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PeKOHCTpyKLUiA TypOiH MeTO4OM aHANoroBoro MoaentoBaHHA, 300paXKeHHs
CTPYKTYPU NOTOKY i BAOCKOHANMeHHA YaCTUH NOTOKY

B cmammi pozenanymo npobremu 3naunux empam enepzii 071 N000IAHHA 2IOPABNINHO20 ONOPY, NPeOCmasieHi pe3yib-
mamu Oia2HOCIMUKU CIMPYKMypU NOMOKY NPU pYCi 8 elemMenmax mypOitn, a maxoxc 8apianmu yOOCKOHANEHHS 2eoMempii
yacmun nomoxy. 10108H010 npobIEMOIO 2IOPOOUHAMIKU € 8eIUKI BUMPAMU eHep2ii Ha NOOONAHHS 2i0pAGIIuHUX ONOpIs.
Kpim eumpam enepeii, onip sukiuxaromos nyavcayii i Ak HACAIOOK 3MEHUIEHHS OIlANA30HY pe2yio8ants npoOyKMUEHO C-
mi 00IAOHAHHS, € NPUYUHAMU ULYMY, 8LOpayii ma iHwux HeeamusHux seuw. Ilepepaxosarni Hedoniku 00YMOGIeHI Hedo-
CKOHANicmio (HepiOKO HABIMb NPUMIMUGHICMIO) 2eomempii npomounux yacmut. IIpobremu 2iopoounamixu nos'szami 3
mum, wo npoyecu pyxy pioun i 2a3ié NPaKmMu4Ho HeOOCMYNHI OISl 8I3YATbHUX 00CTIONCeHb. Joci 2I0poOUHamiKa 3acHO-
6ana Ha napaduemi mypoOyieHmHOCHI, AKA Acoyitoemsbcs sk «xaocy. Tomy, 0068IOHUKY | Kamanoau, SKI UKOPUCMOB)-
OMb NpU NPOEKMYBAHHI 2i0PABIIYHUX CUCTHEM, HEBUNPABOAHO « IPULIHAIUY MEXHOLO02IYHO NPOCMI NPOMOYHI YaACMUHU
nOBOPOMIB, KOLEKMOpie, MPIlHUKIS, 1 iH. i, BION0BIOHO, BUCOKI 3HAUeHH: IX ciopasniynux onopis. Kopueysannsa ceomem-
DIl nPOMOYHUX YACTMUH 3 MeMO 800CKOHANEHHS CMPYKMYPU NOMOKY 3a0e3neyye 3HUNCEHHAM ONopy 6 n’simv pasie i
oinvuie. Bucokuii cmynine opeanizayii 2iopasnivHux nomoxie modce Oymu 0CHOB0M0 OJisi CMBOPEHHs HO80I napaduemu
«CMPYKMypu Nnomoxie», 5Ky OOYIIbHO 8UKOPUCMOBY8AMU NPU NPOEKMYBAHHI 00IAOHAHHA MA 2IOPAGIIYHUX CUCMEM.
Oonak, OuHamiyHi npoyecu 8 NPOMOYHUX YACTNUHAX CbO2OOHI XAPAKMEPU3VIOMbCA MITbKU GeTUYUHAMU ONOPI8, THULI
NOKA3HUKU eqheKmUSHOCMI npu NpoeKmyanti He UKOPUCMOBYIOMbCS. JJOCBI0 NO3UMUBHUX Pe3yIbmMamie 3HUNCCHHS
onopy npu peanizayii npoekmie pekoOHCMpYKyii, Koau 30inbuyemsvcs npoOYKMUBHICMb CUCeMU 3 0OHOYACHUM 3HU-
JHCEHHAM NOUAMKOB020 MUCKY, NPpu3600ums 00 3nudxcennss KK/[ nacocis, genmunamopis, komnpecopie. Omowce KKJ/J oc-
HOBHO20 OONAOHAHHS CUCMEMU | ONip NPOMOYHUX YACMUH NO PISHOMY XAPAKMEPU3yioms NOKA3HUKU epeKmusHocmi

eHepcemudHux npouecie.
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1. Betyn

