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TeopuA NepeKaunBaHUA XXUAKOCTEN

BBeneHue

TpaHcnopTMpoBKa >XMOKOCTEM BCer-
[a 3aHuMmarna CyLleCTBEHHOe MeCTO B
yernioBeueckon peAtenbHocTU. Bopa
HY>XHa, Hanpumep, AnA MPUroToBne-
HWA MUK W opoLleHKnA. [laxe ceroaHA
Halle OOLECTBO HE MOXET CyLLECTBO-
BaTb 0e3 MHOrmx cnoco6oB nogauu
BOAbl, C KOTOPbIMKX Mbl CTalknBaemcH
Ha KaxxaoMm Liary.

MepBbIM CpeacTBoOM, NMPUMEHABLUMMCA
ONA [JOCTaBKW BOAbl MO Ha3HAUYEHWIO,
Obina noxaHb unu Beapo. Utobbl noa-
HATb BOAY CO AHA Konoaua, npuMeHA-
NUCb BEPEBKa W NMPUMWUTUBHbBIV BOPOT.
CerogHA Hauboriee pacnpoCTpaHeH-
HbIM CPEACTBOM [OCTaBKW XXMOKOCTEN
ABMAOTCA HACOCbl C SNEKTPUUYECKUM
npvBOAOM. [fA pasnuuHbIX LEenen
NPUMEHAETCA MHOXXECTBO PasfMUHbIX

TMNOB NoAO6HBLIX HACOCOB. B uacTHO-
CTW, CTallM OuUeHb PacnpOCTPaHEHbI
LeHTpobeXxXHble Hacockl 6rarofapa Ta-
KUM CBOMM MpeuMyLLecTBaM Kak:

*  BbICOKaA HaEeXHOCTb

*  MPOCTOTa KOHCTPYKLMK

*  HM3KaA CTOMMOCTb

* yHMBepcarnbHOe npumeHeH1e

B 3TOM nocobuu Mbl XOTUM Aate uuTa-
Ten pekoMeHaLmMm no nNpaBUnbHOMY
BbIOOPY Hacoca [AnA peLlleHUA KOH-
KPETHOM 3a4aun 1 OOBACHUTL eMy dou-
3MUYECKMe 3aKOHbI, AEMCTBYOWME NPU
paboTe LeHTpobeXHOro Hacoca.
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Puc. 1 [lopaua Boabl — cenuac v paHblue
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TeopuA NepekaunBaHUA XXUAKOCTEN

dusunueckue ycnoBsusa

Uto6bl BbIOpaTh ONTUMarbHbIA HacoC
ONA pelweHnA KOHKPETHbIX 3adad, He-
06X04MMO yunTbIBaThL criegytowme u-
3MyecKme yCrnoBuA.

1. XapakTepUCTUKHU XXMAKOCTU

*  MNOTHOCTb (“TAXKECTL” XMOKOCTH)

* [aBfeHue HachbIWEeHHbLIX Nnapos
(Temneparypa KuneHms)

* Temneparypa

*  BA3KOCTb (“rycToTy” XMOKOCTH)

2. O6bem, KOTOpbIM HEOGXO0AUMO MO-
Apartb (pacxopn)

3. BbicoTa BcacbiBaHMA:
pasHuLa B YPOBHE MexXAy HacoCOM M
TOUKOM 3abopa XKMOKOCTH

4. BbicOoTa HarHeTaHuA:

pasHu1ua B ypOBHE MeXxay HacoCOM U
HaMBbICLLEN TOUKOM, B KOTOPYKO noaa-
€TCA XXNOKOCTb

5. MNoTtepu paBneHMA Ha BCacbiBaHUU
(noTepwu Ha TpeHue)

6. MoTepwu paBneHnA B HANOPHOM Tpy-
6onposoae (NoTepy Ha TPEHUE)

7. KoHeuHoe u30bITOUHOE AaBneHue
8. HauanbHoe M36bITOUHOE AaBneHue
Koraa Bce 3T faHHbIe M3BECTHbI, MOX-

HO onpeaenuTb pexxuM paboTkl Hacoca
1 BblGpaTh ero onTUMarnbHy MOAENb.

(nos. 4)
Bbicota
HarHeTaHuA

(nos. 3)
Beicota
BCacbIBaHUA

(nos. 7)
Koneunoe

(nos. 6)
MoTepu nasneHua
B HarnopHoM
Tpy6onposoae

(nos. 5)
MoTepu nasneHua
Ha BCacbIBaHWM

(nos. 8)
ATtmochepHoe

M30bITOUHOE
nasnexue

(nos. 2)
Pacxon

(nos. 1)
YKnakocTb

[asrnexune
Y

.4

Puc.2 Cxewma ycTaHOBKM Hacoca
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TeopuA NepeKaunBaHUA XXUAKOCTEN

XapaKTepUCTUKHU XXUAKOCTH

[na BbIGOpa ONTMMaNLHOIO Hacoca
HEeoOX0OMMO MMETb MOMHYK MHAOpP-
MaLMlo O XapakKTepUCTUKAX TOW >KuA-
KOCTM, KOTOpaA AOfKHa MnoAaBaTbCA
noTpebuTento.

EctectBeHHO, uTO “Oonee TAXenas”
XXMAKOCTb notpebyeT Gonblie 3aTpart
3HEepruun npu nepexkaunmBaHmMmM JaHHOro
obbema. Utobbl onucartb, HACKOMbKO
OfHa XXMAKOCTb “TAXKenee” Apyron, uc-
Nonb3yeTCA Takoe MOHATHE, KakK “nnoT-
HOCTb” MNK “yaenbHbIV Bec”; aTOT na-
pameTp onpenenAeTcA Kak Mmacca (Bec)
eaunHULbl 06bema XXMAKOCTU U 0ObIYHO
o60o3HauaeTcA Kak “p” (rpeveckan Byk-
Ba “po”). N3mepAeTcA B Kunorpammax
Ha KyGomeTp (Kr/m).

IMobana XnaKoCTb NpU onpeaeneHHbIX
Temneparype W [OaBfieHUM CTPEeMUTCA
McnaputbcA (Temnepatypa unu Touka
Hauana KuneHun); NoBbIlEHWe Aasne-
HWA BbI3bIBAET MOBbLILLEHWE TeMMNepaTy-

pbl ¥ HaobopoT. Takum obpasom, npu
6ornee HWM3KOM OaBMEHUM (oaxe BO3-
MO>XHO MpW Bakyyme), KOTOpOe MOXeT
MMEeTb MECTO CO CTOPOHbI BCaCbIBaHUA
Hacoca, XXMAKOCTb 6yaeT uMeTb Bonee
HU3KYIO Temnepatypy KuneHuA. Ecnu
OHa 6ru3ka unM B 0COBEHHOCTU HUXKE
TeKyLLen Temnepartypbl XUAKOCTH, BO3-
MOXHO 0b6pasoBaHWe napa M BO3HMK-
HOBEHWE KaBWTaLMM B Hacoce, YTo B
CBOKO Ouepeib MOXET UMETb OTpuLa-
TenbHble MOCNEeACTBUA AN1A ero xapak-
TEPUCTUK M CNOCOOHO BbI3BaTb CEPLES-
Hble MOBPEXAEHUA (CMOTPUTE rMasy O
KaBuTaLmm).

BA3KOCTb )XMAKOCTW BbI3bIBAET NOTEPH
Ha TpeHue B Tpybax. UncrneHHoe 3Haue-
HUE 3TWX MOTEPb MOXKHO MOMYUUTb Yy KU3-
rOTOBUTENA KOHKPETHOro Hacoca.

Heo6xoaMMO yunTbIBaTh, UTO BA3KOCTb
“ryctbIx” >XMOKOCTEN, TaKUX Kak Macro,
C pOCTOM TemrnepaTypbl NagaeT.
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TeopuA NepekaunBaHUA XXUAKOCTEN

Pacxon Boabl

OH onpepenAeTcA Kak 06bem, KOTO-
pbIM AOMXKeEH ObITb NOAAH 3a yKasaHHOoe
BpemA, n ob6o3HauvaeTcA kak “Q”. MNpwu-
MEHAEMbIE E€LMHULIbI U3MEPEHUA: Kak
npaBuno, aTO NUTPbI B MUHYTY (1/MUH)
ANA HAcCOCOB HEBOMbLIOW MOLLHOCTH/
NPOU3BOAUTENBHOCTH, KyOOMETpbl B
yac (M3/u) OnA HAacCoOCOB cpeaHen npo-
n3BOOUTENBbHOCTU U, HAKOHELL, Ky6ome-
TPbl B cekyHay (M%/c) anA cambix MOLL-
HbIX HACOCOB.

