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HOBEJAEHUE YACTHUI ITIOPOIIKOOBPA3ZHOI'O MATEPHAJIA
IIPY THEBMOTPAHCIIOPTHOM 3ATPY3KE

Annomayus. SgdexmugHocmv U IHEPeOeMKOCHb pAbOmMbl CUCEM ACNUPAYUU 3A6UCIM O IKCHLYa-
MAYUOHHBIX PeAHCUMO8 000PYOOBAHUS, YCIMAHABGIUBAECMBIX 8 COOMBENCMBUL C XAPAKMEPUCTUKAMU ACNUPa-
YUOHHO20 NOMOKA, KOIUYECBEHHO20 U KAYECMBEHHO20 COCMABa Nuliesblx yacmuy. Ilosmomy npu npoexmu-
POBaHUU IHEP20IPPEeKMUBHBIX cucHeMm 00eCHbLIUBAHUSL HEOOXOOUMO YUUMbBIBAMb USMEHAIOWUEC MPAEKMO-
puu 8 norocmu mexHono2uyeckux emxocmetl. Ilpoenosuposams nogedenue uacmuy, onpeodenss ux oceoanue,
aub0 ysieueHue acnupayuoHHbiM nOmokom. B pabome npugedenvl pacuemmuvie ypasHeHus 0k NOCMPOEHUs.
MpPAEKMOpPUil NbIIEGLIX YACMUY 8 3A8UCUMOCIU O 2eOMEMPUYECKUX XAPAKMePUCIUK OYHKepa U 3a2py304-
HO20 YCMPOUCMEd, a makdice Qu3UYecKux napamempos HNHeEMOMPAHCNOPMHO20 NOMOKA. s mouHo2o
yuema nogedeHuss 4acmuy 6 nojie CKopocmell HHeGMOMPAHCHOPMHO20 NOMOKA YYmeHbl, KaK NpoO0oabHas,
OKPYICHASL COCMABISTIOUWUE CKOPOCMU, MAK U nonepeynas. B kauecmee ucxoonvix ypaenenuil, npunamol Kiac-
cudeckue peulenis agmoMOOeIbHbIX 0BUIICEHUL 8 MYPOYIEHMHBIX CIPYSIX, NPeodPAa308aHHble 8 cucmemy Oug-
GepenyuanvHvIx ypagrenutl 8 00bIYHBIX NPOU3800HLIX TloKa3an AUCMUHE NPOSPAMMbL 8 YHUBEPCATLHOU Ma-
memamuueckoi cpede Maple u epapuueckuil pezyromam pacwema 015 yacmuy paziuyHou kpynwocmu: 5, 10
u 15 MM npu 0sudicenuy 8 YCI08UAX He NOJHOU 8eePHOU cmpyu, gopmupyemoil 8 ysie 3azpysku. Onpedenena
PAYUOHATLHOCHb HACMPOEK 3A2PY30YHO20 YCMPOUCMEa, 00ecneduusaiouwjux mpaekmopuy O8UNCEHUs NHeG-
MOMPAHCNOPMHO20 NOMOKA.

Knwuesvie cnosa: obecnviiuganue, suepeodghpexmueHocmns, mpaeKmopus nbliegblx 4acmuy, Mooeu-
posanie, NpOEeKMuUposanue.

BBenenme. /[ CHMKEHUS MBUICBBIICICHUS B
pabo4yIo 30HYy OT MECT Meperpy3Ku Mopomkooopas-
HBIX MaTepHAJIOB TEXHOJIOTHYECKHE EMKOCTH OCHA-
IIAfOTCS CUCTeMOM obecnbuIMBanus (actuparyn) |1,
2]. DpPeKkTUBHOCTh U IHEPTOEMKOCTh PabOTHI CH-
CTeMbl [3, 4] 3aBUCUT OT KOPPEKTHO 1000paHHOIO,
B COOTBETCTBUU C XapaKTEPUCTUKAMH aCTIMPAIlHOH-
HOr0 IMOTOKa, cocTaBa oOopymoBaHus [5, 6] u ero
JKCIUTyaTalMoHHoro pexuma [7]. [lneBMoTrpanc-
MOpTHAas 3arpy3ka MaTepuaia XapakTepusyercs Io-
BBIIICHHOW KOHIICHTPALlMEH MBUIEBBIX YACTHIL B M-
KocTH [8, 9]. OTO 00BSCHSCTCS 3HAUUTEILHBIM yBE-
JIMYEHHEM CKOPOCTH JIBHKEHHSI M B3aUMO/ICHCTBHEM
3arpy’kaeMoro TOTOKa M CKJIaJupoBaHHOTO (yi0-
»keHHOro) Matepuaina [10, 11]. [ToaTtomy mipu mpoek-
TUPOBAHUU SHEPTod(P(HEKTUBHBIX CHCTEM OOECIIBI-
JMUBAaHUS HEOOXOJIUMO YUUTHIBATH W3MEHSIOLIHECS
TPAEKTOPHH TBUIEBBIX YAaCTHI[ B IOJIOCTH TEXHOJIO-
TUYECKUX EMKOCTEH.

