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TEOPUSA U PASPABOTKA
ITHEBMOTPAHCIIOPTHbBIX CUCTEM

Paspaboman ymounennulii Memoo aspoOuUHaAMU4ecKo20 paciema NHeGMOMPAHCHOPMHBIX CUCTEM,
OCHOBAHMbIL HA KIIACCUYECKUX 3AKOHAX adpo- u cuopomexanuku. Paspaboman u npowen npomviuiieH-
Hble UCHbIMAHUSL HOGbLIL MUN NUMAameJis NHe6MOMPAHCHOPMHBIX CUCTNEM — MAN02a0apummblil Kamep-
Hblll numamens, 00ecnevusarowull CyWecmeeHHoe COKpaweHue MamepuaibHblX U IHePeemuyecKux

sampam npu €20 u3comoe6JjaeHuU U dIKcniryamayuu.

Knrwouesvie cnosa: nueeMompancnopmuas cucmemd, aspoouHamMudecKull pacuem, mMaioeadapummublil

KamepHulil HAcoc, ObICPOOelicmeyIowull 3ameop.

[THeBMaTHUECKHMiT TPYyOOIIPOBOIHBIA TPAHCIIOPT
TBEPJIBIX JUCIEPCHBIX MAaTEPHUAJIOB IMIMPOKO MpUMe-
HSETCS BO MHOTUX OTpacisiX MPOMBIIUIEHHOCTH,
CBSI3aHHBIX C IPOM3BOJCTBOM, II€PEPadOTKON W
XpaHEeHHEeM pa3HOro PojAa CHIMyYHX Ipy3oB. [THes-
MotpancnoptHeie cucteMsl (IITC) mpocTsl mo cBo-
el KOHCTPYKIUH, KOMIIAKTHBI, 3aIUAIIAI0T TPY3bl OT
aTMOC(QEPHBIX BO3ICHCTBUMN, a OKPYKAIOIIYIO CPEIY
— o1 3ampiieHus. OHaKo JanpHEiIee paciupeHne
cdepbl HCIONB30BaHUS MTHEBMOTPAHCIIOPTA YacTO
CHEpPKUBAETCA, BO-NEPBBIX, OTCYTCTBHEM HAay4YHO
000CHOBaHHBIX W HAJEKHBIX MHKCHEPHBIX METOIOB
asponuHammuueckoro pacuera IITC, a, Bo-BTOpBIX,
OTPaHWYCHHBIM O00BEMOM M HOMEHKJIATYpOH MHTa-
teneit IITC, BeIMycKaeMBIX MPOMBIIIJICHHOCTHIO, B
TOM 4YHCIIE TaKUX, KOTOPHIE OTBEYAIOT COBPEMEH-
HBIM TPeOOBaHHSIM.

Baxwueiime 3amaueit a3poJMHaMHUUECKOTO pac-
YyeTa IMHEBMOTPAHCIIOPTUPOBAHUS CHITyYHUX Mare-
pUaoB sBIAETCA MpaBUIbHAS OLEHKA MOTEpPh AaB-
JIEHUsI BJOJNH TpPacChl TPyOONMpoBOAa, KOTOPHIE
o0ecrevnBalOT HAaMMEHBIINE JHEPro3arparbl HpH
YCTOHYMBOM IIpOllECCE TPaHCHOPTHPOBAHUA C 3a-
JAHHOM MPOU3BOAUTEIBHOCTBIO.

Hambonee wacto B mpakTHKe TPOEKTHPOBAHU
I[ITC wucnone3yercs SKcNEepUMEHTaNbHas 3aBUCH-
MOCTb, npenoxeHHas b. baptom [1]:
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rne AP/L — yaenbHbIE TIOTEPU JNABJICHUS B TPyOO-
NpoBOAE IUMHON L; A, — K03QOUIHEHT TpeHHUs BO3-
JlyXa O CTEHKH TPYyOBbI; |l — MaccoBasi KOHIIEHTPAITH
CMeCH; As — JOTOJHHUTEIbHBIH KOX(P(UIMEHT CO-
[IPOTUBJICHUS, OTPAXKAMOIIUNA HAJIMYHE B CMECH
TBEPJIOTO MaTepuaia, ONMpeaeIeMbIi dKCIIEPUMEH-
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TaNbHO; P, U U, — IIOTHOCTh U CKOPOCTH JBIKEHUS
BO31yXxa; D — nuaMeTp TpyOBbl.

