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Anortauisi. /1j11 po3po0iieHHsS eKCTIEpUMEHTAIBHOTO CTEHAY AJIsl BUNIPpOoOyBaHHS HACOCIB MPOBENEHO JIiTepa-
TypHUH orisi. BeTaHOBNIEHO, 10 YaCTOTHE PETYJIIOBAHHS € OJHHUM 3 KiITBKICHUX €HeproOmaIHUX CITOCO0IB
KepyBaHHS pOOOTOI0 HACOCHOI yCTaHOBKH. IIpu mbOMy BIUIMB Ha HACOCHHMH arperar 3JiHCHIOIOTH 3MiHOO
po00Y0i TOUKM Hacoca TPH 3MiHi TIOJOKEHHsI HOro XapaKTEepUCTHKH. [iipaBiiuHi cXeMH AJSl eKCIIepUMeH-
TAJILHOTO JTOCIII/PKCHHS HACOCIB 3 YaCTOTHUM PETYJIFOBAHHSAM, HABEJICHI B CTATTi, MAOTh NIEBHI HEIOMIKU: 1)
pO3TalllyBaHHS Hacoca BiTHOCHO pe3epByapa € HCOIHO3HAYHUM II0JI0 POOOTH HACOCA i 3aJIMBOM; 2) pery-
JIOBaHHS THUCKY TepeadadeHo Juine B Oik HOro 3MEHIICHHs; 3) CTOCYEThCS pajillle aBTOMAaTH3allii HACOCHUX
yCTaHOBOK. Ha po3po0iieHOMyY Ta BUTOTOBJICHOMY EKCIICPHMMEHTAIBHOMY CTCHJII Mepe0auyeHO MOKIIMBICTh
JOCIIDKeHHsT pOOOTH Hacoca 3 BUKOPUCTAHHSM YaCTOTHOTO MEPETBOpIOBaya Ta 0e3 HbOro, yepes OaiimacHy
ninito. [Ipn BunpoOyBaHHI Hacoca JUIsl CUCTEM, SKi TPAIIOIOTh 110 PIBHIO PIAMHUA Y BCMOKTYBAJILHOMY 0aKy,
BUKOPUCTOBYIOTh 200 BEHTWJIb HA HAarHITaJbHOMY TPyOOIpOBO/Ii (3 BUKOPHCTAHHAM YaCTOTHOTO MEPETBO-
proBaya), ab0 KyJIbOBHI KpaH Ha CKHIHOMY TPYOOIIPOBO/II BiJl HArHITAILHOTO 0aKy (0€3 BUKOPHUCTAHHS Yac-
TOTHOTO TIepeTBoproBaya). KpiMm Toro, BUIpoOyBaHHS Hacoca MPU BUKOPUCTAHHI YaCTOTHOTO MEPETBOPIOBA-
Ya MOXKHA MPOBOJMTH JJIsi CUCTEM, SIKi MPAIIOIOTh M0 TUCKY. BCTaHOBIEHUI YacTOTHHH MEPETBOPIOBAY €
PEryIsTOPOM BUTPATH poOOYOT PiAMHM, IO JTO3BOJISIE PETYIIOBATH TaKH MapaMeTp Hacoca sik mojxavy. Ha-
COC, 3aIPOEKTOBAHUI Ha EKCIIEPUMEHTAJIBHOMY CTEH[I, € CTPYMEHEBUM CaMOBCMOKTYBAJIIEHHM, IIIO HE IOT-
peOye BCTaHOBJIEHHS HOTO I1iJ] 3anuBoM. HarnitanpHuii Oak po3TalIoOBaHMiA BHIIE 32 BCMOKTYBAJIBHUHN 0akK,
110 3a0e3reuye UPKYIIALi0 podouoi piuHu rpaBitaiiiino. Pobouoro pinuHoro ciyryBaruMe Boja. [lomepe-
IHI pe3yJIbTaTH, BAKOHAHI Ha €KCIIEPUMEHTAILHOMY CTEH/II, MATBEPIKYIOTh MOXKIIMBICTh YACTOTHOTO PETy-
JFOBaHHS Hacoca 3 BUKOPUCTAHHIM YaCTOTHOTO IEPETBOPIOBAYA.

