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Abstract

The results of an experimental study of the flow of a hydrophobic liquid between non-concentric
cylinders are presented. In the area of flow expansion, depending on the size of the gap between
the cylinders, both gas cavitation of the dissolved gas and steam of the natural impurity of water
are observed. Suspending the flow movement, the formation of three-phase gas bubbles with mi-
crodrops of water at the gas-liquid interface was detected. It is shown that such a gas bubble
design has its own electric field. When a bubble rises, its microdroplet of water moves along the
gas-liquid interface, occupies the minimum distance to the surface of the neighboring bubble. In
the case of several three-phase bubbles located near, the microdrops of water in them split, indi-
cating the direction of neighboring sources of the electric field. Based on the conducted research,
a patent was obtained on a method for registering sources of quasi-static electric fields.

Keywords: vapor-gas cavitation, hydrophobic liquid, electric field, charge cavitation module

During the transition from steam cavitation of water impurity to gas, a three-phase bubble with a
microdroplet of water is formed in a hydrophobic liquid, which condenses at the gas-liquid inter-
face. Such a three-phase bubble has its own electric field (a). With the mutual movement of two
bubbles, microdrops of water move at the gas-liquid boundary (b).

Bubbles experience mutual repulsion of the eponymous charge of their shells, as well as attraction
due to microdrops of water at their borders
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AHHOTANUA

[IpencraBieHsbl pe3ynbTaThl IKCIEPUMEHTATBLHOTO UCCIICIOBAHUS TSUCHUS TUAPOPOOHON KU~
KOCTH MEXJIy HEKOHIICHTPHUECKUMH IIIUHApaMH. B o6macTi pacmmpenns noToka, B 3aBUCH-
MOCTH OT BEJIMYMHBI 3230pa MKy IMIHHIPAMHU, MOXKET HAOJIIOIaThCS Ta30Bast KaBUTAIVSI pac-
TBOPEHHOTO Ta3a. [Ipy HaMMYMK B KUAKOCTH MPUMECU BOJBI MOXET HAOIIOMaeTCs U MapoBas
KaBHuTanus npumecH. [lapoBast kaBuTays BOJBI BOSHUKAET MPH CKOJIBKEHUH TOBEPXHOCTEH ITH-
JUHIPOB MEXITY COOO0M ¢ MaJTbIM 3a30poM. [Ipu 0CTaHOBKY NBYKEHHS TTOTOKA, BOISIHON ap KOH-
JIeHcupyeTcss B MUKpokaruid. [Ipoucxomut GopmupoBanne Tpexda3HbIX ra30BBIX My3BIPHKOB C
MUKPOKAIUIIMU BOJBI Ha TPaHMIIE pa3zelia ra3-KuAKocTh. IlokazaHo, 4TO Takash KOHCTPYKITHS
ra30BOr0 My3bIphKa MMEET COOCTBEHHOE ANIeKTpHUeckoe mojie. IIpu BCIUIBITHH mMy3bIpbKa, €ro
MUKPOKAIIS BOJIbI IEPEMEIIACTCS [0 TPaHuUIe pasena ra3->KUIKOCTh, 3aHUMAeT MUHUMAJIbHOE
paccTosHUE IO MOBEPXHOCTU COCEIHETO My3bIpbka. B ciayyae pacronosxeHus: BOJIH3U HECKOIb-
KHX TpeX(a3HbIX My3bIPHKOB, MUKPOKAILIH BOJIBI B HUX PACIICIUISIOTCS, YKa3bIBas HAlpaBlcHUE
COCEIHUX MCTOYHHUKOB AJIEKTpUUecKoro nojs. Ha ocHoBaHWU MpOBEECHHBIX UCCICAOBAHUM TIO-
JIy4YeH MATEHT I10 CIIOCO0Y PETUCTPAIINH NCTOYHUKOB KBA3UCTATHUECKUX ICKTPUUSCKUX TTOJICH.

