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Óñëîâèÿ ðàçâèòèÿ êàâèòàöèè èññëåäóþò ñ èñïîëüçîâàíèåì ýôôåêòà ýìèññèè ñâåòà æèäêî-

ñòüþ ïðè ñõëîïûâàíèè êàâèòàöèîííûõ ïóçûðüêîâ. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èñ-

ñëåäîâàíèÿ êàâèòàöèè â òåõíè÷åñêèõ æèäêîñòÿõ ïîñðåäñòâîì ðåãèñòðàöèè ãèäðî- è ñîíî-

ëþìèíåñöåíöèè. Óñëîâèÿ âîçíèêíîâåíèÿ ãèäðî- è ñîíîëþìèíåñöåíöèè àíàëèçèðîâàëè

ïðèìåíèòåëüíî ê ãåîìåòðèè óçêîãî êàíàëà, ïðè ðåãèñòðàöèè ïðèìåíÿëè âûñîêîñêîðîñò-

íóþ âèäåîêàìåðó è ôîòîóìíîæèòåëü. Ïîëó÷åíû óíèâåðñàëüíûå ïîðîãîâûå çíà÷åíèÿ ñêî-

ðîñòè äåôîðìàöèè âîçíèêíîâåíèÿ ãèäðîëþìèíåñöåíöèè â äèàïàçîíå 105 – 106 ñ–1, ðàçðàáî-

òàíà ìåòîäîëîãèÿ äëÿ ðåãèñòðàöèè ãèäðî- è ñîíîëþìèíåñöåíöèè â óçêèõ êàíàëàõ äëÿ èñ-

ñëåäîâàíèÿ ñòàäèéíîñòè ðàçâèòèÿ êàâèòàöèè. Â ðàçðàáîòàííîé ýêñïåðèìåíòàëüíîé óñòà-

íîâêå êîíòóðû âûñîêîãî äàâëåíèÿ ðàçäåëÿëèñü íà êîíòóð íàïîðà è èçìåðèòåëüíûé êîíòóð.

Â êîíòóðå íàïîðà äàâëåíèå ãèäðàâëè÷åñêîãî ìàñëà ñîçäàâàëîñü ñ ïîìîùüþ øåñòåðåí÷àòîãî

íàñîñà. Ïîñðåäñòâîì ãèäðîöèëèíäðà è ïîäâèæíîãî ïîðøíÿ îíî ïåðåäàâàëîñü æèäêîñòè â

èçìåðèòåëüíîì êîíòóðå, êîòîðàÿ äàëåå ïðîïóñêàëàñü ïîä äàâëåíèåì ÷åðåç óçêèé êàíàë.

Ïðåäëîæåííàÿ ãåîìåòðèÿ óçêîãî êàíàëà äàâàëà âîçìîæíîñòü ðàçäåëèòü ÿâëåíèå ãèäðîëþ-

ìèíåñöåíöèè â óçêîì êàíàëå è ñîíîëþìèíåñöåíöèþ ñ ïîñëåäóþùåé êàâèòàöèåé ïðè âûõî-

äå æèäêîñòè â äèôôóçîð â ðåçóëüòàòå ïàäåíèÿ äàâëåíèÿ. Êîíñòðóêöèÿ óñòàíîâêè è ìåòîäî-

ëîãèÿ ïîçâîëÿëè èññëåäîâàòü êàâèòàöèîííûå ýôôåêòû äëÿ øèðîêîé íîìåíêëàòóðû òåõíè-

÷åñêèõ æèäêîñòåé, â òîì ÷èñëå àãðåññèâíûõ ê ìàòåðèàëàì íàñîñîâ âûñîêîãî äàâëåíèÿ. Ïî-

ëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû ïðè ñîâåðøåíñòâîâàíèè ñðåäñòâ êîìïëåê-

ñíîé äèàãíîñòèêè ñìàçûâàåìûõ óçëîâ òðåíèÿ ïî ïàðàìåòðàì ïðîäóêòîâ èçíîñà â ìàñëå, ìå-

òîäîâ ïîäàâëåíèÿ àêóñòè÷åñêèõ ýôôåêòîâ êàâèòàöèè è äð.

Êëþ÷åâûå ñëîâà: ñâå÷åíèå æèäêîñòè; ãèäðîëþìèíåñöåíöèÿ; ñîíîëþìèíåñöåíöèÿ; êàâè-

òàöèÿ; òå÷åíèå æèäêîñòè â êàíàëàõ.
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Conditions for the development of cavitation are studied using the effect of light emission from a liquid

during the collapse of cavitation bubbles. The results of studying cavitation in technical fluids by record-
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ing hydro- and sonoluminescence are presented. Conditions for the occurrence of hydro- and sonolumi-

nescence were analyzed in relation to the geometry of a narrow channel; a high-speed video camera and a

photomultiplier were used for recording. Universal threshold values for the strain rate of hydrolumi-

nescence in the range of 105 – 106 sec–1 have been obtained, and a methodology has been developed for re-

cording hydro- and sonoluminescence in narrow channels to study the stages of the cavitation develop-

ment. The proposed experimental setup contained two high-pressure circuits, i.e., a pressure circuit and a

measuring circuit. In the pressure circuit, hydraulic oil pressure was created using a gear pump. By means

of a hydraulic cylinder and a movable piston, it was transmitted to the liquid in the measuring circuit,

which was then passed under pressure through a narrow channel. The proposed geometry of a narrow

channel provided separation of the phenomena of hydroluminescence in a narrow channel and sonolumi-

nescence with subsequent cavitation when the liquid exits into the diffuser as a result of a pressure drop.

The design of the setup and methodology made it possible to study cavitation effects in a wide range of

technical fluids, including those that are aggressive to high-pressure pump materials. The results obtained

can be used to improve the means of comprehensive diagnostics of lubricated friction units proceeding

from the parameters of wear products in the oil, methods for suppressing the acoustic effects of cavitation,

etc.

