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TeopeTnyeckme OCHOBbI TMAPaBUKA

1. NIPEOUCIIOBUE

LleHTpoGexHble Hacochl SBNSTCSA rMapoanHaMU4Yeckummn MawmHamu. Ons
NMOHMMaHWS NpUHLMNAa AeNCTBUS TaKMX HACOCOB HEOOXOAUMO UMETL
npeacTaBrneHne o npegmeTe rmapaBiIMKM U OCHOBHbIX CBOMCTBAX KUOKOCTEN.

2. OCHOBHbIE YPABHEHUA

2.1. YpaBHeHMe Hepa3pbIBHOCTU NOTOKA

Bosbmem pr60I'IDOBO,D, nepeMeHHoOro ce4eHud, no KOTOPoMy nNpoTeKkaeT
onpeAeneHHbIn NoToK Q. Torga CKOPOCTb NMNOTOKa V U3AMEHAETCA B COOTBETCTBUU
C nnoLagbio nonepeyHoro ceveHuns A:

Puc. 1
Q=A-v (1a)
4-Q
V= (1b)
v,-A =V, A, (1c)
A-v=Const (1d)
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

2.2. YpaBHeHue BepHynnu (3aKkoH coxpaHeHUs aHeprum)

YpaBHeHue BGDHyJ'IJ'IMZ CymMMa yueanoﬁ QHEeprmn norioXxeHus, yueanon QHeprmun
[aBneHns N KNHETUYECKOMN y,u,eanoﬁ QHeprmn eCcTtb Berin4nHa noCTtoAHHasA BO BCEX
CeYeHnAX NoToKa XNAKOCTHU.

B >xmnakocTax CyLeCTBYIOT cneaytouine Bnabl SHeprun:

MoTeHumanbHas aHeprusi NONoXeHust m-g-z

OHeprusi faBneHnst m.2
Y
V2

KuHeTnyeckas aHeprus m-?

[MonHas yaenbHasi sHeprus, T.e 3Heprusi, paBHas CyMMe SHEPrui NOMNoXeHus,
[ABNEHNs N KUHETUYECKOMN, OTHECEHHOM K Macce, eCTb BENMMYNHA NOCTOSAHHAsA
B Ntobou Touke ceveHus Tpybonposoaa:

2

P iz+ Y~ Const[u] (2a)
p.g 2'
V2
p+p-g-z+5-p:Const[ﬂa] (2b)
2 2
§+g~z+%=Const [%] (2¢c)

Mpu atom:

p — cTaTtu4eckoe faBreHune (nokasaHve maHoMeTpa) (Ma), 100000 Ma= 1 6ap

P — NITOTHOCTb XXMAKOCTH (kr/m®)
g — yckopeHue cBoboaHoro nageHus = 9,81 (m/c?)
Z — YpOBEHb OT MSIOCKOCTN CPaBHEHUS (M)

V — CKOPOCTb NPOTEKAHNS XKNOKOCTU (m/c)
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TeopeTnyeckme OCHOBbI TMAPaBUKA

YpaBHeHue BepHynnu npencraBnseT cobon 3aKOH COXpaHEHUSI MEXaHNYECKON
3HEeprnv Npu ABMXEHUN naeanbHOM XNaKocTn. 3aBMcnmMocTu 2a, 2b n 2¢
NPOUNIOCTPMPOBAHbI Ha puUc. 2

v Q

AN |

Bopa 10 °C H=10,2 m

Puc. 2

Mpumep 1:

Haingute 3Ha4YeHusi NoTeHUManbHOM, KWNHETUYECKOW SHEPrUM 1 SHEePrv AaBMeHNs
B Toukax 0, 1, 2 (puc. 2)

PewweHne:

2 2 2
pu+p'9'zo+%'P=p1+p'g'z1+%'P:pz+P'Q'22+%'P

B touke 0 BOAda nMeeT NoTeHUMaNbHY0 3HEPIUIO MOJIOXEHNA P - g - Z, HO HE UMeeT
SHeprnn aasneHna n ABMXeHu4d.

B TO4ke 1 3Heprnsa nonoXxeHus nepeLuna B 3HEPruo AaBNeHUs, MaHOMETpP
NnoKasbliBaeT cneaytouliee:

P, =p-g-z, =1000 %9,813“’;-10,”

Takxe BUAHO, 4TO CTONO BOAbI BbICOTOM 10,2 M COOTBETCTBYET eAUHNMLIE AaBIEeHNs
1 6ap:

10,2m Wp =16ap
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

B Touke 2 sHeprusa gaBneHus Todku 1 npeobpasoBanachb B KUHETUYECKYIO SHEPTUIO
XNOKocTu.

CkopocTb v,

Vv, = 2'—P‘:,/29-20 =44,74 m/c
P

2.3. O noTepsAx gaBneHus U Hanopa

Ecnu BMecTo neanbHoi )XUAKOCTM paccMaTpuBaTh XUOKOCTb pearnbHyto, TO Npu
nepeMeLLeHUM XULKOCTM Mo TpyGonpoBoay ee yaenbHas aHeprusi 6yaeT yobiBaTh,
Tak Kak YacTb ee 3aTpaynBaeTCsl Ha NPEOAONIEHNE CONPOTUBEHNS ABVXEHMIO,
06YyCIOBMNEHHOIO BHYTPEHHUM TPEHWUEM W BA3KOCTbIO XKUAKOCTU. B €BA3M C 3TUM
CYMMbl MEXaHUYECKMX 3Heprui B Toukax 1 v 2 otnuuatotcs. B Tpy6onpoBoae,

B KOTOPOM CKOPOCTb V U YPOBEHb Z OnpeferieHbl, 3To npeobpa3oBaHue aHeprum
MOXeT BblpaxaTbCsl TOMbKO B MOTEPe AaBreHust «Ap». B ugeansHom crnyyae, koraa
OTCYTCTBYET TPeHUE, AeNCTBYET ypaBHEHNE 2:

4 vZ
p1+Z1‘P'9+E'P=pz+zz'P'9+Z'P @)
Mpwn Hann4mm TpeHus:
o V2
p1+Z1‘P‘9+E'P=p2+22'P'9+§‘P+Ap12 (4)
PasHuua gaBneHun gnsa naeanbHON 1 peanbHON XXUAKOCTEN:

P, —P; = Ap12 (5)
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TeopeTnyeckme OCHOBbI TMAPaBUKA

MOXeT BbITb paccunTaHa cneayoLm o6pasom:
Ap12:7\"l‘v*2'p=p'g‘A (6)
d 2 v

3pech:

A\ — KoadhpmumeHT TpeHus xugkoctn o Tpydonposos (0,02—0,04 o6bIYH. AnanasoH)
| — anuHa Tpy6onposoaa (M)

d — puameTp TpyGonpoBoaa (M)

H,, — notepu Hanopa (m)

Ap,, — notepyu faeneHnsa mexay Toukamu 11 2 (Ma)

Ecnu ans onpegeneHHoro Tpy6onpoBoaa Mbl BBEAEM KOS MULMUEHT TpeHust A
W NAIOTHOCTb XXMOKOCTU P B BUAE KOHCTAHT, U BMECTO CKOPOCTU V BCTABUM
ypaBHeHue (1b), To Nony4ynum BblpaxxeHne Ans notepb AaBneHns Uy Hanopa:

2

Ap,, =H,-p-g=const- e

MoTepu aaBnennst Ap nponopumoHaneHbl AnuHe | Tpybonposoaa, Bo3pacTalT
BYETBEPO NpU yABOEHMM nNoToka Q n cHmxatoTes Ha 1/32 cBoero nepBoHaYanbsHoOro
3HayeHus1, ecrnv guameTp TpybonpoBoaa yaABamBaeTcsa. ATOT OYEHb BaXKHbIA ANA
npaBunbHOro BbIGopa HACOCHOM YCTaHOBKM (DaKT 4acTo He NPUHMMaeTCs

BO BHUMaHWe Ha npakTuke. Tak Kak Mbl B AanbHeLweM AOIKHbI paccumTaTb notepu
Hanopa H,,, To cooTHoLWeHNs fOMKHbI BbITb NOSICHEHbI Ha NMpuMepe 2.
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

Mpumep 2:

[na oTonuTenbHON CUCTEMbI C NPOU3BOAMTENBHOCTLIO Q, = 20 M3/yac paccunTaHbI
notepu Hanopa H,,, =4 wm.

Kakue notepu Hanopa H,,, nony4atoTtcsa npu npoussoamtensHocTn Q, = 10 m*/uac?
PewweHne:

W3 ypaBHeHus 6 (I, d = const) Haxogum

2 2
e | S HoeH [ ®
Hv1 Q1 Q1
3 2
H,, =4m- 10/ =1m
v 20 m*/u

Mpumep 3:
B tpy6onposoae anameTpom d, = 65 MM noTepu Hanopa cocTasnsoT H,, =4 M.

Kakue notepu Hanopa H,,, BOSHUKHYT NpU TEX e YCMOBUSX, N1LLbL C TON pasHULEN,
uTo Anametp d, = 80 mm?

PeweHue:
M3 ypaBHeHus 6 (I, d = const) cnegyet

5 5
Bo (&) H=n, & ©
H d, d,

V1

PeayanaT NMoKasblBaeT, Kakoe BINnAHne oKka3bliBaeT He3Ha4YnTeribHoe nsSMeHeHne
Anamvetpa Tpy6onposoaa d Ha notepu Hamopa H,,.
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TeopeTnyeckme OCHOBbI TMAPaBUKA

Motepu pasneHns Ap unu notepu Hanopa H,, onpefensiotca ¢ nomoLubio Tabnuy
n guarpamm (puc. 3). ATOT MmaTepuan HOCMT peKOMeHAATENbHbIN XapakTep, 0OAHaKo
OH MO3BONSAET OLEHUTb NOTEpPM B TPyOONpoBoAax, M3roTOBEHHbIX U3 Pa3NINYHbIX
maTepuanos.

Mpumep 3:

OnpepenuTe notepu Hanopa Tpybonposoaa anuHon | = 150 n gnametpom d = 80 MM
npu npoussogutensHoctTn Q = 25 m*/yac. B Tpy6onpoBoae HaxoasTcs 4 koneHa
no 90° DN 80 n 2 3aaswxkn DN 80.

[AvameTp Tpy6onposoaa, DN
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EE Y

05 10 15 20 25 5 10 15 20 25 100 150 200 250 fI/C

Pacxop
Puc. 3 CkopocTb noToka v 1 notepu H, B npsambix Tpy6onposogax anuHoin 100 m.

Homorpamma cnpaBennvea ns ctanbHbIX OLMHKOBaHHBIX TPYO Unv rmagkmx
YYTYHHbIX TPY6 C NOKPbLITUEM.
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

MonpaBoyHbIe KO3dhbnuneHTLI ANA TPY6 U3 APYrMX MaTepuanos:

HOBbl€E KaTaHble TpyObl = 0,85

TpyObl U3 Mean unu nonumepos = 0,7

cTapble cTanbHble TpyObl = 1,25
TpyObl C OTNOXEHUAMYU = 1,7 (B3sTb C Anarpammbl H, Ans daktuyeckoro
CY>XEHHOr0 nonepeYvHoro cevyeHus!)

HomMuHanbHbI AnameTp 50 65 80 100 125
LLinbepHas 3agBuxka 0,7 0,9 1,2 1,5 1,9
BeHTUnb 06LIKHOBEHHbIV 12,0 16,0 20,0 25,0 31,0
O6paTHbIii knanaH cBo604HOro Bbinycka 7,8 10,6 13,8 17,0 21,0
[MpnemHbIN KnanaH ¢ BcackiBatoLLen CEeTKON 9,7 13,2 17,2 21,0 26,0
KoneHo Tpy6bl 90° 1,0 1,3 1,7 2.1 2,7

Puc. 4 KoaddpurumeHTbl CONMpOTUBEHNS PasfMyHbIX 3N1IEMEHTOB TPybonpoBOAHON
apmartypsbl, pu ckopocTu notoka 2,0 m/c.

PelweHve:
W3 gnarpammbl Ha puc. 3 Mbl 6epeM 3HauveHne ansa Q = 25 m3/yac u guameTp TpyoOb!
d =80 mm.