KirouoBi ciioBa: ekcriepuMeHTalbHUHN CTEH]I, HACOC, YACTOTHE PETyJIIOBaHHs, 3MiHHA YacTOTa, XapaKTepHc-
THKa Hacoca.

BCTYI1 arperatd npunagae Maibke 21% CBITOBOTO
CHOXMBaHHSA enekTpoeneprii. Cepenniii nmote-
HIlaJI €KOHOMIi €HepTii, SKU MOXHA JTOCATTH
3a JOMOMOTOI0 PETyJIIOBaHHS HACOCHOI CUCTe-
MH, CTaHOBUTH 0sin3bK0 30% [2].

IIpu ekcrutyaranii HacociB 4YacTo JOBO-
JMTBCS PETYIIOBATH iX MapaMeTpu — mojady i
Hanip. OnTuManbHa poOOTH HACOCIB MOJIATAE B
MIHIMI3allil 3aTpaT Ha MEPEeTNOMIOBYBAHHS pi-
muH [3].

VY pi3HHX rany3sx NpOMHCIIOBOCTI, eHepre-
THUKH, CUTBCBKOTO Ta KOMYHAJIBHOTO TOCIIO-
JapCTB UIMPOKO BUKOPUCTOBYIOTH HACOCHI yC-
taHOBKH. Oco0IMBe 3HAYCHHS Ma€ iXHE 3aCTO-
CYBaHHS y CHCT€Max BOJOIIOCTAYaHHS W KaHa-
Ji3arlii, e BOHU € OJTHAM 3 OCHOBHHUX BY3JIIB.

Crnio>xuBaHHsI €Heprii B yCbOMY CBiTI 3poOcC-
tae 3arpo3nuBuMu Temmnamu [1]. Ha nacocHi
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PerymoBanHs poOOTH HACOCHOI YCTaHOBKHU
MOXKHa 3IHCHIOBAaTH 30KpeMa BIUIMBOM Ha
HACOCHHI arperat 3MiHOIO TOJOXEHHS Xapak-
TEPUCTUKHU Hacoca [4].

IcHyrOTh Taki ciocodu perymoBaHHS POOO-
TH HACOCHOI YCTaHOBKH: JIPOCETIOBAHHSI, 00-
TOYyBaHHS poOOYOro KoJieca, Mmepemyck podo-
40l PiIMHY, PEryJIOBaHHS, MOBOPOT JOHaTren
poboYoro Kojeca Hacoca, 3aKpydyBaHHS IIO-
TOKY Tepell pOOOYMM KOJIECOM, 3MiHA YacTOTH
obepTaHHsS poOOUYOTOo KoJieca.

3MiHa Mojiavi Hacoca 3a JIOTIOMOTOK pery-
JHOBAHOTO EJIEKTPONPUBOAY € KIIbKICHUM
CIIOCOOOM PEryJIIOBaHHS PEXHMY POOOTH Ha-
COCHHX yCTaHOBOK [5].

[Ipu perynroBanHi poOOTH HACOCIB 3 BUKO-
PUCTaHHSM YaCTOTHOTO PEryJsaTopa 3MiHIO-
€THCS TOJIOKEHHsT po00Y0i TOYKH Hacoca [6].
[Tpr 1bOMY CHOXHBA€THCS MEHINA KiTBKICThH
€JICKTPOCHEPrii MOPIBHAHO 3 IHIIUMHU CIIOCO-
Oamu perymroBanus [1].

PosrnsiHeMO €Ki CXeMU 3 YaCTOTHHM pe-
T'YJIFOBaHHSM HaCOCHHX arperaris.

31 cxeMu cTeHAy JIs BUIpoOyBaHHS BiJlie-
HTPOBHUX HACOCIB, €JIEKTPOIABUTYH SIKUX 00Ja-
JHAHO YacTOTHUM peryistopom (puc. 1) [7],
HE 3pO3YyM1JIO, SIK PO3TAIIOBAaHHI HACOC BiITHO-
CHO pe3epByapy, TOOTO 4M Mae€ IMpaloBaTu
HAcOC IIiJ1 3aJIMBOM, YU Hi.

