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Influence of Lubricants on the Durability of Tribocouples

The aim of the research is to determine the influence of motor oils on operating modes, durability of
tribocouples and substantiation of expediency of use of motor oils of corresponding brands.

A study of the tribological properties of motor oils from different manufacturers. Characteristic features
of friction moment change during lubrication with ZIC and Xado oils have been studied. During friction in the
ZIC oil environment, significant oppositely directed changes in the moment of friction (oscillation) were
recorded, which indicates an unstable friction mode. At the beginning of the experiment, a gradual increase in
the friction moment when lubricating tribocouples with Xado oil was recorded. Studies of the dynamics of
temperature in the friction zone depending on the lubricating medium are performed. It was found that the
maximum temperature in the friction zone was when using Xado and ZIC engine oil - 90.0 °C and 84.5 °C,
respectively. The value of wear intensity of steel-steel tripods depending on the engine oil of different
manufacturers is determined. An analysis of micrographs of surfaces before and after the experiment was
performed. It is established that the amount of damage to the surface friction as a whole without drastic changes.
Unidirectional light lines are the places of direct contact between two friction bodies. After the experiment with
lubrication with Xado engine oil on the friction surface of the pad recorded minor accumulations in the grooves
and on their peripheries.

It was found that the moment of friction when using the selected motor oils for the selected modes of
friction of the tribocouples differs slightly, 1.13 N - m and 1.15 N - m, respectively, for ZIC X5 and Xado. At the
same time, it should be noted that when lubricating with Xado engine oil, a higher constancy of the friction
moment was recorded, compared to working in ZIC oil environment. It is established that the dynamics of
temperature rise is gradual. The intensity of linear wear when using Xado oil is 17.7% lower compared to
lubrication with ZIC oil. Thus, it can be concluded that the use of Xado motor oil can increase the durability of
tribocouples.
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Cumysiist IpoIecy €KCIaHI0BaHOTO MPUTrOTYBAHHS
KOpPMiB

[Ipouec QopmyBaHHS eKCNaHIATIB B EKCIaHAepi 3 TOYKHA 30pY (I3UKH MNpPOLECY 3BOJUTHCS [0
NpecyBaHHS CyMilli TBepJOi (3€pHOBI KOMIOHEHTH), piakoi (y BUIIAAL Bojoru) i rasonoxaiOHoi (map) ¢as
IIHEKOBUM POOOYMM OpraHoM Kpi3b (hopMyrody HacajKy MiJ i€l 30BHIIIHBOTO JyKepesa Teruia. 3 TOUKU 30py
MAaTECMaTUYHOI'O OIIMCAHHA, 3a3HaYeHUH nmpouec € CKJIaJHUM 1 TOMY MOro MO’KHA OIMCaTH KOMH,IOTepHI/IMl/I
METOJlaMH MOJICIIIOBaHHSIM. [IpoBefieHa CHUMYJISILS MOPOLECY EKCIIAaHJO0BAHOIO MPUTOTYBAHHS KOPMIB B
nporpamaomy naketi Star CCM+ nae nepeaymoBH Juisi OOIPYHTYBaHHS Jiana3oHy paliOHABHUX MapaMeTpiB
eKCIaHepa.

