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BO3MOXHBIE MEPBI ITIOBBIIIEHUSA CPOKA CJYXBbI OCHOBHBIX 9JIEMEHTOB
TOIIJINBOBIIPBICKUBAIOIIETI'O HACOCA JU3EJIA
B. A. UBanos, B. H. I'aspuiios, A. M. HoBukos, A. B. Cemenos, 0. ®. Kazakos

Pedepat. B nporecce G yHKIIMOHUPOBAHUS TOIIUBOBIIPHI CKHUBAOIIETO HACOCA BBICOKOI'O JaB-
JICHHUSI TIOBEPXHOCTH TPCHHS OCHOBHBIX JJIEMEHTOB TOABEPTAIOTCS Pa3IUYHBIM MEXaHHUUCCKHM, TEIUIO-
(bU3MIECKUM U THAPOAOpa3UBHBIM BO3JCHCTBHSM HM3-32 YErO TMOBBIIIACTCS CKOPOCTh M3HANIIMBAHUS TIpe-
[U3UOHHBIX 3JIEMCHTOB M CHIDKACTCS UKJIOBAs Moj[aua TOIUTHBA IO MHHApaM. Llens uccnenoBanmii —
MTOBEIIIICHUE PECypca OCHOBHBIX JJIEMEHTOB PSIHBIX TOIUTMBHBIX HACOCOB BBICOKOTO NABJICHUS ITyTEM
MOJICpHH3AIMU CUCTEMBI TUTaHus. OCHOBHOM (DaKTOp, BIMSIONINA Ha pabOTOCIIOCOOHOCTh TPEIM3HOH-
HBIX JJICMEHTOB, — HAJIMYKE B YIVICBOIOPOJIHOM TOIUTUBE KapOOBAJIbTA, TO €CTh MEXAHUYECKUX MPUMe-
ceil B Buje abpasuBa, KOTOPBIC IIUPKYIHPYIOT IO BCEMY KOHTYPY CHCTEMBI MMUTAHUSA, MOT'YT TIPOXOUTh
(UIBTPYIOIIUI AJIEMEHT U TONAJAI0T B TAKTEC HATHETAHHUS B COINPSDKCHHS MPEIU3HOHHBIX 3JIEMEHTOB,
I 3alIeMIISIOTCS M MCTHPAIOT paboure MOBepXHOCTH. KpoMe MeXaHHUeCKHX MPUMECEH B YIIICBOIO-
POHOM TOIUIMBE MOTYT MPUCYTCTBOBATH TAKUE TTOBEPXHOCTHO-aKTHBHBIC BEIECTBA, Kak cepa, Gocdop
U 1p. B onpeseneHHbIX YCIOBHSIX 3TO TAKXKE YCKOPSET MHTCHCUBHOCTh M3HOCA TIAp TPEHUM, OCOOCHHO
npu temreparype 6onee 50°C. C MOBBIIICHHEM TEMIEPaTyphl CMa304Hasi CIIOCOOHOCTh YIIIEBOIOPO/I-
HOTO TOIUIMBA CHM)KAETCS, TaK KaK aKTUBU3UPYIOTCS CEPHUCTHIC COCJMHEHHsS, KOTOPbIE pa3pylIaloT
CTPYKTYPHPOBAaHHYIO ITOBEPXHOCTh Ha TpaHulle nap TpeHus. [ns ymeHbmenus takoro a¢dexra npen-
JIO)KEHO OrpaHUYMBaTh yBe.]'II/I'-IEHI/Ie TeMnepaTypHoro pPeXKrMa B CUCTEME MMUTAHUA OU3ECIIA HyTeM yCTa-
HOBKH paauaTopa ¢ BEHTUIIATOPOM. C OIrpaHUYCHUEM TeMnepaTypl)I B CUCTEMEC ITUTAaHUA OU3CIISI UHTCH-
CHBHOCTH W3HOCa Oy/IeT MEHbIIIe, BI3KOCTh — CTAOMIILHO BBILIE B 2 pa3a u 0oJiee, YTO YMEHBIIUT YTeUKY
TOIUIMBA B COIPATa€MbIX IMOBEPXHOCTAX. l_[pI/IBe}IeHHI)Ie AHAJIMTUYCCKUC BBIPAKCHUA CBH}IeTeJ’IbCTBy}OT
0 TOM, YTO pa3MEphbl YTCUKU TOIUIMBA 3aBUCAT OT BEJIMYMHBI YUCJIa PeﬁHOJ’[b)IC&. C IOBBIIIICHHUEM BA3KO-
¢ty ymcno PeifHomnblica yMeHbIIAETCSl B Pa3bl, OJTHOBPEMEHHO CYILECTBEHHO COKpalnaroTcs: kodddurm-
€HT pacxo/ia ¥ yTeyka TOILUTUBA Yepe3 3a30pbl nap Tpenus. [IpeanokeHHas Mepa Mmo3BoJsieT COXPaHUTh
CMa304HYIO CIIOCOOHOCTh TOILUIMBA, YMEHbIIAsl U3HOC U YBEIMYMBAsi CPOK CIY)KObI OCHOBHBIX JJIEMEH-
TOB TOILTMBOBIIPHICKMBAIOIIEIO HACOCA.

