lMpobaemu sodonocmayaHHs, sodosidsedeHHs ma 2idpasniku, surn. 30, 2018

NMPUKNAAU INAPABIIIYHOIO PO3PAXYHKY HANMIPHUX 3BIPHUX |
Po3noAaiNb4nuX TPYBONPOBOAIB

AHOpil Kpasuyk', Onbza Kpasyyk?

"KniBCbKMI HaLiOHaNbHWUIA yHiIBEpcUTET ByAiBHULTBA | apXiTEKTypU
31, np. MNosiTpodnoTcekmii, M. Knis, Ykpaina, 03037
OOKT. TeXH. Hayk, npodecop, kravchuk.am@knuba.edu.ua, orcid.org/0000-0001-8732-9244
2HauioHanbHWI TpaHCNOPTHUIA YHIBEpCUTET
1, Byn. M. OmensHoBuya-lNaeneHka, m. Kui, Ykpaina, 01010
olgakravchuk56@gmail.com, orcid.org/ 0000-0003-2616-5455

DOI: 10.32347/2524-0021.2018.30.31-35

AHoTtanis. B naniit poOoTi HaBeJeHO NPUKIAIHN JETAIBHOTO IHKEHEPHOTO PO3paxXyHKy HaIlipHUX 30i-
PHUX 1 pO3NOALTEYNX MepPOpPOBaHUX TPYOONPOBOAIB MOCTIHHOTO MiaMeTpa 3 MOCTIIHO 3a TOBXKH-
HOIO IHTEHCHBHICTIO Tepdopauii 6iYHMX CTiHOK. P03paxyHKOBi 3alie)KHOCTI, 110 MPOIOHYIOTHCS,
OTpHMaHi aBTOpaMHU Ha OCHOBi PO3B’SI3Ky CHCTEMH BHUX1IHUX JU(EpeHIIHHUX PiBHSHb, SIKi OMUCYIOThH
PYX piAWMHU 31 3MIHHOIO BUTPATOIO B HAIIPHHUX KaHANaX i YMOBH MPOXODKCHHS PIAMHM depe3 iX OiuHi
CTiHKK. B sKOCTi mepmioro piBHSHHS BHKOPHCTOBYETHCS AW(EpEHIliiHe piBHAHHSA PyXy piAWHU 3i
3MIHHOIO Macol. B sikocTi qpyroro — piBHSHHS HEPO3PUBHOCTI Y (hopMi PiBHAHHS BUTIKaHHS PLAMHU
yepe3 oTBOpH abo minmHN nepdoparii. B mepmioMy mpukiagi po3riasHYTO PO3paxyHOK 30ipHHX TPY-
0OIPOBOIB, SKi MPAIIOIOTH 3 MPUETHAHHAM PIIUHA B3IOBXK NUIAXY. B Apyromy — po3mnoains4ux Tpyo,
SK1 PO3/Ial0Th PiIIUHY Yepe3 CBOI OiYHY TMOBEPXHIO. 3alpOIIOHOBaHI METOJIUKH MOKHA BUKOPUCTOBY-
BaTH JUISI PO3PaXyHKY KOPOTKHX, IOBI'HX TPYO i TpyO MPOMiXKHOT TOBKMHH. B pe3ynbrati po3paxyHKiB
3HaXOAATh BUTPATH 1 HAllOPH B JAOBUIBHUX nepepizax TpyO. OKpiM IbOro AaHi METOAUKHU JO3BOJISIOTh
BU3HAYUTH T€OMETPHYHI XapaKTEPHCTUKHU €IEMEHTIB PO3TIsIyBaHUX TpyO (IiameTp Ta JOBXKHHY Ka-
HaJly, JliaMeTp 1 KUTBbKICTh OTBOPIB nepdoparlii), ski 3MOKyTh 3a0€3MEUNTH ONTUMAILHUA TEXHOJIOT-
YHO 3aJaHuil peKUM 300py ab0 po3MoauTy piuHU. B 3amponoHoBaHUX METOMKaX ITMPOKO BUKOPHC-
TaHi pPe3yJbTaTH EKCIEePHUMEHTAIBHUX JOCIIDKEHb POOOTH TaKMX TPyO, BUKOHAHUX OCOOHMCTO aBTO-
paMu. A came, IOCUTh MIPOCTi i 3pydHi B KOPUCTYBaHHI EMIIpUYHI 3aJI€KHOCTI, TOTOMIXKHI Tpadiku i
TaOJUII AJ11 BU3HAYCHHS BEITMYMHU T1IPaBIivYHOTO KOeillieHTa TepTs 1 KoedillieHTa BUTPaTH OTBOPIB
nepdoparii /Uit BUaaKy pyxy piJJMHH 31 3MiHHOIO BUTPATOIO B3JOBXK NUIAXY. Pe3ynapraT po3paxyH-
KiB JJ0OpE CIiBNAAI0Th 3 ICHYIOYHMH €KCTIEPUMEHTATBHUMHU JJAHUMH.