CyvacHe oOmagHaHHS, poOOTa SKOTO TOB'SI3aHA 3 PY-
XOMHUMH piIHAMH 1 Ta3amu (HAcOCH, TypOiHH, TpyOOmIpo-
BOJIH, BiJIBOAM Ta iHIIL.), MaIOTh HU3bKY €(EKTUBHICTH ue-
pe3 3HauyHi BTpPAaTH €Heprii s MOMOJAHHS TigpaBIidHOTO
omopy. KpiM BTpaT eHeprii, omip BHKIUKAE MMyIbCalii i, K
HACJIJIOK, 3HIDKCHHS Jialla30Hy pETyJIOBaHHS MOTY>KHOCTI
obOmagHanHA. Takox mig4ac pyxy piauH i rasiB, omip BH-
KJIMKA€ ITyM, BiOparifo Ta iHII HeraTuBHi sABUIIA. Bumesa-
3HaueHI HEMONIKH TOSCHIOIOTHCS HEITOCKOHAIOW (1HO1
HaBiTh IPUMITHBHOIO) T€OMETPI€I0 TPOTOYHUX YACTHH.

[MpuumHOIO IMX TPOOIEM € ONTHYHA MPO3OPICTh Pi-
IIVH 1 ra3iB (Boja, MOBIiTps, HadTa i raz), Tomy iX CTpyKTypa
MOTOKY HEIOCTYNHa aiisi BUBYEHHs. [loku mo MmexaHika
piAMH HEe Mae 3aKOHIB, IO OIMCYIOTH OpraHi3amilo Trifpo-
JMHAMIYHOT CTPYKTYPH 1 IPOEKTYBaHHS ONTHMaIbHHUX MPO-
TOYHHUX KaHaiiB. TypOyJI€HTHICTh BBa)Ka€ThCS CKIIAJIHUM
PYXOM IMCHUIIATHBHUX CEPEJOBHI] i IOB'S3aHa 3 Xa0COM
[1]. TimgpaBmiyai AOBITHWKH, SIKi BUKOPHCTOBYIOTBHCS IS
NPOEKTYBaHHsI 00Ja{HAHH, MalOTh HEBUIPABAAHO MPOCTI
TEXHOJIOTIYHO MPOXIiHI KaHAIH JIJIs TPYO, BiABOIB, Kiama-
HiB. CydacHi ysBIIEHHS HpPO PyX PiIMH 1 ra3iB 06a3yroTbcs
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Ha KOHLENLil TypOyneHTHOCTI [2]. PiBHSHHS, 1110 ONUCYIOTH
TypOyJICHTHHH TOTIK, Mepea0avyaroTh JIKIIE YCepeIHEHI
mapaMeTpu OIBUAKOCTI i THCKy. BisyampHa miarHOoCcTHKa
MTOTOKIB BiJlirpae OCOOJIMBY pOJIb y BU3HAUCHHI Ta aHANI3i
mapaMeTpiB oONajHAHHA. 3aBIaHHSA Bi3yaJbHHUX JOCIi-
JDKEHD — TIOKA3aTH KapTHHY CTPYKTYPH HOTOKY.

Ha pucynky 1 npencraBieHi pe3yibTaTH Bi3yalbHUX
JOCIIKEHb CTPYKTYPH HOTOKIB B 3aTOINICHOMY IIPOCTOPI,
Haiibinpm BigoMi B JitepaTypi [3]: mamiHapHuil pyX, B
SKOMY BHIHO IapOBY JIIHIIO MOMEPEYHUX CTPYKTYp (pHCY-
HOK 1, a) Ta TypOy/NeHTHHH MOTIK, Ji¢ BUAHO BETUKOMACIII-
TabHI AUITHKH B MO3OBXXHBOMY pO3pi3i CTPYKTyp (puCy-
HOK 1, 6). Takmit 0Opa3 TypOyJIEeHTHOTO IOTOKY, OTpHUMa-
Huil Pomko B 1976 porii, 103BOJMB 3MIHUTH KapTHHY TYp-
OYJICHTHOCTI SIK XaOTHYHOTO PYyXy «IEBHOTro xaocy» [3].
Byke icHyroTh MoOgei, SIKi ONMHCYIOTh MOJKIJIMBICTb BHHHK-
HEHHSl CTPYKTYPHU IIOTOKY B IOTPaHHYHOMY Iuapi, 3ampo-
nonosaHi Teiopom i Konmoroposum. OpHak mpencraB-
JIeHa PO3MIpPHICTB CTPYKTYp NOTOKY, IO 3apOKYIOThCS, €
0e3po3MipHUM MapaMeTpoM, i BPaxOBYETHCS BHXOISIUU 3
PO3MIpiB MPUTPAHUYHOTO TIAPYy, 3HAYEHHS SIKOTO Ba)KKO
BHMIPSITH.
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Pucynoxk 1 — Bisyanizayiss nomoxie 6 3amonjieHomy npoc-
mopi: a — oumoea 8izyanizayis , 6 — icKposuil Memoo.