Keywords: liquid glow; hydroluminescence; sonoluminescence; cavitation; liquid flow in a narrow

channel.

Ââåäåíèå

Ïîä ãèäðîëþìèíåñöåíöèåé (ÃË) ïîíèìàþò

ýôôåêò ýìèññèè ñâåòà æèäêîñòüþ, âîçíèêàþùèé

â èíòåíñèâíûõ ãèäðîäèíàìè÷åñêèõ ïîòîêàõ. Ïî-

ìèìî ÃË, âûäåëÿþò òàêæå ñîíîëþìèíåñöåíöèþ

(ÑË).

Â îñíîâå «òåïëîâîé» òåîðèè (íàðÿäó ñ òàê íà-

çûâàåìîé «ýëåêòðè÷åñêîé»), îïèñûâàþùåé äàí-

íîå ÿâëåíèå, ëåæèò ïðåäïîëîæåíèå, ÷òî èñòî÷-

íèê ñâå÷åíèÿ — ôîðìèðóþùèéñÿ ïëàçìåííûé

ñãóñòîê ñî ñðåäíåé òåìïåðàòóðîé 104 Ê, íåîáõîäè-

ìîé äëÿ èñïóñêàíèÿ èçëó÷åíèÿ. Îòìåòèì, ÷òî

ýìèññèÿ ñâåòà ïðè ÑË ïðîèñõîäèò ïðè ñõëîïûâà-

íèè êàâèòàöèîííûõ ïóçûðüêîâ, âûçâàííûõ ãèä-

ðîäèíàìè÷åñêèìè ýôôåêòàìè. Ìåõàíèçì ÃË, â

îòëè÷èå îò ÑË, ñóùåñòâåííûì îáðàçîì çàâèñèò

îò íàëè÷èÿ ñòåíîê êàíàëà [1 – 5].

Â ýêñïåðèìåíòå ñ ïðîïóñêàíèåì ìàñëà ÷åðåç

äðîññåëèðóþùåå óñòðîéñòâî â âèäå øàéáû â óç-

êîé âõîäíîé ïîëîñå ïðîõîäíîãî îòâåðñòèÿ ôèêñè-

ðîâàëè ãèäðîäèíàìè÷åñêóþ ëþìèíåñöåíöèþ, ñî-

ñòîÿùóþ èç ñåðèè ìíîãî÷èñëåííûõ âñïûøåê [6].

Óñòàíîâêà íèõðîìîâîé ñòðóíû ÷åðåç ïðîõîäíîå

îòâåðñòèå ïîêàçàëà íàëè÷èå ýëåêòðè÷åñêîãî ïî-

òåíöèàëà ïðè ïðîïóñêàíèè ìàñëà ïîä äàâëåíèåì

áîëåå 1 ÌÏà. Ïîëó÷åííûå ýêñïåðèìåíòàëüíûå

äàííûå ñâèäåòåëüñòâóþò â ïîëüçó «ýëåêòðè÷å-

ñêîé» òåîðèè âîçíèêíîâåíèÿ ÃË.

«Ýëåêòðè÷åñêóþ» òåîðèþ âîçíèêíîâåíèÿ ÃË

ïîäòâåðæäàþò òàêæå ðåçóëüòàòû èññëåäîâàíèÿ

òå÷åíèÿ äèýëåêòðè÷åñêîé æèäêîñòè â òîíêîì ñî-

ñòàâíîì êîàêñèàëüíîì êàíàëå [7]. Îáíàðóæåíî,

÷òî ïðè ïðîïóñêàíèè â êà÷åñòâå èññëåäóåìîé

æèäêîñòè ìèíåðàëüíîãî ìàñëà ñî ñêîðîñòüþ ïî-

òîêà V = 2,5 ì/ñ íà ãðàíèöå ðàçäåëà îáëàñòè îðã-

ñòåêëà âîçíèêàåò ãîëóáîâàòîå ñâå÷åíèå æèäêî-

ñòè. Ýëåêòðîìàãíèòíîå èçëó÷åíèå, êîððåëèðóþ-

ùåå ñ îáðàçîâàíèåì âñïûøåê, ôèêñèðîâàëè àí-

òåííîé. Î÷åâèäíî, êîððåëÿöèÿ ñâåòîâûõ âñïû-

øåê è ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ âîçìîæíà

ïðè íàëè÷èè ýëåêòðè÷åñêèõ ðàçðÿäîâ.

Ïðè ïðîïóñêàíèè ïîä äàâëåíèåì èíäóñòðè-

àëüíîãî ìàñëà ÷åðåç öèëèíäðè÷åñêóþ òðóáêó ñ

óçêèì ó÷àñòêîì äèàìåòðîì 1 ìì íàáëþäàëè ñè-

íå-ôèîëåòîâîå ñâå÷åíèå æèäêîñòè, êîòîðîå äèàã-

íîñòèðîâàëè ñïåêòðîìåòðîì [8, 9]. Ñïåêòð ñâå÷å-

íèÿ ñîñòîÿë èç ñïëîøíîãî ñïåêòðà — ñîáñòâåííî-

ãî ñïåêòðà ÃË è ïîëîñ èçëó÷åíèÿ àçîòà, ïðèñóò-

ñòâèå êîòîðîãî áûëî îáóñëîâëåíî ðàñòâîðåííûì

â ìàñëå âîçäóõîì. Ïî ïîëîñàì àçîòà â ñïåêòðå îï-

ðåäåëÿëè ïàðàìåòðû èçëó÷àþùåé ñðåäû. Áûëè

îïðåäåëåíû êîëåáàòåëüíàÿ (Tvib = 4000 Ê) è âðà-

ùàòåëüíàÿ (Trot = 300 Ê) òåìïåðàòóðû ãàçà. Ïî

íåâûñîêîé âðàùàòåëüíîé òåìïåðàòóðå çàêëþ÷è-

ëè îá ýëåêòðè÷åñêîé ïðèðîäå âîçáóæäåíèÿ ÃË.

