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J1O BUBHAUYEHHS HIBUJKOCTI TA TPAEKTOPII PYXY UACTUHKHA
B NOTOII TEIIJMIOHOCIA

B cmammi nasoosimuvcs excnepumenmanvii 0awi, Ha NIOCMABE AKUX CMEOPEHA MAMeMamuyHd
MOO0€enb PYXy YACMUHOK Y GUXPOBOMY WAPi npu mepmoobpobyi 3 ypaxysauHam 3minu ix poamipis. B
Ppobomi U3HAUEHO 0COOIUBOCTI PYXY HACOK Y 8UXPOGOMY anapami. Takodic ompumana 3a1exicHicmy,
Wo 00380/5€ YNPAGIAMU MPUBALICMIO Mmepmiunoi 0Opobku. Ompumani 6 pobomi MmMamemMamuyHi
MOOeNi MOJNCYMb  BUKOPUCMOBYBAMUCL 8 MEMOOUKAX PO3PAXYHKI6 ma HPOEeKMYB8AHH BUXPOBUX
MenI0MACOOOMIHHUX NPUCTPOIB.

Ilpuseoeni 6 pobomi pieHsaHHs 6i000padicaomsv 0CoOAUBOCHI MEPMOOOPOOKU UYACMUHOK Y
BUXPOBOMY aNApami 3 8PAXYBAHHAM 3MIHHUX IX pO3MIPI6 ma MOACYMb OONOGHUMU ICHYIOUI Memoou
NPOEeKmMyB8aHHA MAKUX YCIMAHOBOK.

Knwuogi cnosa: modentogants pyxy, GUXposull anapam, YacmuHKa Mamepiany; Mooeib, pe-
3YAbMaAmu eKCHEPUMEHTNY.

The article presents experimental data on the basis of which a mathematical model of particle
motion in a vortex layer during heat treatment is created, taking into account changes in their sizes.
The peculiarities of particle motion in the vortex apparatus are determined in the work. There is also a
dependence that allows you to control the duration of heat treatment. The mathematical models ob-
tained in this work can be used in methods of calculations and design of vortex heat and mass transfer
devices.

The equations presented in this paper reflect the features of heat treatment of particles in the
vortex apparatus taking into account their variable sizes and can complement the existing methods of
designing such installations.

Keywords: motion modeling; vortex apparatus; material particle; model; experimental
results.

IHocTanoBka npodJaemMu

CyuacHuli piBeHb PO3BUTKY BUXPOBUX amapaTiB CTUMYJIOE aKTyalbHICTh JOCHIKEHb, CIpPA-
MOBaHUX Ha OLTBII rIMOOKE BUBYEHHS MPOLECiB TepMOOOPOOKH, BIOCKOHAJICHHS KOHCTPYKLIN MpH-
CTPOiB Ta TEXHOJOTii BUTOTOBJIECHHs OKpEMHUX BY3JiB. BincyTHICTH cTporoi cydacHoi Teopii BimuyBa-
€THCSL OCOOJIMBO TOCTPO MPH MPOEKTYBaHHI CHCTEM Ta MPUCTPOIB, B AKUX BUXPOBHUH anapaT € OTHUM 3
BaroMHX arperariB. B 3B'13Ky 3 4iM, NepIIouyeproBuM 3aBAaHHSIM Ha CHOTOIHI 3aJTUILAETHCS PO3POOKa
Teopii, sIka JO3BOJUTH OTPUMATH JIOBOJI HaJIMHUN MaTEeMaTHUYHHUHA OMKC MPOLECIB, SKi BiAOyBarOThCS
B BUXPOBIl Kamepi anapary.