_:

Pasmepbl nonepeyHoro ceueHuA Tpy-
6onpoBoga onpenenAlTcA 00bLEMOM,
KOTOpbIM JOMKeH ObITb NMogaH noTpe-
6uTento Npu A4aHHOWM CKOPOCTM NMOTOKa

W,

XXUOKOCTH "V .

3
S
\ m/s
A= pe [m?]
4
D= |axA [m]
T
m=m m/s = m/c
m2 = m2 m3 = m3
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

Feonpesnueckan
(ctaTMueckan) BbicOoTa
BCacbliBaHUA

OHa onpenenAeTcA Kak pasHvua B reo-
[e31MUEeCKOM YPOBHE MEXIY BMyCKHbIM
natpybkom Hacoca M cBoOOAHOM Mo-
BEPXHOCTHIO XXMAKOCTU B HaMboree HU3- —
KO pacrnornoXxeHHOM pesepByape, U3mMe-
preTcA B MeTpax (M) (puc. 3, nos. 1).

(nos. 2)
Cratnueckan
BbICOTa NoJaun

CraTtuueckas BbicOoTa
noaaum (ctatTmueckum
Hanop)

OHa onpegnenAaeTca kak pasHuua B reo-
LEe3MUECKOM YPOBHE MeXAy BbIMyCK-

HbIM NaTPyOKOM U HamBbICLLEN TOUKOM
rMOPOCUCTEMbI, B KOTOPYIO HEO6X0au- A
MO NOAaTh XHUOKOCTb (pUC. 3, NO3. 2). A

(nos. 1)
[eopesnueckan
BbICOTa
BCacbIlBaHUA

Puc. 3 [eope3nyeckan BbiCcOTa BCachl-
BaHMA U CTaTUdecCKand BbiCOTa nogayu
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TeopuA NepeKaunBaHUA XXUAKOCTEN

MoTtepu pasneHun
Ha BcacbliBaHUMU

OTO NOTEPM Ha TPEHME MEXAY XKMOKOC-
TbIO M CTeHKamu Tpybonposoga v 3a-
BUCAT OT BA3KOCTU XKUOAKOCTHU, KayecTBa
LLIEPOXOBATOCTU MOBEPXHOCTU CTEHOK
Tpybonposoaa M CKOPOCTM MOTOKa
XXMUAKOCTH. pu yBENUUEHUU CKOPOCTH
noToka B 2 pasa notepu AaBlieHnA BO3-
pacraloT BO BTOPOM CTeneHu (puc. 4,
nos. 1).

MHbopmaLumnio 0 NoTepaAx OasBreHuA B
Tpybonposoae, koneHax, puTMHrax m
T.M. NPY Pa3MUUYHbBIX CKOPOCTAX MNOTOKa
MO>KHO MOMYyUMTb Yy NOCTaBLLMKA.

MoTtepu nasneHuAa B
HanopHom Tpy6onposoae

CmMoTpuTEe onucaHve, npuBeaeHHOe
Bbilwe (puc. 4, Nos. 2).

(nos. 2)
MoTepu naenexuna
B HanopHoM
Tpy6onpoBoae

(nos. 1)
MoTepu naenexuna
Ha BCacblBaHWM

Puc.4 Tlotepu nasneHusa Ha BcacblBa-
HWKM 1 B HanopHom Tpybonposoae

o™

GRUNDFOS 2\



TeopuA NepeKkaunBaHUA XXUAKOCTEN

KoHeuHoe n30bITOUuHOEe
AasneHuve

(nos. 1)
KoHeuHoe
970 naBreHne, KOTopoe HeoBXOAMMO

MMETb B TOW TOUKe, KyAa AormKHa noja-

BaTbCA XXMOKOCTb (pUC. 5, No3. 1).

HauanbHoe u3obITOUHOE
AaslieHue

OTO paBneHne Ha CBOOOOHOW MOBEPX-
HOCTM XXMOKOCTM B MecTe Bopo3abopa.
[inAa oTkpbITOro pesepsyapa unu 6aka
370 npocTo armocdepHoe (Gapome-
Tpuueckoe) aasneHune (puc. 5, nos. 2).

D

(nos. 2)
ATmocchepHoe
hasneHuve

Puc.5 HauanbHoe n KoHeuHoe M30bl-
TOYHOE [aBneHve

X 8
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TeopuA NepeKaunBaHUA XXUAKOCTEN

CBA3b MeXXAy Hanopom u
AaBneHuem

Kak MOXHO BMAETb M3 puc. 6, cTtonbd
BOAb! BbICOTOM 10 M OKasbIiBaeT Takoe
e [aBreHue, uto u ctonb ptyti (Hg)
BbicOTOM 0,7335 M. YMHOXMB BbICOTY
ctonba (Hamop) Ha MMOTHOCTb XXWAKO-
CTU 1 yCKOpeHMe CBOOOOHOMO NaaeHuA
(g), monyumMm gaBneHue B HbIOTOHAX Ha
KBagpatHbli metp (H/M?) unu B nacka-
nax (Ma). NockonbKy aTO OUEeHb HEe3Ha-
yuTenbHaA BEMNUUMHA, B NPAKTUKY SKC-
nrnyartauum HacoCOB BBENW eauHULy
nmamepeHuda, pasHyto 100000 lNa, Ha3-
BaHHyto 6apom.

YpaBHeHne Ha puC. 6 MOXXHO pPeLnTb B
MeTpax BbICOTbI CTONOA XXMOKOCTHU:

Py X g xhy=pugx g xhyg

Pv Xy =prg X hiyg
PHg

v

hv= hHg X

Taknm o6pasom, BbICOTY cTonba Xua-
KOCTEW C PasnuHOMN BA3KOCTLIO MOXKHO
NPUBECTU K SKBUMBANEHTHOM BbICOTE BO-
aaHoro ctonba. Ha puc. 7 npuBogaAarcA
KoahhuumeHTsl NpeobpasoBanHnA AnA
MHOXXECTBa pasfMuHbIX eOUHUL, U3Me-
peHuA aaBnexHun.

Ha ctp. 9 nokasaH npumep pacuerta
o6LLero ruapasnMUeckoro Hanopa
CO CXeMOM YCTaHOBKM Hacoca.

> |
»|

h, = 10 m m BogaHoro cronéa
pv = 1000 kr/m®

hyg = 0.7355 m Hg
Prg = 13.595 kr/m®

A

pvnghvszngXhHg
1.000 x 9.81 x 10 = 13595 x 9.81 x 0.7355
98100 = 98100 (H/m2)

Pv = PHg

Puc. 6 [peobpasosaHne eanHUL, u3me-

peHuA naBneHuna
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

MeTpbi TexHu- CraH- c‘:x:-: a
Mackanb Bap :%‘"r'g' :f:;':: ‘"f_r‘:::‘?_ﬂ Top (0°C) KBaapar-
cron6a cepa epa A"}:;”M
(H/m?) Ma 6ap m H,O (krc/cm?) aTtm MM (dpyHT/
ar pTyTHOrO | AtlOMM?)
cron6a
1Ma 1 105 1.020 104 | 1.020 105 |9.869 10,4 | 7.500 105 | 1.450 10.,
1 6ap 10s 1 10.2 1.020 0.9869 750 14.5
1mHO |9806.7 0.09807 |1 0.1 0.09678 | 73.55 1.422
1ar 98.066 0.9807 10 1 0.9678 735.5 14.22
1 atm 101.325 1.013 10.33 1.033 1 760 14.70
1mmHg |133.32 1.333 103 [0.01360 |1.360 105 |1.316 105 |1 1.934 103
lfz;Tm/M 6895 0.06895 [0.7031  |0.07031 |0.06804 |51.71 1

Puc.7 Tabnvua nepesona eauHUL, U3MEPEHWA AaBMEeHNA

MoLwHoOCTb Hacoca

Mapasnuueckan MOLHOCTb (Phyq) Haco-
ca onpegendeT 06bEeM XXMAKOCTH, Noaa-
BaeMOM NMpu AaHHOM Harope 3a JaHHoe
BpEemA, U MOXET ObITb paccu1TaHa C no-
MOLLbIO crieaytoLLer hopMyrbi:

Phwa=Q x Hx p x g [BT]

roe

e Q-pacxon B [M¥/c]

¢ H - Hanop Hacoca B [M]

* [ — NNOTHOCTb XXMAKOCTU B [Kr/Mm®]

* g — yCKOpeHue cBOOOAHOro nage-
HMA B [M/C?]

