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BCTYN

Ha CHOTO/IHI iIHKMHIPHHT TeXHIYHUX CHCTEM HEMOXIIMBUH 0€3 BH-
KOPUCTAHHS Cy4aCHUX METO/IIB 1 MPOTPaMHUX 3aC001B YUCEILHOTO
monemtoBanHs (CAD/CAE-cucremn). He BUHSITKOM € MPOEKTYyBaHHS
MaliH 1 3aco0iB MeXaHi3amii CiIbChKOrOCIIOAapChKOTO MAIIMHOOYTY-
BaHHs (Agricultural Engineering).

VY paMKkax MiIroTOBKM BHCOKOKBamiikoBaHHX (paxiBLiB rajyse-
BOI0 MAIIMHOOYIYBaHHSl i arpoin:keHepii morpiOne QopmyBaHHS
CHUCTEMH HAyKOBUX 1 MpodeciiHuX 3HaHb Ta yMiHb, SKi CIPSIMOBAHO
Ha MPOBEACHHS iHKEHePHHX i HAYKOBHX JOCJIi/UKeHb, a came — 3a-
raJIbHUX MUTaHb TEOPii YUCETLHOTO MOJIEITIOBAHHSA, METOAIB MOOYI0BH
MaTeMaTUYHUX MOJEJIeH TEXHOJIOTTYHUX MPOLECIB 1 TEXHIYHUX CUCTEM
arpoIrpoOMHCIIOBOTO BUPOOHHUIITBA, iX BUKOPHCTAHHS IS TPOBEICH-
Hsl o0uMCIIOBAIbHUX ekcriepuMeHTiB Ha 0a3i CAE-cuctem 1 pimeHHS
OITUMI3ALIHUX 3aBIaHb.

JIHINPOBCHKUI JepKaBHUI arpapHO-eKOHOMIYHUI YHIBepcHTeT
(AAAEY) nomyuenuit no akagemignoi nporpamu «SIEMENS PLM)».
VY pamxax 1iei nporpamu JJJIAEY € ninieH30BaHUM KOpPHCTYyBaueM Mpo-
rpamHoro 3abe3neueHHs «Simcenter STAR-CCM+ Academic Pack».
Ile moBHO(YHKIIOHANBHA MYJABTUAMCHUILUTIHAPHA TUIaTGopMa JUIsl iH-
JKEHEPHUX PO3PaxyHKiB 1 aHaJi3y MOBEAIHKA TEXHIYHUX CHCTEM y pe-
QJIBHUX YMOBaxX EKCIUTyaTallii IMpH B3a€MOJIl 13 pi3HOMaHITHUMH ce-
penoBuimamMu. BuBueHHs MpUHIMIIB poOOTH B MPOrpaMHOMY MaKeTi
Simcenter STAR-CCM+ nactb 3100yBaduaM Apyroro (Maricrepcbko-
r0) pPiBHSI BUIIIOI OCBIiTH 1 TPeTHOT0 (0CBiTHHO-HAYKOBOI'0) PiBHSI BH-
moi ocBiTH (IOKTOP (pinocodii, PhD) MoxIMBOCTI BUKOHYBaTH Hay-
KOBO-JIOCJTiJTHI pOOOTH Ha BUCOKOMY TEXHIYHOMY PiBHI, III0 CKOPOTUTH
Yac Ha MPOBEJCHHS 1 MiITOTOBKY /IO €KCIEPUMEHTAIBHHUX J0CIIHKEHb
PO3pOOIEHNX TEXHIYHUX CHUCTEM 3aBISKH YHCEIHHOMY MOIEITIOBAHHIO
MPOLECY Ha MEPCOHAIBHOMY KOMIT FOTEPI.
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VY miapydYHUKY CHCTEMAaTH30BAHO TECOPETHYHHMH 1 MPAKTUYHUN Ma-
Tepial YMCeIbHOr0 MOJICIIOBAHHS TEXHOJOTIYHUX MPOIIECIB arporpo-
MUCJIOBOTO BUPOOHMIITBA. Y MEPIIOMY PO3/iJIi MpeicTaBiIeHi OCHOBHI
TIOHSATTS, METOIM 1 3aCO0M YHCETHLHOTO MOJICTIOBAHHS, TPUHIIUIIH T10-
OyZ0BU CITKOBUX Ta (Qi3WYHUX MOJENeH, pi3nKOo-MaTeMaTHIHHUNA arapar
MIPOBEICHHS YUCEJILHOTO MOJIEIOBAHHS, IJIaHyBaHHS 1 CTaTUCTUYHY
00poOKy OTpUMaHHX pe3ynbTariB. JApyruii po3ain mpucBsyeHo MeTo-
JUYHUM PEKOMEH/IAIISIM JI0 MPAKTHYHUX POOIT 3 YHCETHHOTO MOJIEIIO-
BanHs B Simcenter STAR-CCM+ i moganbioi cTaTUCTHYHOT 00pOOKHU
pe3ynbTariB. Y TPeTbOMY PO3Aijii HaBEJICHO METOAMYHI PEKOMEHIAITIT
710 IHAMBITYaJbHUX 3aBJaHb, SKi CIIPSIMOBAHO HA 3aKPIiIUICHHS BUBUE-
HOTO TEOPETUYHOTO 1 MPAKTUYHOTO MaTepialiB i MePeBIPKH 3aCBOEHUX
3HaHb.