W3BecTHBI MOMBITKH CO3JaHHUSA AHAJTUTUYECKUX
METOJIOB pacueTa [2-7], HO OHH CIIPaBEIINBHI TOJb-
KO JIJIsl IOTOKOB HU3KOW KOHIIEHTpAIHH (10 5 KI/KT)
U TI03TOMY OOJIBIIOTO PaclpOCTpaHEHUsI HE TOIy-
g, bonpmmHCTBO mpoMmsbiiuieHHBIX [ITC pabo-
TaOT TIPH KOHIEHTpaImsax 15-25 kr/kr u Ooyee BHI-
COKHX.

B GonpmmHCTBE M3BECTHBIX padOT MpensararT-
Csl TIOIyDMITHPHYECKHE METONbI pacdera, KOTOpbIe
He 00ecrneunBarT TpedyeMyIo TOUHOCTh PacyeTOB.

Takum 00pazoM, [0 HACTOSILETO BPEMEHH HE
ObLTa pazpaboTaHa HaAyYHO OOOCHOBaHHAs METOJTH-
Ka THAPABIMYECKOTO pacueTa YCTaHOBHMBIIUXCS
THEBMOTPAHCIIOPTHBIX MOTOKOB, KOTOpasi Obuia Obl
MpUMEHUMa IS IIUPOKOTO JHana3oHa yCIOBHMA
TPaHCIIOPTUPOBAHUSL.

ens HacTosIIEH pabOTHI 3aKITIOYAETCS B pa3pa-
0OTKE YTOYHEHHOTO METO/a a’pOJUHAMHYECKOTO
pacueTa yCTaHOBUBIIMXCS MOTOKOB B TOPHU30HTAIb-
HBIX TpyOOmpoBOJax mjisi MPOCKTUPOBAHHS TIPO-
meiienHsix 1ITC, a Taxke manorabapuTHBIX Ka-
mepubix nmtateneit 1ITC, ¢ memsto obecrieueHus
HaJS)KHOCTH U 3P HEKTUBHOCTH UX paOOTHI.

[Ipu asponunamuueckux pacuerax IITC ucxon-
HBIMH YPaBHEHMSMH IS PELICHUS 3a/aud JBHXKE-
HUS Ta30B3BECH B TpyOe ciyKaT THIPaBINYECKHE
YpaBHEHHUSI HEPa3pBIBHOCTH, JHEPreTHUecKoro Oa-
maHca (aHaJOT M3BECTHOTO ypaBHeHUs bepHymm),
THIPABIMYECKUX COMPOTUBIICHHI, a TaKKe ypaBHe-
HUsl coctostHus rasa. [lpm mx 3ammcu momaraercs,
YTO MPOIIECC PACIIMPEHUs ra3a U30TEPMHUUECKUH, a
MOTOK ABJISIETCS OJHOMEPHBIM, T.. TeMIepaTrypa
CMECH B IpOIECCE TPAHCIIOPTUPOBAHUS HE U3MEHS-
eTCsl, a ee IUIOTHOCTh W KOHIIEHTPAINS H3MEHIIOTCS
MIPH TIEPEX0JIe OT OAHOTO CeUeHUs TPyOOIpoBoaa K

IpyroMmy.
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PaccmaTpuBas 3amady 00 yAENBHBIX TOTEPSX
JaBJIeHUsI B TPyOONpPOBOJE, T.€. HA KOPOTKHUX €ro
OTpE3Kax, CUYNTAEM HECYILYIO Cpeay HECKHUMaeMOH.
B sTux ycnoBmsax ruipaBiInuecKie YpaBHEHHS He-
Pa3pBIBHOCTH U IBMKEHHS Ta30B3BECH MMEIOT BH/I:

psSUs = Gy,
pa(l_S)Ua(’O:Ga’

