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JOCIIIZKEHHA I'TIPOT'ASOAUHAMIYHUX TPOLHECIB Y 3AKPUTUX
HEPEITYCKHHUX KAHAJIAX KPYIJIOT'O TA TPUKYTHOTI'O ITIEPEPI3Y

Poszenanymo pizni memoou ananizy 2iopozazo0uHaMiuHUX RPOUECi8 y 3aKPUMUX NEPEenYCKHUX KAHANAX 3 KPy2iow i
mpuKkymuoio gpopmoio nonepeunozo nepepizy. OOHuM 3 6UKOpUCIManux nioxoodie 6ye ananimuyunuii Memoo, AKuil nepeobaiag
CK1AOHI MameMamuyHi 004UUCIeHHA ma nooanbuLy eizyanizauyito npoyecie 3a 00nomozoro cucmemu MATLAB. I]eii nioxio oas
3MO02y 0emanvHo O0OCHIOUMU XAPAKMEPUCIMUKYU KAHATLY Ma 6i0mMeopumu A6Uuia 1amMiHapHO20 NOMOKY pioun i 2a3ie, w0
0036021U10 21UubUe 3po3ymimu ixHi Qizuyuni ocodausocmi.

Inuiuii memoo nonazae y 6uKopucmanti iMimayiinozo KOmMn'tomepHozo Mooen06aHHA RPOUECi8 1AMIHAPHO20 NOMOKY
Piounu ma 2azy uepe3 Kananu 3 Kpy2iow ma MPUKymMHOW OpMOI0 NOREPeunozo nepepizy 3a 00ONOMO20K NPOZPAMHOZO
3abe3neuenns SOLIDWORKS Flow Simulation. /[na peanizauii ybozo nioxody oynu 3a0aui neodXioni éxioni napamempu ma
YMOGU, @ OMPUMAHI pe3yTbmamu niooanuca 0emanvHoMy ananizy ma inmepnpemauii. Ileii memoo 0o3eéonue cmeoprosamu
6UCOKOMOYHI KOMN "TomepHi mMooeni 2i0poz2a3o0unHamivHux npoyecie, w0 0ano 3mozy 2nuduie 0ocnioumu ixu noeedinKy ma
63AEMO0i10 8 yMOBAX PIZHOMAHIMHUX (POPM nonepeunux nepepizie Kanaie.

Ilopienanna pesynvmamis, OMpUMAHUX 3 OONOMO20I0 000X Memo0is, RIOMEepoOUno IXHI0 30amHicmb A0eK6amHo
Modentweamu 2iopozazo0uHamiuHi npouecu 6 3aKPUMUX NePEenyCKHUX KAHANAX 3 Kpy2io0l ma mPUKymHuow @opmoio
nonepeunozo nepepizy. /lani, w0 6ynu ompumani, He nuuie RiOMeEEPOUIU MOYHICINb BUOPAHUX MemOo0is, ane 1l 00360UNU
2nubue 3po3ymimu mexanizmu nepemikanua pioun ma 2azie 3a ymoeu aaminapnozo pyxy. Lle oocnioscenns ¢iokpueac noei
Moxcnugocmi 0711 NOOWILUAUX HAYKOGUX PO3POOOK y 2any3i 2i0pozazoounHamiku i mac nomeHuian Ona 3acMOCY8AHHA 6
[HXCEHEPHUX PO3PAXYHKAX, 0€ 6aAMHCIUGUMU € BUCOKA MOYHICINb, 00CMOBIpHICMb | HAJIIIHICM b MOOenell 2I0P02a300UuHaAMIYHUX
npouyecie.
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STUDY OF HYDRO-GAS-DYNAMIC PROCESSES IN CLOSED BYPASS CHANNELS
WITH CIRCULAR AND TRIANGULAR CROSS-SECTIONS

The study examines various methods for analyzing hydrogasodynamic processes in closed bypass channels with circular
and triangular cross-sections. One of the approaches used was the analytical method, which involved complex mathematical
calculations followed by process visualization using the MATLAB system. This approach enabled a detailed investigation of the
channel characteristics and the reproduction of laminar flow phenomena of liquids and gases, allowing for a deeper
understanding of their physical features.

