International School of Hydraulics
23-26 May 2023 e« Katy Rybackie e Poland

A Lagrangian analysis of the surface flow
in a jet dissipation basin at equilibrium

Elsa Carvalho®), Baptista Zumbal®), Margaret Chen(?, Rui Aleixo(23)

(IFaculdade de Engenharia da Universidade do Porto
(2Vrije Universiteit Brussel
(3)Laboratério Nacional de Engenharia Civil

-PORTO HEHFE RSITEIT LABORATORlO NACIONAL
FEUP racup BRUSSEL G“’ e
S A O O O



W.A.T.E.R.
List of contents Workshop on Advanced measurement Techniques and Experimental Research

www.watersummerschool.wordpress.com

Introduction

Experimental Setup

Measurement Techniques

Results UBERTOQ_E) i LA5 ] éﬂg
7th edition @ TUM 23— 27July 2023
Conclusions n /WaterSummerSchool
8th edition to be announced August
References

1.\ : @ nternational Association
VRIJE : for Hydro- '
‘ U N IVE RSITEIT Eur:gu!:zfzrzngn;:\’:r;lme:garcn
107,74
BRUSSEL ~ ARH [T


http://www.watersummerschool.wordpress.com/

Introduction

Energy dissipation downstream of hydraulic structures: using jets

https://www.tecnoplano.pt/sistema-de-energia/aproveitamento-hidroelectrico-do-douro-internacional- /https://en.wikipedia.org/wiki/Picote_Dam

barragem-do-picote/




Introduction

Energy dissipation downstream of hydraulic structures: using jets
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(a) scheme; (b) dam; (c); (d) ski jump; (e) Alqueva dam.

(http://cnpgb.apambiente.pt/gr_barragens/gbportugal/Lista.htm; http://www.construir.pt/2009/09/25/edp-investe-250-me-em-picote-e-bemposta/;
http://picote.blogs.sapo.pt/arquivo/2005_11.html)
https://epod.usra.edu/blog/2013/05/alqueva-dam-portugal.html
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https://epod.usra.edu/blog/2013/05/alqueva-dam-portugal.html
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Physical model: Stepped spilwway with a ski bucket at the exit

Scale 1:40 | 1 m high and 2.60 m length | 26 steps, each with 3.75 cm height and 10 cm long.
Ski bucket angle 202
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ow pattern in the dissipation basin at equilibrium
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Flow pattern in the dissipation basin at equilibrium

Deposition bar
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At equilibrium: when no changes are observed in the bed
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At equilibrium: when no changes are observed in the bed

Equilibrium time: determined by trial: run experiment until
no changes are observed in the bed.




Experimental Setup

Dissipation basin

T Action camera
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o, = 1.68.

+ Canon EOS500D
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+ Electromagnetic flowmeter




Introduction Experimental Setup Measurement Techniques Results Conclusions References

Geometry measurements: Structure from Motion [2,3,4]

Azimuthal
sweep

Longitudinal
sweep

Canon EOS500D + 50mm f1.7
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Geometry measurements: Structure from Motion [2,3,4]

4 Scour3DGUI = X

File About

| Scour3D GUI

OpenFile | |DRAleixo\ElsaMestiados Rita\ScouriDiTestesRitaT3600_1_mesh_zephyihL ply

