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Anotauis. s po3poOiaeHHs eKCIIepUMEHTaIBHOTO CTEHAY ISl JOCHTIKEHHS 3aTOIUICHOTO BUTIKAHHS pi-
IUHY 3 HAIMPHUX PO3MOAUTFHUX TPYOOIIPOBO/IB, MPOKIAACHUX Y Oe3HAMIPHOMY MOTOIIi, MMPOBEAEHO OIS
crnoco0iB 3MEHIIIEHHSI HEPIBHOMIPHOCTI pO3/IaBaHHS PIAMHY 3 HAMIPHUX PO3NOAiILHIX TpyOonpoBoiB. Cepen
HUX KOHCTPYKTHUBHE 3MiHIOBaHHS T€OMETPUYHHUX MapaMeTpiB PO3NOITEHIX TPYOOIPOBOIiB 00 BUITYyCKHHX
MIPUCTPOIB, HAIAHHS OCi PO3MOALTBEHOMY TPYyOOIIPOBOIY IOXHMITY O TOPH30HTY 200 OCi BUITYCKHUX MTPUCTPOIB
HaXWITy BIJIHOCHO OCi PO3MOAUIEHOTO TPYOOIPOBOAY, 3MiHIOBaHHS KyTa BXOIY PIIUHY Y BUITYCKHI IPUCTPOI.
Y BHTOTOBJICHOMY €KCIIEPUMEHTAIBHOMY CTEH/II [T 3a0€3IeYCHHS 3aTOIICHOTO BUTIKAHHS PiJIMHHU 3 BUITYC-
KHHX MPUCTPOIB PO3MOALILHOTO TPYOOIIPOBOLY B Ti/IpaBIiYHOMY JOTKY Mae OyTu miamip. HasBHICTh mignopy
PIIMHM B TiIpaBIiYHOMY JIOTKY Mae 3a0e3redyBaTy 3aTOIUICHE BUTIKAHHS PIIMHHU 3 BUIIYCKHHX MPUCTPOIB
PO3MOAIIBHOTO TPYOOTIPOBOY, & BIICYTHICTB MiATIOPY — He3aToIuIeHe BUTIKaHHs. CTIHKY TipaBIigHOTO JIO-
TKa Ta PO3MOIIILHOTO TPYOONPOBOAY JUISl JOCIIPKEHHS KIHEMATHYHUX XapaKTEPUCTHK 30BHIIIHBOTO Ta BHY-
TPINIHBOTO MOTOKIB PiIMHU BIAMOBITHO B Ti{PaBIiYHOMY JIOTKY Ta PO3MOILTFHOMY TPYOOIIPOBOIi Ta CTpyMe-
HIiB piIvHY, SIK1 BiJI’€IHYIOTHCS BiJ] PO3IOJIUIBHOTO TPYOOTIPOBOY, MatOTh OyTH nipo3opumMu. [Toxui posmo-
JTBHOTO TPYOOIPOBOy MOXKHA 3MIHIOBATH BiJJHOCHO JTHUINA TiIPABIIYHOrO JIOTKA. [[MM IocsararoTh pi3HUX
KYTiB BiiraJTy>K€HHS CTPYMEHIB JI0 BUTRHOI MIOBEPXHI PIIMHU B TiAPaBIIYHOMY JOTKY. Uepe3 KOHCTPYKTHBHI
0COOJIMBOCTI TiAPABIIYHOTO JIOTKA PO3MOIUIBHAN TPYOOIPOBIT 33 CTPYKTYPOIO Ma€ OYTH TOCHTIIOBHUM, a HE
OidypkralifHIM. Y TOUHEHO METOIMKY MPOBECHHS JIOCIPKEHHS 3aTOIJICHOTO BUTIKAHHSI PIIMHU 3 HAMTIPHOTO
PO3MOIUTBHOTO TPYOOIPOBOAY, MPOKIAIEHOTO B Oe3HaIipHOMY moToli. [lonepenHi pe3ynbTaTi miaTBepKy-
FOTHh MOJIMBICTB PETYIIOBAaHHS HEPIBHOMIPHOCTI pPO3/IaBaHHS PiUHY 3 HAIPHOTO PO3MOAUTEHOTO TPyOOoTpo-
BOTY.

