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SIMULATION OF MULTIPHASE FLOWS USING MODERN
ENGINEERING PACKAGES

The physics of multiphase flows, mathematical models of homogeneous and heterogeneous
flows are considered in this work. The state of modern computational fluid dynamics and
possibilities of modern engineering packages for computer modeling are analyzed. There are two
approaches that can be used to model multiphase flows: distributed flow models and dispersed
models. The possibilities of configured physical interfaces of the Comsol Multiphysics package,
which implement methods of modeling multiphase flows, are considered: systems of equations
embedded in them, their possibilities and limitations, areas of application, accuracy of interphase
boundary position determination, possibility of turbulence modeling. The directives of a model
choice of a multiphase flow depending on the set task are formulated. The problem is set and a
dispersed model is built to study the mixing of the liquid in a closed container when injecting the gas
phase from below, using the Bubble Flow interface of the Comsol package. The stages of setting up
the physical interface, setting the initial and boundary conditions, construction of the calculation
grid are described. The physical process was studied on the basis of the obtained results: diagrams
of the volume concentration of the gas phase and diagrams of the modulus of velocity of the liquid
phase with flow lines. The conclusion is made about the formation of a circulating flow with a large
area of circulation inside and vortices of Maffat reverse circulation in the corners. The flow pattern,
the time of flow transition to the steady state, possible zones of fluid stagnation are determined.

Keywords: fluid dynamics, Navier-Stokes equation, computational fluid dynamics,
multiphase flow, computer model, distributed multiphase flow model, dispersed model, phase field
function, transfer equation, bubbling, circulating flow, Maffat vortices, stagnation zones.
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Mo uucna ocHosHux 3a80aHb 6YO0b-AK020 MemanypeiuHo20 GUPOOHUYMBA C1i0 Bi0Hecmu
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HANPAMKOM BUPOOHUYMBA DeLioK € 30iNbuleHHA iX AKocmi ma 006208i4HOCMI, WO NOB'A3AHO 3
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MeHOEeHYIEI NIOBUUIEHHS BAHMANCOHANDYICEHOCE HA 3ALI3HUYHOMY MPAHCNOPMI MA 3POCMAY0i0
KOHKYDEHYIEID HA CE8IMOBOMY PUHKY. ¥ 38'a3Ky 3 yum 00CHiOdNCeHHs, CNPAMOBAHI HA NiOGUUeHHS
AKOCMI PetioK, a MAKO}C CKOPOYEHHS BUMPAM HA iX GUPOOHUYMBO € BANCIUBUMU | AKMYATbHUMU.

Ha cvocooniwmiii denv 6 ceimi 8upodisemvcs noHad 6 MIH. MOHH 3ANI3HUYHUX pelioK. B
Ykpaini ocnoenum eupobruxom petiox € xomoinam IIpAT «MK «Azoecmanvy, skuti wopiuHo
sunyckae 00 245 muc. monn peuok. Peliku supoobasiomecs womupbox kamezopiu: suwa, 1, 11, i 111, 3
AKUX MPU Nepuiux NnOCmagiAomsCs 6 MmepMidHO 3MIYHEHOMY CMAHI 3 HASPIBAHHAM CMPYMAMU
sucokoi wacmomu (CBY).

Icuyroua cucmema ACYTII petikoeapmienux mawiun [IpAT «MK «A306cmanvy mae pso
icmomuux Heoonikie. Ceped Hux. 6I0CYMHICMb ABMOMAMU308AHO20 YNPAGILIHHA THOYKYIUHUM
Hazpieom pelok, GiOCYMHICMb  ABMOMAMU308AHO20 VAPAGIIHHA NPOYecoM CMUKYBAHHSA |
DPO3CMUKYB8AHHS PELOK, DYUHE 86€0€HHS 3A80AHHS 68 CUCMEM) VNPAGIIHHA UMPAmMoIo 600U HA 30HY
NEPBUHHO20 OXON00NCEHHs, MopanbHe i (izuune cmapinua anapamuoi yacmunu ACYTIL. Ycynenns
Yyux HeOdOKi@ Mac cmamu NPiOPUMemHUM HAUOTUNCUUM YACOM O/l NIOBUWEHHS epexmueHocmi
BUPOOHUYMBA MA KOHKYPEHMOCHPOMONCHOCME NPOOYKYIL, WO 8UPOOIAEMbCS, HA C8IMOBOMY PUHK).