AHaJi3 0CTaHHIX JOCTITKeHb Ta mMyOJriKamii

B Oaratpox raiy3sx TeXHIKH BUKOPHCTOBYIOTH Pi3Hi MacoOOMiHI IPUCTPOI IS CYLIiHHS Tpa-
HYJIbOBAaHOT'O MaTepiany pi3HOMaHITHOrO pu3HaueHHs [1]. B mioMy MeTOIMKN MPOEKTYBaHHS TAKHX
amapatiB BiIoMi, 1 SIKIO TEXHOJOTIYHUI IMPOILEC peanizoByeThcsi 0e3 Oyab-IKHX OCOOIMBOCTEH, TO
METO/U PO3PaxyHKy ceOe BUIPaBAOBYIOTh. Y BHIMAAKax, KOIK BIACTUBOCTI MaTepiaiy B MPOIECi Tep-
MOOOPOOKH 3MIHIOIOThCS, TPAAWLIHI METOIM PO3paxyHKY AAlOTh CyTTeBi moxuOku. Toxai BUHHKAe
HEOOXiHICTh MaTEMAaTHYHOT'O MOJETIOBAHHS OCHOBHUX TEXHOJIOTIYHUX MPOLIECIB.

Tax Ha puc.] npuBeneHa cxemMa BUXPOBOI KaMepH AJIsl TepMOOOPOOKH ANUCIIEPCHOTO Matepia-
ny. B rigponunamini anapaty, Ta BiIHOBiAHO B mpoliecax oOpoOKH, HEOOXiTHO BHIUTUTH ABa OCHOB-
HUX eTallu: MOMepeaHe MiACYIIyBaHHS YaCTHHOK B IUIOCKOMY CTPYMEHI TEIUIOHOCIS Ta KiHIeBa Tep-
MO0OpOOKa B BUXPOBOMY IIapi. 3ymMHUHUMOCS OLTBIII JETAFHO HA TIEPIIOMY €TaIli TeXHOJIOTII.
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Puc. 1. Cxema anapaty: I — kopnyc; 2 — OIYHUHN BXigHHNA NaTpyOOK IUIA MiABOAY rasy; 3 —
TOpIIEBa BEPXHS CTiHKa; 4 — TOpIeBa HIDKHS CTIHKA; 5 — 3aBaHTaXyBaJbHUN OyHKEp; 6 — pO3BaH-
Ta)XyBaJIbHUH OyHKep; 7 — BOpPOHKa 3 MaTpyOKoM, AJIs BiABOAY rasy; § — poOoya kaMepa; 9 — mat-
pyOKu i opayi nositpst; /(0 — peryasTop

B nporeci pyxy marepiaidy B3IOBXK CTIHOK HaTpyOka 9 BHACIIIOK NPUCKOPEHHS HACTHIBHUM
CTPYMEHEM YaCTUHKM OTPUMYIOThH JEsSKYy MOYaTKoBY MBHAKICTH [2]. [Ipy mpoMy YacTHHKHA MEHIIOL
Baru OyayTh MaTH OUTBINY IIBHJIKICTh, HIK Ti, SIKi OUTBII Baxkyi. Takuii po3MOALT OYaTKOBOI IIBU/I-
KOCTI YaCTHMHOK MaTepiayly MpeICcTaBIs€ThCS HaM JOLULTBHUM ISl 3MEHILIEHHS BUHOCY iX 3 KaMepH 3
BIIXIJHUMH ra3aMu.

DopMyJTHOBAHHS METH JOCTIIKEHHS

Mera AOCHiIKEHHS — TPOBECTH MaTeMaTHYHE MOJENIOBAHHS OCHOBHUX TEXHOJOTTYHHX
MPOLIECiB MPH TepMOOOPOOLi B BUXPOBOMY arapari rpaHy/IbOBaHOTO MaTepiaiy, BIaCTHBOCTI SKOTO
3MIHIOIOTBCS ITiJ] 4aC TEPMOOOPOOKH.