INTRODUCTION

Today, the engineering of technical systems is impossible without the
use of modern methods and numerical modeling software (CAD/
CAE systems). The design of machines and means of mechanization
of agricultural engineering (Agricultural Engineering) is no exception.

As part of the training of highly qualified specialists in mechanical
engineering and agricultural engineering, it is necessary to form a system
of scientific and professional knowledge and skills aimed at conducting
engineering and scientific research, namely, general issues of the theory
of numerical modeling, methods of building mathematical models of
technological processes and technical systems of agro-industrial pro-
duction, and their use for conducting computational experiments based
on CAE systems and solving optimization tasks.

Dnipro State Agrarian and Economic University (DDAEU) is includ-
ed in the “SIEMENS PLM” academic program. As part of this program,
DDAEU is a licensed user of the “Simcenter STAR-CCM+ Academic
Pack” software. It is a fully functional multidisciplinary platform for
engineering calculations and analysis of the behavior of technical sys-
tems in real operating conditions when interacting with various environ-
ments. Studying the principles of work in the Simcenter STAR-CCM+
software package will give applicants of the second (master’s) level of
higher education and the third (educational and scientific) level of high-
er education (doctor of philosophy, PhD) the opportunity to perform
scientific research work at a high technical level, which will reduce the
time conducting and preparing for experimental studies of developed
technical systems due to numerical simulation of the process on a per-
sonal computer.

The textbook systematizes theoretical and practical material of nu-
merical modeling of technological processes of agro-industrial produc-
tion. The first chapter presents the basic concepts, methods and means
of numerical modeling, the principles of building mesh and physical
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models, the physical-mathematical apparatus for conducting numerical
modeling, planning and statistical processing of the obtained results. The
second section is devoted to methodical recommendations for practical
works on numerical modeling in Simcenter STAR-CCM+ and further
statistical processing of the results. The third section contains method-
ological recommendations for individual tasks, which are aimed at con-
solidating the studied theoretical and practical materials and checking
the acquired knowledge.



Po3pin 1

METOOW | 3SACOBUN YNCEJIBHOTO
MOJMENOBAHHA

1.1. OCHOBHI NOHATTA YUCENIbHOro MOAENOBaAHHSA

Poz0in cknadeno na ocnogi nimepamypnux oacepen [1, 2].

