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MERENJE OSNOVNIH VELICINA U

HIDROTERHNICI

 Merenje pritiska: pijezorezistivni, kapacitivni, induktivni
senzori

* Merenje nivoa vode: ultrazvucni senzori, senzori pritiska +
preracunavanje

* Merenje brzine: UZV, EM, hot-wire i hot-film, ...

* Merenje protoka: volumetrijsko, UZV, EM, suzenja...

+ merenje kvaliteta vode: pH, mutnoca, elektroprovodnost



MERENJE PROTOKA - MERNO

SUZENJE

Merno suzenje — merenje protoka u otvorenim tokovima na

osnovu merenija jedne ili dve dubine
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MERENJE PROTOKA - MERNO

SUZENJE

Merno suzenje — kako meriti protok preko dubine?

* Potrebno je ustanoviti koja dubina se meri i koja je funkcionalna

zavisnost protoka od dubine

* Funkcionalna zavisnost Q=f(h) poznata za kriticnu dubinu (preko

Frudovog broja)
* Merno suzenje omogucava formiranje kriticne dubine h, .

* Dali se u suzenju zna gde je tacno kriticna dubina?!

Ne znamo gde je tacno kriticna dubina, ne mozemo da je izmerimo,
aliznamo da se javlja negde u suzenju!!!




MERENJE PROTOKA - MERNO

SUZENJE

Merno suzenje — kako meriti protok preko dubine?
* Ne meri se dubina u suzeniju, vec se meri dubina negde uzvodno
* Miran rezim uzvodno - manja neodredenost pri merenju dubine

* Funkcionalna zavisnost Q=f(h,,,) — na osnovu Bernulijeve

jednacine od preseka uzvodno do preseka u suzenju

- Samo se uzima lokalni gubitak energije



MERENJE PROTOKA - MERNO

SUZENJE

Merno suzenje — kako meriti protok preko dubine?

Cilj — meriti dubinu uzvodno h;, i na osnovu Q=f(h) dobiti protok

Q* Q*
hy + = h, + 1+
2 ::
B
F,, = ¢ Z=1
gA;

h,, h, —uzvodna dubina i dubina na suzenju
Q — protok

A,, A, — povrsine poprecnih preseka

¢ - koeficijent lokalnog gubitka na suzenju

Kombinacijom ove dve jednacine i
resavanjem po h,

dobija se funkcionalna zavisnost
(jednoznacna veza)

izmedu protoka Q i dubine uzvodno

od suzenja h, ‘ ‘

Q= f(hy)

Kriva protoka




MERENJE PROTOKA - MERNO

SUZENJE

Kako isprojektovati merno suzenje?

* Odrediti duzinu prilazne deonice, duzinu uzvodne prelazne
deonice, duzinu suzenja (i visinu praga u suzenju), duzinu i nagib
nizvodne prelazne deonice i eventualno dubinu ukopavanja

nizvodne deonice

» Uslovi za projektovanje — da se u opsegu izmedu minimalnog i
maksimalnog predvidenog Q, i pri odgovaraju¢im nizvodnim

granicnim uslovima javi nepotopljeno tecenje u suzenju



MERENJE PROTOKA - MERNO

SUZENJE

Kako isprojektovati merno suzenje?

* Da bi projekat bio kompletan, potrebno je predvideti nacin
merenja nivoa u preseku uzvodno i neodredenost takvog

merenja

* Formirati i krivu protoka za suzenje



MERENJE PROTOKA - MERNO

SUZENJE

Kako isprojektovati merno suzenje?

