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STUDY OF HYDRODYNAMIC LUMINESCENCE IN A CAVITATION
LIQUID MEDIUM

The article presents the results of experimental studies of hydrodynamic processes in
a cavitation generator. To study the mechanisms of cavitation and hydrodynamic lu-
minescence, a basic hydraulic circuit of a test bench was developed and a bench was
created that allows one to study the flow rate characteristic of a cavitator and visual-
ize the flow in the working chambers. The analysis of literature and informational
data made it possible to determine the basic conditions and factors affecting the pro-
cess of hydroluminescence and showed that the interpretation of the nature of the oc-
currence of sonoluminescence and hydroluminescence is not unambiguous. The pro-
cesses considered have two main theories of their occurrence - “thermal” and “elec-
trical”, but, as shown in modern scientific papers, this position cannot be considered
satisfactory. Thorough experimental verification is required. It is concluded that the
phenomenon of hydroluminescence (triboluminescence) can be used as a method for
visualizing cavitation. As a result of the application of the experimental-analytical
method and technical visualization, it was found that for this nozzle (configuration
and flow part of the throttle) at a flow velocity of more than 40 m /s, a hydrolumi-
nescence process observed in the form of a pulsed-flickering spark of blue color on
the periphery and white in the middle at the input edge of the valve. At the same time,
the management of the work processes that accompany the phenomenon of cavitation
is very relevant, because it allows you to deal with the undesirable consequences of
cavitation. Based on the results obtained, it was proposed to use a temperature-
sensitive drive for automatic correction of the throttle bore, which will allow main-
taining a predetermined calculated value of the cavitation number in changing oper-
ating conditions, for example, depending on temperature and viscosity.

Keywords: cavitation, visualization, hydrodynamic luminescence, throttle, tribolumi-
nescence, cavitator, visualization of fluid flow, temperature, viscosity, cavitation num-
ber, sonoluminescence, fluid flow rate.

Introduction. Modern hydraulic equipment operates at significant working pres-
sures, which can reach 400 bar. In hydraulic devices, hydro systems as shutoff and regu-
lating elements are widely used different types of chokes, nozzles, throttles, etc. [1, 2].
In the diaphragm and cylindrical chokes, the flow of the working fluid has a pronounced
turbulent character, and in the compressed section, high speed causes cavitation and the
active allocation of bubbles of undissolved air and steam [2-5] associated with it. The
phenomenon of cavitation is often harmful to the operation of hydraulic systems.

Since the appearance of cavitation is observed in a stream only under certain condi-
tions, and it may be unstable when changing, it becomes necessary to create systems that
will provide a stable cavitation regime [2-7].

Cavitation leads to the appearance of a number of physicochemical processes, may be
accompanied by cavitation chemical reactions, oxidation, destruction and luminescence.

State of the problem. The urgency of studying the phenomena of hydroluminescence
is due to the widespread use of dielectric pipelines and local resistance. In addition to sim-
ulation, the study of the flow of fluid in the cavitator can be carried out by involving ex-
perimental methods of research. Experimental methods help visualize the movement of
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the fluid in the nozzle to further analyze the processes of the medium [5]. Observation of
the origin of cavitation processes can be accomplished by visualizing a fluid stream with a
highspeed video recording of the work process in a cavitator with a transparent material
casing [10-12]. Thus, in the indicated way, it is possible to analyze the process of occur-
rence of cavitation bubbles and the emission of light, as well as to obtain empirical calcu-
lations of dependence.

After passing through the rarefaction zone, in the zone of high pressure formed bub-
bles are instantly locked up, which causes the emergence of powerful spherical waves and
cumulative jets, which leads to erosive destruction of the material of the walls of the chan-
nel and the emergence of active acoustic processes (Fig. 1).

