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Annomayusa. Llenb: 5KCIEpUMEHTAIIBHOE ONPEEICHIE BO3MOKHOCTU CHUYKEHMSI SHEP-
roszaTpar HaCOCHOIO 00OPY/I0BaHUSI MEIMOPATUBHBIX HACOCHBIX CTAHIMHA BCIEICTBUE MCIIOJIb-
30BaHM OCTaTOYHOW SHEPTHH NP MOHIKEHUH HAropa B TpyOOmpoBoaHOH ceT. MaTtepua-
Jbl U MeToAbl. VccienoBanus U pacyeTsl NPOBOJMINCh Ha HACOCHOHM craHimu «Paccer-8»
N3obunpraeHckoro pummana ®I'BY «Vmpasnenune «CTaBponoiabMennoBoaxo3». st sxciepu-
MEHTAJILHOTO ONpe/eNeHHs BEIMYMHBI CHI)KEHHS SHEepro3arpaTr yCTaHABJIMBAJIMCh: MMpPABIIU-
YECKHE MapaMeTphl IKCILUTyaTUPYEMOT0 HaCOCHOIO 00OpYJOBaHUs BO BCAChIBAIOIIEM U HaIop-
HOM pacIpeieIMTeIbHOM TPyOOIIpOBOAX MPHU MAaKCUMAaJIbHBIX BEJIMUMHAX HAropa B CETH, Be-
JMYMHA OCTATOYHOM SHEPTUH MEX/y TOYKaMHU B TPYOOIPOBOJIE IPH OTOOPE U3 NCTOUHHKOB BO-
JIONOTpeOIeHUsT B CIydae YMEHBIIEHHMsS Hamopa B ceTd. Pe3yjabTarbl. DKCIepUMEHTAbHO
OIIpeIeTICHBI THAPABIMUECKHIE TTApaMETPBl HACOCHOTO 000PYAOBAHUS: TOTPeOIIsieMast MOIIHOCTb
ot 669,18 no 540,54 kBt npu Hanopax ot 106,88 mo 126,52 m, nmogauax ot 0,46 mo 0,28 m*/c,
KIIJ ot 0,72 mo 0,68, mosHOI SHEPTUH BO BCAaChIBaroIIeM Tpydomnposoae ot 1,75 1o 5,71 M, Be-
JUYMHA B TOYKE OTOOpa MCTOYHHMKA BOJONOTpeOJeHHs Ha paccTosHuU 1450 M OT 31aHUA
HacoCHOM ctaniuu, Hamopa ot 80,28 mo 106,67 M, pacxona ot 0,49 mo 0,43 m*/c, Bakyyma
BO BcachlBarolieM Tpyoomnposoze ot 2,0 10 5,8 M; pacyeTHOe 3HaUEHUE MOBBIIIEHUS BHICOTHI
BCACBIBaHMsI HAcOca W, KaK CJIEICTBUE, yMEHbIIIEHUs Haropa B cetu oT 10,24 mo 17,92 m; Be-
JUYUHA YMEHBIIEHUs] NOTPeOIsIeMOi HEPrul NpU YBETUYEHUHU BBICOTHI BCACHIBAHHUSA C I1O-
Mollbl0 cTpyiHOro ammapata oT 28,04 no 70,24 xBt npu mogauvax or 0,40 mo 0,28 m’/c.
BbIBoaBI: CpaBHEHHE DPE3YJIbTAaTOB IMPOBEIEHHBIX TEOPETUYECKUX HCCIIECJOBAHMN HAJINYUSA
OCTaTOYHOI 3HEPTUHU B Cllydae U3MEHEHHUs TOYeK 0TOOpa MoTpeduTeneM U pasHOCTH (aKTH-
YEeCKOW TOJIE3HOM MOIIHOCTH B TOUYKax 3amepa 96,1 kBT M JKCIIEpUMEHTANBHBIX JAHHBIX
0 BEJIMYMHE yMEHbIlEeHUs1 oTpednseMoil saneprun 70,24 kBt npu yBenuueHUn BBICOTHI BCa-
CBIBaHMSI MTOATBEPKAAET BO3MOKHOCTD MCIIOJIB30BAHMS OCTATOYHOM DHEPIMM U YMEHBIICHUS
Hamnopa ¥ notpedisieMoil MOITHOCTH HAaCOCOB.