UZ
pm7m+P+AP=const,

TA€ Ps, Pm — IVIOTHOCTH TBEPBIX YACTHUII, TUIOTHOCTh
CMECH BO3[lyXa M TBEPJABIX YaCTHUIl, COOTBETCTBEH-
HO; Us — CKOPOCTh JBIKEHUS TBEPHBIX YaCTHIL;, S —
IJIONIA/lb MOTEPEYHOr0 ceueHus: Tpyosr; Gs u G, —
MacCOBBIN pacxoJl MaTepuaia u Bo3nyxa; U, — cKo-
POCTh IBWKEHHSI CMECH BO3AyXa M TBEPJIBIX YaCTHII;
® — CKOPOCTh BUTAHUS TBEPJBIX YACTHIl; P — maBie-
HUe; AP — oTepu JaBJIeHUs HAa y4acTKe TPyOOoIpo-
BOJA IJIMHOM L.

[Tocnennee mprBeneHHOE BBHIPAKEHUE SBISETCS
ypaBHeHueM bepHymmu s razos3Becu. C yyeToM
3aBHCHMOCTEH, TMpenjaraeMbix B paborax [8,9],
TIOJTYYEHO BBIPAKCHUE:
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KOTOPOE MOKHO IIPEJICTABUTh B BUJIE:
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rne AP/L — ynenbHble TIOTEpH TaBICHUS TP JBHU-
XKEHUU 4HUCTOro Bo3ayxa; C — o0beMHas KOHLCH-
Tpalusi TBEPAbIX YacTHIl, s — Oe3pa3sMepHBId KO3-
(hdurment, snstommiics aHaAIOroM KodhduimeHTa
Kopunonuca mist moroka Hecymed cpensl, d — nua-
METp YacTHUI] TBEPIOTo Marepuana; ¢ — koddduiu-
CHT.

[IpoBepounsie pacdersr o Gopmyne (1) moxa-
3alM MX TOYTH IIOJTHOE COBIIAQJAEHHE C ONBITHBIMHU
JaHHbIMU. [loTpemHoOCTh pacyeToB HE MpPEBBILIAET
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10 %.

I'maBapiM snementom IITC sBnsercs Hacoc. B
Hactosmee BpeMs OonbiiuHCTBO [ITC Ha Ykpanne
000pyIOBaHBl YCTApEBIIMMH ITHEBMOBHHTOBBIMH
nacocamu (IIBH). [Ins mpuBoma mmeka [IBH wmc-
MOJIB3YETCs ANEKTPOBUTATENb, MOITHOCTh KOTOPO-
ro cocrasiuger 3-5 kBT Ha mepemenienue 1 TOHHBI
rpy3a 3a gac. Tak, st [ITC npon3BoaIuTeIbHOCTEIO
100 t/yac, MOIIHOCTH aBHraTenss cocrariser 300-
500 xBr.

C menpro SKOHOMHUHU AIIEKTPOIHEPTHH M TIOBBI-
menus HagexHoctu [ITC nenecoobOpa3Ha 3ameHa
IIBH Ha kxamepHble HacocCbl, B KOTOPBIX MPHUBOJ
BOOOIIIE OTCYTCTBYET.

OpHaKo CyIIeCTBYeT MpoOJieMa 3aMEHBI 3THX
HAaCOCOB B YCJIOBUSIX JEUCTBYIOIIETO MIPOU3BOJICTBRA,
T.K. BBICOTa KaMEPHOT0 Hacoca HAMHOTO OoJbIe
BbicOTHI [IBH mpu oguHakoBO#l MpOU3BOAUTENBHO-
ctu. Takas 3amMeHa CBsi3aHA C TEPEKOMIIOHOBKOM
TEXHOJIOTHYECKOTO O00OPYIOBaHUS M 3HAYUTEIHHBI-
MU KalUTAJIbHBIMU 3aTPATAMH.