Another method involved the use of simulation-based computer modeling of the laminar flow of liquid and gas through
channels with circular and triangular cross-sections using SOLIDWORKS Flow Simulation software. To implement this
approach, the necessary input parameters and conditions were specified, and the resulting data were subjected to detailed
analysis and interpretation. This method allowed for the creation of highly accurate computer models of hydrogasodynamic
processes, facilitating a deeper exploration of their behavior and interaction under various cross-sectional shapes of the
channels.

A comparison of the results obtained from both methods confirmed their ability to adequately model hydrogasodynamic
processes in closed bypass channels with circular and triangular cross-sections. The data obtained not only validated the
accuracy of the chosen methods but also provided a deeper understanding of the mechanisms of liquid and gas flow under
laminar conditions. This research opens new opportunities for further scientific developments in the field of hydrogasodynamics
and has the potential for application in engineering calculations where high precision, reliability, and credibility of
hydrogasodynamic models are crucial.

Key words: hydrogas dynamics, technological channel, MATLAB system, SOLIDWORKS Flow Simulation.

IMocranoBka mpoGsemu. TeopeTHdyHi OCHOBM BH3HAYCHHS MPOLYKTHBHOCTI JOBTUX 3aKPUTHX
KaHaiB 3 JJaMiHapHUM IOTOKOM piiuH i rasiB 06a3yrorbes Ha koedinienti [lyaseiins, pospoOneHoMy ais
KaHaJiB KpyIJIOro MomepeyHoro nepepizy. OnHaK Ha NPaKTUIl 3aKPUTI KaHAIM, SIKi 3'€IHYIOTH KaMepu
CJIEMEHTIB PI3HUX KOHCTPYKLIH MeXaHi3MiB 1 MalllMH, YacTO MalOTh TPUKYTHY a00 NPSMOKYTHY GopMy
nepepizy. ToMy Teopis nepeTikaHHA Yepe3 Taki KaHaju NoTpedye J0AaTKOBOIO YTOUHEHHS.

AHani3 ocTaHHix aociaimkensb i my6uaikauii. [TpoananizyBaBIK TEOPETUYHI OCHOBH MEPEXiTHUX
MPOLIECIB Y PO3paxyHKax 3aKpUTUX TEXHOJIOTIYHUX KaHAJiB, MOXHA BiI3HAYMTH, II0 3aCTOCOBYIOTh K, —
koedimient [lyazeiins [3, 4, 8, 10, 11], sxuif Bu3HaUa€eTHCA 3a (HOPMYIIOIO:
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K - nD*
roo128nl’

ne D — piamerp kaHaiy, M; / — TOBKMHA KaHAy, M; 77 — KoeilieHT B’s13k0cTi, [1a-c.

3acrocyBaHHs LBOTO KoedillieHTa I pO3paxyHKY TiIpora3ofnHaMiyHIX XapaKTEpPUCTUK 3aKPUTUX
TEXHOJIOTTYHUX KaHANiB € KOPEKTHUM JIMIIE JUIl KaHAIIB KPYIJIOro MOMEpeYHoro mepepisy. s iHmmx
(hopM nepepiziB HEOOXiqHI TOMATKOBI TOCITIKEHHS.

IlocranoBka 3aBgaHHsA. /11 OOYHMCICHHS TiAPOra3oAMHAMIYHUX XapaKTEPUCTUK 3aKPUTHX
TEXHOJIOTTYHMX KaHaJliB 3aCTOCOBYIOTbCA (OpPMYNH, IO BKIOYalOTh KoediuieHt Ilyaseins, skuit
obuucmoeTbes 3a Bupa3oM (1) 1 mependayae MOTIK PiAMH Ta rasiB 4yepe3 KaHAJIU KPYIJIOro MONEepeyHOro
nepepizy. [IpoTe Ha mpaKTHIl TEXHOIOTYHI KaHAIM B KOHCTPYKIIAX YaCTO BUKOHYIOTHCS 3 KBaJpaTHUMH,
NPSIMOKYTHUMH, TPUKYTHUMH a00 iHIIMMH (OpMaMy TMepepi3iB, OCKUIBKH iX BHUTOTOBJICHHS € OuIbII
MPOCTUM 1 EKOHOMIYHO BHTiZHUM. TOMy BHHHKa€e HEOOXiIHICTH PO3pOOJIEHHS Ta BHBUYEHHS METOMIB
BHU3HAUYEHHS TiOpOra3oJMHAMIYHMX XapaKTEPUCTHK MJIS 3aKpUTHX KaHAiB PI3HUX TEOMETPHYHHUX
nepepizis.