Îäíàêî òåïëîâóþ âåðñèþ ìåõàíèçìà âîçíèê-

íîâåíèÿ ÃË òàêæå íåîáõîäèìî ó÷èòûâàòü. Òàê,

ïðè ïîäà÷å äèýëåêòðè÷åñêîé æèäêîñòè (óäåëüíîå

ñîïðîòèâëåíèå âûøå 1011 Îì · ì) ïîä äàâëåíèåì

äî 7 ÌÏà íà âõîä äðîññåëüíîãî óñòðîéñòâà, ïðåä-

ñòàâëÿþùåãî ñîáîé êàíàë äëèíîé 25 – 30 è äèà-

ìåòðîì 1 – 2 ìì, ñ ïîìîùüþ ðåãóëèðîâêè ÷àñòî-

òû ïóëüñàöèè ïîòîêà æèäêîñòè è äàâëåíèÿ â ñèñ-

òåìå ïîëó÷àëè ìîùíûå ðåçîíàíñíûå êîëåáàíèÿ

ïîòîêà (÷àñòîòà — 5 êÃö) [10]. Íà âõîäíîé êðîì-

êå ïî ïåðèìåòðó äðîññåëèðóþùåãî êàíàëà ôèêñè-

ðîâàëè ïëàçìåííîå îáðàçîâàíèå, ïî ÿðêîñòè íà-

ïîìèíàþùåå äóãîâîé ðàçðÿä. Íàðóæíûé äèà-

ìåòð ïëàçìåííîãî êîëüöà äîñòèãàë 6 ìì, ïëîò-

íîñòü ýíåðãèè — 104 Äæ/ñì3, ñðåäíÿÿ òåìïåðàòó-

ðà — 104 Ê. Ïëàçìåííîå îáðàçîâàíèå èìåëî

âûñîêèé ïîëîæèòåëüíûé ïîòåíöèàë (îêîëî

200 êÂ), èñïóñêàëî ýëåêòðîíû, ðåíòãåíîâñêîå èç-

ëó÷åíèå è íåéòðîíû.

Ìåõàíèçì ÃË ñóùåñòâåííûì îáðàçîì çàâèñèò

îò íàëè÷èÿ ñòåíîê [7, 11]. Ïðè ýòîì ôîðìà êàíà-

ëà, êàê ïðàâèëî, íå âàæíà, îñíîâíîé ïàðàìåòð

âîçíèêíîâåíèÿ ÃË — ðàññòîÿíèå ìåæäó ñòåíêà-

ìè êàíàëà. Ñâå÷åíèå æèäêîñòè îïðåäåëÿåòñÿ ãðà-

äèåíòîì ñêîðîñòè âáëèçè ñòåíêè è èìååò ëèíåé-

íóþ çàâèñèìîñòü (äëÿ áîëåå òîíêîãî êàíàëà ñâå-

÷åíèå äîñòèãàåòñÿ ïðè ìåíüøèõ ñêîðîñòÿõ ïîòî-
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êà). Áûëî ïîêàçàíî, ÷òî ÷åì áîëüøå äèàìåòð óç-

êîãî êàíàëà, òåì áîëüøóþ ñêîðîñòü ïðîòåêàíèÿ

æèäêîñòè íåîáõîäèìî ñîçäàòü äëÿ èíèöèèðîâà-

íèÿ ñâå÷åíèÿ. Êðîìå òîãî, ÷åì îñòðåå êðîìêà âõî-

äà â óçêóþ ÷àñòü êàíàëà, òåì èíòåíñèâíåå íàáëþ-

äàåìîå ñâå÷åíèå [8, 9].

Ýêñïåðèìåíòû ñ ñîçäàíèåì âûåìîê ñ îñòðûìè

êðàÿìè íà âíóòðåííåé ñòåíêå êàíàëà ïîêàçàëè,

÷òî â ýòîì ñëó÷àå ìîãóò íàáëþäàòüñÿ îòðûâ æèä-

êîñòè è îáðàçîâàíèå â âûåìêàõ ñòàöèîíàðíûõ êà-

âåðí [7]. Ñâå÷åíèå æèäêîñòè â îáëàñòè òàêèõ êà-

âåðí àññîöèèðóåòñÿ ñ êàâèòàöèåé. Ïðè ñîçäàíèè

âûåìîê ñ çàêðóãëåííûìè êðàÿìè ñâå÷åíèå íå

ôèêñèðîâàëè. Òàêèì îáðàçîì, îáðàçîâàíèå êàâè-

òàöèè — îäèí èç ãëàâíûõ ôàêòîðîâ, âëèÿþùèõ

íà âîçíèêíîâåíèå ÑË. Íî âîçìîæíî, ÷òî èñòî÷-

íèê ñâå÷åíèÿ ïðè ÑË — ãàçîâàÿ ôàçà, è îáðàçîâà-

íèå êàâèòàöèè ëèøü äîñòàòî÷íîå óñëîâèå [8, 9].

Öåëü ðàáîòû — èññëåäîâàíèå êàâèòàöèè â

òåõíè÷åñêèõ æèäêîñòÿõ ïîñðåäñòâîì ðåãèñòðà-

öèè ÃË è ÑË.

