Jexyusa Ne7 Ilopuinegvie Hacocvl u npumeHsaemble PaAcnpedenaouue yCmpoiucmea

[lo koHcTpykuMM Haubosiee MPOCTHIMM (M NEpBBIMH UcTOpuyeckd, Il Bek 10
H.3., C JICPEBSHHbIMH MOPUIHSAMU M KOKaHBIMU KJIallaHaAMH) SBIAIOTCS OOBbEMHBIC
IIOPIIHEBBIE HACOCBI C PYYHbIM TPUBOJOM, IIPUMEHSAEMBIE [JI BBIIIOJHECHUS
AJIEMEHTAPHBIX (PYHKUNN — IepeKayKy (TPAHCIOPTUPOBKHU) )KUJIKOCTH MO HEBBICOKUM
JABJICHUEM.

PaccMoTpuM JBYXUMIMHAPOBYIO THMJIPOMALIMHY (CXeMa OJHOLMJIMHIPOBOM
OI'M npuBoauiace paHHee).
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Puc 7 1 JTrRvxunnuun0OnoRkitl NONUIHEROTL HACOC (NOMCANHKIL)

Ycunue F, co3naBaeMoe Ha pblyare, 4yepes ey @ U b pbluakHOro MexaHu3ma
nepenaérest Ha ITOKM (mopiiHu). be3 yuéra noreps Ha TpeHue, OHO OyAET paBHO CHUJIe
JaBJIeHUs1 pabovel )KUIKOCTH Ha MOpIIEHb (IPOU3BEIEHUE TUIONIAId B3aUMOICHCTBUS
S ¥ aBieHus p):

Fb=Spa (7.1)

Pabounx kamep B JaHHOW KOHCTpyKuuu ABe. x paboune 00bEMBI V) 3aBUCAT
oT miomanu nopwHed § u xona h. CymmapHbiii padounii 00béM V, (z - yucio
pabounx kamep):

V=2V,=2 S h, M (7.2)
CyMMapHaH ImoJga4da 3aBUCUT OT UHCJIa ﬂBOﬁHBIX XO0OO0B B CAMHHUIY BPCMCHU M:
0=V,n, m/c (7.3)

I[aBJ'ICHI/Ie " 1moaava JUMHUTHUPOBAHBI «KMOIMHOCTBIO» PYKH.
Hpumep: ipu D=30 ymm, n=100...120 06oiiHbIx X0006 8 MuHymy, onute xo0a 30 mm, nodava cocmasum:

Q—Z”Dz

2
3,14 40,03 0’03-16000:7,06IO_SMS/c:472JZ/MuH

2
3,14 4(.)703 0’03. 16200 :8’48'10_5M3/C:5709ﬂ/MMH

hn

Qn:lOO =2

Qn=120 =2

Jlnst mommydeHust 0oJjiee BBICOKMX 3HAYEHWW TMOJAYM, AABICHUS U YIydIICHUS
APYTUX TTapaMeTPOB MPUMEHSIOT MeXaHUYecKuil npueod. 13 HepoTOPHBIX 3TO MOTYT
OBITh TPSMOJCHUCTBYIOIIUE THUIPOMAIINHBI (Hanpumep, ¢ naAposviM NPUBOOOM),
KPUBOIIUITHBIC W KYJIAYKOBBIE (C aKCHAJIbHBIM WM PaJHaIbHBIM PAaCIIOIOKEHUEM
BBITECHUTENIE U HenoodsudicHvlx PpabOYMX KamMep OTHOCUTEIbHO OCH MPHUBOJIA).



Haubonee pacnpocTpaHeH NPUBOJ KpUEOWURHO-wiamyHHbll. PaccMorpum
KMHeMaTuKy ¥ npunuun gercrsus OI'M ¢ KILIM.