MonesroBaHHA € HAllePEKTUBHIIITUM CITOCOOOM JOCIIKCHHS CKITa]l-
HUX CHUCTEM PI3HOTO NMPHU3HAYEHHS — TEXHIYHUX, EKOHOMIYHUX, €KOJIO-
TYHUX, COLIaJbHUX, IHPOPMAIIIHHIX — SK Ha €Tarli iX MPOEKTYBaHHS,
TaK 1 B mporieci excruryaraitii. MOKJIIMBOCTI MOJICITIOBAHHSI CUCTEM Jia-
JIEKO He BUYEPIIaHi, TOMY TOCTIMHO 3’ SBISIOTHCS HAWHOBIII METO/IN Ta
TEXHOJIOT11 MOJICTTFOBaHHS.

CTBOpeHHs Mojei — KPOMITKHUI 1 TBOpUUil mporec, 1o norpedye
B1JI TOCJIiTHUKA HE JIUIIE TTHOOKHUX TEOPETUUHUX 3HAHB 3 PI3HUX Mare-
MaTHYHHUX Ta TEXHIYHUX JUCLUILIIH, @ i TBOPUOTO MiIXOTY JO PO3B’s-
3aHHS 3a7a4, yMiHHSI T€HEpYyBaTH MEBHI €BPUCTHKH, L0 BiMOBIIAIOThH
TUOMHHIN CyTi TOCHIIKyBaHOTO 00’ €KTA.

MojentoBaHHS K CHOCIO Mi3HAHHS BHKOPHCTOBYBAJIOCH JTFOIMHOIO
3 JIaBHIX 4aciB. AJie 3 MOSBOIO KOMIT I0Tepa MOJICITIOBAHHS CUCTEM 30a-
raTHIIOCH TOSIBOIO MPHHITUIIOBO HOBUX METO/IiB MOJICIIOBAHHS TAKHUX K
iMiTaIliifHe MOJIETFOBaHHS, €BOJIOLIIHE MOJICITIOBAHHS, METOIU TPYTIO-
BOTO ypaxyBaHHsSI apryMeHTiB. Mojemni i MeToJ i MOJICITFOBaHHST BHUKO-
PHCTOBYIOTH TIPH CTBOPEHHI CUCTEM aBTOMAaTH30BAHOTO MPOEKTYBAHHS,
CHCTEM MPUHHATTS PillleHb, CHCTEM aBTOMAaTH30BAHOTO KEPyBaHHS, CHC-
TEM IITYYHOro iHTenekry. [1oTpiOHicTh y pO3B’A3aHHI 3a1a4 MOJAEIIO-
BaHHS CHCTEM BUHHKA€ HE TUILKHU Y HAYKOBIIS, aJle i y IPOEKTYBaIbHU-
Ka, BUPOOHWKA, MTIJIOBOT JIFOIMHM ITiJT Yac TOBCSKICHHOI Tpalli.

CyuacHi TeXHOJIOTIi MOJENIOBAaHHS HE JIMIIE TMOJICTIIMIN 1 TPUCKO-
puviH TIpoliec moOyI0BY Ta TOCIIKEHHS MOJIEi, a i 3HaYHO HAOIU3WIIN
CHpUAHATTA iH(pOpMAaIi crieriamicra 3 MOACITIOBAHHSI CHCTEM 1 CITelli-
aijicra, 10 MPALIoEe Yy Tajy3i, Ska MOAETIOEThCA. Pe3ynbratu Mojento-
BaHHS, SIK1 MpecTaBIieHi 3acobamu 3D-animMallii, JjomomMararoTh 3HAUTH
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Po3pin 2

METOAMYHI PEKOMEHOALII 0O MPAKTUYHKX
POBIT 3 YACEJIbBHOIO MOJENOBAHHA
B SIMCENTER STAR-CCM+

2.1. O6TiKaHHs CUMEeTPUYHOro Tina
B aepoaMHaMivHin Tpy6i

IocTanoBka 3agaui. Y 1boMy NpuUKIaai BAKOHYETHCS PO3PaXyHOK
HaBKOJIO3BYKOBOTO MOTOKY, 1110 00TIKae CUMETPUYHE TLI0 B aepojMHa-
MigHii TpyOi (puc. 2.1).