Ìàòåðèàëû, ìåòîäèêà, îáîðóäîâàíèå

Íà ðèñ. 1 ïðåäñòàâëåíà ñõåìà ýêñïåðèìåí-

òàëüíîé óñòàíîâêè ïî ðåãèñòðàöèè ÃË è ÑË â óç-

êèõ êàíàëàõ: 1 — ðàáî÷èé êàíàë (äèàìåòð — 0,6,

äëèíà — 5 ìì); 2 — âûñîêîñêîðîñòíàÿ âèäåîêà-

ìåðà èëè ôîòîóìíîæèòåëü äëÿ ðåãèñòðàöèè ÃË è

ÑË; 3 — çàïîðíûé âåíòèëü; 4 — ìàíîìåòð; 5 —

ãèäðîàêêóìóëÿòîð; 6 — àñèíõðîííûé ýëåêòðî-

äâèãàòåëü; 7 — ÷àñòîòíûé ðåãóëÿòîð; 8 — øåñòå-

ðåí÷àòûé ãèäðàâëè÷åñêèé íàñîñ âûñîêîãî äàâëå-

íèÿ (äî 210 àòì); 9 — áàê ñ ãèäðàâëè÷åñêèì ìàñ-

ëîì.

ÃË è ÑË ðåãèñòðèðîâàëè íà ãèäðàâëè÷åñêîì

ìàñëå MOBIL DTE-25 (äèíàìè÷åñêàÿ âÿçêîñòü

38 «Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2024. Òîì 90. ¹ 6

1

2

3

4 5 6 7

8

9

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè

Fig. 1. The scheme of the experimental setup

Ðèñ. 2. Ãåîìåòðèÿ ðàáî÷åãî êàíàëà

Fig. 2. Geometry of the working channel

a á

â ã

Ðèñ. 3. Íà÷àëî ñâå÷åíèÿ (à), ðàçâèòàÿ ÃË (á), çàòóõàíèå ñâå÷åíèÿ âñëåäñòâèå ïàäåíèÿ äàâëåíèÿ â êàíàëå äèôôóçîðà

(â, ã) (èíòåðâàë ìåæäó êàäðàìè — ~10 ìñ, ìàêñèìàëüíîå äàâëåíèå íà âõîäå â êàíàë — ~5 ÃÏà/ì)

Fig. 3. The beginning of the glow (a), the developed GL (b), the attenuation of the glow due to a pressure drop in the diffuser

channel (c – d) (the interval between frames — ~10 msec, the maximum pressure at the entrance to the channel —

~5 GPa/m)



ç = 0,04 Ïà · ñ, äèàïàçîí ãðàäèåíòîâ äàâëåíèÿ

�P � 0,7 – 5 ÃÏà/ì) ñ ïðèìåíåíèåì ôîòîóìíîæè-

òåëÿ Photon counting heads H12386-01.

Ãåîìåòðèÿ ðàáî÷åãî êàíàëà ïðèâåäåíà íà

ðèñ. 2.

Îáñóæäåíèå ðåçóëüòàòîâ

Íà âèäåîêàäðàõ (ðèñ. 3) âèäíî èíòåíñèâíîå

ñâå÷åíèå æèäêîñòè. Ôîðìà ðàáî÷åãî êàíàëà ïî-

çâîëÿåò ðàçäåëüíî íàáëþäàòü ÃË â óçêîì êàíàëå

è ÑË â äèôôóçîðå âñëåäñòâèå ðåçêîãî ïàäåíèÿ

äàâëåíèÿ.

Çàìåòèì, ÷òî â àíàëîãè÷íîé ãåîìåòðèè êàíà-

ëà ôèêñèðîâàëè ñïëîøíûå ñïåêòðû ñâå÷åíèÿ —

òàê íàçûâàåìûå ñîáñòâåííûå ñïåêòðû ÃË [8, 9].

Àíàëèç ïîêàçàë íåñîîòâåòñòâèå ñïëîøíîãî ñïåê-

òðà ÃË «ïëàíêîâñêîé» êðèâîé èçëó÷åíèÿ àáñî-

ëþòíî ÷åðíîãî òåëà. Ñëåäîâàòåëüíî, ÃË íå îòíî-

ñèòñÿ ê òåïëîâîìó èçëó÷åíèþ.

Ñïëîøíîé ñïåêòð íåïîñòîÿíåí, åãî ìàêñèìó-

ìû ëåæàò íà ðàçíûõ äëèíàõ âîëí â çàâèñèìîñòè

îò òîãî, íà êàêîé ó÷àñòîê ðàáî÷åãî êàíàëà íà-

ïðàâëåí ðåãèñòðèðóþùèé äàò÷èê. Íàëè÷èå ìàê-

ñèìóìîâ ñïëîøíîãî ñïåêòðà íà ðàçíûõ äëèíàõ

âîëí ñâÿçàíî ñ òåì, ÷òî ñâå÷åíèå âîçíèêàåò íå â

ãàçå (êàê ýòî èíîãäà ïðåäïîëàãàåòñÿ), à â æèä-

êîñòè. Ìàêñèìóì ñîîòâåòñòâóåò âûñâå÷èâàþùå-

ìóñÿ ëþìèíåñöåíòíîìó öåíòðó, à óøèðåíèå îáó-

ñëîâëåíî ðåëàêñàöèîííûìè ïðîöåññàìè.

Íà ðèñ. 4 ïðåäñòàâëåíà çàâèñèìîñòü ÷àñòîòû

ñîáûòèé, ðåãèñòðèðóåìûõ ñ ïîìîùüþ ôîòî-

óìíîæèòåëÿ, îò ñêîðîñòè äåôîðìàöèè â êàíàëå.

Âèäíî, ÷òî èíòåíñèâíîñòü ÃË ðåçêî âîçðàñòàåò

ïðè ïîðîãîâûõ çíà÷åíèÿõ ñêîðîñòè äåôîðìàöèè

~105 – 106 ñ–1 (ãðàäèåíò äàâëåíèÿ â êàíàëå

~1,2 ÃÏà/ì). Îòìåòèì, ÷òî çíà÷åíèÿ ïîðîãîâîé

ñêîðîñòè äåôîðìàöèè âîçíèêíîâåíèÿ ÃË ñîãëà-

ñóþòñÿ ñ ðàíåå ïîëó÷åííûìè äàííûìè [6, 11].