KioueBble ci10Ba: TOMIMBOBIPHICKUBAIOIIMNA HACOC, YIIIEBOIOPOIHOE TOILIMBO, MEXaHHYE-
CKHE NPUMECH, HHTEHCUBHOCTh U3HOCA, MPEIIM3UOHHBIH JIEMEHT.

BBegenue. @ yHKIIMOHAIBHYIO CIIOCOOHOCTH M3HOC MPEUU3HOHHBIX 3J1eMeHTOB. VX copepxa-

map TPeHWH CHCTEMBI NMUTAHUS AW3eTed ompele-  HHE ¢ IEPEroHKH 0 IOCTYIUICHUS B 6ak MOOWIIb-
JISIFOT 3HAUYCHUs I1apaMeTpoB, XapaKTEPU3YIOIMX  HOTO JHEPreTHYEeCKOro CpeAcTBa BO3pacTaeT OT
TEXHHYECKOE COCTOSHHE TOIUIMBHOM ammapary- 30 no 50 pa3, 4To OOYyCIOBIMBAET OBICTPBIA H3-
prl. To ectb kKauecTBO pabodero mporecca CUCTe-  HOC NPELU3HOHHBIX DJIEMEHTOB. AOpa3uB wyalie

MbI IIUTaHUsA B OCHOBHOM 3aBHCHUT OT TOI'0O, KaKk U BCET'O COCTOAT U3 3€PEH KBapla, TO €CTbh ABYOKHU-
Korga noaacrcs TOINIMBO, B KAKOM KOJIWMYCCTBE U CH KPEMHHA, I'paHUTa U Pa3JIMYHBIX APYIrux 4Ya-
104 KakKuM [OaBJICHUEM OHO BIIPBICKMBAC€TCA B CTHUI (BKHlO‘IeHPIﬁ), B TOM YHCJIC KOMOYKOB I'JIH-

kamepy cropanus [1, 2, 3]. B npouecce skcmya- HBI, TYMYyca U JIp.

TallUM COCTOSTHHE Map TPEHHI CHUCTEMBI NMUTAHUSA TBepooTenbHBIE  YacCTHULBl  3€PHUCTOCTBIO
YXyIIIaercs, coIpsATacMbIe MTOBEPXHOCTHU 1...6 MKM CUYHTAOTCS HauOolee OIacHBIMU.
CTAQHOBATCS HEOAHOPOOHBIMH, THIApaBIMUYeckas  Bo BpeMs 3ampaBKd OHM MONAJAIOT B TOIUTMBHBINA
IUIOTHOCTh CHWDKAETCS BCIIENCTBHE HCTHpaHWs,  OaK SHEPreTHYECKOro CPEeACTBa, 3aTeM U3 Oaxa

B pe3yJbTaTe 4Yero LUKIOBas IOAaya TOIUIMBA  IOJAIOTCSA B CONPSDKCHHS Pa0OUYMX IMOBEPXHOCTEH
mepecraer O0ECIeYMBAThC B  HEOOXOAMMOM  IPELM3MOHHBIX 3JIEMEHTOB, IIe IOX AeicTBHEM
ooreme [4, 5]. OOmyro NHPOM3BOAUTEIHHOCTE  abpasmBa yckopsiercs m3Hoc. [IpudeM, TBepmocTh