KOPM, eKCIAHIATH, MOAEJTIOBAHHA, CUMYJISALisl, TUCK, IIBUAKICTD, INIBHICTH
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ITocTanoBka mnpodJjemu. ExcrmannoBane NpUTOTYyBaHHS KOPMIB 3IHCHIOETHCS Ha
BIZITIOBITHOMY BHCOKOTEMIIEPaTypHOr0 KOpOTKO4YacHOro obnanHaHHi cimeiictBa HTST —
eKCTaHaepax, Kl 3/1aTHI BUKOHYBATH 3aBJaHHs MPUTOTYBAHHS XapyOBUX MPOIYKTIB 1 KOPMIB
i BECOKUM THUCKOM. OKpiM XiMIYHUX TPOIIECIB, sIKi BiOYBaIOTHCA i Yac €KCIIaHyBaHHS
(menarypariii OUTKIB, aMiHOKHCJIOT, BiTaMiHIB, KPOXMaJt0 1 (PEpPMEHTIB), CIIOCTEPIraeThCs
3MiHa (I3MKO-MEXaHIYHUX BJIACTUBOCTEH KOMIIOHEHTIB KOpPMY 1 TEpPETBOPEHHS IX Y
ekcmaggatu [1]. Tak (¢i3UKO-TEeXHONOTIYHI acMeKTH, SK Terulonepeaadya, MacooOMiH,
nepegavya IMITyJIbCy, THCK, 9ac [ii TeMmIepaTypyd MaroTh CHIBHUN BIUIMB Ha BJIACTUBOCTI
XapyoBUX MPOAYKTIB 1 KOPMIB i Yac €KCMaHIOBAHOTO MPHUTOTYBaHHS Ta MOXYTh CYTTEBO
BIUTMHYTH Ha SIKICTh KIHIIEBOTO MPOAYKTY [2].

AHami3 ocTaHHiX AochailxkeHb i myOJikaniil. Bukopuctanus ekcmanaepiB Ha JiHIT
nepepoOKH KOPMOBHUX TpaHyJI Mae 0araTo nepesar, HaMBa)JIMBIIIMMH 3 SKUX € [3]:

— TIOKpAIICHHS TIO)KUBHOCTI KOPpMY (Kpalia KOHBEPCist KOpMY);

— OUTBI epeKTUBHE BUKOPUCTAHHS CHPOBUHHU HU3BKOT SIKOCT1 200 HABITh BIIXO/IIB;

— cTepuTi3allisa 0aKTepioNOTiYHO 3apaKeHUX MaTepiaiB;

— Kpaimuii KOHTPOJIb Mo1a4i piTKUX 100aBOK;

— 3HUKEHHSI eHEPTOCIIOKUBAHHS MIEJIETHOTO Mpeca;

— TIIBUILEHHS TPOAYKTHUBHOCTI TIEIETHOTO MPeECca;

— PO3UIMPEHHS ACOPTUMEHTY MPOIYKIII;

— MOXKJTUBICTh BUKOPHUCTaHHS BOJIOKHHCTUX MaTepialiB;

— 3HUKEHHSI BUKUIB MIJTY Ta BTPAT IiJ] 4ac TPaHyJIOBaHHS.

Henonikom BuIe3ragaHoro pimieHHs € MOABIMHI BUTpaTa mapu Ta OUIBIII BUTPATU
€HepTii y MOPiBHSAHHI 13 3aCTOCYBaHHSM MMPOCTOTO TPaHYJIFOBAHHS.

3acTocyBaHHS €KCIAHAEPIB, SIK aBTOHOMHOTO TPUCTPOI0 MOXE JaTH HACTYIHI
pe3ynbTaTu [1]:

— OinpIa MoauQikallis KpOXMaJTUCTHX 1HTPEAIE€HTIB;

— 3HIDKEHI aHTUXapyoBi (pakTOpH B MPOIYKTI;

— MOXKJIMBA arjioMeparlisi IPoIyKTy;

— MIBUIIEHHS XapuoBOi I[IHHOCTI IEPEPOOJICHOT CHPOBUHHU.

[Ipouec ¢opmyBaHHS eKCMaHOATiB B €KCIaHAEpi 3 TOYKU 30py (i3uku mporiecy
3BOJMTHCS 0 MPECYBAaHHS CyMilli TBEpAO1 (3epHOBI KOMIIOHEHTH), PiKOi (y BHIJISIII BOJIOTH)
1 razononiOHoi (map) a3 NIHEKOBUM POOOYHMM OPraHoM Kpi3b GopMyrody HacaaKy Mia i€l
30BHILIHBOTO JKEPENa Teria. 3 TOUYKH 30py MaTeMaTUYHOTO ONMCAHHS, 3a3HaYeHUI poliec €
CKJIQJIHUM 1 TOMY HOT0 MO>KHA OTHCATH KOMI IOTEPHUMHU METOJaMHU MOICTIOBAaHHSIM.