KirouoBi ci10Ba: ekcriepuMeHTaILHIA CTEHT, HATPHUNA PO3NOIUIBHUHN TPyOOIIPOBI, pyX PiJIHU 31 3MIHHOIO
BUTPATOIO, 3aTOIJICHE BUTIKaHHS, T1APaBIi4HUI JIOTOK.

BCTYII YBEJCHHSM Y MOTIK JI0JATKIB, K1 MOHMXYIOTh
TypOynentHe tepts [8] um mapamerpiB PT Ta
BUITYCKHUX TNPUCTPOiB. Jlo cmocoliB apyroro
TUIY HaJIeXKaTh 3MEHIIEHHS IUIOII IoIeped-
Horo niepepizy PT (puc. 1) [9, 10]; Bumyckuux
npuctpoiB (puc. 2) [11]; PT Tta BumyckHHX
npuctpoiB (puc. 3) [12]. Takox HamarOTh OCi

Hamnipui posnoninehi TpyOonposoau (PT)
nocuTh mnomupeHi. OCHOBHI raiy3l 3acTocy-
BaHHS HamipHux PT AMCKpeTHUM NUISIXOBUM
PO3JaBaHHIM PiTUHU PO3IIIAHYTO B [1-7].

3MeHIIeHHsT HepiBHOMIpHOCTI pobotu PT
JOCSITaI0Th 3MIHIOBAaHHSIM BJIACTUBOCTEN PITUH
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PT moxwity o ropusonty (puc. 4) abo oci BuIty-
CKHHMX MPUCTPOIB Haxwily BigHOCHO oci PT
(puc. 5) [13] yu 3MIHIOIOTH KYT BXOJY PiAWHH
y BHITYCKHI npucTpoi (puc. 6) [14].

META I METOAU JOCJIIKEHHSA

Mertoto naHoi poOOTH € pO3pOOIICHHS Ta BH-
TOTOBJICHHS €KCIIEPUMEHTATBHOTO CTEHAY ISt
JOCITIJKEHHS 3aTOTUICHOT'O BUTIKAHHS PITUHU 3
HaMIpHUX PO3NOIUIBHUX TPYOONIpPOBOAIB, IIPO-
KJIaJICHUX y O€3HamipHOMY HOTOIII.

KOHCTPYIOBAHHA
EKCIIEPUMEHTAJIBHOI'O CTEHAY

Ha 6a3i HaBuanbHOi mabopartopii rigpaBiIiku
Kadeapu TIAPOTEXHIKM Ta BOJHOI 1HXKeHepii
YHIBEPCHUTETY

HamionansHOTO "JIbBIBCBbKA

noJliTexHika" 3ampoeKTOBAHO EKCIIEpUMEHTa-
apHui cteHn [15] (puc. 7). Pobodoro piauHO0O
€ Bona. Ha Biaminy Bix [16], BUTiKaHHS piauHU
3 "HaripHoro PT e 3aTtoruienum. Ha Biaminy Bij
[17] (moxa3ano [18], mi0 10 TpeTHHH TOBKHHU
TPpyOOIPOBiI pO3/a€ PiAMHY), 30BHILIHIH MOTIK
pimuaH, sikuii omuBae PT, € 6e3namipHuM.
Crinku rigpasiigHoro joTtka Ta PT € nmpo3o-
pumu (puc. 8) ais MOCITITHKCHHS KiHEeMaTHd-
HUX XapaKTePUCTUK MOTOKIB Ta CTPYMEHIB, 5K1
Bix’eqHyt0ThCS BiJ PT. ¥V 3B’3Ky 3 KOHCTpYK-
TUBHUMHU OCOOJIMBOCTSIMHM T1IpaBIiYHOrO JIO-
TKa HeoOXimHO BuKOpucToBYBaTH PT, sikmii 3a

CTPYKTYPOIO € TIOCITIIOBHUM, a He OidypKariii-
HuM [19].