KirroueBrie cmoBa: mapo-Tra3oBasi KaBuTanus, ruapodoOHas >KHIKOCTh, JIEKTPHICCKOE oIS, 3a-
PAOBBIA MOTYJIb

1. Bseaenue

B KuakocTH mpakTHUECKHU BCEr/la MMEETCSl pAaCTBOPEHHBIM ra3, KOTOPBIA XapaKTepus3yercs
JaBJIEHUEM PACTBOPEHHOTO ra3a. [Ipy yMeHbIlIeHUH JIOKAJIbHOTO IABJICHUS B )KUJIKOCTH, IIPOUCXOTUT
BBIJIETICHHE PACTBOPEHHOTO Tra3a. Elne B mponuiom Beke ObU10 00HAPYKEHO BO3SHUKHOBEHHUE Ta30BOM
KaBHTAIlMH B TCUCHHSAX C MaJbIMH 4uciaaMu PeiiHonbaca [1]. Y10OHBIM 0OBEKTOM HCCIIEIOBAHUS
3TOTO SBJICHUS CITY>KUT ABUKEHUE KUJKOCTU MEXy HEKOHIIEHTPUUECKUMU LIHJIUHIpaMu. B okpecT-
HOCTH MUHUMAJILHOTO 3a30pa 00pa3yrorcs KoHdy30pHas u 1uddy30pHas 00JIaCTH C MOHKATUEM T10-
TOKa | ero pacmmpenueM. B auddy3opHoit 001acT, C yMEHBIIICHHEM 3a30pa MEKIY HIIHHAPAMU,
MIPOUCXOIUT OHMIKEHHUE AaBIICHUS U 00pa30BaHNE ra30BOM KABUTAIIMU B BUJIC IIETIOYKHU JTUCKPETHBIX
Iy3bIpbKOB IIpu unciax Re <1 [2, 3]. HecMoTps Ha KaXylIyl0 MPOCTOTY TEYEHUs, B JIUTEPAType
OTMEYaeTcsl HeCOBIaJicHNe TeueHus B mpuommkeHnu CTokca U MOJHBIM MoJenupoBaHueM Hasbe —
Crokca; coryiacue mMporCXOAUT TOIBKO Mpu O0mbiuX yuciax Re [4]. beuto mokasaino, 4To gaBiieHne
B KaBUTALIMOHHOM ITY3bIPbKE HE 3aBUCHUT OT 3a30pa H MeXay IWIMHAPAMU U CKOPOCTBIO IBHXKECHHUS
MMOTOKA, a OTPENIETISIETCS TaBJICHUEM PACTBOPEHHOTO Ta3a B KUAKOCTH [5]. Jlms 6onmpmux vucen Re,
9T [MUPKYJSIIAKA YCTAHABIMBAIOT PEKUM CO CMEHOM HANpaBJICHHsS BPAIICHUS] BHYTPEHHETO CBOOO/-
HOTO uInHApa [6].

HccnenoBanue mapoBoi KaBUTALUU SIBIsiETCs OoJiee CIoKHOU 3anaueii. HeoOxoammo u3 Ku-
KOCTH yOpaTh pacTBOPEHHBIN ra3 W MPUCYTCTBYIONINE PACTBOPEHHBIE MpuMecH. B pabdote [7] mpu
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BpalICHUH IWIMHIPA BOJU3M HETIOJBI)KHON CTCHKU OBLIO MOYYEHO NMOHWKEHHUE JABJICHHS B pac-
HIUPSIONIEHCS 00JIaCTH TIOTOKA TOCTATOYHOE ISl KUTICHHs BOABL. [Ipy 3TOM B 00JaCTH KaBUTAIMH
Ha0JII01aI0Ch CBETIIOE, MApO-Ta30BOE COCTOSTHUE YKUIKOCTH.

