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MpeaucnoBue
Lienun, ocHOBHbIE MPUHLIMMILI M OCHOBHON NOPAAOK NPOBEAEHWSA PaboT No MEXrocyaapcTBEHHON cTaHaap-
Tnsauun yctarosnersl B FTOCT 1.0—2015 «MexrocyaapcTBeHHas cuctema crtaHgapTusaumn. OCHOBHbIE
nonoxeHusa» nFOCT 1.2—2015 « MexxrocygapcTeeHHas cuctema ctaHgapTusaumn. CtaHgapTel Mexrocyaap-
CTBEHHbIe, NpaBunna 1 pekoMeHAaunn1 No MeXrocyaapCcTBEHHON cTaHaapTusauun. MNpaeuna paspaboTtku, npu-
HATUA, OBHOBMNEHNS N OTMEHbI».

CBefieHUs1 0 cTaHpapTe

1 NMoAroTOBNEH Poccuickon accoumnaumein nponssoauTenein Hacocos (PAMNH) Ha ocHoBe cobeTBeH-
HOro nepeBsoAa Ha PYCCKU A3bIK aHI0A3bIYHOM BEPCUM AOKYMEHTA, yKasaHHOro B NyHKTe 5

2 BHECEH MexrocyaapCTBeHHbIM TEXHUYECKUM KOMUTETOM Mo cTaHgapTusaunum MTK 245 «Hacockl»

3 NPUHAT MexrocyaapcTBeHHbIM COBETOM NO CTaHAAPTU3aLMN, METPOOrK 1 cepTudukauum (npo-
Tokon oT 25 ceHTA6Ps1 2016 r. Ne 92-M)

3a npuHsTUe MporonocoBanu:

KpaTkoe HaumeHoBaHue CTpaHbl Kon ctpaHbl CoKpalLeHHOe HAMMEHOBaHWe HaLMOHANBHOTO OpraHa
no MK (MCO 3166) 004—97 no MK (MCO 3166) 004—97 no craHgapTu3auuu

AsepbangxaH AZ AsctaHgapT
ApmeHus AM MuHakoHoMuku Pecny6nukm Apmenusi
Benapycb BY loccranpgapt Pecny6nvku benapycb
Mpyaus GE Mpyscranpgapt
KasaxcTtaH KZ loccranpgapt Pecnybnvku KasaxcraH
Kuprusms KG Kblproiactangapt
Mongoea MD MonpgoBa-Ctangapt
Poccus RU Poccrangapt
TapxukncraH TJ TamxukcTaHaapT
TypkmeHucTax ™ [naeroccnyxba «TypkmeHCcTaHgapTnapbi»
Y3bekucraH uz YacraHpgapTt
YkpavHa UA MwuHakoHOMpa3BuTUSE YKpauHbl

4 lMpukaszom PeaepanbHOro areHTCTBa Mo TEXHUYECKOMY PEeryfMpoBaHU0 U METPOSOrMM OT 2 UIOHS
2017 r. Ne 492-cT MmexrocygapcTtBeHHbii cTaHaapT FOCT 33967—2016 BBeAeH B ACACTBUE B KAYECTBE HALUO-
HanbHoro ctaHaapTa Poccuiickonn deagepaumm c 1 aHBaps 2018r.

5 Hacrosawuin ctaHaapT cooTBETCTBYET MexayHapoaHoMmy AokyMeHTy ISO/TR 17766:2005 «LleHTpo-
GexHble Hacocbl Ans NepekavyMBaHWA BA3KUX kuakocTet — [MonpaBku kK paboynm XapakTepucTukam»
(«Centrifugal pumps handling viscous liquids — Performance corrections», NEQ) B 4acTu meToaa nepecyeTa
paboumx xapakTepUCTHK LLeHTPODEXKHBIX HACOCOB C BOAbI Ha BA3KYH XWUAKOCTb.

MexxayHapoaHblil AokyMeHT paspaboTaH TexHU4YeckUM KoMUTeToM No ctaHaapTusauum ISO/TC 115
«Hacocbi» MexayHapoaHoi opraHusaumm no ctaHgaptusauun (1ISO).

6 BBEJEH BMNEPBbIE
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UHpopmayust 06 USMEHEHUSIX K HacmosiujeMy cmaHdapmy nybrukyemcs 8 exxe200HOM UHGOpMaUUOH-
HoMm yka3amerie «HayuoHarbHble cmaHO0apmel», @ MEKCM U3MEHeHUU U MoMpasoK — 8 eXXeMeCsIHHOM UHGhop-
MayuoHHOM ykasamene «HauyuonanbHblie cmaHOapmei». B criyyae nepecmMompa (3aMeHbi) UnU OMMeHb!
Hacmosiweeo cmaHOapma coomeemcmasyiowiee ysedomneHue bydem oryb/UKOBaHO 8 eXeMecsYHOM
UHGbOPMaUUOHHOM yKkazamerne «HauuoHansHeie cmaHOapmsi». Coomeemcmeyiowas UHhopMayus, yee-
OomMnieHUe U meKembl pasMeliaromces makxe 8 UH(hopMauLOHHOU cucmeme obuie20 nonb308aHUss — Ha ohu-
yuansHoMm calime ®edepasibHO20 azeHMcmea 10 MEeXHUYECKOMY peaynuposaHuro U Memposoauu 8 cemu
UHmeprem (www.gost.ru)

© CrangapTtuHdopm, 2017

B Poccuiickoin ®enepaummn HaCTOAWMIA cTaHAAPT He MOXET BbITb NOMHOCTLIO UM YaCTUYHO BOCNPOU3BE-
[eH, TUPaXNpPOoBaH U pacnpocTpaHeH B kayecTBe odurumManbHoro usgaHua 6es paspelueHus deaepansHoro
areHTCTBa Mo TEXHUYECKOMY PerynupoBaHunio U MeTPOororum
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BBepeHue

HacToswmit cTaHaapT paspaboTaH Ha OCHOBe MeToaa nepecyeTa pabounx XxapakTepucTrK LeHTpobex-
HbIX HACOCOB C  BOAbI Ha BSA3KYO XUAKOCTb, NPeACTaBneHHoro B TexHudyeckom otyete ISO/TR 17766:2005
« LleHTpo6exHble Hacockl AN NepekayunBaHns BAKNX kugkocten — Monpaski K pabovmm xapakTepuctukamy.
MeTopn paspaboTaH Mmapasnuieckum NHCTUTYTOM (Hbto-xepcu, CLUA) n ABNsIeTCA 3MNUPUYECKAM, MOCKO b=
Ky OCHOBaH Ha pesynbTaTax aKCNepUMEHTamnbHbIX AaHHbIX, NOYYEeHHBIX U3 PasHbIX UCTOYHUKOB MO BCEMY
Mupy. OaHHbI MeToq NO3BONAET NPON3BECTM NepecyeT paboyelt XxapakTepUCTUKN LeHTpoBexHoro Hacoca ¢
BOObl Ha BSI3KYIO XMAKOCTb. [locnedoBaTenbHOCTL BOCNPOU3BEAEHUST MeToAa TakKe Mo3BonsieT NnpoBecTn
onTumarnbHbIA noabop Hacoca 4ns paboTbl Ha BA3KOW XXNAKOCTU Ha 3aAaHHbIX MapamMeTpax.

PacueTbl akcnnyaTaunoHHbIX XapakTepuUCTUK, MONy4YeHHbIe C UCNOMb30BaHNEM MeToAa, U3NOXEHHOro B
HacTosALleM cTaHaapTe, ABNATCA NpnbnmanTensHeiMu. CylecTByeT A40CTaTO4YHO MHOTO (haKTopoB, KOTOPbIE
AaHHbIA MeTO4 He Y4YUTbIBaeT, Hanpumep reoMeTpudeckue pasmepbl MPOTOYHOWM YacTu oTAenbHO B3ATOMO
Hacoca 1M ocobeHHOCTH ero KOHCTPYKUMN. OH Takke He yunTbiBaeT 0COBEHHOCTU TeYEeHUS XXMOKOCTU B 3aBU-
CMMOCTM OT (POPMbI M pa3MEPOB NPOTOYHOM YacTU. TEM HE MeHee 3TOT MeToA npeacTasnsieT coboi HagexHoe
1 anpobupoBaHHoe peLleHne Bonpoca nepecyeTta pabounx xapakre pucTUK LLeHTPOBEXXHBIX HAaCOCOB B YCNOBU-
AIX OrpaHUYEHHOCTU UCXOAHBLIX AaHHbIX. [aHHbI MeToq 6bin BbiIbpaH B kayecTBe OCHOBLI A4MA HACTOsILWEero
cTaHAapTa MOTOMY, YTO AaeT MUHUMaNbHOE PacXoXaeHUe MexXay pacyeTHEIMU U aKCNepUMeHTanbHbIMU AaH-
HbIMU NO CPaBHEHMIO C APYTMMW 3MNUPUHECKUMU MeTodaMN.