Y oanii  cmammi  poszensioaemvcsi  npobaema  6i0CYMHOCMI  JIOKANbHOI  cucmemu
aemomamuunozo pecyniosants (JICAP) nacpisanns peiiox. B pobomi nobydosarna mamemamuina
MoOenb Haepigy peliok, Ha OCHO8I Kol modxcna cmeopumu egexkmusny CAY na 6asi cyuachux
KOHmpoaepis. Y oauiti mooeni Oynu po3paxosani ONMuUManibHi HACMPOUKU pe2yisamopa YNpaeinHsl
Haepieom, nobOyo0oeani nepexioni npoyecu. Buxopucmaunus Oanoi Mmooeni npu HACMYNHIU
MoOepHizayii 6upoOHUYMEa 003801UMb NIOBUWUMU AKICMb NPOOVKYIL UWLISAXOM YCYHEHHSA MONCIUBOT
JIH0OCLKOI NOMUNKYU | 003601UMb CMAOLNIZy8amu memnepamypy petiku 8 30Hi Hazpigy 3 HeoOXIOHO
MOYHICMIO.

Knrwowuosi cnosa: pevikocapmisna mawuna, PI'M, Matlab, pecynamop, naepie peuok, nazpis
3a oonomoeoro CBY, CAY nazcpisy.

IToctanoBka mnpobGiaemu. IcHyroua cucTtemMa YOpPaBIiHHS €NEKTPUYHUM O0JaJHAHHAM
KOMIUIEKCY TEPMIYHOI'O 3arapTyBaHHsI Ma€ psijl ICTOTHUX HENIOJIKIB, TOJJOBHUM 3 SIKUX € MOPAJIbHE 1
¢iznyHe cTapiHHA eleMeHTHOi 06a3M, B 3B'SI3KYy 3 IIUM HEMOXJIMBO peani3yBaTH Oulbll e(eKTUBHI
METOJM YIpPaBIiHHSA MHpoIecOM 3arapTyBaHHsA. KpiM 1bOoro, B ICHYIOUIH CHUCTEMI pEryJItOBaHHS
HNOTYXXHOCTI, IO MiJBOAUTHCS IO IHAYKTOPIB, 3/AIMCHIOETbCA B PYYHOMY pEXKHMI, MOMHIIKA
TEXHOJIOTa MOJXKE€ TPUBECTH JO TOPYIICHHS TEXHOJIOTIYHOTO MpOIeCy 3arapTyBaHHS 1 CTaTH
IPUYMHOI0 BUHUKHEHHS OpaKy.

AHaJii3 ocTaHHIX JocaikeHb i myOJikanii. Uepes3 yHIKanbHICTh IPOLECY 3arapTyBaHHS
peiioKk CTpyMaMH BHCOKOI YacTOTH Ha pPEHKOTrapTIBHUX MallUHaX, MOAIOHMX BCTAHOBJIEHOI Yy
peiikobankoBomy 1exy I[IpAT «MK «A3zoBcramb», He TiIIbKM B YKpaiHi, a ¥ Ha BChOMY
MOCTPAASTHCHKOMY MPOCTOP1, HAYKOBUX JOCTIIKEHb B JaHii 00J1acTi iCHye 0OMekeHa KUTbKICTh.

B poGoti [1] aBTOp poO3riisimae OCHOBHI HAampSIMKHA PO3POOOK IIOJO0 BIOCKOHAJICHHS
TEXHOJIOTiT BUPOOHHUIITBA PEHOK 1 MPOIMOHYE MPOEKT MOJEpHi3alii perKoBOro BHPOOHMIITBA Ha
I[IpAT «MK «A3zoBcranb». Ha sxamp, mana poGota He 3adinae cdepy aBTomarmsailii, a OiibIma
YacTHHA yBaru MpuaijieHa TEXHOJOT1] BAPOOHHIITBA.

Po6orn [2,3] Cuyxouckoro A.€. TOSCHIOIOTH TNPUHIUNK POOOTH 1HIYKTOPIB, IO
BUKOPHUCTAHO JUIsI PO3POOKH MaTeMaTUYHOI MOJIeNi, PEICTaBICHOI HUKYE.

B po6ori [4] onucyeTbcsi HarpiBaHHS METAy CTPYMaMH BHUCOKOI YacTOTH, IO aHAJIOTI4HO
criocoOy HarpiBy perok Ha peiikorapTiBHii MamuHi [IpAT «MK «A3oBcTanmb.
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MeTow aaHOi podOTHM € TOMIYK PIlIEHh IO ONTHUMI3AIlli MpOIeCy HarpiBy pehok i
OoNnTUMAIbHUX HamamrtyBanb [IIJ[-perynstopa, mo kepye IHIYKIIHHUM HarpiBaHHAM CTpyMaMu
BUCOKOI 4aCTOTH.