Mac
Zy 0.0212 0915 1.81

Puc. 2.1. IlocTanoBka 3aga4i

[ToTpibHO BHKOHATH TaKi KPOKH:

* iMIOpTyBaHHsI (ailyliB reoMeTpii;

* CTBOPEHHS CITKH i3 OaratorpaHHuX KOMipoK;

* 3aB/IaHHS HaliMEHYBaHb Ta TUIIIB TPAHHUIIb;

* 3aBOaHHS MOJENe Yy MEHI0 3aBiaHHS QI3UYHUX MOJeINeH
(Continua) Ta 3acTocyBaHHS iX J0 pi3HUX 00JacTel MOedi;

* 3aBJIaHHS YMOB, BEJIMYMH Ta TPAHUYHUX YMOB JIJIS IIUX 00JacTel;

* 3aIyCK 3aBJaHHS Ha PO3PaXyHOK;

* aHai3 pe3yNbTaTiB.
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Po3pnin 3

METOOWNYHI PEKOMEHOALIT 0O
IHAWUBIAYAJIbHNX 3ABOAHb 3 YACEJIbHOIO
MOMOENOBAHHA Y SIMCENTER STAR-CCM+

3.1. Cumynsuisa pecopmadii 3epHOBOI CyMmiLuli

IMocranoBka 3agaui. Mera — BU3HAYUTH TapaMeTpu jaedopmartii
3epHa 3aJIe)KHO Bi HOTO (hi3MKO-MEXaHIYHUX BIACTHBOCTEH.

Hedopmanis BinOyBaeTbes mia niero mopiiHsa (plunger) Ha 3epHO
(grain), sike 3HaXOAMTHCS B MUIiHApUYHINA eMHOCTI (cylinder). Pozpa-
XyHKOBa CXeMa 1 TeOMeTpUYHI pO3MipH HaBeJeHO Ha puc. 3.1.

plunger

D,=0,12u

h=10,03

H=0,10m

cylinder

Puc. 3.1. Po3paxyHkoBa cxeMa q0cJiIzeHHs1 Aedopmaiii
3epHOBOI cyminri
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[Tmanom nocmijkeHs nepeadadyeHo BapilOBaHHS TPbOMA PIBHAMHU
3a TppoMma (hakropamu HociimkeHb. [lmaH mociimkeHb HaBEIEHO Yy
mabn. 3.8.

Oo0pobka pe3yabrariB 0ararogakTopHoro MojaeaoBaHHs. [lys
KO’KHOTO JIOCITi Ty HEOOXiHO BiAMOBIIHO 10 Tuiany maba. 3.11 30eper-
TH 300pakeHHs BCix cieH. Kpim

Tabnuysa 3.11. Iliaan pnociiakeHb .
TOTO, CITiJT cOpMyBaTH y3arajibHe-

J:;i?_ X, X, X, n, | Hy Tabmuuro (auB. mabn. 3.11), B
1 . 1 1 1 SIKy TIOTPIOHO JTOJIaTH PO3paxoBaHi
5 1 1 0 3HAUEHHS 1),

Jamni cxiacTu mporpamy pospa-
XyHKY pIBHSIHHS perpecii B mpo-
rpamaomy mnaketi Wolfram Cloud

3 -1 -1 1

10 0 -1 -1

3T1IHO 3 METOJIUKOIO, OTTUCAHOIO Y
1l 0 -1 0 posaini 2.7. Y pe3synbrari o0po0-
KU JaHHX y HOPOrPaMHOMY MaKeTi
26 1 1 0 Wolfram Cloud HeoOxinHO BcTa-
27 1 1 1 HOBUTHU DIBHSAHHS perpecii 3MiHu

koedimienTa TemnepaTypHoi edek-
THUBHOCTI 1, BiA pakTOpiB AocaikeHsb. Jlam noOyayBaTi TpUBUMIpPHI
rpadiku 1i€i 3aeKHOCTI 1 MPOBECTH iX HaOUHUU omnuc. Po3paxyBatu
panioHayIbH1 3Ha4€HHs (PaKTOPIB JOCIIJKEHb, IPU IKUX TUCK 1), € Hali-
OLTBIIINM.