B npunoxeHusax A—B npuseaeHbl Npumepbl pacyeTa NoNpaBokK, 4aHO onNMcaHue pasfUYHbIX rMapaBnu-
Yeckux NoTepb, Nexalmx B OCHOBE U3MeHeHU pabounx xapakTepucTuk Hacoca Npu paboTe Ha BA3KUX XXUAKOC-
TSX, @ TaKke MeToAbl onpeaernieHns NoNpaBoYHOro koadduuneHTa NycKOBOro MOMeHTa U KaBUTaLMOHHOTO
3anaca.

WcxoaHet mexayHapoaHbelil AoKyMeHT noarotosneH TexHudeckum koMutetom TK 115 «Hacockl» Mex-
AyHapoHoi opraHusaumm no ctaHgaptusauum (MCO).
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M E XT T OGCVY.AUPCTUBETHTHUbB 1 C TAHIOAPT

HACOCbBI LEHTPOBEXHbIE ANA NEPEKAYUBAHUA BA3KUX XKWOKOCTEN
MonpaBku k pabounuM XapaKTepucTukam

Centrifugal pumps pumping viscous liquids. Corrections for operating characteristics

DaTta BBegeHna — 2018—01—01

1 O6nacTb NpMMeHeHus1

HacToawumin cTaHgapT ycTaHaBnMBaeT NMOpsAaoK nepecyeTa 3HavyeHUn pabovnx xapakTepuctuk, nony-
YeHHbIX Npu paboTe Ha Bode B NpeanodTuTesisHom paboyeM guanasoHe 0QHOCTYNEHYaTbIX U MHOTOCTYNeHYa-
ThIX LeHTPobeXHbIX HAaCOCOB TUMOBBLIX KOHCTPYKUMIA C OOHO- U ABYXCTOPOHHUM BCacbiBaHWEM, Ha BA3KUE
(HBIOTOHOBCKME) XXMAKOCTN CO CNeayrownMm orpaHnyeHUaMK:

- KUHeMaTM4ecKas BSI3KOCTb KMAKOCTM, Ha KOTOPYH MPOM3BOAUTCA nepecdyeT, cocTaenseT oT 1 Ao
3000 cCr;

- npu paboTe Hacoca Ha Boae B Touke MakcumMmansHoro KMa:

- nogava Qgep — \y cocTasnser ot 0,6 40 260 m3/y;
- K03 DULMEHT BBICTPOXOAHOCTU CTYNEHM Hacoca Ng <60 (Ng s <219);
- Hanop Ha cTyneHb Hgep _y cocTaBnaeT 3—130m.

HacToawuin ctaHaapT He NPUMEHUM:

- KOCeBbIM HacocaM U HacocaMm Co crnelnUIeCcKUMN KOHCT PYKTUBHBIMU 0COBEHHOCTAMM (A0NONHUTEfb-
Has MHopMaLus NpuBedeHa B NpunoxxeHun B);

- B cny4vae ecriu 3HadeHe NPSHA npesbiwaeT 3HayeHne NPSHR Ha BenuuuHy, HeloCTaTOuHyo Ans
komneHcauumn ysenuyieHnss NPSHR npu yBenuyeHnn BaskocTu;

- Npy paboTe Hacoca Ha HEHbIOTOHOBCKUX XXMAKOCTSAX (renn, nynena unp.)

MpumedyaHune— C He3Ha4UTENbHLIM CHUXEHUEM TOYHOCTU ONUCHIBAEMbIM METOA, MOXET NPUMEHATLCA Anst
nepecyeTa pabounx XxapakTepucTUK HACOCOB C BOAbI HA XXMOKOCTU C KNHeMaTU4eckomn BsiskocTbio o1 3000 1o 4000 cCr.

2 HopmaTuBHbIe CCbISIKN

B HacTosilweM cTaHAapTe UCNONb3oBaHa HOPMATUBHAA CChINIKa Ha CNeayLUIA MeXrocyAapCTBEHHbIN
cTaHgaprT:

FOCT ISO 17769-1—2014 Hacocbl XUAKOCTHbIE U YCTaHOBKA. OCHOBHbIE TEPMUHBI, ONpeaerneHuns,
KONM4ecTBEHHbIE BeNUYUHbI, ByKBeHHble 0603HaYeHUA U eauHULBI MaMeperus. HYacTb 1. KnakocTHble Hacochl

Mpu™MeyaHune—Ipn NONb30BaHMK HACTOAWMUM CTAHAAPTOM LenecoobpasHo NPoBepUTL AENCTBUE CCbINOY-
HbIX CTaHA4apPTOB B MHOPMAUMOHHOW cucTeMe obWwero nonb3oBaHua — Ha oduumanbHom canTte depgepanbHOro
areHTCTBa NO TEXHUYECKOMY PErYNMPOBAHMIO Y METPONOTMK B ceTU VHTEPHET Unmn No eXerogHomy MHMOpMaLUoOHHOMY
ykasarenio «HaunoHanbHble cCTaHgapTLI», KOTOPLIM ONYGNMKOBAH NO COCTOSHMIO Ha 1 AHBaPSA TEKYLLLEro roaa, v no Bbinyc-
KaM eXeMeCsA4HOro MHHOPMaLMOHHOrO ykasaTens « HaunoHanbHble CTaHAapTLI» 3a TeKywWwmii rog. Ecnn 3ameHeH ceblnoy-
HbI CTAHAAPT, Ha KOTOPLIN AaHa AaTUPOBAHHAS CChIKA, TO PEKOMEHAYETCA CNONb30BaTh BEPCUIO 3TOFO CTaHaapTa ¢
YKa3aHHbIM BbILE FOA0M YTBEPXASHUA (NpuHATUS). ECnv nocne yTBepxaeHUS HACTOALWEro CTaHAapTa B CCbINTOYHbIN CTaH-
AapT, Ha KOTOpLIN JaHa AaTUPOBAHHANA CCbiNka, BHECEHO U3MEHeHue, 3aTparvealowee NonoXeHne, Ha KOTopoe gaHa
CCbIIKa, TO 3TO NONOXEHUE PeKOMEHAYETCH NPUMEHATL 6e3 yHeTa AaHHOTO n3MeHeHns. Ecnu cebinoyHbiv cTaHgapT oTMe-
HeH 6e3 3ameHbl, TO NONOXeHWe, B KOTOPOM [jaHa CCblNKa Ha Hero, PEKOMeHAYeTCsi NPUMEHSITb B 4acTH, He 3aTparmealoLLei
9TY CCbIJIKY.

U3spanve opmumansHoe
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3 TepMuWHbI M onpeaeneHus

B HacTosilem cTaHgapTe npumeHeHbl TepMmuHbl no FOCT ISO 17769-1, a Takke cnefyrowme TePMUHbI C
COOTBETCTBYIOLMMU onpeaeneHUsAMM:

3.1 pabouas xapakTepucTuka Hacoca: 3aBucMMOCTb Hanopa unu KMNQ ueHTpobexHoro Hacoca oT
nogadu, npegcraBneHHas B Buae KprBoi Ha rpadpmke ¢ COOTBETCTBYIOLLMMN OCAMU KOOPAUHAT.

3.2 Touka makcumanbHoro KIMNA: ToukaHa paboyei xapakrepucTuke LeHTpobexHoro Hacoca, B KOTO-
poi Npy 3afjaHHOM YacToTe BpalleHUs AocTUraeTcsl MakcumarnbHoe 3HadeHune KA.

3.3 koadhduLMeHT 6bICTPOXOAHOCTU Ng. Ng: YacroTa BpalleHusi LeHTpobexXHOro Hacoca, reomeTpu-
yeckmn nogoBHoro paccMaTpMBaeMoOMy, Y KOTOporo nofaada coctaenset 0,075 m3/c npu cosgaBaeMom Hanope
1 M v onpegensieTcs popmynamm:

0,5
ng= nQgp (M
0,75
Hgip

roe n—wJacTtoTa BpallleHWs Bana paccmaTtpuBaemoro Hacoca, MuH-1;

Qggp — NoAaya paccMaTpUBaeMoro Hacoca B Touke MakcumansHoro KMp, m3/c;

Hggp —Hanop cTyneHu paccMaTpuBaeMoro Hacoca B Touke MakcumarsbsHoro KM, m,
n

ne=3,65n, @)

MpumeyaHune — B onuceiBaeMoM mMeTode BCe pacyeTbl BegyTcsl No ko3dduuneHTty BbICTPOXogHOCTH N
onpeaensiemomy no cpopmyre (1). KoadhpuumeHT GbICTPOXOAHOCTH Ny, PacCCUMTBIBAEMbIN NO hopmyne (2), npusoguTcs
CNpaBoYHO M3-3a WMPOKOro pacnpocTpaHeHNs B OTEHECTBEHHOW NUTEpaType MO HACOCOCTPOEHWIO.

3.4 HbIOTOHOBCKas XXUOKOCTb: Bsskasi XnakocCTb CMUHENHON 3aBUCUMOCTLIO KacaTebHOro Hanpsike-
HUA OT rpagueHTa CKOpOCTU.

Mpumep — macna, Hegpmb, 6ypoeoll pacmeop.

