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MOI[y.H 3d XUAPOTCXHUKY H BOAHO-CKOJIOIIKO MHKCHCPCTBO

CEMUHAPCKU PAJ] U3 [TIPEJMETA MEPEIHA Y
XUJIPOTEXHULIU

OnpehuBame Q-H kprBe myMIie 1 UCTTUTHBAKE CTakha IIEBOBOIA (BETUKU

IIEBOBO/JT Y TIOJIPYMY)
CrynenTu: [IpeameTrnu npodecopu:
Jumutpuje Muxaunosuh 555/22 Hyman [Iponanosuh
Munom Henanosuh 557/22 Munomr Mumnamnaosuh
Jenena [ponanosuh 578/22 Hamjan MBetuh
Mura Cranerosuh 589/22
Mapuna MapkoBuh 533/22

Emunuja MprobOpana 565/22
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1. YBoa

[Tymne (mprnke) cy jemaH ol HajpaclpoCTPamCHHUjHX eJeMeHaTa XHUIAPOMEXaHUYKe
onpeme y ceTy. Kako je y rpal)eBUHCKO] TIpakcu BHUCHHA JM3arma KOjy IyMIIe CaBJIa/laBajy
Hajuenrhe HEMPOMEHJBPUBA, MPHIIMKOM 0J1abupa MyMIle HJIM CUCTEMA ITyMITH MPOjeKTaHT MOpa
Pa3MOTPUTH MPOjEKTOBAHE KAPaKTEPUCTUKE MyMIle u3paxene kpo3 Q — H kpuBy. Ha necpehy,
MPOjEKTOBAHUM KapaKTEPUCTHKAMa ITyMIIe CE HE MOXKE BEpOBaTH, OMJIO TO jeTHOCTABHO 300T
cTapema IyMIle WIH TpeliKe Mpou3Bohada, 300r Yera je BpJIO KOPUCHO HM3BPIIUTH JHMYHA

UCIHUTHBaKka, 0IHOCHO (popensuky, Q — H kpuse mymre.

[{uss oBe BexxOe 0o je 1a ce y peanHuM ycinoBuma ucnuta Q — H kpuBa nymre u crame
[IEBOBO/Ia, Y3 TO LITO HUCY OMJIC TIO3HATE MPOjEKTOBAaHE KapaKTEPUCTHKE MyMIIE 1 OPUTHHATHE

KapaKTepUCTHKE [IEBOBOA ca KOjuMa OMCMO YIIOpeaniIN T00UjeHe pe3yiTarTe.

Pa3ManaHI/I CHCTEM CC CaCTOjI/I Ol BCIIMKOI' U MaJIOI' pE€3€pBOapa, LEBOBOAA KOjI/I Hux

cnaja " IMyMIIC KO/l BEJIMKOTI pe3€pBOapa.

2. DU3NYKO MoJIeJIupam-€ Mpexe

3a modyerak, MU3MEpEHE Cy MAY>KMHE II€BOBOJIAa KAa0 U CIOJbHU NPEYHUK I[EBOBOJA.
N3mepena je BUCHMHA 3uJa BEIMKOT pe3epBoapa. 3abeiekeHa Ccy MecTa MpOMEHEe IpaBlia
1I€BOBOJIa (JIOKAJTHU TYOHWIM), KA0 W MECTO TJIaBHOT pPEryJialMoHOr 3aTBapada. lM3mepene

BpPCAHOCTU C€ MOT'Y BUJICTHU Ha CJ'ICI[ehI/IM CJIIMKaMa.
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Cnuka 1: Ckuna noay>kHOT Ipeceka cucTeMa
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Cnuka 2: CkuIia IONPEYHOT MPeceKa CHcTeMa

Ha cnukama cy Takohe o3Ha4eHH TOJI0Kaju MEPHUX MecTa, rie | u 2 mpeAcTaBibajy CeH30pe
MPUTUCKA, 3 EJICKTPOMAarHeTHH Mepad NpPOTOKa a 4 TpejacTaB/ba HUBO BOJC Yy MajoM

pe3epBoapy KOju je MEpeH YATPa3ByYHUM CHE30POM pacTojama.