Mpumep (puc. 8)

O6bem B 35 M® BoApl 3a uac AOMKEH
ObITb NepekayaH 13 Konoaua rnyouHom
4 M B 6ak, pasmeLleHHbIM Ha BbICOTE
16 M OTHOCUTENbLHO YPOBHA YCTaHOBKM
Hacoca; KOHeuHoe pJasneHue B Oake
[OMKHO ObITb 2 Gapa. MNMotepu Hanopa
Ha TPeHue BO BCacbIBatoLLem Tpybonpo-
BOAE NpUHMMatoTCA pasHbiMK 0,4 M, a B
HanopHom TpybonpoBoAe COCTaBnAlT
1,3 M BKrtouan noTepu B KoneHax.

MnoTHOCTE BOAbLI MPEAMNONOXUTENbHO
coctasnaet 1000 Kr/m® 1 3HauUeH1e ycko-
peHua ceoboaHoro nageHuna 9,81 m/c2.

o™
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TeopuA NepeKaunBaHUA XXUAKOCTEN

PeweHue:

Koneunoe
136bITOYHOE

AaenexHve

O6wmi Hanop (H):

BbicoTa BcacbliBaHusA 4,00 m
MoTtepu Hanopa
Ha BcacblBaHUH 0,40 m
BbicoTa HarHeTaHuA 16,00 m
MoTepu NaBreHnsa B HAropHOM —
Tpybonposoae 1,30 m
KoHeuHoe naBneHue: Motepu fasnexHua
2 Gapa*~ 20,40 rovemnone
MuHyc 1 aTmM**~ -9,87 m BbicoTa
HarHeTaHuAa
O6Lwwmi Hanop 32,23 M

Mapasnuueckan MOLLHOCTb Onpeaerns-

Q =35Mmu
eTcA no goopmyne:

Pwa=Q x H xp x g [BT]

3600 x 32,23 x 1000 x 9,81 = 3074 [BT]

* B paHHOM npumepe KOHeyHoe W3-
ObITOUHOE OaBrneHuMe AaHO kak abco-

NOTHOE [aBreHue, T.e. Kak aBneHue, MoTepu Aasnenns

BbicoTa Ha BcacbIBaHWK
M3MepeHHoOe OTHOCUTENBbHO abcCorntoT- BCACLIBANMA
HOro Bakyyma.

ATtmocchepHoe

** ECrv KOHeuHoe M3ObITOUHOEe JaBne- \ nasneHve
HWEe JaHO Kak abCconTHOe, TO Havarb- 7
HOe M30bITOYHOE AaBneHne Heobxoam- P
MO BbIUECTb, MOCKOMbKY 3TO AaBMeHue KHGKOCTS
“nomoraet” Hacocy BcacblBaTb XWA- p = 1000 Kr/m?
KOCTb.

Puc.8 MowHocTb Hacoca

o™
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TeopuA NepeKaunBaHUA XXUAKOCTEN

CTOpOHa HarHeTaHuA

I

A

CrtopoHa
BCacbIBaHUA

[ —

A

AR

Kopnyc Hacoca

Kopnyc Hacoca

HanpasneHue
BpaLLeHuA

Pa6ouee koneco

Ancbysop

XKMUAOKOCTHU

Puc. 9  KoHCTpyKumA LEeHTpobexXHOoro Hacoca
Bopa uepes BcacbiBatolmMin naTpybok
Hacoca nonagaet Ha Bxop pabouero
Koneca w noA [OEWCTBMEM Bpallaro-
LLIMXCA NOMATOK MCNbITbIBAET MOMOXMU-
TenbHoe yckopeHnuwe. B audbdysope
KWHETUUeCKana 3Heprua notoka npeood-
pasyeTcA B MOTEHUMANbHYO 3HEPruto
fasnenudA. B MHoroctyneHuatbix Haco-
cax nonepeyHoe ceueHve auddysopa
CO BCTPOEHHbIMWU HEMOABWXXHbLIMK NO-
natkamMmu HasbIBaloT “HanpasnAoLWMM
annaparom”.

M3 cxembl Ha puc. 10 BUOHO, UTO MO-
TeHUManb HaA SHeprvA B Buae AaBsre-
HUA B Hacoce pacteT B HanpasBleHUu
OT BCacblBalOLLEro K HarnopHoMmy na-
TPyOKy, MOCKONbKY rMapoavHamuue-
CKOe [aBrieHue, cosgaBaemoe pabo-
UMM KOMecoM (KMHEeTMUecKana 3Heprua
CKOPOCTM MOTOKa), npeobpasyeTcA B
noTeHuuanbHy0 SHepruo OaBfieHUA B

andpapysope.

OHeprua A

AaBneHua

[JuHamuueckoe nasneHune

CraTtnueckoe AaBneHve

v

PaGouee koneco

Ancbcpysop

Puc. 10 TMMpeobpaszoBaHuA AaBrneHua B pabouem

konece v gucysope

o™
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TeopuA NepekaunBaHUA XXUAKOCTEN

Pabouune xapakTtepuCTUKU
Hacoca

Ha puvc. 11 npencraeneHa tunuyHaa
9KCMnyataumMoHHaA  XapaKTepucTuka
LeHTpoGexXHoro Hacoca “Q/H”.

M3 Hee BMOHO, UTO MakCUMarbHOE AaB-
NeHWe HarHeTaHWA OOCTUraeTcA, Koraa
rojaua Hacoca paBHa Hynto, T.e. koraa
HanopHbIA NaTpyboK Hacoca 3aKpbiT.
Kak TorbKko noTok B Hacoce BospacTa-
eT (yBenuuusaetcA oGbeM Mepekauu-
BAeMOM >XMOKOCTH), BbICOTa HarHeTa-
HWA Najaer.

TouHaA xapakTepucTMka 3aBUCUMOCTH
nogaun Q ot Hanopa H onpegenAert-
CA U3roTOBMTENEM OMbITHLIM MyTEM Ha
ucnelTatensHoM cTteHge. Hanpumep
(pnc. 11), npu Hanope H; Hacoc 6y-
et nogasatb 06bem Q; M aHanorMuHo
npu H, - Qg.

H (v H,0)
A

Q (Ma/i)

Puc. 11

SKCI'IJ'IyaTaLlVIOHHaﬂ XapakTepucTnka Hacoca

13
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

dkcnnyatauMoHHasA
XapakTepucTMKa Hacoca

Kak y>xe ObIno nokasaHo Bblile, note-
pu Hanopa Ha TpeHue B Tpybonposoae
3aBMCAT OT KauecTBa LUepOXOBaTOCTH
NOBEPXHOCTU CTEHOK TpybonpoBoaa,
KBazpara CKOPOCTM MOTOKA >XMAKOCTU
W, KOHEUHO K€, OT MPOTAXXEHHOCTU TPY-
6onpoBoaa.

MoTepy [aBneHWA Ha TPEHWE MOXXHO
npeacTasuTb Ha rpadounke “H/Q” Kak Kpu-
BYHO XapaKTePUCTUKN MAPOCUCTEMBI.

B cnyuyae 3amMKHyTbIX CUCTEM, Takux
KaK CUCTEeMbl LIeHTpanbHOro oTonne-
HUA, TeKyllaA BblICOTa HarHeTaHnA Mo-
)KET He YuuTbIBaTbCA, MOCKOMbKY OHa
YPaBHOBELUMBAETCA  MOMIOXMUTENbHBLIM
HarmopoM CO CTOPOHbI BCaChIBAOLLEro
narpyoka.

OTKpbITaA cuctema

3amkHyTanA cucrema

N

Q

Puc. 12 XapaktepucTtvku Tpybonposoaa

Pazmep CB(:)'BJ."I.ebrI,- T?;;Y'l- Mook [m?/uac]
TPYGe! HAR G T 05 [ 1.0 | 1.5 | 20 | 3.0 | 40 | 50 | 6.0
[n/m] [mm]

N 0.12 125 | 79 |[1459] - | - | - | - | - | - | -
Q [ 0.20 160 | 24 | 445 [1563| - | - | - | - | - | -
NEZ 037 | 216 | 6 | 105|369 | 760 |1269| - | - | - | -
3|1 058 | 272 | 2 | 35 | 122 | 254 | 427 | 892 |1502| - | -
é‘ 1% 1.01 359 | 0 | 9 | 32 | 67 | 112 | 234 | 395 | 592 | 824

11" 137 | 418 | 0 | 4 | 15 | 32 | 54 | 113 | 190 | 285 | 369
5 |CU10x1 0.05 80 |e02| - | - | - | - | - [ --1-
2/cu12xi 0.08 100 | 209 [3499| - | - | - | - | - | - | -
5 |CU15x1 0.13 130 | 60 |1006] - | - | - | - | - | - | -
z/cuisxi 020 | 160 |22 3751263 - | - | - | - [ - | -
5 [cu22x 0.31 200 | 8 | 130|437 | 890 |1473| - | - | - | -
Olcu28x15| 049 | 250 | 3 | 45 | 151 | 308 | 510 |1038| - | - | -

MoTtepw nasnexun [Ma/m] npu Temnepartype t = 60°C
PekomeHnayemble notepu B Tpy6ax — He 6onee 150 Ma/m

o™
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TeopuA nepekaunBaHUA XXUAKOCTEN

Pabouasa Touka

Pabouan Touka — 9TO Touka nepeceue-
HUA rpadomka XapakTepucTMKM Hacoca
C rpaconkoM XxapakTepucTUKU MTapocH-
CTeMbl.