[Ipu crabinizanii Hamopy B AMKTYIOYiH TO-
Y1l BOAOIPOBIIHOT MEPEXK1 peryItOBaHHs THC-
Ky IPOBOJIATH JIMIIE B OIK HOro 3MEHIIEHHS 32
JIOTIOMOT'OI0  BiJIOBITHUX CHUCTEM aBTOMATH-
30BaHOTO KepyBaHHS, YKOMILIEKTOBaHUX, Ha-
npukiaa  nponopuiHo-iHTerpansHuM  (I1I)
perymnsropom (puc. 2) [8, 107].

CxeMy 1a00OpaTOpPHOIO CTEHAY Ul €KCIe-
PUMEHTAIBHOTO JOCIIPKEHHSI HACOCHUX YyCTa-
HOBOK (puc. 3) [9] HaBeneHo Oinblie 3 TOYKH
30py aBTOMAaTH3aIlll HIXK K TApaBIiuHy.

META I METOJIM TOCJIJUKEHHS

Meroto nmaHoi poboTH € po3poOJICHHS Ta
BUTOTOBJICHHS €KCIIEPUMEHTAJIBLHOTO CTEHIY
JU1s BUNPOOyBaHHS HACOCIB 3 YAaCTOTHUM pe-
T'YJTIOBaHHSM.
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Puc. 1. Cxema BunpoOyBaHHS BiJICHTPOBHX Ha-
cociB: 1 — aCHHXpOHHHI EJIEKTPOJBUTYH;
2 — Hacoc; 3 — BCMOKTYBaILHUH TpyOOMpo-
Bif; 4 — ¢inbTp; 5 — HamipHuil TpyOOIIpO-
BiJl; 6 — JIYMIBHHUK BOAM; / — MaHOMETD;
8 — mymeT KepyBaHHS TiIPOCHUCTEMOIO;
9 — pesepByap; 10 — gacTOTHHII perynsaTop
Schematic diagram of centrifugal pumps
test: 1 — asynchronous motor; 2 — pump; 3
— suction pipeline; 4 — filter; 5 — delivery
pipeline; 6 — water meter; 7 — pressure
gauge; 8 — hydraulic system control panel;
9 —tank; 10 — frequency drive

Fig. 1.

Puc. 2. Cxema crabimizanii Hanopy B IUKTYIOUiH
TOUIlI BOJOIPOBIAHOT Mepexi: 1 — BimieH-
TPOBUH HAcoc; 2 — pPeryJbOBaHUN E€JIEeKT-
ponpuBox; 3 — maBau Tucky; 4 — IlI-
perymsaTop; 5 — 3amaBalbHUN TIPHUCTPI;
6 — kaHam 3B’S3Ky; 7 — BOAOPO30IpHMIA
MPUCTPii; 8 — HaMpHUN TPYOOTIPOBIT

Fig. 2. Schematic diagram of pressure stabilization
in calculation point of water supply net-
work: 1 — centrifugtal pump; 2 — electric
control drive; 3 — pressure sensor; 4 — pro-
portional integral (P1) controller; 5 — set-
ting device; 6 — communication channel;
7 — water intake device; 8 — delivery pipe-
line
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Puc. 3. dynkuionanpHa cxema gaboparopHoro crenay: QF — aBromaruunmii Bumukay; [TH — nepeTBoproBay
gactoTH; W — MynsTuMeTp; SA1 — mepeMukad ajsi 103BONTy Ha poOOTy Hacoca; SA2 — mepeMuKad
JUIsE 3a0e3IeUeHHs peBepcy Hacocy; SA3 — nepeMukay s BUOOPY 3aMKHEHOI CHCTEMHU KepyBaHHS,
R1 — motenuiomerp; Q1 — imnynbcHuii qaBau Butpar; 1Q2 — urpatomip; JIH — naBau trcky; bak
Nel, Bak Ne2 — pesepByap; 3K — 3BoportHiii knanan; B1, B2, B3 — kpan (Bentuns); PA1 — mynbTu-
metp; PA2 — mimiammiepmerp; M — acuaxponnuii neuryH; H — Hacoc; XX — 6ok »xuBjieHHS