Buk/i1ag  OCHOBHOrO  Marepiady.  AHaI3ylOuM  €KCIIEPUMEHTalbHI  TepexiaHi
XapakTepucTUKH (puc. 1) mpouecy HarpiBy MO>XKHa BHM3HAYMTH BHJ 1 XapakTep IepeaBajibHOI
¢dyHk1ii, TOOTO OTpUMATH MaTEeMaTHYHy MOJIENb HArpiBy.

BinbHa 30Ha
t=55-90 c,
T=1020-820 °C

3oHa HarpiBy
(1,2 cekuii iHTYKTOPIB)
t=0-55 ¢, T=1020+10 °C
1200 . .

3oHa nmipirpisy
(3 cekuis iHmyKTOpIB)
t=90-120 ¢, T=820-1020 °C
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Pucynok 1 — IlepexigHuil npoiiec HarpiBy pernox

TexHomoriuHuil npolec HarpiBy roJI0OBKU PeHKHM MOXKHA PO3JIUIMTH Ha 3 30HHU.

3oHa HarpiBy. Ilpu npomy temmneparypa nmoBepxHi peiiku migsumryetrbest g0 1020 + 10 °C.
[TomaeTbess MakcHUMaiabHA MOTYXKHICTh NMPH NMPOXO/PKEHHI pelKu yepe3 Mepily rpyrny iHAYKTOpiB
npotsrom S5 c.

30Ha, BUIbHA Bijl HarpiBaHHA. Y Hil TOJIOBKa peKH MigaeTbcs KOpoTKodacHoMy (25-30 ¢)
OXOJIOIPKEHHIO Ha MOBITP1, B pe3ysbTati 4oro ii Temneparypa 3Huxkyetbes 10 820 + 10 °C.

3ona minirpiBy. HarpiBanHs mnoBepxHi peiiku B Iiiif 30HI BinOyBaetbcs 3 820 °C nmo
1020 + 10°C, y apyriii rpymi 1HIYKTOPiB, MOTYXHICTh 1HAYKTOPIB 3HM)KE€HA B IOPIBHSHHI 3
NEPUIOIO TPYIOI0, TEMIIEpaTypa MOBEPXHI FOJOBKH B il 30HI MIATPUMYETHCS MOCTIHHOIO.

Jns 3a0e3neyeHHs CTIHKOI poOOTH CHUCTEMHM aBTOMATUYHOTO YIPABIIHHS 3 3aJ0BUILHUMU
MOKa3HUKaMM SIKOCTI MOTPIOHO pO3paxyBaTH ONTHMANbHI 3HAYEHHS MapaMeTpiB pPEryJroldoro
npuctporo. [l 1mporo, B mepury uepry, HEOOXiTHO BHM3HAUWTHU CTaTM4YHI 1 JUHAMIYHI
XapaKTEPUCTHKH 00'€KTa yIpaBIiHHA.

VY 3aragbHOMY BUIUISIII OO'€KT YNpaBIiHHS PO3IIIAJAETHCS SK JIaHKA, 110 MAa€ BUXIAHY
KOOPJMHATY Y (t), sIKa € KEPOBAHOIO 3MIHHOIO, 1 BX1THY 3MiHHY X (t), SIKa € KEpYIOUUM BILTUBOM.

MareMaTHyHOI0 MOJCIUTI0 O0'€KTa € BHUpa3, IO BU3HAYAE 3aJIKHICTh MK BHUXITHOKO 1
BX1THOIO 3MIHHUMU:

y(@) = Flx(t)]; 1)

1HaKIIIe MOJIENh 00'€KTa MOXe OyTH TIpeICTaBlIeHa HOTo MepeaaBaTbHOI0 (YHKITIETO:
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Y(p)
Wo(p) = 773 )

ne p - oneparop Jlaruiaca;
X (p) - 300pakeHHs BXiIHOT 3MIHHO{ B orniepaTopHiit hopmi;
Y (p) - 300pakeHHsT BUXiHOI KOOPAWHATH B ONEPaTOPHii popmi.

Ha mpakrtuiri 00'eKT ynpaBiliHHS allPOKCUMYETHCS JIAHKOIO 3 NepeaaBalibHOI0 (YHKIIEIO HE
BUIIIE 2-TO MOPSJIKY 3 3ali3HEHHSIM.

TunoBi piBHSHHS, 0 ONUCYIOTh 00'€KT YIPAaBIiHHA 3 CAMOBHUPIBHIOBaHHSM, MOXYTh OYTH
NpeJCTaBJICHI y BUTIIAI MU EepeHIliaIbHUX PIBHSIHD 3 TOCTIHHUMYU KOoe]ilieHTaMu.

