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I/ICCJICI[OBZIHHC pacnpeaeIeHuss HANPH)KCHHOCTH MArHUTHOTO 1TOJIA
B HHEPIHHOHHOM anmapaTte O4YuCTKH CyA0BOI'o0 MOTOPHOI'0 Mac.Jia

IMpencraBneHbl SKCIIEPUMEHTANIbHBIE TAHHBIE, MOKA3IBAIOIINE PAcMpe/iesieHre MarHUTHOTO MoJisl B paboyeit kamepe
TUAPOLMKIIOHA MO PaAnyCy W BbicoTe. OOHMM U3 BaXKHEHIINX MapaMeTPOB MATHUTHBIX TMIPOLMKIOHOB ABJISETCS
pacrpenesieHre MarHUTHOTO TIOJIS TI0 paIuycy U BhICOTe paboyeil kaMepbl, KOTOpoe He0OXOIMMO LIS pacyeTa CHIl
KOAryJsIliiK ¥ MarHUTHOM CHJIBI, JIEHCTBYIOIIEH HA YacTUILy WK (JoKysy. HanpskeHHOCTh MarHUTHOTO TIOJIS
paccuuThiBaIaCh Yepe3 MarHUTHYIO WHIYKIHIO, W3MEPSEMYI0 TECIaMEeTpOM 4Yepe3 OMUHAKOBbIC MPOMEKYTKH
U TIpY Pa3JINYHBIX 3HAYEHHUSX MMUTAFOLIETO TIOCTOSHHOrO ToKa. [ToydeHHble 3HAYeHUs HAMPSKEHHOCTH MarHUTHOTO
ToJIs Mpe/ICTaBNieHbl B BUe rpadukoB. JlaHHbIe, MOKa3bIBAIOIINE pachpeneieHie MarHUTHOTO MoJisi B paboueit
Kamepe THIPOLMKIOHA, aHAIOTMYHbI JaHHBIM, OMYOJMKOBaHHBIM B OTEUECTBEHHBIX M 3apYyOEIKHBIX HAYYHBIX
KypHanax. HeckobKo 3KCTepUMEHTANIbHO CHSITBIX TOYEK BBIMAJAIOT U3 3aBUCUMOCTH, YTO BbI3BAHO HEHICATHLHOCTHIO
W3TOTOBJICHHUS alapaTa 1 caMoi TpoLie Ty pbl 3aMepa WHAYKLMH MarHUTHOTO MoJist. [TocTpoeHb! KpuBble pacrpeaeseHus
TI0JIA, TIOJTY4Y€HHBIC 110 3aBUCUMOCTAM, HaI71].'[eHHLIM paHee; pacCUNTaHbI KOB(l)(I)I/I].[I/IeHTBI Koppemsiunn U JoKa3aHo,
YTO MPOAHATM3UPOBAHHbIE 3aBUCMOCTH MOJKHO HCTIONB30BATh B NATbHEMIINX pacdyeTax CHil KOaryJsliy U MarHUTHOM
CIJIBL, TaK KaK TEOPETUYECKHE M IKCTIEPUMEHTAJIbHbIE TaHHBIE XOPOIIO COTNAcyTCs Mexay coboil. Ha Gonbueit
YacTH BBICOThI THAPOLMKIIOHA MOJI€é MOXXHO CYMTATh MOCTOSHHBIM IO BBICOTE M PAAUYCy U JOCTATOYHBIM IS
KOAryJisiliii MAarHUTHBIX YacTUIl. PaccMOTPEeHO W3MEHEeHHWe TOJisl B MarHUTHOW CHCTeMe, IJie BHEUIHSSl 4acTh
MarHUTOIPOBO/IA BBITIOJIHEHA HE LIEJLHOM, a B BUJIE BEPTUKAJIBHBIX TONOC. [ToKa3aHo, 4To 00JacTH ¢ MUHUMAIbHBIM
YPOBHEM HAMPSHKEHHOCTH MOJIs I0CTATOYHO, YTOOBI HE TOBKO COXPAHUThL 00pa3oBaBIrecs (IOKYJIbI, HO M MPOJOIKUT
nporecc (IIOKyI000pa30BaHUs.

KiioueBbie ciioBa: pacnpeacieHue moJis, MarHUTHBII TUJIPOUMKIIOH, MarHUTHas KoaryJisaius.