Fig. 3. Functional schematic diagram of lab-scale test-bed: QF — automatic switch; IT9 — frequency convert-
er; W — multimeter; SA1 — change-over switch to allow the pump to run; SA2 — change-over switch
to ensure pump reversal; SA3 — change-over switch to select closed control system; R1 — potentiom-
eter; 1IQ1 — impulse flow sensor; J1Q2 — flowmeter; TH — pressure sensor; bak Nel, bak Ne2 — tank;
3K — back valve; B1, B2, B3 — tap (valve); PA1 — multimeter; PA2 — milliammeter; M — asynchro-

nous motor; H — pump; BXX — power supply

KOHCTPYIOBAHHA
EKCIIEPUMEHTAJIBHOI'O CTEHAY

ExcniepuMeHTanbHUM CTEH] 3aITPOEKTOBAHO
Ha 0a3l HaB4aJbHOI JabopaTopii TiIpaBIiKu
Kadeapu TIAPOTEXHIKM Ta BOAHOI 1HXKEHepii
Hamionansnoro yHiBepcutery "JIbBiBCbKa Io-
nitexuika" (puc. 4). Pobouoro pignHO0O € BO-
aa.

Crenn mpairroe Tak. Hacoc 5 3abupae Boxy
31 BCMOKTYBaJIbHOTO 6aka 1 Ta mojae y HarHi-
TanpHUKM Oak 16. Boma ckugauM TpyOOTIpOBO-

13

nom 18 3 HarnitanpHOro Oaka 16 HagXoAHUThH Yy
BCMOKTYBaJIbHUM Oak 1.

Hacoc 5 € ctpymeHeBUM CaMOBCMOKTYBa-
apHUM onHoctyniHdacTuM Mapku Willo Initial
JET 9-4, mo He norpedye BCTaHOBIEHHS HOTO
i 3aMBOM. Bick Hacoca BiamoBimae IIO3Ha4-
i Z2 = 0,290 m.

baku 1 Ta 16 00’eMmom 2 M*> KOKEH MarOTh
no3Hauku gaung Bignosigao Zi: = 0,000 m Ta
Z3 = 3,615 wm. Ile 3a0e3medye MUPKYIISIIIO PO-
60401 piIMHM TpaBiTALIHHO.
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Puc. 4. Cxema ekCriepuMEHTaIbHOTO CTeHy: 1 — BCMOKTYBabHMI 0ak; 2 — BCMOKTYBaJIbHUM TPYOOITPO-
BiJl; 3 — KyJIbOBHI KpaH; 4 — BaKyyMMETp;5 — Hacoc; 6 — HarHiTaJdbHUI TpyOOTpoBil; 7 — QiIBTP;
8 — BenTMIb; 9 — 3BOpOTHUI KianaH,; 10 — GalinacHa minis; 11 — kynpoBuii kpaH; 12 — yacToTHMI
nieperBoproBad; 13 — manomerp; 14 — miunnpHUK Bomu;15 — BeHTHIB; 16 — HarHiTanbHUNA Oak;
17 — kynboBwii kpaH; 18 — ckugauii TPyOOTIPOBIN

Fig. 4. Schematic diagram of experimental test-bed: 1 — suction tank; 2 — suction pipeline; 3 — ball valve;
4 — vacuum gauge; 5 — pump; 6 — delivery pipeline; 7 filter; 8 — valve; 9 — back valve; 10 — by-
pass; 11 — ball valve; 12 — frequency converter; 13 — pressure gauge; 14 — water meter (flowme-
ter); 15 — valve; 16 — delivery tank; 17 — ball valve; 18 — discharge pipeline

Ha BcMmokTyBammbHOMY TpyOompoBomi 2
BCTaHOBJICHO BaKyyMMeTp 4, Ha HarHiTaJIbHO-
My TpyOonpoBoi 6 — manometp 13 .