B ABtroMoOuibHO-10pokHOM HHCTUTYTE [BY3
«JloHeKWii HAaMOHAJIBHBIA TEXHUYECKHN YHHUBEP-
CUTET» TOJl PyKOBOJICTBOM aBTOpa pa3paboTaH HO-
BB THIT Hacoca — MaylorabapuUTHBIA KaMepHBIHA
nutatens (MKII), koTopeiii mpeaHa3HaveH A5l BHE-
JIPeHUsl B JCWCTBYIOIIEE MPOU3BOJCTBO 0€3 PEKOH-
CTPYKLMH.

Pemennto 3Toii mpoOsemMbl mocBsmieHbl 10 et
Hay4YHBIX HCCJIEIOBAHUN, B pe3yjibTaTe KOTOPBIX
CO37aHbl HOBBIE CHUCTEMBI YIPABICHHUS HACOCOM,
OBICTPOICHCTBYIOIINE 3aTBOPHI, YCTPOMCTBA HHTEH-
cuUKaIUU MPOIECCOB 3arpy3Kd U pasrpy3KH Ka-
Mepbl martatens. [lepseiid obpaszern muratens HK-5
(puc. 1) ycnemnao paboraer Ha CrhasHckor TOC
ITAO «/lonOaccaHepro» B JIMHUM MOJAYU YTOJIBHON
MbUIA OT MBUICIPUTOTOBUTENBHOIO LI€Xa HAa SHEPro-

Puc. 1. Baemnuit sug MKIT HK-5
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Ta6s. 1. CpaBHHTEIBHAS TEXHHYECKAS XaPAKTEPUCTHKA MAIOTa0aPUTHOTO M CEPUITHBIX KAMEPHBIX HACOCOB

[Tokazatenu Tun wacoca

HK-5 TA-29A I[N1BH
[Tpon3BOANTENHHOCTB, T/4ac 60 60 60
MomsocTs npuBona, KBt CUJIOBOM IIPUBOJI OTCYTCTBYET 200
3aTpaThl BO3AYXA, M°/MHH 45 58 50
Juametp TpyOonpoBoaa, MM 300 300 300
I"aGaputHbie pazMepbl
(IMMHAXIIUPUHAXBBICOTA), MM 2400x1420x1200 | 3700x3300%x4700 | 3000x900x1200
EMKOCTE KamepHl, M 0,8 6,8 HET JaHHBIX
OpHEeHTHPOBOYHAS] CTOMMOCTb, ThIC. TPH 50 272,77 600

omox. m 3amenen [IBH ¢ npuBomom 200 kBT, 6ma-
romapsi 4eMy IOBBINIeHa HaIe)KHOCTH padoTsl [ITC.
[Ipunsito pemenne 00 OCHAIICHHW KaMEpPHBIMH
HacocaMu Bcex 10 JMHui nputenofayu.

MajorabapuTHbIE HACOCHI MMOJOOHOTO THIIA MO-
ryT OBITh HCIIONB30BaHBI BO BCEX 00JACTAX MPO-
MBIIIEHHOCTH. Hacoc mpocT mo KOHCTpYKLHH, €ro
H3TOTOBJICHUE BO3MOXHO B YCJOBHUSIX PEMOHTHBIX
MacCTEPCKHUX.

Texunueckue xapaxkrepuctuku nuratens HK-5,
cepuiiHoro kamepHoro Hacoca TA-29A mpousBoa-
ctBa OO0 «Toproseiii qom bememay, a Takxke aei-
creytomiero [IBH npusenens B Tabd. 1.

W3 npuBeneHHBIX JaHHBIX B TaOs. 1 BUAHO, 4TO
IIPY 3HAYUTENBHO MEHBUIMX rabapurax U CTOMMO-
CTH M3TOTOBIICHUSI MaslorabaputHelil urarens HK-5
o0ecreunBaeT TaKylo K€ IPOU3BOAUTENBFHOCTD, KaK
U cepuilHbli KamepHbld Hacoc. Ilo cpaBHeHUIO C
IIBH, cyiiecTBeHHO CHUXEHBI 3aTpaThl 3JIEKTPO-
SHEPTHUH 3a CYET OTCYTCTBHS CHIIOBOTO NMPHUBO/JIA.