Puc. 1. Cxema PT 3MiHHOTO NONEPEYHOro Mepepi3zy 3 BUILYCKHUMH MPUCTPOSIMH CTAJIOTO ITOIEPEYHOr0
repepisy: a) CTyMiHYaCcTUH 3 PI3KUM BifradyXeHHsM; 0) Te came, 3 IDIaBHUM; B) 3 MpodirsoBa-

HOIO O1YHOIO CTIHKOIO

Fig. 1. Schematic diagram of distributive pipeline of variable cross-section with outlets of constant cross-
section: a) stepwise change in the section with sharp branching; 6) stepwise change in the section
with smooth branching; 8) with a shaped side wall
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Puc. 2. Cxema PT cranoro monepe4Horo mnepepizy
3 BUIIYCKHUMMU MPUCTPOIMU 3MIHHOTO IIO-
MIEPEUHOTO Mepepi3y: Noeg , Nend — BHCOTA BH-
MyCKHOTO PUCTPOIO HA MOYATKY Ta B KIHIII
JUISTHKY pPO3/IaBaHHS PiIVHU BiAIOBITHO

Fig. 2. Schematic diagram of distributive pipeline
of constant cross-section with outlets of
variable cross-section: hpeg , hend — the height
of outlet at the beginning and at the end
fluid distribution section, respectively
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Puc. 3. Cxema PT 3MiHHOIO MONIEPEYHOTO MEPEPizy
3 BUIIYCKHUMH MPHCTPOSIMUA 3MiHHOTO IIO-
NepevHoro nepepisy: | — moBxuHa BHITyCK-
HOT'O IIPUCTPOIO
Fig. 3. Schematic diagram of distributive pipeline
of variable cross-section with outlets of var-
iable cross-section: | — the length of outlet
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Y=354.7°

Puc. 4. Cxema moxwmny oci PT mo ropuzonTy:

1...3 — PT 3 ropu3oHTaIbHIM, 3BOPOTHHM 1
MPSMUM TIOXWJIOM BigmoBimHO; Qbeg —
BuTpara Ha movatky PT; y — Kyt HaxwmTy oci
PT no ropusonty

Fig. 4. Schematic diagram of the slope of the dis-

tribution pipeline inclination to the hori-
zon: 1...3 — distribution pipeline with the
horizontal, reverse and direct slope, respec-
tively; Queg — the flow rate at the beginning
of the distribution pipeline; v — the angle of
inclination of the distribution pipeline axis
to the horizon

Puc. 5. Cxema Haxmiy oCi BUITYCKHOT'O TPUCTPOIO

1o oci PT: 1 —PT; 2 — BunmycKHMii IPUCTPIH;
V — mBuUAKicTh MOTOKY B PT; V — [MIBH-
IIKICTh BHUTIKaHHA CTpYMEHS; Voyt — IIBHI-
KICTh 30BHIIIHBOTO TMOTOKY; P — KyT
Biray>KeHHS CTPyMeHsI; § — KyT MiXK BiCCIO
BUITYCKHOTO TPUCTPOIO Ta IIBHIKICTIO
30BHIIIHBOTO TIOTOKY

Fig. 5. Schematic diagram of the slope of the outlet

inclination to the distribution pipeline
inclination: 1 — distribution pipeline; 2 —
outlet; VV — the velocity of the flow in the
distribution pipeline; v — the velocity of the
jet outflow; Vei — the velocity of the
external flow; B — the angle of the
detachable jet; & — the angle between the
outlet inclination and the velocity Vou
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Puc. 6. Cxema ninanku PT 3 BUITyCKHUMU IPUCTPOSIMH, BCTAHOBJIEHUMH 3 KyTamu 3 = 180°; 270°; 0° BiaBe-