4 CokpaleHusi ¥ 0603HauYeHUs

B HacTosileM cTaHaapTe NpuBeAeHbI COKpaLleHus nobo3HaveHus B cooTeeTcTBUM cMTOCTISO 17769-1,
a Takke criegytoLne TepMUHbl 1 0603HaYEHUS:

BEP — Touka makcumanbHoro KIMNpAa;

C‘n — nonpaBoyHbIi koadpcpuumeHT KMNA;

C wRR— nonpasBo4HbIi koaduumeHT KM, 0bycnoBneHHbI TpeHNEM ANCKa;

C,,— nonpaBoyHbIi koahuLMeHT Hanopa;

Cgep - H — NoOMpaBoYHbI K03 PULMEHT Hanopa, COOTBETCTBYIOLLNIA NoAaYe B TOUYKE MaKCMMarnbHOro
KMA Hacoca npu ero paboTe Ha Boge;

CNpsH — NONpaBoYHbIA kKo3thdULMEHT KaBUTaLIMOHHOrO 3anaca;

Cq — NonpaBoYHbIN KO3 DULIMEHT noaauu;

d, — anameTp BbixoAa paboyero koneca, M;

g — yckopeHue ceoboaHoro nageHus, m/c?;

H — Hanop cTyneHn Hacoca, M;

HgEp - \is — Hanop cTyneHn npu nojaye, COOTBETCTBYOLWEN Touke MakcumansHoro KM/ Hacoca npu
paboTe Ha BA3KOMW XUAKOCTU, M;

Hgep _w — Hanop cTyneHu npu nogaye, COOTBETCTBYIOWEN Touke MakcumansHoro KM Hacoca npu
paboTe Ha Bofie, M;

H, — rmapasnuyeckue notepu, M;

H;,, — TeopeTudeckuii Hanop (6e3 yueTa ytedek), m;

H, ;s — Hanop BA3KON XXnaKocTu, M. Hanop ctynexHun npu paboTe Ha BASKOW XNUAKOCTH,;

vis — tot — MOMHbINA HANop Hacoca Npu paboTe Ha BA3KOW XNAKOCTH, M;

H,,— Hanop cTyneHu npu pabote Ha BoAe, M;

N—vacToTa BpallleHus Bana Hacoca, MuH-1;

ng— k03¢hppULMEHT BbICTPOXOAHOCTHU;
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ng — k03hPULIMEHT BICTPOXOAHOCTU, UCTIOMNb3YeMbli B OTeHeCTBEHHON NuTepaType;
NPSHA — nonyckaeMbli KaBUTaLMOHHBIN 3anac Hacoca, M;
NPSHR — TpebyeMblii kaBUTaLMOHHBIA 3anac Hacoca (M), onpegensiembll 3 %-HbIM KpUTEepuem nage-
HUA Hanopa;
NPSHRggp _ yy— Tpebyemblii kaB1TaLMOHHLIA 3anac, M, B Touke MakcumasbHoro KM Hacoca npu pa6o-
Te Ha Boe, onpeaensieMblil 3 %-HbIM KpUTEPUEM NadeHUs Hanopa,;
NPSHR,;; — KaB1TaLMOHHbI 3anac Hacoca, Tpebyemblil AN nepekaynBaHns BA3KON XUAKOCTH, M;
NPSHR, — KaBuTaLMOHHbIN 3anac Hacoca (M), TpebyeMbln Ans nepekavnBaH1a BoAbl Ha OCHOBaHUM
cTaHgapTHoro 3 %-HOro Kputepusa nageHus Hanopa,
P — mowHocTb (6e3 noacTpoYHOro nHaekca) — MOLHOCTb Ha MydTe, KBT;
P,,— MexaHu4ecKi1e noTepn MOLLIHOCTH, KBT;
P,— nonesHasi MOLIHOCTb, NepedaBaemas Xuakoctu, kBT, P, = pgQH;
Prr — noTepu MOLLIHOCTW Ha TpeHWe ANCKOB, KBT,
P,;s — MOLLHOCTb € y4eToM BA3KOCTH, KBT. MoLLHOCTb Ha Bany Hacoca, Heobxoaumas Ans nepekaqnsa-
HUA BA3KUX cpes;
P\y,— MOLLUHOCTb Ha Bany Hacoca, Heobxoaumas Ans nepekadmsaHusa Bogbl, KBT;
Q — nopava Hacoca, M3/u;
Qgep _ w— Nogada Hacoca npu paboTe Ha Boge, M3/4, Npu KOTOPOMN JOCTUraeTCcs MakcuManbHoe 3Hade-
Hue KMNMA Hacoca;
Q,js — NoAaya Hacoca npu paboTe Ha BAKOW KUAKOCTU, M3/u;
Qy,— nogdava Hacoca npu paboTe Ha Boae, M3/y;
G*— OTHOLLEHWe BenMUMHbLI NoJaqm K BenuinHe noaadn B Todke makcumansHoro KMNA g* = Q/Qgep;
Re — 4ucno PeiHonbaca;
r, — HapyXHblil paaunyc pabouero koneca, m;
S — yAenbHbIA BEC NepekaqnBaeMomn XXMAKOCTU No OTHOLLEHUIO K BoAe Npu TemnepaTtype 20 °C;
V, ;s — KMHeMaTnyeckas BA3KOCTb Nepeka4ynmBaemoi Xuakoctu, cCT;
V|y—KuHemaTtu4eckas BA3KoCTb BoAbl, cCT,;
KM — koacbpuLmeHT nonesHoro 4eNcTBus;
n— ob6wwin KMA Hacoca;
ngep — W — MakcumarsbHoe sHadeHue KMNJ Hacoca npu paGoTe Ha Boae;
Np— mapasnuyeckui KM,
Nvis — KM Hacoca npu paboTe Ha BA3KOW XMAKOCTH,
Nyl — 0O beMHbINA KI;
nw— KIMA Hacoca npu pa6oTte Ha Boae;
| — AuHamMuyeckas BA3KocTb, H- c/m?;
v— KMHeMaTuJeckasi BASKOCTb, M2/C;
p — NNOTHOCTb, Kr/M3;
v — Ko3dduLmMeHT Hanopa;
»— YrnoBas YacToTa BpalleHus Bana Hacoca, pag/c o= nn/30.

5 lMepecueT pabouyen xapakTepUCTUKKN

5.1 O6Lwue nonoxeHUs NnepecyeTta

[ns BuinonHeHus nepecyeTa pabounx NapameTpoB Hacoca € BOAbI Ha BSA3KYH XUAKOCTb HeoBXxoauMo
Hanuuue paboyeit xapakTepUCTUKN Hacoca, NonyYeHHoOM Npu ero paboTte Ha Boae.

NS nonyveHns ToMHOM paGodeii XapaKTepUCTUKK Hacoca Npu ero paboTe Ha BA3KOMW XUAKOCTU crieayeT
NPOBECTU UCTILITaHWA Hacoca HeNOCPEACTBEHHO Ha AaHHOW XUAKOCTH.

5.2 AnroputM nepecueTa

ANropuUTM NepecyeTa BKITIOYaeT cneaytoLiue atans:

1) oueHka NPUMEHUMOCTU A1 KOHKPETHOrO Cry4as (CM. pUCYHOK 1);

2) pacuyeTnapameTpoBHacoca npu paboTe Ha BA3KON XKMAKOCTU MPU YCITOBUW, YTO N3BECTHBI NapameTpbl
pa6oTbl Hacoca Ha Bofe (CM. PUCYHOK 2).

M pwumedyaH ne—TIlpumep pacueta no 4aHHON METOAMUKE NPUBEAEH B NPUNoXeHun A.
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MepecueT BbINONHAESTCA AN (0QHO- UK Het MeToa HenpuMeHUM
MHOMOCTYNEHYATOr0) LeHTPOGEKHOIO :>
Hacoca?

2!

KakoBa GbICTPOXOQHOCTb CTYNEHU Hacoca? Her

MeTon HenpumMeHUM
(g 60) [:>

2!

- Nogava Hacoca B TOYKE MAKCUMAIrbHOrO
KMA Ha Boge QBEP_W cocTtaensieT ot 0,6 A0 Her

260 m3/y; :> MeToa HenpuMeHUM

- Hanop Ha CTyneéHb B TOYKE MaKCUMalribHOro

KA npu pa6oTe Ha Boge Hyp

cocTtasnsieT oT 3 00130 m

2!

OTHOCUTCA N NepekadBaeMas cpeaa k Het MeToa HenpUMEHNM

KNaccy HelOTOHOBCKUX KUAKOCTEN?

-1

KunemaTnyeckas BAKOCTb XMUAKOCTH Her MeToz HenpumMeH1M
HaxoauTcs B npeaenax oT 1 go 3000 cCT? Cwm. npum. Pasaena 1
MPOLUEOYPA MEPECHYETA
NPUMEHUMA

PucyHok 1 — AnropyTtm oUueHKM NPUMEHNMOCTM NpoLeaypbl nepecyeTa



PaccuntaTtb napametp B no cdopmyne (4)

J

MNapameTp B=40?

Het

<=

MapameTpbl B217?

