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AHoTanisi. 3aX0/11 31 3MEHIICHHS BTPAT €HEPTii B CHCTeMax TPyOOIPOBiTHOTO TPAHCHIOPTY HEOOXiTHO
BITPOBA/IXKYBAaTH BXKE Ha €TaIli MPOEKTYBaHHA. 30KpeMa 1€ CTOCYEThCS i MiCIIEBHX T1paBIiYHUX OIIOPiB
TpyOOTpoBOAiB. {151 CHMETPUYHOTO PANTOBOTO 3BYKEHHS TPYOH OJHUM 3 TaKHX 3aXO[iB € Mpodisto-
BaHHSI 32 JIOTIOMOTOIO BCTaBOK. Y PoOOTI PO3MIIIHYTO BCTABKY 3 MPSIMOJIIHIHHOIO IHJIiHAPHYHOIO TBIip-
HOIO, sIKa MOPIBHIHO 3 iHIUMH Mae OiIbIII AIISIHKH BiAPUBY MOTOKY. JliaMeTp BCTaBKH OOYMCIIOBAIIN
SIK CepPeTHROAPUPMETHIHIA MK TiaMeTPaMH, [0 YTBOPIOIOTH BUXIiHE PAIITOBOTO 3BYKEHHS TpyOH. 3a
HaBEJICHOIO B JIITEPaTypi METOIUKOIO IOCIIHPKEHO BiTHOCHY JOBKUHY Ii€1 BCTABKH 5K JIISTHKH BIUTHBY
MiX TBOMa CUMETPUYHUMH PANTOBUMH 3BYKEHHSMH KPYTJI0i TpYOH MpH Tedii oJHO(pa3zHOTO TypOyIie-
HTHOTO IMIOTOKY HBIOTOHIBCBHKO] piguHu. KoedimieHT B3aeMOBILTNBY X MiCIIEBUX TiPaBIiYHUX OTIOPIiB
npuitMaiy 3a GopMyJaMu IS MPSAMOTEHYIHHAX Ta HEMPSMOTEHYIHHAX 3aIlipHUX TMPUCTPOIB, M0 MOJIe-
JIOBAJIO BIATOBIJIHO CHMETPUYHY Ta HECUMETPUYHY Teuil PiIMHY Micis TUIOIMHU 3BYKEeHHs. Po3ris-
HYTO CTYIEHI 3BYeHHs MoToKy Bix 0,064 mo 0,696 BKIIFOUHO, SIKI YTBOPEHI TPyOaMu 3 JiaMeTpami, He
MEHILUMH 32 MOPSAA0K OJUHULL MUTIMETPiB. 3a pe3yJIbTaTaMHu 00UNCIIEHb OJIEPKAHO BiICYTHICTh B3a€-
MHOTO BILIMBY JIBOX PaliTOBUX 3BY>K€Hb Kpyrioi TpyOu. Lle Bka3zye Ha HENpUAATHICTh BUKOPUCTAHHS
(hopMyJI TSt 3 PHUX IPUCTPOIB Y 3a3HAYCHIN METOIMII JIJIsl BU3HAYCHHS BIJJTHOCHOT JIOBKUHHU BCTABKH
3 IIPSIMOJIIHIMHOIO IWJITHIPUYHOIO TBipHOK. ToMy 11 3°sicyBaHHS pO3IIISTHYTOI poOJIeMH Ha pariTo-
BOMY 3BY)KEHHI TPyOH 3 Pi3HHUMH CTYIEHSAMH 3BY)KEHHS MOTOKY NPOIOHYETHCS MPOBECTH (Hi3UIHHIA
excriepuMeHT. [Ipyu MareMaTHYHOMY €KCIIEpUMEHTI MOXKHA CKOpPHCTaTHCS (POPMYIH IS BU3HAYCHHS
TaKUX JIOBKHMH: KIHIIEBOI Ta MOYATKOBOI AUISHOK MICIIEBUX TiIPaBIIYHUX OIMOPIB; BXIIHUX JUISHOK Y
MWTHIPUYHUX TPyOax 3 MPUCTPOSMH, SIKi TypOYIi3yIOTh MOTIK; AUISHOK CTa01Ii3a1lil emropy MIBHIIKO-
CTI MiCJIs MICIIEBHX TiPaBJIiYHUX OIOPIB.

KuarouoBi ciioBa: pantoBe 3By>KeHHs TpyOH; CTYIiHB 3BY>KE€HHS TIOTOKY; KOe(illi€eHT MiCIIEBOTO Tifpa-
BIIIYHOTO OIOPY; BCTAaBKa 3 MPSMOJIHIHHO MWITIHIPHYHOO TBIPHOIO; BiTHOCHA JOBXKHHA.

BCTYII MO>KHa PO3TJISIATH SIK HKEPEJIO CBOEPIAHUX
30ypeHb, SKi TPU3BOAATH A0 jAecTadimizaril
MoToKYy [2, ¢.42].

3a OpUHIUIOM Jii panToBi 3BYXKEHHA
TpyO Hanexxkate g0 MI'O, ne BinOyBaeTbes
3MiHa IUIONII MPOXiJHOTO Mepepizy MOTOKY
TPaHCIIOPTOBAHOTO CEPEOBUINA, B STKUX 3a-
TPaTH €Heprii Ha yTBOPEHHS KUIbLEBUX BH-
PiB € NepeBaKHUMHU Y MICIIEBUX BTpaTax Ha-

nopy [3].