Scour Volume = -0.0020365 m3

Bar Volume =0.0077096 m3
- e =

Quality Control P
0.04
Y-angle Kangle ‘
Quality Control g 0 9 0 0.01 0.2
0.035
Calibratic
alibration {002 04 10.03
Calibration Length =0 Calibration Factor  Impose Cal
— 10.025
a 0222 0086185 1 Calibration | 003 E o
5 |
xmin xmax y min y max 210 | sk
- 25 035 5 E |
0.0: 10 035 035 0 Sat Ais 0.04 0.1 0.015
Centerline Analysis -0.05 0.01
Angle1 Angle2 Angied Angled Ls Ls0 Lbar -02 0.005
295195 26669 | 18525 354683 03345 | 039016 | 031355 0.06
Eempeime X Angle5 Angef  Bs B~ 1 tim ol e G 0
059564 209335 274357 (025634 045845 00629 0044251 d - ?
y (m) y (m)
Volume Calculation Symmetry Analysis
0 o 1 G
00020365 0.0077096 X % U 2 0
8s 0
Scour Volume Bar Volume S Sym coeficient Figure Generator Interpolator 30 Visualizaton
i 1 1
[} Symmetry ] Interpolata Grid e et
AL ymn [ 4 y max 1 30 Visualization
Export A Plats
= zmin 4 2 max 1
Matlsb Export Excel Export Figure Expart

All ok

Scour3DGUI, [5]

f=-0.082m
h_=0.03m
V, = 0.00318 m3




Measurement Techniques

Velocity measurements: Particle Image Velocimetry

Action Camera Turnigy (30 fps)
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Velocity measurements: Particle Image Velocimetry

Action Camera Turnigy (30 fps)
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Velocity measurements: Particle Image Velocimetry

Action Camera Turnigy (30 fps)
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Velocity measurements: Particle Image Velocimetry

Action Camera Turnigy (30 fps)
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Velocity measurements: Particle Image Velocimetry

Corr

y (pixel)

20 40 60 80
X (pixel)

PIV Software: MatPIV [6]
(128 x 128 pix to 32 x 32, 50% overlap)
Seeding: styrofoam spheres (d50 = 3mm)
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Velocity measurements: Particle Image Velocimetry
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Velocity measurements: Particle Image Velocimetry
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icle Image Veloc
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Velocity measurements
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: Particle Image Velocimetry

Velocity measurements
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Velocity measurements: Particle Image Velocimetry

Signal to noise ratio used to filter
out PIV values:

If SNR < 1.2 values are disregarded.

Data will be conditionally averaged.
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Velocity measurements: Particle Image Velocimetry

Discrete and sparse
set of tracers.

Not enough for cross-
correlation.

SNR < 1.

PIV not suitable.
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Measurement Techniques

Velocity measurements: Particle Tracking Velocimetry
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Velocity measurements: Particle Tracking Velocimetry

Q: How to deal with the noise?
A: Length of trajectories.

Only particles tracked in (at least) 10 images
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Structure from Motion
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Particle Image Velocimetry (PIV)
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Particle Tracking Velocimetry (PTV)
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Results
Particle Tracking Velocimetry (PTV) - Binning

From Lagrangian to Eulerian...
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Particle Tracking Velocimetry (PTV) — Binning (32 pix x 32 pix)

From Lagrangian to Eulerian...
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Results
Particle Tracking Velocimetry (PTV) — Binning (16 pix x 16 pix)

From Lagrangian to Eulerian...
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Particle Tracking Velocimetry (PTV) - Binning

From Lagrangian to Eulerian...
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Introduction

Particle Image Velocimetry & Particle Tracking Velocimetry (Binned)




Results

PIV & PTV & SfM
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Conclusions

A 3-prong approach, SfM, PIV and PTV, was made to the analysis of the effect of a jet impinging on a
stilling basin with a loose bed made of sand at equilibrium.

SfM allowed to characterize the 3D bed and extract the meaningful variables of the bed geometry,
namely maximum depth, maximum height of the deposition bar and scour hole volume.

On the other hand, PIV and PTV allowed determining the surface velocity field: PIV was used in the
regions where the seeding concentration was high, and PTV was used in the regions where the

seeding concentration was low.

PTV allowed also to determine the trajectories of the seeding above the deposition bar, allowing to
demonstrate the radial dispersion characteristic of the flow.

Future analysis should be focus on the identified recirculation regions, using tools such as the FFT to
compute the oscillation frequency of the vortexes.
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The end.
Thank you for your attention.

Koniec.
Dziekuje za uwage.
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