Çíà÷åíèÿ ñêîðîñòåé äåôîðìàöèè íîñÿò óíè-

âåðñàëüíûé õàðàêòåð è ëåæàò â äèàïàçîíå ~105 –

106 ñ–1. Óâåëè÷åíèå ÃË ìîæíî îáúÿñíèòü èçìåíå-

íèÿìè ìåõàíèçìà ïåðåíîñà èìïóëüñà è äèññèïà-

öèè, îáóñëîâëåííûìè âîçíèêíîâåíèåì çîí ëîêà-

ëèçîâàííîãî ñäâèãà, àíàëîãè÷íûõ çîíàì ïëàñòè-

÷åñêîãî ñäâèãà â òâåðäûõ òåëàõ.

Ïîäîáíûå çíà÷åíèÿ ñêîðîñòåé äåôîðìàöèè

ïîëó÷åíû â ýêñïåðèìåíòå ïî óäàðíî-âîëíîâîìó

íàãðóæåíèþ æèäêîñòåé ìåòîäîì ýëåêòðè÷åñêîãî

âçðûâà ïðîâîäíèêà [12]. Âûÿâëåíà óíèâåðñàëü-

íàÿ ñòåïåííàÿ çàâèñèìîñòü ñêîðîñòè äåôîðìàöèè

íà âîëíîâîì ôðîíòå îò àìïëèòóäû äàâëåíèÿ ïðè

âðåìåíè íàãðóæåíèÿ ô � 10–5 ñ [13, 14].

Äàëüíåéøàÿ ìîäåðíèçàöèÿ ýêñïåðèìåíòàëü-

íîé óñòàíîâêè ìîæåò âêëþ÷àòü ðàçäåëåíèå óçëà

âûñîêîãî äàâëåíèÿ íà èçìåðèòåëüíûé êîíòóð è

êîíòóð íàïîðà [15]. Ñõåìà äâóõêîíòóðíîé óñòà-

íîâêè äëÿ èññëåäîâàíèÿ êàâèòàöèè ïðèâåäåíà íà

ðèñ. 5.

Ñ ïîìîùüþ ãèäðàâëè÷åñêîãî íàñîñà âûñîêîãî

äàâëåíèÿ 8 â ëèíèè íàïîðà ñîçäàåòñÿ äàâëåíèå

ãèäðàâëè÷åñêîãî ìàñëà â ëåâîé (ïî ñõåìå) ÷àñòè

ãèäðîöèëèíäðà, êîòîðîå ÷åðåç ïîäâèæíûé ïîð-

øåíü 11 âîçäåéñòâóåò íà èññëåäóåìóþ æèäêîñòü â

ïðàâîé (ïî ñõåìå) ÷àñòè öèëèíäðà, ñîçäàâàÿ íåîá-

õîäèìîå äàâëåíèå æèäêîñòè â èçìåðèòåëüíîé ëè-

íèè. Èññëåäóåìàÿ æèäêîñòü çàëèâàåòñÿ â ïðàâóþ

÷àñòü ãèäðîöèëèíäðà ÷åðåç ãîðëîâèíó 10, ïðî-

ïóñêàåòñÿ ïîä äàâëåíèåì ÷åðåç óçêèé êàíàë 1 è

çàòåì ñëèâàåòñÿ â åìêîñòü 13. Äàâëåíèå â èçìå-

ðèòåëüíîé ëèíèè, ôèêñèðóåìîå ñ ïîìîùüþ ìàíî-

ìåòðà 4, ðåãóëèðóåòñÿ èçìåíåíèåì ÷àñòîòû âðà-

ùåíèÿ ýëåêòðîäâèãàòåëÿ ïîñðåäñòâîì ÷àñòîòíîãî

ðåãóëÿòîðà 7. Ãèäðîàêêóìóëÿòîð ìåìáðàííîãî

òèïà 5 êîìïåíñèðóåò êîëåáàíèÿ äàâëåíèÿ æèäêî-

ñòè, ïîâûøàÿ òåì ñàìûì êà÷åñòâî èñïûòàíèé.

Ôîòîóìíîæèòåëåì 2 ðåãèñòðèðóåòñÿ âîçíèêíîâå-

íèå ÃË è ÑË ïðè çàäàííîì äàâëåíèè, ñ ïîìîùüþ

âûñîêîñêîðîñòíîé âèäåîêàìåðû îñóùåñòâëÿåòñÿ

íàáëþäåíèå ÃË è ÑË â êàíàëå [16 – 18]. Ïîñëå çà-

âåðøåíèÿ ýêñïåðèìåíòà óçêèé êàíàë è èññëåäóå-
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å, 10 ñ× 5 –1

Ðèñ. 4. Çàâèñèìîñòü ÷àñòîòû ñîáûòèé f, ðåãèñòðèðóåìûõ

ôîòîóìíîæèòåëåì, îò ñêîðîñòè äåôîðìàöèè â êàíàëå å

Fig. 4. Dependence of the frequency of events f recorded by

a photomultiplier on the strain rate in channel å
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Ðèñ. 5. Ñõåìà äâóõêîíòóðíîé ýêñïåðèìåíòàëüíîé óñòà-

íîâêè äëÿ èññëåäîâàíèÿ êàâèòàöèè

Fig. 5. Diagram of a double-circuit experimental setup for

studying cavitation



ìàÿ æèäêîñòü ìîãóò áûòü èññëåäîâàíû äîïîëíè-

òåëüíî äðóãèìè ìåòîäàìè äëÿ âûÿâëåíèÿ êàâèòà-

öèîííîãî âîçäåéñòâèÿ íà íèõ [19, 20].

