YK 621.646
A.1O0. JIEBEJIEB, marictp, HTY «XIII»

BU3HAYEHHS KPUTEPISI KABITAIII
JABIPUHTHO-IT'BUHTOBOI'O HACOCA

HaBeneno meroamky po3paxyHKy Ta 3HAU€HHS KPHUTEpIilO Kapitamii JJaOipMHTHO-TBUHTOBOTO Hacoca.
IIpoBeneHo aHami3 BIUIMBY KOHCTPYKTHBHUX 1 poOOYNX HapaMeTpiB Hacoca Ta BIACTUBOCTEH po6odoi
pianHY Ha Lel kpuTepid. OTpUMaHi JjaHi JO3BOJIAIOTH HA €Tarli NPOEKTYBAHHs TAKHUX HACOCIB OLIHUTH
BIpPOTiZHICTh BUHUKHEHHS KaBiTalliil HA HOro BXOJ.

KurouoBi ciioBa: 1a0ipuHTHO-TBUHTOBHI HAacoc, KaBitalis, podoya piauHa, ra30BMICT, TUCK T1a-
POYTBOPEHHSL.

Beryn. Bukopucranus nabipuaTHO-TBHHTOBHX HacociB (JITH) e oxmniero 3
HOBITHIX TEHJEHILIH B HacocoOynyBaHHI. BOHU JO3BOJSIOTH MpAlfOBATH Ha Pilu-
Hax 3 MaJIOIO B’SI3KICTIO Ta ra30piJMHHKUX CyMilllaX i MalTh HaWMEHIINH Koediri-
€HT HepiBHOMIpHOCTI nozgadi. [Ipore, mpu pgeskux pexxnmMax poOOTH B IIUX HACOCaxX
MTOYMHAE TPOSABIIATUCS KaBiTallisl, 110 MOXE MPHU3BECTH A0 LIBHIKOTO BUXOAY iX 3
nany. [lutaHHsl BU3HAYE€HHS KOHCTPYKTUBHHX Ta poboumx napamerpis JIIH, npu
SIKMX HaHOLIbII BUpa)XEHO YTBOPEHHs KaBiTalii, Ta iX BIUIMB Ha el mpouec y
3B 513Ky 3 MaJIM JITEPaTYpPHUM BHUCBITICHHSM € aKTyaJIbHOIO HayKOBO-TEXHIYHOIO
3a7a4uero.

AHami3 ocranHix mociaimkensb. Di3nyHa KapTHHA BHHUKHCHHS KaBiTallii B
rizpoarperatax Ha 0a3i aHaJi3y €KCIIEPHUMEHTAIFHOTO MaTepialy pi3HHX aBTOPIB
HaBeaeHa B poOoti [1]. BimmiveHo, 1110 mosiBa B piAMHI KaBITAIHHUX OyIb0AIIOK
00YMOBJIFOETHCS MOMEPEIHBOI0 HASIBHICTIO B Hil KaBITAIlIHHUX 3apOJIKIB, B SKOCT1
SIKMX BUCTYTIA€ PO3UMHEHMH B poOouiil pinuni (PP) ra3, razonacuyeni TBepi dac-
TKH, AUJITHKY CTIHOK ITPOTOYHHX KaHAJIB TipoanapariB TOMIO.

B po6ori [2] 3a3Haua€eThCs, 1110 OCHOBHY POJib B KaBiTalliiiHOMY BIUIMBI Ha rpa-
HUYHI OBEPXHI rpae (haza 3aXOIUTIOBaHHS OyJbOAIlKH, KOJIM €HEprisl MOPiBHSHO IO-
BUTBHO 3amacaeTbes y (a3 pocTy OynpOanike, KOHIEHTPYETCS 1 BUALTIETHCS 32 3HA-