CoxpaHeHHE BBICOKOW MPOM3BOAUTEIBHOCTU
MKII cramo BO3MOXKHBIM OJjlarofapsi CO3IaHHUI0 H
MPUMEHEHUIO OBICTPONCHCTBYIOIIEH apMaTypel U
OpraHOB YIIPaBJIEHUS KAMEPHBIM HACOCOM.

TexHuueckne peLIeHUs] 3alUIICHbl MaTeHTOM
Ykpanabl [10] # aBTOPCKHUMH CBHIETEIHCTBA-
mu [11-14].

BpiBoabI

PaspaboTan yToOuHEHHBI METOJ pacyera mapa-
METPOB IMMHEBMOTPAHCIIOPTUPOBAHUSA [JIsl yCTaHO-
BUBIIErOCsl a3pOJAUCIIEPCHOIO MOTOKA KaK CXKHMMae-
MO# cpelibl, 0a3UPYIOIIUNCA Ha a3POIHHAMHUYUECKUX
YPaBHEHUSX  HEPa3pbIBHOCTH, OSHEPreTUYECKOrO
OanaHca, THIPABINYECKUX COTIPOTHUBIICHUM, a8 TaKkKe
Ha YpaBHEHUSIX COCTOSHUS Ta3a.

Paszpaboran MKII s mputeBHIHBIX MaTepua-
7I0B, 00ECHeYnBAIONINI CYIIECTBEHHOE CHIDKEHHE
SHEpro3arpaT W MOBBILIIEHUE MPOU3BOJIUTEILHOCTH
MMHEBMOTPAHCIIOPTHBIX CUCTEM.

CHuxeHre TabapuTOB KAMEPHOTO MHUTATEINS SIB-
JSETCS. OJHUM U3 NEPCIEKTUBHBIX HaIpPaBICHUM
coBepmeHncrBoBanus [ITC.

Pe3ynbTaThl BBIIOMHEHHBIX HCCIENOBAHUNM MC-
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MOJb30BaHBl TPU TPOCKTUPOBAHUK M BHEAPCHHUU
MKII wa CnaBsackoir TOC w Ha TpeampHSITHIX
CTPOUTEIBHOW HHYCTPHUHU.
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WAYS OF IMPROVING PNEUMATIC TRANSPORT SYSTEMS

Background. Pneumatic tube transport of solid disperse materials is widely used in many industries
that deal with production, processing and storage of various types of granular bulk. Pneumatic
transport systems (PTS) are easy to construct, they are compact and protect the bulk from atmospheric
effects and the environment from dust. However, the further development of pneumatic transport us-
age is often constrained first of all due to the lack of scientifically substantiated and reliable engineer-
ing techniques of PTS aerodynamic calculation, secondly, due to the restricted volume and range of
the manufactured PTS feeders including those which comply with modern requirements.

Materials and/or methods. As a result of a 10-year research, the scientifically substantiated engineer-
ing technique of aerodynamic calculation of the settled flows in horizontal pipelines has been devel-
oped, which enables the design of industrial pneumatic transport systems aiming at the provision of
reliability and efficiency of their operation.

Results. PTS pumps have been improved. New high-speed penstocks have been designed. The depend-
ence of aerodynamic calculations of the settled flows in the horizontal pneumatic transport pipeline
has been drawn. A new type of a PTS pump has been designed and industrially tested, which is a
small-sized chamber pump (SCP) for powder-like substances which provides a considerable reduction
of material costs and energy losses and improves the efficiency of pneumatic transport systems. The
basic principles of its construction design have been worked out.

Conclusion. The small-sized chamber pump which has been designed is introduced at Slavyansk
Thermal Power Plant and at the construction industry enterprises. The annual economic effect of one
SCP makes up 400000 hrn.

Keywords: pneumatic transport system, aerodynamic calculation, small-sized chamber pump, high-
speed penstock.
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