3a oauH 000pOT KpuBomMNa (KOJEHBala) MOPIIEHb COBEPILAET BO3BPATHO-
MOCTYINATEIbHOE JBUXKEHUE (IBOMHON XOH, pucC. 7.2), yBenuuuMBash W YMEHbIIas
reOMETPUYECKUd 00bEM, OrpaHUYEHHBIN NOPUIHEM, CTEHKaMH LIMJIMHIPA U TOJOBKOM
C YCTaHOBJICHHBIMU B HEM CaMOACHCTBYIOIIMMU KJIAlIaHAMU.
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h=2r 6

Puc.7.2 Oonoyununposuiii nopuinegoii hacoc ¢ KpugoOWUNHO-ULAMYHHBIM RPUBOOOM U KIIANAHHBIM
pacnpedenenuem: 1-KpUBOIINIT, 2-MATyH; 3 —IIFIIHHID; 4-TIOPIIEHB; 5, 6 — KJIamaHa HarHETaHWUS U BCACHIBAHUS

Tekymas (MrHoBeHHas ) moaada Qe ABASETCA PYHKIIMEH CKOPOCTH MOPIITHS:

Qre=0S (7.4)
CKopocCTh MOPIIHS €CTh MPUPAILEHHUE €Tr0 MyTH (X0/1a) IO BpeMEHU
v=® (7.5)
dt

XoJ TMOPIIHS MOXXHO PacCUMTaTh, BBIUTSA M3 HavdabHOW KoopauHaTel (BMT)
OTHOCUTEJNBHO TOYKM (); CyMMy TPOCKUMIA KpUBOIIWIA M IIATyHA Ha OCh
IIEPEMELICHUS:

x=(r+R)-(r cosy+R cosa)=r(1-cosy)+R(1-cosa) (7.6)

JIMuHBI aTyHa, KPUBOIIWIIA U TEKYIIUE YTIbl U3 TEOPEMbl CHUHYCOB CBSI3aHbI

BBIPAKEHUEM:

R
== (7.7)
Smy Smmo
Tekymui yroJyi moBopoTa KPUBOILMIIA ¥ 3aBUCUT OT YIIIOBOW CKOPOCTHU
y =wt (7.8)
VYTII0Basi CKOPOCTh MOKET OBITH MPEACTABICHA KaK:
dy
w=—", 7.9
0 (7.9)
C y4€TOM BBIIEU3JI0)KEHHOTO, CKOPOCTh MOPIIHS MOKHO MPEICTABUTH B BU/JIE
d d. d . lr .
= B = ro(siny +——sin2y) (7.10)
dt dy/ dy 2R
@

CremoBarenbHO, CKOPOCTh IMOPIIHS MEHSETCA IO 3aKOHY CHHYCOUIbI U
nosycunycouapl. Ilpu mpuOIMKEHHBIX pacy€rax, NOCKOJIbKY R>>r, QyHkuus
CKOPOCTU MOXKET OBbITh IPUBEACHA K BULY

v=rwsiny (7.11)



Takum o00pazoM, M3MEHEHHE TEKyIelH (MTHOBEHHOM) MOAAYd MPOUCXOUT
TaKXXe MO0 3aKOHY CUHYCOU/IBI:

Onex=0S=r w siny S (7.12)

Qmek

HAPHemdaHue

/2 : ; 2
| 3n/ y=ot

ROMNCWKIRAHNILO

Puc.7.3 I'pagpuueckoe npeocmaegnenue 3agucumocmu meKywienu nooauu (Cckopocmu) om yaina
Ha puc. 7.3 oToOpaxkeHa myJbcalusi TEKyIIeH Moja4yu, KOTOPYIHO OIEHUBAIOT
yepe3 K03 UIMEHT HEPAaBHOMEPHOCTH MOJAYH O

5Q — QmaXQ_‘ Qmin (7. 1 3)

0
MuHnumaibHas 1ojiaya paBHa HYJI0, IOCKOJIBKY Ha 4acTH xoJa (cextop ot 0 110
0 .
180") e€ Her (TakT BcachiBaHME). MakcumanbHas K€ MoJadya COOTBETCTBYET YLy
noBopoTa kpusomumna B 270";

O = ra)sin%{S =raS (7.14)
CpCI[H;I;I I1oaayda, 3aBuciiias OT pa60qe1“0 00BEMA M YaCTOTHI BpallCHUA:

0, =Vyn= 2r522

T
Taxum 00pa3oM, AJIs MOPIITHEBOIO HACOCA OJHOCTOPOHHEIO ACHCTBHS
§y= Lo Cmn _ 1O _ 5y (7.15)
Qr 252
2r