Knrouegvie cnosa: HacocHasi CTaHIMS, CTPYHHBIM anmapar, TMIpaBIMYECKUE Mapa-
METpBI, HACOCHBIN arperar, morpelisemMass MOILIHOCTb, HAllOp CETH, BCAChIBAIOIIUN TpyOo-
MIPOBOJI, BEJIMYKMHA BaKyyMa
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Abstract. Purpose: experimental determination of the possibility of energy consump-
tion reduction of pumping equipment of reclamation pumping stations due to the use of resid-
ual energy with a pressure fall in the pipeline network. Materials and methods. Research and
calculations were carried out at the Rassvet-8 pumping station of the Izobilnensky branch of
the Federal State Financed Institution “Administration Office Stavropolmeliovodkhoz”. To de-
termine the magnitude of the energy consumption reduction experimentally, the following
were established: the hydraulic parameters of the operated pumping equipment in the suction
and pressure distribution pipelines at maximum pressure in the network, the amount of resid-
ual energy between points in the pipeline when withdrawing from water consumption sources
in the case of a decrease in pressure in the network. Results. The hydraulic parameters of
pumping equipment were determined experimentally: power consumption from 669.18 to
540.54 kW at heads from 106.88 to 126.52 m, deliveries from 0.46 to 0.28 m?/s, efficiency
from 0.72 up to 0.68, total energy in the suction pipeline from 1.75 to 5.71 m, value at the
point of selection of the source of water consumption at a distance of 1450 m from the build-
ing of the pumping station, head from 80.28 to 106.67 m, flow from 0.49 to 0.43 m?/s, suction
pipe vacuum from 2.0 to 5.8 m; the calculated value of increasing the suction height of the
pump and, as a result, reducing the pressure in the network from 10.24 to 17.92 m; the magni-
tude of the reduction in energy consumption with an increase in suction height using a jet ap-
paratus from 28.04 to 70.24 kW at feed rates from 0.40 to 0.28 m?/s. Conclusions: a compari-
son of the results of the theoretical studies of the residual energy presence in the case of a
change in the points of selection by the consumer and the difference in the actual useful power
at the points of measurement of 96.1 kW and experimental data on the magnitude of the reduc-
tion in energy consumption of 70.24 kW with an increase in suction height confirms the possi-
bility use of residual energy and reduce the pressure and power consumption of the pumps.

Keywords: pumping station, jet apparatus, hydraulic parameters, pumping unit, power
consumption, network pressure, suction pipeline, vacuum amount
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BBeaenue. Ilepexon PO Ha peIHOYHYIO 5KOHOMHUKY MPHUBEN BCE OPraHHU-
3aIlUy MEJTUOPATUBHOTO MPOGUIIss K HEOOXOIUMOCTH y4eTa KaXKI0ro KUJIOBATT-

4aca U3pacX0JI0BAaHHOM JIEKTPOIHEPTUU. JHEPTrOHACHIIIEHHBIE MEIMOPATUBHBIC
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HAaCOCHBIE€ CTAHIIMH, PACXOJ] KOTOPBIX U3MEPSAETCS COTHAMM ThICSIY MU3PAcX0fo-
BaHHOM 3JIEKTPO3HEPIHH, FKCILTYaTHPOBATh B TAKUX YCIOBHUSX CIIOXKHO, TaK Kak
JI0 HACTOAIIETO0 BPEMEHU B OOJBIIMHCTBE CBOEM OIUIaTa MPOU3BOAMIACH W3
OromkeTHbIX cpeactB. Tompko o CeBepHoMy KaBka3y oOmiasi ycraHOBIEHHas
MOIIHOCTh MEJIMOPATUBHBIX HACOCHBIX CTaHIUM cocTaBisieT 538627 kBt [1-3].
DHeprusi BO BCEX CIyyasix TPATUTCA KaK Ha (PaKTUYECKHUM MOABEM BOJIbI, TAK U
Ha JApyTHe, HEIPOU3BOJUTEIbHBIE PACXOMBI.

[Ipy mpoeKkTUPOBAaHUU OPOCUTEIIBHBIX ceTel [4, 5| MPOEKTHBIMU OpraHu-
3alMsIMU TPUHUMAETCSI MAaKCUMAaJIbHBINA pacueTHbIN Hamop. Mexay tem 110 50 %
u 0oJee OPOCUTETBHOTO CE30Ha HACOCHBIE CTAHLIMU PabOTalOT C HAOPOM HHU-
K€ MAaKCHMaJIbHOTO B CBSI3U C M3MEHSIIOIMIMMHUCS YCIOBUSIMH BOJ103a00pa, a Tak-
K€ MECTOM YCTaHOBKH JOKJEBAIbHON TeXHUKHU. OUEBUAHO, YTO I SHEProd (-
(EeKTUBHOTO ONPE/EIICHUsI HAllOpa HACOCHOW CTaHLIMU B Pa3JIMYHbIE CPOKH OpO-
CUTEJIBHOIO CE30Ha HEOOXOAMMO pa3pabdoTaTh TaKyl0 METOJMKY pacyeTa Tuj-
PaBIMYECKUX MMAPaMETPOB CETH, KOIZIa BECh OPOCUTENbHBIA MEPHUOJ, MPU pa3-
JUYHBIX KOJIEOAHUSIX YPOBHEH B BOJ03a00pe M BapHaHTaX PACCTAHOBKH JOXKJIE-
BaJIbHOM TEXHUKH HACOCHBIE arperaThl paboTanu Obl B ONTUMAJIbHOM PEXHUME
¢ MakcumainbHbiM KIT/I.

Llenp uccneqoBaHUi — 3KCIIEPUMEHTAIBHOE ONPENEIIEHHE BO3MOXHOCTH
CHUKEHHUS JHEpPro3arpaT HAaCOCHOrO0 OOOPYIOBAaHMS MEIUOPATHUBHBIX HAaCOC-
HBIX CTAHIMI BCJIEJCTBUE MCIOJIB30BAHMS OCTATOYHOM HYHEPTHM NPH IOHHKe-
HUU Haropa B TpyOONPOBOAHOM CETH.