BBeneHue

OnHIM 13 CrIOCOOOB OUYKCTKH CYZIOBBIX MOTOPHBIX Macel OT MEXaHWYECKNX NMPUMECEH SBIAETCS MHEPLIMOHHBIN
cnoco0, B KOTOPOM TIOCTOPOHHUE YACTHUIIBI M3BIICKAIOTCS U3 BA3KOM CpeIbl TIOM IeHCTBAEM LIeHTPOOekHO crbl [1].
K TakuM anmaparam ciiefyeT OTHECTH UEHTPU(YTH U THAPOLMKIIOHBL. ECii nepBbie yCTPOCTBA INMPOKO MPHUMEHSFOTCS
B CUCTEMaX OYMCTKU MacJia, TO THIPOLMKIIOHBI HCTIONB3YIOTCS KpaiiHe peako u3-3a X 0ojiee HU3KOro Ko puipeHTa
noJie3Horo aeiicTBust. OHUM U3 CIIOCOOO0B MOBBILIEHNS MX 3O (EKTUBHOCTH SBJISETCS HAJOXKEHHE MOJIeif MarHUTHOM
TIPUPOJIBI.

CyecTBYIOT pa3iiMdyHble KOHCTPYKIIMU 3TUX alllaparoB, OJHAKO B MPOMBIILIEHHOCTH (B 0OCOOEHHOCTH
TOPHOJOOBIBAIOIICH W TSDKETION) ASCATWICTHAMH YCIICITHO MPUMEHSIOTCS THAPOIMKIIOHBI C paJuajibHBIM MarHATHBIM
TIOJIEM, M3BECTHBIC B 3apyOeKHOI JInTepaType Kak ruapolkiionsl Opukepa [2—4]. OmHIM 13 BaKHEUIIINX MTApaMeTPOB
TaKWX YCTPOWCTB SIBISICTCS pacrpe/ieieHne MarHUTHOTO TIOJIsI TI0 painyCy M BeICOTE pabodeii KaMepbl, KOTOpoe
HEOOXO0IMMO TS pacueTa CUJT KOAryJISILUM U MarHUTHOM CYITBI, NEWCTBYFOIIEH Ha YacTHIly Win (UIOKyITy padoueit
kamepe [5].

Borpocsl, cBsi3aHHbIE ¢ pacrpe/ielieHleM MarHUTHOTO TOJisi B THAPOLIMKIIOHE, OCBEUIEHBI B JINTEPATYPHBIX
ucTouyHukax [2; 6; 7]. B [8] cocraBneHa 3aBUCMMOCTb HAIPsXKEHHOCTH MAarHUTHOTO Moy B paboueil kamepe
OT paanyca U BbICOTHI.

MartepuaJjbl 1 MeTOAbI

JI7nst mpoBepKM MPaBWILHOCTH COCTaBJIEHHOW 3aBUCHMOCTH MTPOBOAMIINCH U3MEPEHHS MarHUTHOTO TIOJIS
B OTILITHOM 00pa3iie MarHUTHOTO THAPOIMKIIOHA. Bojee moapoOHO mapaMeTpsl THIPOIMKIOHA OTHCAHBI B [9].
KaTymrka MarHITHOTO THAPOIMKIIOHA BEITIONHEHA 13 Mearoro poBoga MM (I'OCT 16130-90) muametpom 0,6 Mm;
ynoxkeHa B 14 cnoeB no 32 Butka, utoro — 448 BUTKOB. 3aMepbl MHAYKLIUU MAarHUTHOTO TOJI NPOU3BOJWINCH
¢ momolpo TeciaaMmerpa OM4305 (TV V 33.2-00226098-022-2001) y cTeHOK MarHMTONpPOBOJA B TJIOCKOCTH
€ MarHUTONPOBOJIOM Y BHEIIHEH CTEHKH armnapara. 3aMepbl MPOBOAMIINCH Yepe3 Kaxkaple 5 MM [0 BBICOTE U PaanycCy.

Ha puc. 1 npeacrasieHa cxema ruApOLIMKIIOHA C PaAdaIbHBIM MarHUTHBIM MOJIEM W 00JIACTH, B KOTOPBIX
OCYIIECTBIISUIACH 3aMEPBI HAMTPSKEHHOCTH MarHUTHOTO TIOJIS.

737



MactrotkuH E. I1. n ap. HccnenoBanue pacnpencsi€eHuA HanpsYKEHHOCTH MarHUTHOI'O MOJIA. ..

HanpsbkeHHOCTh MOJIsl HAXOAUIaCh M3 MArHUTHOM MHIYKIIMY 10 Clieytolieii popmyJie:

H=p,-p,-B.
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Puc. 1. MarauTHbI THIPOLMKIOH M 00aCTH M3MEPEHUsI MarHUTHOTO TI0JIA B paboueii kamepe
Fig. 1. Magnetic hydrocyclone and areas of the magnetic field measuring in the working chamber

PesysabTaTsl n 00cyxaeHue

CormocTaByM MOJyYEHHYIO 3aBUCUMOCTh PacTpeesieHns] HapsHKeHHOCTH MarHUTHOTO NoJisA B padoydeit
KaMepe FMAPOLMKIIOHA C 3KCIIEPUMEHTAIbHBIMH JAHHBIMU.