Haii6inpim Bimomi mporpamMHi MakeTH, JUIS PO3pPaxyHKIB 3a JOTIOMOTOI0 YHCEITBHHUX
meroniB MopemoBanHd € AMBER, CHARMM, GROMACS, GROMOS, NAMD, Chute
Maven (Hustrulid Technologies Inc.), PFC2D i PFC3D, EDEM (DEM Solutions Ltd.),
GROMOS 96, ELFEN, MIMES, PASSAGE, Star CCM+ [4-5].

AHaII3YI0YH MOXKIIMBOCTI 3a3HAYCHHUX MPOTPAMHUX IMAKETiB JUIS IOCTABICHOI 3a1adi
cuMyJsiLii opMyBaHHS aryioMepariB (€KCHaHaaTiB) B ekcrnanaepi 0yno obpano Star CCM+.
Star CCM+ — nepmmii poAyKT, B sikomy pearnizoBanuii crninbHuii DEM-CFD ¢yskmionar,
BKIIIOUEHO Oe3ii4 Omuii Afisi MOJENIOBAaHHS MYJbTH(a3HOI Tedii, 3 BHUCOKHUM CTYyNEHEM
TOYHOCTI MOJICITFOBATH BClI BHJM TEIUIONEPEHOCY B PIAKUX 1 TBEPAUX CEPEAOBHINAX 3
BUKOPHCTAHHAM CHEI[IaIbHUX MOJeNel KOHBEKIIil, TeTUIONPOBIIHOCTI 1 BUIPOMIHIOBaHHS [6-
7].

IlocranoBka 3aBaaHHsi. MeTow [OCHITKEHb € po3poOKa 1 ampodarlisi METOIUKU
CI/IMy.]'IS{IIﬁ MPOLIECY EKCIaHI0BAaHOTO MPUTOTYBaHHS KOPMIB B NpPOrpaMHOMY NakeTi Star
CCM+.

1 . . .
B mocnimkeHHsIX BUKOpHCTOBYBajocs nporpamue 3abesneuenns «Simcenter STAR-CCM+ Academic Pack»,
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Bukiag ocHoBHOro marepiany. Y3arajlbHeHa KOHCTPYKTUBHO-TEXHOJIOIIYHA CXeMa
eKcnaHjepa npuBeaeHa Ha puc. 1. OCHOBHUMHU €lIeMEHTaMHU eKCIaHJepa €: LWIIHAP, TBUHT,
ropJoBUHA I ToAadi, ¢GopMmyroda Hacajka, HarpiBad, maTtpyOKu uisi Tojgadi mapy.
Excnannep npaioe HacTynHUM 4WHOM. KOMITOHEHTH KOpMa MOAAIOTHCS Y TOPJIOBUHY JUIS
Mmojadi 1 MOTPAIUISIOTh B TOPOXHUHY MiIX TBHHTOM 1 HWIIHAPOM. ['BUHT BHKOHAHUH 13
3MIHHUM KPOKOM 1 JiaMeTpoM cripaii. B mporieci pyXy KOMIIOHEHTH KOpMa YIIUIbHSAIOTHCS,
00pOOJIAIOTECS TApOr0 4Yepe3 BIAMOBIMHI MAaTpyOKHM 1 HArpiBalOTbCS 3 BHUKOPHUCTAHHSIM
HarpiBaua. Ilicig yuiiibHEHHS KOPM TPOXOOUTH Kpi3b OTBOpPH (HOpMYIOuoi HacaJIku
YTBOPIOIOUI BIAMOBIMHI arjoMepatd — eKkcrmaHgatd. Kojaum ekcrnmaHmatd BHXOAWTH 3
(dopmyrouoi HacaJIku, BOHH PO3IIUPIOETHCS B PE3yJIbTaTi IIBUIAKOTO BUIAPOBYBAHHS BOIM,
yepes pizke maaiHHsA THCKY. Yac mepeOyBaHHs BCepeauHl eKcIaHaepa cranoBuTh 5—10 ¢ mpu
temneparypi 130-170 °© C, mpu BuXoAi 3 MaTpHIll TemIeparypa IIBUIKO 3MEHIIYETHCS 10
90 °C. Ilicns 3aBepiIeHHS LBOTO MPOIECY CYMIIl MOMIIIAIOTh B TOPU3OHTAIBHY CYIIApKY-
0X0JI0/pKyBad Ha 10 XB, MPOTATOM SKUX TeMIepaTypy 3HWXKYIOTh 10 20—24 °C BiaAnOBiIHO 10
TeMIIepaTypy HaBKOJIHUIIHBOTO CEPEIOBUIIIA.