Marepuajsbl 1 MeTObl. DKCIIEPUMEHTAJIbHbIEC HCCIIEI0BAHUS MPOBOIH-
Juch Ha HacocHoM ctaniuu «PaccBer-8» (pucynok 1) M3o0unbHeHckoro ¢u-
nnana OI'bY «Ynpasnenne «CTaBpOomnoJbMEIMOBOX03» C LEIbI0 ONpeee-
HUS BO3MOXKHOCTH TIOHMKEHHUS 3aTPaye€HHOM HACOCHBIM O0OpyAOBaHHEM
MOIIHOCTH BCJIE/ICTBME HCIOJb30BaHUSA HAKOIUIEHHOW OCTATOYHOM SHEpPTHUH
IIpU OHWXEHUHU Haropa B ceTu. O00pyI0BaHNE YCTAHOBJIEHO MO CXEMe, MOoKa-

3aHHOM Ha pUCYHKE 2.
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Pucynok 1 — HacocHo-cnjioBoe 000py1oBaHue

HacocHoil ctrannuu «Paccser-8» (gorto . C. IpImiieHkoBa)

Figure 1 — Pumping and power equipment of the Rassvet-8
pumping station (photo by D. S. Tsyplenkov)

£ W 6 5 g 7 0

Towa omogoa

Hangorei

P ] [DOCTpedeUmEHI f’f’g_’gﬂ""’?d 5'”5»03””
it Auwug peyupkyaaym donpatiod fy=400 LN AT S
mpydanpadad Ay=600 m1 i DT i HACOCHOU CMaHLul)
HanGoHei MAZUCMEa bHBIL
moydonpobod Hy=630 710 mm
B25 [=7872 1

— BodaucmasHuk
S (Mazucmparnsreid kawan
I [ [lpaboezopekckal
I T T opocumensHoU cucmens!
o — — — —  Inyofickeeo pavoHa
Cmalponomsckozo Kpas/

Ommemka ocy Hacoca

1 — nentpobexusbiii Hacoc [[1250-125; 2 — KonbIeBON ABYXITOBEPXHOCTHBIH
CTpYWHBIN anmnapart; 3, 4, 5 — 3aABUXKKH; 6, 7, 10, 1] — MaHOMETPBI;
8, 9, 13 — pacxonoMmepsl; /2 — MaHOBaKyyMMETp
I — centrifugal pump D1250-125; 2 — annular two-surface jet apparatus; 3, 4, 5 — valves;
6, 7, 10, 11 — manometers; 8, 9, 13 — flow meters; /2 — manovacuummeter

Pucynok 2 — Cxema ycTaHOBKH 000pPYAOBaHUSI M H3MEPHUTEIbHOM
annaparypsl IpH oNnpeaeJJeHHH 0CTATOYHOM BeJIMYMHBI JHEPIUH

BCJIEICTBHE U3MEHEHHS MeCTa 0TOOpa pacxoa norpedourTenemM

Figure 2 — Installation scheme of equipment and measuring
equipment in determining the residual energy due to a location
change of selection of consumption by the consumer expenditures
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B 3amaun HaTypHBIX HCCIIETOBAHUM BXOIWJIO:

- OIIPEMICIICHNE TUAPABINYECKUX [IAPAMETPOB DKCIUTyaTUPYEMOI'0 HAcoC-
HOro 00OpYy/I0OBaHUS BO BCACBHIBAIOLIEM M HAIIOPHOM PACIPENEIUTEIBHOM TPY-
OOIpOBOIax MPHU MAKCUMAJIbHBIX BETUYMHAX HAIIOPA B CETH;

- OIIPE/ICIICHAE BEIMYMHBI OCTATOYHOM SHEPIMHM MEXKIY TOYKaMHU B TPY-
O0OIpoOBO/IE B CiIyyae YMEHBIICHHS HAllOpa B CETH;

- OIpEe/IeICHNE BEIMYMHBI YMEHBIIIEHUS TOTPEOIIIeMOil YJHEPTHH TPHU yBe-
JMYEHUU BBICOTHI BCACBIBAHHSI HACOCHOTO 00OPYI0BaHUS C MOMOIIBIO CTPYHHO-
O amnmnapara, yCTaHOBJIEHHOI'O Ha BCAChIBAIOLIEM TPYOOIIPOBOJIE;

- pacyeT C KCIOJIb30BAHUEM JKCIIEPUMEHTAIbHBIX JAaHHBIX 3HAYECHUU I10-
BBIIICHUSA BBICOTHI BCACBIBAHUA HACOCOB U BEJIMYMHBI YMEHBILIECHHs HAIopa B ce-
TH BCJIEACTBUE MCIOJIb30BAHMS OCTATOYHOW DHEPTUH MOTOKA MPU U3MEHEHHOM
MECTOIIOJIOKEHUH TOTPEOUTETIS.