MoHATHO, uTO MOOble U3MEHEeHUA B
rmapocucteme, Harnpumep W3MeHe-
HME MNPOXOAHOr0 CeuyeHuA KranaHa
npu ero OTKPbITUM MNKn obpasoBaHue
OTNOXeHuW B Tpybonposoae, ckasbl-
BalOTCA Ha XapakTepWUCTMKK rMOpOCH-
CTeMbl, B pe3ynbTare Yero nonoxxeHne
pabouer TOUKWM M3MeHAeTcA. AHano-
rMyHbIM 0OpPa3oM U3MEHEeHUA B Haco-
ce, HanpumMep M3HOC pabouero kKoneca
UMK M3MEHEHUU 4acTOTbl BpaLLeHus,
BbI3OBYT BO3HWKHOBEHME HOBOW pabo-
yen TOuKM.

=

Fpachuk xapakTepucTUKu
Hacoca

Pa6ouan Touka

Mpachuk xapakTepucTUku
rMAPOCUCTEMbI

oV

Puc. 13 Pabouan Touka

15
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

MNMocnepoBaTenbHO
BKJTIOUEHHbIe HacoChbl

MHorocTyrneHuatble HacoCbl MOXHO
paccmarpuBartb Kak MpuMep Mocreno-
BaTefibHO BKIMOUEHHbIX OAHOCTYMeHua-
ThIX HACOCOB. KOHEUHO, B 3TOM Criyuae
HEBO3MOXHO PasobLWMTL  OTAENbHbIe
CTYMEHM, UTO MHOrAa ObIBaET XKenarerb-
HO NPW NPOBepPKe COCTOAHMA Hacoca.

Mockonbky HepaboTatolwmi Hacoc Co3-
[aeT CyLLeCTBEHHOE CONPOTUBIEHME, He-
06Xx0OMMO MpeaycMoTpeTb GannacHyro
MMHUIO M 0BpaTHbIM KnanaH (puc. 14).

[nAa pab6oTalowmx nocnenoBatenbHO
HacocoB obwuKn Harop (puc. 15) npu
ntobor 3afaHHOM nNofave onpenendet-
€A CYMMOW 3HaUYeHWI BbICOTbI HarHeTa-
HWA KaXKAOro OTAENbHOMO Hacoca.

v
AN
Baitnac u

o6paTHble ¢
KnanaHbl

Hacocbi

v
AN

Puc. 14
MocnenoBatenbHO BKIHOUEHHbIE HACOCHI

H

142
1unm 2
Q

Puc. 15 [1Ba OOHOTUMHBLIX Hacoca, BKMO-
UEHHbIX NocneaoBaTtensHO

o™
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TeopuA nepekaunBaHUA XXUAKOCTEN

MapannenbHo
BK/IIOUEHHbI€ HAaCOChbl

TakaA cxema MOHTaXka MCMonb3yeTcA
C uenblo obecrneyeHnA KOHTPOMA CO-
CTOAHMA HacoCOB MNM AnA obecneuve-
HWMA 3KCnnyaTaLMoHHOM 6e30MacHOCTH,
koroa TpebyeTcA Hanuuue BCromora-
TENbHOIO WNM pesepBHOro 0bopyao-
BaHWA (Hanpvmep, CABOEHHbIE Haco-
Cbl B OTOMUTENBLHOM cucTeme). B atom
cnyyae Takke Heo6X0AMMO yCTaHaBIM-
BaTb OOpaTHble KnanaHbl AfA KaXX4oro
M3 HAacOCOB, UTOObI NPeoTBPaTUTL 06-
pasoBaHMe MPOTMBOTOKA 4epe3 OAuH
13 HepaboTaroLLMX HACOCOB. DTUM Tpe-
60BaHWAM B COBOEHHbIX Hacocax yao-
BMNeTBOPAET Mepeknovatowmi Knanat
TMNa 3acnoHKK.

[na napannensHo paboTatolmx Haco-
coB o6LwanA nogaua (puc. 17) onpene-
NAeTCA KaK cymMmma 3HAUEHUH nogayu
oTAeNbHbIX HAcoCoB MNMpKU NOCTOAHHOM
Harope.

Bainac u
oGpartHble
KnanaHbl

X
C

Hacocbl

Puc. 16
MapannensHO BKMNOUEHHbIE HACOChI

1unu 2

Puc. 17 [Ba ogHOTUMHBLIX HAacoca,
BKITFOUEHHbIX NapannensHo

17
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

KN4 Hacoca

KI/ Hacoca nokasbiBaeT, Kakasa uacTb
MeXaHMUYEeCKOM SHEepruu, nepenaHHomn
Hacocy uepes ero Basn, npeobpasoBa-
nacb B MOME3HYO MOPABIUUYECKYHO
3HEepruio.

Mopaenuuyeckan MOLWHOCTb
MoTpebnaemaA MOLHOCTb

Ha KA snuatoT:

* popma kopryca Hacoca;

* chopma pabouero koneca v oud-
thysopa;

° KauecTBO LUEPOXOBATOCTW MOBEPX-
HOCTH;

*  YNIOTHUTENbHbLIE 3a30pPbl MeXay
BcacblBaoLWen U HarnopHoOM Morno-
CTAMM Hacoca.

Utobbl noTpebuTtenb MMen BO3MOX-
HocTb onpegenuTb Kl Hacoca B KOH-
KpeTHOM pabouein Touke, 6OMNbLUMHCTBO
U3roToBMTENEN HacocHOro ob6opynoBsa-
HMA NpunaralT K avarpammam pabo-
UMX XapakTepUCTMK Hacoca auarpam-
Mbl C rpadomkammn xapaktepuctuk K
(puc. 18).

o™
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TeopuA nepekaunBaHUA XXUAKOCTEN
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eta (1)

Puc. 18 Tpumep rpadhmka xapakrepuctuku K Hacoca
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

TunoBble 3aKOHOMEPHOCTHU

MpuBeaeHHbIE Aanee TUNOBbIE 3aKO-
HOMEPHOCTU A,EeMOHCTPUPYIOT Teo-
peTtuueckoe BnuaHue aguamertpa (d)
pabouero Koseca Ha Hanop, nopauy
¥ NoTpebnAemMyro MOLLLHOCTb.

Hanop nponopunoHaneH agnametpy Bo
BTOPOW CTEMEHM:

2

H, =H, -

CornacHo 3ToK1 3aKOHOMEPHOCTH, yABO-
€eHne pgunametTpa MnoBbICUT Hanop B 4
pasa.

Mojaua nponopuvoHanbHa avameTpy
B TPETLEW CTEMEHMU:

3

ds

Q,=Q, -
b ad

a

CornacHo 3ToW 3aKOHOMEPHOCTH, YABO-
eHune p,mameTpa NnoBbICUT no,qauy B 8
pasa.

MoTpebnAaeman MOLLHOCTb MPOMNOPLIMO-
HanbHa AMameTpy B MATON CTEMEHM:

5

9

P, =P, g
a

CornacHo 310 3aKOHOMEPHOCTH, YABO-

eHWe auameTpa noBbICUT noTpebnae-

MYO MOLLHOCTb B 32 pasa.

Puc. 19 Tunosble 3aKOHOMEPHOCTH,
CBA3aHHbIE C AnameTpoM pabouero korneca

o™
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TeopuA nepekaunBaHUA XXUAKOCTEN

TunoBble 3aKOHOMEPHOCTHU

anBe.CI.eHHbIe Aanee TUNoBblie 3aKo-
HOMEPHOCTU A,EeMOHCTPUPYIOT Teope-
TUYeCKoe BNUAHUEe YacCTOoThbl BpaLle-
HuA (n) pabouero Koseca Ha Harop,
nogauy v noTpednAemMyro MOLLHOCTb.