TOIUTMBOBIIPBICKUBAIOIIETO Hacoca O0ECIeunBa-  MEXaHHYECKHX IpPHMecei, Kak KBapLl W TPaHHUT
0T HE TONBKO TUTYH)KEp W BTYJIKa, HO W HEMO- cocraBmsger 8200...11300 MIla, a TtBepmocTh
CPEICTBEHHO HArHEeTaTENIbHBIN KIalaH, KOTOPBIA  IUTYH)KEpHBIX Iap, W3TOTOBJICHHBIX W3 CTaJH
B TaKTe HATHETAHWS TAKKe MOABEpPraeTcs IIHA- 25X4MA, cocraBiser 10000...11000 MITa [7].
MHYECKOH Harpy3ke M H3HOCY, BCICICTBHE Npo-  TBepIocTh MEXaHWYECKUX INpUMeceld B OTIENb-
W3BOAUTENILHOCTh CHWDKAeTCs OBICTpee M MPOMC-  HBIX CIydasx MPEBBINIaeT TBEPAOCTH ILTYHKEp-
XOIUT OTKa3. [IpuueM ee yMeHBIIEHHE B ITYyCKO-  HBIX Iap, TO Ha M3HOC Hap BIMSET KOJIUYECTBO H
BOM pE&XHME IIPH YaCTOTE BpAILCHHs KYJayKOBO-  KadecTBO NPHUMECEeH B TOIUIMBE, B IOXKHBIX paiio-

ro Bama 100Mun’ TIPOUCXOAUT 61,1(;Tpee, yeM B HaxX CTpaHbl, 3arpsg3HCHHE TOIUIMBA JOCTHUTAacT
npyrux. Korma tommmBabli Hacoc YTH-5 wnum 260 r/T (B cpenneii 3oue — 120 /1) [7].

HJI-22/6 B (3amaHHOM) ITYCKOBOM PEKHUME HarHe- Kpome MexaHMYeCKHX IPUMECEH B YIIIEBOIO-
TaeT MeHee 16CM’ TOIIMBA 3a LUKJI, 3alycK Au3e- ~ PONHOM TOIUIMBE CONEPHKATCS TAKUE MOBEPXHOCT-
1A 3aTpyaHsIeTcs [6]. HO-aKTHBHbIE BEILIECTBa, Kak cepa, ¢ocdop. Mx

OcHoBHO} (hakTOp, BIMSIOIMA Ha pPabOTO- MPUCYTCTBHE B ONPENCIECHHBIX YCIOBHUIX YBEIU-
CIIOCOOHOCTB MPEIM3HOHHBIX JIEMEHTOB, — HalU- YMBACT MHTCHCHBHOCTh HM3HOCA TAaKMX IIap Tpe-
4Yye B YIJIEBOIOPOTHOM TOIUIMBE KapOOBajbTa, HHii, KaK IUTyH)Kepa ¢ BTYJIKOH, HATHETATEIbHBIX

pUMeCU B BUIE a6pa3HBa’ KOTOpPBIE YCKOPSIIOT KJIallaHOB TOIJIMBOBIIPBICKUBAIOIICTO HaAcoca U
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pacmeutnTenied  ¢opcyHok. Ilo  TpeGoBaHHMIO
I'OCT 305-2013 conep:xaHue MepKanTaHOBOU
ceppl B JIT He pomxHO mnpeBbimats 0,01%,
no esponeiickomy crangapty — 0,035%. I[loBsi-
IICHHBIC TPEOOBaHUS EBPOIEHCKOrO 3aKOHOMA-
TEJILCTBA OOYCIIOBJICHBI HEO0XOJUMOCTBIO CHU-
JKCHUST BBIOPOCOB MPOAYKTOB CropaHus (TBEPIbIX
YacTHII, OKCHJIOB a30Ta, OKHCH yIIIepojia U HeCro-
PEBLIKX YTIIeBOJ0poa0B). OJTHOBPEMEHHO HCCIIe-
JIOBAaTeNN OTMEYAIOT, YTO MPHU COAEPIKAHUH CEpBI
B auzenbHOM ToruinBe MeHee 0,035% yxynmmatot-
csi ero cmasbiBarolliue cBoiicTBa. Ilpu ero wuc-
TIOJIb30BAHUM TPEOYeTCs] BBOAWTH JIOTIOIHUTENb-
HbIC TPHUCAJKH JUTS YIYYIICHUS CMa3bIBAFOIIIX
CBOWCTB WM CHIDKCHHSI HMHTCHCHUBHOCTH H3HOCA
OCHOBHBIX 3JIECMCHTOB CUCTEMbI TUTAHUS.