B kadecTBe CTpyHMHOrO ammapara HMCIOJIb30BAJICA KOJIBLEBOM IBYXIIO-
BEPXHOCTHBIM anmapar C MOBBIIMICHHBIMU JHEPTETUYECKUMU XapaKTEPUCTUKAMHU

(pucynoxk 3) [6].
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1 — pabounii TpyOOIIPOBOJ OJa4X BOABI; 2 — BHEIIHUN KOPITYC CMECUTENS; 3 — BHYTPEHHUM
HacaJI0K KOJIBIIEBOTo comua; 4 — nuddyzop; 5 — oTBOAAIINN TPyOOIIpOBOI; 6 — Kamepa
CMEIIEHHUS; 7 — HapyKHbII HacaJ0K KOJIBLIEBOTO COILIA; & — BCACHIBAIOIIUI TPYOOIIPOBO

1 —working water supply pipeline; 2 — outer body of the mixer; 3 — inner nose
of the annular nozzle; 4 — diffuser; 5 — outlet pipeline; 6 — mixing chamber;
7 — outer nose of the annular nozzle; § — suction pipeline

Pucynok 3 — KoHcTpyKTHBHasI cXeMa KOJIbLEBOI0
JABYXIIOBEPXHOCTHOI'0 CTPYHHOI0 anmapara

Figure 3 — Structural diagram of the annular two-surface jet apparatus
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PesyabTaTsl U o0cyxnenue. IIpu onpeneneHu rupaBIMYECcKUX Napa-
METPOB BO BCACHIBAIOILIEM M HAIIOPHOM pacIlpeenTeIbHOM TPyOOIpoBOaX HC-
HOJIb30BAJIOCH CTaHAAPTHOE 000OpYyIOBaHME, YCTAaHOBIEHHOE HAa HACOCHOM CTaH-
uuu. ['uapasiaryeckre napaMeTpbl HACOCHON CTaHIMU OIPENEISUINCH B CIIETYIO-
1IEeH ITOCJIEN0BATEIBHOCTH:

- U3MEpPSETCS I0a4a HaCOCHOIO arperara ¢ IMOMOLIBI0 pacxoJoMeEpoB 8,
9, 13 (pucyHku 2, 4) BO BCACBIBAIOIIEM M HAlIOPHOM PACTPEICTUTEILHOM TPY-
oonposogax Q. , O.;

- OIIpe/eIIsAeTCs BEIMYMHA BaKyyMa MaHOBaKyyMMETPOM /2 BO BCachlBa-

romeM Tpyoonposoae H ,  (puCyHKH 2, 5) U 1aBIECHUS B HAallOPHOM pacmpese-
JUTEIBLHOM TpyOomnpoBoae P MaHOMETpoM 7 (pUCYHKH 2, 6);
- pacCUMTBIBAETCS HAIIOP HACOCHOM CTaHUuWH [7]:
H,.=5,-9,
rae D, — MOJIHAs SHEPrus B HAIIOPHOM BCAChIBAIOIEM TPYOOIIPOBOJIE;
D, — IIOJIHAsI SHEPIHsl BO BCACHIBAIOIIEM TPYOOIIPOBOE;

- OIIpe/ieNiAeTCs BEIMYMHA HAopa B TOYKe 0TOOpa Ha paccTostHuU 1450 m
OT 3/IaHMsI HACOCHOM CTaHIIMK MaHOMeTpoM (0 (pucyuku 2, 7);

- OIIpe/eIIAETCS Pa3HUIlA HAlIOPOB B HAIIOPHOM PACHpPEIEIUTENIEHOM TPY-
OorpoBoJie U B Touke oTOopa AH (0oCTaTOUYHBIN HAMOP);

- pacCcUMTHIBAETCS BEIMYMHA PAacX0/la HACOCHOTO arperaTta Mo 3aBOACKOMN

XapaKTePUCTHKE BCIEICTBUE YMEHbIIeHHs Haropa B cetu AQ [8];

- OTKPBIBAETCS JIMHUS PELMPKYJISAIUN 3aABHKKON 5 1JIsl BKIIOYEHHUS B pa-

00Ty cTpyitHOTrO anmnapara ¢ napamerpamu AH u AQ;
- mo BenuunHaM AH u AQ paccuMThIBaeTCS BEIIMYWHA YBEIMYCHUS BBI-
COTBI BcacklBaHust AH , BCIeICTBHE PadOTHI CTPYIHOTO anmapara;

- OIpCacACTCA HOTpe6J'I${eMa$I MOIIHOCTb HACOCHOI'0 arperara BCJICIA-

CTBUC M3MCHCHHUA HAIIOpa B CCTHU,
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- OmpeaensieTcs pa3HHUla MEXIy MOTpeOIsieMOil MOIIHOCTHIO J0 TOBBI-
IICHUS BBICOTHI BCACBIBAHMSI M TOCJE YMEHBIIEHHUS Hamopa B TpyOONpOBOJIE

BCIIEZICTBUE PaOOThI CTPYWHOIO armapara.

Pucynok 4 — Pacxogomep Ha BcachbIBawIieM TPyOoOnpoBo/ie
(¢poro . C. lIpiieHKOBA)

Figure 4 — Flow meter on the suction pipeline

by D. S. Tsyplenkov)

(photo
507 . s S

Pucynok 5 — MaHoBaKkyyMMeTp Ha BcachIiBamoleM Tpyoonposoae
(dporo . C. lIpimiienkoBa)

Figure 5 — Manovacuummeter on the suction pipeline
(photo by D. S. Tsyplenkov)
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PucyHok 6 — MaHoMeTp HA HATIOPHOM paclipeieIMTeJTbHOM TPYOONIpoBoIe
(¢poro . C. lIpimiienkoBa)

Figure 6 — Pressure gauge on the pressure distribution pipeline
(photo by D. S. Tsyplenkov)

PncyHOK 7 MaHOMeTp B TOYKe 0T60pa ((l)OTo . C IILmneHKOBa)
Figure 7 — Pressure gauge at the sampling point (photo by D. S. Tsyplenkov)
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H3mepsieMble U pacueTHbIE THAPABIMYECKHUE MMapaMeTphl CBEJIEHBI B Ta0-

ity 1 (mmuHa TpyOGompoBoga 7872 M, AMAMETP HAMOPHOTO MAarWCTPaIbHOTO

TpyOompoBoaa HapykHbId — 630 MM, BHyTpeHHUN — 515,6 MM) u Tabaumy 2

(nuHa TpyoonpoBoaa 1450 m).