JICHHSI CTpyMEHs (a) Ta cxeMa BIJUTIKY KyTa [ MiX HanpsMKaMu pyXy CTpyMEHsI, IO BiJI’€THYEThCS,
ta motoky B PT (0): 1 — Burtyckuuii npuctpiii; 2 — crinka PT; V — mBuakicTs notoky B PT; Vv
— IIBUAKICTH CTPYMEHS, 110 BXOANUTH B OTBIp BUILyCKHOTO IIPHCTPOIO

Fig. 6. Schematic diagram of distribution pipeline section with outlets installed with angles § = 180°; 270°; 0°

of the jet detachment (a) and schematic diagram of angle B reference between the directions of move-
ment of the detachable jet and the flow in distribution pipeline (6): 1 — outlet; 2 — wall of distributive
pipeline; V — the velocity of the flow in the distribution pipeline; v — the velocity of jet entering the

hole of outlet
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3a paxyHok 3MiHu moxwity PT BigHOCHO
JHUIIA T1IPaBIiYHOTO JIOTKA BiCh BUITYCKHUX
MPUCTPOIB MOXKE OYTH MiJ] PI3HUMHU KyTaMHu JI0
BUIBHOI IMMOBEPXHI PIAMHU B TiAPaBIIYHOMY JIO-
TKy (puc. 5).

Crenpg mpamroe Tak. Bonma monaBaibHUMHU
TpybonpoBogamu 1 Ta 5 HaaxomuTh BiATO-
BiJIHO B rizmpaBiiyauii jotok 16 Ta B PT 9. Bu-
TpaTy MOTOKY BOJAM B TiPaBIIYHOMY JIOTKY Ta
PT perymoroTh 3acyBKor 2 Ta BEHTHJIEM 0,
BCTAQHOBJICHUMH Ha BIAMOBITHUX MOJABATHHIX
TpyOomnpoBoaax. [liamip Boau B TiipaBaidHOMY
JIOTKY CTBOPIOIOTH UTKOM 11. BincyTHICTH Ti-
anopy He 3abe3mneuye 3aToIUIeHE BHUTIKAHHS
BOAM 3 BHIIYCKHHX IPHUCTPOIB; MPHU IHOMY

YTBOPIOETHCS BIIbHUN HE3aTOIUICHUH CTPYMiHb
(puc. 9, a). HemocraTHiit migmip HOpU3BOAMTH
0 yYTBOPEHHS BUIBHOTO 3aTOIUICHOTO CTPY-
MEHs 3 TIepena oM BUCOTH HaJl BIJIBHOIO MTOBE-
pPXHEI BOIY B TifpaBiidvHoMy JOTKY 16 [20]
(puc. 9, 0).

JlociKeHHs IIaHy€THCS BAKOHYBATH B Ta-
Kilf TIOCJTiIOBHOCTI, BUKOpUCTOBYIoun [21]:

1. Bucrasnsirots moxui PT BiqHOCHO qHUIIA
TiApaBIIIYHOTO JOTKA.

2. Ilpu 3akputiii 3acyBUi 2 Ha IOJABalb-
HOMY TpyOompoBoi 1 rosgacTum piBHEMIpOM
12 BuMipr010Th piBeHb BOU Z, HA IOPO31 BOJO-
3JIUBY 3 TOHKOIO CTIHKOIO 3.
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Puc. 7. CxeMa ekcliepMMEHTAIBHOIO CTeHIy: 1 — mojaBajibHM TPYOONPOBIL B TiapaBiidHU JOTOK; 2 — 3a-
CYBKa; 3 — BOJIO3JIMB 3 TOHKOIO CTIHKOIO; 4 — CITYACTHH SIIMK 3 TaJbKOI0; 5 — MOJaBaIbHUN TPyOOII-
POBiJ B PO3NOAUTBHUI TPyOOIIPOBiA; 6 — BEHTWIIB; 7 — IIYMILHUK BOJH; 8 — IEPErOpoKa 3 OTBOPAMHU;
9—PT; 10 —nepenan; 11 — mutok; 12, 13 — romuactuii piBHeMip; 14 — CHIIIKOHOBA IMITyJIbCHA TPYOKa;
15 — ot 1’ e30MeTpiB; 16 — rijpaBniuHuil 10TOK; 17 — BUITYCKHUIA IPUCTPIit