TypOyneHTHI MOTOKU Kpi3b PanToBi 3BY-
XKEHHs TpyO MoIMpeHi y 6ararbox nmpommc-
JOBUX c(hepax, BKIOYAIOUN TPYOOIpOBIIHI
CHCTEMH, aCpOHABTHKY, TPAHCIIOPTYBAaHHS
niamy, ¢GopmyBaHHs Ta ekcrpysito [1]. Lli
Micuesi rigpasiniydi onopu (MI'O) BriuBa-
I0Th Ha CTPYKTYpPY IOTOKY yYBEpX Ta BHU3 3a
TEYi€l0 BiJ IUIOIIMHU 3BYKEHHA. Tomy ix
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3axonu, HampaBlIeHI Ha 3MEHIICHHS
BTpAT €HEPrii Ha palTOBOMY 3BY>KE€HH1 KpyT-

701 TpyOu, MaloTh OyTH €()EeKTUBHUMH IIPH
2

CTyTIEH1 3BY)KCHHS IIOTOKY M = — =2 0,250

[4], me D, d — miameTpu TpyO, sIKi yTBOpPIO-
10Th 1eit MI'O. Jlns cucrem TpyOompoBia-
HOT'O TPAHCIOPTY iX Tpeba BIPOBaKyBaTH
BXKE HA €TaIli MPOEKTYBaHHS.

OmHuM 31 c11oco01B 3MEHIIICHHS T11paBIli-
YHOT'O OIOPY PAITOBOTO 3BYXKEHHS TPYOH €
npodiTFOBaHHS 3a JOIMIOMOT'OI0 Pi3HUX BCTa-
BOK. BcraBka 3 mpsAMOIiHIMHOIO HHTIHIpUY-
HOIO TBIpHOW (pwmc. 1), MOpIBHAHO 3 iH-
[IMMH, Ma€ OUTBIII JUITHKH BiJIPUBY TOTOKY
[5, ¢.26, Fig.2.4]. Mo Toro x, mis obuwuc-
nenHs koedimientiB MI'O panroBoro 3By-
JKEHHS TpyOW 3 IHIIMMHU BCTaBKaMu (Hop-
mymu [6, miarpama 4.9; 7] Ta rpadiku [5,
c.374] e Bimomumu [8].
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Puc. 1. Cxema npodinroBaHHS panTtoBOro 3BYy-
YKEHHSI TPyOH BCTaBKOIO 3 MPSMOJIiHIH-
HOIO IIJIIHAPUYIHOIO TBIPHOIO

Fig. 1. Scheme of profiling of sudden
contraction of circular pipe by the
insert of sharp-edged pipe

3riJIHO 3 METOAMKOIO, HaBEJIEHOO B [9],

BUXIJHUN CTYMiHb 3BY’KEHHS IOTOKY
m=m -mp, (1)

Jie M1, M2 — CTyTEH1 3BYXKEHHS MOTOKY IpH

BUKOPHUCTAHHI BCTaBKH 3 MPSMOJIIHIHHOIO
WITIHAPUYHOIO TBIPHOIO,
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Dczep Deep ®)
ne Deep — miametp BcTaBKH,
D+d
Dcep = 5 ; (4)

a — amIutiTy1a 3MiHu giamerpa tpyou [10],

D-d
a=——; (5)
2
Toni miamerpu, sIKi yTBOPIOIOTH pPanToOBE
3BY)KEHHS TPyOH, BUHAYAIOTH SIK:

D =Dy, +2a ; (6)

(7)

Lle Bignosimae TpyOi 3 NiHINHOIO 3MiHOIO
IUIONI MOMEPEYHOro Mepepizy Mo JOBKHUHI
[11].

3a Bigcrani DLZlO...ZO [6, c.578], nme

(0]
Do — miametp mingaku Mk nsoma MI'O, mi
OTIOpY MOXYTh 3IIMCHIOBATH OJHMH Ha Jpy-
ruii B3aeMHuil Brus. [Ipu npomy npuaisis-
€TbCSl yBara 3MEHILIEHHIO T1IpaBIiuHOTO
onopy takux MI'O [12].

VY nitepaTypl MTOBXKUHY JUISHKA BIUIUBY
Mix MI'O 31e6inbiioro HaBeneHo SK QyHK-
1iro Kputepito PeitHonpca, 110 HE 3aBXIU
3pY4YHO B pO3paxyHKax Ui 30HU KBaJpaTH-
YHOTO OIOPY TYPOYJCHTHOTO PEKUMY PYXY
plLAVHH.

VY [3] noBxuHY IIISHKA BIUIMBY MIX
MI'O npornoHyeTbcs 0OUUCITIOBATH SIK JIOB-
KHMHY TIISXY, Ha SIKOMY BiJTHOBJTFOETHCS CTa-
Oii30BaHM PO} 1S MOBHOI MIBUIKOCTI M-
cist nepioro MI'O ta npodiinb HIBUAKOCTI B
MICIIi TOTEHI1aJIbHOTO PO3TaIllyBaHHS JpY-
roro MI'O. Jlo Toro %k, 3a 3ragaHi mpodiii
MIBUJIKOCTEN MatoTh OyTH 3a1anumu. [Ipore,
3a (DI3UYHOTO MOJIETIOBAHHS 1€ CTOCY€EThCH,
SK TPaBUJIO, KOHKPETHOTO JIOCIIIKEHHS, a

d =Dgp —2a .
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3a MAaTEMATUYHOI'O0 — MOKE HE BIIIMOBIHATH
IIHACHOCTI.