IcHyro4i Mozeni TypOyJIeHTHOCTI Ta MOJIeli, IpeNcTa-
BJICHI HAa PUCYHKY 1, Mar0Th Majo iHpopMmallii mpo CTpyk-
Typy MOTOKY 1 He MHIIXOIATh IJIsl BHUPIMIECHHS TEXHIYHHX
3aBJIaHb.

2. MeTopn 306paXeHHA AiarHOCTUKU CTPYKTYpM no-
TOKY

VY cTarTi mpeAcTaBIeHO METOMA 300paKeHHS JiarHoC-
Tukn cTpykTypu motoky (3/ICII). Llei#t meron mo3Bosise
oTpuMartyu iHpOPMAIIiIO0 TIPO CTPYKTYPY MOTOKY, siKa MiIX0-
JIUTh [T BUPIIICHHS PUKJIaIHUX 3aBIaHb. Brucoka iHdop-
matuBHicTs 3J[CI1 moB's3aHa 3 BHUKOPHCTAHHSIM ONTHYHO
axtuBHOI pinuan (OA/l — okcuny BaHanito V,0s) mpu 3MiHi
MOJISIPU30BAHOTO CBITJIA 32 3HAYEHHSIMH ONTHYHOI HIITEHO-
cTi (IHTeHCHBHUH Oinmit abo cipuif) B KOXKHIN TOULI ITOTOKY
B 3aJCKHOCTI B TiAPOJMHAMIYHHX HAmNpyr (TpagieHTH
mBHAKOCTI a00 THcKy). CremianbHi (i3WdHi MOJeNi 3 Xa-
PaKTEepHUMH IepepizaMy MPOTOYHUX KaHAJIB 3p0o0iIeH] A
Bi3yaJIbHUX IOCIiKeHb, B sAkux OAJ] pyxaerscs i3 3ama-
HUMHU TMapameTpaMu 3rimHo 4uchny Petinospaca. Ilporec
PYXy peecTpyeThes sik 300pakeHHs 1 aHamizyeTbesi. CBiT-
Jinn 06JacTi XapakTepu3yIThCsl IO3UTHBHUMH TPajli€HTa-
MU LIBHJKOCTi, TEMHI — HEraTUBHUMH TPAJIEHTAMHU IIBHUJI-
kocTi. TakuM YUHOM, 300pa)KEHHs XapaKTePHU3YIOThCS T10-
JIeM MUTTEBUX 3Ha4eHb IBHAKOCTi. Ha pucyHky 2 mpen-
CTaBJIEHO pe3yJbTaTh 300paKEeHHs NiarHOCTHKH CTPYKTYPH
TIOTOKIB B 3aTOIJIEGHOMY IPOCTODI [4]

BisyanbHi gocmijpkeHHs Ha (Qi3MYHMX MOAEIAX €KC-
MIEpPUMEHTAIBHO TT0Ka3ally, 0 PyX PLAMH i ra3iB Mae CTik-

KY CTPYKTYpY.

Pucynok 2 — Bizyanvua diaenocmuxa cmpykmypu nOmoKy
a — 1amMiHapHULl pedcum, 6 — mypoOyneHmHUL Pedtcum.