Mopaua nponopuMOHanbHa yacToTe

BpaLleHuA:
n
Q,=Q, =
na
. | | | Ly xn
CornacHo 3ToW 3aKOHOMEPHOCTH, YABO- 1 125 1ls 1175 2
€HWe YacTOThbl BpalleHuWA B ABa pasa Mno-
BbICUT nogauvy. Puc. 20 TunoBble 3aKOHOMEPHOCTH,
CBA3aHHbIE UacCTOTOM BpalleHuA pabdouero
Hanop nponopuuoHarneH ksagpary ua- Koneca
CTOTbl BpaLleHuUA:
2
Ny
H, =H, | —=
a
CornacHo 3ToM 3aKOHOMEPHOCTH, YABO-
€HWe YacTOTbl BpalleHua B 4 pasa Mno-
BbICUT Hanop.
MoTpebnAaemana MOLLHOCTb NPOMNOpLM-
OHarnbHa yacToTe BpalleHWA B TPETbEN
CTerneHu:
3
Ny
P, =P, -| =2
na
CornacHo 3ToM 3aKOHOMEPHOCTH, YABO-
€HWe YacToTbl BpalleHWA B 8 pas Nnosbl-
CWT NOTPEONAEMYIO MOLLHOCTb.
v
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TeopuA NepeKaunBaHUA XXUAKOCTEN

MoTpebnaemaa MOLLHOCTb

P;: MowHocTb, notpebnAaeman anekTpo-
ABUraTeriem n3 aneKTpoceTu.

Y anekTpoasurarenen, HemocpencTBEH-
HO MPWUCOEOMHEHHbIX K Bany HacoCoB,
KaKk 370 MMeeT MecTO B MpWBOLE LMpP-
KYNALMOHHBLIX HACOCOB, MaKCUManbHOe
3HaueHWe NoTpebrnAeMoin MOLLHOCTHU yKa-
3bIBAETCA HA (PUPMEHHON Tabrnnuke C Tex-
HUUYECKUMM [aHHbLIMM.

P; Tak)ke MOXHO OMPEeaenuTb Mo crneayto-
Lemn coopmyrne:

P1:V><I><COS(p><\/§ [BT]
(3-chasHble anekTpoaBuratenu)

P, =V xIxcoso [BT]
(1-cbasHble anekTpoaBurarenu)

roe:
V = HanpsaxeHue (B)

| = cuna Toka (A)

COS (0 = KO3(PULMEHT MOLLHOCTH (-)

P,: MOLLHOCTb Ha Barly aneKTpoaBuraTens.

B cnyuae, korga anektpoasuraresb U Ha-
COC ABMNAKOTCA OTAENbHBIMM y3namu (BKIHO-
yaA CTaHZapTHbIE U MOrPY>XXHbIE BMNEKTPO-
apurateny), Ha UPMEHHOM Tabnuuke
yKasblBaeTCA MakCuMManbHaA MOLLUHOCTb
Ha Bany anekTpoaBuraTens.

P3: MowHoCTb, noTpebnAaeman HacoCoMm

Tekywiaa Harpyska onekTpoasurarens
MOXET ObITb OnpeaeneHa no KpMBom MOLLI-
HOCTK Hacoca. B crnyuae HenocpencTseH-
HOrO NMPUCOEAMHEHWUA BMneKTpoaBurarTena
K Bany Hacocos: P; = P.,.

P4

P>

Ps

Ps

Puc. 21 T[oTtpebnAaeman MOLWHOCTb

P4: MowwHocTb Hacoca (Phydrauic)

3HaueHne MOLLHOCTM Hacoca onpeaens-
ercA rno dpopmyne:

P.=p x g x Hx Q [KBT]

o™
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TeopuA NepekaunBaHUA XXUAKOCTEN

Apantauma HacOCOB K
nepemMeHHbIM peXXumam
akcnnyarauuu

MoTepn [nOaBneHWA B rMAPOCUCTEME
pacCunTbIBalOTCA Af1A ONpeaerneHHbIX
crneumdnyeckux  yCroBu  aKcnnya-
Taumn. Ha npaktuke xapaktepuctuka
rMMAPOCUCTEMbI MOUTU HUKOrAAa He Co-
BrasfaeT C TEOPETMUECKOM 13-3a KO3-
(hMUMEHTOB 3araca NpoYHOCTH, 3akra-
[bIBaeMbIX B r'MOPOCUCTEMY.

Pabouas Touka ruipocCUCTEMbI C HaCco-
COM — 9TO Bcerga Touka nepeceyeHus
rpacovka XapakTepuUCTMKM Hacoca C
rpacovkoM XapakTEPUCTUKU TMAPOCH-
cTembl, criegoBatenbHo, nogava obblu-
HO ObiBaeT 6onbLue, ueM TpebyeTtca AnA
HOBOW MMAPOCUCTEMbI.

Takoe HecoOTBETCTBME MOXET CO3-
Jate npobrnembl B rugpocucteme. B
OTOMWTENBHLIX KOHTYpax MOXET BO3-
HUKaTb LUYM, BbI3BaHHbIA MOTOKOM, B
KOH[EHCaTHbIX CUCTeMax — KaBuUTaLuA,
a B HEKOTOPbIX Clyyanx HeornpaeaaHHO
GonbluadA nogaua NpMBOAMT K MOTEPAM
SHEprum.

Bcnencteme 3T10ro BO3HWMKAET HeoO-
XOOMMOCTb CMELLEHWA pabouer TOUKK
(ToukM nepeceuyeHnA rpadonKoB 06OMX
XapakTepucTUK) MyTem perynupoBKM
Hacoca M NoACTPOMKK MMAPOCUCTEMBI.
Ha npaktnke NnpvMEHAIOT OAMH U3 yKa-
3aHHbIX HMXXE CNOCOO0B:

a) WMN3meHeHve XapaKTepUCTUKU TUA-
pocucTeMbI NyTEM NPUKPbLITUA APOC-
CenbHOro KnanaHa (apoccenuposa-
Hue) (puc. 22).

MN3ameHeHWe XapaKTepUCTUKK HACo-
ca 3a CYeT YMEeHbLUEHUA Hapy>XHO-
ro auametpa (MyTem MexaHuueckom
obpaboTtkuK) ero pabouero korneca
(puc. 23).

M3mMeHeHne XxapakTepuCTUKM Ha-
coca nytem perynupoBKU 4acTOTbl
BpalleHua (puc. 24).

23
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TeopuA NepeKaunBaHUA XXUAKOCTEN

A
A
d1 d2
A A
) A
Puc. 22 V3meHeHWe XxapakTepucTUKu Puc. 23 O6tauvBaHve pabouero koneca
rMapoCHCTEMbI MyTEM APOCCENMPOBaHUA no Hapy>XHOMy AvamMeTpy

AnekTpoasurarens
C perynupyembim
unucnom o60poTOB f

Puc. 24 PerynvpoBka yacToTbl BpaleHua
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TeopuA NepekaunBaHUA XXUAKOCTEN

a) PerynuposaHue nopaum

C nomMoLwbio ApPOCCeNIbHONro KnanaHa

YMeHbLUEHWE MPOXOAHOr0  CeyeHuA
[pOCCenbpHOro KnarnaHa B rMapocwu-
CTeMe BbI3bIBAET MOBbILEHWE MOTepPb
haenenvAa (MMOpOOMHAMUMUYECKOro Ha-
nopa Hagyn), A€NaA KPUBYIO Xapakrepu-
CTUKM TMapocucTeMbl Bornee KpyTou, B
pesynbrare uero pabouyas Touka cme-
LaeTcA B HanpasneHn 6onee HU3KoM
nogauu (cmotpute puc. 25).

B pesynbtate cHwkaetcA notpebnsae-
MafA MOLLHOCTb, MOCKOIbKY LIeHTPoGex-
Hble HacoCbl MMEIOT XapaKTepPUCTUKY
MOLLUHOCTHK, KOTOpaA yMeHbLIaeTCA npu
YMeHbLUeHUU nogauyu. Oﬂ.HaKO notepu
MOLLHOCTM NpW APOCCENbHOM perynu-
pOBaHWMN B FMOPOCUCTEME C BbICOKMUM
3HaYeHMeM noTpebnAeMOon MOLLHOCTH
OyOyT 3HauMTeNbHbI, NO3TOMY B TaKMUX
crnyyanax Heobx0aMMO MPOBOAUTL Crie-
UnanbHble pacuyeTbl Of1A OUEeHKU peH-
TabenbHOCTM MeToda PerynupoBaHuA
nojayn C MOMOLBIO APOCCENbHOIro
Knanawa.