* Projektovanje se radi u besplatnom softveru pod nazivom

WinFlume - USBR

About WinFlume ﬂ\

LS. Bureau of Reclamation USDA - Agricultural Res International Institute for Land
Hydra Reclamation & Improvement

Arid-Land Agricultur. IFI

USDA |C> Lﬁ | Link za download

https://www.usbr.gov/t
sc/techreferences/com
puter%2osoftware/soft
ware/winflume/32bitwi

ign and calibration of long-thioated
ested weirs

WinFlume

WinFlume32 - Version 1.06.0006

Kbt o A i nflumedownload.html

Albert J. Clemmens. ARS. Pho
Details oK Marinus G. Bos, ILRI, Wageni : :
John A. Replogle, ARS. Phoenix, Arnizona



https://www.usbr.gov/tsc/techreferences/computer%20software/software/winflume/32bitwinflumedownload.html

MERENJE PROTOKA — MERNO
SUZENJE

WinFlume — Pokretanje programa i podesavanja




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Pokretanje programa i podesavanija

m Create Mew Flume

" Use a Copy of an Existing Flume

— Initial Flume Dimensionz & Properties

? >

{* <Start with the Built-ln Default Flume

~ Flume Wizard

[~ Usze the Step-by-Step Flume “izard

/

/

Cancel

Pokretanje novog projekta
od pocetka




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Pokretanje programa i podesavanja

WinFlume

Enter a descrphion far thiz flume

>
Cancel |

Merenja2020] <—

Imenovanje projekta (po izboru)




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Pokretanje programa i podesavanija

% Flume Design Units ? x
—Length & Height —Dizcharge
{* Meters {+ Cubic Meters/Second
" Feet { Liters#Second
" Milimeters " Cubic Feet/Second v . v .
" Inches  GallonsMinute POdesavanJe metanOg sistema
" Centirmeters  Acre-Feet/Hour
7 Miner's Inch [fnzona) - 40 Ml/cks
= Miner's Inch [Idaha] - 50 MIAcks
= Miner's Inch [Colorada) - 38.4 MI/cks
—'water Yelocity = Megaliters/Hour [Cubic Dekameters/Hour)
% Meters/Second = Megaliters/Day
{~ Feet/Second 7 Million Gallons /0 ay
LCancel |




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje - situacija

98 WinFlume32 - Untitled Fim - [Flume Dimensions]
Taf File Flume&Canal Design Reports/Graphs Qptions Help —1=Tx

7 i o e \

Channel Depth Bottom Profile Merenja2020 Al dimensions are in meters
1 © Abrupt Expansion
‘ . W . . « Gradual Expansion
Dubina kanala (visina zida)
Ga_ge
~ Max WSP E = Slope
~ Min WSP = 3
0.3 g 3 w
Sill Height =
‘ 2 | [ 2 13
Approach Converge Contral E xpansion T ailwater
Approach Channel|Control Section| Tailwater Channel Upstream View|Downstream View| Design Re
Edit Approach Section |

11




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje - situacija

98 WinFlume32 - Untitled Fim - [Flume Dimensions]
Taf File Flume&Canal Design Reports/Graphs Qptions Help

B P | '\
Channel Depth Bottom Profile Merenja2020 Al dimensions are in meters
1| © Abrupt Expansion
V. . . .
Duzina prilazne v . Nagib deettee za

© Truncated Ramp

Duzina suzenja

- age i prosirenje '
Visina prgga Ggg__ deonice / J D.Ublna Ukopavan_
N pMastp\;\Z 7 nizvodnog dela
03 ; ? f
Sill Height =
o ot +
Approach Converge E xpansion T ailwater
Approach Channel|Control Section /)T‘ ailwater Channell Upstream View|Downstream View| Design Re
.. / Edit Approach Section | A .
Duzina prelazne Duzina deonice za
deonice prosirenje

11




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje - situacija

98 WinFlume32 - Untitled Fim - [Flume Dimensions]

- Vo .
g X
T File Flume&Canal Design Reports/Graphs Options Help TI p p rOS| re n Ia N
IFEE [ PHS] [oroin oo ~
Channel Depth Bottom Profile Merenja2020 Al dirmEhsigns are in meters
1| © Abrupt Expansion

* Gradual Expansion

Prikaz linija
nivoa

Linija nivoa pri Q,,,.x * Tunstea Ramp

min

Linija nivoa pri Q
MaxWSP
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03 g 21 w

o1

(v}
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SiIIHeig'nt/v
erno mesto 'ipp—h | 'ﬁ 'T E|1|:-8— | Taiwater
Approach Channel|Control Section| Tailwater Channel Upstream View|Downstream View| Design Re
Edit Approach Section |
1:1
!