Karwouoi cioBa: BuTpara pinuHu; nepdopoBaHuii TpyOONpOBi; TiApaBliuyHUN KOe]ilieHT TepTs;
KoeiIlieHT ormopy.

BCTYII META I METOIU

B naniit po6OTi pO3MIAHYTO KOHKpPETHi Merta poOoTH 1aTH MPOEKTaHTaM NPHUK-
pPO3paxyHKH  HamipHUX  HepPopoBaHUX Ja7 KOHKPETHHMX pO3paxyHKIiB 30IpHUX 1
TpyO, 1110 MpaIolTh 0e3 TPaH3UTY, MAIOTh PO3NOAUTEHUX TepPOpoBaHUX TPYOOIpO-
HE3MIHHUN JiaMeTp 1 MOCTIHHY 1HTEHCHUB- BOJ/IB, SKI NpaLIOOTh 31 3MIHHOIO BUTpa-
HiCTh nepdoparlii cBo€i OGIYHOI MOBEpPXHI. TOI B3/I0BXK HUIAXY. MeTOauKN po3paxyH-
Taki TpyOM HIMPOKO BUKOPHCTOBYIOTHCS Ky, SIKI BUKOPHUCTaHI B JIaHOMY BHIIAJIKY,
uis 300py 1 pO3MOAUTY BOAM B OYHCHUX po3po0iieHi HaMu paHiie B podorax [1,2,3]
criopyZax BOJIOMIOCTa4aHHS Ta BOJOBI/IBE- MpU JIETabHOMY aHaji31 BUXITHHUX aude-
JNeHHA Takux SK (UIbTpH, BiACTIHHUKH, PEHLIWHUX PIBHSAHB, SKi OMUCYIOTh PyX pi-

OCBITJIIOBAYi Ta 1H.
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JMHYU 31 3MIHHOIO BHTPATOIO B3IOBXK IIIIS-
Xy.

PE3YJIbTATHU TA TIOACHEHHA

36ipni TpydonpoBoaM

IMpuxnan. Po3paxyBaru 30ipHUil cTae-
BUH TpyOOIPOBiT (Xo = 0,022) JTOBKHUHOIO
[ =5,0 M nis BigBoMy BOIM 3 pe3epByapy 3
BUTPATOI0O B HOro KIHIIEBOMY Iepepisi
0. =0,0131 M3/C . I'mubuna 3aHypeHHs
TpyOM TiJ TOBEPXHE BOAM B pe3epByapi
H , =1,5 m, nmepenaj Hanopis B Kinui 36i-
pruka z, = 0,5 M. IToka3HuK piBHOMiIpHOCTI

300py BOIM, SKHMI NOBHHEH 3a0e3redyBa-
tucs x = 0,8. JlomycTuMa MIBUAKICTH B KiH-

ueBoMy mepepisi 36ipumka V, >12m/c.
JliameTp otBOpiB mnepdoparii MPUHHITH
do=10,01 m.

