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WATER FLOW IN COMPLEX WATERS OF
HYDRO POWER PLANTS

BOIHDBIN ITOTOK B CJIOXKHBIX BOIOBOIAX
TMIPOSJTEKTPOCTAHIIMN

Balzannikov M I. Maljugin N ]
banp3zanaukos M.U., Manrornu H.1O.

Samara State University of Economics, Samara,
Camapckuii 20cy0apcmeenHolii IKOHOMUUECKUT yHUBepCUmMern

Annotation. The article notes the importance of performing studies of the wa-
ter flow in the pipelines of hydroelectric power plants (HPS). Such conduits are very
geometrically complex structures. In addition, water conduits are equipped with
additional structural elements (for example, grooves for installing valves), which
also have a significant effect on the water flow. The results of studies of the flow of
water in the conduit of a river-type hydroelectric power station are presented. The
studies were carried out on a mathematical model using the ANSYS software shell.
The aim of the work was to determine the characteristics of the flow of water in a
water conduit in the zone of narrowing of the flow. Studies have identified whirl-
pool areas of water flow in the water intake area and in the grooves for the gates. It
is noted that the flow of water in the grooves for the shutters has a spiral shape and
is directed from top to bottom. Such a flow can lead to a decrease in the reliability
of the water intake device due to the shutter freezing (jamming) when lowering it

AHunomauua. B cmamve ommeuaemcs  6aiHOCMb  BLINONHEHUS
uccnedosanuii 800H020 Nomoxa 6 6000800ax eudpoanekmpocmanyuti (I9C).
Takue 6000800v1 A6TIOMCT BeCOMA CTIOHHBIMU 6 2EOMEMPUUECKOM OMHOUEHUU
koHcmpykuyusmu. Kpome mozo, 8000800vi 0cHAULAIOMCS OONONHUMENTbHUIMU
KOHCMPYKMUBHLIMU ~ dneMeHmamu  (Hanpumep, nasamu 015 YCMAaHOBKU
3ameopos), Komopovle Makie 0KA3vl8aAOM CyusecmeeHHoe 6UsHUe HA 800HbL
nomox. Ilpusodsamcs pe3ynvmamol Uccne006aHULl meueHUs 800bl 8 6000600
I'9C pycnosozo muna. Vccnedo8anus nNposBOOUNUCL HA MAMeMAMU4ecKo
mol0enu ¢ ucnonvdosanuem npoezpammoil obonouku ANSYS. Llenvio pabomoi
6vL710 onpedenieHue Xapakmepucmuk meueHus 600l 8 000800€ 8 30He CYHEHUS
nomoxa. ¥Vccnedo8anusmu 8vii67eHbl 800060pOMHble 00IACU MeUeHUS 6000l
Ha 8000NPUEMHOM yuacmke U 8 nazax ons 3ameopos. OmmeneHo, umo meueHue
60001 6 NA3AX 07 31ME0P06 UMeer CNUPANe6UOHYI0 POPMY U HANPABIEHO CBEPXY
éHu3. Taxoe meueHue Moxem NPUBeCU K CHUNEHUIO HAOEHHOCMU Pabombl
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8000MPUEMHO20 YCMPOLICMBA U3-3a4 3A6UCAHUS (3AKAUHUBAHUS) 3ame0pa Npu
€20 ONYCKAHUU.

[naposneKTpOCTaHUMM ABIAKTCA O4YE€Hb CIOXKHBIMU B KOHCTPYKTMBHOM
OTHOLIEHUY OObeKTaMM, [IO9TOMY IPU MX NPOEKTHPOBAHMM Ba>KHAs pPOJIb
IPYHAJISKNUT PellleHNI0 BOIIPOCOB, CBA3aHHBIX C 0becreyeHneM HaIeXXHOCTI
X paboTbl. Bompocel mNOBBIIEHUSA HALEKHOCTY TUAPOITEKTPOCTAHII
(I'9C) paccmarpuBatoTcs B pabortax [1-4] M MHOTMX APYrUX IyOIMKaIusAX.
ITpy 5TOM 3HAYMTENbHOE BHUMAHNE YHENAETCA VICCAeSOBAHNIO IPOYHOCTHBIX
XapaKTePUCTUK OTHE/NIbHBIX 3/IEMEHTOB COOPYXXEHMS OT BO3JeCTBUA
CTaTUMYECKUX ¥ AMHAMIUYECKMX HAarpy3oK. B KauecTBe TaKMX HArpy3oK 4acTo
paccMaTpuBaOTCS BO3/IEVICTBISA OT Beca CaMOM KOHCTPYKLIMI, OT Beca ¥ paboThI
000pYOBaHMS ¥ OT aBTOMOOV/IBHOTO 1 YKeTIe3HOJJOPOXKHOTO TPaHCIopTa [5-8].
BmecTe cTeM, IAPO37IeKTPOCTAHIINN B CBOEM COCTaBe UMEIOT BOJOIIPOB O/ AN
TPAKT, 00ecIrieYnBaOI NI IIO/{BOJ] BOZIBI K CVJIOBBIM IMAPABINYECKIM arperaTam
U Jlajiee OTBOJ, BOZABI B HIDKHMIT Obed rmppoysna. KoHcTpykuum sneMeHTOB
BOZIOIIPOBOJIAIIIETO TpaKTa BecbMa CMOXKHBI [9, 10]. Ha Hux 3HaumtenpHOe
BO3JIe/ICTBYIE OKA3bIBaET ellle ¥ TUAPOAHAMIYeCKOe JaB/IeHle BOJHOTO IIOTOKA,
KOTOpble HEOOXOMMO Y4YUTBIBaTh IIPU INPOEKTUPOBAHUU ¥ OOOCHOBAHUY
UX TeOMEeTPMYeCKMX IlapaMeTpoB. BHUMaHMe K TIUAPOCTATUYECKOMY
VI TUAPOAVIHAMMYECKOMY BO3ZENICTBMIO Ha COOPY)KEHMUS IPOTOYHOTO TPAKTa
3HauUTeNbHOBO3poconocnekaracTpodrerHaCasno-1Illymenckoit'9C(Poccus)
[11]. ITpu sTOM BaxkHasi posib B 000CHOBaHMM ITAPAaMETPOB BOZIOTIPOBOJISIETO
TpaKTa OTBOJUTCS MCCIENOBAHNAM (PU3NYECKUX M MaTeMaTMYeCKUX MOJesel
9JIEMEHTOB TPAKTa I M3Y4YeHUs XapaKTepa M IMapaMeTpPOB Te€Y€HMUs BOAbI
B Hux [12].

BoponpuemHble coopykeHus pycnoBblx ['D9C MMeT 3HaYMTe/lIbHBbIE
rabapuTtbl ¥  00eCHmeYyBalOT IpPONYCK OONBIINX  PAacXofoB  BOJEBI
K IujipaBnandeckoMy arperary. IlomBoj BOAbI BCerfa OCYILECTB/IAETCA IIPU
CYIIECTBEHHOM CY>K€HUM II0TOKA (yMEHBIIEeHU! IO IIOIEePEYHOTro
ceyeHys1). Takoe CyXeHMe B BePTUKAIbHON IUIOCKOCTM, 4Yalle BCEro,
IpeqycMaTpUBaeTcs TONbKO B BepxHell wactu (puc. 1). KoHcTpykTuBHOe
pellleHNre ¢ TaKMM Cy>KeHUeM II0TOKa BOABI obecredmBaeT yMeHbBIIEHUE
00BEeMOB I'PYHTOBBIX paboT 11 00yCTpoicTBA PYH/JaMEHTHOM IINTHL.
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Puc. 1. Bogomposopsammit Tpakt pycnosoit I'9C [13]: 1 - BomompmemHoe
YCTpOJCTBO, 2 — TypOMHHas Kamepa, 3 - Kamepa pabodero komeca, 4 -
OTcacpIBaIas Tpy6a.

JlononHNTeIbHBIE KOHCTPYKTYBHBIE 3/IEMEHTBI B BYJie IIa30B /I yCTAHOBKM
3aTBOPOB, 3a0paJbHON M IIPOMEXYTOYHON CTEHOK pPa3MEIAIoTCsA KaK pas
Ha y4acTKe CY)KeHUdA TOTOKA B BOJOIPUEMHOM YCTPONCTBE. DTV 3TIEMEHTH,
B CBOIO Ouepeflb, OKAa3bIBAIOT CYIECTBEHHOE BJIMAHUE Ha XapaKTep TeYeHMUsd
BOJBL 11 TOTepy Haropa. Eciin pasMepsl KOHCTPYKTUBHBIX 57IEMEHTOB BBIOPaHbI
HEIIPaBIJIBHO, TO 9TO MOXKET IIPUBECT K HeOTaronpuATHBIM TUAPaBINIeCKUM
YCTIOBMAM TeYEHNA.

Ilenblo pabOTBHI SAB/IAIOCH BBLINIOJTHEHME VICC/IENOBAHUI XapaKTePUCTUK
Te4eHUA BOJbI B BOLOIPMEMHOM COOpYy>keHNM pycnosoit [9C B 30He cy>xeHuA
IIOTOKA U BBIAB/IEHNE B/IMAHNA KOHCTPYKTUBHBIX 3/IEMEHTOB Ha XapaKTep U
ITapaMeTphl BOZHOTO ITOTOKA.

ViccnmenoBaHusA BBIIONHAMICH B IporpaMMHON o6omouke ANSYS, a B
KadecTBe pemratens 6pi1 ucnonb3oBan 0ok CFX [14]. [Insa gocTiokeHus 1enu
VICC/IeOBAaHMII Obl/Ia JMCIIONIb30BaHA TPEeXMEpHas TeoMeTpudecKas MOJeb
BXOJHOI YacTV BOROIPUEMHOTO YCTPONCTBA, J[ONOMHEHHAsA IOAXOMHBIM
Y4aCTKOM HEIIOCPe[CTBEHHO Ilepefi BOJOIPMEMHBIM YCTPOICTBOM (puc. 2).
Mopennpyemasa o6macTb 6bIa IOfie/IeHa HA MHOXKECTBO S7IEMEHTOB B BIfe
TeTPasfpOB, pasMep KOTOPbIX OIpeNe/sA/ICA NPOrpaMMOIl B 3aBUCHMOCTU
OT KpUBM3HBI MOBEPXHOCTM ¥ ONMM30CTM K [PYyTUM IOBEPXHOCTAM,
OTPaHNYMBAIOIYM IIOTOK. [IONOTHNUTENIPHO B ceTKe ObUIa BbIJieJieHa 30HA
TIOTPAaHNYHOTO C/I0Sl, BaKHAA IS NOAy4eHNUsA Haybormee IMOTHON KapTUHBI
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Te4eHN BOZADBI B Ila3axX 3aTBOPOB. Bcero nmoymydyeHHas ceTka BK/IOYaa B cebs
0K010 390 ThICAY 3/IEMEHTOB.

