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UCCJEJOBAHUE XAPAKTEPUCTHUK LEHTPOBEKHOT'O
HACOCA HA I'PYBOJUCHEPCHOI BOJOYTIOJIbHOM
CYCIHEH3UM

Kpyts A.A., Tpennep H.b., kaua-te1 TexH. Hayk, HITO «Xanimex»,
Kozwipsiuxuit JI.H., kana. TexH. HayK, AO1I.
JIOHEeIKNI HAIMOHAJIBHBIA TEXHUYECKAN YHUBEPCUTET

IIpeocmasnenvt pe3yrvmamsl UCCAE008AHUSL XAPAKMEPUCMUK YEHMPO-
0edcHo20 Hacoca npu Nepekavu8anuu 2pyOOoOUCNEPCHBIX B000Y20TbHbIX
cycneH3ull. /lanvl 3Hauenus Kodppuyuenmos nepecuema d3mux xapaxKme-
PUCMUK C 800bl HA 8000V 20JIbHbIE CYCNEeH3UM.

Test results of centrifugal pump performance on coarse-grained coal-
water slurries are presented. Performance scaling factors from water to
slurry service are given.

Ilpoonema u ee ce:a3b ¢ HAYUHBIMU U NPAKMUYECKUMU 3A0AYAMU.

B TexHOMOrM4yeckux cxemax TEPMHHAJIOB MPUTOTOBJIEHUS BOJIO-
YTOJBHOTO TOIUIMBA, B CXeMaxX BOJOILIAMOBOIO XO35HMCTBa yriieo0OraTu-
TEIbHBIX (PaOpUK, a TaKkKE B THAPOTPAHCIOPTHBIX CUCTEMAX IS MEepeMe-
IICHUSI YTOJIbHBIX HIJIAMOB IIUPOKO UCTOJIB3YIOTCS HEHTPOOEKHBIE HACO-
Chbl (TPYHTOBBIE, IIJIAMOBBIE, YIJIECOCHI). 3aBOABI-U3TOTOBUTENN AIOT Xa-
PaKTEpUCTUKU 3TUX HACOCOB Ha Boje. i1 mpaBUJIbLHOTO BRIOOpA THUIIA Ha-
coca U 00€eCIeUeHHsI ero IKCILUTyaTalud B paboyeM auana3zoHe 1nojay Tpe-
OyeTcs mepecyeT XapaKTEPUCTUK C BOAbI HA TUAPOCMECH C 3aIaHHBIMU T1a-
paMeTpaMu.

Ananusz uccneoosanuii u nyoauxayui. [IpoBeICHHBIN aHAIU3 W3-
BECTHBIX NMyOJMKaIUi MOKa3aj, YTO BONPOCAMHU HMCCIEJIOBAHUS XapaKTe-
puctuk yriecocoB Y900-90 ux BOAOYroJbHOU CYCIIEH3WH HUKTO HE 3aHU-
MaJsics. MI3BeCTHBI XapaKTEpUCTUKH HA BOJAE U Ha IyJIbIIE, @ HA BOAOYTOJIb-
HOM CycneH3uu co ckopocTthio 1000 mun 1 750 MuH" Takux XapaKkTepu-
CTHK HET.

Ilocmanoeka 3a0auu.

Lenpto naHHOH pabOTHI SABISAETCS TMOJYUYEHHUE XApPAKTEPUCTHK

H=f(0), n=f(0), N=f(Q)u bhg = f(Q) yraecoco Y900-90 mpu

-1 11 .
yacrore BpamieHus poropa 1000 mun™ u 750 MUH Ha BOAOYTOJIBHOM CyC-
MIEH3MH, A TaK K€ MOJYYEHUE KaBUTALIMOHHBIX XapakKTepucTuK. CpaBHEHUE
ATUX XapPaKTEPUCTUK C XapaKTEPUCTUKAMU MOJYYEHHBIX HA YUCTOM BOJIC.
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H3noocenue mamepuana, pacuemaol, XapaKmepucmuKu.
IIpu mepecueTe XapaKTEPUCTHK IOIB3YIOTCSA KO3(PQPUIMEHTaMU Iie-
pecuera Hanopa Ky, KIIT Ky u MommnocTH Ky