H, =3,0m/100m

M3 Tabnuupl ¢ koaddurLumeHTammn conpoTMBEHNS apMaTypbl (pUc. 4) Mbl monyyaem
aonsa korneHa DN 801 x 90° 3Ha4yeHue 1,7 M, a ansa 3agsuxkn DN 80-1,2 m.

crunpDrFos™ 1



TeopeTnyeckme OCHOBbI TMAPaBUKA

4 x 90° koneHo DN 80: 1,7mx4 =6,8m
2 3aaBmxkn DN 80: 12Mx2 =24m
150 ™

Tpy6a anuHon 150 m: =
159,2 m

[loTepu Hanopa cocTaBnAoT:

H, = 159’2M-3,0M=4,8M
100m

Ecnn nmetotcs otaensHble CONPOTUBIEHUS TUNA KOMEH, KnanaHoB, (ouUsTPoB U T.4.,
TO N3-3a USMEHEHUA NMOTOKa TaKXe BO3HUKaKT NoTepU Hanopa. OHu
pacc4ynTbiBaOTCA cnegyrownm 06p830M:

2
Ap=§~v?p=Hv-p-g (10)

CocTaBnsitolas conpoTmBreHust § oTaenbHbIX NPOMUNBHLIX AeTanen u apmaTyp
MOXeT GbITb B3ATA U3 NPVBEAEHHOW HUXKe Tabnuubl:

KoaddpmumeHT MecTHOro conpoTuBneHus § ans

YaenbHoe CONpoTUBNEHNe HOMMHanNbHbIX guameTpos DN

DN 321 40 DN 50 u 6onee
KnuHoBasi 3agBukka 2,50 2,00
3aaBuxKu 0,30 0,35
KoneHno 90° cr/d = 1,5 - 0,55
KoneHo 90° cr/d = 2,5 — 0,30
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

Motepu Hanopa H,, B apmaType:
V — CpeaHss CKOPOCTb NoToka B 6a30BOM NonepeyHom ceveHumm, m/c

€ — KO3 PMLUMEHT CONPOTUBIIEHNS COOTBETCTBYIOLLIE AeTanu Tpybonposoga
2 2
H-g YV H=vE VY 11
Gl HmXE ] an

CyMMVIpOBaHVIe 3Ha4YeHun §£U'IF| BCeX BUOOB apMaTyp AONyCKaeTCA TOJTbKO npu
OANHAaKOBbIX HOMUHalIbHbIX BHYTPEHHUX AMnaMeTpax DN v 3Ha4eHunax pacxoga Q.

Mpumep 4:

Q=25m¥yac =150 m d =80 mMm v=15wmlc
4 x 90° koneHo DN 80 tabnuua: ¢=4x0,55=2,2

2 3aBUXKU DN 80 tabnuua: ¢=2x0,35=0,7

2
2(M
15 H
HV=(2,2+0,7)-CM+(::28M-3,OM)
M

H,=4,8m
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TeopeTnyeckme OCHOBbI TMAPaBUKA

3. O MPMHUWNE AENCTBUA LEHTPOBEXHbIX HACOCOB

3.1. 3akoHbl Nogo6msa ANs LeHTPOOEeXHbIX HACOCOB

LleHTpoGexHble HacoChl ABNAKTCH NTONAcTHbIMKU MaliMHamu. Hacoc coctont
13 HanpaBngaLero annapara, J1onacTHOro Komeca, Kopnyca co cnvparbHbIM
OTBOAOM, MOABMXHbIX U HENOABWXHbBIX YNNIOTHEHWI, Y NPUBOAA.

Hanpaensiowwmi annapaT oGecneynBaeT onTMMarbHble YCNOBUS BCACbIBAHMS,
Kak bl «rOTOBUT» XMAKOCTb KO BXOAY B flonacTHoe korneco. JlonacTHoe Koneco
COO0O6LLaET XUAKOCTU NpUpaLLEeHUe IHEPTUN, YBENMUNBAS AMHAMUYECKYHO
cocTaBnsaoLLyto (CM. ypaBHeHue BepHynnu). CnvpanbHbii 0TBOL TOPMO3UT MOTOK,
BbIXOASLLMIA M3 NIONACTHOTO Koreca, NepeBoas AVHaMUYECKYIO COCTaBISIOLLYIO

B CTATUYECKY!IO, TO €CTb MOBbILLIAS AaBNeHue. B MHorocTyneHyaTom Hacoce
OMUCaHHbI NPOLLECC NOBTOPSIETCS MHOTOKPATHO 3@ CYET NPOXOXAEHUS XKUAKOCTM
Yepes rmpnsHAy nepemexatoLnxcsl HanpasnaloLWMUX annapaTos 1 NoNacTHbIX
konec. B gaHHOM cryyae, HanpaBnsoLLMiA annapart BelCTynaeT B PON «racutens
CKOpPOCTU NOTOKa», obecneynBasi noAnop nepes nonacTHeIM konecom. Takasi
KOHCTpYKUMsi o6ecneurBaeT CyLLecTBeHHOe NpupaLleHre AaBneHus npu
CpaBHUTENbHO HEGOMbLUMX raGapuTax U NPUMEHSIETCS, MMaBHbIM 0Gpa3oM,

B MOBbICUTENMbHbIX HACOCAX.

Puc. 5 CneBa — Hanpasnsilowmii annapar 1 paboyee Koneco, cnpasa — oTAensHo paboyee

Koneco
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

MpuHUMN gencTBNs LEHTPOBEXHOro Hacoca 3aknyvaeTcs B criegytowem. Mpu
BpaLleHun paboyero koneca XUAKOCTb, HAaXoAsLWanca Mexay nonaTkamu,
6rarogaps LueHTpobexHon cune BolbpackiBaeTca Yepes HanpaBnawLWwmi annapaT
B HaMOPHbIN TPyOGONpoBOA. YxoasLas XUAKOCTb OCBODOXAaET 3aHMMaeMoe eto
NPOCTPaHCTBO, NO3TOMY Y BXOAa B paboyee koneco obpasyeTcs Bakyym,

a Ha nepudepum — n3bbITo4HOE AaBneHue. MNog oencTemem pasHoOCTH
aTMoCepHOro AaBneHUs B NPMEMHOM pe3epByape 1 NMOHMXEHHOro AaBneHuns

Ha Bxofe B paboyee Koneco XMAKOCTb NOACAChIBAETCHA B MEXMONaCTHbIE KaHarbl
pabouero koneca.

MprHUMN gencTBrsS LEHTPOBEXHOrO HAacoca MOXHO NMPOCTO OOBACHUTL Ha NpuMepe
MuKcepa (puc. 6): ecnv NOMeCTUTb UMNNHAP (2) C HAaXOAALMMCS HA OCEBON NUHUN
1 pacrnornoXeHHbIM Mo NepuMeTpy LWTYLEepOM B pesepsyap ¢ Bogon (1) n BcTaBuTb
pacnonoxeHHoe Ha Bany (3) paboyee koneco BHyTPb LMNVHAPA, TO NPV BpaLLeHun
Bana B unnuHAape cBoboaHas NoBEpXHOCTbL BoAbl ByAeT npuHumaTh
napabonunyeckyto gopmy. 1o oceBor nMHUKM cBo6oAHas NOBEPXHOCTb BOAbI byaeT
OnycKaTbCHA HMXE CPefHEro ypoBHS XNOKOCTU B pe3epByape, a no CTeHKam —
NOAHMMATBLCS BbILE 3TOr0 YPOBHS (Kak Mpu nomMeLLmBaHum Kode) .

P
o
N 3
Q H,

v ‘ W v H

\V]

IH.

1 - pesepsyap
2 — BepTHKanbHbI LUMIMHAP
3 - Ban ¢ nonactamu

2
()
Q_'x_s

Puc. 6
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TeopeTnyeckme OCHOBbI TMAPaBUKA

CornacHo 3akoHy Nackans, JaBneHne NponpoLMoHanbHO BbiCOTe cTonba
xuakoctu. B npuBegeHHOM npumepe faBneHne B LeHTpe cocyaa byaeT Huxe, Yem
[aBrieHne y ero cTeHok. [oa gencreuem nepenaga Mexay aTMochepHbIM
[OaBleHneM ¥ JaBneHnsIMU B LIEHTPE U Y CTEHOK COCYyAa, OCYLLECTBSETCS
nepekadynBaHue XnakocTu.

MTak, Mbl uMeeM 34ecCb NPOCTENLLY0 MoAerb LLEHTPOBEXKHOro Hacoca, KOTOpbIN
“MeeT BbICOTY BcackiBaHua H, v Hanop H, T.e. nepekaunsaeT Q (06beM KnOKOCTH
B eAnHULY BpeMeHwn) Ha BbicoTy H nyTem 3atpatbl mowHocTu P.

[anee n3 aton mogenuv cnegyer:

1. B UeHTpoGexXHOM Hacoce HeT pasfdenuTens cpen (kamepbl BcacbiBaHUSA
W HarHeTaHusi He OTAeNeHbl Apyr OT Apyra) .

2. MOTOK XMAKOCTH, NPOXOASALLEN Yepes HAacoC, AOMKEH ObITb HEMPEpPbIBEH
1 OOAHOPOAEH.

3. Ecnu meHsaeTcs uncno 060pOTOB N Barna n, COOTBETCTBEHHO, n0Tpe6nﬂemaﬂ
MoLHocTb P, To MeHsatoTca BbicoTa H 1 nponssoantensHocTs Q.

Habntogatenb MoOXeT C NOMOLLbHO N3MepuUTesbHbIX I'IpVI60pOB YCTaHOBUTb, 4YTO!:

a) NpoM3BOAUTENBHOCTL Q NMponopunoHarnbsHa YmMcny o60poToB n:

Q _n
i R 12
Q, n, (12)

6) BbicoTa H nponopumoHansHa kBagpaTy uncna obopoTos n:

2
H (n] (13)
H2 n2
B) MOLLHOCTb P nponopuuoHansHa KyGy ynucna o6opoTos n:
3
P, (n
=2 14
(2] 2

YKa3aHHble COOTHOLLUEHWS ABMSIOTCA 3aKkOHaMK NoA00Ust LEHTPOOEXHbBIX HACOCOB.

OHu noHapobaTca Ham No3aHee, korga peyb nonaeT o Bbibope umcna o6opoTos
Bana Hacoca unm pacyeTe Hacoca C NnepeMeHHON YacToTOW BpaLLeHUs.
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

3.2. O603Ha4YeHusn

OCHOBHbIEe BENNYNHBI 1 eAUHULbI UX U3MEPEHUS], MPUMEHSIEMbIE B LLEHTPOOEXHbIX
Hacocax, nepeuncriensl B ctaHgaptax (DIN 1944, DIN 24260). Mbl 6ynem mx
NOCTOSIHHO MUCMONb30BaThb B 3TOW KHUTE.

BenuuuHa O603HavyeHue B hopmynax EAvHuua nsmepeHus
[MpousBoanTENBLHOCTD Q M3y
Hanop H M
3HayeHne NPSH NPSH M
MoTpebnsiemast MOLHOCTb = kBT
KN Hacoca n —
Yucno obopoToB n 1/MuH
[aBneHune p 6ap
[MnoTHocTb P Kr/gm?®
CKOpOCTb NoTOKa \ m/c
YckopeHune cBobogHOro g e
nageHus

MCHOJ’IbSyeMbIe WHOEKCbI:

d- nonepe4yHoe cevyeHne HaNoOpHoOro nany6Ka Hacoca

S —nonepe4yHoe cevyeHne BcacbiBarwoLlero nany6Ka Hacoca
a — nonepevyHoe ce4vYeHne Ha BbIXode N3 CUCTEMbI

€ — nornepevyHoe ce4yeHne Ha BXxoge B CUCTEMY

o™
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TeopeTnyeckme OCHOBbI TMAPaBUKA

4. PACYHET HACOCOB U HACOCHbIX YCTAHOBOK

41. Pacxog Q

Mop pacxogom Q Hacoca NoOHMMaeTCcs 06bEM XNOKOCTK, NPOTEKaoLWMI Yepes
HaMopHbIN NaTpybOK Hacoca B eaUHNULY BPEMEHM.

lMoHsimue 06 06LeMHOM U Macco8oM pacxode: 06bEMHbIM pacxoaoM Q HasbiBaloT
06beM XnOKOCTU, NPOXoAsiLLEN Yepe3 AaHHOe ceveHne TpybonpoBoaa 3a 3a4aHHbIN
NPOMEXYTOK BPEMEHU; MAaCCOBbIM PACXOA0M M Ha3bIBAETCS Macca XUAKOCTH,
npoxoasias Yyepes AaHHOe cedeHne TpybonpoBoaa 3a 3a4aHHbIi MPOMEXYTOK
BpeMeHn. CBsi3b MeXy MacCOBbIM U 0ObEMHbIM pacxogamu NpUBOAUTCS

B hopmyne:

m
Q=— ,roe p — NNOTHOCTb )XMOKOCTH (15)
p

Mpumep 5:

Hacoc kauaet Bogy t = 10 °C, t = 90 °C. NnoTHocTb Boabl p npu t =10 °C,

Pooc = 1000 kr/m3, npn t =90 °C, py, .. = 965 kr/m®. MNpn oaMHaKOBOM 06LEMHOM
pacxofe Q n3meHsieTcs MacCoBbIV pacxod m (T.e. Macca Npoxoasien 3a e AMHNLY
BPEMEHW KNOKOCTH), KOTOPbIV BNUSIET Ha NOTPebrsieMyto MOLHOCTb Hacoca.