Haii6inpm npoctum 1 epekTUBHUM crocoboMm ineHTudikamii 00'ekTa yHIpaBIiHHSI €
BUKOPUCTAHHS NTAKETa MaTEeMaTHYHOTO MOJIeNItoBaHHs Matlab.

Buximaumu ganumu € rpadik TemiepaTypH MOBEpXHI peiku, 300paxenuit Ha puc. 2. Jlani
OTpPHMaHiI B pe3yJbTaTi BUMIpiB Ha Airouiid rapriBHiid MamuHi PITM-4 crpymky Ne 12 PBII IIpAT
«MK «A3o0BcTanby.

CymapHa TOTYXKHICTb, 11O MiABOIUTHECS 10 Tphox cekmiii P3C = 1103,7 kBt (73,6 % Bin
MakcUMaibHOI moTyxHocT1), P1C = 364,5 kBt (72,9 %), P2C = 354,5 xBt (70,9 %), P3C =~ 368 kBt
(77 % ). UIBunkicts peiiku V = 42,5 mm/c. [IpencraBumo 11i qani y BUrisi rpadikis (puc. 2).

1500 -
)
o
= 1000 | 1
-
g
=
2
= o : : H ) . )
0 20 40 60 80 100 120 140
Yac sarpiny, ¢
400 -
-~
= 300F 1
=
Z 200} 4
=
o]
S 100f -
o . A : ) 1 H
0 20 40 60 80 100 120 140
Yac narpisy, ¢
400 v T v r T T
= r—“"
=
v
< 100} R
ol
o H A H A s H
0 20 40 60 80 100 120 140
Yac narpiny, ¢
400
o
= 300 1
=
= 200 R
=
@
= - -
en 100

0 20 40 60 80 100 120 140
Yac narpisy, ¢

Pucynok 2 — IToTykHICTh iHAYKTOpIB i TeMiiepatypa moBepxHi (12 crpymox PI'M-4)
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[Tobynyemo rpadiku cymMapHOi MOTY)KHOCTI 1 TeMIlepaTypd B IPOICHTaX, BEPXHSI Mexka
BuMiproBanHs Temmepatypu — 1200 °C, cymapHa BHXiJHa MOTYXHICTh iHIyKTOpiB - 1500 kBT (3 X
500) (puc. 3).
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Pucynok 3 — Temmneparypa noBepxHi peiku i MOTYKHICTb, 1110 MiIBOJUTHCS O IHAYKTOPIB

Bxin o0'exrta ynpaBiiHHS - cyMapHa aKTUBHA NOTYXHICTh ( %0).

BuxigHuii 00'eKT ympaBIiHHS - TeMIepaTypa noBepxHi periku ( %).

MaremaTiuHa MoJiesIb 00'€KTa YIpaBIiHHA Y BUIIIAI NepeaaBaabHoi GyHKuii (puc. 4). Tun
BX1JJHOTO CUTHAJTY - CTYIIHYaCTUH.

X Y
[P, %] P [

Pucynok 4 — IlepenaBanbHa QyHKITis
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Jns inentudikanii 06'ekta ckopucraemocs makerom Matlab IdentificationTool (puc. 5).

Import data

/ 3

nydata

Cata Wiews
|:| Time plot
\ |:| Crata spectra

|:| Frequency function

Operations

<— Preprocess e

T

7
nydata
Warking Data

3

Estimate —= R

Ta Ta
Waorkspace || LT Viewer

1)

Trash

Import models o

P10

Model output

|:| Model resids

—~
nydata
Validation Data

MaodelViews
|:| Transient resp
] Frequency resp AL R
|:| Zerog and pales

|:| Noise spectrum

Click an datasmadel icans ta plot'unplot curves.

Pucynok 5 — Intepdeiic mporpamu Matlab Identification Tool

[To Buay mepexiiHOrO Mpolecy MOKHa 3pOOMTH BHUCHOBOK, IO KPHUBAa Ha MAJIIOHKY 3
HAJIEKUTh CTaTUYHOMY 00'ekTy. Mogenb o00'ekta ymnpaBiaiHHS OyAeMO IIyKaTH Yy BUIVIAML
anepioIMYHOI JJAaHKH MEPILIOro NOopsAKy 0e3 3aIi3HIOBaHHS.