PospaxyHok. IIpu Binomiit Butpati Q, i
JOMYCTUMIN MIBUAKOCTI V), 3HAX0aumo Iia-
METp TPyOOIIPOBOY:

D=1130,/V, =
=1,13,/0,0131/1,2 =0,1 18m.

[IpuiiMaeMo 111 BCTaHOBJICHHS HaMi-
Onmux4uii HaMMEHIIWH CTaHAApTHUM [ia-
MeTp ctasieBoro tpybomposoay D =0,1 wm.
[Tpu upoMy fmilicHa MIBUAKICTH HA BUXOAL 3
TpyOu Oyne

VK = 4QK / 7D 2=

—4.0,031/3,14-0,12 =1,67 w/c.

Jlns BU3HAUEHHS T1IPaBIiYHOTO Koedi-
1i€HTa 301pHOTrO TPYOOIIPOBOAY B MEPIIOMY

Ta6a. 1. Po3paxyHok 30ipHUX TpyOOIpOBO/IIB
Tabl. 1. Calculation of collecting pipelines

HaOJIMDKEHHI MTPUAMAEMO 3HAYSHHSI TOTpa-
BOYHOTO KoeditieHTa PBss = 1,6, Tomi

A, =1,6%,=1,6-0,022 = 0,035.

3HaxoauMo Koe(ilieHT Omopy 3a J0B-
YKUHOIO 30ipHUKA

L. =M, 1/D=0,035-5/01=175.

3a tabn. 1 mpu y= 0,8 mpuitmaeMo 3Ha-
yeHHs mapametpiB 4 = 0,433, B=2,722,
C=0,99. Koeodiuient mnepdoparii, npu
sKoMy Oyze 3a0e3redyBaTvcs BIIBIJ BH-
Tpatu (), IpU 3aJaHOMY IOKa3HHUKY piB-

HOMIPHOCTI 300py, pO3paxoBYyeEMO 3a 3alie-
JKHICTIO

Kn = C/\/2+é/l.36A =
= 0,99/1/2 +1,75-0,433 =0,60.

[lepeBipsieMo miiicHe 3HA4YEHHS IONpa-
BOYHOT0 Koe(ilieHTa Psg 32 €MIIPUYHOIO
dhopmyIoro

B, =L62K*" =1,62-0,6"" =196.

OcTaHHS 3aJIe)KHICTh PEKOMEHAYEThCS
s kopucTyBanns mpu 0,2 <K, <1,7. V
sunanky K, 21,7, maemo B, =1,33.

3Hax0AMMO HOBE 3HAUYEHHS PO3pPaXyH-
KOBHX IapaMeTpiB:

—  TiApaBIIYHUMA KOEPILIEHT TepTs
30ipHHKa

A s =196k,=1,96-0,022 = 0,043;

% 0,98 0,95 0,90 0,85 0,80 0,75 0,70
A 0,492 | 0483 | 0467 | 0445 | 0433 | 0416 | 0,399
B 2,100 | 2,183 | 2,340 | 2,550 | 2,722 | 2,954 | 3,205
C 0,288 | 0461 | 0,667 | 0,837 | 0,990 | 1,136 | 1280
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— KoedIIieHT Onopy 3a JOBXHHOIO
£, .5 =h,:1/D=0,043-5/0,1 =2,15;

— Koedimient nepdoparii

Rn = C/\/2+é/l.36’4 =
=0,99/4/2+2,15-0,433=0,58.

Kinbkicte oTBOpiB mepdoparliii BU3HaUa-
eMo 3a popmyIoro

n=K D*/d}=0,58-0,1>/0,01* =58 mr.

3HaxoauMo Koe(ilieHT omopy MpHUitHS-
TOT0 301pHOTO TPYOOIPOBOAY

L, =B/K>=2722/0,58 =8,09.

Busnauaemo BTpatu Hamopy y 30ipHUKY

2
h= 436 VK /2g =
=8,09-1,672/2-981=1,15m.