VY IBYCTOPOHHErO HAacoca HEPABHOMEPHOCTb IIOJA4YM YK€ CYIIECTBEHHO
menblie. Ilogaya oOecneunBaercs IByMs pabOYMMM KaMmepaMu, CIIEA0BaTENbHO,
npeHeOperass  IUIOIIAJBIO  IITOKA, CPEOHIO  Mojadyy U KO3PQPUUHUEHT
HEPABHOMEPHOCTH MOKHO MPEACTABUTH KaK

0., = Wyn=4rS 2 (7.16)u &5, = Ouax ~Ouin _ 105 _ T _ 1 57(717),
2z Qep 47’52ﬂ 2
T

[TomuMO MpUMEHEHHsI HACOCOB MHOTOKPATHOTO JEHCTBUS, IPYTUMHU CITOCOOAMHU
BHIDABHHMBAaHUSA  TIOJa4M  SIBISIOTCA ~ NPUMEHEHHWE  BO3AYIIHBIX  KOJIIAKOB
(TUAPOAKKYMYJISITOPOB), TUDPEpPEHIINATBLHOTO MOPITHS U T.II.
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Puc.7.5 Bo3nymissiid koJmnax .
Puc.7.6 luddepeHiinanbHbIil mopiieHb

[Tynbcanus moiaym OKas3bIBA€T CYIIECTBEHHOE BIMSHUE HA CTAOMIIBHOCThH BCE
TUIPOCUCTEMBI, a BO3HUKAKOIIME IIPU ITOM PE30HAHCHBIC SBIICHUS MOILYT €€
pa3pyLIUTh.



Pacnpeoenenue paboueii scuoxocmu

B 00BEMHBIX TuUpoMaIInHax A0MKHA OBITh MPETyCMOTPEHA BO3MOXKHOCTH HE
TOJIKO TOOYEpPETHOIO0, HO U CBOEBPEMEHHOTO COEAUHEHUsI padodyux Kamep ¢
MarucTpajasiMd BBICOKOTO W HHU3KOTO JaBJICHUS JUIs TOJABOJA M OTBOJA paboueit
KUJIKOCTHU. JTa 3aja4a PEIIAeTCs WM BBEACHUEM B KOHCTPYKIIUIO JOIMOJHUTEIbHBIX
y3JI0B M DJIEMEHTOB, WM OCOOBIM KOHCTPYKTHBHBIM HCIIOJHEHUEM JeTajei,
obOpazyronux padboyue Kamepshl.

Pacnpenenenrie npuMeHsIOT: KJlanaHHOE, KJIANaHHO-30JJ0THUKOBOE, KIIAIIaHHO-
iesieBoe, IMWIMHAPUIECKUM (T1arnda) Win MIOCKUM 30JJ0THUKAMU.

Jns  HepoTopHbix mnopmHEBbIXx OI'M  MIMPOKO NPUMEHSIOT —KJIalnaHHOE
pacripeniesieHue Ha 0a3e camooelicmgyowux KiIanaHOB, OTJIMYArOUIeecs OOJbIION
HaJIe)KHOCTBIO U JIOJITOBEYHOCTHIO, a TAK)KE BRICOKMM 00beMHBIM KII/I.

Puc.7.7. KynaukoBslif Hacoc ¢

]
é ' KJIATIAHHBIM PACIIPEICIICHIEM.
JINANY \/_\A/_\/\/W A/ .- l-BcacwiBaromuii Kamnas;
; | 2- HarHeTaTeJIbHBIN KIIalaH,
/. W .S AS S 3 — mopIeHs;
] 1] ’
9 / i 5 4- SKCIICHTPUYHBIH TUCK.

B

Kpome Toro, Hacocel ¢ 3TUM pacHpe]eseHneM CBOOOJIHBI OT T'MIPAaBINYECKUX
YAApOB U KOMIIPECCUU KUAKOCTH B LIMJIMHIpaX, & TAKK€ MPUTOAHBI JUIsl pabOThl IPU
BBICOKMX TEMIIEPATypax U AABJICHUSIX.

