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Real-life situations are mostly
out-of-standards!
We need excellent scientific
background to accomplish
measurement task
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Few words about used method for flow measurement Belgrade
 Different flow/velocity measurement methods exist

Ultrasound popu

Volumetric (PD) - accurate but not applicable for field work

ar — but measures velocity of particles

Supported by

Coriolis — physically based, accurate, very expensive O

Electromagnetic (EM) method — physically based, can be
tailored for different flow conditions, can measure velocity
components, and we have domestic producer here in BGD
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Flow measurements in non-standard conditions

Few words about used EM method for flow measurement

* Method based on the Faraday’s law of induction
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Flow measurements in non-standard conditions

Few words about used EM method for flow measurement

« Method based on the Faraday’s law of induction

* Mostly used for full pipe flow measurement
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Flow measurements in non-standard conditions

Few words about used EM method for flow measurement

« Method based on the Faraday’s law of induction

* Mostly used for full pipe flow measurement

* We use it for “point” (in small volume) velocity measurement
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Flow measurements in non-standard conditions

Few words about used EM method for flow measurement

 Velocity probe can be shaped according to our needs
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Flow measurements in non-standard conditions

Few words about used EM method for flow measurement

 Velocity probe can be shaped according to our needs

* |t can measure velocity components, has cosine sensitivity
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What non-standard conditions are considered in the paper? Belgrade

» Unsteady flow during the profiling
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Flow measurements in non-standard conditions

What non-standard conditions are considered in the paper?

» Unsteady flow during the profiling

Velocity
contour
lines

* lrregular flow
profile, needs

more EM ¢>

probes

w Profiling probe
Profil 1

Profil 2

/YLink for mean flow correction

Points where
velocity V;j
is measured

Flow area that "belongs"
to measured velocity

Calculated flow is:  Q=2VjA;

where areaiis:
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Case 1/4 — Water treat. plant Strand, Novi Sad, 2000

ﬁTo WSN of Novi Sad
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Case 1/4 — Water treat. plant Strand, Novi Sad, 2000

* Velocity
profiled
using two
probes

Unsteady
flow
corrected
using
existing

flow meter

To new filter
station

Existing flow meter
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Future
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Case 1/4 — Water treat. plant Strand, Novi Sad, 2000

The radial component
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Case 1/4 — Water treat. plant Strand, Novi Sad, 2000

The radial component

« We did not have the
2D probe, so we

30° |

have to ; |
. rue mean Ve|OCIty
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Verification of bU|It in flow meters on Iarge plpes (F1 1500 mm) Belgrade
* Installed at . T % . We checked
wrong position ’ —them at non-

* Have suspmousﬂ
readings...

» although from /
respectable ‘ |
company
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Verification of built-in flow meters on large pipes (FI 1500 mm) Belgrade
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Case 2/4 - Topcider valley, Belgrade, 2004

Verification of built-in flow meters on large pipes (FI 1500 mm)

 Verified using
two types of

profiling probes =

 Velocity profile

highly irreqular =2 sseeor €<——

 Third checked
using CFD
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Large diameter tunnels
* Three profiles
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D=5m, bidirectional flow
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Large diameter tunnels: Dabarsko-Fatnicko polje, D=5m Belgrade

* Bidirectional flow

Dabarsko Measuring profile D-F Fa’?_niéko
' olje Supported b
polje Bidirectional flow POl upp‘%? g
) & !
1467.72 <= \. 464.28 L 8¢

467.38

Cross section
Rough tunnel DR=5.5m
Lined tunnel D =5.0m
<—>< >
41m 3240 m
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Case 3/4 - Large tunnel, Trebi$njica system, 2016-2017 | s ori
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Engigeering,

University of

Large diameter tunnels: Fatnicko polje-Bileca lake 6,5 m & 5,4 m Belgrade

500
P 12.6 km \‘, 3 km J
490 ~ N 2
480 fH—— .
470 {2‘2 Measuring profile F-B|N Not operational flow measurement
Inlet i
460 [ structure\ <
450 { = =) Measuring profile F-BoyT
440 Flow givider o
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; Meas. prof.
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Inlet structure with flow divider 3D model for F-BouT
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Case 3/4 - Large tunnel, Trebisnjica system, 2016-2017

Large diameter tunnels: solution

» Use 4 large flat probes,
permanent instalation

* and 2 control, for one season

Before instalati m'3l and

464.490 mnm
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Case 3/4 - Large tunnel, Trebi

Large diameter tunnels: solution

« Use 4 large flat probes,
permanent instalation

* and 2 control, for one season

Measuring volume

Detail of mesh
near EM probe

* Predict profile using CFD

Measuring
profile F-B|N

Measuring
profile F-B|N

Flow divider
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Flow measurement of Belgrade

tube turbines with . -
irregular inflow condit. g =5 as =

. D
 Flow measured with’

WK method

* During exploitation
problem confirmed

O P i o
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Case 4/4 - Intake structure to HE Perdap 2, 2020

Flow measurement of
tube turbines with
irregular inflow condit.