JlamiHapHHI pPEXUM XapaKTepU3YETHCS PErYISIPHUM
PO3MOJIIOM CTPYKTYpPH B TOINEpEYyHOMY Iepepisi (pucy-
HOK 2, a). CTpYKTypH B3I0BK MOTOKY (200 MPOTOYHHX JIi-
Hilf) MalOTh IICHTUYHY MOTJIMHAIOYY 3/IaTHICTh, OTKE, BOHU
MaloTh MOCTiiiHy mBUAKICTb. OTHAK B MONIEPEYHOMY IIepe-
pi3i mWapu MOTOKY MarOTh 'APMOHIWHY 3MiHY NOTJIMHAHHSA,
OTXe, 3MiHa MIBUAKOCTI POCTY IO IOTOKY Ma€ XBHIbOBHH
xapaktep. TypOyJICeHTHUH PEXHM XapaKTepU3YeThCS IHC-
KPETHUMHU (KOT€PEHTHUMHM) ONTHYHO OJHOPITHUMH CTPYK-
Typamu i BUXPOBUMH 00JACTSIMHU B MO3J0BXKHBOMY PO3pi3i
MOTOKY (puCyHOK 2, 6). CTiliKnii XapakTep CTpyKTypH TO-
TokiB (CII) 103BoJIMB PO3POOUTH i POBECTH CEPIIO TipaB-
JIYHUX €KCIIEPUMEHTIB.

3. PesynbTatn mopgentoBaHHA. Cl-texHonoris gns
NPOEKTYBaHHSA NPOTOYHUX KaHaniB

Cnoco6u 3acrocysanus 3/]CII mokasani Ha npukIani
MIPOEKTYBAHHS ONTHUMAJIBHOI'O HPOTOYHOTO MOTOKY Y Bij-
Boxi Ha 90°. Ha pucyHky 3 mokaszaHa CTpyKTypa HMOTOKY y
BiJIBO/Ii 3 PIBHUMH BHYTPILIHIMH 1 30BHIIIHIMH KyTaMu abo
panmiycamu 3aokpyrieHHs. 1106 oxapakTtepu3yBaTH ONTH-
MaJIbHUH pyX piguH abo ra3iB, BBEJEMO TEPMIH «TiJpaBiii-
yHa €(EeKTHBHICTh MPOXOTY MOTOKY», IKHH MOXKHA 3aCTO-
COBYBAaTH [I0 TiIPaBIiyHOTO ab0 aepoJHMHAMIYHOTO 00Jaj-
HaHHA. J{719 1IbOr0 MM BHKOPHUCTOBYEMO BiJIOME€ 3HA4EHHS
Koe(illieHTa CIIOXHMBaHHA U, K€ MOXe OyTH po3paxoBaHO
Ha OCHOBI 3HaYE€HHS OTOPY (.

1
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Je 4 - KoeillieHT CrIoXHUBaHH; { — TiIpaBIidyHUi OMip;
Q. — pakrrune crio>xuBanHs; Q; — TEOPETUUHI BUTpATH.
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Pucynok 3 — Cmpyxkmypa nomokie y 6i0600i na 90°:
a —"eueun" u = 0,68; 6 — "60oxo6uu" u = 0,85

TakuM 4yuHOM, €QEeKTHUBHICTb PyXYy PiAMH 1 Ta3iB B
MIPOTOYHMX KaHaJIaX MOXe OyTH OXapaKTepH30BaHA CIIiB-
BIJHOIICHHSAM (PaKTHYHOTO CIOKMBaHHS Q, 10 TeopeTnd-
Hoi BuTpatH Q. SIKIIO 3HAYEHHS TiAPaBIIYHOIO OIOPY
¢=1,2, To eeKTUBHICTb PyXy piauH a0 rasiB B «BiABOAI»
craHoBuTh u = 0,68. ImocTpanii 1eMOHCTPYIOTh NPUYNHH
Takoi Hu3bKOI edpekTuBHOCTI. Po3cisHi o0nacTi, B IKMX TO-
TIK BUXOJUTH 31 CTiH Z, € 30HAMH MaKCUMAaJIbHHX BTpPAaT
eHeprii. XaoTHYHO pO3TAIIOBaHI MOIEPEYHI CTPYKTYpH,
Npe/ICTaBJICH] y BHIUISII MOTOYHUX JiHIN 1, 1 CTpyKTypH
MO3I0BKHBOTO TOTOKY, MPEACTABJICHI Y BUTIISAAI OJHOPII-
HHX ONTUYHHX 30H 2, HE CIPHUSIOTH OPraHi30BaHOMY PYXY B
MIPOTOYHOMY KaHaJji BiZIBOJIB.

