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bapanoBuu C., Crykaneup I., Illepemera P., Kopooxa C., Bbaduu M. MeToaguku H0CTiKEHHS
rizpora3oquHaMidYHUX MPoLeciB y 3aKPUTHX NePeMyCKHUX KaHalaxX pi3HOro mepepisy

PosrnsiHyTO pi3HI METOIMKH JOCHIPKEHHS TiIPOra3oAMHAMIUYHUX MPOIECIB Y 3aKPUTHX IEPENyCKHUX KaHauax 3
pi3HUM mnomnepeuHuM nepepizoM. OIHA 3 BUKOPUCTAHUX METOAUK Iependadana aHATITUYHUM HiIXid, SKUHA BiIpi3HABCS
CKJIaJTHICTIO MaTeMAaTUYHHUX PO3PAXyHKIB Ta HACTYIHOK Bi3yali3alli€l0 TiJpora3oMHaMiYHUX MPOLECIB 3 BUKOPUCTAHHIM
cucremu MATLAB. Ileif Mmeron 103BOJMMB JAETalbHO MPOAHAIi3yBaTH OCOOIMBOCTI KaHaly Ta BiATBOPUTH SIBHIIA
JIAMIHAPHOTO PEXKUMY TEPETIKAHHS PiIUH i Ta3iB y HOMY, HAJIAI0UX TIHOIIE pO3yMiHHS IXHBOT IPUPOTH.

Inma meroauka mependayana MPOBEACHHS IMITAliHHOIO KOMITIOTEPHOTO MOJICIIOBAHHS INPOLECIB JaMiHAPHOTO
peXUMY TEpeTiKaHHsA PIMUHM Ta Ta3y KaHajdaMmy pi3HOro mnomepeuHoro mnepepisy B cepemoBuili SOLIDWORKS Flow
Simulation. JIns 3acTocyBaHHs Iii€i MeTOOMKM Oynu 3ajaHi BXifHI IapaMeTpH Ta YMOBHM, i OTpUMaHi pe3yiabTaTH Oyiu
JIOKJIAJTHO TPOaHasIi30BaHi Ta iHTeprpeToBaHi. [{eil miaxin HagaBaB MOKIIMBICTh CTBOPUTH PEATICTHYHI KOMIT FOTEPHI MOJENI
ripora3oiMHaMivyHHX SBUIL, JO3BOJISIIOYH JIOCIITHIUKAM JIOKJIQJHO BUBUATH IXHIO MOBEJIHKY Ta B3aEMOJII0 B YMOBAX Pi3HHX
nepepiziB KaHaiB.

IlopiBHSAHHS pe3yJbTaTiB, OTPUMAHUX 3a JOINOMOIO0 000X METOJMK, BKa3alo Ha aJeKBAaTHICTb BiATBOPEHHS
riIpora3oiMHaMivyHUX TIPOLIECIB Y 3aKPUTHUX MEPENyCKHUX KaHalax 3 pi3HUM mepepizoM. OTpuMaHi JaHi HE TUIBKH
HiATBEpAWIN TOYHICTh OOpaHUMX METOJIB aHali3y, a ¥ pO3MMPUIM PO3YMIHHS HEpEeTiKaHHA PIAMHM Ta razy 3a YMOBH
namiHapHoro pyxy. Lle nocmijpkeHHS BiJKpPUBa€E HOBI TOPHU30HTH JJIsl MOJANBINIMX HAYKOBHX JOCTIDKeHb Y cdepi
ripora3oiMHaMivyHUX SBHUII i MOXE OyTH 3aCTOCOBaHE y BaKJIMBUX IH)XXEHEPHHX INPOEKTHHX PO3paxyHKax, jJe HeoOXilHa
BHCOKA TOYHICTh, BIITIOBIAHICTh JIHCHOCTI Ta HAIHICTh OOYUCIICHD T1IPOTra30IMHAMIYHHX MTPOIIECIB.

KuaiouoBi cyioBa: rimporaszonnHamika, TexHonoriuauil kanai, cucteMa MATLAB, cepenosuiie SOLIDWORKS Flow
Simulation.