Fig. 7. Schematic diagram of experimental test-bed: 1 — supply pipe to water channel; 2 — gate valve; 3 — thin-
plate weir; 4 —gabion; 5 — supply pipe to distributive pipeline; 6 — valve; 7 — water meter; 8 — partition
with holes; 9 — distributive pipeline; 10 — step of water channel; 11 — shutter gate; 12, 13 — needle
level gauge; 14 — silicone pulse tube; 15 — board of piezometers; 16 — water channel;

17 — outlet
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Puc. 8. 3aranpuunii Burisan PT
Fig. 8. General view of the distributive pipeline

3. BiIKpUTTAM 3acyBKHU 2 Ha 110/1aBaTbHOMY
TpyOOnpoBoIi 1 MOJar0Th BOMY Y TiApaBIiuyHIHA
n0Tok 16.

4. lllutkom 11 CTBOPIOIOTH MiAMIpP Y TiApaB-
Ji4HOMY JIOTKY 16.

5. Tomyactum piBHemipom 12 BUMIipIOIOTH
piBeHb BOJM Z HaJl TOPOTOM BOAO3JIMBY 3 TOH-
KOIO CTiHKOIO 3.

6. l'omyactum piBHemipoMm 13 BHUMIpIOIOTH
rMOUHY BOAM Z; B TiApaBIiYHOMY JOTKY 16.

7. TepmoMeTpOoM BHUMIPIOIOTh TEMIEPATypy
BOJIM B TiApaBIiYHOMY JIOTKY 16.

8. BinmkpuTTsiM BeHTUIIs 6 HAa T0/1aBaIbHOMY
TpyOoMmpoRBoIi 5 momarTs Boay B PT 9.

9. JliunapbHUKOM BOIM [/ BUMIPIOIOTH BH-
Tpary BOAH, sika HaxxoauTtsh B PT 9.

10. 3a goromoroxo mura 1n’e3omMeTpis 15 Bu-
MipIOIOTH 1T’ €30MeTpuuHni Hamip B PT 9.

11. 3mintoroun noxun PT, moBTOprOOTH 10-
ciiau 3a . 1-10.

12. 3MiHIOIOUN CTYIIHB BIJKPHUTTS 3aCyBKU
2 Ha moJaBALHOMY TpyOompoBoai 1, moBTo-
pro1oTh gociiau 3a mm. 1-11 npu 3MiHHIN BU-
TpaTi BOJY B TiIpaBIidyHOMY JIOTKY 16 Ta cra-
miit Butpari Boau B PT 9.

13. 3MiHIOIOYN CTYIHD BiIKPUTTS BEHTHIIS
6 Ha moJaBaLHOMY TPYOOIPOBOJI S, MOBTO-
proroTh nmocmiau 3a mm. 1-11 mpu craniit Bu-
TpaTi BOJM B TiipaBIiyHOMY JOTKY 16 Ta 3MiH-
Hiil BuTpati Boau B PT 9.

BUCHOBKHM TA PEKOMEHIAIIIT

BurotoBieHo exkcnepuMEHTAIbHUN CTEH]
JUIST  JOCHIOKEHHS 3aTOIUIEHOTO BUTIKAHHS
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Puc. 9. BincyrtHicts nmianopy (a) Ta HeJOCTaTHIHN Mi-
nmip (0) mpy BUTIKaHHI BOAM 3 BHITYCKHUX
MIPUCTPOIB PO3MOAUILHOTO TPYOOIPOBOIY:
1 — cTiHKa TigpaBIiYHOTO JIOTKA; 2 — CHJIi-
KOHOBA IMITyJIbCHa TpyOKa; 3 — rymoBa 3a-
[IIYIIKa BUITYCKHOTO MPUCTPOLO; 4 — BUTTYC-
KHUH MPUCTPIii; 5 — BITbHUN HE3aTOIUICHUH
CTpYMiHb BOAM; 6 — BIIbHUN 3aTOIUICHHI
CTPYMiHb BOJM 3 IEPENajOM BHCOTH HaZ
BUILHOIO MIOBEPXHEIO

