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JIHIPOBCHKHIA Jep>KaBHUM TeXHIYHUH yHiBepcuTeT, M. Kam'stHCbke

OCOBJIMBOCTI MOJEJIOBAHHS TPAEKTOPII PYXY YACTUHOK MATEPIAJTY
B BUXPOBOMY IIIAPI

Y Haseoeniti cmammi upiuieno axmyaibHy CY4ACHY HAYKOBY 3a0ayy — HA NIOCMAGI
EeKCNEePUMEHMANLHUX OAHUX CIMEOPEHO MAMEMAMU4Hy M0OO0elb PYXy YACKU Y GUXPOGOMY wiapi npu
mepmoobpobyi 3 8paxyeaHuamM 6a2amogazHocmi NOMoKy.

B pobomi seusznaueno ocobnusocmi mpaexmopii pyxy yacmuHKu mamepiany y GUXPOGOMY
anapami ma OMPUMAHO 3ANEHCHOCHI, AKI O00360IAI0Mb KEePYy8amu 4acom mepmooopoOKu, ma Ha
OCHOBI AKUX MOJICHA CRPOEKMY8amu ONMUMALbHUNL GUXPOGULL NPUCMPIN Ol CYWIHHA OUCNEPCHUX
mamepianis.

Ompumani 6 pobomi mamemamuyni MOOeni MONCYMb BUKOPUCTHOBYBAMUCL 6 MEMOOUKAX
PO3PAXYHKIG Ma NPOEKMYBAHHSA GUXPOBGUX MENTOMACOOOMIHHUX NPUCTHPOIS.

Knrouosi cnosa: suxposuii anapam,; Mo0emo8ants pyxy, Mooeis, YacmuHKa mamepiany, pe-
3YIbmMamu eKCHepUMEHI).

In the given article the actual modern scientific problem is solved - on the basis of experimen-
tal data the mathematical model of movement of a particle in a vortex layer at heat treatment taking
into account multiphase of a stream is created.

The peculiarities of the trajectory of the material particle in the vortex apparatus are deter-
mined and the dependences are obtained, which allow to control the heat treatment time and on the
basis of which it is possible to design the optimal vortex device for drying dispersed materials.

The mathematical models obtained in this work can be used in methods of calculations and
design of vortex heat and mass transfer devices.

Key words: vortex apparatus, motion modeling, model; material particle; experimental results.

IHocTanoBka mpo0JjemMn

Ha cydacHomy piBHI PO3BHUTKY BHXPOBHX amapartiB 3pociia aKTyaJlbHICTb AOCIHiIKEHb, CIIPs-
MOBaHUX Ha MOMVIMOJICHE BHBUYEHHS MPOLECIB, BIOCKOHAJEHHS KOHCTPYKLIN 1 TEXHOJIOril BUTOTOB-
JICHHS1 OKpEeMHUX BY3JiB. BigcyTHicTh cyBOpoi Teopii BiauyBaeTbcs HAWOUIBII TOCTPO HPHU MPOEKTY-
BaHHI CHCTEM 1 YCTAaHOBOK, B SIKUX BUXPOBHI anapaT € OIHUM 3 TOJIOBHHX arperartiB. Y 3B'A3Ky 3 UM
MEpIIOYEPrOBUM 3aBAAHHSM 3AIUINAETHCS pO3pOOKa Teopii, 0 J03BOJISIE OTPUMATH AOCUTH HAIIHHUI
MaTeMaTHYHHUN OIUC MPOIIECiB, SKi BiOyBalOThCsl B BUXPOBii KaMepi anapary.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta MyOJpiKkanii

Pyx 103ByKOBHX TOTOKIB pi3HUX rasiB pi3HOI TemrepaTypu B poboti [1] mpeacraBieHo Ha-