BukinageHHss OCHOBHOro Marepianqy. 3OICHUMO  pO3paxyHKH  Tipora3oanHaMivHHX
XapaKTepUCTUK UIA KaHaJiB KPYIJOro Ta TPUKYTHOrO TMomepeyHoro mepepizy [6, 11]. Buznaunmmo
LIBUJIKICTD TIOTOKY Ta MPOAYKTHBHICTh MepeTiKaHHs piguH 1 ra3iB. [y piBHSHHSA OpOMYCKHOI 3MaTHOCTI
KaHaiB Pi3HUX (pOpM MPHUITYCTUMO, IO iX ITUIOLIi epepisiB 4 € piBHUMHU.

Hns xa"amy kpyrioro nepepizy (puc. 1.) audepenuiansHe piBHAHHS Ha’e-CTokca y mossipHiit
CHCTEMI KOOpIMHAT, BPaXOBYIOUH CUMETpito [1, 2], MaTuMe BUTIISA:

(D

2
d 1d
—‘29+——‘9:—k, )
dre T dr
ne k Z_Ep' 1 — AMHAMiYHA B’A3KiCTH pinuuu (tasy), ITa-c; p — tuck pimunu (rasy), Ila; 9 —
n

LIBHUJIKICTD NIEPETIKaHHA PiHH 1 Ta3iB MO KaHally, M/C.

Puc. 1. PospaxyHkoBa cxeMa JJIsi BU3HAYCHHSA IWBHAKOCTI pyXy piluH i razis kanajaiom
KPYIJIOro nepepisy

Po3B’s130k piBHAHHS | MaTuMe HACTYITHUI BUTTISA:

k-r?

9=- +C/Inr+C,. (3)

ne C;, C; — 4ucnoBi crami, fKi 3a HaJeXHO BUOpAaHMX 3HAYCHb, NAIOTh OyIb-IKHH YaCTKOBHMA
PO3B’S30K.
OckinbKy MBHAKICTH 0OMexeHa, To C; = 0, a 3HaueHHs cTanoi C; 3HaXOAUMO 3 TPAaHUYHOI YMOBH,

k-a*

mpur=a94=0—- C, =
OTxe,
ko5,
9= Z(a +r7). 4)
Toxni mpoxyKTUBHICTD
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Po3noain 3MiHK BUAKOCTI PyXy PiAMH 1 ra3iB KaHaJOM KpYIJIOro nepepizy 300pakeHo Ha puc. 3.

Puc. 2. T'padik po3nogity MIBUAKOCTI KAHAJIOM KPYIJIoro nepepisy B cucremi MATLAB

[ kaHay TPUKYTHOTO Iepepi3y, BUKOPUCTAEMO PO3PaxyHKOBY cxemy (puc. 3):
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Puc. 3. PospaxyHkoBa cxeMa JJIsi BU3HAYCHHSA IIBUAKOCTI pyXy piluH i razis kanajaiom
TPUKYTHOI'O Nepepisy

BI/ICOTI/I, OHYH.IeHi 3 I[OBi.TIBHOi TOYKH TPUKYTHHKA HA Horo CTOPOHHHU, BU3HAYAKOTHCA, AK:

h=2z;
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PiBHSIHHS MBUIKOCT] pyXy MOBITPSl MAaTUME TaKUil BUTTISA:
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3 momepeaHbo 3alUCcaHoi YMOBM MPO Te, IO ILIOMI Tepepi3iB OJHAKOBi Ta JOpiBHIOITL A = d,

. . a . .
CTOpPOHA KaHAJIy TPUKYTHOTO IICPEP13y AOPIBHIOE % 1 IpOIMyCKHA 30aTHICTh!:

0= \/gkp 16a"  kpa'
320 3 2043
3aneKHiCTh 3MIHM LIBUIKOCTI pyXY HOBITPS 3 TPUKYTHUM IIepepizoM KaHaly 300paxkeHa Ha puc. 4.
Po3paxyHKH MOKa3yI0Tb, IO AJISl BUPa3y CyMHU IOCTATHBO BUKOPUCTATH JIMLIE 1Ba a00 TP JOAAHKU.
Le miaTBEpLKYETHCS IPOrpamoro, po3pobienoio B cepenosuini MATLAB.
Po3poOmeni piBHAHHS 3a0e3MeuyoTh OUIBII TOYHE BH3HAYCHHS TiApOra30JUHaMIYHUX MPOLECIB y
MEpenyCKHUX KaHajlax 3 pi3HUMH NONEPEUHUMH Tepepi3aMu, 110 3aCTOCOBYIOTHCS B TEXHIYHMX CHCTEMaX.
Merop iMiTaIliifHOro MOJIEIOBaHHS Tipora3oAnHaMidHuX mporeciB y cepenoutni SOLIDWORKS
Flow Simulation [9, 12, 13] Bkirouae kijbka eramiB. Co4aTKky CTBOPIOETHCSI TPUBHUMIpPHA T€OMETPUYHA
MOJIeJb KaHAIY 3 BU3HAYCHUM NIONIEPEUHIM IepPePi3oM, MOTIM 3aJa€ThCs 00JIaCTh AOCTIKEHHS, 0OMeXeHa

=0,028% pa*. (10)

00'eMoM kaHaimy. HacTynmHUM KpOKOM € 3aJaHHS BXiIHUX MapaMeTpiB NpoOLecy, TAaKUX SIK MBUAKICTE a00
00'eMH1 XapaKTEepUCTUKH, a TAKOXX YMOB JJIsl MOACTIOBAaHHA. TBEpAOTUTY MOAENb NEPETBOPIOIOTH Y CITKY
CKIHYCHHUX €JIEMEHTIB, 3a/Ial0Ud PO3Mip €IEeMEHTIB, 0 3a0e3MeYnTh HEeOOXiTHy TOYHICTh Pe3yNbTaTiB.
Lini gocmimpKeHHs 3aAal0THCSI B 3aJISKHOCT] Bill MOTPIOHMX pe3yabTaTiB. 3aBepLIaJbHUM €TAallOM € aHalli3
OTpUMAaHMUX pe3yNbTatiB 1 iX iHTepmperanis. s Bizyamnizanii pe3ynbTaTiB BUKOPHCTOBYIOTHCS JTiarpamHy,
SIK ITOKa3aHo Ha puc. 5, 6.

SIK BUIIHO, ONKCaHi BUIIE METOIU IEMOHCTPYIOTh IPAKTUYHO OAHAKOBI PE3YyIbTaTH Y BiATBOPEHHI
riIporaszoquHaMigYHUX MPOLECIB y 3aKPUTHX MEPEMYCKHUX KaHalaxX.
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Puc. 4. T'pagik po3noginy MIBHAKOCTi KAHAJIOM TPUKYTHOT0 nepepisy B cucremi MATLAB
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Puc. 5. liarpama po3noaijly MIBUAKOCTi KAHAJIOM KPYIJIOTO Nepepi3y 3 BUKOPHCTAHHAM
monyJast Flow Simulation cucremu SOLIDWORKS
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Puc. 6. liarpama po3nmoaijly IIBUAKOCTi KAHAJIOM TPUKYTHOI'O Nepepi3y 3 BHKOPHCTAHHSAM
monyJast Flow Simulation cucremu SOLIDWORKS

BucHoBku. BcTaHOBIIGHO 3a7I€KHOCTI, 1110 ONUCYIOTH BIUIMB T€OMETPHUYHUX MapaMeTpiB mepepisy
MEepenyCKHUX KaHATIB Ha TiApora3oAnHaMiuHi MPOLECH, 110 CTIPHUSIIOTH MiABUIECHHIO TOYHOCT1 BU3HAUCHHS
XapaKTePUCTUK POOOTH 3aKPUTHX KaHAJIB.

[lopiBHSHHA OTpPUMaHMX 3aJEKHOCTEH  TiAPOra3oAMHAMIYHUX  XapaKTEpPUCTHK  poboTh
nepenyckHux kaHamiB y cucremax MATLAB ta SOLIDWORKS Flow Simulation neMmoHcTpye cxoxicTh
JUHAMIYHHX 3aJISKHOCTEH B 000X BHIAIKaX, IO JO3BOJSE X BUKOPHCTOBYBATH IiJ Yac MPOEKTYBaHHS
BHPOOIB, 110 MICTATH MEPEYCKHI KaHAIN 3aKPUTOTO THUITY.
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