B Hamie#l crpaHe Takue NMpHCaIKH TOKa He
MIPOU3BOJISAT, @ WUMIIOPT W3 EBPOINEUCKUX CTpaH
3aTPYJHEH JKOHOMHYCCKMMHU CaHKIMsIMH. Ju-
3eJbHOE TOIUTMBO C COJAEPIKaHWEM HEaKTUBHBIX
CePHUCTHIX coeauHeHui He Oonee 0,2% MOXHO
UCIIOJIb30BaTh 0€3 OrpaHWYeHHH, TaK KaKk OHO He
BBI3BIBACT OCJIOXXHECHHUA B pa60Te TOIJIUBOBIIPBIC-
KHUBAKOLIECIro Hacoca. C TIOBBIIIICHUEM TeMnepaTy-
pBl HarHeTaeMoW J>KHIKOCTH HM3HOC YCKOpSETCs
ere Ooblie.

Ilens uccnenoBaHuil — MOBBILIEHUE pecypca
OCHOBHBIX JIEMEHTOB PSIHBIX TOIUIMBHBIX HACO-
COB BBICOKOTO JAaBJICHHUS ITIYTEM MOJCPHHU3AINH
CHCTEMBI TUTAaHUSL.

YciaoBusa, matepuanbl M Metoanl. PabGory
MPOBOAWJIM B Ja0OpAaTOPHBIX  YCIOBHUSX
no I'OCT 33-2016. Meroauka WHCCIEIOBaHUS
3aKNII0Yallach B U3MEPEHUH BPEMEHH HCTEUEHUS
mm3ensHoro  tomnmBa  Mapku  [AT-JI-40-K2
(T'OCT 305-2013) xanuOpoBaHHBIM CTEKJISIHHBIM
BuckozumerpoM OcBanpaa-IIunkeBnda. Temme-
paTypHbId PpEXHUM HUCHBITHIBAEMON KUAKOCTH
BapsupoBanu B uHTepBaje or 20°C mo 100°C
¢ marom 20°C.

VYT1eBoopoiHOE TOILIMBO TaKke o0Jiagaer

AHTU(PUKIMOHHBIMH CBOWMCTBaMHU. MOIIEKYIIbI,
obnayaromue TOJISIPHOCTBIO, MOT'YT
BBICTPANBATHCS HAa TOBEPXHOCTH TPEHHS BTYIIKU
W IUTyH)XXepa, o0pa3ys MOHOCIION B BHJIE TUICHKH.
Ero TommmHa ¥ MpOYHOCTH 3aBHCHT OT XUMHYE-
CKOTO COCTaBa BXOMSIIMX B TOIUIMBO MOBEPX-
HOCTHO-aKTHBHBIX BEIIECTB U MPHCAIOK, XUMHUUE-
CKOW CTPYKTYpBI JA€Tajiel M COCTOSHHS HOBEpPX-
HOCTHM  TpeHHs. ['paHUuYHBIA clIOM  uMeeT
KBa3HKPHUCTAJUTMUECKYIO CTPYKTYPY M HAXOIUTCS
B 0CO0OM (PM3MYIECKOM COCTOSHHH.

C TOBBIIIEHHEM TEMITEPaTYphI 10 HEKOTOPHIX
3HaYeHUH TNpH HaJWMYMW AKTUBHBIX CEPHHCTHIX
COEIMHEHUI OH PacCIUIaBISETCS, CHIIBI MPOJIONb-
HOIM KOre3un Mexay MOJIEKyJaMH HCYe3aloT, B
pe3ysibTaTe X aAre3MOHHbIE CBOMCTBA TEPSIOTCS,
a 3Ha4YMUT aacopOUMOHHBIA 3(dekT Monekyn yr-
JIEBOAOPOAHOr0 ToIIMBa cHinkaercs. IIpu pabore
nap TpPEeHHsS B TEMIIEPaTypHOM PEXKHUME BBIIIC
KPUTHYCCKUX 3Ha4Y€HUHI MHTEHCUBHOCTh HM3HOCA
6y}1€T HETIPEPLIBHO YBEINYUBATHCA 110 OKCITOHECH-
MaJIbHOMY 3aKOHY.