Puc. 2. TpexmepHas Mojenb BOJOIPUEMHOTO YCTPOICTBA C KOHEYHO-
3/IEMEHTHOM CETKOM

[Tpn pemeHnn 3agady B MOJEMMPYEMOM ITOTOKE YYMTBIBAJIOCh Ha/luMdue
IPaBUTALMOHHBIX CUJI, a TakKe ObUIa BblOpaHa k-& Momenb TypOy/IeHTHOCTL.
Mopens TypOY/IeHTHOCTU BIMsET Ha KOPPEKTHOCTb pelIeHMs, OJHAKO B
pPacCMOTPEeHHOM ciy4ae 3T 3¢@eKTbl HeCYIeCTBEHHbl B CIUIYy pPabOThI
OO/MBUIMHCTBA OTKPBITBIX TIOTOKOB B KBaJJPaTUYHON 00/1aCTU CONPOTUBIICHNS.
[l1s moToka OBIIM YCTAHOBJIEHBI TakKue IIapaMeTpbl KaK IUIOTHOCTb W
AVHaMu4ecKass Bs3KocTb. [locme wHMIMammsanuym o671acTy OIpeeneHns
peleHys ObIUIV IPVHATHI CIIEAYIOLIVIe TPAaHNYHbIE YCTOBY:

o Bxopnas rpanb nmotoka (inlet-water): maccosbsiit pacxon 10000 kr/c;

BreixogHas rpanb notoka (outlet-water): maccossiit pacxon 10000 kr/c;

[panp cBOOOZHON TOBEPXHOCTM BOABI (opening): OTHOCKUTENTBHOE

naBneHue 0;

Ocranbuble rpann (walls): ckopocTs mortoka 0.
[Tpu 3ajaHNV TPaHMYHBIX YCTOBUIL OBIIO CIe/IAHO CIIeAYIolee HOMYILeHe:
cBOOOfHAs IIOBEPXHOCTb BOABI He paedopMupyercsi B 30He KOHTaKTa
BXOJIAIIETO ITOTOKA C BOZOIPYEMHBIM yCcTpoitcTBOM 3fanns ['IC. [l perenns
IIOCTaB/ICHHON 3afiauy OBUIO Ha3HAYeHO MAaKCHMaJbHOE YMC/IO WMTEPaLViA
paBHOe 500, oMHAKO OIOK-pelIaTesb MOT OCTAHOBUTH JITOPUTM BBIYVMCTIEHUS
IpY JOCTVDKeHUY 3HadeHus ommOky 10 [ focTvKeHus Takoro 3HaYeHUs
OIIMOKYM 0Ka3anoch HOCTaTOYHO OK0omo 200 mTeparuii, 9YTO CBUJETEIbCTBYET
O IOCTaTOYHO XOpOILIeil CXOAMMOCTM IIOTy4eHHOro pemeHns. I[padpuku
CXOAVIMOCTY IIpeACTaBIIeHbl Ha PUC. 3.
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Puc. 3. Ipaduku cXogMMOCTH penieHns

C wucnonb3oBaHMEM U3JIOKEHHOV METOAMKM IPOBEAEHbI pacyeThl I10
OIIpefie/IeHNI0 IapaMeTpoB IIOTOKA B BopjolpueMHoM ycrpolictBe [9C,
UMeIoleM Cy>KeHlUe TOJbKO B BEepXHeNl YacTy BOJOIPOBOJAIIETO TPAKTa.
Pesynbrarbl BbIYNMCIEHMA IIapaMeTpPOB IIOTOKa BM3yaaU3MPOBAaHBL [JIAg
IIpefiCTaB/IeHN A U JJa/IbHeIIero aHaIu3a.

Velocity ANSYS
ves R17.2

Academic

l 2.424e+000 —
1.818e+000
1.212e+000
6.059e-001

0.000e+000
[m s?-1]

Puc. 4. ITapameTpbl CKOpOCTEN IOTOKA B BEPTUKATIBHOM IIJIOCKOCTH

[TapameTpbl CKOpOCTeif TMOTOKa (HampaBlAeHUS WU BeIMYMHBI) B
XapaKTepHOM BEePTUKAJIbHOM CEYEHMM II0 OCM COOPY>XEHMS IPUBENEHBI
Ha puc. 4. VI3 momy4eHHBIX JaHHBIX BUIHO, YTO CKOPOCTb IIOTOKA PacTeT C
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YMEHbIIEHNEM IUIOLIAIN KMBOTO CEYEHMA BOLOIPOBOJALIEIO TPpAaKTa TaKUM
o6pa3oM, 4YTO HambONbIINE BeMNIMHBI HAOTIONAIOTCA B BepxHell dacTu. [Ipn
3TOM MEXZY IPOMEXYTOYHOI U HAIIOPHOII CTeHKaMM 00pasyeTcsl yCToMuuBas
BOJJOBOPOTHAs 30HA 1 BOCXOJAIIEE IBVKEHIE BOJHOIO ITOTOKA.

Welocity ANSYS
vis R
l 2.4248+000 A

1,8186+000

' 1.212e+000

l 0.000e+000

[m s~1]

£.059e-001

1.020 2.020 Jm) L3
I R
0500 1.500

Puc. 5. [TapameTpsl CKOpOCTEN IIOTOKA B TOPU3OHTAIbHON IIOCKOCTU

Ha puc. 5 npusepeHbl HgaHHbIE, IOTyYE€HHbIE O CKOPOCTAX IIOTOKA B
TOPM30HTAIbHONM IIOCKOCTY BOJOIPMEMHOTO YCTPOJCTBA. 3€Ch, HA yJacTKe
CY>KE€HMS BOJOIPOBOJAILEIO TPAKTA VM YBEIMYEHU CKOPOCTY IOTOKA TAKXKE
VIMEIOTCSI KOHCTPYKTVBHBIE 0COOEHHOCTY, OKa3bIBAIOLIVE BIIVAHNE IO BOTHBIN
IIOTOK. DTO —I1a3bl JJIs1 YCTAHOBKY 3aTBOPOB.

Pesynbratel MccnefoBaHusA IOTOKA B 3TUX NTa3ax B 6os1ee OgpOOHOM BHfie
IpezicTaB/IeHbl Ha puc. 6 n 7. Ha puc. 6 oryeTmMBo BUHO oOpa3oBaHe B Iase
YCTOMYMBBIX BOJOBOPOTHBIX 30H. BmecTe ¢ TeM, Ha BepTUKa/JIbHOM paspese,
IIPOXO/iALEeM HeIIOCPeCTBEHHO Yepe3 Ia3bl /I 3aTBOPOB (puc. 7), Hab/ofae e
HYICXOJALINI BORHBIN IMTOTOK. DTO CBUAETEIBCTBYET O CIMpPATIEeBUAHON popme
IIOTOKA BOAIbI B IIase I 3aTBOPA, 3aKPYYE€HHOTO M HAIIPABJIEHHOIO CBEPXY
BHMS.

10
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Puc. 6. ITapameTpbl CKOpOCTEN ITOTOKA B I1a3y BOAOIIPMEMHOIO YCTPONCTBA B
TOPU30HTA/IbHOM IIJIOCKOCTH

Velocity ANSYS

ves R17.2
' 2.424e+000 Academic
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121264000 [ o2 e T d
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Puc. 7. IIapameTpbl CKOpOCTEN IIOTOKA B I1a3y BOJOIIPMEMHOIO YCTPOJCTBA B
BEPTUKAIbHOM IJIOCKOCTA

VccnenoBanmusa TedeHMsA BOABI B BOJOIPUMEMHOM YCTPOJCTBE PYCIOBON
I'SC no3Bo/mIyM BBIABATH YCTONYMBBIE BOJOBOPOTHBIE 00/IACTM MMEHHO Ha
y4acTKe CY>KeHMs ce4eHMA BOJHOI0 IoToKa. [Ipy 9TOM Ha OTHeNbHbIX y4acTKaxX
00pa3yIoTCs BOCXOASAIYIE M HUCXOAIIVE IIOTOKY BOZIbL. BooBopoTHBIe 06/1acT

11
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CIIOCOOCTBYIOT YBEIMYEHUIO IIOTepb HAIOpa ¥ CHIDKAIT 3PQeKTUBHOCTD
paborer ['9C. Kpome TOro, B 0671acT¥ BOLOBOPOTHBIX TEUEHMIT MOTYT
HaO/II0IaThCsI CPBIB BOSHBIX BUXPEIl, YTO HECOMHEHHO 0OYC/TOBUT ITOBBIIICHIE
AVHAMMIYECKOTO BO3JEeIICTBUA Ha KOHCTPYKLMIO BOJOIIPMEMHIKA M CHYDKEHME
HaJIeXKHOCTY pabOTBI BCETO COOPYIKEHM.

Hamnb6onee omacHbl, Ha Halll B3I/, HUCXOZAIee CIMPaIeBUJHOE BV KEHIe
BObI B IIa3aXx [yId 3aTBOPOB BOJOIPMEMHOro ycTpoiictBa. OmnacHOCTb
00yCIOB/IeHa BO3MOXKHBIM YB/IEYE€HVIEM C IOTOKOM MEIKOTO COpa M OCXK/ICHIA
ero B HIDKHeI 4acTy Ia3a. B cBoio ouepesib, CKOIJIEHNE TAKOTO COPA B HIDKHEI
YacTM I1a3a MOXKeT IPMBECTV K 3aBMUCAHMIO (3aKIVHMBAHNIO) 3aTBOpa IpH
ero ONyCKAaHMM B aBAPUITHON CUTyaluy. ITO HEJONYCTUMO IO YCIOBUAM
obecIiedeH s BBICOKOI HaJieXKHOCTY paboTsl [DC.

ITonyyenHble pe3ynpTaThl MMEIOT Ba)KHOE 3HA4YeHME [y IPABUIBHOTO
BbIOOpa GOPMBI U TeOMETPUIECKIUX ITApaMeTPOB KOHCTPYKTUBHBIX 3/1EMEHTOB
BOJIOIIPMEMHOTr0 yCTpoiicTBa. KpoMe 3TOr0, pe3ynbTaThl 06palialoT BHUMaHNe
Ha HEeOOXO[VIMOCTb BBIIO/NHATb pPEryIspHble 00CTefOBaHMS HIDKHEN 30HBI
I1a30B Ha IpeMET CBOEBPEMEHHOTO OOHAPY>KEHMS CKOIUIEHMS OCaX/IEHHOTO
copa u ero ypaneHus. Takye MeponpuATsa obeciedaT cOXpaHeHIe BBICOKON
HaJIeKHOCTY paboTsl pycnosoit [DC.

BbIBO/IbI

L. VccnenoBaHua IapaMeTpoB BOJHOIO IIOTOKA B C/IOKHBIX 11O
KOHCTPYKTMBHOMY  VICIIOJIHEHMIO  3JIEMEHTAX  BOJOIIPOBOJAILETO
TpaKTa MMEIOT Ba)KHOE 3HAYeHMe I MPaBWIBHOTO BBIOOpa (OpPMBI
U TeOMeTPMYeCKMX IIapaMeTpoB OSTUX 371eMeHTOoB. OO6OocCHOBaHHBIE
dbopMBI U pa3Mepbl 3NIEMEHTOB BOROIPUEMHOIO COOPYXKEHVS
IIO3BOMIAT CHU3UTb [MHAMMUYECKOE BO3JEICTBME HAa KOHCTPYKIMIO
BOJJOIIPMEMHOIO COOPY>KEHUsA ¥, TEM CaMbIM, IIOBBICUTDH HaJEXXHOCTb
paboThI BOJOIIPOBOJSAIIETO TPAKTA.

2. VlccnenoBanua mokasasy, YTO B Ia3ax I 3aTBOPOB BOJOIIPUMEMHOIO
ycTporictBa pycnoBoit '9C, xapaKTepHOIT OCOOEHHOCTBIO KOTOPOTO
ABJIACTCS CY)KEHNUe CeYeHMsI IIOTOKa TOJbKO CBEpXy, obpasyercs
CIMPAJIEBUHOE [IBVDKEHIE BONHOIO IIOTOKA, HAIIPABJIEHHOE CBEPXY
BHI3. Takoe JBJDKeHNE ITOTOKA ONACHO M3-32 BO3MOXXHOTO YBJ/I€YEHMS
BJYIXPEBBIM IIOTOKOM MEJIKOTO COpa M OCAKMAEHUA €r0 B HVDKHEN 4acTh
naza. CKOIlIeH)e TaKOTO copa B HVDKHEN 4YacTy I1a3a MOXKeT IIPUBECTH K
3aBVICAaHMIO (3aK/IMHVBAHNIO) 3aTBOPA IIPY €TI0 OITYCKaHUY B aBapUITHOM
CUTyalUN.

