia. 6
saturation throttle area 0,00003 m?, 9.0, 4
Vi = 100 m/s
Ap =5 MPa, oil temperature
Nitrogen t=33°C, Q = 0,0000004 m%s, Fio 6. b
saturation throttle area 0,00003 m?, 19-5,
Vi = 100 m/s
Ap =5 MPa, oil temperature
Argon t =33 °C, Q = 0,0000004 m%s, Fio 6
saturation throttle area 0,00003 m?, 9.5, ¢
Vi = 100 m/s
A mixture of Ap =5 MPa, oil temperature
gases t=33°C, Q = 0,0000004 m%s, Fia. 6. d
Nitrogen + throttle area 0,00003 m?, 9.5,
Argon Vepr = 100 m/s

In Fig. 5,6 show images for different stages of
luminescence with saturation and without saturation
(argon and nitrogen) (single-phase, two-phase flow).

Thus, observations show that the least intense
luminescence was observed without additional saturation
of the liquid with noble gases (Table 2). Thus, we can
assume that the luminescence intensity will increase with
gas saturation. To test this hypothesis, a stand was
developed to investigate the effect of gas saturation on the
luminescence effect. Saturation was due to the use of a
specially designed ejector before entering the cavitator.

luminescence

Fig. 5. The results of experiments:
a — without luminescence; b — "shot" appearance of luminescence
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a b
c d

Fig. 6. Emission of light in mineral oil cavitation flow:
a — without saturation; b — argon; ¢ — nitrogen; d — nitrogen & argon

This allowed directly at the entrance to the cavitator to
obtain a two-phase flow with different depths of
saturation.

It was also observed that the luminescence in the
two-phase medium forms a "shot" that occurred earlier in
the gaseous medium at 2 bar (Fig. 7). It is established that
in the gas phase we can obtain this luminescence effect.
Thus it is possible to draw an analogy between the jump
of the seal. It follows that the effect of hydrodynamic
luminescence can also be called "gas-dynamic
luminescence”, or biphasic luminescence. The advantages
of the following are lower energy costs for obtaining
luminescence for technological processes.

Fig. 7. Emission of light in the two-phase cavitation flow of
mineral oil (gas-dynamic luminescence)

Based on the results of elaboration and analysis of
the conducted experimental researches, a conceptual
model of the stages of origin and development of the
accompanying

cavitation process and effects is

constructed (Fig. 8).

!

"point" temperatire

stages of hydroluminescence (heat

and mass transfer processes)

cavitation number

Fig. 8. Occurrence of cavitation and accompanying physical
processes in the fluid flow

According to our observations, with increasing flow
velocity in the area of narrowing, first there is cavitation,
then, with a further increase in flow velocity, single sparks
begin to appear, and from a certain point there is a "shot".
and there is a stable glow. When reaching the "point
temperature” and in the presence of parts of materials with
cavitation emission, there is an increase in the intensity of
the glow due to triboluminescence, in the absence of
suitable materials, the process is less intense.
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The study of the nature of hydrodynamic
luminescence can be compared to fire: first it is a weak
spark, then a flickering flame, and then a powerful flame
endowed with speed and power.

It can be assumed that the process of cavitation in the
flow of mineral oil in narrow slits can cause electrical
resistance of the oil base and channels, as well as lead to
burnout of corrective additives to the oil. The main source
of light radiation is the emission of gas into vapor bubbles,
such as hydrogen. For example, water present in the
working fluid under the action of cavitation can
decompose into hydrogen and oxygen, which then ignite
with a discharge.

The conducted researches allowed to reveal the
cavitation zones arising in the cavitator. Cavitation areas
were identified with the help of high-speed video
recording and the mechanism of its development was
investigated. In addition, the visualization characteristics
of the closed volume to some extent clarify the existing
ideas about the behavior of the liquid in the nozzle.

The results of the study are valid for Newtonian
fluids, which include oil used during the experiment. For
non-Newtonian fluids, the cavitation process can be more
complex, requiring further research. In addition, the
purpose of further research is a detailed study of the
influence of the phenomenon of hydroluminescence on
cavitation processes[20-24].

The cavitators that have been studied in this article
can work with a variety of liquids. Some of them are
sensitive to the effects of cavitation, which can change
their physical, chemical and rheological properties. Thus,
the study of the conditions of cavitation phenomena and
their development will allow to choose rational modes of
operation of the cavitator: the diameter of the fittings, the
pressure drop, flow rate and temperature of the working
fluid.

The wuse of hydrodynamic cavitation with
hydrodynamic luminescence to obtain energy under
certain conditions is rational, which is due to the
compactness and cheapness of the installation as a whole.
Cavitation energy storage can be one of the most
innovative and effective ways to achieve high energy
density today.

Conclusions. An experimental stand and a model of
a hydrodynamic cavitator were developed and a series of
experiments were conducted. The studies allowed to study
the cavitation in the throttle element and below the hole.
Observations have shown that luminescence is observed
under certain conditions. Its intensity is determined by a
number of factors, one of which is the correlation between
the intensity of luminescence and gas saturation.

A review of studies has shown that light radiation
depends on the rheological properties of the liquid. More
intense where there is less viscosity. The gas-oil mixture
has a significant effect, more radiation was observed. The
concentration of dissolved noble gas (Ar) Argon, (N)
Nitrogen, in hydrodynamic luminescence significantly
affects the light radiation that occurs during cavitation at
the edge of the choke.

Thus, during hydroluminescence, excitation of the
added inert gases occurs first of all, which then, as a result

of second-order Frank-Hertz shocks, transmit the
perturbation to the oil molecules. Increases as the ionized
potential (perturbation potential) decreases. Based on the
work performed, it can be concluded that the cause of
hydrodynamic luminescence is the friction of the liquid
against the walls of the channel and the light radiation of
the double electric layers. Therefore, the cause of
hydrodynamic luminescence is a local increase in electric
field strength, which occurs when the electroneutrality
inside the cavity.

Experimental studies have shown that the
temperature of the working fluid significantly affects the
flow characteristics of the choke. The result of heating is a
decrease in the viscosity of the working fluid, which leads
to an increase in the Reynolds number and, accordingly,
the flow rate. The obtained experimental data were
approximated to the possibility of using a mathematical
model of a hydrodynamic cavitation generator and
allowed to take into account the properties of the working
fluid.
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