3. KaauOpauuja mepuux ypehaja

YiTpa3ByYHH CEH30p pacrojama 3acHOBaH je Ha Mepemy BpeMeHa IyTOBamba

yIATpa3ByKa Ha IyTy OJ IPUMONpEAajHUKA 10 HUBOA BOJIe U Ha3al. [IpumornpeajHUK eMUTyje
yIATpa3zyBK 011 pehepeHTHE paBHH Ha K0jOj je MOCTaBJbEH, Koju ce kpehe Op3nHoM 3Byka. Kana
yATpa3ByK folhe 10 MOBpIIMHE Y OJHOCY Ha KOJy j€ MOTPEOHO M3MEPUTHU PACTOjalke OH Ce

o101ja Ha3a 10 MPUUMOIIPE/IajHUKA.

Ha ocHoBy u3mepeHor myToBama At [|1S] u m3mMepeHor pactojama 1o HuBoa Boje d [m] moryhe

j€ cpauyHaTu Op3uHY yJITpa3ByKa Kpo3 Ba3ayX:

[m] At[S]—>C [m]= 2-d[m]

dim]=C|< 2 S At [s]

S
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Crnuxka 3: IlpuHimn paga yiTpa3By4HOI CEH30pa pacTojama

BPSI/IHa yIATpa3ByKa KpO3 Ba3ayX je pa3ianynTa y 3aBHCHOCTU OJ TEMIICpATypeE,
BJIA’JKHOCTH Ba3JlyXa UTH, CTOI'a je l'IOTpe6HO KaJIPIGpI/ICaTI/I 6p3I/IHy YJITpa3ByKa y 3aBUCHOCTU

0J1 paJIHUX YCJIOBa.

Nucrananumja ce cacToju oJ] CTAaKICHOT HWIMHAPA KOjH je Haly’keH BogoM. Mepene cy
ZIB€ BEJIMYHMHE: PAaCTOjarme OJ BpXa LIJIMHAPA IO HUBOA BOJE M BPEME KOJHMKO YITPa3BYKY
Tpeba ma nmohe mo HUBOa Boae m Hazan. llocTymak ce M3BOAMO J0 MOTIYHOT TNPaKHEHA
mumHapa. Kanmbpanuja je u3BpiieHa Ha OCHOBY y30pka of 10 mepema. Y mpBux 5 Mepema
BOJIa je ucmyluTaHa y kopauma og Ad = 2.5 cm, melyTum oBakaB Kopak je Jocta Maiu U 0110
Ou moTpeOHO BHIIIE MEpea, 11a je 32 0CTala Meperha YCBOjeH 3HauajHo Behun kopak oq Ad = 16

cm. U3 nobujeHnx Mepema Cy YKIOmEeHE IpyOe rpelike Ha OCHOBY CTaHAap HE JICBHjallH]e.
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Crnuka 4: a), 6), B) PesynTaTu HEKOIMKO Mepema

5 40

Ha ocHOBy cpenmux BpEJHOCTH BpeMEHa 3a CBakO OJ Mepema cpadyHaTe cy Op3uHe

yITpa3ByKa Kpo3 Ba3ayX. Y CBojeHa Op3uHa yirpa3Byka nznocu ~341.80 m/s.



ID dlcm] | At[us] | V [m/s]
1 22 1322.6 | 332.68
2 24.5 1464.9 | 334.50
3 27 1575.6 | 342.72
4 29.5 1715.2 | 343.98
5 32 1961.6 | 326.26
6 48 2749.2 | 349.19
7 64 3680.7 | 347.76
8 80 4659.6 | 343.38
9 96 5515.4 | 348.12
10 112 6410.2 | 349.44
Ver [M/s] 341.80

CeH30pH IPUTHCKA KOjU CY KOpHIIIeHH Mepe MPUTUCAK y Boituma [V], mTo 3Hauu na

j€ HEOIXO/HO M3BPIIMTH KOHBep3ujy y Oape [bar] mnmm mackame [Pa]. Kopumrhena cy asa
ceH3opa nmpuTHcKa. MHcTanamnmja ce cacToju 0]l Marber IIeBOBO/Ia, KOjH je MOBE3aH Ha YecMy,
MaHOMETpa M CEH30pa MPUTHCKA. MemameM MPOTOKa KPO3 IIEBOBOI, MEPEHH Cy MPUTHCIH Ha
MaHOMETpYy y Oapuma W MPHUTUCIH Ha CEH30py y BoiTHMa. Ha OCHOBY J00MjeHHX IOjaTaKa

dbopMupane cy KauOpamroHe KPUBE KOje MPeICTaBbajy Be3y u3Mmely 6apa u BOJITH.