Y [9] onmepxano dopmyiy s BU3HA-
YCHHsI BITHOCHOT JOBXKWHHU BCTaBKH 3 M-
MOJIHIHOIO IIMJTIHAPUYHOIO TBIPHOIO:

L =18,51-m, (8)
cep
SKa TPOTHPIUYUTH  3MICTYy  3aJIeKHOCTI
L f(m).
Dcep
META I METOJIU

Mertoro 1aHoi poOOTH € YTOUYHEHHS JIOB-
KUHHU BCTABKH 3 MPSMOJIIHIHHOIO MITIHIPHU-
YHOIO TBIPHOIO, 3Ti/IHO 3 METOJMKOIO, HaBe-
neHoro B [9]. BukopuctoByBaTUMYThCS Me-
TOJIU TIOETHAHHS TEOPETUYHUX OCHOB Tijpa-
BIIIKH 3 TIOCTAHOBKOIO TiJIPaBIIIYHUX EKCITe-
pumenTiB [13].

PE3YJIBTATHU TA ITIOSACHEHHA

[To3asik reomeTpryHa MPOCTOTA KaHANTIB,
SKI CHMETPUYHO 3BY)KYIOTHCS, HE IPU3BO-
JUTH 10 CUMETpUYHOi Teuii [ 14], koedirienT
B3a€MOBILUIMBY JIBOX paNTOBUX 3BYXKCHb
TpyOM mOpuiimManu [K Ui 3alipHUX TNpH-
crpois [6, €.578; 15, .46]:

— NPSAMOTEUIHHUX, TP CUMETPUYHIN Teuii:

2
k,=-111-107 (LJ +

© 9)
+1335.10™° -DL +0,6

0
— HENPSIMOTEUiHUX, TPH HECUMETPUYHIH

Teuil:

2
k,,,,=—2085-1o—8-(DL] +
°/ . (10)

125104, 5 4 0,925

(0]

[Mpu upomy Ky < Kun y Mekax

0< DL <60 [15, Ta61.4.28].

0
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[Ipu Teuii onHOda3HOrO TYpOYIEHTHOTO
MMOTOKY HBIOTOHIBCHKOI PIIMHH KPi3b CHMeE-
TPUYHE PANTOBE 3BYKCHHS KPyrJioi TpyOu
eKCIIEpUMEHTAJIbHI 3HAYeHHsI KOe]iIll€HTIB
MI'O Cexp , HaBezieHI B Ta01.1, B MeXax cTy-
TIeHIB 3BY>KeHHsI TOTOKy M = 0,064...0,696 3
TOYHICTIO 10 5% BKJIIOYHO [9] He mepeBu-
I[yBaJld 3HA4Y€Hb, OOUMCIEHUX 3a TaK 3Ba-
HOIO HOBOIO  Qopmynor  [menpumka

[6, c.151]:
£=05-(1-m)>™, (11)

s popmyna myxe noOpe y3romKyeThes 3
dbopmynamu [16, 81]:

£=0,4-(1,25—m) mpu m < 0,715;
§=0,75-(1-m) mpum >0,715.

(12,2)
(12,6)

®opmyna (12,0) HaBiTH Kpalle ONMUCYE is-
HKy 3anexHocti (= f (m) 3a (opMYyJIOI0
Aty [15, ¢.42], 5Ky BUKOPUCTOBYIOTh
npu m > 0,25:

jz

(k-
e

ne € — Koe(ilieHT CTUCHEHHS CTPYMEHS Pi-
JIUHH, € = f(m).

HaBeneHni cTyneHi 3BYKEHHsSI IOTOKY M
yTBOpEeH1 TpyOaMu 3 jAiaMeTpamu, HE MEH-
IIUMH 32 TOPSIOK OJWHMIIL MLUTIMETPIB.
Amxe B MikpoTpyOax 3 JiameTrpamu Io-
PAAKY AECATHX MUTIMETPIB 3HAU€HHS Koedi-
nietie. MI'O He BIANOBIIAIOTH (GOpMYITi
(12) [27].

Onepsxani gaHi (puc. 2) MOKHA ONTUCATH

(13)

bopmynamu:

— npu cumeTpuyHiil Teuii (R? = 0,8986)
L 10646, "
Dcep m0,042

— npu HecumeTpuyHii Teuii (R? = 0,8967)