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje — poprecni preseci

98 WinFlume32 - Untitled Fim - [Flume Dimensions]

% File Flume&Canal Design Reports/Graphs Options Help - _ :x
IFEE 7 [ e e \
Channel Depth Bottom Profile Merenja2020 Al dimensions are in meters
-” © Abrupt Expansion
* Gradual Expansion
© Truncated Ramp
Ga_ge
~ Max WSP E = Slope
% Min WSP S e
T g 3] w
Sill Height =
‘ 2 ‘ 0.4 2 1.8 ‘
Approach Converge Contral E xpansion T ailwater
@Approach Channel)Control Section| Tailwater Channel Upstream View|Downstream View| Design Re
Edit Approac}LSection |

Poprecni presek

prilazne deonic 3
orekcij

reseka




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje — poprecni preseci

98 WinFlume32 - Untitled Fim - [Flume Dimensions]

a X
T File Flume&Canal Design Reports/Graphs Options Help _& %
IFEE 7 [ e e \
Channel Depth Bottom Profile Merenja2020 Al dimensions are in meters
1 © Abrupt Expansion
‘ * Gradual Expansion
© Truncated Ramp
Ga_ge
~ Max WSP E_-__ Slope
~ Min WSP H [5
03 g 31 w
Sill Height =
| 2 | [ 2 13 |
Approa Converge Contral E xpansion T ailwater
Approach Channéel|Control Section| Tailwater Channel Upstream View|Downstream View| Design Re
EditApprnaclLSection |
orekcij

reseka




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje — poprecni preseci

98 WinFlume32 - Untitled Fim - [Flume Dimensions]

g X
T File Flume&Canal Design Reports/Graphs Options Help el
m = FH[E] [oermmon sweer] ‘
Channel Depth Bottom Profile Merenja2020 Al dimensions are in meters
1| © Abrupt Expansion
* Gradual Expansion
© Truncated Ramp
Gage
~ Max WSP ; B Slope
% Min WSP S e
03 H 31 M
Sill Height ‘7

e e | B | [

Approach Converge Contral E xpansion T ailwater

Approach Channel|Control Section(Jailwater Channel) Upstream View|Downstream View| Design Re

Poprecni presek

nizvodne.deonice orekcij

reseka




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje — poprecni preseci

Approach | Cantral | T ailwater
Eattom Yidth =1
Z=1

Nagib kosine e

_—
Bottom width |1
Approach Section [Miingstatiun]

Make This Section |dentical To... | Sirina u dnu Cancel ak.

Editovanje (korekcija)
poprecnog preseka




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje - pogled

98 WinFlume32 - Untitled Fim - [Flume Dimensions]
Taf File Flume&Canal Design Reports/Graphs Qptions Help

Hel
EEE 7 i T

Channel Depth Bottom Profile Merenja2020

e

All dimensziong are in meters
© Abrupt Expansion
* Gradual Expansion
© Truncated Ramp

Approach Channel|Control Section|Tailwater Channel|

Edit Approach Section

Ga_ge
~ Max WSP ; = Slope
~ Min WSP H [5
0.3 g 3 w
Sill Height =
‘ 2 ‘ 0.4 2 1.8 ‘
Approach Converge Contral E xpansion T ailwater

Upstream View Downstream View| Design Re

11

Pogled sa uzvodne strane




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje - pogled

98 WinFlume32 - Untitled Fim - [Flume Dimensions]
Taf File Flume&Canal Design Reports/Graphs Qptions Help

Hel
EEE 7 i T

Channel Depth Bottom Profile Merenja2020

e

All dimensziong are in meters
© Abrupt Expansion
* Gradual Expansion
© Truncated Ramp

Ga_ge
~ Max WSP = =
~ Min WSP H
03 B a1
Sill Height =
‘ 2 ‘ 0.4 2
Approach Converge Contral

