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1951: first physical models

Campilhas (1952) Salto de Funil, Brazil (1952)



Alqueva Salamonde 

Odelouca Fronhas Tua 

National physical models



Massingir, Mozambique Urrá, Colombia Tha Dan, Thailand 

Koudiat-Acerdoune, Algeria Bellus, Spain 

Fierza, Albania 

Saltinho, Guinea 

Monte da Rocha. Portugal 

International physical models

74 years of physical modelling: 

142 models

98% dams 

70% national, 30% international 



Estudo do escoamento 
em secções 
compostas

Permanent facilities

sedimentation channel compound channel fishway spillwa
y

variable slope channeljet pooldam & dike erosion



Traditional construction methods

bricks 

cement 

sand 

steel 

plaster 

gravel 



2017: new construction methods



2017: new construction methods



2025: construction method



2010: LNEC goal of 3D numerical modelling



2014: 3D numerical modelling first applications

OpenFOAM, Flow 3D, HPC



2016: integrating numerical and physical

Fierza, Albania 
for KESH 

2022

Fratel, Portugal  
for EDP 
 
 



6 step methodology for integrating physical and numerical: 2024

METHODOLOGY 

 
1. Preliminary numerical 

a. general understanding 

• flow, potential design issues 

• optimize before physical modelling 

b. information for conception of the physical model 

c. efficient placement of sensors 

2. Preliminary physical 
a. initial design 

b. data to calibrate the numerical 

3. Numerical -> validation and calibration 

4. Numerical tests of enhanced designs 

5. Physical of final design 

6. Numerical of high-resolution of final design 

 

Methodology implementation: 

time/resources vs accuracy 

            research vs consultancy 

        experience vs efficiency 



14

2017: numerical modelling research

 

VOF 

• no aeration 

• physical model 

 

 

 

VOF + SGBP 

• low air concentration 

• self-aeration in channels 

 

Complete 2-phase Euler 

• Med to high air concentrations 

• Jets, long and steep chutes,  
aerators, dissipation basins. 

 2 PhD thesis, 4 papers 



present



future

 
( digital twin ) 

3 HPC expansion 10x 

Efficiency  

6-step methodology 

Erosion - sediments, fractured rock-beds 

Complete 2-phase euler in large cases 

Communication + IT Tools 

Digital twins 
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