Kpusas
XapaKTepUCTUKU
rnapocucTembl
nocne apocce-
nMpoBaHuA

Motepu

KpuBan xapakTtepucTku
rMApocUcTeMbI A0 NpoBe-
A.eHVA ApoccenvMpoBaHua

Puc. 25 T[lotepu npu perynMposaHum
noAauv ¢ NOMOLLIO APOCCESIbHOro KranaHa

25
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TeopuA NepeKaunBaHUA XXUAKOCTEN

b) Moaudukauumna
pabouero koneca

B Tex crnyuasx, korga CHUXeHWe npo-
M3BOAMTENLHOCTM Hacoca M Haro-
pa TpebyeTcA MOCTOAHHO, Havbonee
ONTUManbHbIM PELLEHMEM MOXET CTaTb
YMEHbLLUEHWE Hapy>XHOro AnameTpa pa-
6ouero koneca.

Mpn 3TOM NpoTauMBaloT NO Hapy>KHO-
My avameTpy nnbo Bce pabouee Kore-
Co, NMBO0 TOMNbKO TOpLbl nonaTtok. Yem
6ornblue OyaeT 3aHUXKEHWE HAPYXKHOIO
aonametpa, TeM Huxke craHet Kl Ha-
coca.

CHuxeHune KO obbluHO ObiBaeT 60-
fee 3HauuTenbHO B TEX Hacocax, KoTo-
pble paboTaroT Ha BbICOKMX 060pPOTaX.
Y HW3KOOOOPOTHBLIX HACOCOB OHO He
CTOMb 3aMeTHO, B 0COBEeHHOCTH, ecnu
YMEHbLUEHWE HApPY)XHOro AuameTpa He-
3HAUUTENBLHO.

d1

d2

Q

Puc. 26 Moaudmkauma pabouero Koneca
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TeopuA NepekaunBaHUA XXUAKOCTEN

Koraa ymeHbLUeHUe Hapy>KHOro aAMame-
Tpa HEe3HauMTenbHO, TO C [OCTATOUHO
BbICOKOW CTEMEeHbID TOUHOCTU MOXKHO
BOCMOJb30BaTbCA CreayoLyMmMn CoOoT-
HOLLUEHUAMM:

Q _(D.) He (DY
Q D H D
Ha pwuc. 27 npeactaeneH cnocob

onpefeneHnA 3aHUXXEHHOro AMameTpa
Dy ¢ nomowwplo AnarpamMMbl Xapakre-
pucTrkun “H/Q” B NMHENHbIX KOOpPAUHA-
Tax. Hauano koopauHat (Q = 0, H = 0)
COeaMHARTCA C HOBOWM pabouei TOUKoM
(Qx, Hx) npAmMoOM nuHMen, NpoaormKeH-
HOW [0 NepeceyeHmns C XapakTepucTu-
KoM nmetolleroca Hacoca (Q, H) B Tou-
ke “s”. [locne 3TOro HOBbIM AMaMeTp
(D)) paccuuTbiBaeTCA MO CrneaytoLLen

chopmyne:

Q " D :Di
H

Hx

Qx Q

Puc. 27 Koppekuua Hapy>HOro anameTpa
pabouero koneca

27
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TeopuA NepeKaunBaHUA XXUAKOCTEN

b) Moaudukauumna
pabouero koneca
(npoa.on>xeHue)

OnHako 3TV 3aBUCMMOCTU HeOeWCTBU-
TEMbHbI B Chyyae HeobXoOAMMOCTH
3HAUYUTENMBHOTO CHMXXEHWA MPOU3BO-
OMTenbHOCTM Hacoca. B takom cnyuae
peKoMeHOyeTcA MNPOBOAUTL  3aHWXKe-
Hue pabouero komneca B HECKONbKO
atanos. CHauana 3aHwkeHue auame-
Tpa pabouero Koneca BbINOMHAETCA A0
pasmepa, HEeCKOSbKO MpeBbIlatoLWwero
3HaueHne D,, paccuuTbiBaemMoe Kak
yKasblBanocs Bblwe. [locne atoro Ha-
COC noABepraeTcA UCMbITaHUAM, nocne
KOTOPbIX MOXHO OMpeaennTb OKOHuYa-
TenbHbIM AMameTp.

B cepviMHOM NpoM3BOACTBE STOr0 MOX-
HO u3bexartb. MmetoTcA rpadmku pa-
Gounx XapakTepucTMK AfA HaCcOCOB,
obopynoBaHHbIX pabounMmn Konecamm
C PasnMuUHbIM 3aHWXKEHWEM Hapy>KHOro
avamvetpa (cmotpute puc. 28), Heno-
CPEACTBEHHO MO KOTOPbLIM MOXKHO pac-
cuutarb 3HaueHune Dy, ncnomne3yn Bhiwe-
yKazaHHble hopMyribl.
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TeopuA NepekaunBaHUA XXUAKOCTEN

HIM T 5260 wm

T ‘ ] | NK 65 - 250
1 64% 79, 50 M, n = 2900 MuH"
4 S T 1SO 2548 Knacc C

801 9247 mm

I
] I ] ) ]
| ] ] )
| T
| ©235mm | Iy N
! | N\ 70-2 %
70 T

] — b \—
: 222 Mm ! L 68.8%

60

50

40

e

I e S

1
0 20 40 60 80 100 120 140 160 Q [M3M]
P [kBT] © 260 Mm
36 ! 1
L 0 247 MM
e // o 235 Mm NPSH
28 1 1 1 1 1 ] " // 1 1 [™]
24 /// @ 222 MM 4 12
20| o // / - t1o
16 — // 8
1
12 — 6
g4 " NPSH | / | Lt
4 2
0 — : : — ‘ : — 0
0 20 40 60 80 100 120 140 160 Q [M3M]

Puc. 28 Koppekuua Hapy>XHOro avameTpa pabouero Koneca
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TeopuA NepeKaunBaHUA XXUAKOCTEN

c) PerynuposaHue
yacToTbl BpaLL,eHUA

MN3MeHeHWe uacTOTbl BpalleHWA Bbl-
30BET M3MEHeHMA B paboumx Xxapak-
TEPUCTUKAX LEHTPOOEXHOro Hacoca.
Bocronb3yemcA  TUMOBLIMK ~ 3aKOHO-
MEPHOCTAMM, YKa3aHHbIMK paHee:

% Mg -
Q n n

™ 30
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TeopuA NepekaunBaHUA XXUAKOCTEN
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Puc. 29 PerynupoBaHve o60poToB Hacoca mopenu TPE 80-240
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TeopuA NepeKaunBaHUA XXUAKOCTEN

KaButauuna

Hanbonee uacto BcTpevarolmeca npu
aKCnnyatauuMm HacocoB  npobnemebl
CBA3aHbl C ycnoBMAMU BCacCbiBaHUA Ha
BXOZE I'MAPOCUCTEMbI M MOUTU BCeraa
OHM ObIBaAOT BbI3BAHbLI CMULLKOM HK3-
KUM  TMOpOCTaTUUECKUM  AaBreHUEM
(moanopom) Ha Bxoae Hacoca.

MpuunHa 3TOr0 MOXET KOPEHMUTLCA
nnbo B BbIGOPE Hacoca ¢ HeonTUmarb-
HbIMW ONA OaHHbIX YCMNOBWUW 3Kchnya-
Tauuu napameTpamu, nmbo B OLMbKax,
[ONYLLEHHbIX MPU NPOEKTUPOBaHWUM M-
LpOCUCTEMbI.

BpalueHne pabouero koneca otépachl-
BaeT XMIAKOCTb K MOBEPXHOCTM Kopryca
Hacoca, B pesynbTaTe Yero co CTopo-
Hbl BcacblBatoLLen NMornoctTn pabouero
Koneca BO3HWKaeT pasprAXeHue. OTo
BbI3blBA€T MOACOC >XMOKOCTU uepe3
BcacblBaloWMi KnanaH u Tpybonpo-
BOA, KOTopaA MOCTynaeT K padouemy
Korecy, rae oHa OnATb OTOpackiBaeTcA
K MOBEPXHOCTM Koprnyca Hacoca. Pas-
pAXXeHWe Ha BXO4e Hacoca 3aBUCHUT OT
pasHUUbl MexXay YPOBHEM MONOXXEeHUA
BMYCKHOrO OTBEPCTUA U MOBEPXHOCTU
nepexkauMBaemMom XXMLKOCTH, OT NOTepb
[aBneHnA Ha TPEHME BO BCACbIBAOLLEM
KnanaHe u TpybonpoBoae, a Takxke oT
MMOTHOCTM CaMOWM XXMOKOCTH.