Meron 3/ICII no3BoJIsie 3HAYHO MiIBUIIUTH €()EKTH-
BHICTh PYXy V BimBix [4; 5; 6]. 3 1i€l0 METOI CTPYKTypa
MIOTOKY ONTHYHO aKTUBHOI PiMHM PO3TIISAAETHCS B CIIELi-
IBHO PO3pO0JIEHOT MOJIEN TaK 3BAHOTO «YOPHOTO SIIIIHKa
(pucyHOK 4, a).

IIpoxig MOTOKY «JOPHOTO SAIIUKa» 3a0e3redye 3a1aHi
BXiJIHI 1 BUXi/IHI pO3MipH KaHaTy, OEpy4H 70 yBard pajuiyc
MOTOKY BiZIBE€JICHHS B 3aTOIICHOMY mpocTopi. CremiaabHo
301IBIICH] PO3MIPH MPOXiTHOTO KaHATY B «IOPHOMY SIIH-
Ky», MiX TIEPIIOI0 1 OCTAaHHLOIO CEKIliSIMU, JO3BOJSIOTH
HaWOUTBII ONTUMANBHO 3MIHIOBAaTH TPYyOy BiJBEIEHHS.
OtpuManuii 00pa3 CTPYKTYpH IIOTOKY B «HOPHOMY SILIHKY»
Jae iH(opMaliio JuIs BUPIILIECHHS IPOOJIeMH BU3HAYECHHS
ONTUMAIIFHUX MEX 1 TeOMETPii MPOTOYHOI TPYOH (PUCYHOK
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6

Pucynok 4 — IIpoexmysanns onmumaibHO20 8i0800y HA
90°: a — «uopruu awuxy; 6 —«CII-6i06i0» 1 = 0,98

4, 0).

ITpn mpoxo/pkeHHI MOTOKY yepe3 BiaBeneHHA Ha 90°,
sIKe PO3POOIIEHO 3 BUKOPHUCTAHHSIM METOJY CTPYKTYPH MO-
TOKY B TIOIIEPEYHOMY 1 TO3ZOBXHHOMY IEpETHHaX, e(pek-
THBHICTh TPAHCIIOPTYBAaHHSA PIiIMH 1 Ta3iB 30ULIbIIyeThCA
mo 1 =0,98.

4. BUCHOBKM

B po0oTi Cy4acHOTO EHEPreTHYHOro OOJaJHAHHS €
psn cepiiozHux npobGiem. binbmiicts 3 nux npodiem, npsi-
MO ab0 OITOCepeIKOBAaHO, MOB'sI3aHi 31 CKIAJHOK0, a 1HOMI 1
MIPUMITHBHOI T€OMETPIi€I0 YaCTHH MOTOKY. OCHOBHOIO IpH-
YMHOIO IIMX NPOOJIEM € ONTHYHA MPO30PICTh PiJUH 1 Tra3iB,
TOMY X CTPYKTypa IIOTOKY HEJIOCTYIHA JJISi BUBUCHHA. Y
3B 513Ky 3 UM, cydacHe OOJIaJiHAaHHS Ma€ HU3bKY €(EeKTHB-
HICTh yepe3 3Ha4Hi BTPATH €HEpTii JUIsl IMOJI0JIaHHs TiJipaB-
JIIYHOTO OTIOPY.