3. [l coxpaHeHMs BBICOKOM HafleXKHOCTM paboTel pycmosoit I'9C u ee
BOJOIIPMEMHOIO YCTPOMCTBA PEKOMEHYETC BBIIONHATD PerynsgpHbIe
oOcreoBaHMA HIDKHEN 30HBI I1a30B Ha IIpeMeT CBOEBPEMEHHOTO
0OHapy>XeHNsI CKOIUIEHVS OCaKJEHHOTO COpa I €r0 yIa/IeH .

12



Science News of Eastern Technical Universities. 2017, No 1-4

CIINCOK NCITO/Ib3OBAHHBIX NCTOYHUKOB:

1.

10.

11.

12.

EBpoxumos C.B. [Tpo6rembl 6€301I1acCHOCTY CTPOUTE/NbCTBA 9HEPTe TUYECKIX
YCTaHOBOK, aKKYMYIUPYOIMX HeTpafgNLMOHHbIe (BO30OHOB/IsIEMBIE)
VICTOYHUKM sHepruu. [pajocTpoutenpcTBo u apxutekrypa 2 (2012). C. 68-
74.

Bacunmpes 10.C., Ky6pmukmua JLV. O TexHOMOTMM HIpPOEKTHMPOBAHUA
00'bEKTOB IUIPO3HEPreTUKN. [UIpOTeXHMYECKOE CTPOUTENBCTBO 7 (2014).
C. 2-8.

Balzannikov ML.I., Alpatov V.Yu., Kholopov L.S., Saharov A., Lukin A., Usage
of spatial lattice metal structures as roofing for mechanical equipment rooms
of hydroelectric power stations // MATEC Web of Conferences 73 (2016).
Pp. 01012.

Pomanos A.A., JKurynesckaa I'DC. OkcnnyaTaums IMAPOTEXHUYECKUX
coopyxxeHnnit. Camapa: Vsparenbckuit gom «Aram». 2010. 360 c.

Pomanos A.A., EbpoxumoB C.B., CenupepcroB B.A., VccnegoBanue
Kornebannit3panys KuryneBckoi ruposnekrpoctanium. [IpomeinrienHoe
Y TPKJJAHCKOE CTPOUTENHCTBO 6 (2015). C. 44-48.

Ceurama @., EppmokmmoB C.B., Tammukosa IO.M., Ocobennoctu
KOHCTPYKIMI TUAPOTEXHUYECKUX COOPYXKEHUI M arperaTHbIX 3[JaHuI
IepBbIX TUAPOINEKTPOCTaHUMil. IIpoMBIllVIeHHOE WM IpaXklaHCKOe
crpoutenbctBo 12 (2014). C. 87-90.

Ceurama @., lammnkosa IO.M., Jlcnonb3oBaHue TIVAPABINYECKUX
9HeproarperaTtoB ¢ HaKJIOHHOI ocblo it Majbix [DC. Hayunoe o603peHue
10 (2014). C. 450-456.

Balzannikov M.L., The use of low-head waterpower developments in making
cargo passages through lowland rivers. Procedia Engineering 111 (2015).
Pp. 65-71.

ITonos B.II., Muxacek A.A., CenmusepcTos B.A., Bnusanme reomeTpudeckux
XapaKTepUCTUK BXOJHOTO yd4acTKa BOJIOIPOIYCKHOTO  YCTPOJCTBA
TUAPOTEXHNYECKOTO COOPYXKEeHM S Ha TUAPAB/INYeCcKye IIapaMeTpbl HOTOKA.
Bectuuk KI'YCTA 1 (2014). C. 73-79.

Kosuneny JLI., Ilorexmn JIII., YYucneHHada OLieHKa IIPOYHOCTHON
Ha/IeXKHOCTY BBICOKOHAIIOPHBIX BOJOBOJIOB IIPY I'MJPaBINYECKOM yaape.
VIHXeHepHO-CTpOuTeNbHbII XXypHAT 6 (2012). C. 29-35.

@opros B.J., ®egopos M.II, Emucrparos B.B., Haydno-texnmueckue
Ipo61eMBbl IMAposHepreTNky noce aBapun Ha Casno-Ilymenckoit ['9C.
Bectauk Poccmiickort akagemyn Hayk 7 (2011). C 579-586.

Bal’zannikov M.IL, Seliverstov V.A., Characteristics of Substantiation of
Water-Intake Parameters at WSPP as Component Parts of the Power
Complex. Power Technology and Engineering 49, No 1 (2015), Pp. 22-26.

13



Science News of Eastern Technical Universities. 2017, No 1-4

13.

14.

Bacunbes 10.C., EmmctparoB B.B., InpgposnepreTmyeckme ycCTaHOBKM.
Cankr-Iletepbyprckmit roc. monmurexumdeckuit yH-T. CaHkT-Iletep6ypr,
2011.

CemnsépcroB B.A., PesynbraTsl ccieoBaHNI BOLOIPYEMHOIO yCTPOJICTBA
TUPOSHEPTeTUYECKO)l YCTAaHOBKM C  JMCIOJIb30BaHMEM IPOIPaMMBbl

«ANSYS». Hayuyno-rexuandeckue Begomoctu CIIOITIY 4-2 (2009). C. 149-
153.

06 aBTopax (about authors):
banssanmnukos M.J., Mamrorun H.1O.

CamMapckuil rocyjapCcTBEHHbBIV 3KOHOMIYECKNI yHUBepcuTeT, Poccus, 443090,
Camapa, yn. CobeTckoit Apmun, 141

Balzannikov M I. Maljugin N J

(Samara State University of Economics, Samara, 141 Sovetskoi Armii St., 443090,
Samara, Russia)

14



Science News of Eastern Technical Universities. 2017, No 1-4

USE OF FREELY ROLLING ENERGY
WATER FLOWING FOR RENEWABLE ENERGY
PRODUCTION IN POLAND

NCIIOJIb3OBAHME CBOBOAHDBIX SHEPTVIM CBOBOJHbIX
ITIOTOKOB BOJbI JIJI1 [TPOV3BOIACTBA BO3BHOBISAEMOMN
OHEPI'VIN B ITIOJIBIIE

Switala Franciszek M.
Csurana ®.M.

Pracownia InZynierii Sanitarnej
Wydziat Zamiejscowy Prawa i Nauk o Spoteczeristwie w Stalowej Woli
Katolicki Uniwersytet Lubelski,
Camapckuii [ocyoapcmeennuiii Texnuueckuti Ynueepcumem
kagedpa IIpupo0ooxpartozo u 2UOPOmMexHU4ecK02o Cpoumenscmea

Streszczenie

W artykule przedstawiana jest moZliwos¢ wykorzystania energii swobodnie
plyngcej wody w rzekach i kanatach do produkcji odnawialnej energii elektrycznej.
Przedstawione sq rodzaje proponowanych turbin i sposoby ich montazu.
Wspomniana jest turbina opracowywana w Katolickim Uniwersytecie Lubelskim.

Stowa kluczowe: rzeka, nurt, turbina energia odnawialna

Pestome

B cmamve npedcmasnena 603MONKHOCHb  UCNONL3O6AHUSL — IHePIUU
becnnamuoil NpomouHoti 600vl 8 pexax U KAHANAX OAf NPou3Boocmed
80300H06717eMOti  dnekmposnepeun. Ilpedcmasnervl munvl npednazaemvix
mypoun u cnocobvl ux c6opku. Ynomuuaemcs mypOuHa, paspabomauHas 6
JTro6nuncKoM Kamonu4eckom yHueepcumene.

Kntouesvle cnosa: pexa, meuerue, mypouna 60300H06715eMOil SHepeUl

Summary

The article presents the possibility of using the energy of free flowing water
in rivers and canals to produce renewable electricity. Types of proposed turbines
and ways of their assembly are presented. The turbine developed at the Catholic
University of Lublin is mentioned.

Keywords: river, current, turbine renewable energy

Pojecie odnawialnych zrédet energii jest szerokie, ale nie uzywa si¢ w Polsce
prawidlowej klasyfikacji odnawialnych zrddet energii, poniewaz powinna by¢
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stosowana nastepujaca klasyfikacja: podzial na pierwotne odnawialne zrédia
energii do ktorych zaliczamy wode, slonce, wiatr i geotermie, oraz wtérne od-
nawialne zZrodta energii, do ktorych zaliczamy te wszystkie do ktérych, czlowiek
wlozyl swojg prace takie jak: biomasa, biopaliwa, czy odzysk energii z procesow
technologicznych (termoogniwa).

Btedne pojecie powoduje, ze niewlasciwe wykorzystanie pierwotnych odna-
wialnych zrédet energii, powoduje zmiany klimatu, i wymaga duzych naktadéw
na zapobieganie katastrofom pogodowym. Przykladem, niech bedzie wykorzy-
stywanie energii wiatru, zwolennicy jego wykorzystania twierdzg ze tylko zysk,
bo mamy energie uzyskang z niego, ale analiza zmniejszenia energii przemiesz-
czania si¢ powietrza powoduje, ze stabilne wczesniej warunki termiczne sg na-
ruszane, w stosunku do tych jakie istniaty na kuli ziemskiej od tysiecy lat.

Rozpatrujac powszechne obecnie wykorzystanie ogniw fotowoltaicznych,
na terenach pustynnych, jak réwniez terenach o stabych rolniczo glebach, gdzie
zabudowuje si¢ wielkie powierzchnie, nie dopuszczajac do akumulacji ciepta
stonecznego w skorupie ziemskiej. Zmienia si¢ wtedy, uklad termodynamiczny
na okreslonych powierzchniach, o czym moga powiedzie¢ szybownicy, korzy-
stajacy przy wznoszeniu si¢ z tzw kominoéw termicznych, a to wplywa to réw-
niez na uklad termodynamiczny dookota kuli ziemskiej. Wykorzystanie energii
stonecznej, do uzyskiwania energii elektrycznej ma jak najwiekszy sens, przy
zabudowie istniejacych powierzchni dachdéw, jak réwniez powierzchni $cian bu-
dynkéw, co nie wplywa w tak znaczacym stopniu na deformacje uktadu termo-
dynamicznego kuli ziemskie;j.

Powréci¢ nalezy jednak do energii zawartej w wodzie, krazacej w obiegu
niezaleznie od czlowieka, a za przyczyna stonca. Energie wody czyli ,,bialy we-
giel” zazwyczaj wykorzystuje sie¢ poprzez budowe pietrzen, gdzie zgodnie z za-
sadg hydroenergetyki uzyskuje sie pietrzenie i spad, a spadajaca woda zgodnie
ze wzorem

N=9,81xQxhxn gdzie Q- przeptyw wody w m?/s, a h- spad w m. n-spraw-
no$¢ przetwarzania pozwala uzyska¢ odpowiednig moc energii elektrycznej .
Warunki, gdzie mozna takie pigtrzenia na rzekach realizowac sg ograniczone,
poniewaz, zalewaniu ulegaja znaczne powierzchnie ziemi, podtapianie (pod-
wyzszanie poziomu wod gruntowych) ,a ekolodzy blokuja takie inwestycje.
Analizujac wodg przemieszczajacy sie w korytach rzek, jej site ktora wykorzystu-
je sie od wiekéw, poprzez splawianie drewna, transportu, i do napedu mlyndw,
czego przykladem jest ptywajacy miyn na Rys.1. a Ze jest to mozliwe réwniez
obecnie, to przykltadem niech bedzie, zrekonstruowany pltywajacy mtyn bzdziel
w Muzeum Wi Kieleckiej Rys. 2.
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Rys. 2. Zrekonstruowany ptywajacy mtyn wodny

Woda plynaca w korycie rzeki, jest to rowniez okreslona, ale znacznie roz-
proszona energia (analogicznie do energii slonecznej), ktérg rowniez mozna
wykorzysta¢ do celéw energetycznych. Energia ptynacych wdd nie jest uwzgled-
niana w bilansie zasobéw hydroenergetycznych Polski i $wiata.
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Predkosc wody w korycie rzeki, ksztaltuje sie pod wptywem réznych czyn-
nikow: zwierciadla wody, gltebokosci, oporow ruchu, ksztaltu, wymiaru przekro-
ju poprzecznego ruchu rumowiska, zarastania koryta itd. Struktura strumienia
wody wymaga okreslenia jej predkosci w przekroju poprzecznym, w pionie jak
réwniez w poziomie nurtu rzeki.