CTYIHOIO CUCTEMOIO PiBHSHb PYXY, €Heprii, Angy3ii, HepO3pUBHOCTI i CTaHy:
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ne u'v' — QyHKUis, M0 XapakTepu3ye TypOyIeHTHE TepTs; k' o' — QyHKIIsS TypOyneHTHOT audy3ii

Temia; ¢'v’ — QyHKUisA TypOyneHTHOl Audy3ii peuoBUHH.
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3aKOHOMIpHOCTI MOIIMPEHHS 3aKPYYEHOr0 CTPYMEHS 3ajeXaTh Bill BETMKOIrO 4Hcia Pi3HUX
YMOB (KOHCTPYKTUBHHUX 0COONUBOCTEN (DOPCYHKH, IHTEHCHBHOCTI 3aKPYTKH) 1 apaMeTpiB MOTOKIB (ix
HIUTEHOCTI 1 IIBUJIKOCT1).

Teuist B cTpyMeHi Ma€e CKIQAHUN HEAaBTOMOAEIBHUN XapakTep, B 3B'A3KYy 3 UMM B poOoTi [1]
BBaXaJIOCS 32 JIOLIbHE BUKOPHUCTOBYBATH ISl PO3PAXyHKY YHMCEIbHI METOJM IHTErpYyBaHHS PIBHSHB
PYXY, aHAJIOTi4HI THM, SIKi BUKOPHCTaHi B poOoTax [2, 3] 1is onucy HeaBTOMOJIENIbHOI Teuii B 3BUYaii-
HUX CTPYMEHSX.

HexTyloun BIIIMBOM IyJNbcaliid MIBUAKOCTI HAa 3MiHY THUCKY, PIBHSHHS PyXy AJSl BiCeCHMET-
PpUYHOI HECTUCIUBOI TypOyJIEHTHOI Teuil B HaOIMKeHH]I MPUKOPAOHHOTO 1Iapy 1 3 ypaxyBaHHSM CIIiB-
BiHOIIICHHS (2) MOXHa 3aIMCATH B TAKOMY BHTJISIIL
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B pobori [4] Ha migcTaBi TinoTe3u MO CTANICTh aHaNora KoedinieHTa TypOyIeHTHOI B'I3KOCT1
JUIs CTalliOHAPHOTO 3aKPyYEHOro MOTOKY CTHCHEHOIO a3y, BBaXKalO4W L7 Ta A, MOCTIHHUMHM s
3aKpY4YEHOIr0 TIOTOKY, MPONOHYETHCS HACTYITHA MOJENb BUXPOBOI T€Uil OIHOKOMIIOHEHTHOTO TIOTOKY:
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HenonikoM maHux Mopenei € Te, 110 MPH BUPIMICHHI MOAETI BUXPOBHUX TEUil MEpexoasiTh B
Mozeni JamiHapHux Tedidd. [Ipy npomy GaraTo BEeTWYMHUM HEMOXIIMBO BU3HAYUTH AHATITUYHO ab0
EKCTIEpUMEHTAIIBHO.

[Ipu mopini MOTOKY Ha 30HY BHXPOCTOKY 1 30HY OCHOBHOTO BUXOPY IOMHJIKA B PO3paxyHKax
riIpoAnHaMIKH TOTOKY, a THM OilIbIlIe YACTUHOK, ICTOTHO 30UIBIIYETHCS Yepe3 BUKOPHUCTaHHS Pi3HUX
piBHSIHB Koe(illieHTa TypOYJIEHTHOI B'SI3KOCT1, AKUH NPUIMalOTh A5l KOXKHOI 30HU TIOCTIHHUM.

Jlani Mozeni HanUcaHi TSl CYIIUTBHOTO CEPEIOBHUIIA 1 TOMY HE MiXOASATh Uit OaraToha3HOro
MOTOKY.