4.2. Hanop Hacoca H

Hanop: npupocT sHeprumn noToka 3a BpeMsi NPOXOXAEHUS XKUAKOCTM Yepe3 paboune
MONIOCTM HACOCa, BblPa)KEHHbIN B METpax CTonba K1MaKocTu.

OHepruto, nepeagasaemMyro HACOCOM Ha eMHNLY MacCbl NOTOKa U Hanop Hacoca H
MOXHO U3MepUTb Mexay I'Iany6KaMVI arperarta, CM. ypaBHEeHUA 2a-2c.

¥

¥
S d E
—O— >+S L E,
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

H=E,-E, (16a)
_ 2 2
H= L;) gs +z,-2, +7V"2 9\]/ (16b)

Hanop H coctouT 13 Tpex coctaBnsiowmx:

a) lameHeHwne cTaTnyeckoro faBneHus Mexay naTpybkamu Hacoca (nokasaHue
MaHoMeTpa).

Py —Ps
- 17
pg e

6) VIameHeHne NonoXeHWs XMAKOCTM (Pa3HOCTb BbICOT MeX.y HarnopHbIM
1 BCacbIBaOLLMM naTpybkamm).

Z4-2, (17b)

B) M3amMeHeHne KNHETUYECKOM HEPTM XKUOKOCTMU Mexay I'Iany6KaMVI.

2 2
Va — Vs (1 8)
2.9
Ecnn I'Iany6KI/I Hacoca HaxoaATcsa Ha 0gMHaKOBOW BbICOTE, TO COCTaBnAawLWLas

(z, — z,) paBHa Hymto. Ecniv HanopHbIN 1 BCacklBaLWmin naTpybkm Hacoca nMmetoT
OOVHaKOBbIVi HOMUHATbHBIV BHYTPEHHWUI ANaMeTp, TO TPeTbsA COCTaBnsALasa paBHa
HYII0 U Hamnop Hacoca ONMCbIBaeTCA NPOCTbIM COOTHOLLEHNEM (Hacockl In-line):

Pg — Py
He 19
0g (19)

[MpupocT AaBneHns ¢ NOMOLLbIO HACOCa MOXHO Bblpa3uTb CrieayoLwmm 06pa30M:

Ap=py-p, =H-p-g (20)
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TeopeTnyeckme OCHOBbI TMAPaBUKA

13 3TOro COOTHOLLEHMS O4HOBPEMEHHO cnenyert 10, YTO pa3HOCTb pasnexHun Ap
3aBWCUT OT MNSIOTHOCTU P MepeKavyMBaeMon cpeabl.

Paboueii xapakTep1CTHKON Hacoca Ha3biBaeTCsl 3aBUCUMOCTb Harnopa oT noaaym
npu PUKCUPOBAHHOI YacToTe BpalleHWsi NpuBoAHoro Bana (puc. 7). Paboune
XapaKTEPUCTUKM NPUBOAATCA B TEXHUYECKOW [OKYMEHTaLum.

Paboyasi xapakTepucTuika AeicTBUTENbHA A51s BCeX XKUAKMX cpen.

H

Puc. 7

Mpumep 6:

B Hacoce CRN 32-8-2 Mbl u3mepunu npu temnepaType nepekaymBaemoro
koHgeHcaTta t = 80 °C u npousBoautensHoct Q = 24 m*/yac naBnexHue
Ha BcacbliBatoLiem natpy6bke p, = —0,1 6ap, a Ha HanopHoM p, = 12,3 Gap.

OnpepeneHve Hanopa:

T. k. CRN 32-8-2 aBnseTcsa Hacocom In-line ¢ ognHakoBbIMM AuameTpamu
BCACbIBAKOLLEro 1 HanopHOro naTpyokos, To:

Pg —Ps
H=Pa—Pe 21
p-g @
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

Ecnu nnotHocTb p80 °C = 971,6 kr/m® (cm. Tabn. pasgen 5.1), To:

12,3 -(-0,1)|6ap-m®-c?
_[123-(01)]

=130m
971,6-9,81kr -m
. 3 2 5. . .
bap-m°-c [10 szr M2:| 16ap =10° Kr2
Kr-M 6ap-m°-p-c M-C

OT0 3HavyeHMe COOTBETCTBYET 3Ha4YeHuIo B TexHudeckom nacnopte CRN 32 (puc. 8),

TeXHWU4. jlaHHble HacoCa COOTBETCTBYOT AAaHHbIM U3rOTOBUTENA.

p g H
el ol CR, CRN 32
1 50 My
4 S0 9906
| 260 npunoxenvie A
24 \
1 240 \
Q‘Oj 200
180 _—
16 160 _g —] 3
] 140 /ﬁizi\t\\\
-7
1 130 fmma7-2 -_— \
12 1204 _g—] e S—
1 AP E—
1 1004= | E—
4 52 I i
0o w ! ] — \\
] 42—
I . e
1 |~ 5o I
04-{ 402 1 \\\
1 2 — i M
20 -1 —1 S — ——
] =5 ——
004 o - T
0 4 8 12 16 20 24 28 32 36 Q [mo/]
r T T T T T T
0 2 8 10 Q [n/c]
P2 P2 Eta
[hp] ] [xBr] e [%]
1 2 ta 80
2.4+ s | 1 P21/1 -
164 1' [ —T 1 P22/3 w0
[l p— —
087 05 — | 20
00— 0 0
0 4 8 12 16 20 24 28 32 36 Q [mo/]

P H NPSH
(K&l M)
200 20 —}-QH 2900 06/ 1/1 8
160 15| Q2900 06/n 213 I S B NPSH |

120] 1
80 | = —] 4
e 2
0 0
0 4 8 12 16 20 24 28 32 36 Q [MS/V]
Puc. 8 MHorocTyneH4yaTble Hacocel In-line Grundfos CRN 32
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TeopeTnyeckme OCHOBbI TMAPaBUKA

4.3. Hanop (Bbicota nogaum) cuctembl H,

Ecnu B cucteme (puc. 9) noTok Q AOmKeH NpoTekaTb OT TOYKM @ B TOUKY a, TO
Heo6x0AMMO 1CMoNb3oBaTh HACOC.

Touka a

—_—_————_t—_————a®n

Puc. 9 Mpadvk n3MeHeHns 3Heprum no NyTy NPOXOXAEHNS MOTOKa B HACOCHOW cucteme

V13 3akoHa coxpaHeHusi aHeprnm

Mbl paccuMTaem cymmapHyto aHepruio E_ u E, Ans KoHeuHbIX TouYek cucTemsl. [lanee
M0 NyTW NPOXOXKAEHMS NOTOKA HYXHO KOMNeHcMpoBaTk notepu Hanopa H, .. v H, .

ns paccmaTpreaeMoii CUCTEMbI yaeNbHas SHEpPrua 1 «Hanop cuctemsl H,»
onpeaensaTcs cneayoLwmmm hopmynamu:

E=E,-E,+XH, (22a)
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

_ 2 2
HA = pa pe + Za - Ze + Yo Ve + HVCTaT + anvm
P-g 2-9 (22b)

H H

AcTaT YU

Hanop crcTembl cknaabiBaeTcs M3 HE3aBMCUMON OT noToka Q cocTasnsowein H, -
(cTaTndyeckol cocTaBnALLEN Hanopa) 1 3aBMCKMOIA OT NoToka Q cocTasnstoLLel

H, ... (AMHamMnyeckoi cocTaBnsiowen) .

Hanop cuctembl H, fomkeH GbITb onpeaeneH He TOMbKO ANt HOMUHAMBHOTO NoToKa
Q, Ho n Ans Bcel pabo4yen obnacTi 1 NpeAcTaBneH B BUAE XapaKTEPUCTUKM
cuctembl H, (Q) .

Mpumep 7:

Q) 8 6ap - Ha puc. 10 noka3zaHa cxema MOeYHom
YCTaHOBKW BbICOKOTO AaBIeHMs,
AP,=166ap B kotopon Hacoc CR 10 nogaet Boay
+z 2m C NPOVN3BOAMUTENBHOCTLIO MPUMEPHO
i 8 m3/yac. MoTepun aaeneHus Gbinu
\l/ [ Qy = 8M7u paccyuTaHbl Ans

npousBoanTensHocT Q, = 8 m%/uac.

Twm APg = 0,4 6ap Heobxoanmo onpeaenutb

! gv XapakTepUCTUKY CUCTEMBI

___________ B AnanasoHe 0—10 m3/yac n HaHecTun
- — = —_— == Ha pabouyto xapakTepucTuky Hacoca

Boga 40 °C CR10.

Puc. 10
PelwieHne:

T.K. ypOBEHb BOAbI HE MEHSIETCS, TO

HACTaT = M + Za - Ze (23)
p-9
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TeopeTnyeckme OCHOBbI TMAPaBUKA

Ecnun nnoTtHocTb Boabl npu t = 40 °C (pasgen 5.1.)

p =992 kr/m3, TO ANs cTaTUYECKONM COCTaBMAIOLLEN Hanopa:

8-0)-10° kr-m*-c?
AcTat :( ) 2 +2M_(_1 M)
992kr-9,81m-c*-m

Hpcrr =82,2M+3M=852m

Mpn HoMUHanbHOM pacxoae Q, = 8 M*/vac AuHammyeckast CocTaBMALLAs:

2_y2 Ap —-A
Ha o = va2' Ve, P, : o
g pP-g

_(0,4+16)-10° kr-m*-c?

= =20,6m
A 992kr-9,81m-c?-m

Hanop cuctembl cknagbiBaeTcs cneayroowmm 06p830MZ

Hy = Hperr +H

— " TAcrar A avH

H, =852m+20,6 Mm=105,8m

Mockonbky noTepu Hanopa

H, = & (cm. rmaBy 2.3.)
p-g

NponopLMOHanbHbI KBagpaTy Npon3BOAMTENbHOCTU Q, TO AencTByeT (ypaBHeHue 8):

2 2
h = & = Hvx = Qx ) HVN
H,, Q, Q
Hanop ansa HoBoW nponssoanTensLHOCTM Q = 6 M3/yac:

3 2
6“"/”] .20,6m

H
“ [8 M3y

H,=115m
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

Mbl paccunTbiBaeM XapakTepUCTUKY CUCTEMbI CrieaytolwmM o6pasom:

Q, (M*4ac) Q, (mM*/uac) 8 8 8 8 8 8
Q, (M*/uac) |QX (M3/uac) 0 2 4 6 8 10
Q,/Q, Q,/Q, 0 025 05 075 | 10 | 1,25
Q,/Q,)? Q,/Q,)? 0 006 025 056 | 10 | 1,56
nT.Aa. Hagyn = Hyx (M) 0 1,2 52 11,5 | 20,6 | 321
H,q 852 852 852 852 | 852 | 852
H, (v) 852 86,4 904 96,7 | 1058 | 117,3

nOCKOJ'Ibe XapaKkTepucTuka HA(Q) Bblpa>aeTt I'IOTpe6HOCTb CUCTEMbI B 3HEPTUN,
a xapaktepucTtuka Hacoca H @ XapaKkTepusyeT aHepruto, HeOGXO,D,VIMyIO ana
npeogoneHna conpoTnuBeHna CUCTEMbI U obecneyeHns 3agaHHbIX Q 1 p, TO

B Ka)XX[A0W TOYKE NepeceyeHmns KpuBbIX 6y,D,9T aHepreTmyeckumn OanaHc.