2.  Omnucanue H3KCIIEpUMEHTA

Ha puc. 1 npencraBienHa cxema TEUEHHS KUAKOCTH MEXKAY HEKOHIECHTPUYECKUMH UJIUH-
IpaMu. J[BUKEHHE KUJIKOCTH MOTJIO 3aJaBaThCsl BpPAIlEHWEM KaK BHEIIHETO IUJIMHIApa R, Tak H
BHYTpeHHUM 7. BenuunHa 3a30pa MEeXy UWIMHApaMu H omnpenensiiack BEIMUUHON IKCLEHTPUCH-

TeTa MEXY OCAMH ITUIUHAPOB H = R —r — ¢ . B kadecTBe KUAKOCTH UCTIOIH30BAIOCH CHIIMKOHOBOE
macio IIMC 100.

b P

§ ‘g-aviﬁ&-i‘!’" e
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Puc. 1. a — cxema TedeHUs KUIKOCTH MEXKIY HEKOHIICHTPUICCKUMHU MWJIHHAPAMA R W 7 ¢ MH-
HUMAJIBHBIM 3a30poM H Mexay HUMU; b, ¢ — AaBiieHUE B 001aCTAX MTOKATHS TOTOKA U PACIITH-
pPEHUS TIPY BPAIIEHWH BHEITHETO WM BHYTPEHHETO IMIHHAPOB; C — IeTnoyka ra3oBbIX KaBUTa-
LMOHHBIX My3bIPHKOB 32 JINHUEH MUHUMAJIBLHOTO 3330pa, BHU3 IO MMOTOKY

["a30Bas KaBUTALUs BO3HUKAET BJIOJb 00pasyloleil BHyTPEHHErO LIMIMHIPA, HA €ro MOBEpX-
HOCTH 3a JMHUEN MMHUMAaJbHOTO 3a30pa [ , mpu uncnax Re <« 1, kak Ipu BpallleHUH TOJIKO BHYT-
PEHHErO IMJIMHJPA, TaK U IPU BPAIICHUHU TOJIBKO BHEUIHETO. JJUCKPETHOCTh My3bIPEKOB OOBSCHS-
eTcs HAJIMYMEM OJJHOMMEHHOTO 3aps/ja Ha (a30BOM MEpPeX0JIe ra3-»KUIKOCTb.

3. Pe3yabTarhl HcclieJ0BAHUSA

[TonocTh B )KUJIKOCTH MOXKET TaKKE BOBHUKHYTh, €CJIU HAIPSKEHUE PACTSIKEHUE TPEBBIILIACT
Mpeea MPOYHOCTHU KUAKOCTH [8], KOTOPBIM CYIIECTBEHHO 3aBUCUT OT HAJIMYUS TA30BBIX M KUIKUX
HEOJTHOpOoAHOCTEH B Hell. bb1o 00HapykeHO, YTO MPH CKOJIBKEHUH BHYTPEHHETO LIMIUHAPA MO T10-
BEPXHOCTH BHEIITHETO, BOSHUKACT MaJCHHUE JABJICHUS JTOCTATOYHOE JIJIsl 00pa30BaHus apOBOM KaBH-
TallMU PUMECH BOJIbI B CIIMKOHOBOM Maciie. [1o macnopTHeIM JaHHBIM OT MPOU3BOAUTENS, B Macje
coaepxurcs okoio 0.5 % Boasl. Ha puc. 2 npeacraBieHa cxeMa U3MEHEHUS COCTOSHUS KUJIKOCTH B
o0acTy KaBUTAIMU OT 3a30pa H U pekuMa ABMKCHHS BHEITHETO IIMIIHHPA.

[Ipu ymeHbIIeHNH 3a30pa MEXIY HWJIMHAPAME U IepecedyeHur KpuBoH 1 B Touke B, Bo3HUKaeT
ra3oBasi KaBUTalMs KUAKOCTU. [lanbHelilee yMeHbIIIEHHE 3a30pa 10 peKUMa CKOJIbKEHUSI BHYTPEH-
HEero HuiauHApa, Touka C, yMEeHbIIAET JIOKAJIbHOE JIaBJICHUE A0 KUTICHHS IPUMECH BOJIbI B KUJIKOCTH.
ITpu 20° C naBnenue 10mKHO OBITH 0koso 17 MM Hg. BMECTO IMCKPETHBIX KABUTAIMOHHBIX ITy3bIPh-
KOB B Touke D Bo3HMKaeT nmapo-ra3oBas cpeaa. [Ipu octaHOBKe pexuMa CKOJibkeHus, Touka E, Bo-
JSTHOM Map KOHJIEHCUPYETCSI B MUKPOKAILIU BOAbl, pazMepoM 10+ 20 MKM U pacnosnararorcs B KaBu-
TalMOHHBIX My3bIpbKax TUApodoOHOM KUIKOCTH Ha TPaHUIIE pa3jiesa ra3-KuAKOCTb. MUKpOKaIUIH
BOJIbI MOTYT Takke HaOJIIOAt0TCS ¥ BHE ra30BBIX MY3BbIPHKOB B THAPOGOOHOM KUIKOCTH.