B pesynbrarti igeHTHdiKalii oTpuMaHi HaCTYNHI pe3ynbTatu (puc. 6).
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Pucynox 6 — [lopiBHAIBbHMI aHANI3 IepeaBaTbHAX (YHKITIH
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[TepenaBanbHa GyHKIIIS, aniepiogUYHA JJaHKA 1 TTOPSIIKY:

W) = 1,1025 3)
) =1725883 '
Bincotok BiamoBigHOCTI 86,24 %, cepenapokBaapaTudna momrika MSE = 12,94,
[TepenaBanbpHa GyHKIIIS, aniepiogUYHA JIAHKA 2 TTOPSIIKY:
1,1108 - exp( 0,066 - p)
W(p) = (4)

(1+ 27,494 -p) - (1 + 0,13625 - p)’

Bincorok BiamoBigHocTi 85,69 %, cepennbokBaapaTnyHa nmommika MSE = 13,99.

[IpencraBumo Mojenb 00'€eKTa YNpaBliHHSA Yy BHUIVISII anepioguyHOl JIaHKU IEepIIoro
HOPS/IKY, TaK SIK JJaHAa MOJIENIb Ma€ HAMEHIITY CepeIHbOKBAIPATHYHY TIOMUJIKY.

[Ticnst BU3HaYEHHS apaMeTpiB Mojiesi 00'€KTa PEryIoBaHHS CIiJl IEPEHTH 10 BUOOPY TUITY
perynsTopa.

3MiHa TemIepaTypu B 4aci 3alie)XUTh BiJl 0aratbox (hakTOpiB: CUIIM CTPYMY 1 MOrO 4acTOTH,
MarHiTHUX, EJEKTPHYHUX 1 TerIo(i3MYHUX BIACTUBOCTEH MeTaly, IO HarpiBaeThcs. Brumus
30BHIIIHIX 30ypeHb 3HAYHUH, TOMY TeMIIEpaTypy NOTPIOHO MIATPUMYBATH 3 BUCOKOIO TOUHICcTIO. He
MO’KHA JIOMYCKAaTH JMHAaMIYHUX KojuBaHb (meperpiBy peiiku Buiie 1200 °C). B nanomy Bunaaxy
Ha0araro BaXJMBIIIA IIBUAKICTH TMepexigHoro mpouecy. Tomy aias Hamoi 3afgadi Oyaemo
BuKkopucroByBaru I1I-perymsrop.

[Tponopuiiino-inTerpansuuii [1l-perynsatop mMae nBa napamerpu HajamTyBaHHs. Lle oquH 3
HalOUIbII MOIIMPEHUX THUIIB PETYIATOPIB B IMPOMHCIOBUX CHCTEMax aBTOMAaTH30BaHOIO
ynpasiiHHA. Y nporpami Matlab Simulink ganuit perynsarop siBise coboro mificucremy, ToOTO BiH
YTBOPEHHI 32 JOTIOMOTOIO OUIBII MPOCTUX OJIOKIB. BHYTpIlIHS CTPYKTypa peryssTopa mokazaHa Ha

PUCYHKY 7.

P

Proportional Gain

D o )
Z_

X
Integral Gain Sum y

Integrator
Pucynok 7 — Ctpykrypa 010ky I1I-perymnstopa
Koedimientn - mapameTpu HanamTyBaHHS IIHOTO THITY peryasTopa (Koe]ilieHT mMoCHuIeHHs
1 9ac IHTErpyBaHH).

[TepenaBanpHa ¢ynHkiis Ill-perynmaropa BkItO4ae cymy MpOMOPIHIHHOT 1 1HTErpajbHOI
CKJIAZI0BOI 1 Ma€ BUTJIISA;
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1
w =k, +—;
(») p T, -p 5)

e kp- Koe(iIieHT TOCHIICHHS,
T; - wac inTerpyBanHs,
p — onieparop Jlamnaca.
BuxopucroByroun maker Matlab Simulink, mpencraBuMo crporieHy Mojaenb yIpaBlliHHSI
NOTYXKHICTIO 1HIYKTOpa 3a JaHUMH TEMIepaTypu IOBEpXHI peHKH, a TaKoX Ui HAaOYHOCTI
00'eTHaEMO KiJIbKA JIOT1YHO-TIOB'I3aHUX OJIOKIB B OMH OJIOK (pHC. 8).
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Pucynok 8 — CAY iHnykuiifHOro HarpiBy (3rpynoBaHa)

s aBromarnyHoi Hactpoiiku Ill-perymsropa ckopucraemocs ¢yukuietro PID Tuner. B

pe3ynbTaTi OTpuMaHa HAaCcTYyIHA Mepe/iaBajibHa (PYHKIIIS peryisTopa:
W(p) = 9,2958 + g=eom > (6)

Jlo1aTKOBO CKOPUCTYEMOCS 1HCTPYMEHTOM ONTHMMIi3allii HajlalliTyBaHb pEryisropa 3a
3a/1aHOI0 (POPMOIO TTEPEXITHOTO MPOIIECY.