Approach Channel|Control Section|Tailwater Channel|

Edit Approach Section

11

Slope
[5
\@W
1.8 ‘
E xpansion T ailwater

Upstream View Downstream View| Design Re

|

I
Pogled sa nizvodne strane




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje — projektni kriterijumi

98 WinFlume32 - Untitled Fim - [Flume Dimensions]

¥ File Flume&Canal Design Reports/Graphs Qptions Help ? _ :x
EEE 7 [ e e |
Channel Depth Battom Profile Merenja2020 All dimensions are in meters
1 © Abrupt Expansion
* Gradual Expansion
© Truncated Ramp
Ga_ge
~ Max WSP ; = Slope
~ Min WSP = 3 \
0.3 H 31 \‘1\ Bed Drop 0
Sill Height =
‘ 2 ‘ 0.4 2 1.8 ‘
Approach Converge Contral E xpansion T ailwater
Approach Channel|Control Section|Tailwater Channel! Upstream View|Downstream View Degign Re
Edit Approach Section | e —

/|

Svuda stoji Ok. ako su
ispunjeni!!

Ispunjenost projektnih kriterijumé

2




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Radno okruzenje — projektni kriterijumi

‘w Flume32 - Untitled.Fim - [Flume Dimensions] —
T File Flume & Canal Design ans/sph Options _ & %
[BEOEEFEEEE 0 N |
Channel Depth Battom Profile Merenja2020 All dimensions are in meters
1 © Abrupt Expansion
* Gradual Expansion
© Truncated Ramp
Ga_ge
~ Max WSP E = Slope
© Min WSP H [5 \
ID-3— H 3 \‘1\ Bed Drophlﬂi
Sill Height =
‘ 2 ‘ 0.4 2 1.8 ‘
Approach Converge Contral E xpansion T ailwater
Approach Channel|Control Section|Tailwater Channel! Upstream View| Downstream View Design Re:

| Design is NOT acosptable, but may be improved.

Edit Approach Section

|amas = 1.0000 0. iz
|amin = 0.1000 cu. mis

EVALUATION OF DESIGN CRITERIA
Jox. ude number @ Qmax = 0.268

(0% sumergees Prrecton @ o
jox. ot ey @ 0 53 %
| o et ey e s 5

/
Stoji Not Ok. Kod onog koji

|
nije ispunjeq!!!
1:1

O

Ispunjenost projektnih kriterijumg
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MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Unos podataka za projektovanje

B Fle Al Graphs Options  Help - & x
REE] I\KIfMIEI [ostiiion s |
Chanrel Depth Bottom Profile Merenja2020 Al dimensions are in meters
1 © Abrupt Expansion
‘ & Gradual Expansion
© Truncated Ramp
Gage
~ Max WSP E = Slope
¥ Min WSP H—
03 E ey \Bm-gmuni
Sill Height =
‘ 2 ‘ 0.9 2 1.8 ‘
Approach Converge Contral Expanszion Tailvsater [I
Approach Channel|Control Section|Tailwater Channell Upstream View|Downstream View| Desian Re -EII:-EI

Edit Approach Section | ‘




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Unos podataka za projektovanje — tip podloge

‘ Flume Properties, Canal Data, & Design Requirements x
Flume Description |MereniaEDED | Revision 1
FIgmeCrest| Discharge & Tailwater | Head Measuremenl| Freeboard Requiremenl|

& Stationary Creste
v Nepokretno dno
Flurne Conztruction b4 aterial Roughness Height
[Concrete - smooth N 0.00015  meters
Tip podloge — Izabrati Procenjena apsolutna
gladak beton hrapavost podloge
LCancel | ok |




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Unos podataka za projektovanje — tip podloge

‘ Flume Properties, Canal Data, & Design Requirements

_— Min i Max protok

Flume Description |M erenjal20

Flume Crest  Discharge & Tailwater |ﬂead Measurement | Freeboard Re

-Range of Flume Operation T ailwater Level u2 Dubine nizvodno za
el Level, i .
Minirurn Flow to be Measure 0.190 Qmin I Qmax
b awimurn Flaw to be Measure L 0.693
- T ailwater Calculation
M ethod |Manning'$ equation using n and 5 ‘_'-l\ E=plain Methods |
Click on + symbals to select from a list of Manning's n-vallies HERE
Marning's = EILINED OF BUILT-UP CHANNELS — 1 Pop'JaJU >€ Na osnovu
0.0z CECAVATED OR DREDGED CHAMMELS I Sez|-|\/|an|gove
FCIMIMOR MATURAL STREAMS, TOP WIDTH AT Qmax < 30 met . v.
d=:ECLOSED COMDUITS FLOWING PARTLY FULL, METALLIC Jednacme
Eed Slope q=CICLOSED COMDUWITS FLOWING PARTLY FULL, NOM-METALL
H draulﬂ: Gradient] \
fD'Dm il Maningova hrapavost
/ (unetikako je u