Charakterystyke predkosci wody w wybranym przekroju, mozna przedsta-
wi¢ w postaci wykresu, ktory jest ksztalttowany gtownie przez opory dna, uzalez-
nione od materialu dennego, oraz uksztaltowania terenu, chropowatosci, ktére
stanowig dodatkowy czynnik oporu ruchu i wptywaja na deformacje rozktadu
predkosci w pionie. Na charakterystyke predkosci ma wptyw réwniez tarcie mie-
dzyczasteczkowe, a takze zjawiska lodowe, zarastanie, wiatr itp. Rozklad predko-
$ci za [1] mozna przedstawi¢ za pomocg nastepujacej krzywej rys. 1.

1;'7 Up
HLW K 1 reektod predkodei
| ;
0 znieksztatcony
|
i T | razkbad predkosci
e I, - regularny
i
Y
'l_—'--'——lll
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Rys. 3. Rozklad predkosci w przekroju rzeki. [1]

gdzie: u  -predkos¢ z jaka poruszajg si¢ powierzchniowe czastki wody w
przekroju:

u_-najwieksza predkosc w pionie

u -predkos¢ obliczona dla catego pionu

u,-predkos¢ denna

W zaleznosci od ksztaltu koryta rzeki, zmienia si¢ rowniez przestrzenny roz-

kiad predkosci, ktory uzalezniony jest od oddziatywania szorstkosci dna, oraz
brzegéw. W korytach szerokich oddzialywanie szorstkosci brzegéw wystepuje
jedynie w okolicy przybrzeznej o predkosci nurtu decyduje gtéwnie szorstkos¢
dna. W rzekach o korytach waskich, najwigkszy wplyw na predkos¢ wody ma
szorstkos¢ brzegdw. Przyjmuje sie, ze oddzialywanie brzegu siega na odlegtos¢
2-3 glebokosci wody, a w korytach zwartych szorstkowato$¢ brzegéw ma znacz-
ny wplyw na rozklad predkosci co przedstawia Rys. 3
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Rys. 4 Przyktadowe zmiany predkosci przeptywu w przekroju rzeki. [1]
Wykorzystanie predkosci nurtu rzeki, mozliwe bylo dzigki konstrukcji

przedstawionej na Rys. 5 ,gdzie zakotwiczone todzie w szybkim nurcie rzeki,
pomiedzy ktérymi znajdowalo sie koto napedzajace zarna.

Rys. 5. Miyn rzeczny zakotwiczony. [2]

W poczatkach XX wieku, nie zapomniano o mozliwosciach wykorzystania
energii nurtu rzeki i w latach trzydziestych ubieglego wieku, takie konstrukcje
pojawily sie w Rosji a udoskonalane byly w ZSRR w latach 50 tych.

Konstrukcje tancuchowej matej elektrowni wodnej zaproponowal B.C.
Blinov [ ], ktéry zaproponowat wykorzystanie elementow pot walcow, Rys. 6. po-
taczenie ich fancuchem zamocowanym do brzegu rzeki jak przedstawia Rys. 7.
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Rys. 7. Elektrownia fanicuchowa o mocy 5 kW [3 ]
Autor wykonal i przebadal prototypy wlatach 40-tych, kiedy moment nape-

dowy nalezalo przekazywac do generatora mechanicznie. Innym rozwigzaniem
zaproponowanym bylo wykonanie pionowych osi, pograzanych w dno rzeki
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i réwniez przekazywanie momentu mechanicznego do generatora jak przed-
stwia rys. 8.

Rys. 8. Modele turbin wykorzystujace energie kinetyczng ptynacej wody.[3 ]

Turbiny te mogly by¢ instalowane w nastepujacy sposob jak przedstawiono na
Rys. 9

v
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OB O O 8,9

. g ’\e(\‘l

700
750

Rys. 9.Warianty kompletacji turbin ustawianych pionowo [3].
a rysunek konstrukcyjny pojedynczego elementu przedstawia Rys. 10
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Rys. 10. Konstrukcja pionowa [3 ]

Byly rozpatrywane i inne konstrukcje turbin, wykorzystujacych energie
kinetyczng plynacej wody, Kostin [ ]zaproponowal analogicznie jak w mtynie
plywajacym lecz zastgpienie kola klasyczng turbing $migtowg jak przedstawia
Rys. 11.
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Rys. 11. Konstrukcja matej elektrowni Kostina [4].
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Analizujac dotychczasowe konstrukcje nalezy zwréci¢ uwage ze kiedy byly
one wykonane, jako generator zamieniajacy energie mechaniczng na elektrycz-
na wykorzystywano pradnice pradu statego, lub zmiennego z zastosowaniem
przektadni gdzie nastepowaly znaczne straty mocy.

Na poczatku 2014 roku zaproponowana zostala konstrukcja ktérg mozna
umiesci¢ na dnie rzeki i wykorzystywac energie kinetyczna nurtu co przedstawia
Rys. 12

Rys. 12. Konstrukcja malej elektrowni wodnej pograzanej w nurcie rzeki przy dnie,
o mocy 1,3 kW. [7]

Szeroko$¢ tego agregatu siega 3,45 m, dlugos¢ 1,7 m, ale wykorzystywano
tutaj dla osiggniecia tych parametréow standardowa pradnice od samochodu,
sprzeglo i przektadnie samochodows.

Analizujac te konstrukcje w Pracowni Inzynierii Sanitarnej Wydziatu Za-
miejscowego Prawa i Nauk o Spoteczenstwie, w Stalowej Woli, Katolickiego Uni-
wersytetu Lubelskiego, prowadzi sie prace dla wykorzystania tych konstrukcji
w warunkach polskich. Jako zrédlo energii elektrycznej planowane jest wyko-
rzystanie pradnic z magnesami trwalymi. Turbiny tego typu, analogicznie jak
ogniwa fotowoltaniczne wykorzystujace rozproszong energie stoneczna pozwola
na wykorzystanie energii kinetycznej plynacych rzek, bez budowy zapor i jazow.
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PROBLEMS OF CALIBRATION OF WATER DISTRIBUTION
SYSTEM HYDRAULIC MODEL

[IPOBJIEMbI KAJIMBPOBKM ITMIPABIMYECKONM MOJEJIN
CVCTEMBI PACITPEJEJIEHIVA BOIbI

Holota Ewa
Xomnorta EBa

Institute of Environmental Engineering, Off-Campus Faculty of Law and Social Sciences in
Stalowa Wola

Hydraulic models of water distribution systems enable real flow simulation
of water supply systems in varying hydraulic conditions. For these models to
work properly accurate calibration and verification of the results are required.
Calibration is connected with carrying out of exploitation tests. The methods
and scope of field measurements and the location of measuring points depend
on, among others, the structure, topology and extent of the system and on the
hydraulic conditions in the water supply system, thus they must be determined
individually for each water supply system.

This paper presents the main problems that occur during calibration and
validation of dynamic hydraulic model of water supply system. It shows the
results of the hydraulic model calibration created for one zone of real water
supply system. This calibrated model will be the basis for creating a model of
chlorine decay in the water supply system.

keywords: calibration, hydraulic model, water supply system

INTRODUCTION

Exploitation of water supply system is very labor-intensive and costly.
It involves the necessity of continuous monitoring of network to provide
customers with water of proper quality, in the right quantity and at appropriate
pressure. Therefore, in each water utility company it is useful to reproduce the
structure of water supply network with descriptive data. This can be achieved
by implementing a dynamic hydraulic model of the network, which allows to
simulate the operation of water supply network. These simulations are carried
out on the basis of a computer model and a set of given parameters. They result
in flow rate and velocity in different sections of the network and pressure at
the nodes. After the implementation of the qualitative module the result of the
simulation can also be concentrations of the physical and chemical indicators
(Kwietniewski M., 2004).
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Hydraulic models enable simulation of the operation of a water supply system
in real conditions as well as in failures, caused by, among others, an occurrence
of unforeseen damage (Studzinski A., Kobilarz J., 2014), or by a catastrophic
event such as flood or earthquake (Wang Y., Siu-Kui A., 2009).

Hydraulic models are also used (Siwon Z., Ciezak W., 2008):

— to investigate the network operating parameters in changing operating
conditions (static and dynamic);

— to analyse, evaluate and track real operating parameters of network (flow,
velocity, pressure);

— to detect and analyse errors and irregularities in the functioning of network;

— to plan modernization of an existing network, including assessment of the
impact of new elements on the work of network;

— to change the way of operating of a network and water supply facilities,
including flow control, pressure distribution and water retention in a network
in order to improve pressure conditions and to minimize operating costs;

— to find places in the water supply network with a phenomenon of water
stagnation;

— to programme scenarios of efficient flushing of water supply network
sections;

— to plan network monitoring;

— to assess water age and water quality in water supply network.

Model calibration is the process of improving and perfecting the model
to determine such input data (model parameters) as to be able to obtain
compatibility between the values measured on a real object and the results of
computations obtained on the basis of the model, at a specified level of accuracy
(Bhave P. R., 1988, Boulos P. E, Ormsbee L. E., 1991, Cesario L., 1995, Siwon
Z., 1997, Siwon Z., Ciezak J., 1998, Siwon Z., 2005, Kubik M., 2004, Alves L. et
al., 2014). Walski (Walski T. M. et al., 2003) defined calibration as “the process
of comparing model results with field measurements in order to correct, if
necessary, the data describing the system until the predicted behavior agrees,
within error limits, with the behavior observed in reality for a wide range of
working conditions.”

Savic (Savic D. A. et al., 2009) classified calibration methods depending on
their dynamics as: static methods and transient methods, and depending on
optimization technique as:

e iterative methods, based on trial-and-error procedures (Walski T. M.,

1983, Walski T. M. et al., 1987, Bhave P. R, 1988, Ormsbee L. E., Wood
D.]J., 1986),

e direct methods (explicit), which are based on the solution of the extended
set of equations including (Ormsbee L. E., Wood D. J., 1986, Boulos P. E,
Wood D. J., 1990, Ferreri G. B, Napoli E., Tumbiolo A., 1994),

e indirect methods (implicit), which are developed and solved by applying
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the optimization technique combined with a hydraulic model (Ormsbee
L. E., 1989, Lansey K. E., Basnet C., 1991, Savic D. A. et al., 1995, Datta
R., Sridharan K., 1994, Reddy P. et al. 1996, Walters G. et al. 1998).

The calibration of the model, according to Siwon (Siwon Z., Ciezak W., 1998),
should be carried out in four stages. The first step is a preliminary approximation
of calibrated parameter values enabling to initiate the calibration process. In the
next stage field measurements should be made and sets of variables established
which will control the process of calibrating. Then, the calibration of the model
parameters in steady-state conditions, taking into account various operating
situations occurring while making field measurements, should be carried out. In
the last stage the calibration should be carried out basing on an analysis of the
operation of the system in daily time interval.

Knapik (Knapik K., 2000) claims that the basis for calibration of hydraulic
model of the water supply network is, in the first stage, water demand calibration,
which requires that the water demand of nodes should be compared with the
corresponding values characterizing the actual state of water consumption. The
second step is to determine flow resistance for individual pipelines. The accuracy
of data obtained depends on the number of measurements made on a real water
supply network. In this process not only local losses but also equivalent roughness
values are defined. For the calibration of the model historical data should be
used, which will enable the mapping of the system in particular situations.

This paper presents the main problems that occur during the calibration
and validation of a dynamic hydraulic model of water supply system. It shows
the results of the hydraulic model calibration created for one zone of real water
supply system. This calibrated model will be the basis for creating a model of
chlorine decay in the water supply system.