3.6. [locsia pilleHHs 3apay arponpomMuciioBoro
BuUpo6HuLTBa B Simcenter STAR-CCM+

s 03HAOMIIEHHS 3 YHIKQJbHUM JOCBIZIOM YHCEIEHOTO MOJIEITIO-
BaHHS TEXHOJIOTIYHHUX MPOLECIB arponpoMHCIOBOTO BUPOOHMIITBA B
Simcenter STAR-CCM+ ckopucTaiiTecsi 3a3Ha4€HOI0 HAYKOBOIO JIiTe-
paryporo:

» Cemnaparlisi HACIHHEBOTO MaTepiany Ha MajgorabapuTHOMY aepoIu-

HaMivyHOMY cenaparopi [143, 144];
» Cemnaparrisi HACIHHEBOTO Marepialy Ha aepoJMHAMIYHOMY Cerapa-
Topi [143, 145-150];
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Po3zgin 3. MeToanyHi pekomeHaauii o iHANBIAYyanbHNUX 3aBAaHb 3 YNCESIbHOr0
moaentoBaHHsa y Simcenter STAR-CCM+

Cemnapariist HaCIHHEBOTO Marepiary Ha BiOpOpeIIiTHOMY ceraparo-
pi [143-146, 151-157];

Cenapallis HaCIHHEBOTO MaTepiaidy Ha BIOPOITHEBMATUYHOMY Ce-
napatopi [ 143—-146, 158, 159];

[lepemimenHs HaCiHHS MiJ Ai€l0 poOOYOro opraHy OJoKa momadi
(doroenexTpoHHoro cenaparopa [143—-146, 160-166];
[lepeMineHHsT HACiHHS Y CIIOBLIBHIOBAYl IMTHEBMATHYHOI CIBaJIKU
TOYHOTO BHCIBY [167, 168];

®dopmyBaHHS TICEBAO3PIKCHOTO Mapy B 3a0ipHill Kamepi Tiapon-
HEBMAaTUYHOTO BHUCIBHOTO amnapara [169, 170];

[ToTrokoBe 3MiNTyBaHHS Ta BHIa4a KOPMOCYMIIII OTHOBAJILHUM JIO-
nareBuM 3MminnryBadem [171-174];

Cenapailisi HACIHHEBOTO MaTepiainy JApiOHOHACIHHEBUX KYJIBTYp Ha
MWTIHAPUIHOMY YapyHKOBOMY Tpiepi [175-179];

AeponuHaMiuHi IPOIECH B KHUBApL o0uicyBajbHOTO THITY [180—
182];

3MillyBaHHS KOMIIOHEHTIB THOE-KOMIIOCTHOI cyMmimni OapabaH-
HO-JIONaTeBUM podouum opraHom [183—-186];

BuciB HacinHs apiOHOHACIHHEBUX KYJNBTYp CEICKIIHHOIO CiBaj-
koto [187-189];

[lepeMimieHHs MOJOKOIMOBITPAHOI CyMillli B JOUIBHOMY amapari
[190-192];

Pyx nmBogazHOro MHUIOYOTO PO3YHHY TOPHU30HTAIEHOIO MOJIOKOIIPO-
BiJIHOIO JIIHIEIO 3 TIOBITPSIHUM iHXKeKkTOpoM [193,194];

PoGounii mporec poTariifHOro mIacTHHYacTOro BaKyyMHOTO HACO-
ca f0inpHO1 yctaHoBku [193, 195, 196];

[Tponiec popmyBanus ekcnannatis kopmis [175, 197-199];
JocnikeHHs mpoiiecy poOOTH KaBiTalliitHOTO TMCIIEPraTop-roMo-
renizaropa [175, 200-202];

B3aemonis poGounx opratiB IpyHTOOOPOOHUX MAIIUH 13 IPYHTOM
[203, 204].
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