Taoauna 1 — U3mepsiemble U pacueTHbIe THAPABJINYECKHE
napaMeTpbl HCCJIE0BAHHOI0 HAIIOPHOTO TPY0ONIPoOBOaa

NP MAKCUMAJILHBIX BEJIMYMHAX HATIOPA B CETH

Table 1 — Measured and calculated hydraulic parameters of the studied
pressure pipeline at the maximum pressure in the line

ITapametp 3HaueHue

BennunHa Bakyyma BO BCaChIBarOIIEM TPyOOITpo-
BOJIe —< , M (IPH MAaKCUMaJIbHOM TOPH30HTE B Ka-

Po
Hase 152,5) 2,0 3,0 4,0 5,0 5,8
Pacxon Bo BcachiBatomeM Tpybonposoge Q,., M>/c 0,40 | 038 | 036 | 0,32 | 0,28
CkopocTh BO BcachiBaroleM Tpyoomnposoze V.,
Mm/c, DBmp. =0,515 M, o,, =0,208 M’ 221 1,82 | 1,73 1,53 1,34
CxopocTHOI Hanmop BO BCAChIBAIOIIEM TPyOOIpo-

2

BOIE —% M

2g 0,25 | 0,17 | 0,15 | 0,12 | 0,04
[ToHas SHEpPrus BO BCACHIBAIOIIEM TPYOOIIPOBOIE

P Vie
D, =—2+2 M

Po 28 1,75 | 2,83 | 3,85 | 4,88 | 5,71
BenuunHa naBneHus: B HAMOPHOM TPYOOTIPOBO/IE
L , M (TIOKa3aHusi MaHOMETpA)
Po 108,0 | 112,0 | 125,0 | 130,0 | 132,0
Pacxon B HanopHoM Tpy6onposoze O, , M/c 0,46 | 0,38 | 0,36 | 0,32 | 0,28
CkopocTb B HalIOpHOM TpyOonposoae V,, m/c, npu
Dy, = 0,13 M7 3,53 | 2,92 | 276 | 246 | 2,15
[TonHast sHEPTHS B HATIOPHOM TPYOOTIPOBO/IE

PH VH2

92 = + —, M

g8po 28 108,63 112,43 1125,38|130,30|132,23
Hanop nacocroro arperara H,, =39, =3, M 106,88 | 104,6 |121,53 125,42 |126,52
KIIA, n 0,72 | 0,74 | 0,78 | 0,70 | 0,68
[TorpebiisieMast MOIIIHOCTH HACOCHOTO arperara
Ny = 980uH s, , KBT

n 669,18 |551,55(549,68 | 540,88 | 540,54
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Tabaunua 2 — U3mepsiemble U pacuyeTHbIE THAPABINYECKHE TAPAMETPbI
HCCJIEIOBAHHOTO HAIIOPHOI0 TPYOONPOBOAA B TOYKE 0TOOpa

Table 2 — Measured and calculated hydraulic parameters of the
investigated pressure pipeline at the sampling point

[TapameTtp 3HayeHue
BenurunHa BakyyMa BO BCAaChIBAIOIIEM TPYOO-
MPOBOJIE, M 2,0 3,0 4,0 5,0 5,8
Pacxox Bo BcackiBaromiem Tpyoomnposone Q,.,
M/c 0,49 | 048 0,47 0,44 | 043
CkopocTh BO BcachIBaroIeM Tpyoomposoae V.,
/e, o, =0,208 M’ 2,35 | 2,30 | 2,25 | 2,11 | 2,06
CKOpPOCTHO#1 Harmop BO BCAChIBAIOIIEM TPYOO-
2
npoBojge —<, M
0,28 0,26 | 0,25 0,22 | 0,21
[TonHast sHEPTHS BO BCACHIBAIOIIEM TPYOOITPO-
2
Boje D) = ==+ =5 M
Po 28 1,72 | 2,74 | 3,795 | 478 | 559
Pacxon B Touke oTO0pa (pakTruueckuit, mo pac-
xomomepy) O,, m’/c 049 | 048 | 0,47 | 044 | 043
P
Benuuuna naBnenus B Touke oroopa — , M
8Po 81,2 92,0 | 1050 | 110,0 | 112,0
CkopocTs B HanlopHOM TpyOomposoze V, , M/c,
pH @y = 0,13 m° 40 | 399 | 3,61 | 338 | 330
CKOpPOCTHO#1 HaIrmop B HATOPHOM TPYOOIIPOBOIE
Vi
—_ , M
2g 0,81 0,81 0,66 0,88 0,26
[TonHast sHEPTHS B HATIOPHOM TPYOOTIPOBO/IE
PH VH2
92 = + —, M
gpy 28 82,01 | 92,81 | 105,66 | 110,58 | 112,26
Hanop nacocuoro arperata H,, =3, —9;,M | 8028 | 90,06 | 101,91 | 105,8 | 106,67
KIIJI, n (10 XapakTepuCcTHKe) 0,65 | 0,70 | 0,72 | 0,75 | 0,76
[TorpebisieMast MOIIIHOCTH HACOCHOTO arperara
N, = 980y
n 593,08 | 605,2 | 651,87 | 608,27 | 591,45

Benuunna Bakyyma BO BCACBIBAIOIIEM TPyOONpOBOAE H3MEHsUIACh 3a-

JBH>KKOM 3 (CM. pUCYHOK 2).