DESCRIPTION OF THE RESEARCH OBJECT

The studies were conducted in a selected part of an real water supply
network, supplying water to approximately 86 000 residents. The length of the
water supply network in this area equals 233.57 km, whereas the length of water
supply service line is 122.96 km. The water supply pipes operate in a mixed -
looped and branched system. The network consists of pipes made of steel, grey
cast iron, ductile cast iron, PVC, PE-HD and asbestos cement. Two water supply
stations, i.e. “DZ” and “ZDZ” are found in the considered area. The annual water
consumption for the “DZ” and “ZDZ” stations amounts to 3 493 050 m’ and
2223 945 m’, respectively. Figure 1 presents the scheme of the considered water
supply area with marked location of water supply stations, pressure and flow rate
measurement points. The water supply system also comprises water storage tanks.
There are two water tanks with the volume of 3 860 m’ on the premises of “DZ”
station, whereas four tanks with the total volume of 20 000 m’ are found in the
“ZDZ” station. Water from the tanks is transmitted by means of the suction lines
to the second-stage pumping station. The “DZ” second-stage pumping station is
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equipped with 4 pumping units; the average daily capacity in 2017 reached 9570
m’/d under the pressure of p = 0.52 + 0.55 MPa. On the other hand, the “ZDZ”
pumping station comprises three pumping units operating under the pressure of
p = 0.21+0.24 MPa and the average daily capacity of about 6093 m*/d. The water
in the considered area is subjected to constant disinfection performed by means
of gaseous chlorine. The disinfection system is designed with the average hourly
capacity Q = 600 m’/h. The chlorine concentration is set as 0.15 + 0.25 g/m’.
Additionally, water is disinfected by means of UV radiation. The dose of chlorine
in “ZDZ” station is adjusted to the current flux from the intake.

G \vater-stationf|
¢===_measurement- points---pressure{l.gs
== measurement- points---flow{] /¥

¥ ».

4=m measurement: points-| oy
--roughnessq| L

Fig 1. Location of DZ and ZDZ water intakes as well as pressure, flow rate and
roughness measurement points

RESEARCH METHODOLOGY

The collection of data necessary for the construction and calibration of the
hydraulic model was connected with conducting field studies as well as model
research. Important activity, essential in the process of calibration of hydraulic
model, involves carrying out of complex field measurements. The type and scope
of measurements and the number of measuring points must be determined
individually for a specific water supply system and they are dependent, among
other things, on: the structure, topology and extent of the tested system, hydraulic
conditions in a water supply network, the number and location of water intakes,
availability of personnel and equipment limitations (Siwon Z., 2005).
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Filed research
Pipe roughness

For the purpose of model calibration, 7 pipe roughness measurement points
were selected in the water supply network (Fig. 1).

The pipe roughness is important for an oversized network, because frequently
occurring low flow rates and the related slow water velocities cause sediments
to accumulate and increase the hydraulic resistance of pipes. The study shows
(Siwon Z. et al., 1998, Siwon Z., 1999, Siwon Z. et al., 1999, Siwon Z. et al., 2007,
Holota E. et al., 2013) that the pipe equivalent roughness coeflicient values may
change in a very wide range within a water supply system, and may differ from
the values given in literature. For this reason, an examination of equivalent
roughness coefficients should be made in the first stage of creating a flow model,
as the field measurements programme properly prepared and carried out is a
prerequisite to obtain reliable results of the tested network pipes. Table 1 shows
the equivalent roughness coefficients calculated for one of the tested area of
water supply network.

0150 D150
brak brak
danych danych

diameter [mm] @150 D100 A150 ?110x10 ©110x6,1
material ac ac zeliwo PE PVC

k [mm]

2,6440 0,0316 2,6647 0,3804 0,0316 4,9486 15,3488
calculated
k [mm] 0,05-0,1 0,05-0,1 0,1-1,0 new 0,01 0,01
according to new new 1- 4 new new
PN-76/M34034 °° 0.6 exploited 0,05-0,1 = 0,05-0,1

exploited  exploited exploited exploited

Table 1. Equivalent roughness coeflicients calculated according to the formula
of Colebrook-White

Pressure

The measurement results were provided by the water supply company. There
are eight monitoring points in the tested zone (Figure 1). It was assumed that the
number of places was sufficient to carry out calibration of the hydraulic model.

Flow rate

For the model calibration, 11 locations of flow rate measurement points in
the water supply network were selected (Figure 1). To determine the location of
measurement points was difficult due to the limited availability of places. It was
necessary to locate measurement points in existing water chambers, as a result
of which the flowmeter was installed without maintaining correct distances of
straight sections, for instance just behind the valve or at tee. The occurrence
of additional local losses caused the measurement results to have greater error
than the manufacturer had assumed. Small flow velocities in the water supply
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network caused the meter to operate at detection limit and that is why larger
measurement errors were possible. The measurements were performed with a
mobile ultrasonic flowmeter Micronics PORTAFLOW 300 with accuracy + 2%.
The measurements were carried out continuously for 24 hours.

PROBLEMS OCCURRING DURING MODEL CALIBRATION

The accuracy of the hydraulic models depends on the quality of input data,
which are the main source of errors. One of the major errors concerns the
incorrectly identified quantity of water consumption by individual customers
(Bhave P. R., 1988). This applies to situations when in a water utility company
there are no registration systems of water meter indications and no billing of
customers for consumed water. Another major mistake that appears in entering
data involves the wrongly assigned and poorly calibrated water demand patterns
(Sanz G., Perez R., 2014). This is connected with the wrong classification of
customers, and with a limited number of measurements from water meters. Due
to an appropriate number of measurements we can get detailed information
about the irregularities of water consumption by different types of users. Further
errors appearing while entering data concern the incorrectly read lengths of
pipes, which results from the application of large-scale maps. Such maps can
also be a source of errors while entering data about the system topology, which,
combined with lack of accurate network inventory, leads to entering erroneous
diameters and even erroneous pipeline material (Siwon Z., 1997, Siwon Z., 2005).

Since 1990 our country has witnessed a decrease in production and water
consumption. Its consequence is very slow water flow velocities during the
normal operation of water supply network. This results in the inability to obtain
sufficiently high hydraulic gradient between the measurement points which
would ensure a sufficient accuracy of model calibration results. In the calibration
process we should aim at having these pressure losses at least five times greater
than the measuring pressure error (Siwon Z., Ciezak W., 2008).

Oversized water supply networks are also a major issue for the calibration of
hydraulic model. The need to ensure adequate amounts of water in case of fire,
by maintaining an appropriate pipe diameter (D_. = 100 mm for ring network),
causes insufficient network load. For this reason, carrying out of precise research
requires forcing of water flow in order to obtain an appropriate flow rate in
selected pipes. This can be achieved by a periodic shutdown of pump station or
tanks and simultaneously closing appropriate valves on the network. It is also
important to eliminate errors arising as a result of local resistance, caused e.g. by
partially-closed valves, aeration of pipes or damaged fittings.

The results of model calibration may also be unsatisfactory due to an improper
scope and program of field measurements, which includes an erroneous initial
assessment of the hydraulic conditions in a water supply network (Siwon Z.,2005).
Another serious problem concerns the location of measurement points of water
flow in the network. The errors made during those measurements are caused
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by lack of access to the straight sections of the network. Those measurements
are usually made in water-supply chambers, where there are valves and tees.
These elements affect the accuracy of results because they create local losses and
thereby distort velocity distribution in the pipeline.

It is an important criterion for the quality of the model calibration process to
achieve an appropriate accuracy between the measured and the computed values
of pressure and flow rates (Siwon Z., Ciezak W., 2008). AWWA Engineering
Computer Applications Committee (AWWA, 1999) recommends the following
minimum compatibility criteria, i.e. differences between the measured and
simulated values. For models allocated for designing and controlling of water
supply system, these differences are:

o for the flow: + 5% relative to the value measured,

o for the pressure: + 1.4 m H O relative to the value measured for 90% of
readings.

For models used to prepare development plans and simulation of water quality
in the network, these differences are:

« for the flow: + 10% relative to the value measured for 100% of readings or +

2% for 70% of readings,

« for pressure: + 3,4 m H O relative to the value measured for 100% of readings
or + 2,0 m H O for 70% of readings.

From the above recommendations it follows that the higher the accuracy
required in the network schematization in the model, the greater the need for
a larger number of flow readings and at the same time for a smaller number of
pressure measurement points. Both measured values must also meet the stricter
compatibility criterion.

RESULTS OF CALIBRATION CALCULATIONS

The calibration of the model was performed by using an iterative method,
i.e. trial and error method, by changing pump control. The calibration process
was carried out for a 24-hour time interval. The preliminary comparison of
the measurement results with the results of simulation calculations was not
satisfactory, so the model was subjected to further modifications in order
to achieve more compatible results. The basis for the implementation of any
changes in the model was an analysis of the condition of the existing water
supply network as well as searching for the causes of discrepancies between the
measurements and the calculation results. In the next stage the calibration was
completed by changing pipe roughness.

The first main step was to obtain the best compatibility in DZ and ZDZ
nodes, i.e. in the outlet of the pump station because these nodes were a decisive
factor in pressure distribution and water flow in the network. This is a complex
task, because the water intake performance during the week is very diversified,
ranging from 3100 m’/d to 4330 m’/d for station ZDZ, which makes the
difference of almost 30%. For station DZ this difference is smaller, ranging from
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11940 m’/d to 12650 m’/d, i.e. about 10%. Both water intakes are located close
to each other, whereby they have a significant impact on pressure distribution
and water flow in the network, depending on the pressure required. Even a small
change in pressure in one water intake leads to significant changes of flow in the
water supply network. Another problem resulting in instability of water flow
is a temporary supply of zone F with water from ZDZ and DZ intakes. This
water supplying is not cyclical, there is no set schedule for intake operation in
zone F, which makes it difficult to predict the moment when zone F operates
independently, and when the water is supplied from the test zone.

Figure 2 presents a statistical summary of the performed pressure calibration.
The correlation between the observed and computed mean values is statistically
significant and very high (Fig. 2) - it is 99,7% for 168 pairs of variables. All
measuring points do not exceed the upper limit of the permissible error specified
by AWWA - + 3,4 or + 2,0 m H O measured for 100% or 70% of readings.

'Caﬁf}raﬁon Eﬁ:puﬁ—.Prasure == T
StatlsthS] Cormrelation Plat 1 Mean Comparisons
Calibration Statistica for Pressure -
Hum Observed Computed Mean BMS5
Location Cha Mean Mean Error EFIGT
D247 24 34.88 33.80 1.992 2.200
D307 24 37.92 38.26 1.524 1.850
D10l 24 56.33 55263 1.826 2.104
Clge 24 52.9&6 53.64 2.042 2.475
Dasa 24 46.92 46.32 1.692 1.968
Daaa 24 56.63 55.64 1.843 P e
Dlg8 24 331 35.92 2.090 2.4721
D58 24 59.17 Lt 5 B T .RF 2.087
HNetwork laz2 47550 47.21 1.849 2.164
Correlation Between Means: 0.9898
o F

Fig. 2. Statistical report on calibration - pressure

Given in the table:
e Mean Absolute Error (MAE) calculated according to the formula:
f. - computed pressure value,
y, - observed pressure value,
n - number of observations.

® Root Mean Square Error (RMSE) calculated according to the formula:
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Figure 3 shows the correlation diagram for pressure. In the graph, points
in specific colors show the compliance of the measured and simulated pressure
values in given measurement periods.