Crnuxka 5: TIpuka3 uHcTananuje 3a Kanuopaiurjy ceH3opa MpuTHUCKa



P [bar]

[

Merni uredaj 1

Merni uredaj 2

ploa] | YLV plba] | U[V]
2.85 2.83 0 048
1.9 2.04 0.35 1.18
1.05 1.41 0.9 2.13

0 0.51
Kalibracija senzora pritiska 1
v=12364x - 0.64_3_8.-'
0.5 1 1% " ’s
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Kalibracija senzora pritiska 2

y=06736x - 048,

i
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Crnuka 6: Pesynratu Mepema U KalnOpaIioHe KpuBe




4. MeTo010TMja Mepema

Ha nBa MepHa MecTa HAMOHTHPAaHH Cy CEH30pH NPUTHCKA. YJTPa3By4YHH Mepad
pacTojama kopuIheH je 3a Mepeme HUBOA BOJIC Y MAJIOM pe3epBoapy. Pazmarpanu cucteM je
YIYIITEH y paj OTBapameM 3aTBapaya MCIIOJl MaJIoT pe3epBoapa u mnajbemeM nymie. [IpoTok
je MepeH BOJYMETPHjCKH y3 MOMON eJIeKTpOMAarHeTHOr Mepadva. Paju TojeHOCTaBIbemba,
YCBOjEHO j€ J1a je HMBO BOJIC Y pe3epBOapy KOHCTaHTaH. Y30paK ce cacTojao oj 5 Mepema. Y

cienehoj Tabenu cy pe3yiaTratu Mepema:

Q[lis] Atfus] | PiVI | P2[VI
26.31 3500 1.1 1.3
21.29 3665 1.13 1.3
7.29 4000 1.16 1.3
12.61 3825 1.14 1.3
23.09 3570 1.13 1.3

Ha ocHoBy mperxonHo xanuOpricane Op3uHe yiTpa3Byka ojpel)eHu cy HUBOH BOJE Y
MajioM pe3epBoapy, a Ha OCHOBY KaIMOPAIMOHUX KPUBUX MPHUTHCLIU OYUTAHHU HA CEH30pHUMa

MIPUTHCKA MPEBEACHH Cy Y Oape/mackaine.

dE | Orezenowa | p ooy | ey har] | PoPa] | Pa [Pa]
[m] [m]

0.508 0583 | 0711 | 0396 | 71124 | 39568

0.626 0611 | 0748 | 0396 | 748332 | 39568

0.684 0669 | 0785 | 0396 | 785424 | 39568

0.654 0639 | 0761 | 0396 | 76069.6 | 39568

0.610 0595 | 0748 | 0396 | 748332 | 39568

Kako 6ucmo onpenmmm Q — H KpuBYy, HEONIXOIHO je TIO3HABATH YHYTPAIIHU MTPEYHUK
eBoBojia. Kao mojenHocraBibeme, ycBojeHo je na je D= DN — 2*5, rae je & — ne0spbuHa 3uia

OCBOBOAA.

Eneprercka jenqHaunHa o1 BEJIMKOT pe3epBoapa J10 npeceka 1 (Mecto ceHzopa nputHcka 1):

H = By — Byg = Zan + Do =2

OnpehuBame kKapakTeprCTHKa IIEBOBOJIA je HeITOo ciaoxenuje. [Ipunukom oapehrBama

KapaKTepHCTHKa [IEBOBOJIa HEOIIXOIHO j€ PELIUTH TPU EHEPreTCKeE jeJHAUMHE ca TPU HETI03HATE



— KOe(UIIM]CHT JIOKAJTHOT TYOUTKa Ha 3aTBapaqy EzaT, KOS(UIIM]SHT JTMHHUCKOT TyOUTKa YK

[IEBOBO/IA A M YHYTpPAIIBH MPEUYHUK 11eBoBoa D.