Po3noainbui Tpy6onposoau
IIpukiaaa. BusHauuTH KOHCTPYKTHBHI
XapaKTEPUCTUKU CTAJIEBOIO PO3MOJLILYOTO

pyGonposony (A, =0,022) nosxunoro [
= 5,0 M, KMl 3MOK€e PO3MOAUTUTH BUTPATy
0,=0,034 ™ / ¢ . Ipu mpoMy HEOOXimHO
3a0€3MeunTH MOKa3HUK PIBHOMIPHOCTI PO3-
noginy Y, = 0,8. JlomycTnMa IIBUAKICTH B
MIOYaTKOBOMY Iepepi3l MOBHHHA 3abe3Ie-
ayBatuce y mexax V, >4,0M/c. Jliamerp
oTBOpiB nepdopauii npuitHsaT do = 0,01 M.

Pospaxynok. Ilo Bimomiii Butpari 0, i

nomyctuMiii mBuakocti ¥V, 3a ¢opmynoro
MiI0UpaeMo CTaHAAPTHUN AlaMeTp TpyOor-
poBOY

D=113,/0,/V, =
=1,13,/0,034/4,0 =0,103m.

[IpuiimaeMo i1 BCTaHOBJICHHS Haii-
Onmv kYUl HAWMEHIIWN CTaHAAPTHUHN [ia-
MeTp craneBoro tpybomposoxy D =0,1 m.
[Tpu bOMY MIBHAKICTH B MOYaTKOBOMY TIe-
pepi3i Tpyou Oyne

vV, =40,/ D* =
=4-0,034/3,14-0,1> =433 m/c.

JUiss BU3HAUEHHS TiIPaBIiYHOTO Koedi-
[I€EHTa PO3MOAUILYOr0 TPyOONpPOBOAY B
nepmoMy HaOMMKeHHI MpUMaeMoO 3Ha-
YeHHsI OIMpaBoYHOro Koedirienta PBp = 1,2,
TOZA1 3HAYEHHS TiAPaBIIYHOTO KoedilieHTa
TEPTS PO3MOIIbHUKA Oyie

A, =12}, =12-0,022 = 0,026.

Jauni 3HaxoqumMo KoedilieHT Onopy po3-
MOJIUTFHUKA 32 JJOBKUHOIO

G, =A,l/D=0,026-5/0,1=13.

3a Tabu. 2 (11 BITHOCHO KOPOTKHUX PO3-
NoJiIpunX TpyoOomposoxis) npu Y = 0,8

npuiiMaemMo 3HAYEHHS napaMerpis
A, =0583, C, = 0947 (ockinbkn

=1,3<——= 2,57, To maHuii posmo-
S 0,583 S

TTBUUNA TPYOOTPOBiA BIJHOCUTHCS O Bif-
HOCHO KOPOTKHX ).
Busnayaemo koedinient nepgoparii

K, :cK/ 7-¢,4, =
=0,947//1,7-13-0,583 =0,98.

Taba. 2. Po3paxyHOK KOPOTKUX pO3NOALIBYUX TPYOOIPOBOIIB
Tabl. 2. Calculation of short distributing pipelines

0,99 0,97 0,95 0,93

0,90 0,85 0.80 0,75 0,70

X
A 0,503 0,510 | 0,518 | 0,525

K

0,537 | 0,558 | 0,583 0,610 | 0,641

C 0,209 | 0,362 | 0,468 | 0,553

K

0,663 | 0,816 | 0,947 1,063 1,169
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Ilepesipsemo nilicHe 3HayeHHs mompa-
BOYHOTO KoedimieHTa Pp 3a €MIIPUYHOIO
dhopmyIoro

B, =L14K,"? =114-097 =118,

OcTaHHS 3aJEXHICTH CIpaBeANBa B
mexax 0,2<K, <1,5. Ilpu K, 21,5, cnin
npuiimatu B,= 1.

OTtpumaHe 3HaYCHHS MONPABOYHOTO KO-
edimienTa Bp IPaKTHYHO CHIBIAAAE 3 MOIe-
pPEIHBO TPUUHATHM, TOMY IIEpEPaxyHKY
pO3paxoBaHi MapamMeTpu He MOTPEOYIOTh.