Het

<=

ﬂg

Beiumenutb Hyep i M Qi MO chopmynam (6) un (7)

<=

Bbluncnnte H; no copmyne (9)

<=

l

Bobiumcnuts P no gopmyne (13)

PucyHok 2 — Anroputm nepecyeta napameTpoB Hacoca Npu paboTte Ha BA3KOW XUAKOCTU

5.2.1 PaccuutaTb yucno PeiHoneaca:

Bbluncnute m,, N0 chopmyne (12) <
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Heobxoanm pacyeT notepb

Hvis=Hw; Qvis= QW

[~2
Re = ¥ QBEP—W" ]

Vi

Bbliuucnutb napameTp B no popmyne:

165

B=__> __
260n,VRe

raen,
Re —uucno PeiHonbAaca.
Ecnn 1<B <40, nepeintnk5.2.2.

— k03 PULIMEHT BbICTPOXOAHOCTI, paccuMTaHHBbIN No coopmyne (1);

()

(4)

Ecnu B >40, To nonyyeHHble NonpaBoyHble koaddrUUMeHTbI, NonyYeHHble AaHHBIM nepecyeToMm, GyayT
UMeTb BLICOKYIO CTENeHb HETOUHOCTU. B 3TOM criyyae Heo6XoAMMO NPOBECTM AeTasbHbIA aHanua noTepb, Noa-

X0Abl K KOTOPOMY U3JT0XKEHbI B MPUIIOXKEeHUn b.

Ecnu B<1, 3apaTb 3HayeHua Cy = 1u Cq = 1, 3aTem nepentn k 5.2.4.

MpumeuaHue—Tpu B <1 paboyasi xapaKTepUCTMKa HACOCA HA BA3KON XMAKOCTU COOTBETCTBYET paGoyen

XapakTepucTtuke Hacoca Ha Boe.

5.2.2 PaccuutaTb nonpaBoYHbIA KO3thdULMEHT nogauun CQ, COOTBETCTBYIOLLMIA 3HAYEHUIO NOoJAaum B
TouKe MakcumarnbHoro KrNp, npu paboTe Ha Boae Qpep _ /-

CQ = (2,71)—0,165(IogB)3,15_

()
5
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BbluncnnTb sHaueHne nofaqu npu paboTe Ha BASKON KXUAKOCTU Q!
Quis = CqQu - (6)
Bblumcnutb 3HaveHWe Hanopa Hacoca B Touke MakcumanbsHoro KM npu paboTe Ha BAIKOW XKUOKOCTH,

NpuHUMas BO BHUMaHWe 70, 4To Cgep _ iy = Cqy:!
Hgep _vis = Cgep - HHBEP - W (7)
5.2.3 [InapanasHaveHnin Qy,, paccuutaTb 3Ha4eHUs NonpasoyHoro koadguumeHTa Hanopa Cyy:
0,75 (8)
Ch=1- (1_CBEP—H)[7J :
Qsep-w

Ha ocHoBe nonyveHHbIX 3HaveHUn Cpy 1 3HaveHUiA Hyy, B3ATLIX C UCXOAHON XapaKTepuUCTUKM Npu CooTBe-
TCTBYIOLUX 3HAYEHUAX Q)y, BBIMUCTIUTL HAMOP Npu paboTe Ha BASKON XUAKOCTK:

Hyis = CHyy. (9)

Mpumeyanune—S3Hauenns Cq, Cpep _ ¥ CpyMOTYT BbiTh B3ATHI C rpagpuka, NpUBeAEHHOTO Ha pUCYHKe 3.

09 E=s

0,8

0,7 S0

0,6 ~ >~

05 ~
~
04

/ .
/)
< N W[ N

03

0,2
0,1

0 -
1 10 100 x

X— napawmeTp B; Y —nonpasouHbie koadpduumentsl Cuun Co; 1—C=fB)npn Qy, = 1,2 Qgep s 2— Cyn Cy = (B) npu

W!
Q= Quep_ i 3—C,=fB) NP1 Q) =0,8 Qgep i 4— Cpy = B) P Qyy, = 0,6 Quep

PucyHok 3 — [lnarpamma nonpasoutbix ko3 duumneHtos Cq u Cyy = f(B)

5.2.4 PaccuutaTtb nonpaBoyHbln koadduumeHT KM n cootBeTcTBYlOWMNE 3HaYeHus KM Hacoca ana
BSIBKUX KUAKOCTEN:

c, _ g-005478%%° npu1<B <40, (10)

[TpumeyaHwune—3HadveHus C11 MOryT 6bITb B35iTbl C rpacouka, NpMBeAeHHOro Ha pUCYHKe 4.
0,07 11)
Vi (
1- (1_UBEPW)(\;ISJ
w

= npyv B<1.
MBEP-w

C

PaccuntaTb cooTBeTCTBYOWME 3HaveHMs KM Hacoca npu paboTe Ha BA3KOW KMOKOCTN:
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Y A
1
0,9
0,8 \\
’ ~N
07 ™
0,6 N

05 N
y N

0,3 \
0,2 \

0,1 AN

1 10 100

X —napameTp B; Y — nonpaBoyHbIn koaddpuumneHt Cn
PucyHok 4 — [lnarpamma nonpaBo4HOro koaddpuumneHTa Cn = f(B)

5.2.5 PaccunTtatb 3HauyeHust NoTpebnsieMoli MOLLHOCTN Ha Bany Hacoca Npu nepekavynBaHumn BA3KUX
KUAKOCTER:
_ QViSHvis-totS (13)

P
Ve 367y
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MpunoxeHne A
(cnpaBo4Hoe)

Mpumep nepecyeTa napaMeTpoB Hacoca ¢ BOAbI Ha BA3KYH XUAKOCTb

UcxoaHble AaHHble. OQHOCTYNEHYaTHI HAacoc Npu paboTe Ha BoAe MMeeT MakcumarbHoe 3HaqveHue KM
Ngep - w = 0,68 npu nopave Qgep_y =110 M4 u nonHom Hanope Hgep_ =77 M MPU 4acToTe BpaLieHus
n = 2950 mun~!. HeoB6xoammo onpeaenuTh 3Ha4UeHUsi NapameTpoB Hacoca Npy paboTe Ha BASKOI XNAKOCTH (Vs =120cCTt
¥ yaenbHbiM Becom § = 0,9). 3HaueHns napameTpoB HAcoCa Ha noaavax, OTNUYHbIX OT Qgpp_ 1y, MPMBEAEH:! B Tabnu-
ue A.1. McxogHas xapakTepucTuka Hacoca npeacrtaBneHa Ha pucyHke A.1.

War 1. PaccuutaTb uncno PenHonbaca, koadduuneHT 6eicTpoxogHoCcTH 1 napameTp B. Ecnu Hacoc MHOroCTyneH-
yaTblii, To NapameTp B cnegyeT BbIMMCASATL NO HANOPY «HA CTYNEHbY:

2
Y%epwr 11022950 A1)

Re = = = 2,74,
is 120

0.5 A2

05 zgso.(mj (A.2)
= "CBEp _ 3600/ - 1983
S 0,75 0,75 T

HBEP 7
165 165 — 5592 (A.3)

B= =
12l60n,VRe  1260-1983274

War2. PaccuntaTb nornpaeouHbii koatdrumneHT noaaum Cq v BbIMMCIIMTB 3HAYEHWS NoAaYm Hacoca npu paote Ha

BASKOWN XMaKocTH Q,, C MOMPABKOM Ha 3HAYEHUS OTHOCUTENBHOM NoAAaYM Hacoca Npu paGoTe Ha Boae Qu/Qpep _ w+

Cq= (2,71)—0,165009 B> _ (2‘71)—0,165009 552)31% _ 0,938, (A.4)

A5

Qus = CQQW={anQW = 1}= 0,938-110-1 = 103,2 M3/, (A-5)
EP-W

(A.6)

Qus = CQQW={anQW =0,6}= 0,938-110-0,6 = 61,9 m3/u.
Qeep-w

PaccunTath nonpaBoqHbiN k03 dUUMEHT HaNopa 1 BbIMUCAWUTL 3HAYEHWE HaMopa Hacoca nNpu paboTe Ha BSA3KOM
XNaKocTu B Touke MakcumanwsHoro KIJ (touka BEP):

Caep_ 1= Cq=0,938; (A7)

Haep —vis = Caep  1Haep_w = 0,938 - 77 =722 m. (A.8)

War3. PaccuuTaTb NonpaeoyHbIi kKoaduumueHT Hanopa C, ¥ 3HauYeHNs Hanopa Ha BA3KOW XUakocTn H, .. ans no-
aad Qy, otnuuaowmxces ot Qgep _ -

Mpn Q= 0,6Qgep _ y COOTBETCTBYIOLMIA nonpaso4HbIN K03 rUUMeHT Cyy M COOTBETCTBYIOWMIA €MY HANOP Ha BA3-
KOW XugkocTn H, ;. COCTaBsAT:

Qw 0,75 (A.9)
Cy=1-|(1 _CBEPH)(QBWJ =1-(1-0,938)-0,6%75 = 0,958;
EP
Hys = CyHy, = 0,958 - 87,3 = 83,6 m. (A.10)
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War4. PaccuntatenonpasoyHbii koadduumneHt KMO Cu cootBeTcTByowme 3nadvenus KM Hacoca npu paboTte Ha
BA3KOW xunakoctu C, . C NONpaBKoi Ha 3Ha4eHNst OTHOCUTENBHOW NoJaqn Hacoca npu pabote Ha Boae Q,,/Qgep _ - Moc-
KOnbKy 3HaueHue napameTpa B HaxognTcsi B pegenax ot 1 4o 40, To gnsa pacyeTa C11 ucrionb3yetcs popmyna (10) pasge-
na 5 Hacrosuero ctaHgapra:

Cn =B005478%%  _ 5 5-00847.552°% - g 738 (A1)
s = Cyyy = fnpv — W = 120,738 0,68 = 0,502; (A12)
Qzep-w
Mvis = Cotiw = {npn — ¥ = 0,6} = 0,738 0,602 = 0,444, (A13)
Qgep-w

War 5. Paccuutars 3HaueHusi noTpebnsemon MOWHOCTM Ha Bany Hacoca npy paboTte Ha BA3KOW XMAKOCTH P . ©
MonpaBKom Ha 3Ha4eHNsl OTHOCUTENbHOMN NoAaymn Hacoca npu pabote Ha Boae Qu/Qgep _ w

Que, 722 A4
b= XS 0 Q) 100272208 g0 0 (A14)
3671y hepw 3670502
o . A15
Pus = s ctt® gy _Qu gy 19836 0 q gy (A19)
36714 [N 3670444

PesynbTaTthl pacyeTta Hapsioy € UCXOOHbIMY AaHHLIMW NPeCcTaBneHbl Ha pucyHke A.1 1 ceegeHsbl B Tabnuuy A. 1

Y, kv,

100 1
90 ——1—+16 09
80 i E e 08
70 Pam—— = \v < 07
60 — S 0,6
50 i/ 3= — 0,5
40 — 2——{ o | 0.4

Lt~ 11—

30 - 2 ; 03
20 — 02
10 A4 0,1

0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 X

X— nopava, M3/4, Npu vacToTe BpalieHust n = 2950 MUH™"; Y, — nonHbIi HANOP, M, NN MOLLHOCTb, KBT; Y,— KMNA; cnnowwas
NUHWA — BOAA; NYHKTMPHAA NUHUA — BA3KAs )uakocts; V. = 120cCtns=090;1,2 — P=f(Q);3,4—n =f(Q); 5, 6 —H=1(Q)

vis

Pucyrnok A.1 —NepecyeT xapakTepnCTkn OQHOCTYNEeHYaToro Hacoca
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Tabnwuuya A1—Tpumep pacyeta napaMeTpoB C BOAbl Ha BA3KYIO XNOKOCTb

MapameTp (u3anyeckas BenmumHa) 3HaveHue
BsskocTb nepekavnBaemMom xumakoctn Vi, cCt 120
YaenbHbIlh BEC BA3KOW XXUAKOCTU S 0,90
YacToTa BpalleHust Bana Hacoca n, MUK 2950
KoadbdumumeHT nogaym Hacoca Ha Boae Qu/Qeep —w 0,60 0,80 1,00 1,20
Mopayva Hacoca Ha Boge Qu unu Qgep —w, Y 66,0 88,0 110,0 132,0
Hanop ctynenn Hacoca Ha Boge Hy vnn Hgep _w, M 87,3 83,0 77,0 69,7
KA nacoca Ha Boge mw 0,60 0,66 0,68 0,66
MapameTtp B 5,52
MonpaeoyHbIn KoathduumeHT nogaum Cq 0,938
MonpaeoyHble koachduumeHTsl Hanopa Cy nnu Ceep _ g 0,958 0,947 0,938 0,929
MNonpasouHbv kKoadduumnent KNA C ., 0,738
CkoppektupoBaHHasi nogava Qs i Qgep _vis, Y 61,9 82,5 103,2 123,8
CKoppeKkTUpoBaHHbIN Hanop cTyneHn Hys nnn Hgep _ yis, M 83,6 78,6 72,2 64,8
CkoppektupoBarHbin KIMNO myis 0,44 0,49 0,50 0,48
MowHoCcTE Ha Bany Hacoca Ha BA3KOW Xxugroctu Py, kBT 28,6 32,5 36,4 40,2

10
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Mpwunoxenvne b
(cnpaBo4Hoe)

AHanus notepb 3Hepruun npu paboTe HACOCOB Ha BA3KUX XKUAKOCTAX

B.1 O6wmwme nonoxeHus

B naHHOM NPUNOXKEHUU NPUBOAATCH 06 bACHEHNSA OCHOB TEOPETUYECKMX METOAOB aHannaa noTepb SHEPrUMK B HACO-
cax, paboTaloWmX Ha BASKUX KUOKOCTSX. TakKe NpeacTaBneH aHanuTUYeckuii MeTod NPorHo3upoBaHUs KaBUTaLMOHHOIO
3anaca Hacoca Npu NepeKkaunBaHnm BA3KON XmnakocTu. [laHHbIi MeToA He NOATBEePXKAEH SKCNepUMeHTarbHO.

B.2 BanaHC MOLHOCTU M NOTepH

BanaHc molHOCTM Hacoca 6e3 peuupKynsiuMm NpeacTaeneH B ypaBHeHun (B.1), kotopoe moxeT ObiTe NPUMEHEHO
KaK kK HacoCy ANsi nepekaqmnBaHunst Bogpl, Tak M K HACOCY ANA NepeKkaynBaHns BA3KOW KUOKOCTH:

pgQH (6.1)

P=fl=—|+P+P_,
{T'lvomh] RR m

rae P—BxogHasi MOWHOCTb HACOCa;
Tlyo — OB BEMHBIN KM,
Ny —rmapasnuueckuin KMNA;
Prr—CyMMa BCEX NOTepb Ha TPeHMe ANCKOB Ha BHELWHUX CTOPOHax paboyero koneca u yCTpoNCcTBa 0CEBON pasrpy3km —
GanaHcupoBoYHoro 6apabaHa unv aucka, ecnm OHW ecThb;
P, — CyMMa BCEX MEXaHNYECKMX MOTEPb OT PaanasbHbIX 1 YNOPHbIX NOALUMMHUKOB, a TaKKe OT yNNOTHeHWH Bana.

Mpu NoBbIWEHNN BA3KOCTN NePeKa“MBae Mo XXUAKOCTU Y1Cno PenHoneaca yMeHbLLAeTCA, YTO NPUBOANT K yBEnn4e-
HUIO KO3 PMLMEHTa TPEHUA B NPOTOYHOM YacTU HAcoCa, aHanorM4YHoO TeYEHUIO XXMAKOCTK B Tpy6onpoeoge. MNoBbiweHne
BSI3KOCTU MPUBOAMT K CNeayoLmMM NOTEPAM B HACOCe.

MexaHun4veckne noTtepm, P, He 3aBUCAT OT BA3KOCTM NepeKaqMBaeMoi XXnakocTu.

FmapaBnnyeckme noTepm (aHanorM4Hbl NOTEPSIM Ha TPEHWe Mo ArvHe TpyGonpoBoga) BO3HMKAIOT Ha BXoAe, B
paboyem kornece, B CNMpansHOM OTBOAE I B HAaNpaensiloleM annapare, a Takke Ha BbiIXxoZe U3 Hacoca. B ocHoBe Teopum
LeHTPOBexXHbLIX HAaCOCOB NONeaHbIN Hanop HnpeacTasnaeT coboii pasHOCTL TeopeTMUeCcKoro Hanopa pabouerokoneca Hy,
v rmgpaenuyecknx noteps H, . B cooteetctaum ¢ [1], [2] v [3] kapTuHa T€4EHMA NOTOKA M KO3 DMUMEHT CKONb)eHUsA pabo-
Yero Korneca He 3aBUCAT OT BASKOCTU NEPEKAYNBAEMON XUOKOCTN U, CNeA0BaTENbHO, HE 0Ka3bIBaIOT BIIUSIHUS HA TEOPETU-
Yeckuii Hanop. Takum o06pa3om, O6YCrnoOBrneHHOe BS3KMM TEYEHMEM CHMXKEHWe Hanopa siBnsietcs yHKumMen
rmapaBnnYecKnx NoTepb NOTOKA BA3KOWN NepPeKavyMBaeMOom XUIKOCTH.

M'vapaenvyeckue NOTEpY BKITKOHAIOT NOTEPY HA TPEHUE, T. €. PYHKUMIO Ycna PeliHonbzca (pa3mep Hacoca, YacTtoTa
BpalleHUsi poTopa 1 BNMSIHUE BA3KOCTH), OT LUIEPOXOBATOCTH NOBEPXHOCTU MMAPaBIIMUECKUX TPAKTOB U CMeLLaHHbIe NnoTe-
Py, BbI3BaHHbIE M3MEHEHUEM CKOPOCTM OBWXXEHWS MOTOKa M3-32 HEOOHOPOAHOro pacrnpefierieHnsi ckopocTein. Takue
HEOAHOPOAHOCTU MU CMELLaHHbIE NOTEPU BbI3BaHbI BO3AEUCTBMEM NNONACTHON CUCTEMBI, NOKanbHbIM 3aMezIieHUEM XUz-
KOCTMW, YIna aTtakvm Mexgy NOTOKOM XXUAKOCTU U NIONACcTAMM, a TakKe NToKanbHbIMU pasfieNneHnsiMm1 NnoToka.