Ananun3 ga"abpIx Ta0baun 1 ¥ 2 MOKa3bIBAeT, YTO HE3ABUCHUMO OT HaJCHHUS

Hanopa Ha 19,03 m B Touke, Haxoxasuencs Ha paccTossHuM 1450 M OT 37aHUS
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HACOCHOM CTaHIMU, MPHU IMOCTOSHHBIX BEJIIMYMHAX BaKyyMa BO BCAaChIBAIOILEM
TpyOOTIPOBOIE pacxo B TPyOONPOBOJAX YBEIMYMJIICS TPH BEIWYMHE BaKyyma
5,8 m ot 0,28 10 0,43 M>/c, 3TO COOTBETCTBYET 3aBOACKON HAMOPHO-PACXOIHOM
XapaKTePUCTHKE.

[Ipu cpaBHeHHMH BEIMYMH TOTPEOJSIEMON MOIIHOCTH IO JaHHBIM Tal-
aui; 1 1 2 BUJHO, YTO WX 3HAYEHUS IMPAKTUUYECKA HEHW3MEHHBI HE3aBHUCHUMO
OT IajIeHus Haropa B cpeaHeM Ha 20 M W yBeauueHus pacxona ma 0,15 m/c.
JlaHHBIN (DaKT TOBOPUT O BO3ZMOXKHOCTH MCIOJIb30BAHMS MOJYYEHHBIX OCTATOY-
HBIX BeauuuH nogauu 0,15 m%/c u Haropa 20 M 1Jisl YBEJIMYEHUS BBICOTHI BCACHI-
BaHHUS M, CJICJAOBATEIbHO, YMCHBIICHHUS Hamopa W TMOTPeOIsIeMOU HSHEPTHH
HACOCHOM CTaHIIMH, O YeM CBUICTEILCTBYIOT TaHHBIC TAOJIUIIBI 2.

Jlns perieHus: JaHHOW 3aJ]a4d UCIOJIb30BaHUs OCTAaTOYHBIX BEIMYUH IO-
Jlayd ¥ Haropa Mpu YBEJIMYCHUU BBICOTHI BCACHIBAaHUS U YMEHBIIICHUS MOTPEO-
JIIEMOU SHEPTUU MPOBEACHBI UCCIEI0OBAaHUS C UCIIOIb30BAaHUEM TEOPHUU IIaHU-
pOBaHuUsl dKCIiepUMeHTa [9], B kauecTBe (PaKTOPOB MPUHUMAIINCH:

- X, — CKOpOCTb IIOTOKA BO BCACHIBAIOIIEM TPyOOIPOBOE, peryaupyemast

3aABWKKOM 3 U ompesiesnisieMast o 3aBUCUMOCTH

O

BC 4

O)BC
rae O, — pacxof BO BCACHIBAIOIIEM TPyOOIPOBOJE;
®,, = 0,208 M? — mIOIa/b TONEPEYHOTO CEYECHHS BCACHIBAIOIIETO TPYOO-
POBO/IA;

- X, — CKOpPOCTb IIOTOKa B COILIE CTPYHHOIO ammapara, onpenesnseMast

I10 3aBUCHUMOCTH:

I/0 - (PV 2gHH.np 2

rae ¢ — kodpdunuent ckopoctu (npunumaercs 0,88);

H,,, — HaIop Hepej CTPYHHBIM annapaTom;

11
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- X, — naBieHue B HATOPHOM TpyOOIPOBOJE, U3MEPSIEMOE MAaHOMETPOM (),

MOCJI€ 33JIBKKU 4 (CM. pUCYHOK 2).

B kadectBe KpuTepus NPUHUMAICS HAop CTpyWHOro ammapara H .

[IpoBeneHO NBE TPYIbI OMBITOB, MEpBas TpyIna AJjsl ONPEACICHUs BIUSHUS
KKI0TO (DakTOopa Ha HAMOP CTPYHWHOTO arapara, BTOpasl — U ONPEACICHUS
MaKCHMAaJIbHO BO3MOXXHOM BEJTMYMHBI YBEIMYCHUS BBICOTHI BCAaChIBaHUS Hacoca.

dakTUYeCKHE U KOJUPOBAHHBIC TTapaMeTphl (DAKTOPOB MO MEPBOM TPyTIIIE
OTIBITOB TTOKa3aHbl B TAOIMIIE 3 M MIPUHATHI MO0 BO3MOXKHBIM apaMeTpaM Hcclie-
JTOBAHHOM HACOCHOM CTaHIIHH.