[E] Calibration Report - Bressure E‘ﬂ

Statistics | i Mean Comparisons ]

Correlation Plot for Pressure
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Fig. 3. Correlation plot between the computed and the observed pressure heads

A comparison of mean values at individual points is represented by bar
graphs (Fig. 4). The red bars represent the mean value of the results of simulation
calculations, whereas the squared green bars represent the mean value of the
measurement results on the network at the respective sections. As can be seen
from the above comparison, as well as from the preceding figures, the differences

between these values are slight and it would be very difficult to further minimize
them.
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Fig. 4. Report on pressure calibration - comparison of the mean observed
pressure values with the computed values at the individual measurement points

The results of calibration calculations presented in Fig. 5-7 show slight
differences between the mean values observed and computed. Only in one
case did these differences not exceed 2%. The correlation obtained between the
considered mean values turned out to be statistically significant and amounted
t0 99,7 % for 264 measuring points.

-
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Fig. 5. Statistical report on calibration calculation - flow rate
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Fig. 6. Correlation plot between the computed and the observed water flow rates
in the tested pipes
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Fig. 7. Report on flow rate calibration — comparison of the mean observed flow
values with the computed values at the individual measurement points

The comparison of the process of changes between the computed and the

observed water flow rates in various nodes during the measurement period is
shown in Fig. 8-10.
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Fig. 8. The comparison of the process of changes in water flow rate, computed

and observed, in pipeline d1243
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Fig. 9. The comparison of the process of changes in water flow rate, computed

and observed, in pipeline d1121
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Fig. 10. The comparison of the process of changes in water flow rate, computed
and observed, in pipeline d638

CONCLUSION

The above results of calibration calculations show that with the increasing
distance from the source of water intake the differences in the course of changes
of the observed and the computed values deepen.

Taking into account the results of calibration calculations of pressure heads
and water flow rates, made for the numerical model of water supply network, we
can conclude that:

the requirements for accuracy of estimation of pressure head by the
numerical model were fulfilled - in all measurement points the difference
between the observed and the computed pressure does not exceed + 2
m H O,

the requirements for accuracy of estimation of water flow rate by the
numerical model were fulfilled - in 90 % of measurement points the
difference between the observed and the computed water flow rate does
not exceed + 2%,

the numerical model developed and submitted to the process of
calibration accurately reflects the real working conditions of the water
supply system and thus can be used as a basis for developing a water
quality model,

the flow meters, due to oversizing, worked on the detection limit, hence
greater errors were possible than those predicted by the producer,

the flow meters were installed at the accessible points (in the chambers),
without keeping a proper distance of undisturbed (straight) sections, e.
g. just behind the valve, at tees - this also increased the calculation errors.
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DETERMINATION OF THE ELASTIC-DAMPER
PROPERTIES OF THE ELEVATOR DRIVE SUPPORTS

YK 69.002.5:531.8
OITPEJEJIEHVE SJTACTUYHO-ITAMIIEPHBIX CBOVICTB
OITOPHBIX ITPMBOIOB JIN®TA

Vladimir I. Skel
Bragumup ViBanosuy Ckenb

Moscow State University of Civil Engineering (National Research University)
Mockosckuii eocy0apcmeeHHblil cpoumenvHolii yHusepcumem

Abstract. The article discusses experimental and theoretical studies of rubber
mounts drive unit passenger Elevator. These supports (pillows) were made in the
form of a rubber quadrangular prisms. In the laboratory, the static and dynamic
rigidity of rubber cushions for compression, as well as the static shear stiffness,
were determined. The study examined pillows of two types: free rubber prisms and
rubber prisms, which were placed on top and bottom in quadrangular cups. As a
result, it was found that the use of pillows with cups can increase the rigidity of the
support for compression by 15 ... 20%; the dynamic compression stiffness by 25 ...
45% can exceed the static one; the logarithmic decrement of damping of the rubber
cushion lies in the range of values 0.4 ... 0.5. The stiffness of the cushion with the
cups can approximately double or more exceed than the stiffness of the free cushion
(without the cups).

Keywords: Elevator, stiffness, vibrations, support drive unit, damping factor,
stand, resonance.

Abcmpakm. B cmamve paccmampusaromcs IKcnepumeHmanvHole U
meopemudeckue UCC1e008AHUS PE3UHOBbIX ONOP NPUE00A Y371 NACCAHUPCKO20
nugma. Idmu  onopvl (nooywiku) Ovinu BbINONHEHVL 6 6uUde Pe3UHOBLIX
uemulpexy20nvHovlX npusm. B nabopamopuu 6viiu onpedeneHvl cmMamu4eckas
U OUHAMUYECKAS HECMKOCMb Pe3UHOBbIX NOOYUleK ONSl CHAMUS, a mMakie
CAmu4ecKas #ecmkocmy Ha coéue. B xode uccnedosanus 6vinu paccmompeoi
noOyuiKU 08yX Munos: c60000Hble Pe3uHOBble NPUIMbL U Pe3UHOBble NPUMDL,
Komopole Oblnu pasmeuleHvl c6epxy U CHU3Y 6 Yermblpexy2onvHbiX yawkax. B
pesynvmame 6viI0 YCMAHOBIEHO, 4O UCNONbL306AHUE NOOYUlEK ¢ HauleuKamu
n03607151eM  Y8eNUUUMb HecmKocmov onop npu cxamuu Ha 15 .. 20%;
OUHAMUYECKAS HecmKOCmyb Ha cxamue Ha 25 ... 45% mosxem npesviuamo
cmamuueckyto; Jlozapugpmuueckuti Oekpemenm OemMnPuposanus pe3uHosol
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nodywxu nexum 6 ouanazoue 3Hauenuti 0,4 ... 0,5. XKecmkocmv nodyuwiku
C 4AWKAMU MOXcem NPUmMepHo 6060e unu 0osnee NPesbIUAMb HeCmKOCHb
c60600H0TI nodywiku (6e3 uaud).

Kntoueevie cnoea: nugm, sxecmrxocmov, ubpayuu, 0OnopHuili NPuUsoo,
K0appuyuerm demnPuposarus, cmotika, pe3oHaHC.

Increasing needs and an increasing fleet of elevators require continuous
improvement of their drive. Different working conditions and a large range of
characteristics predetermine a significant variety in the design of the elevator
winches. Electric lifts with cable winches, in which there is an unbroken
kinematic connection between the traction body and the brake, were widely
used [1]. Winches of elevators traditionally include a traction organ, a brake and
an electric motor mounted on a frame supported by rubber supports on the base.
The design of the elevator winch requires the safe operation, reliability and safety
of the elevator elements, noiselessness and low vibration, the permissible level of
acceleration and the accuracy of the cabin stop, and others. For different reasons,
the mechanisms for driving elevators do not fully meet these requirements [2; 3;
4]. Studies carried out on passenger elevators have shown that noise and vibration
on many elevators exceed permissible limits; high-frequency oscillations of the
system take place [5; 6; 7]. Noise and vibration significantly reduce the comfort
of living in houses, with elevators installed in them. Dynamics and reliability
of the elevator are devoted to the work of many authors, for example, [1-15].
The greatest danger, from the point of view of oscillatory processes, is resonance
or near-resonance frequency bands. Various methods and methods are used to
reduce oscillations [5; 7; 10; 12; 13; 14; 16]. In all cases, useful, and sometimes
decisive, may be an increase in the damping properties of the dynamic system.
With reference to the passenger elevator, we note the importance of damping
properties of the system in resonance zones, even if there is only a danger of
passing through resonance at a certain number of storeys of buildings [3; 7; 8;
11; 12].

The task of these studies was to determine the elastic-damper properties of
rubber cushions of some models of operating elevators in order to obtain actual
data for accounting when solving problems of elevator dynamics.

The analysis showed that noise and vibration are associated with the
emergence of a resonant situation, which can be considered in most cases in
the first approximation on a single-frequency (single-mass) dynamical system
separately for each resonant frequency. Such a model is described by the forced
oscillation equation for the dissipative system [17]

oo . ) F
q+2&q+ w;q = —coswt
where g- is the generalfZed coordinate of displacements, speed and acceleration
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of the reduced inertia element; ¢ - coefficient of damping; w - natural frequency
of oscillation; w - frequency of driving oscillations; F - is the force parameter
of the external excitation of oscillations; a - is the reduced characteristic of the
inertial element (mass or moment of inertia); t - is the current time.

The solution of this equation can be an expression for the amplitude of the
steady-state oscillations in the form

q=q; -cos(@t—@)[((1-n*)" +(3/7)*-n*) ',
where q, is the static displacement due to the force parameter F (q,, = F / C):
C - is the the reduced inertia element; 0 is the decrement of the oscillations (0 =
2em / w0); 1 - relative frequency (w / w0); ¢ is the phase angle, which is equal to

o=arctg( $/m)n(1-n?) .

From the expression for the amplitude of steady-state forced oscillations, it
is well known that one of the ways to reduce resonance oscillations is to increase
in some way the dissipation of the vibrational energy.

In this study, elastic-damper characteristics of the rubber support of the
passenger elevator drive are determined.

The elevator drive is supported by its frame 2 (figure 1) on the base 3 through
rubber supports (cushions) 4, located between two metal plates (cups) 5 and 6,
which wear them around the perimeter; screw 1 serves to establish the horizontal
nature of the drive frame.

To evaluate the elastic-damper properties of the support (cushion),
experiments were conducted to determine its rigidity for compression and shear.
Rubber cushions had a length and width of 120 mm, a height of 40 mm and
chamfers along horizontal ribs of 10 mm. They were placed between two steel
cups, covering the cushions along the chamfers with a slight compression, which
created limitation deformation of the rubber.

Fig. 1 Support frame for elevator drive

The static rigidity of the rubber cushion was determined on a screw press:
the load was measured with a dynamometric ring with a dial gauge indicator of
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the hour type with a tared price of division, and deformation with the help with
a scale the hour type with a division price of 0.001 mm.

The dynamic rigidity of the rubber cushion was determined on a specially
designed shock-type bench (Figure 2). The main frequency of the stand,
determined mainly by the rigidity of the rubber cushion under test, was chosen
close to the main frequency of the disturbance of the winch of the elevator with
a carrying capacity of 400 kg and was about 25 Hz. The deformation of the pillow
was measured with the help of a indicator of the hour type, whose readings were
duplicated by measurements with a micrometer of deformation of plasticine
columns, and the height from which the load fell - with a ruler with a 1 mm
division.

The bench for determining the dynamic stiffness consisted of the base 8
(Figure 2), on which the guide bar 9 was installed for the falling load 1. The
cargo fell from a fixed height and struck the lever 2 of the second kind. To reduce
friction losses, the shock load was transferred to the rubber cushion 7 through
hardened balls 4 and rigid plates 5 and 6. The deformation of the cushion was
determined from the indications of the indicator 3.

The experiment showed that the static rigidity of the compression of the
unconsolidated rubber cushion was practically constant during the loading
process and its value was Cst = 2900 N / mm.

The value of the dynamic rigidity of the rubber cushion was obtained by
calculation from the analysis of the first phase of impact for a pillow in cups and
a cushion without cups. Average in a series of ten experiments, the value of the
dynamic stiffness of the cushion with a small spread was equal to: for a pillow
in the cups Cdz = 4200 N / mm; for a pillow without cups Cd = 3600 N / mm.

= 1

7

. FE f .

, 2 N\ I'\
27 2 s

Fig. 2 Scheme of the stand for determination of dynamic rigidity
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Studies have shown a significant excess of dynamic rigidity over static, as
well as a noticeable effect of the cushion cups on its dynamic rigidity. At the
same time, full-scale tests on winches have shown both greater and less difference
between the dynamic rigidity of rubber cushions in cups from pillows without
cups.

In addition to static tests on the compression of the pillows of the elevator
drive supports on the screw press, the tests of pillows in cups and pillows without
cups on shear were also performed. As a result, the stiffness values for shear were
obtained: pillows without cups 400* * 25 N / mm, and for cushions in cups
~1090 N / mm.

Based on the results of tests according to the procedure of work [18], a
modulus of elasticity was obtained for the compression of the material of the
pillows E=3.4 N / mm?2 with a static rigidity of 2900 N / mm of cushion without
cups; the elastic modulus for shear of the material of the cushion was equal to
G=1.2 N / mm2. The ratio of the modulus of elasticity to compression to the
shear modulus gives a value close to three, which corresponds to a rubber with a
Poisson’s ratio equal to 0.5 [18].