B aT01 TOUKE:
XAPAKTEPUCTUKA CUCTEMbI — XAPAKTEPUCTUKA HACOCA
H, = H

A

MOTPEBHOCTb B SHEPTW = SHEPTUA AN1A OBECMNEYEHNA Q v p
E, = E

A

Pa6ouelt TOukOM Hacoca Ha3biBaeTCs NepecevyeHme XapakTepPUCTUKM CUCTEMbI
(conpoTuBneHue Tpy6onposoaa) U XxapakTepUCTUKMN Hacoca.
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[ H
(KMl | (] CRN 10
50 My
b2y S0 9906
_20 [ ™~
20004 H00 — —
-18 ™~
— —
16 ™
1600 e —
14 I S —~
—]
1200 P2l I~
~La %
-10 "e.
-9 i— — T\
= — = |
ol === N TN
7 —
> — \iﬁ\\
60 5 + — —
— 1 — ~]
PSS I T ] —~
-3 q—\.\:\
sl 2 I —— —
— —]
— N T
o o I I
0 1 2 3 4 5 6 65 7 8859 9810 11 12 QM
T T T T T T T T
00 05 10 15 20 25 30 35 Q[nic]
P2 Eta
[xBT1] [%]
04 = 80
L
03 e —— 160
02 — 40
0.1 S 20
00 0
0 1 2 3 4 5 6 7 8 9 10 1 12 Q[Mm¥y]
H PSH
[m] ‘ ‘ i}
QH 2900 o6/miH &
8 = 4
—
/s—<
4 = 2
nesH | [ Lt
0 — 0
0 1 2 3 4 5 6 7 8 9 10 1 12 Q[M¥y]

Puc. 11 MHorocTtynenyatble Hacockl Grundfos CRN 10

Mo anarpamme Hacoca CRN (puc. 11) Mbl BUAMM, YTO XapakTepuCcTMKa 3TON
YCTaHOBKM nepecekaeT kpuBble Hanopa HacocoB ¢ CRN 10—9 no CRN 10—14 nipu
pasnuyHbIX NoTokax Q,

CRN 10-10 Q1 =6,5 m3/yac
CRN 10-12 Q2 = 8,5 m*/vac
CRN 10-14 Q3 =9,8 m*/uac
Y HM OAMH 13 HacocoB He obecneynsaeT Q, = 8 m¥/yac.

Mbl Aenaem BbIGOP B NOMb3y TOro HAacOCa, KOTOPLIA MEET BIIVKANLLYIO K XXernaeMoi
pabouyto Touky: CRN 10-12.
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

4.4. MowHocTb P4, notpebHasa mowHocTb P u KIN[ Hacoca

MowHocTb P4 gaBnseTcsa nonesHom MOLLHOCTLI0, KOTopas onpenensercs
C NoMOLLbIO Npon3BoanTenbHOCTN Q 1 Hanopa H

P4=Q-p-g-H~Q-H (25)

MoTpebHas mowHocTb P Hacoca Bornblue Ha BENMYMHY BO3HMKAIOLLMX B HACOCE
notepb PV (koTopble npeobpa3sytoTcs B TENIO).

Arperat
Motop Hacoc
I -
P1 P2=P3 P4

o
B

Pum CoepanHutensHan Pye
mydoTa

Puc. 12

OTHoweHne MowHocTen npeactaensieT cobon K Hacoca:

n-P4_ P4
P P4+P,

(26)

T.K. HacoC NOCTOAHHO NPVBOAUTCA B AIENCTBIE ABUraTenem 1 aToT ABUraTenb
3abupaeT MoLLHOCTb P1 13 cetu, YTobbl B MECTE NOACOeAMHEHNS HACOCHOM YacTu
nepepaatb MowHocTk Bany P, To ero KM/ n,, paccuntbiBaeTca crneaytowmnm obpasom:

P

m=ﬁ

(27)
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TeopeTnyeckme OCHOBbI TMAPaBUKA

KrO HacocHoro arperaTta paBeH:

P4 P P4
iRl P (28)
Na
[ T g T n ]
P1~ M li { )l > P4

Puc. 13

MpuBoaHoW ABuraTens Ana Hacoca 06blMHO NOABMPAlOT C 3anacoMm, COrnacHo
MeToaVKe, ONMCaHHOW B cTaHapTax.

MHorga ycnosus TpebyoT yCTaHOBKM NepepasMepeHHoro asuratens. Takoe
TEXHMUYECKOE peLleHne NPaKkTUYECKN He yBENNYMBAET NPON3BOACTBEHHbBIE pacxoabl,
nockonbky KMNA asyx gsurarenen, 6n3knx no MOLHOCTU, NPUMEPHO OANHAKOBBIN.

Hapsagy ¢ oueHkol HacocHoro arperata nocpegctasom Kl mHorne nonb3osatenu
paccyMTbIBAOT Pacxof SHEPrMM HACOCHOTO arperaTa Ha nogady 1 m3 Boabl. OHu
nony4arT COOTHOLLEHUE:

M
Q

I (29)

9Ty BENNUYUHY MOXHO NErKo N3MepUThb, U OHa AEeACTBUTENbHA HE TONbKO ANt O4HON
paboyelt ToUkM, HO 1 AN Bcel paboyen obnacTu.
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TeopeTuyeckme OCHOBbI MTMAPaABMNKA

Mpumep 8:

LleHTpo6exHbinn Hacoc CR 15-14 nmeet pacxog Q = 16 m3/yac n Hanop H = 160 m.
OH pomxeH nepekaynBaTb BoAy ¢ Temnepatypon t = 10 °C.

Onpepgenure:
a) pasHuLy AaBreHun mexay natpyokamm Ap = P, — P,
©0) ruapaBnMyeckyo MOLWHOCTL P4
B) NoTpebHyto MoLHOCTb P 1 MowHocTh asuratens P1
PeweHne:
Mockonbky Hacoc CR 15 aBnsetca Hacocowm In-line, To aericTByeT paBeHCTBO 20:
Ap=py-p,=H-p-g
Ap =160 Mm-1000 kr/m*-9,81m/c?
Ap =1569600 Na = 15,70 6ap
MoLwHoCTb paccunTbiBaeTcs U3 ypaBHeHUs 25:
P4=Q-p-g-H

_16m°y

=———/—.1000 kr/m*-9,81m/c®-160 m
4-3600 ¢

P4 =6976BT=7,0KBT
C nomouybto KMA = 0,71, cumtanHoro us TexHmdeckoro nacrnopta CR 15 (puc. 14),
paccunTbIBalOT NOTPEOHOCTb B MOLLHOCTM MO YpaBHEHWIO 26:

_Pi_?,OKBT
n ot

P

=9,8 kBT
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TeopeTnyeckme OCHOBbI TMAPaBUKA

CyuecTByeT 1 apyron cnocob onpeaeneHns MOLWHOCTH, KOrA4a MOLHOCTb CTYNEeHN
Hacoca Py, = 0,71 kBT 6epeTcsa 13 TEXHNYECKOro nacrnopTa v YMHOXaeTCs Ha YnCIIo

CTyneHemn:

P=Py-x=0,71-14=9,94 kBT

Pa3HnLa 06bsCHSAETCS TONBbKO HETOYHOCTBIO CUHUTLIBAHMS.

p H
[kMa] | [w] | CR 15
240 —4—="17| 501
| 1 U
1 — 1SO 9906
1 220 He A
2000 L0 e
| R R \
180
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1800 150 fm o o o [ | = = )
1 o —] r\
1 140 ]
1 -9 I I\ \
1200 150 s I E— — N
N e e N s e WL
|
100 =" —
] & \\\\l\\
800 g0 — | ——F—— \'l
= | — | \\\
. N T S~
— ] \ \
1 N B m
3 ——
400 40
1 -2 I —
T T
20—t
L I 1 —
4 T —
o~ o — T T T
0 2 4 6 8 10 12 14 16 18 20 22 Q [M34]
[]
T T T T T { ] T T T
1 2 3 4 5 6 Q [n/c]
P2 | Eta
[kBT]] ; [%]
08 5 80
06 e ———— FEta 60
' ]
04 40
02—+ 20
0,0 0
0 2 4 6 8 10 12 14 16 18 20 22 Q [m3/y]
H NPSH
[M] ] ‘ [m]
15 QH 2900 06/MuH 6
b T
10 I 4
5 — 2
NPSH L —]
0 - 0
0 2 4 6 8 10 12 14 16 18 20 22 Q [m34]

Puc. 14 MHorocTyneHuatble Hacochl In-line Grundfos CR 15
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Hacoc npusoauTca B aenictene asuratenem Py = 11 kBT, KIN[ koToporo coctasnseTt
0,88. Nicxoast u3 aTOro oH 3abupaeT U3 CeT NEKTPUYECKYH0 MOLLHOCTb
(ypaBHeHwue 27)

P1=£= 11kBT
n, 0,88
P1=12,5kBT

Mpumep 9:

Kak namensarcs napameTpsbl, ecinmn 6y/qu nepekavynBaTbCd KoOHAEeHcaT
¢ Temnepatypoi 95 °C n nnotHocTblo 961,6 kr/m3?

Ap =P, —P, =160Mm-961,6 kr/m®-9,81m/c?
Ap=1509 327 MNa =15 6ap

P4 =16 Mm/u-961,6 kr/m®-9,81m/c?-160 M= 6,7 KBT

P 6,7 kBT

=9,4 kBT
0,71

30ech Takke yCTaHOBIIEH ABUraTeslb C HOMUHaNbHOMW MOLWHOCTLI0 Py = 15 KBT, T.K.
noTpebHas MOLLHOCTL BO3pacTaeT C yBENMYEHNEM pacxoa.

[NogTBepkgaeTcs BbiTEKaroLwee U3 npumepa 5 yTBEpXaeHne 0 ToOM, 4To I'IOTpe6Haﬂ
MOLLHOCTb yBEIM4YMBAETCA C yBennm4eHnem nogadu. Hanop Hacoca ans xonogHomn
N TENNON BOAbl OQNHAKOB.
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PE3IOME

B aToii rmaBe cogepXmTcsa HECKOSbKO cbopmyn N HECJT0XHbl€ BblHYUCIEHUA,
C NOMOLLUbIO KOTOPbIX NHXXEHEP-KOHCYNbTaHT MOXET I'IO,D,O6paTb HacocC AnAa CUCTEMbI.

Mpv noaGope 06opyaoBaHUs UHKEHEP-KOHCYbTaHT PyKOBOACTBYETCS paboynmm
XapakTepuctukamu Hacoca H (Q). 3Tu xapakTepUcTUKN UMeKT AOCTaTOuHO
BbICOKYIO TOYHOCTb U OMpeaensoTcs NponsBoaUTeNs MU 060pyA0BaHMS
3KcnepyMeHTanbHo. XapakTepucTuka xe cuctemsl H, (Q) umeeTt aoctatouHo
NpUGNU3UTENbHLIN BUA, Tak Kak BbIBOAWUTCS C MOMOLLbIO pacyeToB. Ecnn
XapaKTepUCTMKa CUCTEMbI paccuyMTaHa HEBEPHO, HAacoC, YCTaHOBIEHHBIV B Hee,
He cMOoXeT oGecneunTb Tpebyemble NapameTpbl Hanopa 1 pacxoda.
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5. KMNPOBJIEME KABUTALIUN

5.1. BBegeHune

OueHb 4YacTo HapyLueHne paboTbl Hacoca BbI3BAHO HEYAOBNETBOPUTENBHBIMU
YyCNOBUAMU BCacbIBaHUSA. Ha ycnoBus BcacbiBaHWsi BIMAET KOHCTPYKLNS
BcacblBawLlero TpybonpoBoga, TemnepaTypa XugkocTu 1 pacnonioxXeHne Hacoca
OTHOCUTENBHO CBOOOAHON MOBEPXHOCTU XUAKOCTU. Henb3si 3abbiBaTh U O TOM, YTO
KaXXabl HACOC MMEET ONpeaeNeHHYH0 XapakTePUCTUKY BCacbiBaHUs (Tak
Ha3blBaeMyto BCaCbIBaOLLy COCOBHOCTb), KOTOPYHO HEOOXOAMMO NPUHNMATL

BO BHMMaHWe npu nogdbope Hacoca.