Ha naruitaneHOoMy TpyOompoBoji 6 Bcra-
HOBJICHO YaCTOTHHUH mepeTBoproBad 12 mapku
Wilo-ElectronicControl MM9. Bin no3Bossie
MiATPUMYBAaTH  TIONEPEAHBO  HAJAIITOBAHE
3HA4YEHHs THCKY HE3aJIe)KHO BiJI [0J1aui Hacoca

14

4 [10] Ta omHOYACHO € PEryJIATOPOM BHTPATH
po6OYOi piTUHHU.

JlivmnpankoM Boam 14 wmapkm  Gross
ETW-UA 20I'/130 BuMipIOIOTB i1 KITBKICTb.

Ha ekcriepuMeHTaIbHOMY CTEH/I MOYXKHA
JOCIIJIKYBaTH poOOTy Hacoca 4 3 BUKOpHC-
TaHHSIM YacCTOTHOTO TepeTBopioBava 12 ta 6e3
HBOTO, yepe3 Oaitnachy ninito 10. [Ipu Bunpo-
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OyBaHHI Hacoca 4 17 CUCTeM, SIKI IPAIIOIOTh
10 PiBHIO PiMHU Y BCMOKTYBaJlbHOMY Oaky 1,
BUKOPHUCTOBYIOTh 200 BEHTHJIb 8 Ha HarHiTa-
JEHOMY TpyOompoBoii 6 (3 BHUKOPUCTAHHSIM
94acTOTHOTO TepeTBoproBada 12), abo Kyibo-
BUi kpaH 17 Ha ckugHOMy TpyOompoBodi 18
(0e3 BUKOpHCTAaHHS YaCTOTHOI'O IE€PETBOPIO-
Baua 12). Kpim TOro, mpu BHKOpPHCTaHHI 4dac-
TOTHOTO TIepeTBoproBaya 12 BunpoOyBaHHS
Hacoca 4 MOXHA TPOBOJMTHU UL CHCTEM, SIKi
MPALOIOTh TIO THCKY.
PosrnstHemMo nocimipkeHHsT poOOTH Hacoca 3
BUKOPUCTaHHSAM YaCTOTHOTO MEPETBOPIOBAYA.
JocimpkenHs: poOOTH Hacoca il CHCTEM,
SK1 MPaLIOIOTh TI0 PIBHIO PITUHHU y BCMOKTY-
BaJlbHOMY 0aKy, IUIaHYEThCSI BHUKOHYBAaTH B
TaKil TOCIIJOBHOCTI:
1. TIlepexputu KynboBuit kpaH 11 Ha Oaiima-
cHiit minii 10.
2. BigkpuTu KynbOBUN KpaH 3 Ha BCMOKTY-
BaJIbHOMY TpyOompoBoi 2.
3. VYBIMKHYyTH Hacoc 4.
4. BiIkpuTH BEHTWIb 8 HAa HArHITAILHOMY
TpyOompoBo/i 6.
5. BigkpuTu moBHICTIO BeHTWIH 15 Ha Ha-
THITaJIbHOMY TpyOompoBoi 6.

6. VYBIMKHYTH €JEKTPOHHUH OJIOK perymo-
BaHHS YaCTOTHOTO IepeTBoproBada 12 3a mo-
MOMOTOI0 KHOMNKH (puc. 5, mo3. 1) Ha maneni
KepyBaHHSI.

7. YBIMKHYTH aBTOMaTHYHUH PEKUMY POOO-
TH €JIEKTPOHHOTO OJIOKa peryoBaHHS 4acTo-
THOTO TepeTBOproBaya 12 3a 70MOMOTror0 KHO-
TKH (puc. 5, 1103. 2) Ha MaHesi KepyBaHHS.

8. HamamryBaT moCTiHHUI TUCK €TIEKTPOH-
HOTrO OJIOKAa peryJlOBaHHS YacTOTHOTO Iepe-
TBOpIOBaya 12 Ha meBHE 3HAYEHHS B MeXax
HAaropy, 0 CTBOPIOE HAacoC 4 3a JOIOMOTO0
Ipynu KHOMOK (puc. 5, mo3. 3) Ha maHemi Ke-
PYBaHHSL.

9. 3HATH MOKa3MW THUCKY 3 IUCIUICIO HA MaHei
KepyBaHHS (puc. 5, 103.4) eJIeKTPOHHOTO
OJIOKY peryJIOBaHHS YaCTOTHOTO IEPETBOPIO-
Baya 12.