DopMyTHOBAHHS METH J0CTITKEHHS

Mera nociipKeHHS — Ha TiACTaBi Pe3yNbTaTiB JOCIHIKEHb, BUKIAACHUX B poOoTi [1], po3-

poOUTH MaTeMaTH4HY MOZETb PyXy YAaCTUHKH B BUXPOBOMY IIapi TEINIOHOCIS B PO3BaHTAKYBaJIbHIH

YaCTHHU BUXPOBOI'O amnapary.
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BukJiax ocHoBHOrO MaTepianay

Hamu Oynwm 3ictaBiieHi gani poOit [1] Ta [4] mo po3noairy AeSKUX mapamMeTpiB BUXPOBOTO IMO-
TOKY 3 JaHUMH, OTPUMaHKMU MiJ] Yac eKCTIEPUMEHTY.

ExcrniepumMeHT 37ilicHIOBaBCS Ha PO3pOOICHOMY aBTOpaMH amapaTi, SIKUHA CKIaJa€Thes 3 BU-
XpoBoi kKamepH 6 (puc.l), M0 MICTUTh TaHT'CHUIHO MiIBeAEHUI NMaTpyOOK AJs MiABOAY MOBITpSA S,
SKAW 32 JOIIOMOTOI0 TPYOONpoBONY 3'€IHAHUH 3 TerooOMiHHUKOM 9 1 HarHiTayeMm razy 15. Jlo Top-
LIEeBOi OBEPXHI anapary Ui mojadi Coxy4dHoi pinuHu | npueaHaHuid naTpyOoK AJs MiABOAY piAMHU
4 3 TeI000MIHHUKOM 3 1 HarHiTa4eM piluHH 2, 3a IONOMOTOIO SIKOTO pO3MMIIoBaueM MaTepiany 13
pinuHa po3moninseTbes o 00’eMy amapary. MaTepian depe3 TpyOonpoBia moxaui Matepiany 8 moaa-
€TbCS B BUXPOBY KaMmepy 6 Ta 3a JOIOMOIOI0 3aBUXpIoBada 14 MOMIMPIOETHCS IO BCbOMY 00'eMy Ka-
MepH 1 00epTaeThecsl B BUXpOBOMY mIapi rasy. [Ipocymenuii Marepian nmorparsie B popmy 7.
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Puc. 1. Cxema eKkcriepuMEHTaNIbHOI YCTaHOBKH: | — €MHICTB 3 CKJICI0YO0I0 PEUOBHHOID; 2 —
HarHiTay pimuHu; 3, 9 — TEMmI00OMIHHHMKY JJIs PIAMHH Ta JJIs MOBITPs (BiAMOBINHO); 4 — MiABIKN
pinuHM; 5 — migBix MOBITPs; 6 — BUXpoBa Kamepa; 7 — GopMa Ui TOTOBOTrO MaTepiany; 8 — moja-
ya matepiany; 10 — pecusep; 11 — ¢inpTp; 12 — 3a0ip moBiTps; 13 — po3numimoBauy MaTtepiaiy;
14 — 3aBuxproBay; 15 — Harnirad rasy; 16 — gaT4uku Ui BUMIpY THCKY, TEMIIEpaTypy Ta BUTPATH
B CHCTEMi

Ha migcraBi naHUX, OTpUMaHHMX B XOAI €KCIIEPHUMEHTY, IIPOBEACHOI0 Ha OMMCAaHOMY BHILE
amaparti, OyJau OTpHMaHi 3aJIeKHOCTI, HaBeleH1 Ha puc. 2 Ta puc. 3.

Cynsum 3 IUX 3aJeKHOCTEH, MOKHA 3pOOMTH BUCHOBOK TPO T€, 110 apaMeTpH, OTPUMaHi Ha
PO3pO0IIeHii HAMH YCTaHOBIIi, HAHOLIBII BUTIAHO XapaKTepU3yIOTh BUXPOBUH pyX B amapaTi. OKpyxk-
Ha IIBHUJIKICTh BUXOAUTH HIKUE, HIX B [1, 3 14], TUCK Tex He nepeBulnye nanux [1, 3 i 4].