3aKOH COXpaHEHUS 3HEPTM B XKNOKOCTUN NPOSIBMSIETCA B NepepacnpeneneHnm aHep
rmn mexay cTaTMyeckom 1 AuHaMmu4eckor coctaensowmnmn. To ectb, Yem Gonblue
CKOPOCTb NOTOKa, TeM HMXe CTaTUu4eckoe gaBlieHne B HeM, U HaOGOpOT.
dursnyeckne CBONCTBA XNOKOCTU TAKOBbI, YTO €€ CTaTUYECKOE JaBEHNE MOXET
nagartb 40 AaBfEHNS HacblWeHHbIX NapoB. ocne 3Toro XXWAKOCTb 3aKMnaeT.

Ha cTeHke Tpy6bl, U306pakeHHO Ha puc. 15, Mbl M3MepsieM, kak pacnpenensercs
JaBreHue, rpaduk pacnpeneneHuns 4aBrneHns npeacTaBreH Ha auarpaMme.

BoicoTa BcacbkiBaHus, h

Puc. 15 [laBnenue Ha cTeHku Tpy6bl h_

X
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,ElaBneHMe HacCbIlWeHHbIX NapoB 1 NNTOTHOCTb BOAbI

°C K P, (6ap) | p (kr/iam?) °C K P, (6ap) | p (krigm?)
0 273,15 0,00611 0,9998 85 308,15 0,05622 0,9940
1 274,15 0,00657 | 0,9999 36 309,15 0,05940 0,9937
2 275,15 0,00706 0,9999 37 310,15 0,06274 0,9933
3 276,15 0,00758 0,9999 38 311,15 0,06624 0,9931
4 277,15 0,00813 1,0000 39 312,15 0,06991 0,9927
5 278,15 0,00872 1,0000 40 313,15 0,07375 0,9923
6 279,15 0,00935 1,0000 41 314,15 0,07777 0,9919
7 280,15 0,01001 0,9999 42 315,15 0,08198 0,9915
8 281,15 0,01072 0,9999 43 316,15 0,08639 0,9911
9 282,15 0,01147 0,9998 44 317,15 0,09100 0,9907
10 283,15 0,01227 0,9997 45 318,15 0,09582 0,9902
11 284,15 0,01312 0,9997 46 319,15 0,10086 0,9898
12 285,15 0,01401 0,9996 47 320,15 0,10612 0,9894
13 286,15 0,01497 0,9994 48 321,15 0,11162 0,9889
14 287,15 0,01587 0,9993 49 322,15 0,11736 0,9884
15 288,15 0,01704 0,9992 50 323,15 0,12335 0,9880
16 289,15 0,01817 0,9990 51 324,15 0,12961 0,9876
17 290,15 0,01936 0,9988 52 325,15 0,13613 0,9871
18 291,15 0,02062 0,9987 53 326,15 0,14293 0,9866
19 292,15 0,02196 0,9985 54 327,15 0,15002 0,9862
20 293,15 0,02337 0,9983 55 328,15 0,15741 0,9857
21 294,15 0,02485 0,9981 56 329,15 0,16511 0,9852
22 295,15 0,02542 0,9978 57 330,15 0,17313 0,9846
23 296,15 0,02808 0,9976 58 331,15 0,18147 0,9842
24 297,15 0,02982 0,9974 59 332,15 0,19016 0,9837
25 298,15 0,03166 0,9971 60 B8EIS 0,19920 0,9832
26 299,15 0,03360 | 0,9968 61 334,15 0,2086 0,9826
27 300,15 0,03564 | 0,9966 62 335,15 0,2184 0,9821
28 301,15 0,03778 0,9963 63 336,15 0,2286 0,9816
29 302,15 0,04004 | 0,9960 64 337,15 0,2391 0,9811
30 303,15 0,04241 0,9957 65 338,15 0,2501 0,9805
31 304,15 0,04491 0,9954 66 339,15 0,2615 0,9799
32 305,15 0,04753 0,9951 67 340,15 0,2733 0,9793
2 306,15 0,05029 0,9947 68 341,15 0,2856 0,9788
34 307,15 0,05318 0,9944 69 342,15 0,2984 0,9782
70 343,15 0,3116 0,9777 110 383,15 1,4327 0,9507
71 344,15 0,3253 0,9770 111 384,15 1,4815 0,9499
72 345,15 0,3396 0,9765 112 385,15 1,5316 0,9491
73 346,15 0,3543 0,9759 113 386,15 1,5832 0,9484
74 347,15 0,3696 0,9753 114 387,15 1,6362 0,9476
75 348,15 0,3855 0,9748 115 388,15 1,6906 0,9468
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°C K P, (6ap) | p (kr/am®) °C K P, (6ap) | p (krlam®)
76 349,15 0,4019 0,9741 116 389,15 1,7465 0,9460
77 350,15 0,4189 0,9735 17 390,15 1,8039 0,9453
78 351,15 0,4365 0,9729 118 391,15 1,8628 0,9445
79 352,15 0,4547 0,9723 119 392,15 1,9233 0,9437
80 353,15 0,4736 0,9716 120 393,15 1,9854 0,9429
81 354,15 0,4931 0,9710 121 394,15 2,0492 0,9421
82 355,15 0,5133 0,9704 122 395,15 2,1145 0,9412
83 356,15 0,5342 0,9697 123 396,15 2,1816 0,9404
84 357,15 0,5557 0,9691 124 397,15 2,2504 0,9396
85 358,15 0,5780 0,9684 125 398,15 2,3210 0,9388
86 359,15 0,601 0,9678 126 399,15 2,3933 0,9379
87 360,15 0,6249 0,9671 127 400,15 2,4675 0,9371
88 361,15 0,6495 0,9665 128 401,15 2,5435 0,9362
89 362,15 0,6749 0,9658 129 402,15 2,6215 0,9354
90 363,15 0,7011 0,9652 130 403,15 2,7013 0,9346
91 364,15 0,7281 0,9644 131 404,15 2,7831 0,9337
92 365,15 0,7561 0,9638 132 405,15 2,8670 0,9328
93 366,15 0,7849 0,9630 133 406,15 2,9528 0,9320
94 367,15 0,8146 0,9624 134 407,15 3,041 0,9311
95 368,15 0,8453 0,9616 135 408,15 3,131 0,9302
96 369,15 0,8769 0,9610 136 409,15 8,228 0,9294
97 370,15 0,9094 0,9603 137 410,15 3,317 0,9285
98 371,15 0,9430 0,9596 138 411,15 3,414 0,9276
99 372,15 0,9776 0,9589 139 412,15 3,513 0,9268
100 373,15 1,0133 0,9581 140 413,15 3,614 0,9258
101 374,15 1,0500 0,9574 141 414,15 3,717 0,9250
102 37515 1,0878 0,9567 142 415,15 3,823 0,9241
103 376,15 1,1267 0,9559 143 416,15 3,931 0,9232
104 377,15 1,1668 0,9552 144 41715 4,042 0,9223
105 378,15 1,2080 0,9545 145 418,15 4,155 0,9214
106 379,15 1,2504 0,9537 146 419,15 4,271 0,9205
107 380,15 1,2941 0,9529 147 420,15 4,389 0,9195
108 381,15 1,3390 0,9515 148 421,15 4,510 0,9186
109 382,15 1,3852 0,9515 149 42215 4,634 0,9177
Lo
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T.K. AaBfieHNe HacbiLEeHHbIX NapoB P, Bcex XunakocTen BospacTaeTt

C TemnepaTtypoWn, To BbiIcOTa NoagbemMa hmax yMeHbLUIaeTCs ¢ pOCTOM TEMMEpPaTypbl.

Kunsuwaa Boaa B NpuHUMNE HE MOXET BCacbiBaThCA, T.K. AaBneHve napa P, 6onblue

atmocdepHoro aasnexus P,

= 20 (30)
p-g

h

Ecnu cTatuyeckoe gaBrieHve B NOTOKe NagaeT A0 AaBMNeHUs HacbIWEeHHbIX NapoB
XMOKOCTU NPU AaHHOW TemnepaTtype, Hanpumep nyTem yBenu4eHusi CKOpoCTH Unn
nyTeM U3MEHEHNS reoe3nYeCckoi BbICOThI, TO B 3TOM MecTe 06pasytoTcsi My3blpbKi
napa. MNocnegHue yBnekarTCs NOTOKOM M NONAKOTCA, KOraa AaBneHne B NOToke
CHOBa NMpeBbILIAET AABIIEHNE HACbILLEHHbIX NapoB. MNosiBNeHne 1 cxnonbiBaHue
My3blPbKOB, HAMOJTHEHHBIX NapoOM, Ha3bIBaOT KaBUTALMEN.

B ueHTpoGexHbIX Hacocax kaBUTaLKMs BO3HMKAET Ha Bxode pabouyero koneca.
KaBVITaLI,I/Iﬂ nposaBndaAeTca B yBeniM4eHUn ypoBHA LyMa, CHUXEHUN BbICOThI Nogauvun,
a Takxke HecTtabunbHoW paboTe Hacoca. [lonroBpemeHHasa paboTa ¢ KaBuTaLmen
NpUBOAUT K BBICTPOMY M3HOCY Hacoca, No3TOMY TaKoro COCTOSIHUS cneayeT
nsberatb.
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Bo nsbexaHve kaBuTaumm Ha BcacblBatoLeM naTpybke Hacoca unm Ha Bxoae
paboyero koneca AOMKHO NPUCYTCTBOBAaTb OnpeaeneHHoe n3bbiToYHOe AaBreHne
no CpaBHEHWUIO C AaBJieHWeM HacblWEeHHbIX NapoB. Ecnn 9Ty BeNnU4YnHy gaBneHua
BbIPa3nTb KaK BbICOTY cTON6Ga X1AKOCTU Haf, BcachliBaloLmMM naTpybkom Hacoca,

a ans 6onblunx arperatoB — Hag paboynm Konecom, To Toraa aTa BennyuHa oyaer
HasbiBaTbCcs NPSH, nnu kaBntaumoHHbIM 3anacom. VIcTopuyecky CnoXxnnoch, 4To
B POCCMINCKOW NpakTuke 6onbLue NCNoNb3yeTCs NOHATUE «KaBUTALMOHHbBIA 3anacy,
a B eBponenckon — NPSH. PasHuua mexay aTumMun NoHATUAMM 3aKnoYaeTcs TOMnbKo
B TOYKe oTcyeTa BbICOTbl cTonba XNOKOCTU N He npeacTaBndeTt np06neM npu
noabope coBpemMeHHOro obopyaoBaHus. YunTeiBas KoadpduumeHTbl 3anaca, atu
BENMNYNHbI MOXHO CYUTaTb paBHbIMW.

Hy)KHO 3aMOMHUTb, YTO NpU BCEX pacyeTax KaBUtaunm OJIKHO ObITb y4dTEeHO
aTMocdepHoe AaBreHne B MecTe MoHTaxa Hacoca. OHO MEHSIETCS C NOMNoXeHneM
Hacoca Haj ypoBHeM Mops 1 konebnetcsa B npegenax £ 3% OT 3aA4aHHOro
3Ha4YeHu4.

BbicoTa Haa ypoBHEM Mops B M AtmocdpepHoe paenenue P, B 6apax
0 1,013
500 0,955
1000 0,899
2000 0,795

Hanpumep, B FaMBypre MOXXHO NOAHSTH XONOAHY BoAy ¢ rny6buHbl 10 M,
a B MioHXeHe no npu4ynHe ero reorpadmn4eckoro NonoXxeHusi — Tonbko ¢ 9,5 M.