Fig. 1. The emergence of cavitation in the contraction region of the flows

Problem statement. The phenomenon of hydroluminescence is widely used as a
method of visualization of cavitation. With the help of hydrolumnescence, ionize nano-
particles and electrify liquids, for example, varnishes or paints in order to achieve a
more uniform coating of parts with paint. In this case, the liquid acquires a positive
charge, and the walls of the channels are negative. In missile carriers, unauthorized cavi-
tation with the appearance of hydrolumnescence in the fuel system (pump) may lead to
an explosion of the fuel system of the rocket carrier [3-5]. The question remains of the
physics of the process, which is due to the occurrence of hydroluminescence and its es-
timation in accordance with the theories proposed. To study cavitation processes and
managing them it is necessary to: clarification of the discharge coefficient for the throttle
of a hydrodynamic cavitator, determination of cavitation regimes in which hydrolumi-
nescence is observed, and factors influencing its intensity and managing them.

Purpose of the paper. The presented paper is aimed at is a study of the process of
occurrence of cavitation phenomena and an experimental study of hydrodynamic cavita-
tion accompanied by hydroluminescence.

Problem setting. In accordance with [12], for some processes it is necessary to
determine the nature and conditions for the occurrence of cavitation processes, which
are accompanied by hydroluminescence.

For study cavitation processes, a turbulent throttle model was created with the
possibility of changing the channel cross sectional area. The screw is made from ebon-
ite - a material with good cavitation emission of electrons.
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Before the experiment, the temperature and pressure sensor were calibrated with a
reference thermocouple and a manometer, and the digital flow meter calibrated with
volumetric flow meter.

Cavitation intensity was estimated using a graphical editor, determining the
weighted average brightness level of the image pixels obtained by multiplying each
brightness level by the number of pixels of a given level, and then divided by the total
number of brightness levels.

For an in-depth study of light emission, a schematic diagram of an experimental
stand was developed (Fig. 2). The stand is built on the basis of a hydraulic station, and
measuring equipment for recording the differential pressure on the model and the val-
ues of flow and temperature. The flow is fixed using a high-speed camera.
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Fig. 2. Basic hydraulic diagram of the test bench (/ — cavitation nozzle, 2 — speed camera)

For the study of cavitation processes, a model of a hydrodynamic cavitator with
a regulated orifice was created. The element that controls the cross-section - the screw
is made of brass. (Fig. 3).
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Fig. 3. Determination of the studied area of the cavitator nozzle

In the fluid moving in the stream, with the growth of the velocity vector, cavitation
bubbles begin to appear (Fig. 4), the size of which increases with increasing pressure drop.

At a flow velocity of more than 40 m / s, visually the cavitation has a pronounced
appearance with a well-formed cavitation torch and the appearance of light radiation
(Fig. 4). In addition to the appearance of cavitation bubbles, it was observed that there
were light effects in the narrow channel. The light emission was observed at a pressure
drop of 1,8 MPa and was manifested in the form of sparks that slip along downstream
in the central part of the canal.

The discharge coefficient of working fluid through the nozzle was determined:
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where Qa — the actual flow rate, Q¢ — the theoretical flow rate.

Visually managed to trace the process of nucleation and development of the cavi-
tational zone up to the moment of hydroluminescence [11; 12]. The study of the cavi-
tation process was carried out for mineral oil of category H-LP and domestic mineral
oil «Leol M20», in which the cavitation in the stream was more intense. No light
emission was observed. It can be assumed that the dependence of light radiation on the
properties of the base of mineral oil, the quantity and type of gas, water, the pressure
of its saturated vapor and the composition of the additive package.

hydro luminescence

Fig. 4. Visualization of the occurrence of cavitation (¢ = 50°C, pressure drop,
(P;-P;) = 4 MPa, flow rate, O = 1,1 1/min, diameter of the throttle, d = 0,6 mm)

To prevent cavitation or its use at the certain level, it is proposed to create a de-
sign of a hydrodynamic cavitator, which will automatically adjust the flow rate in the
throttles and maintain the required number of cavitation numbers to account for the
use of a thermosensitive element.