Jlns BupilieHHs 3aBOaHHS omTHMizalii momamo B mognenb 0ok Check Step Response
Characteristics.

OTtpumaemo ontuManbHi HacTpoiiku [1I-perynsTopa:

W(p) = 12,386 + )

1,0316 -p’

OcrarouHo npuiimMaemMo 1i HanamrtyBaHHsA. Ha pucyHky 9 mokaszanuil mepexinHuil mporiec
IPY ONTUMI30BAHUX HANAIITYBaHHSX.
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Pucynok 9 — I[epexiguuii mpouec (rpadik TeMeparypu)
1 - 3aBnmanns (SP), 2 - [lorouna temneparypa 3 nipomerpa AITP-1

2
o

Iloryasuicts, KBr
3 2
o o

1300 L 1 L L L 1
0

20 40 60 80 100 120 140
Yac narpiny, ¢
1500 T T T T T T
e
o
S+ 1000 |- -1
=
<
o
500 | .
g
L+l
H 0 1 1 1 1 1 1
i} 20 40 60 80 100 120 140
Yac narpisy, ¢
< 22 T T T T T T
=
o 21 4
<
2 20 -
S 19| .
=
18 H 1 | | | I
o] 20 40 60 80 100 120 140

Uac narpiny, ¢
12 T T T T T T

7 1 1 L 1 L 1
0 20 40 60 80 100 120 140
Yac narpiny, ¢

Jawanma ma PBT-10Y, B

Pucynox 10 — Jlani 3 ociimorpada Simulink

295



Hayka Ta BUpOGHHUI[TBO

2020 p. Bum. 23
Ingpopmauiiini mexunonocii

Hani, oTpuMaHi B pe3y/bTaTi MOJENOBaHHS B cepefopuini Matlab Simulnk, npencrasneni
Ha pucynky 10. IlokasaHo mpormec HarpiBy XOJOAHOI peHKH 10 3aJaHOi TemIepaTypu B
ABTOMaTUYHOMY PEXHMI pOOOTH.

BUCHOBKH

B naHiii cTaTTi MpoBeIeHO aHalli3 eKCIIEPUMEHTATBHHUX TEPEXiTHUX XapaKTEPUCTHK TPOIIECy
HarpiBy rojOBKH peiiku. 3a JOMOMOTOI0 MakeTa MaTeMaTWYHOro MojentoBaHHs Matlab otpumana
MoJielb 00'eKTa yMpaBiIiHHS Yy BUIJISAL NepenaBaibHOI (yHKIIT - amepioguyHa JiaHKa MEpIIOro
MOPSIIKY.

B makeri Matlab Simulink moGynoBana crpoiiieHa MoOJenb CHCTEMH aBTOMAaTH30BAHOTO
yIIpaBIIiHHSA IHAYKIIHHIM HarpiBoM. 3a qornomoroto ¢yskiii PID Tuner i 6moxy ontumizamnii Check
Step Response Characteristics mpoBeIeHO aHaji3 CHUCTEMHU 1 OTPUMaHi ONTUMAaJIbHI HACTPONKHU
peryysITopa MOTYXHOCTI.
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Ilepoaxkos C. B., Ucaesa 1O. C.

MATEMATHYECKOE MOAEJINPOBAHME IMTPOLECCA YIIPABJIEHUSA
HAT'PEBOM PEJIbCOB B PEJIbCO3AKAJIOYHOM MAIIIUHE

K yucny ocnosuwix 3a0ay 1106020 mMemannypeuuecko2o npou3eo0Ccmea ciedyem OmHecmu
CHUDICeHUe cebecmouMocmuy U NoGbluleHUe Kauecmed 6binycKaemou npoodykyuu. Baoxcueviwium
HanpasieHuem npou3so0Cmed peibCco8 A6IAENCs YeeIudeHue ux Kaiecmea u 001208e4HOCMU, Ymo
CBA3AHO ¢ MeHOeHYyuUell NOBbIULEHUS 2PY3OHANDANCEHHOCMU HA HCeNe3HOO00POHCHOM MPancnopme u
pacmyueli KOHKypeHyuell Ha MUpo8om pulHKe. B c6a3u ¢ smum uccieooeanus, HanpasienHvle Ha
nos8blUEHUEe KaueCmed pelbcos, a Mmakdce COKpaujeHue 3ampam Ha ux Npou3eo0Ccmeo AGIAI0MCs
BANCHBIMU U AKMYATLHBIMU.