5.2. BennunHa NPSHTpets cUcTeMbl

Nmetowasicst B cucteme BbicoTa Aanenst Hetto (NPSH, ) paccunTbisaetcs
13 pasHocTu abcomoTHoro 6apomeTpuyeckoro Aasnexus P, n nasnexus
HaCbILLIEHHbIX MapoB xuakoctn Py

P 4P e p
NPSH =| b | Yo o 31
v p-g ) 29 pg
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Mexay napameTpamu B TOYKax s (Ha BXo4e B HAcoC) 1 e (To4ka BXoAa XXUOKOCTH
B CUCTEMY, OHa e COOTBETCTBYET YPOBHIO XUAKOCTU B EMKOCTU) UMEETCH
crnepytoLlee COOTHOLLEHME:

Po+R , VE _ P +R V2

+ _Hv VHam (32)
P9 29 p.g 29 "y,
TakK 4YTO B pexxmme BcacbiBaHust (puc. 16) u B pexxume nogaym (puc. 17) BennyunHa
NPSHTpes MOXeT ObITb onpeAeneHa U3 COOTBETCTBYHOLLMX YPaBHEHWIA.
S
NPSH,.., ——
NPSH,,.,
Po
X
P, + P, P9
pxg
H
vV AMHam D
O+
HV AuHam HS crar
N S VANS—
Puc. 16 BcacbiBaHue Hacoca.
P +P -P 2
NPSHTpeG = e+ o >+ v _HVAMHaM_HSCTaT (33)

prg 29
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S
NPSH s _v
Pe + Pb NPSHeKcn
pxg
Po
pxg
HZ crTar
vV AnHam HV AnHam
S D
— O
Puc. 17 HarHeTaHue Hacoca.
P.+P -P 2
NPSH, =22y L H L tH, (34)

BennunHa NPSHTpe6 MOXeT ObITb paccymMTaHa 13 3TMX COOTHOLLEHWI ANSA pasHbIX
3Ha4eHuit pacxopa Q. Takum 06pa3om nosy4aroT Hosyto xapakTepuctuky NPSH_  (Q),
KOTOpas OnucbIBaeT CUCTEMY. XapaKTepucTunka onpeaenseTcsd He U3roToBUTENEM,

a notpebutenem. PaccmoTpum cnegyrowmn npumep:
Mpumep 10:
[ns onncaHHow B rnase 4.3 NPOMbIBOYHOWN YCTAHOBKM HY>XHO onpeaennTb rpadomnk

NPSH_ . v BHecTu B xapakTepucTuky Hacoca CR 10.
Tpe!

nOCKOJ'Ibe HacocC pa60TaeT B peXnme BCacbiBaHUA, TO:
P+P, =P, Vi

NPSH -
prg 29

Tpe6 vankam | 'scrat
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M3 rpadmkoB nnu Tabnuu, N3BECTHO, Y4TO

P_ =0, T.x. BCacblBaH1e NPOUCXOAMUT U3 OTKPLITOrO pesepsyapa
P, =0,0738 6ap (43 pasgena 5.1.)t=40°C

p =992 kr/m® (13 pasgena 5.1.)t =40 °C

V. =0

=1m

scrar

Hysn = AP, =411m  npn Q. = 8 M*/u

Bce napameTpbl, BIOTL [0 NoTepu Hanopa H, ¢, He MeHsiioTes ¢ noaaden Q. Toraa
Mbl nony4vyaem:
(1-0,0738)-10%kr-c®-m®

NPSH, ., = ——1m—-H,,
P 992Kkr-9,81-M-M-C

X

NPSH, ., =852m—H,,

Tpe6 x

NPSH _ =852-4,11=4,41u

MoTepw Ha TpeHWe onpeaenstTCs Tak e, Kak 1 npexae B npumepe 7:

Q, (M*/u) 8 8 8 8 8 8
Q, (Mé/u) 0 2 4 6 8 10
@Q,/Q,)? 0 0,06 0,25 0,56 1,0 1,56
Const. 8,52 8,52 8,52 8,52 8,52 8,52
H,., (M) 0 0,25 1,03 2,30 411 6,41
NPSH 8,52 8,27 7,49 6,22 4,4 2,11

Tpeb x
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HaHecem 3HaveHus Ha guarpammy NPSH Hacoca CR 10. Ota kpuBas nepecekaeT
kpuByto NPSH Hacoca, KoTopyto To4yHee MOXHO 6bino 66l Ha3BaTb kpueon NPSH

P
[KI'Ia]_

3Ken

NPSH

[m]

H
m] | CR 10
240 50y
122 | SO 9906
220 npunoxenue A
1 -20 \
200 —
-8 \
180 — \
-16 \
160 \\
-14 ™~ N
140 | N
-12 T~
120
m \
o ~ \\ \
100
-9 T
i I —~— \
-8 |
N ——
i o —*-\\:\\\
60
-5 \\ \
] T —
-4 \\\\§
40
s0_-2 T —
-1 \\\
0 . .

0 1 2 3 4 5 6 7 8 9 10 1 12 Q[mM]
-——e— — -7
H 00 05 10 15 20 25 30 35 Q [n/c]
[M] | I

1P — _(\;_

] O = Lo ,
12 ~

| aQH 2900 06/mum ™~ I
8

N —

] N — i

i NPSH | | — % |
0 . — . . . . . . — . .

0 1 2 3 4 5 6 7 8 9 10 11 12 Q[m3M]

Puc. 18 LleHTpobexHble Hacockl CR 10
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5.3. BenuunHa NPSH__ Hacoca

3ken

OueswupgHo, uto NPSH_  (vnn ansa kpatkoct NPSH) LeHTpobexHoro Hacoca
MeHsieTCcsl B 3aBUCMMOCTU OT Hanopa Haco 00bIYHO BKIOYaeTCs MPoM3BOAUTENEM
Hacoca B IOKYMEHTaLMH0.

Mocne BbIGOpa Moaenu Hacoca HeoGXo0AUMO NPOBEPUTL, He ByAeT N oH paboTaTb
¢ kaBuTaumnen. CyLecTByeT HECKONbKO METOAMK ANt TPOBEeAEHUs NOAOBHbIX
pacyeToB.

B ocHOBe Kagow U3 HUX nexaT BblleonuncaHHble 3aBucumocTu. lNprueeaem ogHy

13 aTux metoauk. Ee cyTb 3akniovaeTcs B TOM, 4TOObI onpeaenuTb 3anac S mexay
NPSH cucremsbl (NPSHTpeS) 1 NPSH Hacoca (NPSH_ ). Ecrnin S nonyyaertca 6onblue
1 ™M, To Hacoc OyaeT paboTtaTb 6e3 kaBuTauum, MeHbLle 1 M — HeobxoamMmo BbIbpaThb
OpYror HacoC UNu U3MEHNTb NapamMeTpbl cucTemsl. Ecnn S = 1 M, To TeopeTudecku
KaBUTaLum He ByaeT, HO NPaKTUYECKN HUKTO HE MOXET rapaHTpMpoBaTh COXPaHEHUS
pacyeTHbIX MapamMeTpOB 3a BCe BPEMS 3KCnnyaTaumm Hacoca. Moatomy nogo6HbIX
«rPaHMYHBIX» YCNOBUI Takxe cneayet nsberatb.

3anac S =NPSH___ - NPSH

Tpeb aken
Sz1m

o > e = &

NPSH

Tpe6

1-3anac S;
2-Q

Aonyer.

T

1-3anac S

NPSH,,.,

-

Q 2- QﬂonycT

Puc. 19
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B nepBom nprvmMepe Mbl HaWnK, 4TO Nocrne onpeaeneHns rpadnyeckon xapakre-
puctukn H, (Q) yctaHoBKM MOTYT BbITb NPeaAnoXeHbl Tpy Hacoca. s HUX Mbl XOTUM
onpeaenuTb KaBUTaLMOHHbIN 3anac:

Q (m®/4) S (m)
CR 10 6,5 6,0-1,2=48>1
CR 10-12 8,5 3,0-16=14>1
CR 10-14 9,8 22-20=0,2<1

MoapasymeBaeTcsl, YTO NpodaBeL-KOHCYNbTaHT obragaeT HeoGxoaUMbIMU
3HaHUAMM 4NA NpaBunbHoro noabopa Hacoca. Takum oGpasom, AN Hero
He COCTaBWT TpyZa He TONbKOo BbibpaTh Hanbornee NoAXOASLLMIA Hacoc,

HO M 0OBACHWTL 3aKa3uuKy, noyemMy Gbina BbiGpaHa MMEHHO 3Ta MOAEb.

BepHemcs elle pas k HaweMy nocrnegHemy npumepy. Ha guarpamme Mbl BUGUM
NPSH =NPSH_ - ans ueHtpobexHoro Hacoca Grundfos CR 10. Touka
nepeceyeHust KpnBbIx HaxoauTcs npu Q = 10 m3/yac, T.e. Nnpu Takom Q B Hacoce
NPoONCXOAUT KaBuTauus. [ina Bcex apyrux, nexalumx Huxe, 3HadyeHun Q pasHocTb

mexay NPSH____ 1 NPSH_ __ nokasbiBaeT 3anac S.

Tpe6 aken
Komnanusi Grundfos pekomeHayeT BbIOMpaTe HAacoChl TakuM 06pasom, HToObI
MWHUManbHBIV 3anac S 6bin paBeH 1 M. OTOT 3anac yunTbiBaeT HETOYHOCTH
N3MepeHNsi napameTpoB CUCTEMbI U CHUTLIBAHUSA 3HAYEHUI C rpacuKoB.
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5.4. NMpon3BOANTENBHOCTb U KaBUTaLUs

Kak 6bino ckasaHo B pasgene 5.1, kaButauus NpuBOAUT K CHUKEHMIO
NPOW3BOAMTENBHOCTY, @ 3aTeM MPOUCXOAUT CPbIB NOJAYN HAcoca, Y4To
unncTpupyetcs Ha puc. 20.

H

1 — KpuBana Hacoca

2- KpuBaA Hacoca npu KkaButTaumm

Puc. 20

MonuxeHne NPSH_ BO3MOXHO BCEACTBUE 3arpsisHEHs BCacbIBaOLLEro

TpybonpoBoaa, MOHMXKXEHUS YPOBHS UM NMOBLILLEHMS TEMMNEpPaTypPbl BOAbI UNN,
HakoHel, konebaHuin atMocdepHoro Aasnexus P,. B onpeaeneHHbii MOMEHT
NPSHTpes MOXET YMEHbLUNTBLCS TaK, YTO B HACOCE BO3HUKHET KaBUTaLUS.
Heobxoanmo KoOHTponMpoBaTh COCTOsIHME BCacbIBaOLLEro Tpybonposoaa,

nepnoan4vyeckmn namepaa nasneHne Ps B HEM.
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B ypaBHeHun 31

P,+P, ) 2
NPSH 6=(5+ b)+"— F,
e Pg) 29 pg

Ons Hacoca € kaBuTaumen NnoacTaBnsoT

NPSH  =NPSH
Tpe6

aKen

N 3atem U3 ypaBHEHNUA HAaXoaAT AaBJieHe Ha BCacbiBakoLllemMm nany6|<e Psi

vi

PS=PD+NPSH3Kcn'p'g_Pb_ 2

p (35)

B TexHunyeckom katanore Ans Hacocos CR npeacTaBneHo 370 ypaBHeHWe Ang
HopmarnbHoro atmocdepHoro aasneHus 1013 rfa. OHO NokasbiBaeT, kakoe
MUHUManbHoe AasnexHune Ps npy HOMUHaNLHOM pacxode Q, v COOTBETCTBYIOLLEM
3HaveHun NPSH_ __ nomxkHo 6biTb 06ecneveHo Ha BcackiBatoLwwem natpyobke, 4Tobbl

aken

rapaHTMpoBaTb OTCYTCTBME KaBUTaLUW.
Mpumep 11:
Hacoc ons nepekaymBaHusa KoHAeHcaTa.

Hacoc CRN 15—14 nomxkeH nepekadynsaTb koHAeHcaT ¢ Q = 16 m*/4ac
n Temnepatypor 90 °C. M3 TexHn4ecKkoro nacnopra Hacoca Mbl BO3bMEM 3Ha4YeHne
NPSH_ = 1,3 M 1 npubasum K Hemy Takxe pekomeHayeMblii 3anac 1 m:

cn

NPSH_,_=23m

aken

Benuunta NPSH_  xapakTepunayeT «TpeGoBaHus» Hacoca k cucteme. Ecrnm
13 6apomeTpuyeckoro AasneHus soldecT NPSH_ v AaBrieHne HacbiLeHHbIX
napoB XXNOKOCTU, 1 Bbipa3uTb NOy4YeHHOe 3HavyeHne B MeTpax BogsiHoro ctonba, To
UTOroM BbluMCreHni ByaeT SBNSTbCA MakcMmarnbHas BelcoTa BcackbiBaHus (H>0)
NN MMHUManbHbIN TpebyeMmbln No4Nop Ha BcacklBaoLweMm draHue Hacoca

n3 ycnosui 6eckaButaumoHHomn paboTtel (H<0). MNpn H=0 Heobxoanmo BHMMATENbHO
NPOBEPUTb NCXOAHbIE AaHHbIE, MPOBECTM pacyeT eLle pas v MPUHATb peLleHne

0 HeobxoaMMoCTH cosaaHunsa nognopa. [JaHHbIN pacyeT He yunTbiBaeT
COMpOTMBIIEHNE BCachiBatoLLero TpybonpoBoaa, To eCTb Mbl NpeHebpernu

notepsiMmu gaenexHus. Popmyny pacyeta MoxHo HanTu B katanorax GRUNDFOS.
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6. COBMECTHASA PABOTA HECKOJIbKUX HACOCOB

B HekoTopbIX CUTyauLuUsax OANH HAacoC He MoXeT obecneunTts Tpebyemyo
NpPOn3BOAMTENBHOCTL UK Hanop. MNogyac cama TexHonornyeckas cxema Tpebyet
pe3epBHOro Hacoca. B aTux cnyyasix Heo6xo4UMOo ycTaHaBNMBaTb HECKOSbKO
HacocoB, npeanonarasi UXx COBMECTHYH paboTy. 3Has xapakTepucTMKn Hacocos,
MOXHO NErko onpeaennTb XapakTepUCTUKY UX COBMECTHOM paboTbl, paccumTaTb
pacxof, Hanop U MOLHOCTb.