To assess the damping properties of rubber cushions in a shear test, load
curves were plotted - unloading, which allowed to estimate the absorption
coefficient ¥ and the corresponding logarithmic damping decrement & close
to 0.4 in the hysteresis loop. A similar experiment on the compression and
unloading of a rubber cushion without cups with a height h = 70 mm made it
possible to obtain the value of the logarithmic decrement decrement 6=0.45 (¥
= 0.6). Experimental studies have made it possible to determine that the natural
oscillations of the winch frame in the vertical plane are of low form (the rubber
cushions in the compression cups work almost uniformly), excited by impact,
go at a frequency of K30 Hz. (which corresponds to Cd ¥ 5400 N / mm), and the
logarithmic decrement § is close to 0.5 (Fig. 3).

Data on the § and ¥ material of the pillow under investigation show that it
is close to the material rubber 1378 [2].
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Fig. 3 Example of a test oscillogram

It should be noted that the tests were carried out on new cushions. The

reference [18] specifies that for a service life of 3 ... 8 years, the modulus of
elasticity and attenuation can vary by 15 ... 30%.

Conclusions:

1.

Executed studies to determine the elastic-damper characteristics of the
rubber pillows of the elevator drive provide an opportunity to assess the
appearance and level of oscillations of the elevator when it is created.

2. 'The placement of pillows in the cups leads to a significant increase in their
rigidity.

3. 'The values of the logarithmic decrement of vibration of rubber cushions lie
in the interval 0.4 ... 0.5.

4. 'The dynamic stiffness of the rubber cushion of the elevator support is 3600
N / mm for a pillow without cups and 4200 N / mm for a cushion in the
cups.
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CHOICE OF PARAMETERS OF OSCILLATORY ACTIONS IN
THE MOLDING OF REINFORCED CONCRETE PRODUCTS
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ABSTRACT. Improvements in the efficiency of vibroforming of concrete
and reinforced concrete products are intrinsically linked to the choice of rational
modes of vibration impact on a sealing mixture and optimal parameters of the
vibrating equipment used. This article walks you through the process of wavepacket
propagation in concrete mixture, when forming the reinforced concrete products
by harmonic and shock-vibration actions. It is shown that the displacement of the
layers of concrete mixture during the shock wave propagation is directed against the
direction of the wave propagation, ensuring the pressing effect. A number of studies
of wave process that occurs during the spread of vibrations in concrete mixtures in
a wide range of the placeability of different heights indicate that forming the large-
scale reinforced concrete products and constructions should be made by the use of
the low-frequency shock-vibration molding technology. Meanwhile, knowing the
velocity of propagation of wave front and the vibration frequency, it is possible to
define the limiting thicknesses of the effective and equal compaction of the concrete
mixtures. On the basis of the experimental data, the practical recommendations for
determining the rational thickness of the sealing concrete mixture have been given
according to the vibration frequency.

Key words: molding of reinforced concrete products, concrete mixture,
harmonic oscillations, shock-vibration actions, frequency.

ABCTPAKTHDBIN. Tosviwenue spdexmusrnocmu ubpodopmosarus
OeMOHHBIX U Hene300eMOHHbIX U30enUti HepaspvleHO C6A3aHO C 8blO0POM
PAUUOHATIDHBLX PEHUMOE BUOPAYUOHHO20 B030€UCINBUS HA YNTOMHSIOULYH0 CMECD
U ONMUMATIbHBIX NAPAMEMPOE UCNOTIb3YeMO20 BUOPAUUOHHO20 000pyO00BAHUS.
B Oanmoii cmamve pacckasvieaemcs o npouecce pacnpocmpaneHus 601H06020
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naxema 6 OemoHHOU cmecu Npu HOPMUPOBAHUU JHcene300eMOHHbIX U30eULL
2apmMoHUYecKUMU U yOapHO-8ubpayuoHHvimMu  8o3deticmeusmu. Iloxasaro,
Urmo cmeujeHue cnoes 6ermoHHOL cmecu npu pacnpocmpareHuu YO0apHoti 07HbL
HANPABeHO NPOMUB HANPABTIEHUS PACNPOCMPAHEHUS B0/HbL, 0becneuusas
apdexm npeccosanus. Psio uccnedosanuti 601108020 npouecca, 803HUKAIOULE20
npu pacnpocmpaneruy 6Ubpayuil 8 GeMoOHHbIX CMeCAX 8 WUPOKOM OUAna3oHe
pasmewaemMocmu Ha PasHvlX BbiCOmMax, noKasvlearom, umo @Gopmuposarie
KpYyNHO2a0apUMHbIX  He/ie300eMOHHBIX  U30eNUll U  KOHCHPYKUULL  00/IHCHO
NPOU3BOOUMBCS € UCNONL30BAHUEM HUSKOUACTMOMHBIX YOAPHO-BUOPAUUOHHAS
mexHonozusi. Mexdy mem, 3HASL CKOPOCMb PACNPOCMPAHEHUS BOTHOB020
ppornma u uacmomy KoneGAHULl, MONHO Onpedenumsv npedenvHvie 3HAUEHUS
MOMUAUHBL IPPeKMUBHO20 U PABHOMEPHO20 YNTIOMHeHUS bemoHHbix cmeceli. Ha
OCHOBAHUU IKCNEPUMEHMATILHOIX OAHHBIX 0AHLL NpaKmuUeckue pexomeHOayuu
no onpedeneHur0 PAUUOHANILHOL MONUGUHBL 2epMemU3Upyrouleti bemonHo
cmecu no uacmome KoneOaHuil.

Knioueevie cnosa: numove diene300emoHHvIX U30enull, 6eMOHHAS CMeCb,
eapmonuteckue Konebanus, yoapHo-eubpayuoHHvie 6030eicmeaus, 4acmoma.

Introduction

At present, with large volumes of prefabricated reinforced concrete
production, many large-scale reinforced concrete products of high factory
readiness are produced, to which high demands are imposed on uniformity
and strength [1; 2; 3; 4]. Traditional (standard) molding conditions do not
tully provide high quality and corresponding technical properties of concrete
throughout the volume of products due to rapid attenuation of oscillations in the
concrete mixture. This disadvantage is compensated to some extent by the use of
the low-frequency shock-vibration molding technology [5; 6; 7; 8; 9].

Under symmetrical molding conditions, complex phenomena of the
interaction of wave fronts arising in the column of the concrete mixture have
been sufficiently studied in the works of various authors [10; 11; 12; 13]. It is of
interest to investigate the process of propagation of a wave packet in the concrete
mixture with a shock-vibration action on the molded product.

Research methods
Let us consider the propagation of longitudinal oscillations of a column of
the concrete mixture of height L, when the lower end is affected by harmonious
forcing:
Uy, t) = Asinwt, (1)
where4 4 —amplitude of mold bottom plate oscillations; V(. £ — displacement.
To simplify the calculations, we assume that there is no attenuation in the
column of compacted concrete (which will only affect the oscillation amplitude
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value of the particles of steady-state oscillations).
The differential equation (in partial derivatives) of a given boundary-value

problem has the form:
<yv=<l; D=ot=e

a*u _ 3 a*u
gt 3 ® 3y3 0 (2)

under the boundary conditions:
U, t)=0; U@, t) = Asinwt, (3)
and the initial conditions:

0<y=lL,
all
Uy,0)=—0,0=0;
G, 0) 2 G, 0) (@)
where Co Co — wave packet propagation speed
nmA
. . L W FE— —
The solution of equation (1) with L ,wheren =12,3.. hasthe form:
sm?—"’ _
UG, = A n =l L 51nmt+z.b sin T;} sinmrL" .
n=1 (5)
24 25in— v ,
b, = - 2. EJ" Siunﬁ} dy
nnly cin® 1 L
Where CI} . n = 1, 2_.3

>

From the analysis of formula (5) it follows that the oscillations of the
particles in the mixture occur with the same frequency equal to the frequency of
the oscillatory action.

Now let us consider the oscillations of the column of height L, on the bottom
plate of which a shock (impulse) action is produced, the value of the impulse of
which is equal to Y. Just as in the first case, the medium is considered without
attenuation.

The statement of the boundary value problem has the form:

a*u a*u
3T C"ﬂ}* Deoy<sl; O<f<w ©)
with the following boundary and initial conditions:
{y=<L-§&
0
al
Ve,0=0 — G0y =1 ¥
t dp 0 o L-d<y=l, (7)

herewith & ¢ tends to 0 (impulse duration is minimal), where # # — density
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of the concrete mixture.
The solution has the form:

¥ 2Y —1)* kmy
Uy,t)=-—t— Z( ) cos ) .
pL Compo = k L (8)
It is easy to see that the first term of formula (8) increases formally with
increasing time.

Let us consider the value relation:

4
pLt  and %)
Considering that L = Cet L = st  under this condition, the first oscillation
form propagates in the mixture column according to the theory of B.V. Gusev [5]

Substituting (9) into the first term of formula (8), we obtain PCq .1t follows
that the first displacement component exceeds the second one in modulus, the

kmy
i ) cos——
value of which decreases even more when there are harmonic factors L
. kmCqt
sin
and L

The minus sign (—) before the first displacement component Y0%t) in
formula (8) indicates that the displacement of the layers during the shock wave
propagation are directed only downward, against the direction of the wave
propagation, and do not decrease in value as they approach the column surface.
Subsequent shock impulses can only increase (without or with low attenuation)
displacement of the layers downward.

The propagation of oscillation disturbances in the concrete mixture is a
wave process that is characterized by the wave velocity and length and is related
to the viscoelastic properties of the medium. When forming the high layers of
the concrete mixture, one should take into account the ratio of the wave length
and the product height in terms of creating favorable conditions for uniform
compaction of all layers of the mixture in height [5; 13].

The optimal pulse repetition rate fez is determined from the condition of
minimum energy costs to obtain a sealing effect: the height of the column of
the concrete mixture should be equal to the wave length at a given propagation
speed:

Co
fop: = - (10)

So, the higher the height of the compacted column of the concrete mixture,

the smaller the frequency. In this case (in the case of impact on the mixture), the
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displacements of the layers of the mixture have the same sign and are directed
only to the bottom plate, thereby the “pressing effect” is carried out.

With the harmonic action on the concrete mixture, as follows from
formula (5), the layer of the mixture vibrates near the equilibrium position, its
displacements change sign, thus the above-mentioned “pressing effect” is absent.

The distribution of the obtained solutions to real concrete mixtures, which
are multi-phase multicomponent media, will be more correct if we take into
account the degree of influence of the shape and spectrum of the shock-vibration
impulse on the behavior of the compacted medium [14].

To confirm the obtained results, the experimental studies of the wave process
that occurs during the spread of vibrations in concrete mixture when forming
the reinforced concrete products of different heights have been undertaken.
The speed of propagation of the wave packet was determined by the method of
holographic stroboscopy [6; 15].

Studies were carried out on concrete mixtures in a wide range of workability:
from a slump of 11-12 cm to hard mixtures characterized by the hardness of
60 s by a technical viscometer. The mixtures were compacted by harmonic and
shock-vibration actions with different oscillation parameters. The obtained
values of the wave propagation velocity for different compositions and action
conditions are given in Table 1.

Table 1. Velocity of the wave packet propagation, m/s, in the concrete
mixture at various frequencies of oscillations of the working element

H i illati
Frequency of oscillations of armotiic osciiations Shock-and-vibra-
a working element, Hz Slump Hardness of the concrete tion oscillations
11 cm 60 s

15 33...46 34...45 30...48

25 50...64 37...54 35...55

50 58...72 53...65 59...75

100 85...90 75...85 80...105

Analysis of the data of Table 1 showed that the range of variation in the
propagation velocities of the wave front in concrete mixtures in the case of using
harmonic and shock-vibration actions at fixed oscillation frequencies of the
working element is practically the same.