/ LCancel QE.
Nagib kanala - % ili %o zadataku) x|
pretvoriti u decimalni
oblik




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements ? x
Flume Description |MereniaEDED | Revision 1 ..
Merni instrument za
Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl| — | . .
merenje dubine h;
Head Measurement Method Expected Uncertainty taki |
Poirt gage in stilling well “« S 4 00001 _meters Ocekivana apsolutna
\\\ (statisticka)
Allowable flow measurement uncertainty [35% uncertainty of a single measurement] neodredenost mere nja
Ak Minirurn Flow + 2.5 % , .
_ T izabranim instrumentom
At Masimum Flow + 2.4 X
i, . Trazena maksimalna,
Totalizing or Averaging ]
Measurement Interval |1 seconds - ~—_ relativn a, neodredenost
Duration |1 |$E|:|:|n-:|$ - mere nja pI’OtO ka —
zadato u zadatku

/ LCancel | ‘ aF. | ﬂ

Period uzorkovanja nivoa Na osnovu izabranog mernog instrumenta, softver metodama
—moze da ostane 1s. propagacije neodredenosti raCuna neodredenost merenja Q!!!




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements

7

x

Flume Description |M erenjal20

Head Measurement Method

| Revision 1

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl|

F
Fuaint ] )
Dipztick i ztilling well
Staff gage, Fr < 0.1
Staff gage in stilling well, Fr=0.2

Staff gage in stilling well, Fr=0.5

Staff gage without stiling well, Fr=0.2
Staff gage without gtilling well, Fr=05
Preszure bulb and recn[der

Expected Uncertainty
j tl 0.00071 rmeters

of a single measurement]

Measurement Interval |1 |$E|:|:|n|:|$

Duration |1 |$E|:|:|n-:|$

LCancel | ok |

Merna igla

POENTEE
gy [SAgpzzzzzz
E Screw for
] " raising or
lowering
Hook hook or
gauge pointer

llllllllllllllllllll llllll

Point
gauge

Fig. 15.5. Hook and point gauges.



MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements ? x

Flume Description |MereniaEDED | Revision 1

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl|

Head Measurement Method Expected Uncertainty
Di tilling well - ¢| 000 meters
Dipstick in stilling well
Staff gage, Fr < 0.1 .
Staff gage in stilling well, Fr=0.2 of a single measurement]
Staff gage in stilling well, Fr=0.5

Staff gage without gtiling well, Fr=0.2
Staff gage without stiling well, Fr=0.5
Prezsure bulb and recorder

Bubble gage and recorder v
Measurement Interval |1 |$E|:|:|n|:|$
Duration |1 |$E|:|:|n-:|$

Outage tape

Lealle]

\ 3 5 E
Image bob —— Scale
= Zero
e = Water
Extension _3 | Plain Gauge
== | Outage bar
Cancel | k. | outage |

bt

T
L

\



MERENJE PROTOKA - MERNO

SUZENJE

. \'al L] "
WinFlume —Izbor nacina merenja nivoa Vodomerna letva __
direktno u kanalu - pri
‘ Flume Properties, Canal Data, & Design Requirements ? x i . .
Flume Description |MereniaEDED | Revision 1 Frud_qwm brOJ evima
Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl| ma nJ Im Od 0’1
Head Measurement Method Expected Uncertainty Ocekivana
Staff gage, Fr < 0.1 j il 0.004 meters\ nEd redenOSt Je samo
Staff gage, Fr < " T~ ako su ispunieni
Staff gage in stiling well, Fr=0.2 _ U Ispunj
Staff gage in stilling well, Fr=0.5 of a single measurement] hidrauli¢ki uslovi (FI’
Staff gage without gtilling well, Fr=02 .
Staff gage without tiling well, Fr=05 broJ)
Fregszure bulb and recorder
Bubble gage and recorder
Float and recorder in stilling well v
BRI WL e W m R L7 LA L" |
Meazurement [nterval |1 |$E|:|:|n|:|$ j
Duration |1 seconds -
LCancel | ok |