KoHcTpyKuMs KaBUTAIIMOHHOTO My3bIpbKa COCTOUT MX TpeX (a3: ra3, ruapopoOHast KUAKOCTh
U BOJIa, UMEIOIIas HAauOOJIbIIYI0 AUAIEKTPUUECKYIO0 IMpoHUIaeMocThb. [log neicTBuEeM BHEIIHEro
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MOJIST — DIIEKTPUYECKOTO MOJs 3eMitd, Tpex(as3Hblil My3bIpeKk UMeeT 00JacTh ¢ OTPHUIATENbHBIM U
MIOJIOKUTETIBHBIM PACIIPECIICHHBIM 3apsiIoM U 001aaeT CBOMM 3JieKTpudyeckum mnosiem [9, 10]. Ha
puc. 3, a, b npescTaBiieHa peKOHCTPYKLIUS paclpeleIeHuUs 3apsKeHHbIX 00J1acTel B Tpex(a3HOM ITy-
3bIPbKE M KaJIpbl BCIUIBITUS TAKUX ITY3bIPHKOB.
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Puc. 2. CoctosiHue ®)UIKOCTH B 0071aCTH MHHUMAJIBHOTO 3a30pa H B
3aBHCHMOCTH OT JIOKanbHOro napienust P(H ). IlyHKTUpHBIC KPHBBIC
1 1 2 COOTBETCTBYIO BO3HMKHOBEHHUIO ra30BOM KaBUTAIIUU U MapOBOU
JUISL IPUMECH BOJIBI B CHITHKOHOBOM JKUIKOCTH

Puc. 3. B3aumoieiictBue 1BYX TpeX(Pa3HbIX My3bIPHKOB ¢ COOCTBEHHBIM DIIEKTPUIECCKUM ITOJIEM

B3aumopneiicTBue Tpexpa3HbIX KaBUTALMOHHBIX ITy3bIPKOB 00YCIIOBJIEHO CHJIAMH OTTAJIKUBA-
HUS obnacTei ¢ OTHOMMEHHBIM 3apsA0M, OTMEYCHHBIX Ha PUC. 3, d CHHUMH ITyHKTUPHBIMH CTpPEJ-
KaMU U NPUTSHKCHUEM MEKITY 000JI0UKOH MMy3bIpbka U MUKPOKAIUIEH BOJIbI, OTMEUYEHHbIE KPACHBIMU
CTpEJIKaMH.

CkoruleHue OJHOMMEHHBIX 3apsA70B B OTPAaHUYEHHOW 00JIACTH BIEPBBIE SKCIIEPUMEHTAIBHO
Habmomanock B [11] u onpexnensuioch Kak 3apsAaoBblid kinactep. KomnakTHas 001acTh 3JEKTPOHOB
BO3HHKAaJIA [TPHU aBTORJIEKTPOHHOM 3MUCCUH MEX 1y KaTOJOM U aHOJIOM U IJI0XOM BakyyMme. CoryacHo
[12], 3aps10BBIi KJIacTEp NPEACTABISIET JUHAMUYECKYIO CUCTEMY OJIHOMMEHHBIX 3aps10B B OIpaHu-
YeHHOU 00JIaCTH, KOTOPBIC YIACPKUBAIOTCS CHIIAMU CaMOCOTJIacoBaHHOTO Toiis. B [13] Oblia moka-
3aHa BO3MOXKHOCTb 00pa30BaHUs 3apsKEHHBIX 00JIaCTel IPU KaBUTALMU C UX Pa3psIOM B BUJE CBeE-
YEHHUS.
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Ha puc. 3, b npencraBiieHbI Kapbl B3aHMHOTO TIEPEMEIIICHHS IBYX ITy3bIpbKOB. [IyHKTHPHBIMHU
CTPCIIKaMH OTMCYCHO B3aMMHOC IMCPCMCIICHUC MUKPOKAIICIIb BOABI B ITYy3bIPpbKAaX IO I'PAHUIIC pa3-
Jeria ra3->KuaKocTh. [0/ BIUSHUEM TOJISE COCETHETO My3bIPhKa, MUKPOKAILIS BOIBI 3aHUMAaET MUHH-
MaJbHOE PACCTOSIHHE JI0 €T0 MOBEPXHOCTH.