Baranovych S., Stukalets I., Sheremeta R., Korobka S., Babych M. Methods of researching hydro-gas-
dynamic processes in closed bypass channels of different cross-sections

The article considers different methods of researching the hydro-gas-dynamic processes in closed bypass channels
with different cross-sections. One of the used methods involved an analytical approach, which was distinguished by the
complexity of mathematical calculations and the subsequent visualization of hydro-gas-dynamic processes using the
MATLAB system. This method facilitated a detailed analysis of the channel’s features and reproduction of the phenomena of
a laminar mode of the flow of liquids and gases in it, providing a deeper understanding of their nature.

Another technique involved simulation computer modeling of the processes of laminar flow of liquid and gas
through channels of different cross-sections in the SOLIDWORKS Flow Simulation environment. To apply this technique, the
input parameters and conditions were specified, and the obtained results were analyzed and interpreted in detail. This
approach was used to create realistic computer models of hydro-gas-dynamic phenomena, allowing researchers to deeply
study their behavior and interaction in the conditions of different cross-sections of channels.

A comparison of the results obtained using both methods indicated the adequacy of their reproduction of hydro-gas-
dynamic processes in closed bypass channels with different cross-sections. The obtained data not only confirmed the accuracy
of the chosen methods of analysis but also expanded the understanding of the flow of liquid and gas under the conditions of
their laminar movement. This research opens up new horizons for further scientific studies in the field of hydro-gas-dynamic
phenomena and can be applied in important engineering design calculations where high accuracy and reliability of hydro-gas-
dynamic process calculations are required.

Key words: hydro-gas-dynamics, technological channel, MATLAB system, SOLIDWORKS Flow Simulation
environment.

IlocTanoBka npo6Jsemu. TeopeTnyHi 3a- KW pO3pOOJICHUI Il KaHaly KpYTJoro mepe-
camy BU3HAYCHHS IPOJIYKTUBHOCTI JIOBTUX 3aKpH- pi3y, a Ha TPaKTHI 3aKpUTI KaHAIH, SKi 3’€1-
TUX KaHAJIB 3 JaMiHAPHUM PEXKUMOM PYyXY PiIH 1 HYIOTh KaMEpH €IIEMEHTIB KOHCTPYKIiH pi3HOTO
rasiB IpyHTYIOTbcs Ha koedimienti Ilyaseiins, TUILY
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MEXaHi3MIB 1 MalllH, BUKOHYIOTBCS TPUKYTHOTO abo
HOPSMOKYTHOTO Tepepidy, TOMY TEopis MepeTiKaHHs
TaKUMH KaHaJJaMH BUMara€e yTOYHEHHS.

AHaniz ocTtaHHiX AociaimkeHb 1 my6Jika-
uiii. Po3rigHyBIIM TeopeTHYHI 3acaiu MepexXiTHUX
MPOIIECIB Y TEOPiAX PO3PaxXyHKY 3aKPUTHX TEXHO-
JIOTIYHUX KaHaTiB, 6a4nMo, 10 BUKOPUCTOBYETHCS Kp
— xoeoimient Ilyaszeiinsa [2-5; 7; 8; 11; 12], skwuit
BHU3HAYalOTh 3a (popMyIioro

_ zD*
P 12871 (1)
ne D — niameTp kaHany, MM;

| — noBxMHA KaHATY, MM;
n — KoeilieHT B A3KOCTi, MM.

Bukopucranns mporo koedimieHTa B 009rC-
JICHHAX TiAPOra30JMHAMIYHUX XapaKTEPUCTHK 3aKpH-
THX TEXHOJIOTIYHUX KaHATIB € CIPaBEUIMBUM TUIBKH
JUIA KPYTJUX TIepepisiB, iHIN X (GopMH TiepepiziB
MOTPeOYIOTh TOAATKOBHUX JTOCITiKEHB.

ITocranoBka 3aBaaHHsi. /11 BU3HAYCHHS
TiIpOra30IMHAMIYHUX  XapaKTePUCTUK  3aKPUTHX
TEXHOJIOT1YHUX KaHAJIiB BUKOPUCTOBYIOTH (hOPMYIIH,
B SIKUX 3aCTOCOBYIOTh KoedimieHT Ilyaseitns, o
BH3Ha4aeThes 3 Bupasy (1), skwii nepenbavae rmepe-
TIKaHHA PiMH 1 ra3iB KaHaJaMH KPYyTJOro mepepisy.
OpHak Ha TPaKTUIl TEXHOJOTIYHI KaHalIu B elle-
MEHTaX KOHCTPYKLi BHKOHYIOTH TaKOX KBajapa-
THOTO, TMPSAMOKYTHOTO, TPHKYTHOTO Ta iHINOI (opMH
nepepizy, OCKIIBKH X BUTOTOBJICHHS € TEXHOJIOTIYHO
MPOCTIIIAM, a BIJMOBIIHO ¥ MEHII 3aTpaTHUM Y
BHpPOOHHUITBI. TOMy BHHHWKae MmoTpeda po3poOuTH i
JOCTIIMTH METOAMKH BU3HAYEHHS T1IpOra3ojfHa-
MIYHHX XapaKTePHCTHUK 3aKPUTHX TEXHOJOTIYHUX
KaHaJIiB 3 PI3HUMH T'€OMETPUYHUMHU HIepepizaMH.