O6beMHbIe noTepy 06yCcnoBneHbl yTevkamu paboyei XMaKoCTy Yepes ynnoTHUTENbHLIE 3a30pbl MEXAY Bpalualo-
LMMUCH M HENOOBWXHbIMM YaCTAMM HACOCA. Takue yTeukn yMEeHbLLAIOTCA C yBENMYEHNEM BSI3KOCTU BCNEACTBUE MNOBbILLE-
HUS KOSMMPULNEHTOB TPEHMSA B 3a30pax Npy ymeHbleHun yncna PenHonbaca. Takum o6pa3om, 3HaveHue pacxopa
XKMOKOCTU Yepes HacoC BO3PACTAET, MNONOXNTENBHO BITUAA HA HAMOPHYIO XapaKTepUCTHKY, YTO YaCTUHHO KOMIMEHCHpyeT
rmapaenuyeckme noTepw.

O6bemHble noTepu Hanbonee 3ameTHbI Npy paboTe HeboNbLIMX HACOCOB HU3KOW BLICTPOXOAHOCTU C OTHOCUTENBHO
6oMNbWKYMK 3a30pamu NpY NepekavnBaHnmM XNAKOCTeN ¢ BA3KOCTLI0 HUuXe 100 cCT. B pesynbTaTe yMepeHHOe YBEnuueHue
BSI3KOCTU HE OKa3bIBAET CYLECTBEHHOIO BIUAHWA Ha Hanop. 3BeCTHBI CrnyYan He3Ha4UTENbHOIO NOBLILLEHUS Harnopa B
pesynbTaTte yBenu4eHus BA3KOCTU NepekaunBaeMon XugkocTu [4].

MpepcTaBnenHyto B [5] MHOPMaLMIO YCNEWHO NPYMEHSNW AN BbIYUCIIEHNST YTEYEK NepekavnBaemMon XNAKOCTH
yepes WerneBble YrNNoTHEHWUS.

MoTepw Ha ANCKOBOE TPEHMEe BO3HMKAIOT HA BCEX BPaLLAKOLLUXCS MOBEPXHOCTSAX B HACOCE, HAXOASALWMXCS B KOHTaK-
Te C NnepekaunBaemoi X1AKOCTbI0. CBSA3aHHbIE C HUIMU MOTEPU MOWHOCTN Ppp 3HaunTenbHo BnmaioT Ha KN nacoca npu
nepekaqnBaHun BSA3KUX XnakocTen. MNoTepn Ha TpeHne obpa3sytoTes rnaeHbIM 06pa3om Ha AUCKax 3aKpbiToro paboyero
KOMecaw B yCTPOWCTBAX ANsl OCEBOW Pa3rpy3ku. Takne noTepu TakKe yBeNnM4nMBaTCs ¢ yMeHbLLEHEM Yncna PeliHonbaca
WY NOBbILLEHWEM BA3KOCTU; OHW MOTYT BbITh paccumTaHbl Ha 6a3e MeToauK, M3NOXeHHbIX B nuTepatype [6]. C AgaHHbIMK O

11
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BbIYMCNEHMN OWNCKOBbIX MOTEPe WM MNOTEPb B pas3rpy3odHoM OGapabaHe, KOTOpble XOPOWO KOPPenupylT ¢
SKCNEePUMEHTaNbHbLIMU pe3yrnbTaTaMu, MOXHO 03HakoMUTLCs B [5], [7]1 v [8].

MorpaHunyHble Croun OKONo AMCKOB paboyero koneca fo0aensioT K nepekavvBaeMon XUOKOCTU HEKOTOPYIO Nones-
HY0 3Hepruto. 3ToT apdeKT YaCTUHHO KOMMEHCMPYET MMAPaBIINYECKME NOTEPU U TAKXKE BNUSIET HA NOBbIWEHNE Hanopa npu
nepekaYmBaHnm XXMGKoCTH C yMepPEHHOW BSIBKOCTbIO.

MoTepu Ha AUCKOBOE TPEHUE 3HAYUTEIBHO BNUAOT Ha NOTPebnsieMyio HACOCOM MOLLHOCTb. 3aBMCMMOCTb AuamMeT-
pa pabouero koneca d,, 4acToTbl BpalLeHWs N, koadduLmenTa BeICTPOXOAHOCTU N, 1 KosduLmMeHTa Hanopa y  npea-

. q
CTaeneHbl hopmynomn

d3n® (6.2)
nZy 25

Ppr=f

Brnsinne Baskoctu Ha KMNJ npeacrasnero Ha pucyHke b.1, Ha KOTOPOM OTHOLLEHWE NOTepb Ha AMCKOBOE TPpeHWe Ppg
KMoneaHon MOWHOCTM P, NpeCTaBMNeHO Kak YHKLINS KWNHE MaTUHECKOI BA3KOCTU B 38BUCMMOCTN OT KoadhduumeHTa Gbic-
TPOXOAHOCTH N,. B IAHHOM KOHKDETHOM Cy4ae NoTepy Ha ANCKOBOE TPEHNE YBENNIMBAIOTCS npubnuantensHo B 30 pa3
npu yBenmqumm BaizkocTnoT 1076 o 3 - 1073 m2/c (o1 1,20 3000 ¢CT). Mpu BsizkocTH 0T 3000 cCT MOLWHOCTH ANCKOBOTO TPe-
HUst NpubnuanTensHo B 10 pas Gonblle, YeM NoneaHas MOLWHOCTL Npy kKoaddrumneHTe GbiICTPOXOAHOCTU ng= = 10 v oueHwm-
Baetcs B 50 % ot P, ans ng = =45.

10 1
.
// /3

0,1 // /

0,01 -
10® 10 10 10°° 102 X

X — KUHeMaTU4eckas BSI3KOCTb, M2/c; Y — PRR/PU; 71— ng= 10; 2— ng = 20;3— ng = 45
PucyHok B.1 — CooTHOLWeHWe NoTepb Ha [UCKOBOE TPEHWE U MONE3HON MOLLHOCTH

Mpn paccmoTpeHnn BNnsHNst AMckoBbIX noTepb Ha KM MoXXHO BbiBECTU KO3 DULMEHT C _ Rr» NPEACTABNEHHbIN
Ha pucyHke B.2. 3T0T KoapdMLMeHT nokasbieaeT 3asucumocTb KM ot koadurumerTa 6bICTp0XO,ClHOCTM Hacoca npu
nepeKkayMBaHnm BSISKUX XNAKOCTEN, 0OYCNOBNEHHYIO BIIUSHUEM ANCKOBOMO TPEeHWsl. AHANormyHo KOs uumeHT C _RR
BMNUSIET M Ha NOTPebnsiemMyio MOLLHOCTb.

Tepmuyeckoe Bo3pencTeme. Bce notepn MOLHOCTU 38 UCKITIOYEHUEM BHELLHUX MEXaHUYECKUX NOTEePb UCHE3aloT
npwv HarpeBe XuakocTu. Harpes noBbiwaeT NOKanbHYO TEMNEPaTypy XUAKOCTU U MOHVXaeT 3Ha4eHne BA3KOCTW MO Cpae-
HEHUIO C BENUYMHOW, COOTBETCTBYIOLWEN TEMNEPaTYpe Ha BXOAe B Hacoc. MeCTHOe HarpeBaHmne XuakocTu N3-3a BbICOKUX
KacaTesbHbIX HANPsXKEHWN, Kak NpaBuo, CKa3biBAeTCs Ha 3Ha4eHUM ANCKOBbIX NoTepb u o6bemHom KMI. Mpu nokasatene
BSA3KOCTU Bbiwe 1000 ¢cCT mecTHOe HarpeBaHne XUAKOCTU MOXET 3aMeTHO BMUATE, TEM He MeHee, 3DeKT 3TOro Bo3gen-
CTBUWSA KONMYECTBEHHO ONpeaennTb 4OCTaTOUYHO CIOXHO.

MolwHocTHas xapaktepucTtuka P = f(Q): B CBA3M C TeM, YTO BA3KOCTb XNAKOCTH, KaK Npasuro, He oKasbiBaeT BO3-
OENCTBUA HA TEOPETUUECKUI Hanop U MexaHn4eckue noTepu, yeenmueHne NnoTpebnsieMon MOLWHOCTY NPU NepekaqmBaHum
BSI3KMX XXMOKOCTEW, rmaBHbIM 06pa3omM, NPOVMCXOAMT 3a CHEeT NMoTepb Ha AUCKOBOE TpeHwue. [103ToMy XapakTepucTuka
noTtpebriaemon MOWHOCTY Hacoca Npy paboTe Ha BASKUX XMAKOCTsX P, = f(Q) cmelaeTca OTHOCUTENBHO XapaKkTepucTy-
KM TOrO Xe Hacoca, paboTaoulero Ha Boge P, = f(Q) (hakTU4eckn Ha BennunHy KOHCTaHTbl, SKBUBANEHTHOWM YBETUHEHUIO
noTepb Ha AUCKOBOE TPeHWe, 3a UCKIoYeHneM paboTbl Ha MarbiX nogayax.
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Pucyrok b.2 — BnusiHne guckoseix notepb Ha KM

Ha Tpebyembi KaBMTauMOHHBbIN 3anac Hacoca (NPSHR) enusieT pacnpepgenerHne aaeneHusi BoNuam BXogHbIX
KpPOMOK rnonacTew pabovero korneca. PacnpeaeneHne aaeneHns 3aBucuT ot 1mcna PerHonbaca v rmgpaBnmyeckux notepb
Ha y4acTke Mexay nonepeyHbIMU CEeYeHNSIMU Ha YPOBHE BcackiBalowero dnaHua Hacoca u Ha exoge B pabouvee koneco.
OTW NoTepu BO3pacTaloT C NOBbLILLEHNEM BA3KOCTU U BNIUAIOT HA KABUTALMOHHbIN 3anac Hacoca.