Äâóõêîíòóðíàÿ ñõåìà ýêñïåðèìåíòàëüíîé

óñòàíîâêè ïîçâîëèò ïðîâîäèòü èññëåäîâàíèÿ íà

ðàçëè÷íûõ òèïàõ æèäêîñòåé è áåç óùåðáà äëÿ

íàñîñà âûñîêîãî äàâëåíèÿ, ïîñêîëüêó àíàëèçè-

ðóåìàÿ æèäêîñòü ñ íèì íå êîíòàêòèðóåò. Ïðåäëî-

æåííàÿ ìåòîäîëîãèÿ äàåò âîçìîæíîñòü îöåíè-

âàòü êàâèòàöèîííûå ýôôåêòû â óçêèõ òåõíîëîãè-

÷åñêèõ êàíàëàõ è âîçäåéñòâèÿ êàâèòàöèè íà òåõ-

íè÷åñêèå æèäêîñòè â óñëîâèÿõ, ïðèáëèæàþùèõ-

ñÿ ê ðåàëüíûì óñëîâèÿì ýêñïëóàòàöèè, â îòëè÷èå

îò, íàïðèìåð, óëüòðàçâóêîâûõ ìåòîäîâ âîçáóæäå-

íèÿ êàâèòàöèè. Ôèêñèðóÿ ÃË è ÑË, ìîæíî óñòà-

íîâèòü òî÷íîå ìåñòî âîçíèêíîâåíèÿ êàâèòàöèè,

÷òî íåâîçìîæíî â ñëó÷àå ìåòîäîâ, îñíîâàííûõ íà

ðåãèñòðàöèè çâóêîâûõ ýôôåêòîâ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ñ ïîìîùüþ ðàçðàáîòàííîé è

àïðîáèðîâàííîé ýêñïåðèìåíòàëüíîé óñòàíîâêè

äëÿ âîçáóæäåíèÿ, ðåãèñòðàöèè è èññëåäîâàíèÿ

ÃË è ÑË, ñîïðîâîæäàþùèõ ðàçâèòèå êàâèòàöèè,

îïðåäåëåíû óíèâåðñàëüíûå ïîðîãîâûå çíà÷åíèÿ

ãðàäèåíòà äàâëåíèÿ â óçêîì êàíàëå âîçíèêíîâå-

íèÿ ÃË. Çàôèêñèðîâàíî ÿâëåíèå ÑË, íåïîñðåäñò-

âåííî ñâÿçàííîå ñ êàâèòàöèåé. Ïðåäëîæåííàÿ

êîíñòðóêöèÿ óçêîãî êàíàëà ïîçâîëèëà ðàçäåëèòü

ÃË è ÑË (ïàò. 2796207 ÐÔ).

Ðàçðàáîòàííûé ñïîñîá ïðèìåíèì ïðè èññëå-

äîâàíèè êàâèòàöèîííûõ ÿâëåíèé â óçêèõ òåõíî-

ëîãè÷åñêèõ êàíàëàõ, âîçäåéñòâèÿ êàâèòàöèè íà

ïîâåðõíîñòü ìàòåðèàëîâ è ñâîéñòâ òåõíîëîãè÷å-

ñêèõ æèäêîñòåé. Ïîëó÷åííûå ýêñïåðèìåíòàëü-

íûå ðåçóëüòàòû è ðàçðàáîòàííàÿ ìåòîäèêà ìîãóò

áûòü èñïîëüçîâàíû ïðè ñîâåðøåíñòâîâàíèè

ñðåäñòâ êîìïëåêñíîé äèàãíîñòèêè ñìàçûâàåìûõ

óçëîâ òðåíèÿ ïî ïàðàìåòðàì ïðîäóêòîâ èçíîñà â

ìàñëå, ìåòîäîâ ïîäàâëåíèÿ àêóñòè÷åñêèõ ýôôåê-

òîâ êàâèòàöèè, ïðè ñîçäàíèè ïðîòîòèïîâ áîðòî-

âûõ ñðåäñòâ òðèáîäèàãíîñòèêè íà îñíîâå àâòîìà-

òèçèðîâàííûõ ñèñòåì ïðåäóïðåæäåíèÿ àâàðèé-

íîãî èçíîñà è äð.

Ôèíàíñèðîâàíèå

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæ-

êå Ïðàâèòåëüñòâà Ïåðìñêîãî êðàÿ (íàó÷íûé ïðî-

åêò ¹ Ñ-26/562 îò 23.03.2021 ã.).

Êîíôëèêò èíòåðåñîâ

Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà

èíòåðåñîâ.

ËÈÒÅÐÀÒÓÐÀ

1. Ôðåíêåëü ß. È. Îá ýëåêòðè÷åñêèõ ÿâëåíèÿõ, ñâÿçàííûõ ñ

êàâèòàöèåé, îáóñëîâëåííîé óëüòðàçâóêîâûìè êîëåáàíèÿìè â

æèäêîñòè / ÆÔÕ. 1940. Ò. XIV. Âûï. 3. Ñ. 305 – 308.

2. Ìàðãóëèñ Ì. À. Ñîíîëþìèíåñöåíöèÿ / Óñïåõè ôèçè÷åñêèõ

íàóê. 2000. Ò. 170. ¹ 3. Ñ. 263 – 287.

3. Áèðþêîâ Ä. À., Âëàñîâà Ì. È., Ãåðàñèìîâ Ä. Í., Ñèíêå-

âè÷ Î. À. Ãèäðîäèíàìè÷åñêàÿ ëþìèíåñöåíöèÿ è ãàììà-èç-

ëó÷åíèå / Òåïëîôèçèêà. 2013. ¹ 1. Ñ. 69 – 72.