L 166,68

~ ...0,060"
Dcep m

(15)
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Ta6ua.1. BuznaueHHs BiJTHOCHOI JJOBKWHH BCTABKH 3 MPSAMOJIHIHHOIO WITIHIPUYHOIO TBIPHOIO
Table 1. Determining of the contraction length ratio

w Cry- quqn— Tiamerp Crymneni KSG@)lHleHTI/I_ KOC(I)IHICHT JloBxuHa
q g IIEHT Decy . MM My M G= &= k= BCTaBKH
E;exp P :fl(ml) :fz(mz) :C_,exp/ (C1+CZ) L/ Dcep
1. 0,064 | 0,490 64,550 0,392 | 0,162 0,344 0,438 0,626 Eg’gg
110,40
2. 0,260 | 0,420 38,500 0,570 | 0,456 0,266 0,317 0,721 175.62
108,66
3. 0,628 | 0,228 23,300 0,803 | 0,781 0,148 0,160 0,740 17161
122,04
4. 0,029 | 0,480 19,570 0,343 | 0,085 0,365 0,468 0,576 20254
117,82
5. 0,130 | 0,445 10,785 0,463 | 0,281 0,314 0,390 0,632 10279
119,29
6. 0,112 | 0,444 11,915 0,445 | 0,251 0,322 0,403 0,613 196.18
106,96
7. 0,696 | 0,197 6,800 0,841 | 0,827 0,126 0,134 0,758 16767
114,11
8. 0,260 | 0,395 — 0,570 | 0,456 0,266 0,317 0,678 18421

[Tpumitka: 3HaueHHs L/Dcep ipH cUMeTpUUHIH Tedii HaBeICHO Y YHCEIbHUKY, IPU HECUMETPUYHIH Tedii
— Y 3HAMEHHHUKY.

LD X

150 N

100 LY

Puc. 2.

5
S .

;
:

30 v

0 T T
0 0,2 0,4 0,0 0.8

3aJIeXHICTh BIJIHOCHOI JOBXKWHH BCTa-
BKH 3 IPSIMOJTIHIHHOIO IIHTIHPUYHOIO
TBIPHOIO BiJl CTYNEHs 3BYKEHHS IIO-
TOKY Ipu cuMeTpuyHii (1) Ta Hecume-
TpuuHii (2) Tedii

Fig. 2. Dependence of the contraction length

ratio on contraction rate at symmetric
(1) and asymmetric (2) flow
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Bzaemomiue MI'O, 3rigHo 3 Qopmy-
gamu (9) ta (10), me 3auUIIAETHCS TIPU

5

JKUHM TIPH €KCTPAroisilii eKCepuMEeHTaTbHIX
JaHux 10 m = 1,0 nmosiHoMaMu 4 CTyIIEHS OJep-
xaHo m>0,900 (cumerpuuHa Tedwis) Ta
m > 0,943 (mecumerpuuna Tedist). s Takux
CTYIICHIB 3BY>KE€HHS IOTOKY BTPaTH Ha TEPTS A0-
MIHYIOTh HaJ] BTpaTaMH Ha 3MiHy (opmu [18;
19], xomu po3Mip KiJbIIEBOi BHPOBOI 30HU B
TpyOi MEHIIOTrO JiaMeTpy HaOIMKAEThCA JI0
HyJss [20], ToOTO BiJICYyTHE CTUCHEHHS MTOTOKY
piauau B 1iHt Tpy6i. Toai HEOOOpOTHA CKITaoBa
3arajlbHUX BTPaT THCKY Ha PallTOBOMY 3BY KE€HHI
Kpyrioi Tpyou npamye 1o Hyas [20] Ta craHo-
BUTh, 3TiIHO 3 [4], Tpu cuMeTpuuHiil Tedwil
12,8%, npu HecumeTpuuHiil Teuii — 3,0%, 1o €
HE ICTOTHHUM.

[Mompu Te, mo onepxani gani (Tabm.1 Ta

=60 . lna Takoi BimHOCHOI IOB-

puC.2) BIANOBIAAIOTH 3MICTY  3AJIEKHOCTI
L
= f(m), 3a 3Hauens > 60 B3ae-
Dcep cep

MOBILJIMB JIBOX PANTOBHUX 3BY)KE€Hb TPyOU €
BiJIcyTHIM. ToMy /U1 004HCIIeHHS BTpaT Ha-
nopy HEOO0Xi1THO BUKOPHCTOBYBaTH
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NPUHIMIT CYNEPIO3Ullii HE TUIBKH IHX
MI'O, ane ¥ BCTABKH MI’K HUMH.

OcCKibKM BUKOPUCTAHHS (hOpMYJT ISl 3a-
MIpHUX TPHUCTPOIB TNMPHU OOYMCICHHI JOB-
KUHHU BCTABKH 3 MPSMOJIIHIHHOIO MITIHIPHU-
YHOIO TBIPHOIO B CHMETPUYHOMY PariTOBOMY
3BY)KEHHI KpyTJI0i TpyOU 32 METOIUKOIO, Ha-
BEICHOIO B [9], BUABMIOCS HENPUIAATHUM,
Tpeba mpoBecT (Hi3UYHUN, a HE MATEMATH-
yHUK ekcrnepuMeHT. HeoOximHo 30cepenu-
THCS Ha JOCHIIPKCHHI JOBKHMH TaK 3BaHUX
KIHIIEBOI Ta [I0YAaTKOBOI AIJIIHOK BiAIIOBIIHO
nepen ta miciast MI'O. Ake 1OBKUHA KiJTb-
[IEBUX BUPOBHUX 30H KOPEJIOE 3 JOBXKHHOIO
ninstHky B3aemoBILIMBY MI'O [3]. 3okpema,
1€ BXIJHI JUISIHKY y IWTIHIPUYHUX TpyOax
3 BX1IHUMU MPUCTPOSIMH, K1 TypOyIi3yIOTh
MOTIK, Ta IIJITHKU cTa0mi3alii enopu IBu-
naxocti micas MI'O. JIOBKMHHU KX AUISTHOK
3aJIe)KaTh BiJl KpuTepiro PeitHonbca.