3aTBOPBI CaMOACUCTBYIOUINX KJIAMaHOB (M10CKUe, KOHUueckue, cgepuieckue)
NOJIHUMAIOTCSl B HAIIPABJICHUH, HOPMAJIbHOM K OMOPHON MOBEPXHOCTU MOJ JEHCTBUEM
NOTOKA JKUJIKOCTU (Tepenaja JaBjCHUN) M OIMYCKAaOTCS Ha 3Ty MOBEPXHOCTh MOJ
JNEUCTBUEM IIPYKUHBI.

MoiHoCcTh, 3aTpauuMBaeMas Ha TMPEOJOJCHHWE CONPOTUBIICHUS KIIAlaHoB,
npeoOpasyercs B TEIO (AN=4pQ).

JIist CHYDKEHMSI COTPOTUBIICHUS (IIOTEph JABJIEHUs) MPOXOJAHON KaHa JIOJKEH
ObITh MakcuMajabHO OonpmMM. OpfHAKO, YBEJIMYEHUE JMaMeTpa MPUBOAMUT K
YBEJIMYEHHUIO MacChl (MHEPLIMOHHOCTH), a YBEJIMUEHHE 3a30pa CKa3bIBAECTCS HA JUIMHE
xojaa. CreoBarenabHO, 60JIbIlIEe BpEMEHH TPeOyeTCs Ha MepeMelleHUE 3aTBOpa.

3ama3zplBaHUE K€ 3aKpPBITUS M OTKPBHITUS KJIAllaHOB IPU BO3BPAaTHOM U
MOCTYIMATEIbHOM XO/I€ MOPILIHSA IPUBOJUT K OOPATHOMY OTTOKY >KMJIKOCTH B CTOPOHY

HU3KOIO JIaBJIeHUs U (MJIM) HEA03AMOTHEHUIO pad0YuX KaMep.

>KI/I,Z[KOCTI> BO3BpalIacTCs ILUTYHXXEPOM Ha Ha4JaJbHONW YacTH HarHeTaTeJIbHOIO IIyTH BO BCAaCBIBAIOLIYIO
MarucTpanb, IpUYEeM 3ama3fblBaHue OyZeT TeM OOJbIIMM, 4YeM OoJblle Macca KiamaHa. BBuay 3Toro macca
BCACBIBAIOIIETO KJIallaHa IpU BRHIOpaHHOW YacTOTE BPAIEHMs HAcoca OmpenenseT TpeOyeMblil MOoAop Ha BCACHIBAHWU.
Ecnu stot IMOAIIOP OrpaHUY€H, TO CJICAYET B 3aBUCUMOCTU OT MACChl OTpaHUYUBATL AJOIMMYCTUMYIO YaCTOTY BpalllCHUA
Hacoca. I[J'IH YMCHBIICHHWA 3ara3ablBaHUs HCOGXOHI/IMO MaKCUMAJIbHO YMCHbIIATH MACCy KljlallaHa, a TaKK€ YCUJIMBATH
€ro NpuUBOAHYIO TIPYXHWHY M YMCHbIIATH BCIWMYUHY XOJa; OJHAKO OTO MOXKCET YXYIAIIHWUTH 3alO0JIHCHUEC HUJIUHIPOB
KUIKOCTBIO U B 0COOEHHOCTH HACOCOB CaMOBCaChIBarOIICI0 TUIIA.

Bousaue na HAJACKHOCTb 3allOJIHCHHA MHpU XOA€ BCACBIBAHWA OKa3bIBACT 3ala3IbIBAHUC OTKPBITUA
BCACBIBAIOLICI'O KJjlallaHa, 0CcO0EHHO npu 0OJIBIIOM MCEPTBOM IIPOCTPAHCTBE HACOCA U MAJIOM pa60qu o0BeMe.