4HO MeHLMH yac (Grm3bko 107° ¢) Ta B myske Manomy mpoctopi (6mmsbko 1076 mne).
[Tpu nosBi KaBiTallii CYIIIBHICTD TOTOKY MOPYLIyeThesl. O3HAKOIO KaBiTallii € MaJiHHs
THCKy Ha AUISHI A0 BEJIMYMHM, IO JOPIBHIOE THCKY HApOyTBOPEHHS p, B PiAuHI
IpH AaHil TeMmeparypi, TOOTO p = p, , HICJIA YOro THCK Ha JULAHII HPAKTUYHO HE
3MIHIOETBCS, 1 UL IPaKTUYHUX PO3PaxyHKIB MOXKHA npuiiMatu p, =0 [3].

B po6orti [4] 3a3HauaeThCs, M0 ONIHE 3HAUSHHs 4Mcia PeliHojbaca BiANOBIgae

JIBOM pEeKMMaM 3 KaBiTalli€lo Ta 6e3 Hei 1 e 3aJIe)KUTh Bijl IPOTUTHUCKY, KU BiJIOBI-
JIa€ MOMEHTY BHHUKHEHHS KaBITaIlii:
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2
Pxp :(pBI/IX/pBX)Kp :1_(!‘[/#[[) > (1)
J€ Puux — CTALlOHApPHUM THUCK HA BUXOJI 3 Hacoca; p,, — CTAalllOHAPHUH TUCK Ha
BXOJl B HAacoC; f; — KOe(illieHT BUTpATU NpH Oe3KaBiTallitHOMY pexumi Tedii;
My — KoedilieHT BUTpaTy 110 aOCOMOTHOMY THCKY Ha BXO/i B HAacocC.

VY 3arampHOMY BHUIIAKy KPUTEpPil KaBiTaIlii MPUHHATO PO3paxoByBaTH 3a (o-
pMyioro [5]:

2
& =2(Pax = Pu)/ (P Vep) - )
Ae p, — THCK HACHYCHHX IapiB pinuHu; o -TycruHa PPy v, — mBuikicts Tedii

PiAMHY B CTUCHEHOMY TE€PETHHI IIOTOKY.

B po6ori [6] cTBepKy€eThes, IO NMPH MiABUIIEHHI ra3oBMicty PP umncio ka-
BiTauii 301IBIIYETHCS 1 CYNIPOBOKYETHCS TICTEpEe3NCHUM e(eKToM (KaBiTarlist BU-
HHUKa€ TPH TUCKY, OUTBIIOMY HDXK THCK HacW4eHHX mapiB). Takox B [6] HaBeneHi
3araiibHi peKOMEHIAIli1 010 HeoOXiTHOTO 3HAYCHHS YHCa KaBiTallii y 3aJIe)KHOC-
Ti BiJl YMOB po0OOTH Hacoca.

Besmocepennpo KaBiTaliiHI XapaKTEPUCTUKK y 3aJI€XKHOCTI BiJl GOpMH Ipo-
tounnx kaHaBok JII'H HaBeneni B poGori [7]. B Hiif 3a3HayaeThCs, MO Il HACOCH
MAalOTh OUTBI BUCOKY BCMOKTYIOUY 3[aTHICTh HiXK BUXPOBI Ta IPH 3MEHIICHHI Mi-
amMeTpy poOOYHX OpPraHiB B HUX CIIOCTEPIra€ThCs CYTTEBE MOJIIIICHHS KaBiTalliii-
HUX XapakTepuCTHK. Tak, rpaHHMYHa BaKyyMeTpHYHa BHUCOTa BCMOKTYBAaHHS JUIS
pobounx oprauiB 3 giamerpoM 100 MM, TpamemiigaabHOO Hapi3koio mpu 2900
00/XB BaJly CTAHOBHUTH 8 M (KaBiTamilHUIA 3amac 2 m).