KpiMm Toro, /UIsi 3MEHIICHHS TiApaBiid-
HOTO OTIOPY PANTOBOTO 3BYXEHHS TPyOH MO-
KHa BUKOPUCTOBYBAaTH MNpO(DITIOBaHHS 32
JIOTIOMOT'OF0 BCTABOK 3 KPHBOJIIHIHHOIO [5,
374; 6, miarpama 4.9] 4 TPAMOIIHIHHOO
3pi3aHoIo MmiJ KyToM [6, niarpama 4.9] TBip-
HumH. € Takox 1HII ciocoou. Hampukian,
BCTAQHOBJICHHSIM KIJIBIIEBOT MEPEUIKOAM Tie-
pen nepepizoM 3MiHM JiameTpy [21] um mia-
BEJICHHS JI0JIaTKOBOI BUTPATH PIIMHU B pa-
JlaJIbHOMY HAampsSMKY [0 BiJIHOIIEHHIO /10
OCHOBHOT'O MOTOKY B 00J1acTi pi3KOro 3BY-
KeHH KaHay [14].

BUCHOBKHW TA PEKOMEHIALIIT

VY naniii poOOTI MOKa3aHO, 1110 BUKOPHC-
TaHHS QOpPMYJI ISl 3aMlipHUX NPUCTPOIB MPU
OOYHCIIEHH] JOBXXUHHU BCTAaBKU 3 MPSIMOJIi-
HIHHOIO LUJIIHAPUYHOIO TBIPHOIO B CHMET-
PUYHOMY PpanTOBOMY 3BY)KEHHI KpYTJIoi
TpyOH 32 METOJMKOIO, HABEICHOIO B JIiTEpa-
Typi, € HenpuaaTHuM. Jl1s BU3SHAYCHHS 10B-
KWHH I[i€] BCTaBKH PEKOMEH/TYETHCS TIPOBE-
cTu abo (Pi3UUHUI eKCriepuMeHT, abo MaTte-
MaTUYHUNA 3 BUKOPHCTAHHSAM i1HIIHX (op-
MYIL

JITEPATYPA

1. Palacios S. F., Machuca J., Franco T. A,
Morales R. E. M. Experimental and Numerical
Study of Turbulent Newtonian Flow through an

52

Axisymmetric Sudden Contraction: Proceedings
of the ENCIT by ABCM, ENC10-0572, 2010
10 p. URL.:
https://www.abcm.org.br/anais/encit/2010/PDF/
ENC10-0572.pdf. (mara 3BEpPHEHHS:
20.08.2021).

2. Sixwo O. M., Maruera B. M., Kpuso-
meeB B. C. T'mapoamHamMudeckuil HadallbHBIN
yuactok. Yepnosisl: 3eneHa bykosuna, 2004.
144 c.

3. Mopenkuii B. 0., ’Koso6os B. B., Ba-
poiook 1. M. BiusiHue B3auMHOTO pacrosioxe-
HUSI TEXHOJIOTHYECKOTO 000pyAOBaHUS Ha THJ-
paBiMuecKoe conpoTuBieHne. Hayka u TexHo-
JIOTUU TPYOOIPOBOJHOTO TpaHCHOPTa HeYTU U
HedrenpoaykToB. Mocksa, 2017. Ne 1(28).
C. 53-61. URL:
https://www.elibrary.ru/item.asp?id=28777146.
(mara 3BeprenHs: 20.08.2021)

4. Opea B. L. [JocnimkenHs Bkiagxy He000po-
THHX BTPAT y 3arajibHi BTPaTH TUCKY IPH ParTo-
BOMYy 3BYXeHHI TpyOu. [Ipobiemu Bomorocra-
YaHHS, BONIOBIABENEHHS Ta Timpasmikm: Hay-
koBo-TexHiuHmi 30ipHuK. K.: KHYBA, 2013.
Bumn. 21. C. 181-190.

5. Miller D. S. Internal flow systems. 2nd ed.
Cranfield, Bedford: BHRA (Information
Services), 1990. URL:
https://pdfslide.net/documents/miller-internal -
flow-systempdf.html. (mata 3BEPHCHHS:
22.08.2021)

6. HWnpeapuuk U. E. CripaBoyHHK 110 THIpaB-

JMYECKUM  CONPOTHUBICHUSM / TOA  pe.
M.O. Ulreiinbepra. M.: MamuHOCTpOCHHE,
1992. 672 c.

7. Rennels D. C., Hudson H. M. Pipe Flow:
A Practical and Comprehensive Guide. 1st
edition. Hoboken, N.J: Wiley, 2012. DOI:
https://doi.org/10.1002/9781118275276.