KH :HC/HO; K,7 :ﬂc/no; KN :Nc/No,

rne H, N 1 N - COOTBETCTBEHHO HaIlop, U3MEpAEMbIid B METpax CToJi0a

nepekaunBaemMon cpenpl, KITJ u MoniHocTh Hacoca Ha cycneH3uu (MHIIEKC
“C”) u Ha Bojie (mHaekc “07).
Koadduimentsl nepecuera CBsI3aHbl MEXAY COO0M COOTHOIIIEHUEM

rac Kp - pC /pO - OTHOICHHUC IINIOTHOCTH CYCIICH3HUHU K INIOTHOCTHU BOIBI.

B o0miem ciaydae Ha XxapaKTepUCTHKH Hacoca Mpu paboTe Ha THUIPO-
CMECH, CIIEJIOBATEIbHO, U Ha KO3(PPUIMEHTh KX MepecueTa OKa3bIBAIOT
BIUSTHUE (PUBUKO-MEXaHUYECKUE CBOMCTBA TBEP/bIX YAaCTHUIl (BKJIHOYAs IJIOT-
HOCTbh U (DOpMY), UX TPAHYJTOMETPUUECKUN COCTAB U KOHIIEHTPAIIUS B TH]I-
pocmecH. CTEneHb 3TOr0 BIHSHHS 3aBUCUT OT Pa3MEPOB NMPOTOYHOM YacTH
HAcoca, YaCTOThI BpallleHUs padoyero Kojeca u pexxruma padoThl.

B c¢Bsi3u ¢ Takum MHOroo0pasueM (PakTopoB, BIUSIONMX HAa KO3 dUI-
€HTBI IIepecyeTa, TEOPETUUECKOE UX ONMpPEAEIEHNE 3aTpyAHuTenbpHO0. Hau-
Oonee OCTOBEpPHBIE JaHHBIE IO TMEPECUYETy XAPAKTEPUCTUK HACOCOB
OOBIYHO MOJTYYAIOT SKCIIEPUMEHTAIBHBIM ITyTEM.

BrusiHue ¢cBOMCTB rpyOO0IMCIIEpCHOM BOIO-YTOJIBHON CYCIIEH3MH Ha Xa-
PAKTEPUCTUKY LIEHTPOOEKHOIO Hacoca HCCIEAOBAIOCh HA CTEHJOBOM ycCTa-
HOBKE ¢ yriaecocoM Y900-90. B kauecTBe mpruBOJia HCIIOIB30BAJICS JIBUTA-
T€JIb TOCTOSIHHOTO TOKa C PETyJIMPYEMOM 4acTOTOM BpaiieHus. Mccnemno-
BaHMSI IPOBOIHIINCH IIPH YACTOTAX Bpamerns 1000 1 750 mux .

Bo BpeMsi 3KCIEpUMEHTOB TIEPUOAMUYECKH OTOMPATHUCH TIPOOBI CyCIIEH-
3UM Ha BBIXOJIE U3 HAmopHoro TpyobomnpoBoaa. CpenHee 3HaUYEHUE TIJIOTHO-
CTU CyCH€H3uu cocTasisuio 1174 KI/M°, MaccoBasi KOHILICHTpAlUs YIis B
Hel - 46,7 %. I'panynoMeTpuuecKrii cocTaB yriisi IpuBeIeH B Ta0. 1.

Cycnensust obnajgana SpKO BBIPAKEHHBIMH BSI3KOILJIACTUYECKUMU
cBorictBamu. IIpu mycke yriecoca Ha manoil yacrore BpaumieHus (150-
200 MuH'') CyCIeH3MsI B TPYGOIPOBOAE HE MPUXONMIA B ABWKCHHE. JIMIIb
IIPYU JIaBJIEHUM YIJIECOCA, JOCTATOYHOM JUJISI MIPEOAOJIEHUS HANpsHKEHUS Ha-
YaJIbHOI'O CJIBUTa, HAYMHAIOCH IBWKEHUE CYCIIeH3UU. BennurHa 3Toro gaBie-
HUSI 3aBHCEIIA OT MTPOJOJDKUTEIIBHOCTH HAX0XKICHHSI CYCIIEH3UU B MOKOE.
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Tabmmra 1