HanpspkeHHOCTB 1MOJIST B 3aBUCHMOCTH OT pafiyca R 1 BEICOTHI Z MpeAcTaBlieHbl Hike [8]:

g (R
H(R)=H, (R) ; )]
H(Z)=H,+(H,-H,)-e v @)

TIe ng, Nz — SMIMpUUECKHE KOI(DDULIMEHTH, yUUThIBAIOIINE KPUBU3HY Tpaduka.
Mopens U3MeHeHHs HampsHKeHHOCTM MarHMTHOrO Mojs B paboueil kamepe MO paauycy M BbICOTE
TMAPOLIMKIIOHA MOXKET OBbITh MPe/ICTaBIeHa B CEIYIOLIEM BUE:

H(RZ)=| Hy+(H,~Hy)-e * (%)
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HOJ’Iy‘leHHLIe JAaHHBIC TIPU PA3JIMYHBIX 3HAYCHUAX IMUATACMOI0 IIOCTOAHHOIO TOKa MPEIACTABICHBI

Ha puc. 2 u 3.
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Puc. 2. UsMeHeHVe HaMPsHKeHHOCTH MATHUTHOTO TIOJISA B pa0odeil kamepe THAPONUKIIOHA TI0 PAARyCy
Tpu pa3mudHbIX Tokax: a — /=1 A (R*=0,995); 6 — 1= 1,85 A (R* = 0,997)
Fig. 2. Change the strength of the magnetic field in the hydrocyclone working chamber
along the radius for different currents: a — /=1 A (R* = 0.995); b—1=1,85 A (R* = 0.997)
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Puc. 3. I3MeHeHne HanpspKEHHOCTH MarHUTHOTO MOJIS B paboyei kamepe rMAPOLMKIIOHA 110 BBICOTE
Tpu pa3mudHbIX Tokax: a— /=1 A (R*=0,975); 6—1=1,85 A (R*=0,977)
Fig. 3. Changes in the magnetic field strength in the hydrocyclone working chamber
along the height at different currents: a — /=1 A (R*=0.975); b— 1= 1,85 A (R*=0.977)

739



Macrotkus E. I1. u np. HccnenoBanue pacnpeneneHus HampsbkeHHOCTH MarHUTHOTO MOJIA. ...

Pacnpenenenne Hanps keHHOCTH MOJIS B LMIMHAPUYECKON YAaCTH TMAPOLMKIIOHA MO PaAnyCy U BbICOTE
NpencTaBlIeHO Ha puC. 4 TIPU Pa3INYHBIX 3HAYCHUIX TOKA.
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Puc. 4. I3MeHeHMe HanpsHKeHHOCTH MarHUTHOTO MOJIA B paboueii kamepe rHApOLMKIOHa
MO painyCy M BBICOTE MPH pa3IndHbIX ToKax: a—[=1A;6—1=1,85 A
Fig. 4. Changes in the magnetic field strength in the hydrocyclone working chamber
along the radius and height at different currents: a— /=1 A; 5—1=1.85 A

[Nomy4yeHHoe pacnpenenieHle MarHUTHOTO TOJs B paboyveil kamepe rMAPOLMKIOHA aHAIOTHYHO TaHHbBIM,
omyomkoBanasM B. U. TIpocBupauasmM [10] 11 [k, Yer [2]. Heckonbko 3KCTIEpIMEHTATBHO CHITBIX TOUYEK BHITTANAIOT
U3 3aBUCHMOCTH, YTO BbI3BAHO HEHAEAILHOCTBIO M3rOTOBJIEHUS amnmapaTa U caMoi MpoLeayphl 3aMepa MHAYKLUH
MarHuTHOTO TOJS.

B tpetbem ciyuae mpu npoTtekaHud Toka / = 2,5 A HanpsHKeHHOCTb MOJIS MPaKTUUECKU HE BBIPOCHA,
HECMOTPS Ha 3HAUUTENIbHOE YBEJIIMYEHUE IJIEKTPUUECKO MOLIHOCTH, OJaBaeMOil Ha KaTyIIKy WHAYKTUBHOCTH.
3710 00BACHAETCS TEM, YTO MAarHUTONPOBO aNapaTa HaChITUICA, U JallbHelllliee yBeIMueHNne TOKa He MPUBEAeT
K CyLIECTBEHHOMY yBENMUeHHIO ToJ1s1. Ha Oorbiieit yacTy BEICOTBI THAPOLMKIIOHA TT0JIE MOYKHO CYUTATh TTOCTOSTHHBIM,
HarpuMep, Tpu Toke B 1 A 1o abCOMOTHOMN BeJIMIMHE OHO JoCTHTaeT 1,2 % 10 A/M 1 n0CTaTOUHO [N KOaryJiasiuuu
MarHUTHBIX YacTHULL.