B niteparypi [8] BigmiueHo, 1110 P BUHUKHEHHI KaBiTallii Ha BXOJi Hacoca
BiIOYBAETHCS BUHOC OYyJIHOAIIOK TMOBITPS J0 BUXOJY 3 HACOCA, JIC BOHH JIOTAKOTh-
Ccsl, B Pe3yJIbTaTi YOro Ha METAJIEBUX CTiHKAaX BHHMKae eposis. Bemmumna eposii
MaJio 3aJIeKUTh B MaTepialy, a BU3HAYAE€THCS MaibKe BUKIIOYHO WOTO TBEpHic-
TIO.

AHari3 JiTepaTypHHX JyKepel NoKasas, 1110 Ha JaHHi MOMEHT He BCTAHOBJIE-
HO 3Ha4YeHHs Kputepito kasiTanii JITH, Ta BigcyTHs iHpoOpMamis M0a0 BIUIMBY Ha
el kpuTepiii podoYNX 1 KOHCTPYKTHBHUX HapaMeTpiB Hacoca Ta (Bi3MIHHX BiIac-
tusocreit PP.

Merta i 3apaui gocaimkenHs. MeTolo cTaTTi € BU3HAYEHHS BIUIUBY BIIACTH-
Boctelr PP, koHCTpYKTHBHUX Ta pobounx mapametpiB JII'H Ha #oro kpurepiit ka-
BiTamii.

Bu3HayeHHs] TPaHMYHOr0 3HAYeHHs1 KpUTepilo Kapitanmii. B Oinpmocti
BUIAJKIB HACOCH, 10 MEepeKayyloTh arpecHBHI PiAMHHM, MIPALIOIOTh 3 MiIOPOM Ha
BCMOKTYBaHHi, TOOTO B peKUMax JalleKuX Bijx kaitamii. [IpoTe, B mpoMHUCIOBOCTI
ICHYIOTB TaKi TEXHOJIOTIYHI IUKIIH, B SKAX KaBITaIllifHI XapaKTEPUCTHKH HACOCIB €
BHU3HAYAJbHUMHU. SIK OyJI0 BiIMIUEHO BHIIE MOYATKOM BUHUKHCHHS KaBiTallil Ha
BXOJI1 B HACOC MOKHA NMPUUHSITH THCK, SIKMH JOPIBHIOE THCKY HACHYEHHX I1apiB pi-
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IuHA. B AiiCHOCTI, TUCK, IPU SIKOMY TTOYHHAETHCS KaBITAIlisl, CYTTEBO 3aJCIKUTh 1
BiJl (hi3MYHOTO CTAHy PiJUHU Ta TemrepaTypu. IIpu HassBHOCTI B piiMHI MIKpOCKO-
MIYHAX BKIIOYCHB Ta OYyIHOAIIOK MOBITPS UM ra3y, KaBiTallis MOKe BHHUKATH TPH
THCKaX, SIKi TIEPEBUIIYIOTh THCK HACHUYECHOTO Tapa.

OckisibKy, MiHIMalIbHE 3Ha4eHHs KoedilienTa HepiBHOMIpHOCTI nojayi JIT'H
cranoBuTh 3,897.107* [9], T0 MIpH BU3HAYCHI TPAHUYHOTO 3HAYEHHS KPUTEPIO Ka-
BiTamii mpuiitmany, mo tedis PP B rBHHTOBUX KaHaBKax ycraneHa. [lonepenHi pos-
paxyHku pyxy PP B mpoTouniit yactuni Ha Bxoxi B JII'H mokasanu, mo Tuck, o0y-
MOBJICHHI OOepTaHHAM Baja, He mepeBuirye 10 Ila, a moxuOka Bij 3HEBa)KaHHS
HUM y TIOpIBHSHHI 3 THCKOM ITapOyTBOPEHHS (IIOYATKy KaBiTamii) CTaHOBUTH
0,035%, ToOTO IM MOXHA 3HEXTYBATH.