8. Fittings pressure drop (fluids.fittings).
URL:
https://fluids.readthedocs.io/fluids.fittings.html
#1d79. (nara 3Bepuenns: 20.08.2021)

9. OpeaB.l. 3MeHmeHHS TiApaBIiYHOTO
OTIOPY PamTOBOTO 3BYXKEHHS TPyOOIPOBOAY 3a
JOTIOMOTOI0  TPSAMOJIHIHHOT — IMIIHAPUYHOI
BcTaBKH. Tpynsl BToporo MexyHapoaHoro Ha-
yYHO-TIpaKkTHUecKoro cemuHapa «I[loBxoBckue
Hay4Hble yTeHus» / moj oobml. pen. A.b. Cry-
muHa. Jlonenk : JJouHY, 2012. C. 28-33.

10. Moex U. JI., ®unommmn H. B. T'uapomu-
HaMHKa TpyO nepeMeHHoro cevueHus. Max.-¢pus.
KypH. MuHCck, 1992. T. 62, Ne 4. C. 525-533.
11. Adamkowski A. Analysis of Transient
Flow in Pipes With Expanding or Contracting



https://www.abcm.org.br/anais/encit/2010/PDF/ENC10-0572.pdf
https://www.abcm.org.br/anais/encit/2010/PDF/ENC10-0572.pdf
https://www.elibrary.ru/item.asp?id=28777146
https://pdfslide.net/documents/miller-internal-flow-systempdf.html
https://pdfslide.net/documents/miller-internal-flow-systempdf.html
https://doi.org/10.1002/9781118275276
https://fluids.readthedocs.io/fluids.fittings.html#id79
https://fluids.readthedocs.io/fluids.fittings.html#id79

Mpobaemu sodonocmayaHHs, 8odosidsedeHHs ma 2idpasniku, sun.36, 2021

Sections. Journal of Fluids Engineering-
transactions of The Asme - J FLUID ENG, 2003
125. DOI: https://doi.org/10.1115/1.1593703.

12. Ziganshin A. et al. Numerical simulation
of a z-shaped ventilation elbow and reduction of
its resistance. IOP Conf. Ser.: Mater. Sci. Eng.,

2020. 890. 012146. DOI:
https://doi.org/10.1088/1757-
899X/890/1/012146.

13. Bacuiaenkos B. €. [JocaimkeHs koedirri-
€HTa MICIIEBUX OIOpiB 3a HAIIPHOTO PYXY pi-
nuau. HaykoBmii Bicauk HamionansHOTO yHIBE-
pcutery GiopecypciB i MPHUPOTOKOPUCTYBAHHS
VYkpainu. Texnika ta enepreruka AIIK. Kuis,
2017. Bum. 261. C. 250-256. URL:
http://journals.nubip.edu.ua/index.php/Tekhnica
[article/view/8902. (mara 3BEPHEHHSI:
22.08.2021)

14. Nosko S., Ahaiev |. Control of vortex
structures of abnormally viscous fluids in the
channels of the extrusion die. Technology Audit
and Production Reserves, 2017. 2(1(40), 18-24.
DOL: https://doi.org/10.15587/2312-
8372.2018.128478.

15. BoasmakoB B. A., KoHcTanTHHOB
10. M., ITonos B. H., Tanenxos B. 0. Cnpa-
BOYHUK IO TUapaBiuke / moa pen. B. A. bonb-
makoBa. Kues: Buma mk. I'onoBHOe H31-BO,
1984. 343 c.

16. Holland F. A., Bragg R. Fluid Flow for
Chemical Engineers. 2nd ed. London: Edward
Arnold, 1995. DOI:
https://doi.org/10.1016/B978-0-340-61058-
9.X5000-2.

17. Guo H., Wang L., Yu J. et al. Local
resistance of fluid flow across sudden
contraction in small channels. Front. Energy
Power Eng. China4, 2010. 149-154. DOI:
https://doi.org/10.1007/s11708-009-0060-7.

18. Sreedhar I., Darshan A. Sai, Srivastava
S., Jain V. Complex Behavior of Polymers as
Drag Reducing Agents Through Pipe Fittings.
Journal of Applied Fluid Mechanics, 2018.
11(2), 467-474. DOI:
https://doi.org/10.29252/jafm.11.02.27332.

19. Chernyuk V.V., Pitsishin B.S., Orel
V.Il. et al. Influence of Polyacrylamide
Additions on the Head Loss in Abrupt
Contractions and Expansions of Pipes. Journal of
Engineering Physics and Thermophysics, 2002.
75, 910-9109. DOI:
https://doi.org/10.1023/A:1020319219729.

20. Trwotuen U. U., Pomanenko H. T.,
SIxHo O. M. OCOOCHHOCTH TEYECHHUS HEHBIOTO-
HOBCKHX JKHIKOCTEH B 00JaCTH BHE3AIIHOI'O

53

CY’KCHHA KaHaJia. XumMm. MAIIMHOCTPOCHUC: Pec-
nyoin. Mexsen. H.-T. ¢0. Kue, 1975. Ne 22.
C. 110-116.

21. AndoT., Shakouchi T. Flow
characteristics over forward facing step and
through abrupt contraction pipe and drag
reduction. Res. Rep. Fac. Eng. Mie Univ., 2004.

Vol.29. pp.1-8. URL:  www.eng.mie-
u.ac.jp/research/activities/29/29 1.pdf.  (mara
3BepreHHS: 20.08.2021)

REFERENCES
1. Palacios, S.F., Machuca, J., Franco,
T.A, & Morales, R.E.M. (2010).