Buxnan ocHoBHOro marepiany. IIposenemo
PO3paxyHKH TipOra3oMHAMIYHUX XapaKTEPUCTUK
KaHAJIIB 3 KPyIJIMM 1 KBajpaTHUM Imepepizom [5].
Bu3HaunMO HIBHAKICTH 1 HPOXYKTUBHICTH IEpeTi-
KaHHS pivH 1 rasis. [y piBHAHHS NPOMYCKHOI 37aT-
HOCTI KaHaTiB pi3HOi KOH(Irypalii OyxeMo BBaXaTH,
10 iXHi TUIOII Tepepi3iB A OJTHAKOBI.

Jns kanamy kpyrioro mepepisy (puc. 1)
mudepenmianbae piBHIHHEA Hap’e-CTokca y MoJsApHil
CHCTEMi KOOpIWHAT, BPaxOBYIOUH cuMerpito [1],
MaTHME BHTJISI:

4?9 1ds__
dr2 rdr ’ @)
1dp
k=—-I".

p — TUCK pigunu (Ta3y), [1a;
¢ — mBuAKicTE mepeTikaHHA TOBITPS B
KaHaJi, M/c.

"

Puc. 1. PozpaxyHkoBa cxema 1151 BU3HaYEHHS
IIBUIIKOCTI PyXy PiAMH 1 ra3iB KaHAJIOM KPYTJIOTO
nepepizy
Fig. 1. Calculation scheme for determining the speed of
movement of liquids and gases along the channel under
the conditions of a circular cross-section

Po3B’s130K piBHSAHHS | MaTHMe TaKUM BUTTI
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ne Ci1, C2 — 9ynMCIIOBI cTai, Kl 3a HaJEKHO
BHOpaHWX 3HAYCHb JAlOTh OyIb-KAH YaCTKOBHU
PO3B 30K PiBHSIHHS.
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Po3noxin 3MiHM MIBHUAKOCTI pyXy pIiguH 1
ra3iB KaHAJIOM KpPYyTJIOro mepepisy 300pakeHo Ha puc.

3 [6: 10].
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Puc. 2. I'padix po3noainy MBUIKOCTI KaHAIOM Kpyrioro nepepisy B cucremi MATLAB
Fig. 2. Graph of velocity distribution along a circular channel in the MATLAB system

Jnsa kaHainy kBagpaTHoro nepepisy (puc. 3) audepenmianbae piBHAIHHSI Hap’e-CTokca MaTuMe Takuid
BHTJIA;

d’9 d29

a

Puc. 3. Po3paxyHkoBa cxema JJisi BU3HAYSHHS IIBUKOCTI PyXy PiMH 1 ra3iB KaHAJIOM KBaJIpaTHOTO Mepepizy
Fig. 3. Calculation scheme for determining the speed of movement of liquids and gases in a channel with a square
section

OTtxe, GopMyra JUis BU3HAUCHHS LIBUIKOCTI PyXy IOBITPS B KaHali KBaJpaTHOTO INEpepisy MaTume
OCTaTOYHO Takwi BUTISIA [1]:
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IBuakocTi pyXy piuH i ra3iB KaHaJIOM KBaJpaTHOTO Mepepizy 300pakeHo Ha puc. 4.

a8

Puc. 4. I'padik po3noainy MBUIKOCTI PyXy PIJMH i ra3iB KaHAJIOM KBaJpaTHOro mnepepizy B cuctemi MATLAB
Fig. 4. Graph of velocity distribution along a square channel in the MATLAB system

OO0YHCIIeHHs TTOKa3ylTh, O Y BUPa3i CyMH
JIOCTaTHBO B3STH 2 a00 3 nomaHku. [linTBepHKeHHAM
LBOTO € CKJIaJieHa mporpama B cepenosuii MATLAB.