370 pasprAxXeHWe OrpaHUueHo AaBMNEHH-
€M HaCbILWeHHOro napa >XWAKOCTH Npu
LaHHOW Temneparype, T.e. AaBMneHWeM,
npu KoTopoMm OyayT o6pa3oBbiBaTLCA
ny3blpbkK Napa. Jlto6GanA nonbiTka CHK-
3UTb MMApPOCTaTUUECKOe [AaBlieHue A0
BEMWUMHBI, MEHbLUEW UeM [aBrieHue
HaChbILLEHHOro napa, NPMBEAET K TOMY,
uTO >KMOKOCTb OTpearupyer Ha 310
ob6pasoBaHneM MNy3bIPpbKOB Mapa, no-
CKOMbKY OHa HauHET 3aKunaTb.
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TeopuA NepekaunBaHUA XXUAKOCTEN

T mMakc. 10 m

Puc. 30 TeopeTtnueckaa MakcMmarnbHan BbiCOTa BCaCblBaHUA
paBHa 6apOMETPUUECKOMY AABIEHUIO
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

KaButauua
(npoa.omkeHue)

B Hacoce kaBuTauuA BO3HMKaeT TOr-
[a, Korga [aBfieHWe C TOM CTOPOHbI
nonatok pabouero koreca, koTopad
obpalleHa B CTOPOHY BCacbIBarOLLEN
nonoctn (06blYHO BOMM3WM BMYCKHOIO
OTBEPCTWA Hacoca), NajaeT HWXe Aas-
NEHWA HAaCbIWEHHOrO Mnapa >XMAKOCTH,
Bbi3biBaA oOpasoBaHuMe My3bIPLKOB
rasa. byaoyunm nepeHeceHHbIMM B 006-
flacTu BbICOKOro AaBrneHunA B pabouem
Korece, 3TV My3bIPbKW pas3pyLUaroTCA
(B3pbIBaAOTCA), @ BO3HMUKAKOWAA npw
9TOM BOIHA [aBlIeHWA MOXET BbI3BaTb
nospexxaeHue Hacoca (puc. 31).

9T0 NOBPEXAEHUE, KOTOPOE MOXET
BO3HUKHYTb B TEUEHME HECKOJIbKUX
MUHYT WUIK Uepe3 HEeCKOIbKO NeT, Ha-
CTONMbKO CEPBLE3HO, UTO MOXET OTpU-
uatenlbHO MOAEWCTBOBaTL He TOMbKO
Ha Hacoc, HO WU Ha 3NeKTpoaBUraTerb.
HaunGonee yA3BUMMbIMKM AeTanaMu Mpwu
3TOM ABMAOTCA NOALLMIMHUKM, CBApHbIE
WBbl U Oaxe MOBEPXHOCTU pabouero
Korneca.

Macwrabbl noBpexaeHui pabouero
Korneca 3aBUCAT OT XapakTePUCTUK Ma-
Tepuana, U3 KOTOPOro OHO M3roToBre-
HO; HanpumMep, U3 Tabnuubl BUOHO, UTO
MPU OOHWUX W TEX XKE YCMOBUAX YyLIEPD
AnA pabouero koneca U3 HepXaseto-
LeW cTanu cocTaenAeT BCero nuib 5%
oT yuepba, NpUUMHEHHOro pabouemy
KOIecy U3 uyryHa.

MoTepAa B macce pa3nuuHbIX
MaTepuanos

(Npv cpaBHeHWM 3a OCHOBY B3AT UyryH
=1,0):

Hep>xaBetowan cranb: 0,05
YUyryH: 1,0
BpoH3sa: 0,5
BpoH3oBbIe cnnasbl: 0,1

C ABNEeHWeM KaBuTaLIMM CBA3AHbI TaKXXe
MOBBbILLIEHHbIN YPOBEHb LLyMa, NafeHue
Hamopa v HecTabunbHOCTb SKcryara-
umKn. 3auacTylo noBpexaeHue ocTaer-
CA He BbIABMEHHbIM A0 Tex Mnop, noka
Hacoc ¥ anekTpoasuratenb He OyayT
noaBeprHyTbl pasdbopke.
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TeopuA nepekaunBaHUA XXUAKOCTEN

B3pbiBatowmecs
ny3bIpbKKU Napa

Puc. 31 KaBuTaumA Ha NOBEPXHOCTM pabouero koneca
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

PacueTtbl No ycTtpaHeHuio
ONacHOCTU KaBUTaLUK

KaBuTaumoHHbIM 3anac Hmax Hacoca,
HeoOXOAMMbIM ANA YCTPaHeHWA onac-
HOCTHU KaBuTauuu, paccuntbiBaeTCcA
creayowmm o6pasom:

Hmax = Ho - His - NPSH - H, - Hq

Hmaxe: KaBUTaUMOHHBIM 3anac Hacoca
(cmoTpuTe puc. 33).
Ecnu oH nonoxutensHbIM, Hacoc
MOXeT paboTatb Mpu [aHHOM
BbICOTE BCaCbIBaHUA.
Ecnv oH orpuuatensHbi¥, AnAa
paboTbl Hacoca HeobxoaMMO
co3gaTb YCNOBMA, MPU KOTOPbIX
OH CTaHEeT MOMOXXUTENbHbIM.
Hy:  ATMOcdhepHOoe aaBsreHue co CTo-
POHbI Hacoca; 310 — TeopeTUYe-
CKMW MaKCuMaribHaA BbICOTa BCa-

CbIiBaHH1A.
Hb _ pb
p-q

OT10 3HaueHune Hb 3aBMCUT OT MMOTHO-
CTM XXMOKOCTU U 3HaueHuAa “g” co cTo-
POHbI Hacoca (puc. 32).

Hi:  lloTepu goaeneHua Ha TpeHue BO
BCacbIBatoLLEM KrarnaHe 1 npuco-
edMHEeHHOM TPyOonpoBoAe TaKkxKe

3aBUCAT OT NJTIOTHOCTU XKNLOKOCTHU.

P

H, =
p-q

S

Bbico- Bapo- Bbicota | Temne-
Ta Hap, meTpu- BOAA- patypa
ypoBHEM | ueckoe HOrO | KMMEeHuA
MOpA | AaBneHue | ctonba BOAbI

Po
(m) (6ap) (m) (°C)
0 1.013 10.33 100
500 0.935 9.73 99
1000 0.899 9.16 96
2000 0.795 8.10 93

Puc. 32 Temnepatypa KunexHua Bodbl Mpu
pasnuuHbIX 3HaueHnAx GapoMeTPUYEecKoro
[aBneHuna
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Ho

Puc. 33 MakcumanbHaa BbicOTa BCacblBaHUA
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

NPSH:
Net Positive Suction Head

OTOT NapameTp OTpaXkaeT MWHUMarb-
HOe [JaBrneHuMe Ha BcCacblBaHWM, He-
obxogumoe anA 6e3aBapuMMHOM SKC-
nnyataunn. OH xapakTepuayeT noTepu
[aBreHnA Ha TPEHWe Ha yuyacTke OT
BcacblBatowero natpybka Hacoca Ao
TOW TOUKM NepBOro paboyero Koreca,
B KOTOpOVI AasneHne MUHUMaribHO, U
onpeaenaeT rMapasnnMueckue ycrosua,
npu KOTOPbIX HACOC HEe B COCTOAHMM
BcacblBaTb LEMbHbIM BOAAHOM CTONO
BbicoTon 10,33 M. Taknum 06pasom, 3Ha-
yeHne NPSH 6ynet pactv ¢ pocTom rno-
0aun, yTo MOXKHO BMAETb M3 rpadmka
XapakTepUCTUKN Ha puc. 35 KOHKpeT-
HOro Hacoca.

[na unMpKynALMOHHBLIX HACOCOB rpadomK
NPSH He ncnonb3syertca; BMECTO 3TOro
Ha puc. 34 npeacrasneHa tabnuua c
yKasaHnmem MWUHUManbHOro nasneHuA
Ha BCacblBaHWW, HEOOXOAMMOro Mpu
PasnuuUHbIX 3HAUYEHMAX Temneparypbl
pabouen XXnaKoCTH.