Kiacc kpynHocTr v

YACTHUIL, MM Beixon yactui, % CyMMapHbIii BBIXOI, %0
1,0-3,0 0,39 0,39
0,5-1,0 1,54 1.93
0,3-0,5 5,77 7,70
0,1-0,3 15,84 23,54
0,074-0,1 2,57 26,11
0,05-0,074 2,16 28,27
0,04 - 0,05 143 29,70
0-0,04 70,30 100,00

JIyis mycka cucTeMBbl Toclie rmepepbiBa B padbote B TedeHue 15-30 mu-
HYT HE00XoauMo ObLIO 3a yriiecocoMm co3aath naBieHue 0,16 Mlla (¢
y4eTOM MPEBBIIICHNS HAYaJIbHOTO YPOBHSI CYCIIEH3MM B HArHETATEIILHOM TPY-
OompoBoJIe Ha/l OChIO yriiecoca Ha 8,6 m). [Ipu nepepriBe B paboTe B TEUCHUE
HECKOJIbKMX CYTOK BEJIMYMHA HE0O0XOAMMOro AaBiieHUs: Bo3pactaia jo 0,35
MITIa. PaccunranHble IO YKa3aHHBIM JAaBJICHUSAM, BHYTPEHHEMY AUAMETPY U
JUTMHE TpyOONpoBOIa HAMPSHKEHUST HAYAIBHOTO CIIBUTA CYCIIEH3UH COCTaBH-
m cootBeTcTBeHHO 25 u 100 ITa. Cpennee 3HaueHME BSI3KOCTH CYCIEH3UU
1 ITa-c mpm 20 °C.

ITpu yacrore Bpamenus 1000 MUH' ¥ HOMHHAIBHOH IOJade Ornom =
620 M’/d Hamop yIiIecoca Ha BOIOYTOJIBHOM CYCIICH3HI COCTABIIUT 37 M (CTOI-
0a nepekaurBaeMoii cycriensun), a KIIJ1 - 65 %, 4To cOOTBETCTBEHHO Ha 2 M
u 5 % Hwke, yeM Ha Bojie (puc. 1). Ilpu mepexozae ¢ Bojabl Ha CYCIEH3UIO Ha
qacToTe BpaeHus 750 MUH | M HOMUHAIBHOM Tofade 465 M/4 Harop yrieco-
ca cHu3miIcs ¢ 22,5 no 21,5 m, a KIIJI - ¢ 68,5 no 62,5 % (puc. 2).

JI7i vccneoBaHHBIX YacTOT BPAIEHHS YCTAHOBJICHO, YTO KO3(PQHIuU-
eHT rnepecueTa Haropa K, = 0,95 npakThdyecky MOCTOSIHEH B IMaria3oHe pado-
yux nojiad (0,6-1,1)Oyoys ¥ HE 3aBUCUT OT YaCTOTHI BpallieHHs Hacoca.

Kosaddunuentsr nepecuera KIIJ[ cocrapastor: K, 0,93 npu
n=1000 Mur” 1 K, = 0,91 ipu 7 = 750 mun’'. 3Havenust K, TAKKe IpaKTHYC-
CKHY TIOCTOSTHHBI B JMAa30HE Pa0OYMX MO1au.

W3 npuBEACHHBIX TAaHHBIX CIIEAYET, YTO MPH MEPEXOJIE C BOJABI HA BOJIO-
YTOJIbHYIO CYCIIEH3UIO MOTEpPU Hamopa B yriecoce Bozpocau B 1,17-1,19
pasa, B TO BpeMs Kak B TpyOe ¢ MaMeTpOM yCI0BHOro npoxoaa D, = 200 mm
IIPY HOMUHAJIBHOU nojiaue yriecoca 620 M/ 1 COOTBETCTBYIOIIEW CKOPOCTH
cycnensuu 5,2 M/c norepu Hamopa Bo3pacrtaroT B 1,3 paza. C ymeHsble-
HUEM TOa4u BO3pACTaHUE MOTEPH B TPYOONPOBO/IE 3HAUUTEIHLHO OOJIBIIIE
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Pucynok 1 - Xapakrepuctuku yriaecoca ¥Y900-90 mpu yacrtore BpaeHus
1000 Mus: 1 - Ha BOJIE; 2 - HA BOJOYTOJIbHOM CYyCIIEH3UH