TakuM 00pa3oM, CKOPOCTb HCTUpPAHHs Map
TPEHM TOMJIMBOBIPHICKUBAIOIIEI0 HAcoca 3aBH-
CUT OT KOHCTPYKTUBHBIX OCO6CHHOCTCﬁ CHCTEMbI
MUTAaHUS JU3eNel, TeMmIepaTypbl HarHeTaeMoil
JKUJIKOCTH, YUCTOTHI AU3EIbHOIO TOIUINBA, MeXa-
HHYECKOro cocTaBa abpa3uBa B TOILUIUBE.

PesyabTaTthl U o0cyxnenue. CoctaB u
(M3HKO-MEXaHUYeCKOe CBOWMCTBA KapOoBajbTa
B JU3EJIbHOM TOIUIMBE 3aBUCHT OT NPHUPOAHO-
KIMMaTUYECKUX YCIOBHH 3KCIUTyaTalluu JU3EINs.
W3MeHnTh UX U1 CHW)KEHMS BIHMSHUS H3HOCA
Ha TNPELU3UOHHBIE 3JIEMEHThl MOKHO TOJIBKO
IOyTeM YIy4lleHHs KadecTBa (QWIbTpaLld U
OTCTauBaHUA JI0 3aIPaBKU.

Jns yMeHBIIEHUsT HETaTHMBHOTO TeIuIO(HU3H-
YEeCKOro BIMAHUS ObLI pazpaboTaH TeMmmepaTyp-
HBII OrpaHUYUTENb AJISI CUCTEMbI IIMTAHUS U3e-
Js, KOTOPBIM TMpeacTaBisieT co0oil  paguaTop
C BEHTWIIATOpPOM (puc. 1).

Puc.1 - Cxema cucremsl nuranus ausens J[-243: 1 — TommBHBIN Hacoc, 2 — 0ak, 3 — GuiIbTp rpydoi
OYHCTKH TOIUINBA, 4 — MOJKAYMBAIONINN HACOC, 5 — QUIBTP TOHKOW OYHUCTKH TOIUTHBA, 6 — TETIIOOOMEH-
HUK, 7 — KyJep, 8 — JaT4uK TeMIiepaTypsl, 9 — 610k ynpasiiennsi, 10 — 3IeKTpOMarHuTHBIN KJlamnaH Tpex

XOJIOBOT'O IEHCTBHS
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[Ipu ero ycraHOBKE B CHCTEMY ITUTaHUS OYH-
IIEHHOEe TOIUIMBO K TOIUIMBHOMY Hacocy 1 u3
(¢UIBTpa TOHKOW OYMCTKHA 5 MOXKET IOCTYNATh
yepe3 TPEXXOAOBOH BJIEKTPOMArHUTHBIM KianaH
10 wnm mocne pamuaropa 6 (NEpBBIH KOHTYP),
WIN HEMOCPEICTBEHHO OT (QWIbTpa TOHKOU
OYHCTKH K TOIUIMBHOMY Hacocy (BTOpOH KOHTYD).
JLJ1st KOHTPOJISE TEMIIEPATYPHOT'O PEKUMA B CHCTE-
Me MUTaHUsS JU3eNs B TOILUTMBHBIA HACOC YCTaHaB-
JUBAaeTCS JAaTYMK 8, KOTOPBIH COequHSETCs
C DJIEKTPOHHBIM OyokoM ympasienust 9. biox
yIpaBJeHUs NpeoOpa3yeT CHrHal OT JaT4HKa
B KOMaHIHBIA IS TPEXXOJOBOI'O 3JEKTpoMar-
HUTHOTO KJlanaHa, KOTOPBIA MEHSET JIMHUIO
No/a4d  TOIUIMBA, B 3aBUCUMOCTH OT €r0
Temnepartypsl [8, 9, 10]. Eciu ona Hixe 50°C, To
TOIUTUBO TEPEHANPABIISETCS BO BTOPOH KOHTYD,
TO €CTh HANpPSIMYIO OT (QUIBTPA K TOIUIMBOBIIPHIC-
KUBAIOIIEMY HAcoCy. JTO MO3BOJISIET IOJJIEPIKHU-
BaTh CTAaOMJIBHYIO TEMIIEPaTypy B CHCTEME MUTa-
Hug gu3ens He Beime 50°C, 4To maeT BO3MOXK-
HOCTh  COXpaHATh CMa304HY) CIOCOOHOCTh
HarHeTaeMou KHUIKOCTHU IOCTOAHHO.