T'opnoBuna
14 noaaui

Huninap

[TaTpydku nns
I'BunT nogaui napy
HarpiBau

dopmyroya Hacaka

Pucynok 1 — Y3aranbHeHa KOHCTPYKTHBHO-TEXHOJIOTIYHA CXeMa eKCIaHaepa
Lrcepeno: pospobneno asmopamu

Jlyis mpoBeieHHS MOJENIoBaHHS Oyia moOymoBaHa citka 3D Mopeni ekcrmanmepa 3
BUKOPUCTAHHSAM T€HEpaTropa IMOBEPXHEBOi CITKM, OararorpaHHUX KOMIPOK 1 eKCTpynepa
KoMipok. ['eomeTpruHi po3MipH i 3reHepoBaHa ciTka i3 6a30BuM po3Mmipom koMipku 0,005 m
NpUBEJCHO Ha puc. 2. ['eoMeTpruYHI PO3MIpH €JIEMEHTIB eKCHaHjaepa oOpaHi 3 MpaBeIHOrO
aHayizy ICHYIOUMX KOHCTPYKWii [8-9] 3 ypaxyBaHHS iX MiHiMi3amii Ui BiATBOPEHHS
MajiorabapuTHOTO J1Ja0OpaTOPHOTO OOTaTHAHHS.

MopentoBaHHS POBOIMIIUCS 13 3aCTOCYBAaHHSAM IPAIIEHTIB y TPUBUMIPHOTO IPOCTOPI,
MozeN pyXy po3aiteHoi Teuii OaraTtodasnoi einepoBoi cymimi (MMP) 3 BuKopucTaHHIM
JOIycTUMOi  IBOIIApoBOi k-g-mMozerni TypOyneHTHOCTI i OararodasHOro piBHSHHsS CTaHy.

BJIACHUKOM JIIIEH311 sIKOi € JIHINPOBCHKMIA Aep>KaBHUIT arpapHO-€KOHOMIYHUI yHIBEPCHUTET.
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CumysiAiisi € HECTAIllOHApHOI HESBHOK. TeronpoBiHI MPOIECH MiAMOPSIKOBYBAIHCS
Mojeni po3auienoi 6aratodasHoi Temmneparypu. MoenroBaHHS TPOBOJAMUIOCS B IO CHIU
TspKiHHSL. Bekrop e Tsokinas € HactymHuM — (0; 0; -9,81) m/c?.