(tabm. 2). IIpu 0OBIYHOM CKOPOCTH JIBMXKEHUSI CYCIIEH3UU B TPYOONPOBO/IE
1,0 M/C U COOTBETCTBYIOLIEM IPaIMEHTE CKOPOCTH Ha cTeHKe 30 ¢ 9TH 1mo-
TepH, 10 JAaHHBIM SKCIIEPUMEHTOB, BO3pacTaroT B 15 pas.

OTHOCHUTEIBHO HEOOJBIIIOE TMPEBBIINICHUE MOTEPh HAopa B yIiecoce
NpU MepeKaunBaHUK TPYOOTUCTIEPCHON BOJOYTOIBHOM CYCIIEH3UM, 1O CPaB-
HEHUIO C TIOTEPSIMU Ha BOJIE, OOBACHSIETCS TEM OOCTOSATEIBCTBOM, YTO B IPO-
TOYHOM 4YacTu yriiecoca aaxe npu n = 750 MUH CPEIHUE OTHOCUTEIILHBIC
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Pucynok 2 - Xapakrepuctuku yriecoca ¥ 900-90 mpu yactore BpamieHus
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750 06/MuH: 1 - Ha Bojie; 2 - HA BOJOYTOJILHOM CYCIICH3HHU.

CKOPOCTH TOTOKa COCTaBJISAIOT 5-12 M/C, a rpaAMeHThl CKOPOCTEH B MpH-
CTEHOYHOM 00JIaCTH, paCCUMTAHHbBIC IO METOAMKE, MPUBEACHHON B paboTe

[1], HaxoasiTcst B ipenenax 200-500 ¢

Takue CKOpPOCTH W TPagueHTHI 00YCIABIMBAIOT TYPOYICHTHBIN PEKUM
TEUCHUS CYCIICH3MU C TIOJHBIM Pa3pylICHHEM €€ CTPYKTYpPhl H BOCCTAHOBJIC-
HHEM HBbIOTOHOBCKHMX CBOMCTB M, KaK CJIeJICTBUE, HeOobInoe (B 1,15-1,2 paza)
IPEBBIITICHUE TTOTEPh HAIOpa Ha CYCICH3WH M0 CPAaBHEHHUIO C MOTEPSIMH Ha
BoJie. UeM BEIIIIe CKOPOCTh MTOTOKA, TEM MEHBIIIE Pa3HMIIA B TIOTEPSX HAIopa.
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OTuM 00BsICHSIETCS 00Jiee BBICOKOE 3HaUeHre koddduiuenTa nepecuera KII1]
mpu n= 1000 MHUH, 9eM pu n="750 MHUH .

KaBuTanmoHHbIE UCIHBITAaHUS YIJiecoca Ha rpy0OoauCIIepCHON BOJO-
YTOJBHOM CyCIIEH3UM OBLIN MPOBEAEHBI IPU YaCTOTE BPAILICHUS 1000Mus™
¥ moxadax 500 u 247 v’/

Tabmnura 2
Okpy>xHas OTHoO1IEHHE TOTEPH
CkopocTb
Yacrota, | CKOpPOCTH [Tonaua Haropa Ha TuJIpo-
TUAPOCMECH

BpauieHus, | pabodero | yriecoca, & TOvBe CMECH U BOJIE

MHH KoJieca, M/ 1570 > | Byrye- | B TpyOO-

M/C coce MIPOBOJIE
1000 26,7 620 5,2 1,17 13
1000 26,7 370 31 1,14 23
750 20,0 465 39 1,19 1,6
750 20,0 280 23 1,15 43

Hauano kaBUTAalIMOHHBIX SIBJICHUN XapaKTEPU3yeTCs CHIKCHHEM Ha-
1opa Ha YaCTHOM KaBUTAIMOHHOM XapaKTepUCTHUKE (puc. 3).