6.1. MocnepoBaTenbHOE BKIIlOYE€HUE HAaCOCOB

MocnepoBaTenbHOE BKIHOYEHE HACOCOB Ha NPaKTMKe BCTpeYaeTcsl PedKko, XoTs
Kaskabli MHOTOCTYNeHYaTblii HACOC MOXHO NPEACTaBUTL Kak nocregosaTefibHoe
BKIIOYEHME HECKOSBbKMX OOHOCTYNEHYaTbiX HacocoB. OOHAKO B MHOrOCTYNeHYaTbIX
Hacocax OTKIYEeHNe CTyNeHen HEBO3MOXHO, XOTsi OHO YacTo Heo6XxoanMO Ans
perynupoBaHusi. MockonbKy HepaboTaroLwmin Hacoc npeacTasnseT coboi
CYLLIECTBEHHOE COMPOTMBIIEHNE B CcMCTeMe TPyBomnpoBOAoB, TO Npu
nocrnefoBaTenbHOM BKIOYEHUM HY)XXHO YCTAHOBUTL Baiinackl ¢ o6paTHbIMM
KnanaHamu.

Mpun nocnegoBaTenbHOM BKITFOYEHUM HACOCOB 3Ha4YeHUst HanopoB H npu
oauHakoBOM pacxofe Q cymmupytoTcs K o6LLern kpuBorn Hanopa. Ha puc. 22
nokasaHo, Kak MOCTPOUTb 3Ty XapaKTepPUCTUKY. DTOT TUMN BKIIOYEHUS MOACHSAETCA
Ha npumepe.

n @ Hacoc 1

/| @ Hacoc 2

Puc. 21
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Mpumep 12:

B cucreme, rpacpuueckas xapaktepuctvka H, (Q) kotopon 3afaHa crnegytowymm
AaHHbIMU

Q (m3/4) 0 6 12 18 24 30 34
H (m) 0 5,6 22,2 50 88,9 139 200

YCTaHOBIEHbI ABa LeHTPOobOeXHbIX Hacoca
Hacoc 1 CR 32-5
Hacoc 2 CR 32-8,

BKITIOYEHHbIX NOCneAoBaTeNbHO CornacHo puc. 22. BHecuTe xapaKkTepucTuky
YCTaHOBKM B TEXHUYECKUIA MACMNOPT U onpeaenuTe Tpu BO3MOXHbIE paboyne ToYKu
(puc. 23) .

H |

Hacoc 11 2

<t

Puc. 22

PeweHne:

MockonbKy peyb MaeT o ABYX OAHOTUMHbLIX Hacocax, To AeicTeme o6ouX,
HaxoOsLWNXCH B pexrmMe paboTbl, MOXHO 3aMEHUTb Ha OJIMH HACOC C KOMMYECTBOM
cTyneHen oboux arperaTos, T.e.

CR32-5+CR32-8 =CR 32-13

crunpDrFos™
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CR 32-5 CR 32-8 CR 32-13
Q (m3/4) 24 28,3 34,5
H (m) 86 125 180
P (kBT) 7,5 12,8 23
NPSH (m) 1,3 1,8 3,4
P
el | CR 32
1 50Ty
1 SO 9906
1 N~ npunoxeHute A
24+
20 —
1 S
16 3
| — SN
124
1 — S i
08 ] I]Q\I\T\
] \"‘\Q'.:\
d T
4] |\\4:\
1 \\\§
oo- 0
T
0 4 8 12 16 20 24 2 32 I 36 QM)
e
0 2 4 6 la | 10 Q[n/c]
P2 P2 Eta
[:Tj 1] New | 1 0
4 | — P21/1
164 12 I — J*’— & P22/3 jz
R I I— I—
087 o5 20
00- 00 0
0 4 8 12 16 20 24 28 32 36 Q M)
P H NPSH
[KMa] 7 [ [m]
200 20 | QH 2000 o6/mun 1/1 8
160 15-]QH2900 06/ [2/3 [ T NPSH [ o
120] 0
80 1 )4\ 4
40 5 2
o4 o 0
0 4 8 12 16 20 24 28 32 36 Q [m]

Puc. 23 Touku nepeceyeHns xapakTepUCTUKM CUCTEMbI U TPEX KPMBbLIX Hanopa.
(MowHocTb P2 npuBegeHa 4ns 04HON CTYyNEHW)
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6.2. MapannenbHoe BKNOYeHUEe LEeHTPOOEXHbIX HACOCOB

LleHTpobexHble Hacockl BKNOYAKTCS napannensHo (puc. 24), korga cuctema umeet
MEHSIIOLLMIACS BO BPEMEHU pacxon Unu, n3 coobpaxeHuii HagexHocTu, Tpebyetcs
yCTaHOBKa pe3epBHOro Hacoca (Hanpumep, COBOEHHbIE HACOChl B CUCTEMAX
OTOMNNEHNS) .

Puc. 24

Mpw Takol cxeme BKIOYEHUS B HANOPHbIN TPYyGONpPoBOA Takke AOMKHbI OblTb
yCTaHOBIEHbI 06paTHble KranaHbl, YTo Aenaetcs Bo n3bexaHue o6paTHOro Toka
BoAbl. B coBOEHHbIX Hacocax aTy yHKLMIO BbINOMHAT NepekuaHble Wnbepsbl.

H

Hacoc 11n 2

Puc. 25

[Npwn napannensHOM BKKOYEHUN HACOCOB pacxoabl Q cknapgbliBatoTCS.
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Mpumep 13:

padhmnyeckas xapakTepucTrka CUCTEMbI OTONMEHUS 3a4aeTCs CreayoLmnmm
AaHHbivu: H, =7 mnpn Q = 45 m*/yac. Heob6xoa4MMo yCTaHOBUTb CABOEHHbIN HAacoC
UPSD 65—120, y KOTOpOro B TpeTbew CTyneHn npegyCMOTpeH Kak OOQUHOYHbIN, Tak
1 napannenbHbI pexxum paboTel. Onpepenute obe paboune ToUKM.

PelweHne:

Mbl BHecem obLLyto KpuBYO Hanopa B TexHudeckuin nacnopt UPSD 65-120:

H
[M] /
12

UPSD 65-120
DN 65

|

|
A
il

N

45 50 Q M)

38 51

\L\

‘#
/I
TS

'N

/|

X
N

1]
N SRt

=

Zead

20 2

VXA

(AN
(4
\

(=]
o
5
o
o
w

Puc. 26
T.K. cuctema oTonneHus pa60TaeT no NnpuHUKUny UumpKynauumm, B KOTOpOVI HacocC
KOMNEHCUpyeT TOJIbKO NOTEPU Hanopa Hv, T.€e.
H, (Q) =H,,,, Q)

3HaAYUT XapaKTeEPUCTMKA CUCTEMbI NPEACTaBnseT coboii NPOXoAsLLYI0 Yepes HoMb

Adyn

napatony. O6evMun pabo4mmMm ToUKamu ABNSOTCS:
P1 unn P2 = 38 m®/yac pabouyasi Touka 1
P1 nnun P2 = 51 m3/uac paboyas Touka 2

Ha npaktuke pacxog, Qs pa6oqe|7| TOYKe 2 HECKOJSIbKO MEHbLLE, T.K. KfanaH umeeTt
onpeneneHHoe conpoTuBIieHne.
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7. PETYJINPOBAHUE LLEHTPOBEXHbIX HACOCOB

Mpwn pacyeTte cuctem 1 nogbope HaCOCHOro 060pyaOBaHMSI MPOEKTUPOBLLMKM YacTo
BbIOMpaloT napameTpsbl ¢ 3anacoM. Ha npakTuke 3To NpMBOAUT K TOMY, Y4TO
AevicTButensHasa paboyas Touka oTnmMyaeTcs oT pac4eTHOW. [insg KOppeKkTUPOBKK
pexvMa paboTbl Hacoca u obecneyeHns 3afaHHbIX NapameTpoB HEOOX0AUMO
perynuposaHue. Hanbonee LWMPOKO perynmpoBaHmne Ucnonb3yeTcs B Hacocax,
paboTarLwnx B LUIMPOKOM Anana3oHe PacXOf40B 1 BbIMOMHSAOLMX PYHKLNIO
noaaepXxaHvus OAHON U3 3af@aHHbIX BENMYMH (GaBneHus, TemnepaTypbl U T.4.) .

Hi

H,CLEI;ICTBI/ITEJ'IbHAH (Q)

H PACHETHAH(Q)

Puc. 27
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CyLuecTByi0T criefytoLime cnocobbl perynmpoBaHus:

1. ApoccenbHoe perynupoBaHune (C NOMOLLbIO 3aBUXEK) .
2. PerynupoBaHue nepenyckoM (bavinaccMpoBaHue)

3. Koppekuus (nogpeska) paboyero koneca

4. lameHeHune yncna o60poToB NPUBOAHOIO Bana Hacoca.

71. QpoccenbHoe perynupoBaHue

lMpu Takom cnocobe perynmposaHna noTepu BbicoThl H, ycTaHOBKN 1, Tem cambim,
AvHamuyeckas Beicota H_, BO3pacTaroT nyTem yBenmyeHus AUHamM14eckoro
COMPOTUBIIEHNS 3aMOPHON apMaTypbl (3a4BUXKK). XapakTepucTrka CUCTEMBI
CTaHOBUTCS Kpyye, Tak 4To paboyasi Touka CMeLLaeTcsi B CTOPOHY MEHbLUEN
npoussoauTensHocTh Q (puc. 28) .

[e— ]
\x ﬂ,pcccgm Hy
/
i "/I DN
A3 g
AR L .
|Vt
Y v i ’/ | N
y A | KL g
/.17 LA i |
e = | |
A" LT
L 5 | | |
|
| | |
T | | i
! ! |
—Q Q, Q Q,

Pwuc. 28 [IpoccenbHoe perynuposaHue
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Mpun 3TOM, ECTECTBEHHO, B APOCCENbHON apMaType NPOUCXOAST NOTEPU SHEPTUN,
TaK 4YToO I'IpO,D,OJ'I)KI/ITGJ'IbeIVI pexum paGOTbI C apoccennpoBaHnemM CTaHOBUTCA
SKOHOMUYECKU HE BbIrOOHbIM. I'I0Tep|/| npu gpoccennpoBaHnn HaMmMmeHbLlKne, ecnm
xapaktepucTtumka Hacoca H (Q) oueHb nonoras. MNMoatomy gpoccensHoe
perynupoBaHue UCnosb3yeTcsl B OCHOBHOM B LLEHTPOGEXHbIX Hacocax, MOTOMY YTO
B 9TUX Hacocax MoLHocTb P nagaeT ¢ ymeHblueHnem pacxoga Q. Ecnn
[poccenbHoe perynmpoBaHne, HeB3mpas Ha UHBECTULIMOHHbIE 3aTpaThl, ABMSIETCS
OnaronpuATHLIM CNOCOOOM PErynmpoBaHus, To Npu 60bLINX MOLLHOCTAX NPUBOAOB
B KaXXgoMm cry4ae OO0J1KHbl NPpOBOANUTLCA UCCleaoBaHUA 3KOHOMMUYECKOMN
uenecoobpasHocTu. bonee aHeproaekTUBHLIM ABNSETCS perynmpoBaHme
nepenycKom.