Opyrve hakTopbl, BNUAIOWMNE HA KABUTALMOHHbLIN 3anac Hacoca, — TePMOgUHAMUYECKNE XapaKTepUCTUKN Nepeka-
UMBaEMbIX XMAKOCTEN N COAepKaHW e B HUX ra3oB. BnusHne atux haktopos onmcano e b.3. MeToa oueHkun kaBUTaumoHHOro
3anaca Hacoca npu paboTe Ha BA3KUX XUAKOCTSAX OCHOBaH Ha aHANUTUYECKUX PacCyXaAeHUsIX, NpuBeaeHHbIX B b.3.

Mpw oLeHKe KaBMTaLMOHHOTO 3anaca Takxke criegyeT yunTbiBaTb UBMEHEHWe nepenaza AaBNeHnii BO BCacbiBaloLLEM
TpyGonpoeoge.

B.3 OueHka Tpebyemoro kaBmTaunoHHoro 3anacaHacoca (NPSHR)

NPSHR kak xapakTrepncTika BcacblBatoLLLeN CNOCOBHOCTY LLeHTPOGEXHbIX HACOCOB NnpeAcTaenaeT cobor pas3HoOCTb
MeXAy MOoNHbIM abCoNoTHLIM HAaNOPOM Ha BXOAE B HACOC U HAaNopoM, COOTBETCTBYIOLWMM AABIEHWIO HACBILLEHHOTO Nnapa,
Heo6xoauMylo Ansi NPeaoTBPAaLLEHUs NafeHUs NONHOro Hanopa B peaynbTaTe HavanbHOW kaBuTauum 6onee yem Ha 3 %.
KaBnTaumoHHbIV 3anac 3aBMCUT OT YCITOBMI 3KCMNyaTaumMm Hacoca, KOHCTPYKUUM U TeOMeTpMKM ero nogBoaa, a Takke oT
hU3NYECKMX CBOMCTB NepeKaunBae Mo XUAKOCTHU.

MepekaunBaHue BA3Kon xuakoctn Bnuset Ha NPSHR geosiko. C yBenuueHnem BA3KOCTU TPEHME MOBLILLAETCS, YTO
npuBoauT K yBenuderuio 3HaveHnss NPSHR. B To e BpemMsi NoBbIlLeHHasi BA3KOCTb NPUBOAUT K CHUXXEHUI0 andy3nm vac-
TUL BO3JyXa M Mapa B XWAKOCTW. ITO 3amMeArisieT CKOPOCTb PocTa My3bIPbKOB U co34aeT TepmoguHammyeckui addekT,
KOTOPbIV NPUBOAUT K OnpeaeneHHoMy CHUxXeHuto 3HadveHmst NPSHR.

BnusiHne BA3KOCTM Ha KaBMTALMOHHbLIA 3anac Hacoca ONUCHIBaloT, MaBHbIM 06pa3om, nsameHeHnem uncra Pei-
HonbAaca. OaHaKo 3TO BIMAHWUE HE MOXET ObiTb Bblpa)KeHO TONbKO O4HOWN 3aBUCUMOCTbLIO A/18 BCEX KOHCTPYKLUMM M TUMOBbIX
pa3mepoB HacocoB. Kak npaeuno, 4em 6onbLie pasmep Hacoca U NaBHee O4YepTaHUs 70 NOABOAA U BXOAHLIX YUYACTKOB
paboumnx Konec, TeM MeHbLLE OHU BOCTIPUUMYMBLI K UBMEHEHUSIM, BO3HMKAIOLMM NMPU NepekavymBaHin BSI3KOW XUOKOCTH.

["a3, paCTBOPEHHBIN B XMOKOCTH, @ TaKKe BBEAESHHbIV B NepeKaqvnBaemMyto Xnakoctb, BnuseT Ha NPSHR nHave, uem
BonbLune Ny3blpbku rada. Ecnmn ckopoCcTb NOTOKA XUAKOCTM Ha BXOAE B HACOC AOCTATOUHO BbICOKa, TO HEBOMbLIOE KONUYec-
TBO rasa He BblgensieTcs n dpaktnyeckm He BrmsieT Ha NPSHR wnu enuseTt HesHaumTensHo. [MNprcyTctBre 60nblLmnX KOH-
LeHTpaLuui rasa B nepekavymeaeMomn XXMGKoCcTh BO3AENCTBYET Ha KABUTALMOHHYH XapakTepuCTMKy Hacoca. B atom cnyyae
thopma KaBUTaUMOHHON xapaktepuctukn H,, = INPSHR) nameHsetcs ¢ peskoro nanoma 4o nnasHoro. Takum o6pasom,
TOYKa, B KOTOPOMN Npouncxoant 3 %-Has NoTeps Harnopa Ha KaBUTaLMOHHOM XapaKTepyucTUKe, COBUIraeTCs BNPaBo Unu, apy-
r’MMK CrioBamum, NponcxoguT yeenunyerHne anaveHnst NPSHR.

3amMeYeHo, YTO NPU NepekavnBaHnm BA3KMX KMAKOCTEN Npyu 60nee HU3KNX 3Ha4YEHWSIX YacTOTbI BpalLeHWUsi Bana KaBu-
TaUMOHHBIV 3anac Hacoca nmeeT 6onee BbICOKME 3HAYEHNS MO CPABHEHMIO C TEMU, KOTOPbIE NONYy4YatoTCs NPY BbIMUCTIEHUN
no chopmynam nogobus.

Mpouecc napoobpasoBaHus U ra3oBbiAeNeHNsi B 3Ha4YMTENbHOWM CTENeHN 3aBUCUT OT NPOAOIIKMTENbHOCTY BO3AEN-
CTBUA HU3KOTO AaBMNeHUsl Ha onpeaeneHHbI 06beM XNAKOCTU. KaBUTaLUOHHBIE UCTIbITAHWS, KaK NMPaBuno, NPpOBOAST Npu
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NOCTOSIHHbLIX 3HAYEHUSIX PaAcX0Aa XXUAKOCTU U HacTOThl BpaLLEHWs MPU NePEMEHHOM AABNEHUN Ha BXOAE, UTO TPYAHO pea-
NM3yemMo Npu NepekavnBaHnmn BA3KMX XKUKOCTEN, ECNY BXOAHOE aBNeHUe U3MEHAETCS NO BCeMy KOHTYpPY. [laHHoe siBne-
HNe 06GBACHAETCA TEM, YTO B OTNIMUME OT BOAbI U3 BSI3KOW XXMAKOCTU, HAXoOsWENCs B pe3epeyape, HEBO3MOXHO BbICTpo
yaanuTb Bo3gyx. Bcneacteue aToro Bo3ayx 6yaeT NocTeneHHo BbIAENATLCA U3 XMAKOCTU BO BCachiBaloLleM natpybke
Hacoca W BbI30BET 3annpaHune Ha Bxoge B pabouee Koneco.

B npeanaraemom 0606weHHOM MeToae oLeHkM 3HaveHni NPSHR npumeHeH aHanutuyeckon noaxoa, He noaxkpert-
MNEeHHbIN JKCNEepUMEHTanNbHbBIMKU AaHHbIMU. MeToa Henb3si NPUMEHsTb K yrnesogopogam 0e3 yueta TennoBoro
BO3ENCTBUA HA CBOMCTBA XXUAKOCTEMN.