Experimental and Numerical Study of Turbulent
Newtonian Flow through an Axisymmetric
Sudden Contraction: Proceedings of the ENCIT
by ABCM, ENC10-0572. 10 p. Retrieved from
https://www.abcm.org.br/anais/encit/2010/PDF/
ENC10-0572.pdf.

2. Jahno, O.M., Matiega, V.M. &
Krivosheev V.S. (2004). Gidrodinamicheskij
nachal’'nyj uchastok. Chernovcy: Zelena
Bukovina. [in Russian]

3. Moretskiy, V.Y., Zholobov, V.V., &
Varybok, D.I. (2017). Influence of mutual
placement of technological equipment onto
hydraulic resistance. Science & Technologies:
Oil and Oil Products Pipeline Transportation.

1(28). 53-61. Retrieved from
https://www.elibrary.ru/item.asp?id=28777146.
[in Russian]

4. Orel, V.I. (2013). Investigation of the
proportion of irreversible losses in total pressure
losses at the sudden narrowing of pipe. Problems
of Water supply, Sewerage and Hydraulics, 21,
181-190. [in Ukrainian]

5. Miller, D. S. (1990). Internal flow systems.
2nd ed. Cranfield, Bedford: BHRA (Information
Services). Retrieved from
https://pdfslide.net/documents/miller-internal-
flow-systempdf.html. (Retrieved August 22,
2021)

6. Idelchik, I. E. (1992). Guide of hydraulic
resistance [Fourth 4th ed.] Begell House, Inc.,
New York, Connecticut, Wallingford (U.K.).
Retrieved from https://dokumen.pub/handbook-
of-hydraulic-resistance-fourth-4thnbsped-
156700251x-9781567002515.html.

7. Rennels, D. C., & Hudson, H. M. (2012).
Pipe Flow: A Practical and Comprehensive
Guide. 1st edition. Hoboken, N.J: Wiley. DOI:
https://doi.org/10.1002/9781118275276.

8. Fittings pressure drop (fluids.fittings).
Retrieved from



https://doi.org/10.1115/1.1593703
https://doi.org/10.1088/1757-899X/890/1/012146
https://doi.org/10.1088/1757-899X/890/1/012146
http://journals.nubip.edu.ua/index.php/Tekhnica/article/view/8902
http://journals.nubip.edu.ua/index.php/Tekhnica/article/view/8902
https://doi.org/10.15587/2312-8372.2018.128478
https://doi.org/10.15587/2312-8372.2018.128478
https://doi.org/10.1016/B978-0-340-61058-9.X5000-2
https://doi.org/10.1016/B978-0-340-61058-9.X5000-2
https://doi.org/10.1007/s11708-009-0060-7
https://doi.org/10.29252/jafm.11.02.27332
https://doi.org/10.1023/A:1020319219729
http://www.eng.mie-u.ac.jp/research/activities/29/29_1.pdf
http://www.eng.mie-u.ac.jp/research/activities/29/29_1.pdf
https://www.abcm.org.br/anais/encit/2010/PDF/ENC10-0572.pdf
https://www.abcm.org.br/anais/encit/2010/PDF/ENC10-0572.pdf
https://www.elibrary.ru/item.asp?id=28777146
https://pdfslide.net/documents/miller-internal-flow-systempdf.html
https://pdfslide.net/documents/miller-internal-flow-systempdf.html
https://dokumen.pub/handbook-of-hydraulic-resistance-fourth-4thnbsped-156700251x-9781567002515.html
https://dokumen.pub/handbook-of-hydraulic-resistance-fourth-4thnbsped-156700251x-9781567002515.html
https://dokumen.pub/handbook-of-hydraulic-resistance-fourth-4thnbsped-156700251x-9781567002515.html
https://doi.org/10.1002/9781118275276

Mpobaemu sodonocmayaHHs, 8odosidsedeHHs ma 2iopasniku, eun.36, 2021

https://fluids.readthedocs.io/fluids.fittings.html
#id79

9. Orel, V.IL. (2012). Zmenshennia
hidravlichnoho oporu raptovoho zvuzhennia
truboprovodu za dopomohoiu priamoliniinoi
tsylindrychnoi vstavky. Proc. 2" Int. sci.-pract.
seminar  ‘Povhovskie nauchnye chtenija’.
Donetsk: Donetsk National University. 28-33.
[in Ukrainian]

10. Povkh, I. L., & Finoshin, N.V. (1992).
Hydrodynamics of tubes of wvarying cross
section. J Eng Phys Thermophys, 62, 373-380.
DOI: https://doi.org/10.1007/BF00854948.

11. Adamkowski, A. (2003). Analysis of
Transient Flow in Pipes With Expanding or
Contracting Sections. Journal of Fluids
Engineering-transactions of The Asme — J
FLUID ENG. 125. DOI:
https://doi.org/10.1115/1.1593703.

12. Ziganshin A. et al. (2020). Numerical
simulation of a z-shaped ventilation elbow and

reduction of its resistance. IOP Conf. Ser.:
Mater. Sci. Eng. 890. 012146. DOI:
https://doi.org/10.1088/1757-
899X/890/1/012146.