4. Barber B., Hiller R., Lofstedt R., et al. Physics defining the

unknown sonoluminescence / Phys. Rep. 1997. Vol. 281. P. 65 –

143. DOI: 10.1016/S0370-1573(96)00050-6

5. Farhat M., Chakravarty A., Field J. Luminescence from

hydrodynamic cavitation / Proc. R. Soc. A. 2011. Vol. 467.

P. 591 – 606. DOI: 10.1098/rspa.2010.0134

6. Ìàðãóëèñ Ì. À., Ïèëüãóíîâ Â. Í. Ñâå÷åíèå è ýëåêòðèçà-

öèÿ ïðè òå÷åíèè äèýëåêòðè÷åñêèõ æèäêîñòåé â óçêîì êàíàëå

/ ÆÔÕ. 2009. Ò. 83. ¹ 8. Ñ. 1585 – 1590.

7. Ãåðöåíøòåéí Ñ. ß., Ìîíàõîâ À. À. Ýëåêòðèçàöèÿ è ñâå÷å-

íèå æèäêîñòè â êîàêñèàëüíîì êàíàëå ñ äèýëåêòðè÷åñêèìè

ñòåíêàìè / Ìåõàíèêà æèäêîñòè è ãàçà. 2009. ¹ 3. Ñ. 114 –

119.

8. Áèðþêîâ Ä. À., Ãåðàñèìîâ Ä. Í., Ñèíêåâè÷ Î. À. Èçìå-

ðåíèå è àíàëèç ñïåêòðà ãèäðîëþìèíåñöåíöèè / Ïèñüìà â

ÆÒÔ. 2012. Ò. 38. Âûï. 2. Ñ. 53 – 57.

9. Áèðþêîâ Ä. À., Âëàñîâà Ì. È., Ãåðàñèìîâ Ä. Í., Ñèíêå-

âè÷ Î. À. Ñâå÷åíèå æèäêîñòè â óçêîì êàíàëå êàê òðèáîëþ-

ìèíåñöåíöèÿ / Îïòèêà è ñïåêòðîñêîïèÿ. 2003. Ò. 114. ¹ 5.

Ñ. 768 – 772. DOI: 10.7868/S0030403413050048

10. Êîëäàìàñîâ À. È. Ïëàçìåííîå îáðàçîâàíèå â êàâèòèðó-

þùåé äèýëåêòðè÷åñêîé æèäêîñòè / ÆÒÔ. 1991. Ò. 61. Âûï. 2.

Ñ. 188 – 190.

11. Ãåðöåíøòåéí Ñ. ß., Ìîíàõîâ À. À. Ñâå÷åíèå æèäêîñòè â

òîíêèõ äèýëåêòðè÷åñêèõ êàíàëàõ / Ôèçèêî-õèìè÷åñêàÿ êèíå-

òèêà â ãàçîâîé äèíàìèêå. 2007. Ò. 5. C. 1 – 5.

12. Áàííèêîâà È. À., Óâàðîâ Ñ. Â., Áàÿíäèí Þ. Â., Íàé-

ìàðê Î. Á. Ýêñïåðèìåíòàëüíîå èññëåäîâàíèå íåíüþòî-

íîâñêèõ ñâîéñòâ âîäû â óñëîâèÿõ ýëåêòðîâçðûâíîãî íàãðóæå-

íèÿ / Ïèñüìà â ÆÒÔ. 2014. Ò. 40. Âûï. 17. Ñ. 87 – 93.

13. Naimark O. B., Uvarov S. V., Bannikova I. A., et al. Locali-

zed shear as a quasi-plastic mechanism of momentum transfer

in liquids / Letters on Materials. 2023. Vol. 13. N 2. P. 93 – 97.

DOI: 10.22226/2410-3535-2023-2-93-97

14. Naimark O. B. Some regularities of scaling in plasticity, frac-

ture, and turbulence / Phys Mesomech. 2016. Vol. 19. P. 307 –

318. DOI: 10.1134/S1029959916030097

15. Ðàäçþê À. Þ., Êóëàãèí Â. À., Èñòÿãèíà Å. Á., Ïüÿ-

íûõ Ò. À. Ìîäåðíèçàöèÿ êàâèòàöèîííîãî ñòåíäà äëÿ èññëå-

äîâàíèÿ äâóõôàçíûõ ðåæèìîâ òå÷åíèÿ / Èíæåíåðèÿ è òåõíî-

ëîãèÿ. 2019. Ò. 12. ¹ 4. Ñ. 468 – 475.

16. Dezhkunov N., Francescutto A., Serpe L., et al. Physics.

Sonoluminescence and acoustic emission spectra at different

stages of cavitation zone development / Ultrasonics sonoche-

mistry. 2018. Vol. 40. N 1. P. 104 – 109.

DOI: 10.1016/j.ultsonch.2017.04.004

17. Kwon O., Pahk K., Choi M. Simultaneous measurements of

acoustic emission and sonochemical luminescence for monito-

ring ultrasonic cavitation / Journal of the Acoustical Society of

America. 2021. Vol. 149. N 6. P. 4477 – 4483.

DOI: 10.1121/10.0005136

18. Peterson F. B., Anderson T. P. Light emission from hydrody-

namic cavitation / Physics of fluids. 1967. Vol. 10. N 4. P. 874 –

879.

19. Àíèñêîâè÷ Å. Â., Ìîñêâè÷åâ Â. Â., ×åðíÿåâ À. Ï. Îöåí-

êà îñòàòî÷íîãî ðåñóðñà ðàáî÷èõ êîëåñ ãèäðîòóðáèí ñ ýêñïëóà-

òàöèîííîé äåôåêòíîñòüþ / Çàâîäñêàÿ ëàáîðàòîðèÿ. Äèàã-

íîñòèêà ìàòåðèàëîâ. 2023. Ò. 89. ¹ 6. Ñ. 62 – 75.