7.2. Koppekuus (nogpe3ka) paboyero korneca

KoppekTupoBka avameTpa pabo4ero kofieca Mcnonb3yeTcs B TeX cny4vasx, koraa
Ans obecneyeHns onTuMarnbHOW paboTbl CMCTEMBI HEOBXOANMO «OMYCTUTHY
XapaKTepucTuKy Hacoca. TexHU4eCckn KOppekTUpPOBKY paboyero Koneca BbIMNOMHAT
nogpeskou nonacTten nog HeobxoaumbIN AnameTp. [Ana onpegeneHus aToro
AnameTpa Ucnornb3yloT ypaBHEeHUS nogobus.

Puc. 29 Koppekuus paboyero koneca

KM npv aToM yxyAlaeTcs HaCcTOMbKO, HACKOIbKO NPOBOAUTCS KOPPEKLMS.

B 10 Bpems, kak B Hacocax ¢ Manon HOMMHaNbLHOM YacTOTOWN BpaLleHus n,
noHmxexve KMNA npu He3Ha4YNTENBHOWN KOPPEKLIMM SIBNISIETCS HECYLLECTBEHHbIM, TO
Hacocbl ¢ 60MbLLON HOMUHAMNBLHONM YacTOTON BpaLLeHMUS n, pearvpytot

Ha He3Ha4YMTeNbHYI KOPPEKTUPOBKY paboyero koneca 3ameTHou noTtepen K.
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Ecnu gnametp paboyero koneca nnuv nonactu D nsmeHseTca He3HauymMTenbHO, TO
ans nponsBoguTenbHOCcTM Q n Hanopa H ¢ 4OCTaTOYHON TOYHOCTBLIO ENCTBYHOT
cnepyroLme COOTHOLLIEHUS:

2 2
53] 5
Q D H D
OuamveTp D, npun 06bIYHOW NTMHEHOW CeTKe KOOPAMHAT YHUBEPCabHOM
xapaktepuctukm H, Q moxeT 6bITb onpegeneH crneaytowwmm obpasom (puc. 30) .

H[—
~2 | A
Ml || _Fg/
\\.Dx / I\\
------------*/&/\ i N
YA
TS
| I
/ | '
H / I {
H |
!
—~Q Q Q

Puc. 30 MIaMmeHeHne MOLLHOCTU NyTEM KOPPEKTUPOBKK AnameTpa paboyero koneca

Yepes Touky Q = 0, H = 0 1 HyxHyto pabouyto Touky Q,, H, npoBoasT npsmyto
nuHuio, KoTopas nepecekaeT kpuByto H (Q) nonHoro paboyero koneca B TOYke «S».

C nomotlbto 3Hau4eHnn H 1 Q aToi ToYKM BblMMCHIAOT AnameTp D,

D, ~D- /& DX:D-\/H:x (37)
Q H
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Mpumep 14

MoHo6nouHbIn Hacoc NB 65-160 gomkeH obecneynsaTb paboyyto TOUKY
Q, = 100 m*4ac v H, = 35 m. [lo kakoro anameTpa D, HyxHO nogpesarb paboyee
koneco?

PelweHne:

Ha gnarpamme Hacoca (cm. puc. 31) npoogaT npsimyto 0—X n npogneBatoT ee 4o
nepeceyveHns C KpMBOW Hanopa Anga guametpa padoyero koneca D = 173 mm. B
Touyke S Anarpammbl cYUTbIBaKOT 3Ha4YeHue Q = 109 m%/yac, H = 37,5 m.

C nomoLbo ypaBHEHWIN HAX0AAT AuameTp

D, =D- /&:173MM- ’@2166MM
Q 109

D,=D- /i=173MM- 3—5:167MM
H 37,5

Ecnu Hacoc oeicTBUTENbHO A0MKeH paboTaTh B 3TOW TOUKe, TO paboyee Koneco
HY>HO noApesatb 4o 167 MMm. OgHako Ha NpakTUKe NPy Takux HeGOosbLUNX
N3MEHEHNsIX QuameTpa Koreca oT KOPPEKTMPOBKMN OTKa3bIBAKOTCS U B 3aBUCUMOCTH
OT XapaKTePUCTUKM M NpUHLUMNA paboThl YCTaHOBKM BblIGMpatoT Hacoc ¢ pabounm
konecom nn6o 173 mm, nubo 157 mm.
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p H
[kMa] | [m]7]
5004 50 NB 65-160
] , 50 My
1 45nws 7% ISO 9906
b 4+— ° 180% o
4004 49 — : 83% | g npunoxexue A
1 ,__-____-__.__..,._‘.::. 86,2% ‘
1 3547157
] i —1 ] ST TS ,&
300 g = = = §35% | I
1 ] X ilk’\ 83%
4 25 T T
{ 7 | | NPSH
200 20 / ¥ + [Mm]
1 15 ,/ | | 6
100 10 | | — 4
] 1 NPSH 3
1 s _ SH | —1 | )
i ] | | [
[T R . . . . . . . —— —— . . . . —0
pp O 10 20 30 40 50 60 70 8 90 100 110 120 130 140 Q [M%4]
[KBT] ] \
15 — Ji p—
i |
10 — — /157
] D s M———
s — —
0—— . . . . . . . . . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 Q [M¥/4]
T T T T T T T T T
0 5 10 15 20 25 30 35 40 Q [n/c]
Puc. 31

7.3. PerynupoBaHue 4yncna o6opoTtoB

Mpn nameHeHnn yncna o6opoOTOB N MEHSAIOTCA XapakTEPUCTMKN Hacoca. [leicTBytoT
3aKoHbl Nogobus, kak 6bIno ckasaHo B pasgene 3.1.:

Q n

= =”ﬁ Q- (38)
2 2

Ho_ () g op ™ (39)

H n * n
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[Mpn nepecyeTe MoOLWHOCTU AormkeH yumTbiBaTbesa KMNA. Ecnv yncno obopotos
n3meHsietcs B guanasoHe +30% n —50%, 1o KIN[ Hacoca meHsieTcsa He3Ha4uTenbHo
(napeHne cocTaBUT NpUMEpPHO 2%).

P n, °
F_(n) 40)

MN3meHeHne yncna 060p0TOB n, TéEM CaMbIM, ABNAeTCA Hanbornee 9KOHOMUYHbBIM
cnocobom perynmpoBaHusi.
Mpumep 15:

B ycTaHoBKe BOOOCHabXeHUs, XapakTepmucTka KOTOpOoi 3agaHa cregyrowmumv
o6pasom:

Q (M) 0 6 12 18 24 30 36
HA (m) 60 61,1 64,4 70,0 778 95 120

ycTaHaBnmBaeTcsa Hacoc CR 32-7 ¢ yacTOTHO-perynmpyembiM ABUratenem.

HanpauTe pabouyto Touky aAns umcna o6opotos n = 2900 1/mMuH, n_= 2500 1/MuH, a
Take MOLHOCTb NnpuBoaa P.

Ona onpenenexHus pabo4yeit ToukmM npu yncne o6opoTos n_ = 2500 1/MUH HYXXHO
nepecunTaTth KpuByto Hanopa H(Q). XapaktepucTuka yctaHosku H,(Q) npu
n3MeHeHUn Yrcrna obopoToB HE MEHSETCS.

Nmeem

N _ 0,862
n

2
(”—*) -0,743
n
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PeweHne:
CHavana HaHeceM xapakTepucTuky cuctemsl H, Ha xapakTepucTuky Hacoca.

[ns yacToTbl BpalleHusi n = 2900 1/MUH nepeceyeHne xapakTepUcTUKN CUCTEMbI U
paboyelt KpMBOWM Hacoca faeT HaM 3HaYeHME MoLAaYvM 1 COOTBETCTBYHOLLEE
3HaYeHNe MOLLHOCTU, NPUXOASALLEECS HA OfHY CTYNeHb:

Q=32munPg =129 kBT
Takum o6pa3om, noTpebdHasa MOLLHOCTb Hacoca COCTaBuT
P = 11,66 kBT

370 03HayaeT, YTo Npu 3ToW YacToTe BpalleHus KM 6yaeT npubnusntenbHo
COOTBETCTBOBATL NEPBOHAYANIbHOMY 3HAYEHWIO, HO MPU 3TOM OH Yyke ByaeT
COOTBETCTBOBATb HOBbLIM TOYKAM KPUBOWA.

n=2900 1/mMuH  n, = 2500 1/mMuH

H n Q, H, ny
0 135 0 0 100,3 0
8 134 0,40 6,9 99,6 0,40
16 130 0,62 13,8 96,6 0,62
24 118 0,75 20,7 87,7 0,75
32 90 0,74 27,6 66,9 0,74

Touka nepeceyeHns HOBON XapaKTEPUCTUKM Hacoca Npu 4acToTe BpaLleHns
n, = 2500 06/M1H C XapaKTepUCTUKOM CUCTEMbI 4ACT HaM UCKOMYH0 Paboyyto TOUKY:

Q, =24 MM H,=778m n,=0,75
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Torga ansa nckomow paboyer Toukn notTpebHasa MowHOCTL Ha Bany P Hacoca
paccyuTbiBaeTcs Tak (ypaBHeHus 25, 26):
P .0-ag-H
Px — X _ Qx p g X
nx n)(

_24Mm° .n-1000Kr-9,81M-77,8 M

P, 3 2 =6,8kBT
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Puc. 32 MHorocTtyneHuatble Hacochl In-line Grundfos CR 32
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7.4. dkcnnyaTauMoHHbIe pacxoAbl Hacoca

MbI XOTUM paccMOTpeTb 34ECh TOMBKO 3aTpaThl HA ANIEKTPOIHEPTUIO,
a He amopTuM3aunio Hacoca. NepBbIMK ABMAOTCSA:

K=P1.E,-B (41)

K — py6./rog = 3aTpaTbl Ha 3HEpPruio B rog

P1 — kBT = MOLYHOCTb, KOTOPYIO NOTPEBNSAET N3 CETU HACOCHbIN arperat
E,, — py6./kBT ¢ 4ac = uena 1 kBT vyaca

B — vac/rog = pabouwne yacsl B rog

Mpumep 16:

B npumepe 8 (cTp. 28) onsa ueHTpobexHoro Hacoca CR 15-14 ¢ nomoLbo

Q = 16 m*/yac 6bina paccunTaHa anekTpuyeckas MowHocTb P1 12,5 kBT. Ecnn
Hacoc paboTaeT B rog 2000 4acoB 1 CTOMMOCTb 3NIEKTPOSHEPTMM COCTaBMAET
E,, = 5 py6./kBT yac, To MbI nony4aem

K = 12,5+ 5 + 2000 = 125000 py6./roz

CraHoBuTCA ACHO, YTO 3KCnJlyaTauMoOHHbIe 3aTpaTbl B rog npu JJ,J'II/ITGJ’]bHOVI pa60Te
Hacoca COCTaBNAT 3Ha4YMTENbHYI0 AeHexXHYo cymmy, 1 KM B Taknx cnyyasx
urpaet 6onbLUYo porb.
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3AKITIOYEHUE

CeFO,ElHﬂ HaCOCbl UCNonb3yTCA ANA BO,qOCHa6)KeHI/IF|, oTonrneHunsd, noBbllLeHnA
AaBrieHuda, KaHanusaumm n B pasfinyHbiX NPOMbILLUNEHHbIX npoueccax. D,J'Iﬂ
HageXHoM paboTbl CUCTEMbI OYEHB BaXKHO NPaBUIbHO, C Y4€TOM BCEX NapamMeTpoB,
nogobpatb Hacoc. Kpome Toro, npu nogbope Hacoca He06XoAMMO y4ecTb
BO3MOXHbl€ N3BMEHEHUA B CUCTEME (Hanpmmep, npun pacwmnpeHnn npon3soactea
nnn npn n"sSMeHeHun (t)yHKL[I/IOHaJ'IbHOFO Ha3Ha4dyeHunsa otTaniimBaemMmoro I'IOMeLIJ,eHMﬂ).

HemanoBaxHbIM acCnekToM HaZeXHON paGOTbI CUCTEMbI ABNAETCA NpaBUIIbHOCTb
MOHTaXa 1 TEXHUYEeCKOro OﬁCJ'Iy)KVIBaHI/IFl Hacoca. I'IoeTomy nokynarento
060pyD,OBaHM$I cnenyet yooCToBepUTbCA B TOM, HTO MOHTaX 6yp,eT npon3BoanTbCA
aBTOPM30BaHHbLIM CEPBUCHBLIM cneunarnmcTom, a TeEXHN4eckoe OﬁCJ'Iy)KVIBaHI/Ie
Hacoca — cneunanmncToMm, 3HarowmnmMm OCHOBbI rMapaBIiNKA.
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