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements

7

x

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl|

Head Measurement Method Expected Uncertainty
Stalf o g well, j tl 0.005 rmeters

of a sinul[measurement]

Staff gage in stiling well, Fr=0.5
Staff gage without gtilling well, Fr=02

Staff gage without tiling well, Fr=05

Fregszure bulb and recorder

Bubble gage and recorder

Float and recarder istillling weell v

Meazurement [nterval |1 |$E|:|:|n|:|$ j
Duration |1 seconds -

Flume Description |MereniaEDED | Revision 1

/ LCancel | ok |

Vodomerna letvav
umirujucem bunaru-
pri Frudovim
brojevima oko o,2

I

Umirivac oscilacija
(crevo, cey, ...)

Obratiti paznju da se sa povecanjem brzine toka (Frudovog broja) povecava ocekivana

neodredenost merenja nivoa — zbog vecih oscilacija nivoa




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Izbor nacina merenja nivoa Vodomerna letvau
e ———TA—— s umiruju¢em bunaru-
Flurne Description IMerenieEDED | Revision 1 pri I_:ru.dowm
Flume Crest| Discharge & Tailwater Head Measurement | Freeboard Requirement| brojevima oko 0,5

Hee-:l Measurement b ethod Expected Uncertainty
1 shilling well, X j + 0.00¢ meters
Steff gage, Fr < 01 g

Staff gage in stilling well, Fr=0.2 .
Staff gage in stiling well, Fr=0.5 of a single measurement]
Staff gage without stilling well, Fr=0.2

Staff gage without gtilling well, Fr=05

Preszure bulb and recorder

Bubble gage and recarder

Float and recorder in etillling el v

tMeasurement Interyal |1 Ieeeende
Diuration |1 |eeeende

Ledle]

Umirivac oscilacija
(crevo, cey, ...)

/ Cancel | ok |

I

Obratiti paznju da se sa povecanjem brzine toka (Frudovog broja) povecava ocekivana
neodredenost merenja nivoa — zbog vecih oscilacija nivoa




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements 7

x

Flume Description |MereniaEDED | Revision 1

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl|

Head Measurement Method Expected Uncertainty
Stalf gage without stiling well, Fr=0.2 G 0007 meters

Staff gage, Fr < 0.1

Staff gage in stiling well, Fr=0.2 Z
Staff gage in stilling well, Fr=0.5

of a singlé measurement]

Staff gage without stiling well, Fr=0.2

Staff gage without tiling well, Fr=05

Fregszure bulb and recorder

Bubble gage and recorder

Float and recorder in stillling weell v

Meazurement [nterval |1 |$E|:|:|n|:|$ j
Duration |1 seconds -

/ LCancel | ok |

I

Vodomerna letva __
direktno u kanalu - pri
Frudovim brojevima
manjim od o,2

Ocekivana
nedredenost je samo
ako su ispunjeni
hidraulicki uslovi (Fr
broj)

Obratiti paznju da se sa povecanjem brzine toka (Frudovog broja)

povecava oCekivana neodredenost merenja nivoa — zbog vecih oscilacija nivoa




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements ?

x

Flume Description |Merenia2l:|2|:l | Revizion 1

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requiremenl|

Head Meazurement Method Expected Uncertainty
Staff gage without stilling well, Fr=0.5 S 005 meters

Staff gage, Fr< 0.1 Z
Staff gage in stilling well, Fr=0.2 .