BukJsiax ocHoBHOTO MaTepianay

1. PosrnsiHEMO pyx OIMHOYHOI YacTHHKH cepuynoi popmu B moroui razy (puc. 2). [lorpamn-
JISIIOYM B TIOTIK ra3y, YaCTHHKA PYXa€ThCA B HbOMY i JI€I0 CHITH TSOKIHHSA, CHITH, IO BUIUTOBXYE (CH-
mn ApxiMmeny) ta cunm omnopy. CucreMy KOOpAMHAT OOMpaeMo Tak, mod Bick X Oyna crnpsMoBaHa
B3JIOBXK KOHYCY, a Bichb Y — MEepHeHINKYISIPHO A0 foro moBepxHi. [Ipr HE0OXiAHOCTI MOKIIMBO PO3-
TTISAaTH TPUBHUMIPHUMA PyX YAaCTHHKH, SKLIO B3JOBX KOHYCY-PO3IMIIOBada CTBOPIOEMO 3aKpY4UCHUI

CTPYMiHb.
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PiBHSIHHS piBHOBaru Cui, AIFOYUX
Ha YaCTHHKY, B TIPOCKI[iSX HAa OCi KOOPJIU-
HAT 3aIUIIyThCS TaK

p(”_‘gx)z
Fr ma, =CTS+mgcosa, (1)
i ma, =mgsina.
T~
mg "

ne S — Mmola MONepeYHOro IMEepeTHHY
. YaCTMHKW, M — Maca YacTUHKU; U —
k! .
\ ' MIBUAKICTh TOTOKY Tasy; p —— TyCTHHA
X rasy.
[loyaTtkoBi ymMOBH Al iHTErpy-
Puc. 2. Po3paxyHKoBa cxema BAHHS PIBHAHB Oy1yTh HACTYIHI
npu t=0, x=y=0,
4, =9 cosa, 8, =39 sina. )
3a1ar04M, TAKUM YHHOM, TIOYaTKOBI YMOBH, MU PO3IJISIAEMO YAaCTHHKY, SIKA MaKCHMaJIbHHI
4ac 3HAXOJUTHCS B HACTHIBHOMY CTpYMEHI rasy. B 3aranpHOMy BUNajKy IIBHAKICTH V|, BH3HaYaEMO
SIK CEPEIHbOMACOBY

B 4G,

4 T—r
’ ”Dﬁ_d; Pum

ne G,, — MacoBa BUTpaTa Marepiany; 0,, — HACHIIHA T'yCTHHA.
[leperBoprMoO BUXiIHI PIBHAHHS

a, ZECXL(U—QX)Z'F 1-£ gcosa , (3)
4 " ap; T
a, =g l—pﬁ sina .
T

Jpyre piBHSHHA MOXJIMBO iHTerpyBaTd. Jls iHTerpyBaHHS IMEPLIOrO PIBHSAHHS HEOOXiZHO
3HATH IIBUAKICTh MOTOKY Ta KOe(iLiEHT OMOpy YaCTWHKHU MpH il OOTiKaHHI, SKUH, K BioMo, 3aje-
XKUTb BiJ 1 BIAHOCHOI MIBHIKOCTI. B moYaTKOBHII MOMEHT IiCIIsl MOTPAIUISIHHS YaCTUHKH B MOTIK 4e-
Pe3 BENMUKY BITHOCHY IIBUIKICT Ma€ Miclie TypOyIeHTHHH a00 IepexiTHui pekuM OOTiKaHHS 3 Koe-

64 64v

¢inientom omopy C = — = % , SIKHI 3MIHIOETBCS B 3aJISKHOCTI BiJ uncna PeiiHonmbaca, Hampu-

Re
knaz no ¢popmyni Kisaxo [3].
Jlns BUpilIeHHS PIBHAHHS MPOBEAEMO ACSAKI CIIPOILICHHS

ay =182 Y (-9 )+ L3[4 (-9, ). )
Pr a 6 \\v
a, =gsina.

B 3arajibHOMy BUIIAJIKY H_IBI/IZ[KiCTI: IMOTOKY 3MIHIOETHCS T10 y Ta X. I[J'ISI HOpiBHHHO HCBCIIN-
KX BiZ[CTaHeﬁ MOXJIHNBO HpHﬁHHTH u= I/lcp =const.VY BUIIAAKY YHUCCIBHOI'O piH_IeHHH MOXXHa 3ajJa-

TH 1 OUIBII TOYHI 3aKOHU PO3MOALTY MIBUIKOCTEH.
[IpuBenemo piBHSAHHS A0 OE3PO3MIPHOTO BUAY, OOpaBIIN B SIKOCTI XapaKTEPHUX PO3MIpiB J0-