Komnonentu kopma Oynu mpuilHATI y Tphox ¢azax: TBepAe (CyLiibHE), piauHa
(BoJoricTs), Ta3 (map). TBepaa asza Oyna mpeacTaBieHa BKPAIUICHHSIM TBEPAUX (CYIIITBHUX
YACTHHOK) 3 HACTYNHHUMH (hi3SHYHMMH BIACTHBOCTSMH: IIUIbHICTE — 800 Kr/M°; Koedirient
teronpoBinHocTi — 0,285 Bt/(M-K); koedimienT mnuTomoi TeroemMHocTi — 2404,6
Jx/(kr-K). Pinka ¢asza mama (i3udHi BIACTUBOCTI BOAM, a caMe: JAWHAMidyHA B’S3KICTh —
8,88-10"4 ITa-c; nuaeHicTh — 997 KF/MS; koedimient termmonposimHocti — 0,620 B1/(M-K);
koedimieHT nmuromMoi termmoeMHocTi — 4181,7 Jlx/(xr-K). I'azonmoniOna ¢aza mana ¢izuyHi
BJIACTUBOCTI Iapu, a came: JUHAMIYHa B’S3KICTH — 1,267-10'5 [Ta-c; xoedimieHT
tertonpoBigHocti  — 0,025  Br/(M'K); koedimieHT nmHMTOMOi  TEMJIOEMHOCTI  —
1938,2 JIx/(xr-K). CrniBBigHOIIEHHSI 00’ €MHUX YaCTOK OyJIM MPHUHHATI MOCTIHHUMH: TBEpAa
¢daza — 0,5, pinka ¢aza — 0,45, razomonmidbna ¢aza — 0,05. IlowarkoBa TemmepaTypa
KOMITOHEHTIB KOpMmiB — 25 °C. AOCONIOTHHH THUCK HaBKOJHUIIHBOTO CEPEJOBHINA —
101,325 xITa. ®a3oBa B3aemo/is peaiizoBaHa Ha ocHOBI Moaeni MMP-MMP.
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Pucynok 2 — Citka 3D mopzeni ekcniannepa B Star CCM+
Jicepeno: pospobneno asmopamu
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I'pannuni mapametrpu oOpaHi HacTymHi. BepxHs muionimHa TOpJIOBUHHU (BXIT) IS
nojadi MpeCTaBiIeHa MOJCIII0 MacOBOI'O IOTOKY CYMIlIi, $IKa MOCTYyNae 0 TBUHTA
CaMOIUTMBOM Mija Ji€t0 cuiu TsokiHHA. OTBOpH QopMyrouoi Hacaaku (BUXIA) MPEACTABICHI
BUIBHUM TIOTOKOM CyMimmi, (i3uuHi mapameTpu sKoro (OpMyroTbcs SK pe3yJbTar
MoaemoBanHsa. O6nacTk HarpiBaua Mae nocTiitHy Temmneparypy 200 °C.

I'BUHT 00epTaeThCsi HABKOJIO BIACHOIO OC1 3 MOCTIHHOIO YacTOTOI0 — 60 00/XB.

Bupimysau B Star CCM+ o06paHo HecTallioHapHUH HESIBHUN 13 KPOKOM 3a 4acOM —
0,01 c. Huckperusamist 3a 4acoM IMEPIIOrO MOPSAKY. MakcUMallbHEe YHMCIIO iTepariii 3a
onuHMIIO Yacy — 10, mo 3a0e3nedyro HEOOXiMHY 30DKHICTh pe3yibTaTy. Yac cumyssmii —
60 c.

B pesynbrari mpoBeneHoi cuMmy il poOOTH eKCIaHaepa OTPUMAHO PO3MOJUT TUCKY
(BimHOCHO aTMOC(EpHOro) B MOPOKHUHI MK TBHHTOM 1 mwiinapom (puc. 3). 3 pwuc. 3
HAOYHO BHJHO, IO THUCK 30UIBIIYETHCS MO OCI TBHHTA B HAMNPAMKY TEPEMIIICHHS
Oaratogaznoi cymimri. 301IbIIEHHS TUCKY TOSCHIOETHCS 3MEHIIEHHSIM 00’ €My MOPOXHHHU
B3/I0BXK Oci rBuHTa. Ha BuXO0mi 3 OTBOpiB (OpMYIOUOi HACAJKW 3HAYCHHS THUCKY CKJIAJA€e
3,82+0,06 MIla.