[Tpu Bu3HaueHi kaBitauiiHux xapakrepuctuk JII'H posrmsganu tedito PP
Kpi3b HOTO TBHHTOBI KaHaBKH, AWB. puc. 1. IlpuitManu HaCTymHI NPHUITYIIEHHS: Pi-
JIMHA OJHOPiJHA 1 i30TPOMHA, PO3IIISIANN ycepeaHeHi ii mapamerpu; o0epTH Bana
HAcoca n = const ; BUXIJ PIAMHU 3 HAcOca 3MIMCHIOEThCS KPi3h KOPOTKUI TPyOO-
IPOBiJ BEIMKOrO AiaMeTpy B aTMOChEPY, Py, = Pymy » TACK HA BXOAI B HACOC IO~

CTIHHUH Ta NOPIBHIOE THCKY HNAapOYTBOPEHHS p,. = p, ; BUKOHYIOTbCS yMO8d He-

PO3PUBHOCMI piOUHU; HACOC PO3TALIOBAHUI TOPU30HTAIBHO; (pOpMa TBUHTOBHX
KaHAaBOK — HaNiBKpyria (BOHA € HaWOUTBII PO3MOBCIOHKEHOIO (HOPMOIO KaHABOK
TaKMX HacoCiB), a iX ripaBaivHAI OLIP OHAKOBHIL, TOOTO vy, =V, , | AOPIBHIOE
IIBUAKOCTI PIMHU B TBHHTOBIM KaHABIli; NCPETIKAHHSIMA M)XK KaHaBKaMU HEXTY-
BaJIM; IpUiMany, o xoegiyienm Kopionicca oy = a, =1.

4p

pr

Fi

Puc. 1 — Po3tuH 1abipiHTHO-TBHHTOBOTO Hacoca 3a TBUHTOBOIO JIHIEIO.

3anucyBany piBHSAHHA 30epeKeHHS CHEeprii U1 JBOX MEPETHHIB Ha BXOAI Ta
BUXO/Il 3 Hacoca:

e+ a1V12cp /2 +8Z = p,/p+ a2v§cp /2 +8Z; +Ahy, 3)
ae Ah,, — BTpaTH TUCKY B Hacoci; p —ryctuHa PP; Z — reomeTpuynuii Hamip; g —

TIPUCKOPEHHS BUTBHOTO TIAiHHS.
3rigHO NPUIHATUX MPUITYIICHb, PIBHSIHHSA (3) MpHiiMe BUTIIA:

pl/p:p2/p+Ah3T' (4)
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OCKIIBKU ) = Puux 1 P2 = Pux » TO PIBHAHHSA (4) MOKHA 3aIIMCAaTH Y BUIJIA-
i
Pix = Pux —P AN )
I'yctuny PP, mpuiimaroun, mo cTpyKTypa ra3opiJuHHOI cyMinn Oynp0ariko-
Ba, 3HAXO WK 3a popmyioro [10]:

pe (1) =Py {<1—mo>[l+pﬁj{;’ﬂ{lmab-mﬂ}*

p(1) T,+273°
Po T(l)+273°

et —uac; p, 1 p (t) — BIJINIOBITHO MTOYATKOBUI1 1 pOOOUYMI TUCKHU PIMHH Y HACOC;

(6)

+ Pro™y

my =V, /Vy — BioHOIICHHS (a3H HEPO3IMHEHOTO HOBITPs V, , 10 OBHOTO 00CSTY
cymiut Vo5 pyo 1 prg — IYCTHHA PITMHY i ra30BOI CKIa0BOI IPH HOPMATBHIX YMO-
Bax BLANOBIIHO; E (t) — MOOyb 06 €MHOI npyscHOocmi TA30PIANHAOL CyMIMI; @@ —
memnepamyphuti Koeiyicnm 06’emnozo poswpenns pimanm; Ty i T (1) — nodar-
KOBa 1 3MiHHa TeMIIepaTypa piIMHHU B TJPOCUCTEMI BiIIOBI/THO.