10. 3HATH MOKa3u 00’eMy BOJU 3 JIYMIBHUKA
14 3a neBHwii yac.

11. Buxonaru nii 3a mm. 9-10 mpu 3-4 iHmMX
CTYIIEHSX BIAKPUTTSA BEHTWIs 8 32 yMOBH, 1100
poboya TOYKa Hacoca il HOTO HOPMaJIbHOL
poboTu Oyna 6 y mo3BoJieHil poOouiii o0nacTi
(puc. 6), mixk 30oHamu 1 (mpu Maiii moxadi) Ta
2 (mpu Benmukii mogaui) [11].
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Puc. 5. Cxema maHeni KepyBaHHS €JIEKTPOHHOTO OJI0Ka PEeryJIFOBaHHS 4aCTOTHOTO IepeTBoproBava: 1 — KHO-
MKa BMUKaHHsS €JEKTPOHHOTO OJIOKa pEryjioBaHHS, 2 — KHONKA PEXUMYy pOOOTH «pyd-
HUI1/aBTOMaTHYHUIT»; 3 — KHOIIKM HaJalITyBaHHS 3HAUYEHHS NOCTIMHOTO THUCKY; 4 — AuCIUIeH

Fig. 5. Scheme of user interface of Wilo-ElectronicControl: 1 — inverter ON; 2 — operating mode Hand/Auto;
3 — setting a constant pressure value; 4 — display
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Puc. 6. 3MiHa XapaKTepUCTHKa HACcOCa 3 4aCTOT-
HUM KEPYBaHHSM y CHCTEMI, SIKa TIPAIIOE
10 TUCKY
Fig. 6. Change in pump characteristics with fre-
quency control under condition of
maintenance of

JocnipkeHHss poOOTH Hacoca JJIsi CUCTEM,
SK1 TIPAIIOIOT IO TUCKY, TUIAHYETHCS BUKOHY-
BaTH B TaKiil MOCJIIJOBHOCTI:

1. TIlepexputu KynboBuit kpan 11 Ha Oaiina-
cHii minii 10.

2. Binkputu KynboBuid KpaH 3 Ha BCMOKTY-
BaJIbHOMY TpyOOmpoBoi 2.

3. YBiMKHYyTH Hacoc 4.

4. BiIKpuTH TOBHICTIO BEHTHJIb 8 Ha HarHi-
TanbHOMY TpyOotmpoBoi 6.

5. Binkputu BeHTWIb 15 Ha HarHiTalbHOMY
TpyOOTpoBo/Ii 6.

6. VYBIMKHYTH €JEKTPOHHUH OJIOK peryio-
BaHHS YaCTOTHOTO IepeTBoproBayda 12 3a no-
MOMOTOI0 KHONKU (puc. 5, mo3. 1) Ha manemni
KepyBaHHSI.

7. YBIMKHYTH aBTOMAaTUYHUH peKUMY poOO-
TH €JIEKTPOHHOTO OJIOKAa PEeryJIOBaHHS 4acToO-
THOTO TepeTBoproBaya 12 3a J0MOMOror0 KHO-
K4 (puc. 5, mo3. 2) Ha NaHeNl KepyBaHHS.

8. HamamryBaTu mocTiHHUI THUCK €IEKTPOH-
HOTo OJIOKAa pEryJIOBaHHS YacCTOTHOTO Tiepe-
TBOproBaya 12 Ha meBHE 3HAYEHHS B MeXKax
HAropy, 110 CTBOPIOE HAcoc 4 3a TOTIOMOTOI0
Ipynu KHOMOK (pHcC. 5, M03. 3) Ha maHemi Ke-
pyBaHHSI.

9. 3HATH MOKa3M TUCKY 3 JTUCIUICIO Ha MaHei
KepyBaHHs (puC. S, T103.4) eJIeKTPOHHOTO
OJIOKY peryJioBaHHS YaCTOTHOTO IE€PETBOPIO-
Bava 12.
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10. 3HATH MOKa3u 00’eMy BOJU 3 JIIYMIbHHKA
14 3a neBHwii yac.