H,: OTtoT napamertp oTpaxaeT nasne-
HWMEe HaCbLIWEHHOro napa nepeka-
uMBaemMow Xuakoctu. OH BKItO-
UeH B ypaBHEHMWE, MOCKOIbKY Npur
bonee BbLICOKOM Temneparype
XKMOKOCTb HAUMHAET UCMapATLCA
ObicTpee. H, Takke 3aBuCUT OT
MMOTHOCTU XXNOKOCTH:

OTOT napameTp MpeacrTaBnAeT
cobor 3anac MPOYHOCTH, KOTO-
pblM OOMKEH ONpenenATbcA B
KOHKPETHbIX YCMOBUAX B 3aBUCH-
MOCTU OT CTEMeHU HapeXHOCTH
M OOCTOBEPHOCTU NMPUMEHAEMOM
MeToauKM pacueta. Ha npakTtu-
ke ero OepyT pasHbiM 0,5-1 M.
B cnyuae npucytctBua B BOAE
rasa aT0 3HauyeHue 4yacTo BblOW-
patoT paBHbIM 2 M.

tm (°C)
Hrin (M)

75
0.5

90
4.0

120
16.5

Puc. 34 MwuHuManbHOE OaBneHne Ha Bca-
cblBaHMM Hacoca mogenn UMK 50-60 B
3aBMCUMOCTM OT TeMMepaTypbl XXMOKOCTH
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TeopuA nepekaunBaHUA XXUAKOCTEN

P | H T
[Ml'la]_ [m] H CR2
240 - 50y
230 — 1SO 2548
224 5o npunoxeHue B

10—\

00— 0 T T T T T T T T T T T T T T T T 1
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 QW]
T T T T T T T T T T T
0.0 0.1 0.2 03 0.4 05 06 07 0.8 09 Qn/c]
P2 | P2 [%]
Inc] | [kBr] cta | w0
0.2
0.12 P2 30
0.1 0.08- - 20
0.04 10
0.0 0.00 T T T T T T T T T T T T T T T T T 0
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 Q[w]
Q-H [v] NPSH
[kMa] [™m]
= 12 -
QH 2900 MuH!
80 4
40 -2
o— o0 T T T T T T T T T 1 I B B R — o
00 02 04 06 08 1.0 12 14 16 18 20 22/24 26 28 30 32 34 Q[w]
NPSH
Puc. 35 Kpwuan xapakrepuctukn NPSH
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

Kak n3soexxartb KaBuTauum

[aHHaA aprymeHTauMAa OCHOBaHa Ha
npvBeAEHHOM Bbiwe hopmyne:

Hmax = Ho - Hig - NPSH - H, - H,

M YUMUTbIBAET BITUAHME Ka>KO0ro U3 urne-
HOB ypaBHEHMA.

Hmax: Hacoc Bcerna Heobxoammo ycta-
HaBNMBaTb KakK MOXXHO HUXe UMK
notpebyeTcA NOAHATL YPOBEHb
>KMAKOCTU CO CTOPOHbI BCaCbIBa-
HuA. MocnegHui cnocob yacto
ObiBaeT HaMbornee aeleBbIM pe-
weHuem. lMonoxxutenbHoe nae-
fNeHWe Ha BcacblBaHWM, co34a-
BaeMoe HacoCOM (ECNY TaKOBOM
MMEETCA) WUNKN PacLUMPUTENBHBLIM
©auKkoMm, OMKHO NOAAEP)KMBATL-
CA KakK MO>KHO 6ornee BbICOKUM.

OTOT nokazartenb ABMAETCA Mo-
CTOAHHbIM MpPU NepeKauymBaHum
onpeneneHHoMn XXUAKOCTH B AaH-
HOM MecTe.

Hb:

BcacbiBatowmint  TpybonpoBos
[OMKHbI ObITb KAk MOXXHO 6onee
KOPOTKUM U UME€Tb MUHUMarbHOe
KOMMUECTBO KOFEH, KnanaHoB,
BEHTUNEN U (PUTUHIOB.

NPSH: Crieanyet BbiGMparb Hacoc ¢ Hau-
MeHbLMM NoTpebHbIM NPSH.

H,: OTOT NapameTp MOXET CHWXaTb-
cA MpW NageHuu Temnepartypbl
XKUOKOCTU (TemnepaTtypbl OKpy-
>KatolLen cpeabl).

Hs:  YcranaenusaetcA HauBMAay-

alrnbHO.

Hanbonee npoctoi crnocob mnsbexatb
KaBuUTaunm — 3TO CHU3UTb no,u.auy Haco-
ca nytem 4aCTuUyHOro 3akpbITUA HarHe-
TaTenbHOro (MNW HaNnoOpPHOro) KranaHa;
B pesynbTarte 3Toro noHuM3uTcA Tpeby-
emoe 3HaueHne NPSH u Hi, cneposa-
TeNnbHO BO3pacTeT 3HaueHue Hyax.
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TeopuA nepekaunBaHUA XXUAKOCTEN

AnbTepHaTMBHaA mMeToAMKa
pacueTa AnA yCTpaHEeHUA
ONacHOCTU KaBUTaLUK

MHorne npepnounTtaoT npeobpaso-
BaTb dhopmyny B cpyHkumn NPSH cne-
ZytoLmm o6pasom:

Hmax = Hp - His - NPSH - H, - H

U

NPSH = Hp, - His - Hy - Hs - Himax

OTO pfaeT uMmerolleecA 3HauyeHue
NPSH,yailable 4NA AAHHOW rMApOCUCTE-
Mbl, KOTOPOE 3aTeM MOXHO CpaBHWUTb
¢ Tpebyembim 3HaueHnem NPSH qquireds
yKasaHHbIM Ha rpadumkax paboumx
XapakTepuCTMK COOTBETCTBYIOLLErO Ha-
coca.

Takum ob6pasom, ecnm
NPSHavaiIabIe = NPSHrequired

KaBuTaUuuMn yoaeTcAa nsbexarsb.

OpHako ecnu
NPSHrequired = NPSHavaiIabIe

TO ONAaCHOCTb BO3HMKHOBEHWUA KaBUTa-
LIMN COXpPaHAETCA.
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TeopuA nepekaunBaHUA XXUAKOCTEN

MoaknioueHne aneKkTpoasuratensa
«GRUNDFOS» B cooTBeTCTBUMU
¢ o003HaueHMeMm Ha ero Wwunbauke

PaclumcpoBka 0603HaUE€HUIA:
“ - “ ogHauaert “oT - 0o*;

“ [ “ o3HauaeT, UTO AnekTpoaBuraTenb w Ouw Ouw
MOXXET NMOAKMNtoYaTbCA ABYMA PasHbIMM
BapuaHTamu;

“D “ obo3HaueHne coeamMHeHMA 0OMo-
TOK 3NEeKTPOABUraTena rno CXeme «Tpe-
YrOnNbHUK»;

“Y “ o603HaueHue coeamMHeHna 0OMOTOK T
3NEKTPOABUraTena Mo CXeMe «3Be3aa».

“TpeyronbHUK”

ut Vi w1

3x220V
1x220-230 /240 V “3Be3Aa-TpeyronbHUK”

1. Oguratens MoxeT ObITb NOAKIOUEH W2
B OAHO(hasHyld CeTb NEepPeMEeHHOro
Toka HanpsaxeHvem U = 1 x 220-230B. m ﬁw
2. [Burartenb MOXET ObITb NOAKMOUEH

B OOHOha3Hyl0 CeTb MNEePEMEHHOrO
TOKa HanpsxeHvem U = 1 x 240B.

oT mKaqaa nepeKIoUYeHua
“3Bespa-TpeyronbHuK” 3 x 220 V

™ 42
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TeopuA NepeKkaunBaHUA XXUAKOCTEN

3 x 220-240D / 380-415Y V

“3Be3pa”

1. ABuratenb MoxXeT ObITb NOAKIOUEH

O Qe
B TPeXhasHyro CeTb MEePEeMEHHOro Toka we 2 v2
HanpsaxeHvem U = 3 x 380-415B no

cxeme «38e3aar. % qv‘ /Q "

2. [puvratenb MOXeT ObITb MOAKIHO-
yeH B TpexdasHyo CeTb NePEMEHHOro
TOKa HanpsxeHvem U = 3 x 220-240B
Nno CXeme «TPeyronbHUK» (Hanpumep
B benbrun, B Hopeeruu, B Utanuu, Bo 3380V
$paHumnm).

3. [Burartenb MOXeT ObITb NOAKMOUEH
B TpexdhasHyto CeTb MEPEMEHHOrO TOKa
HanpsxeHnem U = 3 x 220-240B no “TpeyronbHUK”

CXeme «3Be3aa-TPeYronbHUK».

w2 u2 v2
3 x380-415D V v v
1. ABuratenb MoxXeT ObITb NOAKIOUEH
B TpexdasHyto CeTb MepPeMEHHOro Toka T
HanpsxeHvem U = 3 x 380-415B no
CXEME «TPEYroNbHUK». 3x380V
2. [puratenb MOXeT GbiTb MOAKIOUEH “sBespa-TpeyronbHuk”

B TpexdasHyto CeTb MePEeMEHHOro Toka
HanpaxeHvem U = 3 x 380-415B no
CXeme «3Be34a-TPeyronbHUK».

%
Qm }w }m

! !

oT wkada NepeKnioYeHus
“3Be3aa-TpeyrofibHUK” 3 x 380 V
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