Fig. 9. Lack of backwater (a) and insufficient back-
water (6) when water flows out from the out-
lets of the distributive pipeline: 1 — wall of
water channel; 2 — silicone pulse tube;
3 — rubber dummy plug of outlet; 4 — outlet;
5 — free non-submerged water jet; 6 — free
submerged water jet with a height drop
above the free surface of the water

piaunu 3 HanipHux PT, npoknanenux y 6e3Ha-
MipHOMY TMOTOIII.

PeryntoBaHHs HEPIBHOMIPHOCTI PO3/1aBaHHS
pinuau 3 HanipHUX PT Moke 3a0e3neuyBaTucs
pEryJIOBaHHSAM TE€OMETPUYHHX MapaMeTpiB
UX TPyOONPOBOJIB Ta BOJOBUITYCKHHX IPH-
CTpOiB, @ TAKOK KIHEMAaTUYHHUX XapaKTEPUCTHK
30BHIIIHROTO Ta BHYTPINIHBOTO TOTOKIB Pi-
JIHU.

[Tonepeni pe3ynbTaTH MATBEPIHKYIOTH MO-
XIIMBICTh PETYJIIOBAaHHS HEPIBHOMIPHOCTI pO3-
naBaHHs piauHu 3 HanipHoro PT 3miHtoBaHHSAM
TreOMETPUYHUX MapaMeTpiB Ta MapaMeTpiB
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BUITYCKHUX MPUCTPOIB, a TAKOK KIHEMATUYHUX
XapaKTEPUCTHK IIOTOKIB 1 CTPYMEHIB, sKi
BiJl€THYIOThCS.
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Experimental test-bed for studying submerged fluid outflow from pressure distributive pipe-
line laid in an unpressured fluid flow

Vadym Orel, Oksana Matsiyevska, Ihor Popadyuk, Roman Lopushansky

Abstract. To develop an experimental stand for the study of the flooded outflow of liquid from pres-
sure distribution pipelines laid in non-pressure flow, a review of ways to reduce the uneven distribu-
tion of liquid from pressure distribution pipelines was carried out. Among them, constructively chang-
ing the geometric parameters of the distribution pipelines or exhaust devices, giving the axis of the
distribution pipeline an inclination to the horizon or the axis of the exhaust devices tilting relative to
the axis of the distribution pipeline, changing the angle of the liquid entering the exhaust devices. In
the manufactured experimental stand, there must be support in the hydraulic tray to ensure the flooded
outflow of liquid from the outlet devices of the distribution pipeline. The presence of liquid support
in the hydraulic tray should ensure a flooded outflow of liquid from the outlet devices of the distri-
bution pipeline, and the absence of support - non-flooded outflow. The walls of the hydraulic tray
and the distribution pipeline for studying the kinematic characteristics of the external and internal
fluid flows, respectively, in the hydraulic tray and the distribution pipeline, and the liquid jete dis-
connected from the distribution pipeline must be transparent. The slope of the distribution pipeline
can be changed relative to the bottom of the hydraulic tray. This achieves different branching angles
of the jets to the free surface of the liquid in the hydraulic tray. Due to the design features of the
hydraulic tray, the distribution pipeline should be sequential in structure, and not bifurcated. The
method of carrying out a study of the flooded outflow of liquid from a pressure distribution pipeline
laid in a non-pressure flow has been clarified. Preliminary results confirm the possibility of regulating
the uneven distribution of liquid from the pressure distribution pipeline.

Key words: experimental test-bed, pressure distributive pipeline, variable flow rate fluid flow, sub-
merged outflow, water channel.

Cmamms Hadiliwna 0o pedakyii 05.06.2023

52


https://doi.org/10.1016/j.cej.2011.02.050