11. Buxonaru nii 3a mm. 9-10 mpu 3-4 iHmUX
CTYMEHSX BIAKPUTTS BeHTUIIS 15.

PosrisiHemo pocmipkeHHS poOOTH Hacoca
0e3 BUKOPUCTAHHS YaCTOTHOTO IEPETBOPIOBA-
Ya Uil CHCTEM, SIKI MPAaLIoI0Th IO PIBHIO Pi-
JMHH Y BCMOKTYBaJIbHOMY 0aKy. IX miaHyeThb-
Csl BUKOHYBATHU B TaKii MOCIiTOBHOCTI:

1. TlepekpuTu BEeHTWUJb 8 Ha HarHiTaILHOMY
TpyOOIpoBo/Ii 6.

2. [Tlepexputu KynboBui KpaH 17 Ha CKHI-
HOMY TpyOorpoBoai 18.

3. BiakpuTtu KynboBul KpaH 3 Ha BCMOKTY-
BAIBHOMY TpyOOmpoBoi 2.

4. Binkputu kynboBuil kpan 11 na Gaitmac-
Hi# minii 10.

5. Biakputu BeHTHIL 15 micis 4acTOTHOTO
nepeTBoproBava 12.

6. VYBimMKHYTH Hacoc 4.

7. 3HATH TOKa3u 00’€My BOJAHM 3 JIIYMJIBHUKA
14 3a neBHwii yac.

8. 3uaTH moka3u BakyymmerTpa 4 Ta MaHOMe-
Tpa 13.

9. Buxonatu naii 3a mm. 7-8 npu 3-4 iHmMX
CTYIICHSAX BIAKPUTTSA BeHTWIS 15.

BUCHOBKH TA PEKOMEHJJAIIII

BHUroToBneHo €KCIEpUMEHTAIBHUN CTEH[
JUIsl BUNIPOOYBaHHS HACOCIB 3 YAaCTOTHUM pe-
T'YJIFOBaHHSIM.

[lonepenni pe3ynpTaTH, BUKOHAaHI Ha €KC-
NEpUMEHTAIbHOMY CTEHJl, MiATBEPIKYIOTh
MO>KJIUBICTh TPOBEJIEHHS YaCTOTHOTO pEry-
JIOBaHHS Hacoca 3 BUKOPUCTAHHSAM 4acTOTHO-
ro IEPETBOPIOBAYA.
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Experimental test-bed for test of pumps with frequency regulation
Orest Verbovskyi, Ihor Popadyuk, Vadym Orel, Vitalii Makarchuk

Abstract. A literature review was conducted to develop an experimental stand for testing pumps. It
was established that frequency regulation is one of the quantitative energy-saving methods of con-
trolling the operation of the pumping unit. At the same time, the influence on the pump unit is car-
ried out by changing the operating point by means of variable pump curve. The hydraulic schemes
for experimental study of frequency-controlled pumps presented in the article have certain disad-
vantages: 1) the location of the pump relative to the tank is ambiguous regarding the operation of
the pump under flooded suction; 2) pressure regulation is provided only in the direction of its de-
crease; 3) refers rather to the automation of pumping installations. On the designed and manufac-
tured experimental stand, it is possible to study the operation of the pump with the use of a frequen-
cy converter and without it, through a bypass line. When testing the pump for systems that operate
according to the fluid level in the suction tank, use either a valve on the discharge pipeline (with the
use of a frequency converter) or a ball valve on the discharge pipeline from the discharge tank
(without the use of a frequency converter). In addition, pump testing using a frequency converter
can be performed for pressure-operated systems. The installed frequency converter is a regulator of
the flow of the working fluid, which allows adjusting of the pump discherge. The pump designed on
the experimental stand is a self-suction jet that does not need to be installed under flooded suction.
The discharge tank is located higher than the suction tank, which ensures the circulation of the
working fluid by gravity. The working fluid will be water. The preliminary results, performed on
the experimental stand, confirm the possibility of frequency regulation of the pump using a fre-
quency converter.

Key words: experimental test-bed, pump, frequency regulation, variable frequency, pump charac-
teristics.
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