BKHMHY KOHyca-posnuiioBada /, Bucotry 2k, Tta 4dac t, = —. Tozi, BUKOHABIIN [EPETBOPCHHS Ta
u

OIIyCKaro4 pUCOYKH HAl 663p03MipHI/IMI/I BCIIMUYMHAMH, OTPUMAEMO
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5
ay =A1(1_9X)+A2(1_9X)§’ (5)
a, = 4,,
1 1
e A1=—8££,A2=—Re3,A3= smapRe—ﬂ.
Re p, a 6 2h,u 1%
[ToyaTkoBi yMOBHU B 6€3p03MipHOMY BUIJISII 3aIIUIIYTHCS TAK
dx dy 3, .
mput=0 x=y=0; —x:—ocosa,—y:—osma. (6)
dt u dt u

[Ipu TypOyneHTHOMY OOTIKaHHS YaCTHHOK KOC(illiEHT ONOpY 3aJIKHUTh TUIBKH BiX iX ¢popMH i
st kyni MoxkiuBo npuiiasatu C, ~ 0,44 . Toni cucrema piBHSHB (3), meperBopeHa 10 6e3po3MipHO-
T'O BUTJISITY, 3aIUILIETHCS TaK

— 2 —
ay =A,(1-8,) +4,.,a, = 4, (7)

ne A, = éCxﬁi, A = %{cosa.
4 7 pra u
OTpI/IMaHi BiZ[HOH_IeHHH JO3BOJIAIOTH HpI/I6J'II/13H0 BHU3HAYUTHU YaC PYyXYy YaCTUHKU OO MOMCHTY
3ITKHEHHSI 3 KOHYCOM-PO3IMIIOBAYeM PU ) = A, Ta BIANOBiAHY HOMY BiCTaHb X , sIKa JUIS BUKIIIO-
YEHHS 3HOCY KOPIyCYy HE TIOBHHHA OYTH MEHILIOIO 32 IOBXKHUHY HAIPSMHOTL /.
HJ’IH BHU3HAYCHHSA KOOpJAWHAT YaCTUHKU BCCpeZ[I/IHi KaMCpH 3aKpydyBaHHA npoiHTerpyeMo CUC-

Temy (1).
Toni
2 2
m 2 2 2
y = gsinat®.

2. Jlns monepenHboi CyIIKH B TUIOCKOMY CTPYMEHI MOBITPs 3 BpaxyBaHHSIM TEIO(I3UIHHX Ta
TCOMETPUYHUX MApPaMETPIiB YACTUHKH, K1 3MIHIOIOTHCS.
3 piBHsiHHS piBHOBar# cui (1), sIKi AilOTH HA YaCTHUHKY, B MPOEKIIAX HA OCi KOOPAMHAT, 3a]a-

104K M = CONSt , Py,ep =Var, S =var, ¢ = f(d):
2 2
P(T)'§d3(r);i ),f = c(r)p(r)[z(r)—&x] ﬁdz(r)+p(r)§d3(r)-gcosa. 9)
T

Toni npyra noxigHa KOOPAMHATH 33 YaCOM

d’x =§C(T)7Z'[M(T)—19 ]2L+gcosa'
dc* 8 X d(r) ’

b = erlulr)-9,T.

3pobumo 3aminy

TOMI
d’x Kk
= +gcosa. (10)
dr* d (r) &
Hepma HOXiZ[Ha KOOpJAWHATH 3a 4aCOM
dx todr
— =%y +.[k1—+gcosar.
4 0 d(r)