D¢ heKTUBHOCTh TPEIUIOKEHHONW YCTaHOBKH
MOKHO 000CHOBAaTh C MCIOJIB30BAHUEM Pa3MepOB
YTE€YKU TOIUIMBA B 3aBUCUMOCTH OT TEMIICPATYPhI
Har"LeraeMou xuaxoctd. Ilockonbky paauarop c
BEHTWJIITOPOM B CHCTEME ITUTAHMS AU3EIIS TT03BO-
JISIFOT OTPAaHUYEHO IOAJNEPKUBATh TEMIIEPaTypy
He Oonee 50°C, Bs3kOCTH Oyner CTaOWIIBHO HE
mmke 3,92 M/c, a yreuka GyJeT CHIKAThCA. DTO
MO>KHO 000CHOBATh aHAJTUTHYECKUMH BBIPAXKESHH-
AMHU. YTEUKy TOIUIMBA 4epe3 3a30pbl Map TPEHHs
MOYKHO pacCyUTaTh Mo Belpakenuto [11, 12]:

/ZAP
O=uf P > (1)

rae U — Ko HUIUEeHT pacxoaa Jpoccenei ¢ re-
PEMEHHBIMHU NTPOXOAHBIMU CEYSHUSIMHU;
f=S — nnomaap nonepeyHoro ceueHus: OOPo3.IbI
MECTHOTO M3HOCA TIap TPEHHS, MM;
p — IUIOTHOCTH MPOCAYMBAEMON JKUIKOCTH Yepes3
3a30p Taphl TPEHHS, KI/M;
AP- nionHOe naBnenwe, Ila.

Koaddumment pacxona mpocceneii onpenens-
etcs o opmyie [3, 11]:

0,13
4y, =0,257Re,; ’ @
rae Uy, — KodduUMEHT pacxoia apoccenei
C TIepEeMEHHBIMHU POXOIHBIMH CEUCHUSIMH;

Re;y,— uncno Peitnonbaca.
[lonHOE naBneHME PAacCUMTHIBACTCS U3 BbIpa-
skerus JampTona[11]:

AP=P +P +P

on? (3)
rae P.,— cratmdyeckoe manenue, P,,=0;
P, — runpocratuueckoe aasnenue, Ila;
P,,— muramudeckoe gaBieHue, Ila;

BenuuuHy THUAPOCTATHUYECKOTO  JIABJICHUS,
B CBSI3U C €r0 MaJOCTbIO B CPAaBHEHUU C JUHAMU-
YECKUM, MOXXHO NpUpaBHATH K Hynro. Toraa

74

BbIpakeHue (3) mpUMeT clieyIomuii BUA:

Ap PV
2 >

IJie U — CKOPOCTh JBMIKCHHS IOTOKA KUIKOCTH,
Mm/c.

BenwuuHbl yTEYKM M THIPABIUYECKOrO CO-
MPOTUBJICHUS, TIPOPIIIF U MaKCUMAaJILHOE 3HAYE-
HHE CKOPOCTH IMOTOKA JKUJIKOCTH, a TAK)KE TPacK-
TOPHsI JIBMDKCHUS YACTHUI[ JKUAKOCTH B 3a30pax,
3aBUCAT OT PEKHUMa e¢ TeUeHHs (JTAMUHAPHOE WITH
TypOyJICHTHOE), XapaKTepU3yeMOro BEITUUMHON
yucna Pertnonpca [11]:

vD,
v (5)

IIe 0 — CPETHSsT CKOPOCTh IMOTOKa >KHIKOCTH,

Mm/c;

Dp — ruapaBiIvMdecKuil auaMeTp IOMNepeyHOro

CeYeHHUs KaHala, M;

Vv — KHHeMaTH4ecKas BSI3KOCTh TOILINBA, M7/C.
[Tocne nocranoBku B dopmyny (1) dopmyn

(2), (4) u (5) BBIpaXKeHHE YTEUKH TOIUIMBA TPH-

MET CJIEAYIOLIUI BUA:

(4)

Re

0.13

Q = 0.257 (#)Op fo ©

C wucnonp3oBaHWEM BBIpaXKeHUSA (6) MOXKHO
OIpeNelIUTh, YTO IPH IOBBILEHUH BI3KOCTH
¢ 2,14 110 4,80 M%/c yreuka yMeHbIIHTCS B 2 pasa.