* Flow measured with
WK method

» During exploitation
oroblem confirmed

* because inflow pattern is
not the same as on model
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* No standards

» Used approach:

— Use one row of
current meters

46.0

Left side
(Romanian

Jmax 41.
138.0

— Use 3D capable devices

— Move frame and record

the velocity profile

— Calculate the flow
October 25-26, 2021, SASA Grand Hall
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(Serbian)
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_ Sliding frame with 15 probes
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_,Gate
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=1 Bulb turbine |
P"&
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Case 4/4 - Intake structure to HE Perdap 2, 2020

Flow measurement of tube turbines with irregular inflow condit.
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Case 4/4 - Intake structure to HE Perdap 2, 2020 Anniveria%?ftie
Faculty of Civil
Sn.giri’ee.ring,f
. . . . . niversity o
Flow measurement of tube turbines with irregular inflow condit. Belgrade
o S PR R \':‘.Agzﬁ“'_.‘-‘_'?. i $ : '.: . if ) k“{\/ A7S
» Still frame 14,5 m long iU R
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Case 4/4 - Intake structure to HE Perdap 2, 2020 Annrsary ofh
Faculty of Civil
Sn.giri’ee.ring,f
. . . . . niversity o
Flow measurement of tube turbines with irregular inflow condit. Belgrade

Still frame 14,5 m long -
15 EM 3+ D probes —) —
2 ADV 3D probes :

* |Internal RS485 network
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Case 4/4 - Intake structure to HE Perdap 2, 2020 Anniversary o the

Faculty of Civil
Engineering,
University of

Flow measurement of tube turbines with irregular inflow condit. Belgrade

Still frame 14,5 m long
15 EM 3+ D probes
2 ADV 3D probes

* |Internal RS485 network

« 2 position encoders
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Case 4/4 - Intake structure to HE Perdap 2, 2020

Flow measurement of tube turbines with irregular inflow condit.
» Still frame 14,5 m long “’* v ool
15 EM 3+ D probes e o
2 ADV 3D probes

* |Internal RS485 network

« 2 position encoders, and

2 level pressure sensors
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Flow measurement of tube turbines with irregular inflow condit. |  selgrace

o Still frame 14,5 m long

* 15 EM 3+ D probes * plus SCADA turbine’s data for
turbine’s unsteady flow Supported by
+ 2 ADV 3D probes / , O
- —I — — | T : —— —— - S S — 7 i ? )
* Internal RS485 network et e e 7*

« 2 position encoders, and

2 level pressure sensors
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Case 4/4 - Intake structure to HE Perdap 2, 2020 Annrsary f i
Faculty of Civil
Engineering,

University of

Flow measurement of tube turbines with irregular inflow condit. Belgrade

 Data acquisition software
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Case 4/4 - Intake structure to HE Perdap 2, 2020

Flow measurement of tube turbines with irregular inflow condit.

 Data acquisition software

R. 2 SESIJA BR. 1 - PO PROFILIMA KAMPANJA: DRUGO MERENJE - KONACNO
sesije: 16.09.2020 12:23:06
sesije: 16.09.2020 16:22:52

 Data analysis software
with SCADA and ADV
Integration

R G A}
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Natym obaBreeHor Mepetba: 16.09.2020 y sBpemeHy oa: 12:23:06 po: 16:22:52.
Pedepentv npodun 6poj: 5y sBpemeny oa: 13:22:44 po: 13:34:08.

‘ a Se 4 4 — I nta ke St ru ‘ :t u rq Typbuna A1 ca akTUBHOM CHarom Ha resepartopy y pedepeHTHOM nepuoay og 26.50 MW, cpearuM NPOTOKOM y pedepeHTHOM nepuoay
Q_WK 283.35 m?/s, u HeTo nagoM y pedepeHTHOM nepuogy oa 9.51 m.