Conclusions. Thus, a stand was developed that makes it possible to track the pro-
cesses of hydrodynamic cavitation and take into account the following feature: in the
presence of developed cavitation, hydroluminescence is observed. Experimental studies
allowed to find that the temperature of the working fluid significantly influences on the
flow characteristics of the throttle. The boundaries of the occurrence of hydrolumines-
cence are established.
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EKCIIEPUMEHTAJIBHE TOCJIUKEHHA T'APOAUNHAMIYHOIL
JIIOMIHECHEHIII B KABITYIOYUOMY PIIMHHOMY CEPEJTOBHUIII

VY crarTi MpeACTaBICHO PE3yAbTATH EKCIIEPUMEHTAIBHUX AOCTI/DKEHD T1ApOJMHAMIYHUX TIPO-
[IeCiB y KaBiTaliifHOMY TeHepaTtopi. s DochimKkeHHsS MeXaHi3MIB BHHUKHCHHS KaBiTarlii Ta
TiAPOAMHAMIYHOI JIFOMiHECIICHIIiT 0y70 po3po0IeHO MPUHIMUIIOBY TiIpaBIivHy CXEMY BHIIPO-
OyBaJILHOTO CTEHIy Ta CTBOPEHO CTEHJ, LIO JO3BOJISE IOCHIIAUTH BHTPATHY XapaKTEPUCTHKY
KaBiTaTopa i MPOBECTH Bi3yai3allilo MOTOKY B podounx kamepax. [IpoBeneHmii anami3 JiTepa-
TYpHHX Ta iH)OPMAIIfHAX TAHWX JTO3BOJMB BU3HAYNTH OCHOBHI YMOBHU Ta (PaKTOPH, IO BILTH-
BalOTh Ha TIPOIIEC TiAPOIIOMIHECIICHINI] T4 BUSBUB HE OJHO3HAYHICTH TPAKTYBAHHS IPUPOIU
BUHUKHEHHS COHOJIIOMIHECHEHIII] 1 TigpomoMiHectieHii. Po3TistHyTI mporecn MaroTh IBi Oc-
HOBHI TeOpil IX BUHUKHEHHS - «TEIUIOBY» 1 «EJIEKTPHUYHY», ajle, K II0Ka3aHO y CY4YacHHUX Hay-
KOBHX pO0OTax, I¢ IOJIOKEHHS HE MOXIHBO paxyBaTH 3aqoBiTbHMM. HeoOximHa perenbHa
eKCIIepIMEHTANIbHA TepeBipka. 3po0IIeHO BUCHOBOK, IO SBHUINE TiAPOIIOMiHECIICHIII1 (TprOo-
JEOMIHECIICHIIIT) MOXe BUKOPUCTOBYBATHCH SIK METOJ Bi3yaui3arii kaBitarii. B pe3ynbrarti 3a-
CTOCYBaHHS €KCIIEPUMEHTAIBHO-aHANITHYHOTO METONY Ta TEXHIYHOi Bi3yalli3aiii BCTaHOBIIE-
HO, IIIO JUTSA JTaHOTO HacanakKy (KOHQIrypamii Ta MPOTOYHOI YACTUHH JPOCENIO0) MPU IMIBUIKOCTI
moToKy Oinbmie 40 M/c B KamiOpoBaHOMY OTBOPI CITOCTEPITA€THCS MPOIIEC T1APONFOMIHECIICHITIT
Y BHUIIIAII IMITYJIECHO-MEPEXTINBOL iCKpH OJIAKUTHOTO KOIBOPY I0 repudepii Ta 6ioro B ce-
penuHi Ha BXiAHUHA KPOMII 30JO0THHKA. Y TOH K€ Jac KepyBaHHA POOOYMMH INPOIECaMH, SIKi
CYTIPOBOIKYIOTH SIBHIIE KaBiTallii, € JOCUTh aKTYaJIbHIAM, OCKUTBKH JTO3BOJISIE OOPOTHCS 3 He-
Oa)kKaHMMHM HACITiTKaMu KaBiTamii. Ha mimcTaBi oTpruMaHUX pe3ylbTaTiB 3alpOIIOHOBAHO 3aCTO-
CyBaTH TEPMOUYYTIMBHN TPUBIJ AT aBTOMATHYHOI KOPEKIIii IMPOXiTHOTO KalliOpOBaHOTO OTBO-
Py Ipoceto, IO J03BOJIUTH HMiATPUMYBATH 3aJaHy PO3PaXyHKOBY BEJIMYMHY YMCIIa KaBiTaLil B
3MIHHHX yMOBaX EKCIUTyaTallil, HAPUKJIA, B 3aJISKHOCTI BiJI TEMITEpaTypH Ta B'S3KOCTI.
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