Po3risiHeMO BUIIAIOK 3MiHH JiaMeTPy YACTHHKH 3a CTEIICHEBOIO 3anexHicTio d = f (r) :
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d(c)=D+k,?*; (11)
TOIl
d. k, ¢ d
S Gy + lj ’ +gcosa-T;
dr 2 0 D (1 2)
—l+7
2
T T
Z Gy + arctg 5 |O+gcosa-r.
k,
[puitmaemo D=" , Toml
2
ﬁ:ISIH.X+LarctgL_+gcosoz-r.
T v Dk, JD
BinnosinHo
¢k T 7’
=8, ., 7+ L_arctg——=dt + gcosa—. (12)
H.X .([ /_Dkz 5 5
[Ipuitmaemo
T 1 dr
u=arclg——=; dz=dr; du=——=—-;z=r1. (13)
VD VD, 7’
D
Tomi
x(r)=8,, 7+ h k3D a’r+gcos05r—2
- \/ \/_ \/Dkz 0D +7° 2

k-t arctg T kp/_
Dk, VD 2Dk,
T k«/_ 2\, kND

D Bk B i

x(r)=8 —arcg\/_ 2Dk, ( +7 )+2 DL,

ITouaTkoBi YMOBHU AJid lHTeFPYBaHHH

2
— T
ln‘D + TZ‘ |(’) +gcos;;

ln‘D‘ + gcosar—; (14)

s (15)
3(0)

Z—y G,y +gsina-7=39;

2

y(r)=z9H‘Y-r+gsina-%. (16)
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Slkmo k, = k,(z)= %c(r)ﬁ[u(r)— [ ;1o

_ ) f Tkl(f) Lz
x(r)— Yy x r+~([~([—d(r) drdt + gcosa 5 (17)

3a 3ampoOMOHOBaHMMHU 3aJISKHOCTSAMU HEBAXXKO PO3paxyBaTH TPAEKTOPil pyXy YacTHUHOK,
HIBHIKOCTI (puc. 3) Ta po3Mipy amapary.
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Puc. 3. Po3noain mBuAKocTell B HACTHILHOMY CTPYMEHI

Bucnosku

OTpuMaHi TaKUM YMHOM PiBHSHHS BiOOpakaroTh BKa3aHi BUILE 0COOIMBOCTI TepMOOOPOOKH
YaCTUHOK Y BUXPOBOMY arapari 3 BpaxyBaHHSIM 3MiHHHX iX pO3MipiB Ta MOXYTb JONOBHHUTH iCHYIOU1
METO/U NPOEKTYBaHHS TaAKUX YCTAaHOBOK.
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TO DETERMINATION OF SPEED AND TRACTION OF PARTICLE MOVEMENT
IN THE HEAT FLOW
Sokolovska I., Klimov R., Morozovska A.

Abstract

The article presents experimental data on the basis of which a mathematical model of particle
motion in a vortex layer during heat treatment is created, taking into account changes in their sizes.
The peculiarities of particle motion in the vortex apparatus are determined in the work. There is also a
dependence that allows you to control the duration of heat treatment. Based on the results of research
and modeling, you can design a device for drying dispersed particles.

The current level of development of vortex devices stimulates the relevance of research aimed
at a deeper study of heat treatment processes, improving the design of devices and manufacturing
technology of individual components. The lack of a strict modern theory is particularly acute in the
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design of systems and devices in which the vortex apparatus is one of the important units. In this re-
gard, the priority today is to develop a theory that will provide a fairly reliable mathematical descrip-
tion of the processes occurring in the vortex chamber of the device.

In many fields of technology use different mass transfer devices for drying granular material
for various purposes. In general, the methods of designing such devices are known, and if the technol-
ogical process is implemented without any features, the calculation methods justify themselves. In
cases where the properties of the material in the heat treatment process change, traditional calculation
methods give significant errors. Then there is a need for mathematical modeling of basic technological
processes.

In the hydrodynamics of the apparatus presented in the work, and accordingly in the
processing, it is necessary to distinguish two main stages: pre-drying of particles in a flat jet of coolant
and the final heat treatment in the vortex layer. In this paper, we dwelled in more detail on the first
stage of technology.

The equations presented in this paper reflect the features of heat treatment of particles in the
vortex apparatus taking into account their variable sizes and can complement the existing methods of
designing such installations.

The equations obtained in this way reflect the above-mentioned features of heat treatment of
particles in a vortex apparatus taking into account their variable sizes and can supplement the existing
methods of designing such installations.
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