Tuck, klla

. 4000

3000

Pucynoxk 3 — Pozmnozin Tucky (BiJHOCHO aTMOC(HEPHOT0) B IIOPOXKHMUHI MiXK TBUHTOM 1 IIMJIIHAPOM €KCIIaHepa
Loicepeno: pospobaeno agmopamu

B pesynbTaTi mpoBemeHOi cuUMyIAIii poOOTH EKCMaHaepa OTPUMAHO PO3MOILT
MITBHOCTI cyMmimi (a3 B MOPOXKHMHI MK T'BHHTOM 1 LMMIHAPOM (puc. 4). YIIiJbHEHHS
Oararoa3Hoi cyMimii MPOMOpIliiHE 30UTBIIEHHS TUCKY B TOPOXHWHI MDK TBHHTOM 1
WTHIPOM eKcnaHaepa. Tak Ha BUXO[I 3 OTBOPIB (OPMYIOYOi HACAIKH 3HAYCHHS IIUTBHOCTI
CyMilIi € HAMOUTBIIOKO 1 CKIagae 892+5 KI/M.

B pesynbraTi mpoBeaeHoi cuMyssinii poOOTH eKcHaHjaepa OTPUMAaHO BEKTOPHE I0JIie
(puc. 5) 1 miHii moToKy Oaratoda3Hoi cymilr B MOPOKHUHI MK TBUHTOM 1 IMTIHAPOM (pHC.
6). Hani Bi3yamizamii HAaOYHO TOKa3ylOTh pyx OararodazHoi cyMimn mif Ji€ero oOepTaHHS
rBuHTa. Haibinema mBuakicte ckiagae 0,157+0,005 M/C, CepemHs UIBUIKICTh —
0,113+0,005 m/c. 3 puc. 6 BHUAHO, IO MIBHIKICTh BHUXOIY C(HOPMOBAHUX EKCIIAH/IATIB
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smeHmyerbess g0 0,021+£0,003 wm/c.  BpaxoByroum  3arajgpHy — IUIONLy — OTBOPIB
(36 mr.-3,14-(0,005 Mm/2)> = 0,0007065 M’) OTPHMYEMO TEOPETHYHY 00’ €MHY
npoxykrusaicts 0,021 m/c -0,0007065 M> = 0,0007065 m’/c = 0,0534114 wm’/rox, a6o B
MepepaxyHKy Ha TEOPETUYHY MACOBY MPOAYKTUBHICTH (BPaxOBYIOUH IMIIBHICTH 3TIJHO PHC.
4) 892 kr/m” - 0,0534114 v*/rox = 47,64 kr/ro.

[lineHicTs, Kr/M?

l 900

750

600

450

Pucynok 4 — Posnozin miisnibHOCTI cymiti (a3 B MOPOXHMUHI MK TBUHTOM 1 IIMTIHAPOM €KCIaHIepa
Loicepeno: pospobaeno agmopamu

[IpnakicTs, m/c

!0.]6

Pucynoxk 4 — BekropHe nose cymimii (a3 B MOPOKHUHI MK TBUHTOM 1 LIAJTIHAPOM €KCHaHzepa
Hoicepeno: pospobnero agmopamu
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Puc. 6 nemonctpye mniHii matoky OararodazHoi cywimm. TypOyJaeHTHHUH TMOTIK

CTBOPIOETHCS 32 PaxXyHOK OOepTaHHsS T'BHHTA HABKOJO BIAacHOI oci. [locTymoBe ymiimbHEHHS
Oararoa3Hoi cCyMmiln NPU3BOAUTH JO 3MCHIICHHS IIBUAKOCTI TEPEMIIICHHS 4epe3

301IBIIECHHSI CHJI OTIOPY 1 B SI3KOTO TEPTSL.
& [[IBuakicTs, M/

.0,]6

Pucynox 6 — JliHii HOTOKY cyMirri (a3 B TOPOKHKHI Mi’K TBUHTOM 1 IITIHAPOM eKCIIaHaAepa
Ioicepeno: pospobneno asmopamu
B pesynbraTti mpoBeneHoi cHMyISii poOOTHM eKCIaHAepa OTPUMAHO PO3MOILI
TeMIepaTypu cyMiuli (a3 B HOPOKHUHI MiXkK TBUHTOM 1 LMITIHAPOM (puUc. 7).