3HaveHne nonpaBoyvHOro koadduumeHTa KaBUTaLMOHHOIO 3anaca npu nepecyeTe ¢ BOAbl HA BA3KYIO XUAKOCTb
onpepenseTca cnegyowen hopMyno:

(B.3)
- 1 NPSHRgep w
Cnpshr = 1+ 274000A (C —1) 0,667 )
H Q 133
1
BEP-W/

rae A = 0,1 AnsiHACOCOB C OCEBbLIM BXOAOM;
A = 0,5 ans HacocoB ¢ GOKOBbIM NOABOAOM (MOBOPOT NOTOKA OT BCachiBaloLWero natpybka Ao exoga e paboqee koneco
cocTaBnseT npubnuantensHo 90°).
3Ha4eHWs1 KaBUTaLMOHHOrO 3anaca Hacoca ONpeaensiioT ¢ NoMOLbIo Nonpaso4Horo koddduumnenta Cypgy NO

topmyne:
NPSH,; = CypsyNPSHRy,. (6.4)
Moaaya Hacoca B 4aHHOM MeTOAe NepecyeTa 3HaYeHuii KABUTALMOHHOIO 3anaca Hacoca He KOpPeKTUpyeTcsl. 3Ha-
YeHnsas NPSHR ;. COOTBETCTBYIOT MCXOAHBLIM 3HaYeHNAM Qyy,.
Mpumep — Cm. pucyHok B.3 u ma6nuyy B.1. Hacoc umeem koncmpykyuio nodeoda, coomsemcimayruyio

3HaveHuro napamempa A = 0,5. lModava Qgep _\y = 110 M3/4, 3Ha4YeHUe NPSHRgcp _w = 4,15 m npu yacmome epa-
weHus n = 2950 mur~', [Tapamemp B = 12,0, nonpasoyHbiii Ko3¢hghuyueHm Hanopa C,=0,81

Y A

10
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X— nopava Q, M3/ npun = 2950 mun~"; Y — kaBuTauuoHHsbIi 3anac Hacoca NPSHR, m; 1 — Bofa; 2 — BA3kas XuakocTb
(s=0,90,B=12,0)

PucyHok b.3 — Pesynbrat nepecueta NPSHR
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Cnpspr = 1+ 274000A T Ww =1 +274000-0,5 (1—0 [()6;171&3133) =144. (B.5)
Cy QY 133 08 110%°°'2950"
BEP-W""
Tab6nwuuya b.1 —Tlpumep pacueTa
MapameTp 3HauveHune
MapameTtp B 12,0
YaenbHbIN BEC BA3KOW XUOKOCTU S 0,90
YacTtoTa BpalweHus Bana Hacoca n, Mk 2,950
Koadhdpmument makcumaneHoro K1 nogaum Hacoca gns Boabl 0,60 0.80 1,00 1,20
Qw/Qsep - w
KoadhdmumeHT pacxoga xmngkoctn Qy, M3/ 66 88 110 132
TpebyeMbivi kaBUTaLMOHHbIN 3anac Hacoca NPSHRy, m 2,55 3,10 4,15 6,25
MonpaBoyHbIV KO3PDOULMEHT ANsA Hanopa B nydwen Touke K 0.81
notoka, Cy ’
MonpaBo4HbIN KO3 DMUMEHT KABUTALMOHHOIO 3anaca Hacoca 1,14
CKoppeKTUPOBaHHbIN KaBUTALMOHHbIN 3anac Hacoca NPSHR s, M 2,91 3,53 473 7,13
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MpunoxeHve B
(cnpaBo4Hoe)

BrnuvsiHue KOHCTPYKTUBHbIX OCOGEHHOCTel Hacoca Npu ero paboTe Ha BA3KUX XUAKOCTAX

B.1 3nemeHTbI KOHCTPYKLMM Hacoca

[Mpy nepekayrBaHUM BA3KMX XUAKOCTEN Hacochl ¢ koathdunumneHtTom 6oicTpoxogHocTu 20 < ng <40 Ha OCHOBaHUN
JOCTYMHbIX 3KCNEePUMEHTanbHbIX AaHHbIX MOryT 06ecneunTb Bbicokue 3Hadvenus K.

Hacocbl cneumaneHbX KOHCTPYKUMW C BHelWHel TpybonpoeoaHon o6BA3Ko, 060pyaoBaHHbLIX YCTPOMCTBOM
camoBCacblBaHWs, OTBOAHOMN KOMOHHOW UMK APYTMMK YCTPOMCTBaMM NOABOAA UMK OTBOAA XNAKOCTH, TPeByIoT AONONHU-
TENbBHOro N3y4eHns NoTepb Npy paboTe Ha BA3KMUX KUOKOCTAX.

KOHCTpyKUWS HACOCOB, ABMraTenein n coeamHMTENbHbIX MydT AOMKHbBI YHUUTHIBATE USMEHEHNE BPALLAIOLLETO MOMEH-
Ta, BO3HMKaOLWee Npu 3anycke Npy TeMnepaTypax nepekavnBaeMon XUAKoCTH HWKe HOpManbHbIX YCNOBUM paboThl.

BHyTpeHHue y3anbl Hacoca, Takve kak Ban v CBA3aHHbIe C HUM MPVBOAHBIE MEXaHN3MbI, AOMKHbI BbITb NPOBEPEHbI HAa
paboTocnocoBGHOCTL B YCrOBUSIX paboTbl MPU MNOBLILWEHHbIX 3HAYeHUSIX BPaLLAIOLLEro MOMEHTA.

B.2 MpuBoabl n mydThI

MprBoa Heob6xoaMmo noabupaTte C YHETOM NOTEHUMANBHBIX U3MEHEHWUI KPYTAWEro MOMEHTa BO Bpemsi paboTbl
Hacoca 1, 0co6eHHO B MOMEHT 3arnycka. PekomeHayeTcs 3anpocnTb y NOCTABLLMKA HACOCA MOMEHTHYIO XapaKTepUCTUKY
M = f(n) B Tom cnyyae, korga notpebutento Heo6xoAMMO caMmocTosATENBHO NoAo0GpaTh NPUBOA K HACOCY.

Mogbop coegnHMTENBHBIX MydT JOKEH BblTh BEINONHEH € ycroBueM o6ecneveHuns ctabunbHo paboTsl Npu mak-
CMManbHOM 3Ha4YeHUM KPYTSALWEro MOMEHTa € Y4eTOM NYCKOBbIX 3h(DEKTOB.

B.3 TopuoBbie ynnoTHeHuA

TopuoBble ynnoTHeHUs AOMXHbI 06ecneuneaTh repMeTr3aumio Hacoca npuy ero paboTe BO BCeX pexunmax, BKovasn
nepexoaHble NpoLecch U cbou. Yanbi TOPLOBLIX YNNOTHEHWUI Ha BSI3KMX XUAKOCTSX paboTaloT MHave, YeM Ha BOAE, U UCNbl-
TbIBalOT 6onee BbICOKVE Harpy3ku.

CoBpemeHHble TOPUOBbIE YNNOTHEHNS BKIOYAIOT BCNOMOrarTenbHbie CUCTEMbI IPOMbIBKM C COBCTBEHHOM TPpyGonpo-
BOOHOW 00OBS3KOW. Bo MHOMMX criyuasix BCNOMOraTenbHbie CUCTEMbI BKNIOHAOT BTOPUYHBIE Y3Mbl, HANpUMep OuUnbTpbl,
KOTOpPbI€ MHORAA HEKOPPEKTHO PYHKLMOHUPYIOT Ha BS3KMX XXNAKOCTSX. O6bIMHO 06BA3Ka pacnonoxeHa ¢ HapyXHOW CTOpO-
Hbl KOprnyca Hacoca M yacTo TpebyeT nokansHoOro nogorpeea unu Apyrmx AeWCTBUI, HanNPaBneHHbIX Ha NoaaepXaHue
KOPPEKTHOW paboTbl NPOMBIBOYHON CUCTEMBI YNIIIOTHEHUSA.

B.4 NepmeTnyHbIe HacocCkl

CyujecTByeT ABa OCHOBHbIX BUAA repMETUYHbIX HACOCOB: C «MOKPbLIM» POTOPOM U C MarHUTHOW MycdToW. B Hacocax
nNepBoro BnAa poTop ABUraTerns u NoAWWUNHUKN CKOMbXEeHWUS NOTPYXXeHbl B NepekaunBaeMylo XUAKOCTb. B Hacocax BToporo
Buaa Ban u ero NOAWMMHUKM HAXOAATCA o4 MarHUTHOW MydTon. [lononHuTensHoe CONPOTUBIIEHNE BA3KOW XKNMAKOCTH,
o6ycnoeneHHoe NOrpyxeHnem 3TUX 3NeMeHTOB B XXUAKOCTb, NPUBOAUT K Bonee BLICOKUM MOTEPSIM, YTO B CBOIO OMepeab
BeAeT K yBeNnuueHuio NnoTpebrneHns 3Heprim n 3HaueHna NyCKOBOro MOMeEHTa.

HarpeB BSA3KON XXMAKOCTU B KaMepe poTopa MHOTA4a CHUXXaeT NoTepy B repMeTUYHbIX Hacocax. [laHHbIN Harpee MoXXHO
obecneuntnb, CHUXas pacxoj oxnaxaaloLLel >KMaKoCT1, NOABOANMON K ABUTaTEerio UK MarHMTHON mydTe. Takke crniegyer
Yy4UTbIBaTb BNIUSTHUE HArpeBa, BbI3BAHHOTO MOBLILLEHHBIMW NOTEPAMU HA TPpeHue. B repMeTnuHbIX Hacocax ¢ NOAWLMUIMHUKA-
MM CKOINbXEHWsI NepekavnBaemast BAdkasi KUAKOCTb 10MxHa 06naaaTb CMa3blBaloLLMMM CBOMCTBAMU, HEOBX0AMMbIMY ANA
WX HopMarnbHoI paboThl.
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