Staff gage in =tilling well, Fr=0.5 of a single measurement]
Staff gage without stilling well, Fr=0.2
Staff gage without stilling well, Fr=05

Preszure bulb and recorder

Bubble gage and recarder

Float and recorder in gtilling well v
m

b eazurement Interval |'| Isecl:lnds j
Duration |1 |seconds -

/ Cancel | ok |

I

Vodomerna letva __
direktno u kanalu - pri
Frudovim brojevima
manjim od o,5

Ocekivana
nedredenost je samo
ako su ispunjeni
hidraulicki uslovi (Fr
broj)

Obratiti paznju da se sa povecanjem brzine toka (Frudovog broja)

povecava oCekivana neodredenost merenja nivoa — zbog vecih oscilacija nivoa




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa Senzor pritiska na
% Flume Properties, Canal Data, & Design Requirements ? X dnU UmiI‘U_iU('Zeg
Flume Description IMereniaEDED | Rewvizion 1 —bunara

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requirement|

Head Meazurement Method Expected Uncertainty
Prezzure bulb and recorder j * 0.02 meters

Staff gage, Fr< 0.1

Staff gage in stilling well, Fr=0.2

Staff gage in stilling well, Fr=0.5

Staff gage without stilling well, Fr=0.2
Staff gage without ztilling well, Fr=0.5

of a zsingle measurement]

Preszure bulb and recorder

Bubble gage and recarder

Float and recorder in stilling well v
m

tMeasurement Interyal |1 Isecunds
Diuration |1 |secnnds

Ledle]

/ Cancel | ok |

I

Povecava se neodredenost merenja jer se koristi uredaj sa elektricnim izlazom kojiima
vecu neodredenost, aliima prednost u tome Sto moze da belezi podatke i Salje u bazu




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

‘ Flume Properties, Canal Data, & Design Requirements

?

X

Flume Description IM erenja2lz0

Head Meazurement kethod

]

Staff gage, Fr < 01
Staff gage in stilling well, Fr=0.2

Staff gage in stilling well, Fr=0.5

Staff gage without stilling well, Fr=0.2
Staff gage without gtilling well, Fr=05
Freszure bulb and recorder
Bubble gage and recarder

Float and recorder in stilling well

>

| Rewvizion 1

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requirement|

Expected Uncertainty
* 0.01 meters

of a zsingle measurement]

tMeasurement Interyal |1 Isecunds

Diuration |1 |secnnds

Cancel | ok |

Pneumatska metoda
merenja dubine
Pogledati predavanja

Satellite antenna

> (ntake

Gage Imuse




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Izbor naCina merenja nivoa

Merenje promene

‘ Flume Properties, Canal Data, & Design Requirements

7 X

Flume Description IM erenja2lz0

| Rewvizion 1

Flume Crest | Discharge & Tailwater Head Measurement | Freeboard Requirement|

Head kM E-'-EIELJ[EI‘I‘IEH'Q I Ethl:ud

Expected Uncertainty
j s 0.005 meters

Staff gage, Fr g EI'I

Staff gage in stilling well, Fr=0.2

Staff gage in stilling well, Fr=0.5

Staff gage without stilling well, Fr=0.2
Staff gage without gtilling well, Fr=05
Preszure bulb and recorder

Bubble gage and recarder

Float and recorder i in still tilling well

>

of a zsingle measurement]

tMeasurement Interyal |1 Isecunds

Diuration |1 |secnnds

Cancel | ok |

polozaja plovku na

povrsini vode




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume —Zazor (Freeboard)

‘ Flume Properties, Canal Data, & Design Requirements ? X

Flume Description IMereniaEDED Revizion 1

Flume Crest | Discharge & Tailwater | Head Measurement Freeboard Requirementé

~Absolute Distance

< Freeboard Reguirement iz Exprezsed as an gbsolute Diztance

Bequired Minirmurn Freeboard | 0 meters Uslov da visina zida
bude za 20% visa od

.+ maksimalne kote kako
- Percentage of Upstream Head —

© Required Freeboard iz & Percentage of the Upstream HeadM se V(.)(-Ila.prl. max proto ku
ne biizlila iz kanala

Bequired Minimum Freeboard | 20 i

Cancel | ok |




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Kriva protoka za merno mesto