Competent visual comparison of the nature of the wave front propagation
under symmetrical and asymmetric actions on the mixture carried out in Refs
[6; 15] showed that in the case of shock-vibration actions, a clear front of the
wave packet was not seen at a distance up to 300-350 mm from the place of
vibration application. At a height of 355-400 mm, two harmonics were observed:
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the main one with a frequency of 25 Hz and the second one - 30 Hz. At heights
above 450 mm, the main carrier harmonic was recorded, propagating at a speed
of 45-60 m/s. When using symmetrical oscillations, the wave front had a clear
harmonic picture.

In the process of forming large-size reinforced concrete products, it is
important to know the value of the propagation velocity of the oscillations along
the thickness of the layers to be compacted. In this case, it is possible to choose
a rational form of oscillations, in which uniform compaction of the mixture
throughout the volume of the large-sized product is ensured.

Depending on the ratio of the wave length and the height of the molded
product, zones with the same and oppositely directed oscillations appear in
the concrete mixture, which affects the degree of uniformity of the compaction
along the height of the compacted mixture.

It is known [5; 13; 16] that the best conditions for uniform and high-quality
compaction of concrete mixtures in the height of the product are created when
the column height is 1/4 or 3/4 of the wave length, which can be calculated from
the used frequency of oscillations and group velocity of their propagation.

Thus, from the known values of the velocities of the wave packet propagation,
it is possible to determine the limiting compaction thicknesses of concrete
mixtures for any oscillation form.

Table 2 shows rational thicknesses of the concrete mixture compaction,
depending on the frequency of oscillations.

Table 2. Rational thicknesses of the concrete mixture of various workability,
depending on the frequency of oscillations

Frequency of oscillations ofa | Zone of effective compaction of the concrete mixture, cm

working element, Hz Slump - 11 cm Hardness 15 s
15 70...80 55...70
25 55...65 40...55
50 30...35 25...30
100 8...10 6...8

From Table 2 it can be seen that, with the increasing frequency of the
oscillations of the working element, the zone of effective compaction of the
concrete mixture decreases substantially, making an average 30 cm for a standard
frequency of 50 Hz.

Conclusions

A number of studies of wave process that occurs during the spread of
vibrations in concrete mixtures of different heights indicate that forming the
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large-scale reinforced concrete products and constructions should be made by
the use of the low-frequency shock-vibration molding technology. Meanwhile,
knowing the velocity of propagation of wave front and the vibration frequency; it
is possible to define the limiting thicknesses of the effective and equal compaction
of the concrete mixtures.
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11. Driven drawings must be referenced in the text. Are not allowed pictures
made up of individual elements. Numbers, symbols and text inside the pic-
ture boxes should be readable (large enough) taking into account the future
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Matepuanbl NpeCcTaB/ATCA A NMyOnmMKauuu B COOpHUKe B BUJe
Hay4YHOJ CTaTbyl MV KPaTKOTO COOOIIeHNA.

[IpencraBnsiemMble MaTepuajabl JO/DKHBI  YOBIETBOPATb  OOBIYHBIM
CTaHJAPTHBIM TPeOOBAHVAM, IPELbAB/IsIEMbIM K HAYYHOV CTAaThe 1 00513aTe/IbHO
BKJIIOYATh B ceOs:

o Kparknit e 60nee 250 cmoB, HO He MeHee 100, Te3uc-onucanue ( AB-
STRACT) axTyalbHOCTM U OCHOBHBIX pe3yJIbTaToB paboThl ( Ha
AHITINIICKOM SI3BbIKE)

e AKTYa/JIbHOCTb (MOTMBALNIO) PabOTHI, KPATKMUII 00630p 110 ee TeMaTuKe;

e Lle/M U 3a7ja4u PabOTHI;

e  METOJbI UCCIeJOBAHNS;

e U3JIOKEHME HOBBIX PpE3Y/IbTaTOB, IIONYYEHHBIX JIMYHO aBTOPOM
(aBTOpamn);

e KpaTKue BBIBOAbI, CIETaHHbIe HAa OCHOBAaHMM aHa/IM3a ITOTYyYEHHBIX
aBTOPOM (aBTOpaMI1) ¥ IIPeICTaB/ICHHBIX B paboTe pe3y/IbTaToB;

e  CIIVICOK JINTEpPaTyphlI (He MeHee AeCATU ICTOYHUKOB).

O630pHbIe U pedepaTBHbBIE pabOTHI K TyO/IMKAL[UY He IPYHVMMAIOTCA.

HOHOHHI/ITCHBHI)IC Tpe60BaHI/I}I:

1. KonmyecTBO COaBTOPOB KOOl pabOThI He MOKHO OBITH MeHee
JEeCATH.
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Tpe6oBaHusa K opopMIeHNIO TeKCTa paboT IIsA MyOnuKkanum B cOOpHNKax
®opyma

HomycTuMblii 06beM pabOTbI — He MeHee TpeX IOIHBIX CTPaHUI], HO He
6ornee mATH.

ONIeKTPOHHBINI BapMAHT TeKCTa HabupaTb B pemaktope Word co
CTIeYIOIIVIMY TTapaMeTpaMy HaCTPONKIL:

mpudt — Times New Roman (Cyr);

CTIIb WIPUPTa — HOPMa/IbHBIN (OOBIYHBIN);

pasmep kerisa mpudra — 12;

MEXCTPOYHBIII MHTepBaI — 1;

mapaMeTpbl CTpaHUIBI (ITOJIsA): BepxHee — 24 MM; HIDKHee — 30 MM;
nesoe — 20 Mym; npaBoe — 20 Mym;

dopmynbl Habuparb, nonb3ysich Microsoft Equation (HacTporika
CUMBOJIOB B pefilakTope GOpMyII IPONOPIIOHATIbHA OCHOBHOMY TEKCTY;
110 BO3MO>XKHOCTY, VICTTOJIb30BAaTh 3aMNMCh (DOPMYIIBI B CTPOUKY);

ecm A HMOHUMMAaHMA CYTUM paboTbl HEOOXOAVMM PUCYHOK, OH
BBIITOJTHETCS B BUJIE €I HOV KAP TMHKY B IIPeJie/Iax I0JIsl J/Is TEKCTA, IIPU
HeOOJIbILIOM pa3Mepe PUCYHKa — C 0OTeKaHueM TeKCTOM. Bce pucyHkn
HYMEPYIOTCSI, TIOJIIVICK K PUCYHKAM BBIIIOTTHSIOTCS IO HUMU HIPUPTOM
c paamepoM keris 11. Ha npuBoayMble puCYHKY 0053aTe/IbHO JJO/DKHBI
OBITb CCBUIKM B TeKcTe. He [OIyCKaroTCsi PUCYHKM, COCTaBIeHHBIE
U3 OTHENbHBIX 371eMeHTOB. LIdpbI, CMMBOIBI U TEKCT BHYTPU HOJA
PVUICYHKA TOJDKHBI OBITh YMTaeMBIMM (JOCTATOYHO OOIBIINMIU) C YYETOM
OyZyILIero yMeHbIIEeHN pa3Mepa CTPAHUIIB IpU Ievyaty (Iepexof OT
dopmara A4 x popmary A5);

OompInye Tpo6ebl MKy PUCYHKAMM Y TeKCTOM HEJOITYCTUMBI.

TeKCT B TEKCTOBOM IIOJIE pacnonaraerca Cieayrmnm 06pa30M:
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Jlajiee OfHa IyCTasI CTPOKA, Ha CIeAYIOLIei CTPOKe (BBIPOBHATD BIIPABO):
HA3BAHME CTATbBU (mponmcabiMu 6ykBamu) 16 Kerb.

Ha cregyromeit cTpoke (BBIPOBHATD BIIPAaBO) JaeTCs Ha3BaHMe CTaTbA
Ha CJIefyIoIell CTpoKe (BBIPOBHATD BIIPABO): MHNIIMAIIBL, Yepes mpober
— bamunus aBTopa (aBTOpOB);

Ha C/leflyolleil CTpoKe (BBIPOBHATDH BIIPABO): Ha3BaHMeE OPTaHM3AINN
(opranmsanmit) CTpOYHBIMM OYKBaMIU;

JIOJDKHOCTY Y1 yYEeHBIe CTEeIIeHV aBTOPOB He YKa3bIBAIOTCS;
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Dusnyeckyie METObI M3Y4YE€HNA PACTUTE/IbHBIX KYIbTYP

AIL. Dmuaymkun', Bunbam Xormaug?, B.YO. Pynw! !, Beepoccutickuti Hayuno-
Hccnedosamenvckuii Mncmumym Pumonamonozuu, Mockosckas 067.,Poccus,
2 Ynueepcumem /lunnes, Kanomap, Illeeuus

IIOC/Ie OIHOV IYCTOM CTPOKM: KPaTKuUil TeKCT He 6omee 750 c/oB, HO He
menee 100, Ha anrmuitckoMm si3bike (ABSTRACT) u ganee TekcT paboTs
(ab3a1rpl HAYMHAIOTCS € KPACHON CTPOKM, paBHOI 1 cM);

B KOHIIe TEKCTa OCTAaBJ/IAETCA OfHA IyCTasd CTPOKA, 3aTeM IMILIETCSA
cnoBo JIMTEPATYPA: (BBIpOBHATH IO LIEHTPY) M HVDKE IPUBOLUTCA
CIIMICOK LIMTUPYEMBIX ICTOYHMKOB.

cnoBo «JIMTEPATYPA» m mnepeyeHb LUTUMPOBAHHBIX MCTOYHMKOB
opopmisrorcs mpudrom ¢ pasmepom kKerns 11. Ha Bce mcrounmkmn,
IPUBOAMMBIE B CIIMCKE JIUTEPATyphl, 00SA3aTeNbHO [O/DKHBI OBITH
CCBUIKM B T€KCTe PabOoTHI.

Odopmnenne ccpIIoK:

CCBUIKM Ha JINTEPATypy He JMO/DKHBI OBITh aBTOMAaTUYeCKVMI,
[eYaTaloTCs B TEKCTe CTAaThbM B KBAJPAaTHBIX CKOOKaxX IMOC/e I[UTATHI
(yxasbIBaeTcss HOMep UcToyHuka — [1], [2] u T.11.);

CHOCKM Ha HECKOJIBKO MICTOYHVMKOB Pa3/e/III0TCs MeXY COO0IT TOUKOIA
¢ samaToi ([1; 2]);

B CIIVICKe JIUTePaTyphl UCTOYHUKIM HYMEPYIOTCs apabckumy udpamu ¢
TOYKOM 6€e3 ckoOoK (1., 2. m T.11.).

Heco6mtonenne ¢opmanbubix TpeboBaHMit M0 0POPMIEHNIO PabOThI
aBTOMATHMYECKY BJIEYET ee OTKIOHEHNe.

Bce npencraBnenHble pabOTHI IPONAYT ABYX3TAITHOE PeljeH3VPOBaHNeE, IO
pesyibTaTaM KOTOpOro OyieT IPUHATO pellieH)ie O BO3MOXKHOCTY Y O/IVKAIIVIIL.
[TpyumHBI OTKIOHEHUsT PabOT MX aBTOPaM He COOOIIAI0TC.

ITocetate 1o agpecyl: saup.polska@gmail.com, franciszek.switala@gmail.

com

Hna copaBku: Yro Takoe DOI?

DOI (Digital Object Identifier) — yHMKanbHBII WAEHTUPUKATOP,
KOTOPBII OIIpefieNisieT MeCTOIIOIOXKEH e 9JIEKTPOHHOTO MaTepaja B MHTEPHETE.
DOI BbifjaeTcs M3faTeneM 1 OCTAeTCsl HeM3MEHHBIM I CTaThby HaBcerna. Sci-
ence News of Eastern Technical Universities
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