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

Elsa Carvalho(1), Baptista Zumba(1), MargaretChen(2), Rui Aleixo(2,3)

(1)Faculdade de Engenharia da Universidade do Porto
(2)VrijeUniversiteitBrussel 

(3)Laboratório Nacional de Engenharia Civil 



Introduction Experimental Setup MeasurementTechniques Results Conclusions References

/ WaterSummerSchool

www.watersummerschool.wordpress.com

W.A.T.E.R.  
W orkshop on Advancedmeasurement Techniquesand Experimental ResearchListof contents

7th edition @ TUM    23 ï27 July 2023

Introduction

Experimental Setup

MeasurementTechniques

Results

Conclusions

References
8th edition to be announced August

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


Introduction Experimental Setup MeasurementTechniques Results Conclusions References

Energydissipationdownstreamof hydraulicstructures: usingjets

https://www.tecnoplano.pt/sistema-de-energia/aproveitamento-hidroelectrico-do-douro-internacional-
barragem-do-picote/

/https://en.wikipedia.org/wiki/Picote_Dam
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(a) (b) (c) (d)

(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

(e)

Energydissipationdownstreamof hydraulicstructures: usingjets

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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Scale1:40 | 1 m highand2.60 m length| 26 steps, eachwith 3.75 cm heightand10 cm long. 
Ski bucketangle20º

Physicalmodel: Steppedspilwwaywith a ski bucketat the exit
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Flowpattern in the dissipationbasinat equilibrium
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Flowpattern in the dissipationbasinat equilibrium
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Flowpattern in the dissipationbasinat equilibrium

Tracers

Tracers

Impingingjet 

andaeration Depositionbar
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At equilibrium: whenno changesare observedin the bed
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At equilibrium: whenno changesare observedin the bed

x
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Equilibriumtime: determinedby trial: run experimentuntil
no changesare observedin the bed.
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Dissipationbasin

ś =2650 kgmҍ3, 
d50 =0.992 mm 
d85 =1.75 mm
d90 =1.855 mm

g̀ = 1.68. 

ẃ =998 kgmҍ3 hw = 0.05 m

hs = 0.20 m

Q = 0.85 L/s

1 m

0.70 m

+ Canon EOS500D

+ Electromagnetic flowmeter

Action camera 
(GoPro style)Flood light
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Geometrymeasurements: Structurefrom Motion [2,3,4]

Azimuthal

sweep

Longitudinal 

sweep

Canon EOS500D + 50mm f1.7
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Geometrymeasurements: Structurefrom Motion [2,3,4]

f = -0.082 m
hm = 0.03 m
VS= 0.00318 m3

Scour3DGUI, [5]
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Velocitymeasurements: ParticleImageVelocimetry

ActionCameraTurnigy(30 fps)
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Velocitymeasurements: ParticleImageVelocimetry

ActionCameraTurnigy(30 fps)
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Velocitymeasurements: ParticleImageVelocimetry

ActionCameraTurnigy(30 fps)
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Velocitymeasurements: ParticleImageVelocimetry

dt dt dt dt

PIV Software: MatPIV [6]
(128 × 128 pix to 32 × 32, 50% overlap)
Seeding: styrofoam spheres(d50 = 3mm)
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Velocitymeasurements: ParticleImageVelocimetry

dt dt dt dt

r

PIV Software: MatPIV [6]
(128 × 128 pix to 32 × 32, 50% overlap)
Seeding: styrofoam spheres(d50 = 3mm)
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Velocitymeasurements: ParticleImageVelocimetry

dt dt dt dt

dy

dx

r
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PIV Software: MatPIV [6]
(128 × 128 pix to 32 × 32, 50% overlap)
Seeding: styrofoam spheres(d50 = 3mm)
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Velocitymeasurements: ParticleImageVelocimetry
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Velocitymeasurements: ParticleImageVelocimetry
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Velocitymeasurements: ParticleImageVelocimetry

Signalto noise ratio usedto filter
out PIV values:

If SNR < 1.2 valuesare disregarded.

Data will be conditionallyaveraged.
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Velocitymeasurements: ParticleImageVelocimetry

Discreteandsparse
set of tracers.

Not enoughfor cross-
correlation.

SNR < 1.

PIV not suitable.
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Velocitymeasurements: ParticleTrackingVelocimetry

Works well for low tracerdensities

Resolutionup to ǇŀǊǘƛŎƭŜΩǎdiameter

PTV-Voronoi(Capartet al. 2002)
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Velocitymeasurements: ParticleTrackingVelocimetry

Q: Howto dealwith the noise?
A: Lengthof trajectories.

Onlyparticlestrackedin (at least) 10 images



Introduction Experimental Setup MeasurementTechniques Results Conclusions References

Structurefrom Motion
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ParticleImageVelocimetry(PIV)
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ParticleTrackingVelocimetry(PTV)
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ParticleTrackingVelocimetry(PTV) - Binning

FromLagrangianto EulerianΧ
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ParticleTrackingVelocimetry(PTV) ςBinning(32 pixx 32 pix)

FromLagrangianto EulerianΧ
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ParticleTrackingVelocimetry(PTV) ςBinning(16 pixx 16 pix)

FromLagrangianto EulerianΧ
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ParticleTrackingVelocimetry(PTV) - Binning

FromLagrangianto EulerianΧ
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ParticleImageVelocimetry& ParticleTrackingVelocimetry(Binned)