H.M /2
42
38 / A
Ahgy =24
34 [
‘_Ahm=4.4m /
30 -
2 4 6 8 10 12 Ah, M

PucyHok 3 - HacTHbIE KaBUTAILIMOHHBIC XapaKTEPUCTUKH yriecoca Y 900-90
Ha BOJIOYTOJIBHOM CyCIieH3uu npu yactote Bpamenus 1000 mun !
1 - mozaua yriecoca 500 m/4; 2 - momada yriecoca 247 M /4
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IIo BenMYMHAM KPUTHYECKOTO KaBUTAUMOHHOrO 3amaca Ahyp, npu

KOTOPOM HAamop yrjecoca CHxaercs Ha 3 %, ompejiesieHbl B COOTBETCT-
Bun ¢ I'OCT 6134-87 ’’Hacocsl nuHamMudeckre. MeToabl UCIIBITaHuN

3HAYCHMS JOIyCKAaeMOro KaBMTAlIMOHHOI'O 3araca yrIjiecoca Ha CYCHEH-
3umn: npu Q= 500 M /4 Ahﬂc= 5,4 m; ipu Q= 247 M>/a Ahﬂc= 3,3 M.

Kak BHIHO W3 KaBUTAUMOHHBIX xapakrtepuctuk Ahy = f(Q) (puc.

1), normyckaeMblii KABUTAIIMOHHBIN 3aIac yriecoca, n3MepsieMblii B METpax
cToJi0a TepeKaurMBaeMOM CpeJbl, Ha CYCIEH3UM BBIIIE, CIIEI0OBATEIbHO,
BCACBIBAIOINIAsl CIIOCOOHOCTh HMKE, YeM Ha BojAe. Ha HOMuHaIbHOM mogade
Quon=620 M’/a K03 HUIHEHT TIepecdeTa TOMYCKAEMOTO0 KABHTAIMOHHOTO
3araca ¢ BOAbI Ha CycleH3uo K Ahy = Ah e [ Bh o = 1,6; npu nonave Q=

0.6Qu0= 370 Mg K Ay =2,0. OTu naHHBIC HEOOXOJIMMO YUYUTHIBAThH MPU

pacyeTe y3JIOB BCACBIBAHUS HACOCHBIX YCTAHOBOK, MEPEKAUYMBAIOIIUX BO-
JOYTOJIbHBIE CYCIIEH3HUU.

Bv1600b1 u nanpaenenue oanvheumux uccied006anuil.

[TonydyeHHble pe3yabTaThl MOKA3bIBAIOT, YTO NpPU NEpPEeKauYMBAHUU
rpyOOAMCIIEPCHBIX BBICOKOKOHIICHTPUPOBAHHBIX BOJOYTOJIbHBIX CYCIEH-
3Uil HE TPOUCXOJUT 3HAYUTEIHLHOTO CHUKCHUS HANOPHBIX M SHEpreThye-
CKHUX XapaKTEPUCTHUK LIEHTPOOEKHBIX HACOCOB IO CPAaBHEHUIO C XapaKTe-
PUCTHKAMHU Ha BOJIE. JTO OOCTOATEIBCTBO B COYETAHWU C HUBKOM yEIb-
HOI MaTE€pUaI0EMKOCTBIO IIEHTPOOEKHBIX HACOCOB (B 6-8 pa3 HIXKE, YEM Y
HNOPIIHEBBIX) CBUAETEIBCTBYET O LIENECOO0OPAa3HOCTH UX UCIIOJIB30BAHMS B
TEXHOJIOTMYECKUX CXEMaX T'UJIPOTPAHCIIOPTHBIX CUCTEM.

B nanphelinieM HE0OXOIMMO MPOBEJEHUE HCCIEAOBaHUI B Oosee
MIMPOKOM JIMaNa30HE KOHIIEHTPALNI BOAOYTOJbHOW CYCIIEH3UU.
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