JIBrkeHWEe ¥ OTKPBITHE HArHETATEIBHOTO KJlamaHa pacCYUTBHIBAIOTCSA TI0
YPaBHEHUIO PAaBEHCTBA OOBEMOB KHIKOCTH, BEITECHIEMOU MOPIITHEM U TPOTEKAFOIICH
yepe3 KaHailbl KjianaHa (KOJbLEBYIO 1IEb):

IThu /%ZSHUH—SKUK (7.18)

rae Il - nepuMeTp KianaHa 1o KOTOpoMy NMPOUCXOAUT TE€UECHUE KUIAKOCTH;

h - BeICOTA TTO/IHEMA KJIAllaHa;

M - K0OQOUIIMEHT pacxoja KiarnaHa; MoKHO npuHuMaTh u=0,75;

Sp Y1 0, - TUIOIIA/Ib U CKOPOCTh MOPUIHS;

Sx U 0, - IJIONIab U CKOPOCTh 3aTBOPA KJlalaHa.

[Ipyn W3BECTHBIX YCIOBHUSX MOXKET BO3HHKHYTH CTYK KJIallaHOB, BBI3BAHHBIN
yJapamMu MX O CEUIO, B PE3yJbTaTe KOTOPBIX y3€Jl pacHpeIesICHUs] MOXKET BBIUTH U3
ctpost. CTyk KjanaHa, Harpy>KeHHOTO MPY>KHMHOM, OOBIYHO BO3HUKAET MIPU COBIAICHUU
COOCTBEHHBIX KOJ€OAHUU MOJIBMXKHBIX €r0 4acTed ¢ BBIHYXKJIECHHBIMU KOJICOAHUSIMHU
(Tmynbcarueit) JaBaeHUs KUJIKOCTH.

3a kpuTepuit 6e3yapHoi paboThI KJlaraHa OOBIYHO MPUHUMAETCS

c>mo’ (7.19)

I€  C - )KECTKOCTb MPY>KUHBI;
m - Macca KJialaHa;
®- 4acTOTa IyJIbCALMN JTaBJICHUS.

BepositHOoCTh  moOsiBIEHMS  yKa3aHHBbIX Je(peKTOB B paboTe  KJalmaHOB
MOBBIIIAECTCA C YBEJIMYEHUEM 4YacTOThbl BpallleHHs Hacoca. [lpu panmoHaibHOM
noadope mapaMeTpoB KiamnaHa - yactora BpauieHus Bana a0 6000...8000 06/muH.

CKOpOCTh T€YEHUS KUIKOCTH YEPE3 BCACHIBAIOIIMI KJIallaH CAMOBCACHIBAFOIIMX
HACOCOB BBIOMPAIOT MpUMEPHO 1,5 M/c, A1 MaTOBA3KUX Macen - 70 3 m/c.

MammHa ¢ KJIanaHHBIM —pachlpelieieHUeM HeoOpatuMa W HE JOIYCKAaeT
U3MEHEHHE HANpPaBJICHUS BPALLECHUS.

C nenpro ycTpaHEHUs HEIOCTAaTKOB IPOCTOrO KJIANaHHOIO paclperesieHus, B
MOIIHBIX THUAPOMAIIMHAX IPUMEHSIOT KJIAalaHHOE paclpelesieHue, MPUBOAMMOE B
IBUKEHHUE TPUHYIUTEIBHO.

[TpumenstoT TaKKe
KyJa4yKOBBIE HACOChl BBICOKOI'O
napienus (mo 50 MlIla) ¢
30JI0THUKOBBIM PACIIPECIICHUEM.
KoHCTpyKTHBHAsE cXeéMa TaKoro

3

Puc.7.8 KynaukoBblif Hacoc

© 3OO THIKOBLIM Hacoca I[OKa3aHa Ha pwuc. 7.8.

pacnpe/ieieHHeM PacnpenenurenbHplil  30JI0THUK

é'KOpHyC; . CBSI3aH C TMPHUBOJIHBIM BaJHKOM
- 30JI0THHUK;

3 - MOpIIICHB; HacocCa C IIOMOIIIBIO IIIITOHOYHOTO

4 - OKCICHTPUKOBBIH BaJI-; coenuuennsa. [loaBoa >XKUAKOCTH

J1 -npeHaxkHas mojocTh
oT pacnpcacinuTCIIbHOTO

30JIOTHUKA K OUWJIHMHAPAM U OTBOJ
N3 HHUX OCYIICCTBILCTCA 4YCPC3
JINTBIC KaHAJIbI KOPITYCa HACOCaA.