VY poborax [5, 6] Oyna 3pobieHa cnpoba BpaxyBaT 3aKOHOMIPHOCTI pyXy 4acTKH B OaraTto-
(dazHOMY cepenoBHUIi, alie He Po3pobieHi Moaedi BUXpoBoro pyxy. OO'enHaBmm Moneni BHXPOBOL
teuii KoBans 1 AOGpamoBuua 3 ypaxyBanasaM OaratogasHocti mo Hirmatyniny, MoxkHa otpumat }i-
3WYHY 1 MaTEMaTHYHY MOJENb PyXy YaCTUHKHU B PO3pOOJICHOMY HaMH arapari.
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Puc. 2. Anani3z KpuBUX PO3MOAUTY OKPYKHOT MIBHIKOCTI 1Mo pafiycy: | — 3a manumu AGpamo-
Buua [1, 3]; 2 — 3a nanumu KoBans [4]; 3 — 3a pe3ynbTataMu €KCIIEPUMEHTY
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Puc. 3. Ananiz KpuBHX PO3MOAUTY TUCKY MO paniycy: 1 — 3a mamumu AOpamouua [1, 3];
2 — 3a nanumu KoBans [4]; 3 — 3a pe3ynbrataMu eKCIEpUMEHTY

Hwxue HaBeneHa MaTeMaTH4YHa MMOCTAHOBKA 3a[adi TiIpOIUHAMIKA YaCTHHKU B BiIIIEHTPOBO-
My TIOJIi BUXpOBHU Kamepu. B pesynbrarti ii pillleHHs CIil BU3HAYUTH OCHOBHI MapaMeTpd MOTOKY,
HeoOXiaH1 1711 e eKTUBHOrO MPOIECy TEpMOOOPOOKH CHPOBUHH.

PiBHsIHHS piBHOBAru Cuj B MOTOL{ HACTYITHE:

av, I
pan=pnFc(V ~ V1) - gradP+ py1g. 5)

ne Vi — WBUAKICTh pyXy AucnepcHoi (as3u; V' — MBUAKICTE PyXy CEpenoBHIIA; p; — TYCTHHA JHC-
nepcHoi ¢asu; F¢ — cuna omnopy:

F. :Fa.c+F:v:§C* £ ‘17_1717‘_‘_}1’ (6)
8 Pra
ne F,, — aepoauHaMiuna cuia onopy; Fs — CTPYKTypHA CHJIa CTIMKOCTI, sIKa XapaKkTepU3ye BiIbHY

CHEPTiI0 CUCTEMH (YACTHHKH ).
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TeopernuHo pyx Kparuti MOBITPS B BIALEHTPOBOMY MOJi MOYKHA MPEACTABUTH CHCTEMOIO PIBHSHb:

2
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ne Vg, Wi, Uy — panianbHa, OKpy»KHa Ta OChOBa CKJIAZIOBi MIBHIKOCTI pyXy Kparut nositps; V, W,U
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BHCOTA BUXPOBOI KaMepHu.
CKOpHUCTAaEMOCH CUCTEMOIO OE3PO3MIPHHUX CKIIQJ0BHX:
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[TowyatkoBi ymoBu a7s BupimeHHs 3afayi (11) HacTymHi:
=0 r=L =0 h=0 V=t W=t U-=q. (12)