DOI: 10.26896/1028-6861-2023-89-6-62-75

20. Öâåòêîâ Þ. Í., Ãîðáà÷åíêî Å. Î. Èññëåäîâàíèå êàâèòà-

öèîííîãî èçíàøèâàíèÿ ñòàëåé ìåòîäîì èçìåðåíèÿ ïðîôèëÿ

ïîâåðõíîñòè / Çàâîäñêàÿ ëàáîðàòîðèÿ. Äèàãíîñòèêà ìàòåðèà-

ëîâ. 2015. Ò. 81. ¹ 11. Ñ. 62 – 65.

40 «Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2024. Òîì 90. ¹ 6



REFERENCES

1. Frenkel Ya. I. On electrical phenomena associated with cavita-

tion caused by ultrasonic vibrations in liquids / ZhFKh. 1940.

Vol. XIV. Issue 3. P. 305 – 308 [in Russian].

2. Margulis M. A. Sonoluminescence / Usp. Fiz. Nauk. 2000.

Vol. 170. N 3. P. 263 – 287 [in Russian].

3. Biryukov D. A., Vlasova M. I., Gerasimov D. N., Sinke-

vich O. A. Hydrodynamic luminescence and gamma radiation /

Teplofizika. 2013. N 1. P. 69 – 72 [in Russian].

4. Barber B., Hiller R., Lofstedt R., et al. Physics defining the

unknown sonoluminescence / Phys. Rep. 1997. Vol. 281. P. 65 –

143. DOI: 10.1016/S0370-1573(96)00050-6

5. Farhat M., Chakravarty A., Field J. Luminescence from hy-

drodynamic cavitation / Proc. R. Soc. A. 2011. Vol. 467. P. 591 –

606. DOI: 10.1098/rspa.2010.0134

6. Margulis M. A., Pilgunov V. N. Glow and electrification dur-

ing the flow of dielectric liquids in a narrow channel / ZhFKh.

2009. Vol. 83. N 8. P. 1585 – 1590 [in Russian].

7. Gertsenshtein S. Ya., Monakhov A. A. Electrification and

glow of liquid in a coaxial channel with dielectric walls / Mekh.

Zhidk. Gaza. 2009. N 3. P. 114 – 119 [in Russian].

8. Biryukov D. A., Gerasimov D. N., Sinkevich O. A. Mea-

surement and analysis of hydroluminescence spectrum / Tech-

nical physics letters. 2012. Vol. 38. N 1. P. 80 – 81.

DOI: 10.1134/S1063785012010191

9. Biryukov D. A., Vlasova M. I., Gerasimov D. N., Sinke-

vich O. A. Glow of a liquid in a narrow channel as tribolumi-

nescence / Optika Spektrosk. 2003. Vol. 114. N 5. P. 768 – 772

[in Russian]. DOI: 10.7868/S0030403413050048

10. Koldamasov A. I. Plasma formation in a cavitating dielectric

liquid / ZhTF. 1991. Vol. 61. Issue 2. P. 188 – 190 [in Russian].

11. Gertsenshtein S. Ya., Monakhov A. A. Glow of liquid in thin

dielectric channels / Fiz.-Khim. Kinet. Gaz. Din. 2007. Vol. 5.

P. 1 – 5 [in Russian].

12. Bannikova I. A., Uvarov S. V., Bayandin Yu. V., Nai-

mark O. B. An experimental study of non-newtonian proper-

ties of water under electroexplosive loading / Technical physics

letters. 2014. Vol. 40. N 9. P. 766 – 768.

DOI: 10.1134/S1063785014090041

13. Naimark O. B., Uvarov S. V., Bannikova I. A., et al. Local-

ized shear as a quasi-plastic mechanism of momentum transfer

in liquids / Letters on Materials. 2023. Vol. 13. N 2. P. 93 – 97.

DOI: 10.22226/2410-3535-2023-2-93-97

14. Naimark O. B. Some regularities of scaling in plasticity, frac-

ture, and turbulence / Phys Mesomech. 2016. Vol. 19. P. 307 –

318. DOI: 10.1134/S1029959916030097

15. Radzyuk A. Yu., Kulagin V. A., Istyagina E. B., Pya-

nykh T. A. Modernization of a cavitation stand for studying

two-phase flow regimes / Inzh. Tekhnol. 2019. Vol. 12. N 4.

P. 468 – 475 [in Russian].

16. Dezhkunov N., Francescutto A., Serpe L., et al. Physics.

Sonoluminescence and acoustic emission spectra at different

stages of cavitation zone development / Ultrasonics sonochem-

istry. 2018. Vol. 40. N 1. P. 104 – 109.

DOI: 10.1016/j.ultsonch.2017.04.004

17. Kwon O., Pahk K., Choi M. Simultaneous measurements of

acoustic emission and sonochemical luminescence for monitor-

ing ultrasonic cavitation / Journal of the Acoustical Society of

America. 2021. Vol. 149. N 6. P. 4477 – 4483.

DOI: 10.1121/10.0005136

18. Peterson F. B., Anderson T. P. Light emission from hydrody-

namic cavitation / Physics of fluids. 1967. Vol. 10. N 4. P. 874 –

879.

19. Aniskovich E. V., Moskvichev V. V., Chernaev A. P. Assess-

ment of the residual life of turbine runners with operational de-

fectiveness / Industr. Lab. Mater. Diagn. 2023. Vol. 89. N 6.

P. 62 –75 [in Russian].

DOI: 10.26896/1028-6861-2023-89-6-62-75

20. Tsvetkov Yu. N., Gorbachenko E. O. Estimation of incuba-

tion period at cavitation wear of steel through measuring

roughness / Industr. Lab. Mater. Diagn. 2015. Vol. 81. N 11.

P. 62 – 65 [in Russian].

«Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2024. Òîì 90. ¹ 6 41