Temneparypa, °C

. 200

175

150

PucyHok 6 — Posnozin remneparypu cymini ¢a3 B mopoXHUHI Mk TBUHTOM 1 LIMTIHAPOM €KCIaHepa

Lrcepeno: pospobaeno asmopamu
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TemmnepaTtyphe nosne 6araToda3Hoi cyMillli BAHUKA€E BHACIIIOK TEPTS CyMIIT O CTIHKH
IWTHAPA 1 Horo crtuckaHHsa. OKpiM IIbOTO B 30HI HarpiBaya CHOCTEPITA€ThCS 3HAYHE
MIIBUIIEHHS TEMIIEpaTypyd B HACTIJOK SBHUINA TeruionpoBigHocTi. CepemHs Temmeparypa
Oararodasznoi cywimi cknamae 154+5 °C. Temmeparypa chopmMoBaHUX €KCIIaHJIATIB Ha
BUXOl ckiamae 146+4 °C.

BucnoBku. [TpoBeeHa cuMyIIsIist IpoIeCy eKCIaHA0BaHOTO IPUTOTYBAaHHS KOPMIB B
nporpamHomy maketri Star CCM+ nae mnepeaymMoBW il OOIPYHTYBaHHS Jialla3oHy
pamnioHaJbHUX TapaMmeTpiB ekcranaepa. Cumyssiis poOOTH eKcmaHaepa Jae  3MOTy
BU3HAYATH B SKOCTI KPHUTEPIiB JOCITIDKEHb: TUCK B MOPOXHUHI MK TBHHTOM 1 IMUTIHIAPOM
eKCrmaHjaepa, MIUIBHICTh  OTPMMAHMX  €KCIHAAATiB, TNPOAYKTHUBHICTH  €KCIIaHJepa,
TEeMIIEpaTypHE CKaJIIpHE IMOJIe 1 BEKTOPHE IMoJIe MBUAKOCTEH OaraTodaszHoi cymimri. B sikocTi
(dakTopiB JOCHIKEHb Ciia oOpaTu: crmiBBigHOMmEHHS (a3 OarartodazHoi cyMmilr, 4acToTy
obepTaHHs TBUHTA, TEMIIEpATypy HarpiBaua, AlaMeTp, TOBXKHUHY 1 KPOK TBHHTA.
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Simulation of the Process of Expanded Feed Preparation

Expanded feed preparation is carried out on the appropriate high-temperature short-term equipment of
the HTST family - expanders, which are able to perform the task of cooking food and feed under high pressure.
In addition to the chemical processes that occur during expansion (denaturation of proteins, amino acids,
vitamins, starch and enzymes), there is a change in the physical and mechanical properties of feed components
and their transformation into expands.

From the point of view of process physics, the process of expander formation in the expander is reduced
to pressing a mixture of solid (grain components), liquid (in the form of moisture) and gaseous (vapor) phases by
a screw working body through a forming nozzle under the action of an external heat source. From the point of
view of mathematical description, this process is complex and therefore can be described by computer
simulation. Analyzing the capabilities of these software packages for the task of simulating the formation of
agglomerates (expanders) in the expander was chosen Star CCM +.

The simulation of the process of expanded feed preparation in the software package Star CCM +
provides the prerequisites for justifying the range of rational parameters of the expander. The simulation of the
expander operation allows to determine as research criteria: the pressure in the cavity between the screw and the
cylinder of the expander, the density of the obtained expands, the performance of the expander, the temperature
scalar field and the velocity field vector of the multiphase mixture. As research factors should be chosen: the
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phase ratio of the multiphase mixture, the speed of rotation of the screw, the temperature of the heater, diameter,
length and pitch of the screw.

feed, expands, modeling, simulation, pressure, speed, density
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