MpoTok(Q_WK) Ha TYp6MHW TOKOM CHUMaHsa nosba 6p3nHa, ca NepuoamuMa Kaja je BplieHo npodunucatse:

v e aaaa it L Lme el T s adadid Lot WY %\I"W\N\NMM

Flow measurement of tube tur]

 Data acquisition software

° CHuMsbeH pacnopen 6psvHa y NONpPeYyHoM npeceky O6pauyHaT NPOTOK N0 MEPHUM 30HamMa
. Pocetak sesije: 16.89.2020 12:23:06
Ja8.0 Kras Semef 5 55 ohoe e on kg YKynaH uapadyHaTv npotoK 295.188 m?/s
. ROM strana SRB strana Kom6uHoBaHa MepHa HecurypHocT 1.1%
W I t h S Cl \D/ \ a n d l \ DV max 41.0 MpoTtok ropreer gena -0.216
. . 48:88 s 13 AEi11a me/s
3.0 38.63 17 At:19:5@ (-0.07%)
Integration
vx
35.68 15 At:10:24
. 34.32 14 At:11:36 MpoTok
MpoTok
g 32.76 13 At:10:36 MpoTok uexTpanor gena necHe
. o1z I 31.50 12 At:10:34 o CTD?HQ 280.474 m?¥/s cTpaHe
°® . N - 7.021 m/e 95.02% 2.200 m?/
-1l 29.67 11 At:10:44 (2.38% ( %) 209 m*/s
*ee ¢ & (0.75%)
: 28.18 18 At:10:38 /9%,
1.04.- W 26.65 29 At:10:54
= 25.23 08 At:18:42 g
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Flow measurements in nhon-standard conditions
Conclusions
« No commercial devices for non-standard measurements.

« We have to combine different techniques,

backuped by knowledge and equipment,

« and added uncertainty analysis,
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* and added uncertainty analysis, and...

« with a help of skillfull colleagues: prof. dr Cedo Maksimovic¢,
Mile Cvitkovac (Svet Instrumenata), doc. dr Dragutin
Pavlovi¢, doc. dr Damjan Iveti¢, Predrag Vojt (1JC), craftsmen
and modelers Branko Hrki¢ and Ivor Kokovi¢ ©

celebrating 175th
Anniversary of the
Faculty of Civil
Engineering,
University of
Belgrade

October 25-26, 2021, SASA Grand Hall www.grf.bg.ac.rs [N« EREF;



International Conference - Civil Engineering 2021 - Achievements and Visions

Flow measurements in non-standard
conditions

Prof. Dusan Prodanovic, D.Sc
University of Belgrade, Faculty of Civil Engineering,
Chair of Hydraulic and Environmental Engineering

celebrating 175th
Anniversary of the
Faculty of Civil
Engineering,
University of
Belgrade

Supported by

October 25-26, 2021, SASA Grand Hall www.grf.bg.ac.rs JENI«EE



	Slide 1: Flow measurements in non-standard conditions 
	Slide 2: Conference title: Achievements and Visions
	Slide 3: Conference title: Achievements and Visions
	Slide 4: Conference title: Achievements and Visions
	Slide 5: Flow measurements in non-standard conditions
	Slide 6: Flow measurements in non-standard conditions
	Slide 7: Flow measurements in non-standard conditions
	Slide 8: Flow measurements in non-standard conditions
	Slide 9: Flow measurements in non-standard conditions
	Slide 10: Flow measurements in non-standard conditions
	Slide 11: Flow measurements in non-standard conditions
	Slide 12: Flow measurements in non-standard conditions
	Slide 13: Case 1/4 – Water treat. plant Štrand, Novi Sad, 2000
	Slide 14: Case 1/4 – Water treat. plant Štrand, Novi Sad, 2000
	Slide 15: Case 1/4 – Water treat. plant Štrand, Novi Sad, 2000
	Slide 16: Case 1/4 – Water treat. plant Štrand, Novi Sad, 2000
	Slide 17: Case 1/4 – Water treat. plant Štrand, Novi Sad, 2000
	Slide 18: Case 1/4 – Water treat. plant Štrand, Novi Sad, 2000
	Slide 19: Case 2/4 – Topčider valley, Belgrade, 2004
	Slide 20: Case 2/4 – Topčider valley, Belgrade, 2004
	Slide 21: Case 2/4 – Topčider valley, Belgrade, 2004
	Slide 22: Case 3/4 – Large tunnel, Trebišnjica system, 2016-2017
	Slide 23: Case 3/4 – Large tunnel, Trebišnjica system, 2016-2017
	Slide 24: Case 3/4 – Large tunnel, Trebišnjica system, 2016-2017
	Slide 25: Case 3/4 – Large tunnel, Trebišnjica system, 2016-2017
	Slide 26: Case 3/4 – Large tunnel, Trebišnjica system, 2016-2017
	Slide 27: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 28: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 29: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 30: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 31: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 32: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 33: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 34: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 35: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 36: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 37: Case 4/4 – Intake structure to HE Đerdap 2, 2020
	Slide 38: Flow measurements in non-standard conditions
	Slide 39: Flow measurements in non-standard conditions
	Slide 40: Flow measurements in non-standard conditions 