[Tpu rpynmoBoM pacroiokeHnH TpeX(a3HbIX KAaBUTAIMOHHBIX ITy3bIPHKOB, MUKPOKAILTH BOJIBI
B HUX PACHICIUIAIOTCA, YKa3bIBasA, TAKUM 06pa30M, HampaBJICHUC BHCIIHUX UCTOYHUKOB 3JICKTPHUYC-
ckoro noJisi. Ha puc. 4, a npencrasnena gororpadus rpynmbl TpeXx(pasHbIX My3bIPHKOB C pacrpee-
JICHHBIMH MHUKPOKAIUIAMU BOJbI Ha CBOUX I'paHULIaX Ira3-KUAKOCTb.

Puc. 4. a — rpynma tpex¢asHbIX KaBUTAIMOHHBIX ITy3bIPEKOB; b — MPUTSDKEHNUE U CIHUSHUE 2
My3bIPHKOB C SIBJICHUEM JIFOMUHECIICHIINU

B3aHMO,Z[eI>'ICTBPIC KaBUTAIMOHHBIX ITY3bIPBKOB MOXCT HPOABJIAITECA KaK BO B3BAUMHOM OTTall-
KMBaHHUH, TaK U MPUTSHKEHUH JO HEKOTOPOro paccTosHus. OO0beAMHEHNE My3bIPhKOB Yallle MPOUCX0-
JMT Pa3HBIX IO pa3Mepy, B KOTOPHIX HAXOATCS HE OAMHAKOBBIE MUKpOKAIUK BoJbl. [Ipu oObennHe-
HUU TPOUCXOANT U3MEHEHHE OallaHca 3apsijia B 001eM My3bIphKe ¢ SBJICHUEM JIIOMUHecHeHIuu. Ha
puc. 4, b npeacraBieHbl Kapbl 00beIMHEHNUS ABYX PA3HBIX IO pa3Mepy KaBUTALMOHHBIX ITy3bIPHKOB
C MUKPOKAIUIIMH BOJIbI. BpemeHHo# nHTepBan Mexay kaapamu 1/30 c.

4. 3axkaouyenue

1.  Tloka3aHa BO3MOXXHOCTh 0OpazoBaHHs B TUAPO(GOOHOHN KUAKOCTH, MPH HATUYUU MPUMECH
BOJBI, TpeX(a3HbIX KaBUTALMOHHBIX 00pa30BaHUM C pacrpeAeNeHHbIMU O0JIaCTAMU pPa3HbIX
3HAaKOB, KOTOPBIE MOXHO KJIaCCU(PUIIMPOBATH KaK 3apsiI0OBbIE KIACTEPHI.

2. YcTaHOBIEHO, 4TO Tpex(da3Hbie KaBUTAITMOHHBIC 00Pa30BaHUsI UMEIOT COOCTBEHHOE AJICKTPH-
YecKoe IoJIe.

3.  Tloka3aHo, 4TO TaKOW 3apsAIOBBIN KJIacTep MOXKET OBbITh MHIUKATOPOM BHEIIHUX HCTOYHUKOB
KBa3HCTATHUECKUX AIEKTPUUCCKUX MOJICH.
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