OTpuMaHi piBHSAHHS JO3BOJIAIOTH OiIBII TOY-
HO BH3HAYaTH TiApOra3oJWHAMIYHI MMPOILECH B Iepe-
MyCKHUX KaHaJlaX pi3HOTO Iepepisy, sIKi BUKOPH-
CTOBYIOTBCS B TEXHIIII.

Meroauka iMIiTaniiHOrO MOIEJIFOBAHHSA Tij-
pora3oauHaMivyHKUX TporeciB y cepenonuii SOLID-
WORKS Flow Simulation [9; 13; 14] mepembauae
HacamIiepe]l CTBOPEHHS TBEPAOTUIOl T€OMETPUIHOI
MOJIeNli KaHady IICBHOTO IOMEPEYHOro Iepepisy,

BU3HAYEHHS 001acTi JOCHIIKEHHS, OOMEKEHOT
00’eMOM KaHaJy, 3aJaHHSA BXIJIHHX IapaMmeTpiB
nponecy (WIBHIKICHMX a00 00’€eMHHUX XapaKTepH-
CTHK) T2 YMOB JOCII/pKeHHS. TBEpIOTITY MOJIENb KA -
HaJIy TIEPEeTBOPIOIOTh Y CITKOBY 3  PO3MIpOM
€JIEMEHTIB, KWl 3a0e3I[eUnTh JOCTATHIO TOYHICTH
pe3yNbTaTiB. 3adaHHS IUIEH TOCTIIKCHHS 3aJICKHUTh
BiJl pe3yJIbTaTiB, AKi HeoOXiaHO oTpuMarth. KiHleBuM
€TaroM MOJICTIOBAHHS € aHali3 OJEPKAHUX pe3y-
JIpTATiB Ta IX 1HTepmpeTauis. /i Bi3yanbHOTO
CIIPHUHATTS] OTPUMAHHUX PE3YJIbTATiB OyIyrOTh Jiar-
pamu, SIK IoKa3aHo Ha puc. 5, 6.

Puc. 5. Jliarpama po3momiy MBHIKOCTI KaHAJIOM KPYTJIOT0 mepepidy 3 BUKopucTaHHsaM moayist Flow Simulation
cucmemu SOLIDWORKS
Fig. 5. Plot of velocity distribution along a circular channel using the Flow Simulation module of the SOLIDWORKS
system

Puc. 6. liarpama po3noainy IBHIKOCTI KAHAJIOM KBaIpaTHOTO Nepepidy 3 BUKOpHcTaHHAM Moayist Flow Simulation
cucmemu SOLIDWORKS
Fig. 6. Plot of velocity distribution along a square channel using the Flow Simulation module of the SOLIDWORKS
system
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Sk 6aunMo, BHIICHABEICHI METOIUKH ITOKA-
3YIOTh Maibke OJHAKOBI XapaKTEPUCTUKU BIATBO-
PEHHS TiIpOTa30AMHAMIYHHMX TPOIECIB Y 3aKPUTHX
MepernyCcKHIX KaHasax.

BucHoBkn. OTpUMaHO 3aJI€KHOCTI JJIS BU3-
HAueHHS XapakTepy BIUIMBY TEOMETPHUYHHX IIapa-
MeTpiB Hepepizy MepernycKHUX KaHaliB Ha Tifpora-
30MHaMiYHi TpolecH, fAKi BIUIMBAIOTh Ha IiIBU-
IICHHS TOYHOCTI BH3HAYCHHS XapaKTEPHCTHK MpO-
1ecy poOOTH 3aKPUTUX KaHAIIB.

[opiBHSIHHS OTpPHMAaHHX 3aJEKHOCTEH Bij-
TBOPEHHS  TiIpOTa30AMHAMIYHHX  XapaKTEPUCTHK
poOOTH TepenycKHUX KaHaliB y JABOX CHCTEMax
MATLAB Tta SOLIDWORKS Flow Simulation moka-
3y€, MO JUHAMIYHI 3aJICKHOCTI B 000X BHITaJKaX €
MOMIOHUMH 1 MOXKYTh BUKOPHUCTOBYBATHCS IIiJl Yac
KOHCTPYIOBaHHS BHPOOiB, fKi MICTATh MEPENyCKHI
KaHAIIN 3aKPUTOTO THUILY.
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