OTANYNTENBEHOI 0COOEHHOCTBIO IKCTIEPIMEHTATIBHOTO TMAPOLMKIIOHA SBJIAETCS TO, YTO BHEIUHMUIT KOHTYP
MarHUTONPOBOA BBINOJIHEH U3 Y3KUX BEPTHKAIBHBIX MOJOCOK. BhllenprBe ieHHbIE 3aMephl MPOBOJWINCH y MOJIFOCA
MarHUTONpPOBOJIAa CO CTOPOHBI Kopiyca anmnapara (puc. 1). HanpsskeHHOCTh MarHUTHOTO MOJISt MEXIy MOJIFocaMy
MarHuTOINpOBOJa Oy/IET HEMHOTO MEHBIIIE, YeM Y TIOJIOCa, OHAKO TOCTATOYHON HE TOJIBKO ISl COXpaHeHUs! (IOKYIIbI,
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HO W Ui AanbHeWniero ykpynaeHus. ['paduku pacnpeneneHnss MarHUTHOTO TMOJS y TMOJI0Ca MarHWTOIPOBOIA
W MEXIy HUMH [TOKa3aHbl HA puC. 5.
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Puc. 5. UsMeHeHVe HaMPsKeHHOCTH MATHUTHOTO TIOJISA B pa0odeil kamepe THAPONUKIIOHA TI0 PAARyCy
TIPY pa3NIMYHbIX 3HaYeHnsIX Toka: a— /=1 A; 6 - 1= 1,85 A
Fig. 5. Changes in the magnetic field strength in the hydrocyclone working chamber along the radius
at different currents: a—I=1A;b—-1=185A

[pakTrdeckas peanu3anus TPUMEHEHNS MarHATHBIX TUAPOLNMKIOHOB Pa3IMIHBIX KOHCTPYKIWA W X
MperMyIIecTBa TIepe/I TPAAUINOHHBIMHA CIIOCO0AMU OYMCTKH OTMCAHKI B [1; 2; 6; 7; 11].

BoiBoabI

[IpoBeneHsl 3KcNepUMEHTaANIbHbIE UCCIEAO0BaHU paclpeesieHus HampsyKeHHOCTH MAarHUTHOTO TOJis
B paboyeil kamepe T’MIPOLMKIIOHA C paauabHBIM MarHUTHBIM TIOJIEM TIO pauycy U BbicoTe. [Tomy4eHHbIe IMITpUYecKre
JaHHbIe COBMAJAIOT C paHee HalEHHOW 3aBUCUMOCTBIO M3MEHEeHMs NoJjs. be3 3Toll 3aBUCHMOCTH HEBO3MOXKEH
pacueT cui KoaryJsuui U MarHUTHOM CHUJIBI.
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E. P. Masyutkin, B. A. Avdeyev, V. L. Prosvirnin

Research of distribution of the magnetic field intensity
in the inertial device of the ship engine oil purification

In the paper experimental data showing the magnetic field distribution in the hydrocyclone working chamber
according to radius and height have been presented. One of the most important parameter of magnetic
hydrocyclones is the distribution of the magnetic field along the radius and height of the working chamber
necessary to calculate the coagulation and magnetic forces that act on the particle or the flocculation. The
magnetic field intensity has been calculated by the magnetic intensity measured by the magnetometer at regular
intervals and with different values of DC supply. The resulting values of the magnetic intensity have been
presented in graphs. Data that show the distribution of the magnetic field in the hydrocyclone working chamber
are the same as those published in domestic and foreign scientific journals. There are several data points that do
not fit in the relationship caused by non-ideal manufacturing apparatus and the procedure measuring the
magnetic field. Field distribution curves received by the previously found dependencies have been constructed;
correlation coefficients have been calculated and proved that analyzed dependence can be used in further
calculations forces coagulation and magnetic force as theoretical and experimental data are in good agreement.
In most of the hydrocyclone height the field can be considered constant by height and radius and sufficient for
the coagulation of the magnetic particles. The change of the magnetic field has been considered where the outer
part of the magnetic circuit is not formed whole but in the form of vertical strips. The research has shown that
the area with the minimum field strength is enough to not only save the already formed floccules, but also to
continue the process of floccule formation.

Key words: field distribution, magnetic hydrocyclone, magnetic coagulation.

743