Ta6auua 3 — PakTHyeckue U KOAUPOBAHHBbIE IapaMeTphbl (PaKToOpoB
JJIs1 IePBO# TPYNIbI ONBITOB

Table 3 — Actual and coded parameters of factors for the first group of

experiments
YpoBeHb
Paxrop Kox | Murepsas OcHoBHOH «0» HroxkHnit «—» Bepxauit «+»
Vies M/C X, 1,0 3,0 2,0 4,0
Vo, Mlc X, 5,0 15 10 20
pPH/ gpy, M| X, 5 90 60 120

Marpuiia miaHupoOBaHUs U PE3YIbTATHl IEPBOM T'PYIIITHI ONBITOB TTOKa3a-
HbI B Ta0nuiie 4.

Tabiaunua 4 — MaTpuua nJIaHMPOBAHUSA M Pe3yJbTaThl IEPBOM IPYIIIbI
ONbITOB

Table 4 — Planning matrix and results of the first group of experiments

JaBnenue B 3nadeHnue paxropa
e ot s oo
2 g TpybOIpO- pH \ | ctpyiio-
OlbI-| BArOIEM Tpy- | CTpyitHOro Bone | X1 (Vae)| Xy (V)| X5 (—] 0 arma-
ta | OompoBome ammapara pH M/c M/c &gPo pata
X (Vae) X, (V) | X5 (—] M H M
8Po r.p >
1 2 3 4 5 6 7 8
1 + + 0 4,0 20,0 90,0 12,4
2 + — 0 4,0 10,0 90,0 6,5
3 — + 0 2,0 20,0 90,0 15,0
4 — — 0 2,0 10,0 90,0 7,2
5 + 0 + 4,0 15,0 120,0 9,4
6 0 — 4,0 15,0 60,0 10,0

12
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[Iponmomkenue Tadbmib 4
Table 4 continued

1 2 3 4 5 6 7 8

7 — 0 + 2,0 15,0 120,0 10,1
8 — 0 — 2,0 15,0 60,0 9,9
9 0 + + 3,0 20,0 120,0 10,8
10 0 + — 3,0 20,0 60,0 11,4
11 0 — + 3,0 10,0 120,0 8,1

12 0 - - 3,0 10,0 60,0 7,8
13 0 0 0 3,0 15,0 90,0 8,8
14 0 0 0 3,0 15,0 90,0 9,0
15 0 0 0 3,0 15,0 90,0 9,4
16 0 0 0 3,0 15,0 90,0 8,9

B pesynbrare 00pabOTKU JaHHBIX TaOJUIIBI 4 C UCIOJIB30BAHUEM TOAXO-
JI0B, U3J0KEHHBIX B padorax R. G. Dromey, J. D. Morrison, C. benoycosa,
A. benoycosoi [10, 11], mocTpoena paHXHUpOBOYHAsI KpUBasi CTEIIEHU BIUSHUS

KaXJ0T0 (hakTopa Ha HAMop CTPYHHOTO anmnapara (PUCYHOK &).

Hamnop ctpyiiHoro

armapata Hrop, %
60 - CTeneHb BIHAHHUS HCCIISIOBAHHBIX
50 (paKTOPOB Ha KPHTEPHIT OITHMH3ALIII
40 -

30 1 Vo=48%
(X2)
20 -

X
10 - (X1) pH/gpo=16 %

(X3)

DaKTOpPEI

Pucynok 8 — Pan:xupoBoyHasi KpUBasi CTENEHH BJIUSIHUA
HCCJICA0BAHHBIX (DAKTOPOB HA HAIIOP CTPYHHOIO anmapara

Figure 8 — Ranking curve of the degree of influence
of the investigated factors on the pressure of the jet apparatus

AHanu3 JAaHHBIX PUCYHKAa 8§ MO3BOJIWI MPOJOJKUTH JAbHEHIINE UCCIie-

nosanus ¢ paxkropamu X, (V) u X, (V) c u3MeHeHHeM MHTEPBAJIOB Bapbu-

POBAaHUS U C YYETOM aHaJIM3a IEPBOM rpynibl ONbITOB. DakTuyeckue u Koaupo-

BaHHbIE TapaMETPbl (PAKTOPOB BTOPOM IPYIIbI OMBITOB MOKa3aHbl B TAOIMIIE 5.

13
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Tabaunua 5 — PakTHUecKHe U KOJAMPOBAHHBbIE MapaMeTpbl (PAKTOPOB
JJIS BTOPOM IPyNIbl ONBITOB

Table 5 — Actual and coded parameters of factors for the second
group of experiments

YpoBeHb
@axrop | Kox | Murepsar OcHOBHOH «0» Hwxuuii «—» Bepxuuii «+»
Ve, M/C X, 1,5 3,0 1,5 4,5
Vo,me | X, 10,0 20,0 10,0 30,0

Matpuiia IIaHHPOBAHMS U PE3yJIbTaThl BTOPOM IPYIIILI OIBITOB IOKa3a-
HbI B Ta0IUIIE 6.
O0OpaboTKa MOTYYCHHBIX PE3yJIbTaTOB MO3BOJIMIIA TIOJYyYUTh MaTeMaTHUe-

CKYIO 3aBUCHUMOCTD B BHJC:
H,, =1688+ 044X, + 240X, —2,0X +0,20X>. (1)