MetoaoJsiorus. /s TOUHOro y4eTa noBeAECHUS
YacTHIl B MOJE CKOPOCTEH MHEBMOTPAHCIIOPTHOTO
MOTOKAa HEOOXOAMMO yUHUTHIBATh, KaK MPOJIOIBHYIO,
OKPY)KHYIO COCTaBIISIOLINE CKOPOCTH, TaK U TOIe-
peunyto. HecMoTps Ha ee MaoCTh, IPUBOIUT K H3-
MEHEHUIO TPASKTOPUH 10 ropru3oHTamy. [loromy st
3aJaHdsl TOJNSI CKOPOCTEH, B Ka4ecTBE HCXOIHBIX
YpaBHEHUH, MPHHATHI KIACCHYECKHE PEIICHHUS aBTO-
MOJIETIbHBIX JIBUKEHUH B TYpOYJNEHTHBIX CTPYSX

[12], nmpeoOpa3oBaHHBIE B cUCTeMy IU(epeHIIn-
QIBHBIX ypaBHEHHH B OOBIYHBIX NMPOM3BOAHBIX. C
MOCEAYIONIMM UX PElICHUEM YHHBEPCaJIbHBIM Ma-
TeMaTHUecKuM nakeroM Maple [13].

OcHoBHasi 4acTb. MojenupyeMm IOBEICHHE
YaCTHUI] THEBMOTPAHCIIOPTHOM CTPYyE, MOCTYNAOIIEH
B OyHKEp 4Yepe3 BEpTHUKAIbHBIA KaHAIl JUAMETPOM

0, JIns MHTErPUPOBAHHS HCXOAHBIX YpaBHECHHIA
JUHAMUKH TBEPABIX dacTHll [14], ucmomb3yem momie
CKOpOCTEH, OIMCBIBAEMOE CHCTEMON ypaBHEHHM
[15]. Ilepeitnem k Ge3pa3MepHOil hopMe ITUX ypaB-
HEHHi, HCIIONB3Ysl B Ka4eCTBE XapaKTEpHOI'O TIeo-

A

METPHYECKOT0 pazMepa auamerp OyHkepa 'l
Tornaa B coorBercTBuU ¢ [12, 13] dyHkuuu 6e3-
Pa3MEpHBIX COCTABJISIOIINX CKOPOCTH MPUMYT BU/I:
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Ca-x XX
e @ %, My 72 _ GespazMepHbIe KOOPIHHATHI
TPaeKTOPUH TBUIEBON YacTUllbl. CrpynmupyeM Ko-
3G UIHEHTH:

a C
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A, u,

9
A, u, A, u,

rae Uy _ HavyaJIbHAs CKOPOCTH MoToKa; A, C — mocTo-
SIHHBIE ABTOMO/IEIBbHOCTH.

C yuerom 3toro cucremy (1)-(3) nepenumiem B
CIIEIYIOIIEM BHJIC:

a cucTeMa ypaBHEHUH, XapaKTepH3yrolas moBee-
HHE YaCTHI] IPUMYT BHU;