% WinFlume32 - Untitled.Fim - [Flume Dimensions] -
B File Flume&Canal Design Reports/Graphs Qptions  Help N

simEsz] |
Channel Depth Merenja2020 All dirmenzions are in meters
1 © Abrupt Expansion
‘ & Gradual Expansion
© Truncated Ramp
Ga_ge
~ Max WSP E____
¥ Min WSP H—
e B 1 )
Sill Height = K
‘ 2 ‘ 0.9 2 1.8 ‘ ——§
Approach Converge Control Expansion T ailvuater
Approach Channel|Control Section|Tailwater Channel Upstream View |Downstream View| Design Re
Edit Approach Section |

11




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Kriva protoka za merno mesto

B Rating Tables

Rating Table | H-Q Graph | Ditchrider's Table|
- Table Type
c HeadDizcharge [H-Q)
& Discharge-Head [Q-H ]

-Range
Dizcharge in cu. mds.

Minirmurn |01
M awirnurn {7.4
Increment (0.1

Smart B ange

- Additional Rating T able Parameters

™ Froude Mumber [Fr]

™ Required Head Los=s [H1-HZ]

™ Head-to-Crest Length Ratio [H1/4L]
~ Upztream Energy Head [H1]

™ Upztream Depth [y1]

™ Upztream Yelocity [Va)
 Dizcharge Coefficient [Cd]

™ Yelocity Coefficient [Cyv)

™ b aximum Allowable T ailwater Head [hZ2]
™~ Actual Tailwater Head [h2)

= Actual Tailwater Depth [p2]

™ Submergence Ratio [H2/H1]

™ kodular Lirnit

.

Select Al
Clear All

Pored Q-H zavisnosti, na
krivoj protoka moze da
stoji jos neka zavisnost

/

Opseg |protoka za koji
vazi Q-H kriva — uneti

svoje podatke




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Kriva protoka za merno mesto

B Rating Tables ? x
Table Choices| Rating Table [ H-Q Graph]| Ditchrider's Table|
Left Axis Parameters Right Asis
[/ ater level at gage. hl | [Mone A |None -

Merenja2020 - Revision 1

Head, m 7 Water level at

gage, hi

Discharge, cu. m/s

All warning messages for thiz table
Mo warnings.

Printer Setup LCopy to Clipboard Save Graph Frint Cloze




MERENJE PROTOKA - MERNO

SUZENJE

WinFlume — Zadatak
Podesiti geometriju mernog suzenja i izabrati merni uredaj tako da budu ispunjeni uslovi:
- Suzenje ne sme da bude Sire ni u jednom delu od kanala

- Da se za ceo opseg protoka i nizvodnih dubina u suzenju javi krit¢na dubina, tj. nepotopljeno

tecenje

* Izborom mernog uredaja da neodredenost merenja protoka bude manja od 2,5% za ceo opseg

protoka
- Da u kanalu na mernom mestu bude zazor od 20% od dubine

- Ako je nemoguce obezbediti nepotopljenost suzenja, ukopati nizvodni deo kanala tako da se

to postigne



MERENJE PROTOKA - MERNO

SUZENJE

Priloziti

* Poprecne preseke kanala i suzenja

* Poduzni presek kanala i suzenja (situacija)
- Opis mernog uredaja

* Krivu protoka na mernom mestu

* Dokaz ispunjenosti projektnih ogranicenja

* Po potrebi ,crop-ovati" slike izWinFlume-a



MERENJE PROTOKA —

VENTURIJEVO SUZENJE

Prednosti mernih suzenja za merenj protoka

* Poznata veza izmedu dubine i protoka (lakse meriti nivo)
* Zbog vece brzine u suzenju ne moze lako da se zapusi

- Stalno merno mesto

* Najpouzdanija prakticna metoda odredivanja protoka



MERENJE PROTOKA —

VENTURIJEVO SUZENJE

Mane
- Stalno merno mesto
- Zauzima prostor

* Zahteva nepotopljenost suzenja (ako se potopi onda moraju da

se mere dve dubine umesto jedne)

* Tesko je uklopiti u vecC postojeci sistem (najbolje kad se pravi kad

| sistem)



Merenje protoka u otvorenim
tokovima - Projektovanje mernog
suzenja

Merenja u hidrotehnici

6.Vezba

Milos Milasinovic

doc. dr Damjan Ivetic
prof. dr Dusan Prodanovic
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