[Tpu Bupimenni cucremu (11) Oynu oTpuMaHi 3a71€KHOCTI HIBHIKOCTEH MMOTOKY Ta KpaIuli Bif

paziycy KaMmepu, IpelcTaBiieHi Ha puc. 4 Ta puc. 5.
BucHoBkn

Po3paxyHku, BUKOHaHI 32 PIBHSHHAMH 3alIPOIMIOHOBAHO1 B pOOOTI MOJeNi, MOKa3yloTh 3a10Bi-
JIbHY y3TOJDKEHICTh 3 JaHUMH MPOBEACHOIO EKCIIEPUMEHTY. 3 OTPHUMAaHHUX Pe3yJbTaTiB MOXKHA 3pO0H-
TH BHCHOBOK TIPO T€, II0 KOJIOBA 1 pafiajibHa IBUAKOCTI MalOTh MAKCUMYM JI0 3HAUYEHHS pajiycy r =
0,2 1 He IepeBULIYIOTh 3HAUCHHS MBUAKOCTEH W = 91V = ]2 (B 6e3p03MipHHUX BETHYUHAX).

[Ipu owiHbi BiAHOCHUX MIBHUAKOCTEH PyXy YacTKH B PO3BAHTaXKyBaJbHIH YaCTUHH BUXPOBOTO
amapary, O4e€BUAHO, 110 BUKOPUCTAHHS PiBHIHB JUIA JJaMiHAPHOI Tedii, sIKi TpaAuLiiiHO BUKOPUCTOBY-
I0TBCS B PO3paxyHKaXx, IPU3BOJUTH J0 iCTOTHIX HOXHUOOK.
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Puc. 4. Poznozin okpy>kHOI IIBUIKOCTI MO pajiycy: 1 — HIBUIKICTH MOTOKY; 2 — IIBUIKICTb
YaCTUHKHU

V/ Tk
14

12
BN

N/

/
/

NIV
)/ RN

3%

005 015 025 035 045 055 065 075 085 095 pSRE

Puc. 5. Po3nonin pagiansHoi IBUAKOCTI O pajiycy: | — MBUAKICTH OTOKY; 2 — IIBUJKICTD
YaCTUHKHI
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FEATURES OF MODELING THE TRACTION OF MOVEMENT OF MATERIAL
PARTICLES IN A VORTICAL LAYER
Sokolovska I., Demin K.

Abstract

In the given article the actual modern scientific problem is solved — on the basis of experi-
mental data the mathematical model of movement of a particle in a vortex layer at heat treatment tak-
ing into account multiphase of a stream is created.

At the current level of development of vortex devices, the relevance of research aimed at in-
depth study of processes, improvement of structures and manufacturing technology of individual com-
ponents has increased. The lack of a strict theory is felt most acutely in the design of systems and in-
stallations in which the vortex apparatus is one of the main units. In this regard, the priority remains
the development of a theory that allows to obtain a fairly reliable mathematical description of the
processes occurring in the vortex chamber of the apparatus.

The patterns of propagation of the swirling jet depend on a large number of different condi-
tions (design features of the nozzle, the intensity of the twist) and flow parameters (their density and
speed). The flow in the jet has a complex non-automodal character, in connection with which in other
works it was considered expedient to use for calculation numerical methods of integration of equations
of motion to describe the non-automodal flow in ordinary jets.

The disadvantage of these models is that when solving the model of vortex flows go into the
model of laminar flows. In this case, many quantities cannot be determined analytically or experimen-
tally. When dividing the flow into the zone of the vortex and the zone of the main vortex, the error in
the calculations of the hydrodynamics of the flow, and especially the particles, increases significantly
due to the use of different equations of the turbulent viscosity, which is taken for each zone constant.
These models are written for a continuous medium and are therefore not suitable for multiphase flow.

The peculiarities of the trajectory of the material particle in the vortex apparatus are deter-
mined and the dependences are obtained, which allow to control the heat treatment time and on the
basis of which it is possible to design the optimal vortex device for drying dispersed materials. The
mathematical models obtained in this work can be used in methods of calculations and design of vor-
tex heat and mass transfer devices.

The calculations performed according to the equations of the proposed model show satisfacto-
ry agreement with the experimental data. When estimating the relative velocities of the particle in the
unloading part of the vortex apparatus, it is obvious that the use of equations for laminar flow, which
are traditionally used in calculations, leads to significant errors.
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