Jlani 3HaXoAMMO HEOOXIAHY KUIBKICTh
oTBOpiB nepdoparii po3noaiasrIoro Tpyodo-
poBoAy (n)

n=K D?/d}=098-0,17/0,01* =98 .

KoeimieHnT onopy i BTpaTH Haropy it
KOPOTKOTO PO3MOJUIBYOTO TPYOOIPOBOIY
HE BU3HAYAEMO.

VY BUMajaky, KOJu 1 PO3PaxyHKy KOHC-
TPYKTUBHHUX XapaKTEPUCTUK JaHUX TPYyOo-
MPOBOJIIB HEOOX1/IHO 3HATH CEPE/IHI BEJH-
YUHU KOe(ILI€HTIB BUTPATH OTBOPIB Iep-
doparii, To A iX 3HAXOJKEHHS CJiJ BU-
KOPHUCTOBYBaTH (POPMYIIH:

— Juist 301pHUX TPYO

u, =085-0,156K,,

ska cnpasemmBa npu 0,1 <K <28 i

3, :% = 0,3 — 1,0, mo Bianosiznae pea-

JILHUM BOJ036ipHUM cucTeMaM (TyT 0,d  —

TOBIIMHA CTIHKU TPYOU 1 JlaMeTp OTBOPIB
nepgopariii);
— 1711 PO3MOAUTEYUX TPYO

u, =0,72-0,065K,.

Hana ¢opmyna crnpaBeaianBa B Mexkax
0,1<K,<22id,=8/d)=03...14.

BUCHOBKHU TA PEKOMEHIALIII

B poboTi mpencraBieHi KOHKPETHI PoO3-
paxyHKH HamipHHUX NepPopoBaHUX TPyOOI-
poBofiB. OTpuMaHi pe3yJbTaTH 3aI0BLITHHO
CHIBIAJAIOTh 3 EKCIEPUMEHTAIbHUMHU Ja-
HUMH 1 PEKOMEHAYIOTHCS I BUKOPHUCTaH-
HS B TIPaKTUI[ IPOEKTYBaHHS pealbHUX
TPYOOIPOBITHUX CUCTEM.
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The examples of hydraulic calculations of pressure collecting and distributing perfo-
rated pipelines

Andry Kravchuk, Olga Kravchuk

Abstract. The examples of detailed engineering calculation of pressure collecting and distributing per-
forated pipelines with a constant diameter and with a constant intensity of perforation of the side walls
along the length are presented in the article. The proposed calculation dependencies were obtained by
the authors on the basis of solving a system of initial differential equations that describe the motion of
a fluid with a variable flow rate in pressure channels and the conditions for the fluid passing through
their side walls. The differential equation of fluid motion with a variable mass is used as the first equa-
tion. As the second, the equation of continuity in the form of the equation for the fluid outflow through
holes or perforation slots. In the first example, the calculation of collecting pipelines that operate with
fluid attachment along the path is considered. In the second — distributing pipelines, which distribute
the liquid through its side surface. The proposed methods can be used to calculate short, long pipes
and pipes of intermediate length. As the result of calculations, discharges and pressures are found in
arbitrary sections of pipes. In addition, these methods allow to determine the geometric characteristics
of the pipes elements under consideration (diameter and length of the channel, diameter and number of
perforation holes) that can provide the optimal technologically specified mode of fluid collection or
distribution. In the proposed methods, the results of experimental studies of such pipes operation, con-
ducted personally by the authors, are widely used. Namely, the empirical dependencies, auxiliary
graphs and tables for determining the magnitude of the hydraulic coefficient of friction and the perfo-
ration holes discharge coefficient for the case of fluid movement with variable flow along the path are
quite simple and convenient to use. The calculation results are in good agreement with the existing
experimental data.

Key words: liquid discharge; perforated pipeline; hydraulic coefficient of friction; resistance
coefficient.
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