Ha cecoonawnutl 0env 6 mupe npouzeooumcs ceviuie 6 MIAH MOHH JHCENE3HOOOPONHCHLIX
penvcos. B Vkpaune ocnosnvim npouszsooumenem penvcos aensiemcs komobunam YAO «MK
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«A306cmanvy, Komopulil exce200HO vinyckaem 00 245 movic. monH penvc. Penvbcovl npouzsoosmcs
yemvipex kameeopuu: evicwasn, I, I, u I, uz xomopwvix mpu nepevix NOCMABIAIOMC 8
MepMOYNPOUHEHHOM COCIMOAHUL C HAZPEeBOM MOoKamu 8bicokou yacmomul (TBY).

Cywgecmsyrowasn cucmema ACYTII penvcozaxanounvix mawun A0 «MK «A3zo0ecmanvy
umeem psao cywecmeeHuvlx Hedocmamxos. Cpeou Hux. omcymcmeue asmoMamu3upo8aHHO20
VApaenenus UHOYKYUOHHbIM HASPE8OM penbC, OMCYMCMBUe amMoMamu3upo8aHHo20 YNPAaeieHus.
npoyeccom CMbIKOBKU U PACCMBIKOGKU penbC, DPYYHOU 6800 3a0aHus 6 CUCmeMy YNpaeieHus
PAcxo0om 800bl HA 30HY HNEPEUUHO20 OXAANCOEHUS, MOpAlbHOoe U @u3uieckoe ycmapesanue
annapamuou wacmu ACYTII. Yempanenue smux nedocmamrog 00JIHCHO CIMAamb NPUOPUMEMHbIM 8
Onudicatiuee 8pems 05l NOBbIUEHUS IPHEKMUBHOCU NPOU3BOOCMBA U KOHKYPEHMOCNOCOOHOCMU
NPOU3BOOUMOU NPOOVKYUU HA MUPOBOM DLIHKE.

B Oanmoti cmamve paccmampueaemcs npobiema OMCYMCmEUs: JOKAIbHOU CUCMEMbl
aemomamuueckoeo  peeyaupoganus  (JICAP) mnacpesa penvc. B pabome nocmpoena
MamemamuyecKkas Mooelb Hacpeda peibc, HA OCHO8e KOMOPOU MOXCHO C030amb 3phekmusnyio
CAY na 6aze cospemenuvix KOHmMpoaiepos. B dannou moodenu Ovliu paccyumanvl ONMUMAlbHbLE
HACMPOUKU — pe2yisimopd  YNpaeieHus.  HAcpeeoM,  NOCMPOEHbl  NepexooHvle  NpOYeccyl.
Hcnonvzosanue oanHotl Mmodenu npu ciredyiowel MOOepHU3ayuY Npou38o0Cmed No360Um
NOBbICUMb  KAYeCMB0 NPOOYKYUU NymeM YCMPAHEHUs. GO3MOICHOU 4Yen08eyecKol owubKu u
NO3601UM CMAOUIUZUPOBAb MEMNEePamypy pelibCbl 8 30He Hazpesad ¢ He0OX00UMOL MOYHOCIbIO.

Knrouesvie cnosa: penvcosaxanounas mawuna, P3M, Matlab, pecynamop, nazpeé pensc,
Hazpee ¢ nomowvio TBY, CAY nazpesa.

Shcherbakov S. V., Isaeva Y. S.

MATHEMATICAL SIMULATION OF THE RAIL HEATING CONTROL
PROCESS IN THE RAIL QUICKERING MACHINE

Among the main tasks of any metallurgical production should be attributed to reducing costs
and improving the quality of products. The most important direction in the production of rails is to
increase their quality and durability, which is associated with the tendency to increase the freight
traffic in railway transport and the growing competition in the world market. In this regard,
research aimed at improving the quality of rails, as well as reducing the cost of their production are
important and relevant.

Today, over 6 million tons of railway rails are produced in the world. In Ukraine, the main
manufacturer of rails is the PrJSC "laSW "Azovstal", which annually produces up to 245 thousand
tons of rails. The rails are produced in four categories: the highest, I, Il, and I1I, of which the first
three are supplied in a heat-strengthened state with heating by high-frequency currents (HFC).