CpemHIOI CKOPOCTh IOTOKA JKUIKOCTH MOX-
HO PaccuuTaTh U3 BhIpaKEHU (4):

24P
o,

Ona MeHsIeTCsl ¢ IOHMXEHHUEM TEMIIEpaTyphl,
MOCKOJBKY IUIOTHOCTh IPH 3TOM IOBBILIAETCS
c 838,5 mo 860,0Kr/M3. CrefioBatensHO, MpU
YMEHBIICHUH CKOPOCTH IMOTOKA >KUAKOCTH OymeT
CHIDKAThCS €€ yTeuKa.

I'mppaBnuueckuil AuaMeTp MOIEPEYHOro ce-
YEeHUsI KaHalla, KaK IapaMeTp BBOAAT JUIs KOJIHYe-
CTBEHHOIl OIICHKM BIUSHUS (OPMBI CEUEHHS Ha
MOTEpH Haropa:

4§

v

(7)

re S — IJIOMIA b IONEPETHOT0 CEUCHUS OOPO3 B

MECTHOI'0 M3HOCA Map TPEHUs, MM,

X — TIEPUMETP CMOYCHHOH ITOBEPXHOCTH, MM.
H3MmeHeHne BI3KOCTH TOIUIMBA B 3aBUCUMOCTH

oT TEMITEPaTypHhI MOXHO paccunTaTth
1o gopmye:
Iy
— 50
vV, =Vv,e ) ()
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i€ Vv, — KHHEMaTHdecKas BS3KOCTh TOIUIMBA,
olpenenseMasl B 3aBUCUMOCTH OT TeMIIEpaTyphl,
M’/c; Vy— KHMHEMaTH4ecKas BS3KOCTh TOILIMBA
pu H3BECTHOU TEeMIIepaType, M/c;
€ — OCHOBaHHUE HaTypaJIbHOIO Jorapudma paBHOe

2,718282; t — TemmepaTypa, IpH KOTOPOH
OIpeIeIISIN KHHEMaTHYECKYIO BSI3KOCTh
tomuBa, °C; f) — TeMmieparypa, MpH KOTOPOM
U3BECTHA KHHEMaTHh4ecKas BA3KOCTb

ToruBa, °C.

Tabnuma — CBoWCTBa AU3ENBEHOTO TOIUIMBA B 3aBUCHMOCTH OT TEMIIEPATYPHhI

Temmeparypa (t), °C [TnotHOCTSH (p), Kunematuueckas Ba3kocTh | YTeuka (Q), MM /MHH
KI/M (v), M*/c
20 878,7 8,94 48,77
40 865,4 4,80 52,43
50 858,7 4,1 55,10
60 852,0 3,04 59,27
80 838,5 2,14 63,55
100 825,1 1,62 67,90

Pe3ynbTaThl MPOBEIACHHBIX 3KCIICPUMEHTAIb-
HBIX HCCIICIOBAHUI TOKa3aJid, 4YTO IUIOTHOCTH
JMU3TOIUIMBA TIPU KOMHATHOHM TemIeparype co-
craBnser 878 kr/m’. Tlo Mepe HarpeBaHus OHO
yBEIMYMBAeTCsT B 00beMe, B pe3yibTaTe 4Yero
IUIOTHOCTh TIpU Temmeparype, Hanpumep, 100°C,
yMeHbInaercs Ha 6% (cM. Tabin.).
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KunemaTnueckast BSI3KOCTh IU3EIBHOTO TOII-

o 2
nuBa npu Temneparype 20°C pasHa 8,94 m7/c.
C yBenunuenueM temreparypsl 10 50°C oHa cHu-
*kaeTcst B 2,2 paza, a 1o 100°C — B 5,5 pa3za.
B 1ienom xapakTep 3TOro M3MEHEHUs C BBICOKOI
crenens TounoctH (R?=0,9943) MoxHO ommcaTh
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Puc. 2 — 3aBUCUMOCTD H3MEHEHHS TEMIIEPATYPhI JU3CJIBHOI'O TOIIMBA OT KHHEMATHYECKOM BSI3KOCTH

Yucio PeliHoabaca eCTh OTHOIIEHUE KUHETH-
YEeCKOW 3HEpruu MOTOKa K e€ morepe, o0yCIIoB-
JICHHOW paboTOil CHI BSI3KOCTU HA XapaKTePHOU
qnuHe. OHO ompenenseT OTHOCUTENbHYIO POJib
MHEpLUUHU U BSA3KOCTH cpenpl mpu TeueHuu. [lpu
Oompmux Ymciaax PeWHONbICAa OCHOBHYIO pOJb
UTpaeT UHEPLHS, a IPH MAJIBIX — BA3KOCTb.