13. Vasilenkov, V. E. (2017). Study coefficient
of local resistance when pressurized fluid
motion. Machinery & Energetics. 261, 250-256.
Retrieved from
http://journals.nubip.edu.ua/index.php/Tekhnica
[article/view/8902. (Retrieved August 22, 2021)
14. Nosko, S., & Ahaiev, 1. (2017). Control of
vortex structures of abnormally viscous fluids in
the channels of the extrusion die. Technology
Audit and Production Reserves, 2(1/40), 18-24.
DOI: https://doi.org/10.15587/2312-
8372.2018.128478.

54

15. Bolshakov, V. A., Konstantinov, Yu. M.,
Popov, V.N., & Dadenkov, V.Yu. (1984).
Hydraulics handbook. Kiev: Vyshcha Shkola,
343. [in Russian]

16. Holland, F. A. & Bragg, R. (1995). Fluid
Flow for Chemical Engineers. 2nd ed. London:
Edward Arnold. DOL:
https://doi.org/10.1016/B978-0-340-61058-
9.X5000-2.

17. Guo, H., Wang, L., Yu, J. et al. (2010).
Local resistance of fluid flow across sudden
contraction in small channels. Front. Energy
Power Eng. China4, 149-154. DOI:
https://doi.org/10.1007/s11708-009-0060-7.

18. Sreedhar, I., Darshan, A. Sai, Srivastava,
S., & Jain, V. (2018). Complex Behavior of
Polymers as Drag Reducing Agents Through
Pipe Fittings. Journal of Applied Fluid
Mechanics 11(2), 467-474. DOl:
https://doi.org/10.29252/jafm.11.02.27332.

19. Chernyuk, V.V., Pitsishin, B.S., Orel,
V. 1. et al. (2002). Influence of Polyacrylamide
Additions on the Head Loss in Abrupt
Contractions and Expansions of Pipes. Journal
of Engineering Physics and Thermophysics, 75,
910-9109. DOLl:
https://doi.org/10.1023/A:1020319219729.

20. Tjutchev, 1.1, Romanenko, N.T. &
Jahno, O. M. (1975). Osobennosti techenija
nen'jutonovskih zhidkostej v oblasti vnezapnogo
suzhenija kanala. Himicheskoe mashinostroenie.
22,110-116. [in Russian]

21. Ando, T., & Shakouchi, T. (2004). Flow
characteristics over forward facing step and
through abrupt contraction pipe and drag
reduction. Res. Rep. Fac. Eng. Mie Univ. 29. 1-
8. Retrieved from WWw.eng.mie-
u.ac.jp/research/activities/29/29 1.pdf.



https://fluids.readthedocs.io/fluids.fittings.html#id79
https://fluids.readthedocs.io/fluids.fittings.html#id79
https://doi.org/10.1007/BF00854948
https://doi.org/10.1115/1.1593703
https://doi.org/10.1088/1757-899X/890/1/012146
https://doi.org/10.1088/1757-899X/890/1/012146
http://journals.nubip.edu.ua/index.php/Tekhnica/article/view/8902
http://journals.nubip.edu.ua/index.php/Tekhnica/article/view/8902
https://doi.org/10.15587/2312-8372.2018.128478
https://doi.org/10.15587/2312-8372.2018.128478
https://doi.org/10.1016/B978-0-340-61058-9.X5000-2
https://doi.org/10.1016/B978-0-340-61058-9.X5000-2
https://doi.org/10.1007/s11708-009-0060-7
https://doi.org/10.29252/jafm.11.02.27332
https://doi.org/10.1023/A:1020319219729
http://www.eng.mie-u.ac.jp/research/activities/29/29_1.pdf
http://www.eng.mie-u.ac.jp/research/activities/29/29_1.pdf

Mpobaemu sodonocmayaHHs, 8odosidsedeHHs ma 2idpasniku, sun.36, 2021

Profiling of sudden contraction of circular pipe by sharp-edged pipe insert

Vadym Orel, Bohdan Pitsyshyn, Tetiana Konyk

Abstract. Measures to reduce energy losses in pipeline transport systems must be implemented
already at the design stage. In particular, this also applies to local resistances of pipelines. For
symmetrical sudden pipe contraction, one of such measure is profiling using insert. The paper
considers a sharp-edged pipe insert, which in comparison with others has larger areas of flow
separation. The diameter of the insert was calculated as the arithmetic mean between the diam-
eters forming the sudden pipe contraction. Using the methodology described in the literature,
the contraction length ratio as the areas of influence between two symmetrical sudden contrac-
tions of a circular pipe during the flow of a single-phase turbulent flow of Newtonian fluid was
investigated. The coefficient of mutual influence of these local resistances was determined by
formulae for direct-flowing and non-direct-flowing locking devices, which simulated symmet-
rical and asymmetrical fluid flow after the constriction plane, respectively. The contraction rate
from 0.064 to 0.696 inclusive are considered. According to the results of calculations, no mutual
influence of two sudden contractions of circular pipe was found. This indicates the unsuitability
of using formulae for locking devices in this methodology for determining the contraction
length ratio. Therefore, to study this problem on the sudden pipe contraction with different
contraction rates, it is proposed to conduct a physical experiment. In a mathematical experi-
ment, you can use formulae to determine the following values: upstream recirculation length
and downstream recirculation length; inlet length of cylindrical pipes with turbulized the flow
devices; length of the velocity profile stabilization after local resistances.

Key words: sudden pipe contraction; contraction rate; coefficient of local resistance; sharp-
edged pipe insert; contraction length ratio.
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