The existing system of the automated process control system for rail hardening machines of
PJSC "laSW "Azovstal" has a number of significant drawbacks. Among them: the lack of automated
control of the induction heating of the rail, the lack of automated control of the process of joining
and uncoupling the rails, manual input of the task into the water flow control system for the primary
cooling zone, moral and physical obsolescence of the control system hardware. Elimination of these
shortcomings should become a priority in the near future to improve production efficiency and
competitiveness of manufactured products in the world market.
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This article discusses the problem of the absence of a local automatic control system (LSAR)
for heating the rail. In the work, a mathematical model of rail heating has been built, on the basis of
which it is possible to create an effective ACS based on modern controllers. In this model, the
optimal settings of the heating control regulator were calculated, and transient processes were built.
The use of this model during the next modernization of production will improve the quality of
products by eliminating possible human error and will stabilize the temperature of the rails in the
heating zone with the required accuracy.

Keywords: rail hardening machine, REM, Matlab, regulator, rail heating, heating using
high frequency current, heating ACS.
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Amypcebkni €. O., KpaBuenko B. II.

CUCTEMA ABTOMATHYHOI KOPEKIIII TEMIIEPATYPU 30H METOJIHYHOI
IEYI ITPU KOJJUBAHHSIX TUITY (TEOMETPUYHUX PO3MIPIB) I TEMITY
MPOKATKHU HAT'PITUX 3AI'OTIBOK

Posensaoaromvcs ocobnueocmi pobomu memoouyHoi neui GeiuUKOCOPMHO20 NPOKAMHO2O
CMAaHy 8 YM0O8ax 3HAYHOI KiIbKOCMI MUNI8 3A20MIBOK, COPMAMEHm)y npoghinie i memny npoKamu.
Ilonepeune ciuenHs 3a20miBOK 8 YUX NeYax 3MIHIOIOMbCA 6 3HAYHUX MexCax — 6i0 CaMUX JIecKUX
(130x130mm), 0o eadxxckux (282 x320mm). 3azomieku MoxCymv maxodsc Hanedxcamu 00 OOHOI i3
yomupvox epyn mapox cmani. Take piznomaimms munie 3a20mi6ox nompeOye 8i0n08iOHOI 3MiHU
PO3N0JiNeHHsT memnepamypu no 30Ham neui 6 npoyeci ix Haepigy. lleped nouamkom kamnauii
NPOKAMKU Ne8HO20 NPOPIiNio 3a20MiéKu NOMPIOHO20 CIUEeHHS NOWMYYHO 3A8AHMANCYIOMbCA 8 Nil,
ymeopioiouu beznepepenuii nomik. Ix Kinbkicmo 6 neui UHAUAEMbCA 260MEMPUUHUMU POZMIPAMU
3a20MiBOK i O0BIHCUHOIO AKMUBHO20 NOOY Neyi

OKpim ciueHHsA Ha mMeMnepamypHuli pedxicum neyi GNAUBAE MAKOIC MeMN NPOKAMKU
8I0N0GIOHUX Npohinis i tioeo Konusanua. I1i0 memnom npokamxu po3ymitoms KilbKiCmb GUOAHUX i3
neyi i npokamawux 3a2omieox 6 oounuyro uacy. Cymapua uac  npoKamku 3a20mieox, SKi
3HAX00AMbCA Y Newi BUHAYAE 3a2anbHUll 4ac ix Hazpigy. Temn npokamku 3a20mi6oK OnepamueHo
BUBHAYAE KOMUBAHHA IX 4ACY HA2PIBY | MOMY UWUPOKO BUKOPUCMOBYEMBCS OJIsL CBOEUACHOI KOpeKYii
memMnepamypHo20 peicumy neui.

s ceoeuacnoi 3minu yux memnepamyp nponoHyEMvbCs iCHYIOUY CUCmeMy a8moMAmMuyHo20
Ppe2yNo6anHs memnepamypu no 30HAM neyi O00NOBHUMU ~ KOHMYpamu Kopekyii 3a0anoi
memnepamypu ONANI08ANbHUX 30H NO muny 3azomieku i memny npoxkamku. IIpeocmasnena
CMpPYKMypa maxoi cucmemu, AKa MIiCMums MepMIHal HA NOCm)y Onepamopa 3a6aHMAdCeHHs
3020MIBOK 6 NIy, OAMUUK KIIbKOCMI 346AHMANCEHUX 3020MIBOK, 6CMAHOGNCHUU HA WMOoexadi I
damuuk euoaui 3a2omigok i3 neui. Bci yi 3acobu 3’€OHanHi 3 KOHMPOLEpOM Cucmemu, KUl
00pobnsic odepawcany iHopmayito i a8MOMAMUYHO KOpe2ye 3a0aHi 3HAYEHHS memMnepamypu 30H
neui.
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