X =X, X =X Xy =X
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0 2 rae {7 — kputepuii @pyna, 2! — kpurepuii Crokcea,
0 (I YUYUTBHIBAOIIUE JACUCTBUE CHIIBI TSXKECTH M adPOJIv-
uy A2 n 1 (5) HaAMHWYCCKHUX CUJI COOTBETCTBCHHO.
w = R 0,51 Pesynbrar. [lo momydyeHHBIM 3aBUCHMOCTSIM
o T TR COCTaBJICHA PaCYeTHAS IIPOrPaMMa I YHHUBEPCAIIb-
u, A, n HOI'0 MaTremMaTH4yecKkoro makera Maple. B xauecte
uO xl le HUCXOOHBIX JAHHBIX NPHUHATBI KOHCTPYKTHUBHBIC Xa-
pakTepuCcTHKH OyHKepa M y3la 3arpy3ku, (usnde-
CKH€ XapaKTEpUCTUKH MOTOKa (puc. 1. a).
a) 0)
- am02:dd = 35000 pg = 1000w =19 1007 B =150 = 008 0 = 15 p = 12:p = 45
= Q= emy[ "":ﬂz -u(J‘l Ix = p-Qeud upl = —— "”r —: M = i d’;:’g‘" :
il 2l ! r.nqunaff[ 1:;0 mﬂ b
[P DR S SO 7 8p i
S evatf(s mopa’) a Ropea’ oalf (3 wdx)
= L _a- s101  _ dfp
Al = ﬁ:.j_, =0 :0 A3 = D;fl,o Fr= % St = !\x—zl“l;;{) tzi= (1) = T x
B= (1) = ()2l = (1) =1 = 01252(0) 5 2 = (1) = ;l‘l',’J \ﬁ— m:.
s 2 g %z_m = (1) - ‘:“f%”
ODE = D(xI)(#) =x4(1), D{x2) (1] =x3(1), D{x3) (1) =x6(1), D{x4) (1) =Fr + _:7-0‘4(1‘- =x4(1)). D(x3) (1) =x2(1) ‘.\6[1])' + %
(5(1) = x5(4)), Di6) (1) = r:lm [—z estiys(s) (st = e20s) () |

choptot (s, [x1(£), 52(2), 23(8) ], 0100, manpaintz — 300, cofor - orange, aves = boxed),

L
phot:

Fs = dsolve( {ODE, icy, {xF(1), x2(0), x3(2), x4(2), x3 (1), x6(4) }, muzmeric, mathod = dverk?8, ouiput = lisprocedure); 1.5

Puc.1. a) nucTHHT pacueTHOM mporpaMmel; 0) rpadudeckuii pe3yapTaT pacyera

BeiBoabl. IlpuBeneHHas Meronuka pacyera
MO3BOJISIET OMPEAEATh TPACKTOPUIO pacuera Mblie-
BBIX YaCTHII, HEOOXOAUMYIO Ul IPOTHO3HPOBAHUS
KOHIIEHTPAIMH MBUIEBBIX YACTHI] B aCTIMPAIIMIOHHOM
noroke. Ha pucynke 1 6 mpuBeneH pe3ynbraT rpa-
¢udeckoro pacuera B cpene Maple Ui TBepAbIX ya-
CTHII pa3nuyHoil kpynHoctd: 5, 10 u 15 MKkM npu
JIBIDKEHUU B YCIIOBUSIX HE TOJHOW BEEPHOH CTpyH,
(dbopmupyemoii B y3ie 3arpy3ku. TpaeKTopuu CooT-
BETCTBYIOT paIlMOHAJIBHBIM HACTPOMKaM 3arpysou-
HOT'O YCTPOMCTBa, OOECIIEYHBAIONIET0 OTKIOHEHUE
MOTOKa OT CTPOr0 BEPTUKAJIBHOTO MaAeHUs, MpU
3TOM HarpaBjeHHE IBUKEHUS YacTUI] pacCMaTpHBa-
eMBIX TUaMEeTPOB Ha HEKOTOPOM yJaJeHHUU OT y3ia
3arpy3KH OCeIaroT B TIOJOCTH OyHKepa.

Hcmounuk punancuposanusa. I panm Poccuii-
CcK020 HayuHo2o gonoa (npoexm Ne 18-79-10025).
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BEHAVIOR OF PARTICLES OF POWDERED MATERIAL AT PNEUMATIC
TRANSPORT LOADING

Abstract. The efficiency and energy intensity of the aspiration systems depend on the operating conditions
of the equipment, installed in accordance with characteristics of the aspiration flow, the quantitative and qual-
itative composition of dust particles. Therefore, when designing energy-efficient dedusting systems, it is nec-
essary to take into account the changing trajectories in the cavity of technological tanks. To predict the be-
havior of particles, determining its sedimentation, or increase by aspiration flow. The paper presents equations
for constructing the trajectories of dust particles depending on the geometric characteristics of the bunker and
the loading device, as well as the physical parameters of the pneumatic transport flow. The longitudinal, cir-
cumferential and transverse velocity components are considered in order to accurately account the behavior
of particles in the velocity field of a pneumatic conveying flow. As the initial equations, classical solutions of
self-similar motions in turbulent jets are adopted and transformed into a system of differential equations in
ordinary derivatives. The program listing is shown in the universal mathematical environment Maple and the
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graphical result of the calculation for particles of various sizes: 5, 10 and 15 um when moving under conditions
of an incomplete fan jet formed in the loading unit. The rationality of the loading device settings is determined,
providing the trajectory of the pneumatic transport flow.

Keywords: dedusting, energy efficiency, the trajectory of dust particles, modeling, design.
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