Monyns 06’eMHOT MIPYKHOCTI Ta30PiAUHHOT CyMiIlli pO3paxoBYBaJH 3a 3aJie-
kHictio [11]:

Ec(t)=k(p(1)+10%) (4p(r)+ B)x

Apy + B Py +10°
+ 5
p(1)+10 > ()

X

Ap, + B P +10°
k 10°)(1- ke B Ap+B) i ——
(p(t)+ )( mO)AAp(t)+B+mO( p+ )li/p(t)+105

Je k — mokasHuK mnomitponu; A, B — mapameTpu piiuHM, BU3HaueHi 3 crarti [11], y

3aJISKHOCTI BiJl 1l TEMIIepaTypH 1 MapKu.
Ipu nocmimpkenHsx kapitauiHux xapakrepuctuk JIIH Ha nepiiomy erari 3Ha-
XOJMIIM BTPAaTH THCKY B HACOCI:

Ah = (pBLIX — Pex )/p . (8)

Ha npyromy erami st Bu3sHa4eHHs mBHAKOCTI PP Ha BX0#i Ta BHXOAi TBUHTOBOI
KaHaBKH PO3IJISAIN BTPATH TUCKY B HHX:

A= (A1/2R A+ G+ G )75 28 ©)
Ie | — MOBXKHMHA TBUHTOBOI KaHABKH; R, — TiAPaBIIYHUH paiyc TBUHTOBOI KaHABKH;
Cox » Canx — KOCOILIIEHTH MICIIEBUX BTPAT BIAMOBIIHO HA BXOJIi Ta BUXO/1 y TBUHTOBY
KaHaBKy Hacoca, 5IKi 3a faHumH [12] npuiimamu &, =1; ¢, =0,5; 4 — xoedini-
€HT BTPAT Ha TEPT#, KUl HA TONEPEIHHOMY €Talli PO3PaXyHKy NMpUiiMalli pIBHUM
0,03, a otim po3paxoBysaiu 3a hopmyinoro A = 64/Re, ne Re —uucno Petinonvoca.
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Jns po3paxyHky umcia PeiiHonmbica BH3HA4Yald KOCQII[IEHT KiHEMaTHYHOI
B’s3kocTi PP [10]:

vie () =nc(1)/pe (1), (10)
ae Ue (t) — Koe(ilieHT AMHAMIYHOT B’S3KOCTI, SIKHH PO3paxOBYBaJIU 32 3aJIeXKHIC-

THO:

— A (T(1)-T;

e (1) = o (14 1,5mg) 1+ a(p(0) = po)/ py e 7T, (11)
ae a, Ay —koediuientu (a =0,003 , A, 3a1eXUTh BiJ TUIy PiIAUHU Ta AJA Mac-
JIa TIAPOCUCTEM 3HaXOAUThCs B Mexkax 0,023 —0,028 [13]).

Ha tpetpomy etari 3 hopmyiu (9) 3HAXOAMIH CEPEAHIO MBUIKICTH PP:
Vep = QAR @)J(0,501/ R, + & + Cony ) - (12)
Ha 3aBepmanisHOMYy etamni 3a GpopMyIioio (2) BU3HAYaIIM TpaHUYHAN KpUTEpii
kasitami g JITH.
Po3paxyHKOBI JOCITIIXKEHHS IPOBOIWIN JUIsl 0A30BOTrO 3HAYCHHS p, , SKHH

It Boau popisHioe 5 klla, ta L1p,, 1,2p, , nuB. puc. 2. /I oLiHKK BILTUBY Ta-
3oBMicTy PP Ha kpurtepiii kaBiTaiii pOBOAMIN PO3PAXYHOK MPH HYJIbOBOMY HOTO
3HaueHHi, 10 ta 20% Bwmicty rasy B PP, nuB. puc. 3. 3a pe3ynbraTamMu po3paxyHKiB
BCTaHOBJICHO, III0 Y 3aJIE)KHOCTI BiJl TUCKY MapOyTBOpEHHs Ta razoBmicty PP kpu-
Tepii KaBiTamii 3MIHIOETBCS 3a JiHIHHOO 3aexkHicTIo. [TpraoMy, pu 301TbIICHH]

THCKY TApOYTBOPEHHI BiH 3pOCTa€, a MPH MigBUIIECHHI Ta3oBMicTy PP 3menmyeTs-
CsL.