Eneprercka jenHaunHa off BEIMKOT pe3epBoapa 10 npeceka 1:

P1 Q2
Eyr = E1 + AEypr_1 = Ilyg = Zywq + &"‘ ZE+1)- 29A2

Eneprercka jennaunHa of npeceka 1 10 mpeceka 2 (MecTo ceH30pa MPUTUCKA 2):

P1 P2 L1 2
E; =E;+AE1 ;> Zyyn + — =ZImp + p—g+(7& D +ZE)-2gA%
Eneprercka jeanaurHa o1 mpeceka 2 10 Malor pe3epBoapa:
p. , Q° L2-mr Q
E; = Emr + AEz-mr = Zmz + &‘l‘ @=HMR+(K' +ZE+EZAT)-E

Ha HapCJHUM CKHIlaMa CYy YIPTaHU IIPECCLIU.
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OBaj cucreMm jemHaunHa perreH je y codrBepckom makety MS Excel, y3 momoh
dyukimje Solver, koja je mpakTHYHA 3a peliaBambe HHXEHEPCKUX MPodeMa 300T Tora mTo ce

MOTy 3aj1aBaTu oMeHU Moryhux pemema. Y Excelu ce cpauynajy cienehe tpu gynkuuje:

f1:HVR_<ZM1+&+(ZE+1) QZ)—)O
pg 2gAZ

P1 P2 Li- ) Q?

P2 Q? Lz-mr Q
f3:ZM2+ &4‘ ZgA%—<HMR+()L D +Z€+€ZAT)@ -0

Solver-y ce 3amaje 3amatak na cMamM LITO je BHIIE MOryhe BpeAHOCTH OBHX (YHKIIHja
Memajyhn BpeAHOCTH YHyTpallmer npeuyHuk D, koedunujeHta auHUjCKOT TryOuTKa A M

Koe(uIrjeHTa JJOKATHOT TyOUTKa Ha 3aTBapavy Czat.
Jlomenu Moryhux BpenHOCTH Koju cy 3aaatu Solver-y cy:

e 010m<D<0.20 m;
e 0.001<A<0.1;
o 1 <&, <1000.



5. Pesyararu

Pesynratu koju cy mobujenu mytem Solver-a cy npukasanu y cieachoj radbemnu:

Ezat [/] 21.5552911

D[m] | 0.15606841

A[/] | 0.09934646

Ckpehe ce naxma Ha pe3yiTare yHYTpalllber MpeyHHKa 1IeBOBOJAa U Koe(uIujeHTa
JUHUJCKOT Tpema. Ha mpBW morien, ca CmoJbHUM TpedHHKOM on 220 mm, pesynraTt
YHYTpalllkber NpeYHuKa oJ] HemTo Mame o 160 mm ce He ynmHM HuUMano joruyHo. CTBap
1ocTaje Majo jacHHUja Kajia ce y3Me y 003Mp CTapoCT THUX LIEBOBOJA Kao U TO /1a HUCY PEIOBHO
OJlp’)KaBaHU; TMO3HAJyhH Ty YUIEHUI]y BpPEIHOCT KoeHIMjeHTa Tpema A, Koja JaleKko
MpeBa3uiia3u OYEKMBaHy, Kao M peAyKuuja mpoTunajHor npoduia ox 22% (npern. DN = 220

mm oxrosapa D = 200 mm) aucy Butie Tonmko uzHeHalyjyhe.

Ha ocHoBy n00ujeHux pe3ysitaTa MpoOTOKa U BUCHHE JIM3ama MyMiie mpukaszana je Q-H xpusa

IyMII€E.
Q [I/s] H [m]
26.31 6.57
21.29 6.95
7.29 7.32
12.61 7.07
23.09 6.95

Ogaxko nob6ujena Q-H xpuBa nymmne oaroapa TeopujckuM kpuBama. Kako 3a norpebe
u3pajze OBOI CEMMHApCKOI paja HHUCY JOCTYNHHM Mojanu o opuruHanHoj Q-H xpusu

pa3MarpaHe ImyMIIe, He MOXe Ce YTBPJIUTH CJIarame pe3yraTa.
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Crnuka 7. [lo6ujenu pesynraru Q-H xpuse

Q-H kriva pumpe

0 5 10 15 20 25 30
Q [l/s]

Crnuxka 8. YcBojena Q-H kpuBa mymrre

3aBHUCHOCT BHCHHE Au3ama IMyMIe oA IHpOTOKa CC ,u061/1ja perpeCHjOM U MOXKC H3Pa3UTU

dyukimonanso y popmu H = f(Q) :
H= —0.0013-Q* + 0.103 - Q + 7.2595

Kao nocnenuiia perpecuje, 101a34 10 MOpacTa y MOYETKY.