CormacHo BeIpaxeHHIO (5) ¢ yMEHbIIEHHEM
KHHEMAaTHIEeCKON Bs3KoCTH ¢ 8,94 mpu Temrepa-
type 20°C no 1,62 npu temmeparype 100°C guc-
J10 PeitHonbaca noBelaercs B 5,5 pasa, pu TEM-
mepatype 50°C — B 2,2 paza.

CrenoBatenpHO,  COTTIACHO — BBIPKEHHAM
(1) nnum (6) yreuka TOIDIMBA Yepe3 3a30pbI COMpsI-
raéMbplX IOBEPXHOCTEH IUTYHXEPHOM  mapbl
mpu Ttemmneparype 100°C Oymer Oompine, dem

npu Temreparype 50°C B 1,38 paza.

BeiBoabl. MozpepHu3anus CUCTEMBI MUTA-
HUS, KOTopas OyneT o0ecrneunBaTh MOAIepKaHuE
CTaOWIBHOW TeMIlepaTyphl IM3EIBHOIO TOILTHUBA
B mpenenax 50°C, maet BO3MOXXHOCTb COXPaHSTh
€ro CMa304YHYI0 CIOCOOHOCTh MTOCTOSHHO M CHH-
JKaeT YTEUKy TOIUIMBA MEXAY IUTYH)KEpOM U
BTYIKOH B 1,38 pasa, OTHOCHUTENHHO pabOTHI MpH
temneparype 100°C. Ilpu coxpaHeHMH cMa30d-
HOH CITOCOOHOCTH YTJIICBOIOPOAHOTO TOIUIMBA B
cucTeMe TUTaHus, paboUmii MpoLece Mper3noH-
HBIX 3JIEMEHTOB OyIeT MpoXOomuTh ¢ Ooiee HU3-
KAM YPOBHEM H3HOCA, YeM TIPH CYIIECTBYIOMIEH
KOHCTPYKIIUH, YTO TO3BOJHT IOBBICHTH PECypc
OCHOBHBIX  DJIEMEHTOB  TOIUIMBHOI'O  Hacoca
BBICOKOI'O JIaBJICHUS.
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POSSIBLE MEASURES TO EXTEND THE SERVICE LIFE OF DIESEL FUEL PUMP MAIN COMPONENTS
V. A. Ivanov, V. N. Gavrilov, A. M. Novikov, A. V. Semenov, Yu. F. Kazakov

Abstract. During the operation of a high-pressure fuel injection pump, the friction surfaces of the main elements are sub-
jected to various mechanical, thermophysical and hydroabrasive effects, which increases the wear rate of precision elements and
reduces the cyclic fuel supply through the cylinders. The purpose of the research is to increase the resource of the main elements
of in-line high-pressure fuel pumps by modernizing the power supply system. The main factor affecting the performance of preci-
sion elements is the presence of carbovalt in hydrocarbon fuel, that is, mechanical impurities in the form of an abrasive that circu-
late throughout the entire circuit of the power supply system, can pass through the filter element and get into the junction of preci-
sion elements during the injection cycle, where they are pinched and abraded work surfaces. In addition to mechanical impurities,
hydrocarbon fuels may contain surfactants such as sulfur, phosphorus, etc. Under certain conditions, this also accelerates the wear
rate of friction pairs, especially at temperatures above 50°C. With an increase in temperature, the lubricity of hydrocarbon fuels
decreases, since sulfur compounds are activated, which destroy the structured surface at the boundary of friction pairs. To reduce
this effect, it is proposed to limit the increase in temperature in the diesel power system by installing a radiator with a fan. With
temperature limitation in the diesel fuel system, the wear intensity will be lower, the viscosity will be consistently higher by 2
times or more, which will reduce fuel leakage in mating surfaces. The above analytical expressions indicate that the size of the
fuel leakage depends on the Reynolds number. With an increase in viscosity, the Reynolds number decreases several times, whil e
the consumption coefficient and fuel leakage through the gaps of the friction pairs are significantly reduced. The proposed meas-
ure makes it possible to preserve the lubricity of the fuel, reducing wear and increasing the service life of the main elements of the
fuel injection pump.

Key words: fuel injection pump, hydrocarbon fuel, mechanical impurities, wear rate, precision element.
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