& o 0,425
0,427 i
0,426 0,424
0,425 0.423
0,424 0422
0,423

0421
0.422 p, klla Taz0BMicT, %.
5 5.2 54 56 5,8 6 4 B 12 16 20
Puc. 2 — 3anexHiCTh KpUTEpilo KaBiTamil Puc. 3 — 3anexHicTb KpUTEpilo KaBiTamil
BiJl THCKY TIApOYTBOPEHHSL. Bij] razoBMicty PP.

AHai3 BIUIMBY KOHCTPYKTHUBHHX Ta POOOYHMX TapamMeTpiB Hacoca JI03BOJIUB
BCTaHOBHUTH, IO 31 30UIBIICHASIM KUTHKOCTI TBHHTOBHX KaHABOK Ta iX TiApaBIidHO-
ro pauiycy KpuTepiil kaBitamil 301IbIIyeThCs, & MPH 30UIBLICHHI 4acTOTH 00ep-
TaHHS BaJla HACOCa HABIAKK 3MCHIIYEThCS. 3a3HAYMMO, 1110 3HAYHUI BIUIUB Ha Il
KpUTEpiii MalOTh BTPATH TUCKY B TBHHTOBHX KaHaBKaX Hacoca.

BucnHoBku. Briepiue 3HaiiieHo 3HaUeHHs KPUTEPito KaBitauii JjIs J1abipuHT-
HO-TBUHTOBHX HACOCIB Ta BCTaHOBJICHO BIUIMB Ha HHOT'O KOHCTPYKTHUBHHX Ta PO-
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00uMx mapaMeTpiB Hacoca. 3a UM KpPUTEpieM BCTaHOBIIEHO, 1110 JII'H BigHOCATHCS
JI0 HacociB 31 3BUYAliHUM PiBHEM KaBiTallii, mpoTe npu 30iIbIIeHHi razoBmicty PP
B HUX 3 SIBJISIFOTHCS BJIACTUBOCTI XapaKTEPHI I HACOCIB, SKi KaBITYIOTb.
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IpuBeneHa MeToAMKa pacyeTa M 3HAYCHHUS KPUTCPUs KaBUTALUU TaOMPHHTHO-BUHTOBOTO HACO-
ca. IlpoBeseH aHamM3 BAMSHUS KOHCTPYKTHBHBIX M pabo4nx MapaMeTpoOB HAacoca M CBOWCTB paboueit
JKHUIKOCTHU Ha 3TOT KpHuTepuil. [ToydeHHbIe JaHHbIE T03BOJIIIOT Ha JTalle IPOSKTUPOBAHMS TaKHX HACO-
COB OLICHUTh BEPOSITHOCTh BOZHUKHOBEHHSI KABUTALIMH Ha €ro BXOJE.

KiroueBble ci1oBa: 1aGMPHHTHO-BUHTOBOI HAcOC, KaBUTaILMs, paboyas KMAKOCTb, Ta30COAEP-
*KaHHe, JaBICHHUE TapooOpa3OBaHMUsL.

The method of calculation and value of criterion of cavitations of labyrinth-spiral pump is re-
sulted in the article. The analysis of influence of structural and workings parameters of pump and prop-
erties of working liquid is conducted on this criterion. Findings allow during the design of such pumps
to estimate probability of origin of cavitations on his entrance.

Key words: labyrinth-spiral pump, cavitations, working liquid, gas content, pressure of vaporiza-
tion.
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