Taboanua 6 — MaTpuna IJIaHMPOBAHNS M Pe3yJIbTaThl BTOPOil TPyNIIbI
OILITOB

Table 6 — Planning matrix and results of the second group of experiments

No | Ckopoctb notoka Bo | CKOpOCTh IMOTOKA B 3naueHue gaxropa
OIbI- | BCACHIBAIOIIIEM TPY- | COIUIE CTPYWHOTO Hamnop crpyiiHoro
ta |6ompoBome X, (V,.)| ammapara X, (V) Vie: Mle | Vo, Ml anmnapara H, ., M
1 + + 4,5 30,0 15,8
2 — — 1,5 10,0 9,4
3 + — 4,5 10,0 10,0
4 — + 1,5 30,0 17,1
5 0 + 3,0 30,0 18,0
6 0 — 3,0 20,0 12,0
7 0 0 3,0 20,0 12,4
8 0 0 3,0 20,0 12,0

AHalIM3 [aHHBIX pacyeTa Mo ypaBHEHUIO (1) W moydeHHbIE 3HAYCHHS
HaIopa CTPYWHOTO arnapaTta B KpUTUYECKUX TOYKAX CBEJICHBI B TAOIUILY 7.
N3 panubix Tabauibl 7 BUJHO, YTO TMOJYyYECHHBIC BEIWYUHBI Hamopa

cTpyiiHoro anmapara /1, KoJjeOJoTes B Ipejienax HHTepBaloB BAPbUPOBAHHS,

MoKa3aHHeIX B Tabmmie 6, or 10,24 mo 17,92 M, 5TO ABIICTCS BO3MOKHBIM
CJIE/ICTBUEM TIOBBIIICHHUS] BBICOTHl BCACHIBAHUS, YMEHBIIEHUS CYMMApHOIO
Haropa HaCOCHOM CTaHIIMM Ha MakKcUMajbHOe 3HaueHue 16,88 M u motpeObise-

MOM 3HEPIrUM B 3aBUCHUMOCTH OT [0Jjayu Ha BenuuuHy 10 46,31 kBT.

14
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Ta6auua 7 — 3HaveHUss HATIOPA CTPYIHOIO ANNAPAaTa B KPUTHYECKUX
TOYKAX IKCIIEPUMEHTA, PACCYUTAHHBIE 110 YpaBHeHMIO (1)

Table 7 — Values of the pressure of the jet apparatus at the critical
points of the experiment, calculated by equation (1)

dakTHUecKoe 3HAUCHUC Bemuuna YMCEHBIICHU I10-

daxrop wanopa H, TpebiisieMoli YHEepPTuH, KB3T,
IIPH TI0JIE3HOM Pacxoje, M°/C
10 YPaBHCHHUIO (1), M 0’40 0,36 0,28

Xy, (Vi) mle | X, (W), e | H = 16,88 +0,44 +

4,5 («+») 30,0 («t») [+2,4-2,0+020=17,92 ™
H.,, =16,88-0,44 —
-2,4-2,0+0,20=10,24 m
3,0 («0») 20,0 («0») | Hypyp = 16,88 M 66,16 59,55 46,31

70,24 63,22 49,17

1,5 («») 10,0 («—») 40,14 36,12 28,04

Tak kak jys Benu4uHbl 16,88 M 3HaUE€HHE CKOPOCTH BO BCACHIBAIOIIEM

TpyOonpoBoe npuHsTo 3,0 M/c, Bemmuuny H, = 16,88 M cienyer npuHUMAaTh

py JUIMHE BcachIBarollero TpyoomnpoBoaa He Oosee 10-20 M, B MPOTHUBHOM
Cllyyae YyBEJIWYEHHBIH HAMoOp KOMIIEHCHUPYETCS MOTEPSIMH BO BCACHIBAIOIIEM
TpyOOIIPOBO/IE.

BriBoabl. Ha ocHOBaHMY IPOBEAEHHBIX HATYPHBIX UCCIEAOBAHUN DKCIIE-
PUMEHTAJILHO OIpPECNICHbl THAPABINYECKUE MapaMeTpbl HACOCHOTO 000pY/0-
BAHUSL:

- notpebasieMass MomHOCTHL oT 669,18 no 540,54 kBt mpu Hamopax
ot 106,88 o 126,52 M, nogauax ot 0,46 go 0,28 m*/c, KIIJI ot 0,72 no 0,68,
MIOJTHOM HEPTHUM BO BcachIBaroiieM Tpyoomnposoae ot 1,75 1o 5,71 m, BenmuunHa
B TOYKE 0TOOpa MCTOYHUKA BOJOTOTPEOICHHs Ha paccTosHuu 1450 M oT 31aHus
HACOCHOM cTannuu: Haropa ot 80,28 mo 106,67 M, pacxoxa ot 0,49 no 0,43 M/c,
BaKyyMa BO BcachlBaroleM Tpyoomnposone . ot 2,0 1o 5,8 Mm;

- pacueTHOE 3HAYEHHE MOBBIIICHUSI BBICOTHI BCACBIBAHUS HAcoca M, Kak
CJIIEJICTBUE, YMEHbIIEHUS Haropa B cetu oT 10,24 no 17,92 wm;

- BeJIMYMHA CHIDKECHUSI OTPEOIIeMON SHEPTUU NIPU YBEJIIMUCHUH BBICOTHI
BCACBIBaHUA C TOMOIIIBIO cTpyHHOro anmnapara ot 28,04 no 70,24 kBt B 3aBucu-

moctu oT noaauu ot 0,40 no 0,28 m’/c cocraBnser 46,31 kBT.
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