IHHOBaMiHMI MeTOT 300paKeHHS TIaTHOCTHUKU CTPY-
krypu notoky (3JICII) moxe BUSIBHTH paHille HEBIIOMY
iH(opMaIIito PO 3aKOHU PYXY pinuH i ra3iB. HoBa moaens
«CTPYKTYPH IIOTOKY» 3aMIiHIOE CTapy MOJEIb «TypOyJIeHT-
HOCTI», JIe Xa0C «CepelHiX mapaMeTpiB» OyB MEePEIIKOI0I0
y BHpillleHHI npobieM eHeprozoepekenHs. [is peasnizamii
MIPOEKTIB 3 yIOCKOHAJIICHHS 00J1aTHAHHS HEOOX1THO po3po-
OWUTH HOBI IMOKa3HUKN e€PEKTUBHOCTI OOJIQJIHAHHS 1 CHCTEM,
SKI TIOBUHHI CTHMYJIOBAaTH €KOHOMIYHY e(eKTHBHICTH
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npoueciB. BukopucroByroun 3akoHM opraHizauii cTpyKTy-
PH TIOTOKY, NMOKPAIIYIOYH ITIOTOYHI AeTalli, MU MOXXEMO PO-
3po0HTH HOBE 20O MOJIMIIMTH iCHYIOUe OOJaIHAHHS 3 MO-
JKIIABICTIO TOCATHEHHS HOBOTO DIBHA €HEpPTii, po3MipiB,
aKyCcTUKH, BiOpamii, BUKHZIB Ta IHIIAX XapaKTEPUCTHK.
3anporoHOBaHa TEXHOJOTIS, 3aCHOBaHa Ha 300pa)XCHHI
JIarHOCTHKHU CTPYKTYpPH MOTOKY, DA€ MOMJIIUBICTH pO3po0-
JISITH HOBE €HEpreTHYHE OONaJHAaHHS 3 BUCOKOIO e(EKTHB-
HICTIO 1 JToTIoMarae BHPINIyBaTH CKJIaIHI ImpoOiIeMu eHep-
ro30epexeHHS.

NMiTtepaTypa

1. Brian J. Cantwell. Organised motion in turbulent flow. /
Ann. Rev. Fluid Mech. —1981. — Vol. 13. — P. 457-515.

2. ldelchik 1.E. Shteynberg M.O. Handbook of hydraulic
resistance. — Engineering. — 1998. — 672 p.

3. Van Dyke. An album of fluid motion. / Stanford, Cali-
fornia: The Parabolic Press.

4. Arsiry V.A. Improvement of main and auxiliary
equipment of heat and nucleus energy on the base of the
diagnostics of the streams. / The dissertation of doctor of
the technique science. Odessa National Polytechnic Univer-
sity, Odessa. — 2004.
www.disslib.org/sovershenstvovanye-oborudovanyja-
teplovykh-y-jadernykh.html

5. Maisotsenko V. S., Arsiri V. A. Method of determin-
ing for working media motion and designing flow struc-
tures for same // PST 5.812.423 USA % Publ. — 1998.

6. Maisotsenko V. S., Arsiri V. A. Method of restricted
space formation for working media motion. // PST
5.838.587 USA % Publ. — 1998.

Otpumana B penaxuii 09.02.2018, npuitasta no apyxy 06.03.2018

Reconstruction of turbines by analog modeling, image structure of flow

and improvement of parts of the flow
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The problems of significant energy losses for overcoming the hydraulic resistance are considered in the article, the re-
sults of the flow pattern diagnostics when moving in turbine elements are presented, as well as options for improving
the geometry of the flow parts. The main problem of hydrodynamics is the substantial energy losses in order to over-
come hydraulic resistance. Except for substantial energy losses the resistances cause pulsations and, as a consequence,
a reduction in the range of capacity regulation of the equipment, are the cause of noise, vibration and other negative
phenomena too. These shortcomings are due to imperfection (often even primitive) of the geometry of the flow parts.
The problems of hydrodynamics are related to the fact that the processes of motion of liquids and gases are practically
inaccessible to visual studies. Until now, hydrodynamics is based on the paradigm of turbulence, which is associated as
chaos. Therefore, reference books and catalogs that are used in the design of hydrodynamic systems, unjustifiably "le-
gitimized" the technologically simple flow parts of turns, manifold, tees, etc. and high values of their hydraulic re-
sistances, respectively. The geometry healing of flow parts with the purpose of improving the flow structure provides
reduction of resistance 5 times or more. A high degree of hydraulic flows organization can be the basis for creating a
new paradigm of "flow structure", which is useful to use in the design of equipment and hydraulic systems. However,
the dynamic processes in the flow parts are characterized only by the resistance value. Other measures of efficiency are
not used when designing. The experience of positive results of reducing resistance during the implementation of recon-
struction projects, when the system's productivity increases with simultaneous reduction of the initial pressure leads to
a decrease of efficiency pumps, fans, compressors. That is, the efficiency coefficient of the main equipment of the system
and the resistance of the flow ranges characterize differently the efficiency indicators of the energy processes.
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