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SIMSEN
� SIMSEN software:

�Hydraulic circuit

� Electrica installations

�Rotating inertias

�Control system
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1D Modelling
• Piping system modelling:

�Mass and momentum equation:

�Electrical analogy:
• (Bergeron, 1950; Paynter, 1953 )
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1D Modelling

• Turbine characteristic:
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Dimensionless factors:

Unit speed factor:

Unit discharge factor:

Unit torque factor:



1D Modelling
• Cavitation draft tube flow
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Divergent geometry
(Tsujimoto et al.)
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1D Modelling

• Cavitation draft tube flow:

�Lumped model

�Distributed model
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1D Modelling

• Draft tube model parameters:

�Wave speed

�Second viscosity : dissipation induced by the phase 
change during cavitation volume fluctuations

�Excitation source       :  induced by the vortex rope

�Mass flow gain factor     : not considered

• Effect of parameters:

� and          influence damping and 
frequency of eigenmodes

� The excitation source       is external to the system
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Dimensionless Numbers

• Wave speed    and      second viscosity

16

( )
2

w

out v

a
g

p p

ρ βΠ = =
−

a ''µ

C.Landry, A. Favrel, A. Müller, C. Nicolet, F. 
Avellan, Experimental identification of the local 

wave speed and the second viscosity in cavitating
draft tube flow, In Publication process for Journal 

of Hydraulic Research, 2015 

( )'' 2 2''
1natural c

out v w

f
M

p p

µ ρβ
ρ

= = Π −
−



Cavitation Mapping
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Excitation Source Mapping
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Prototype - 1D Modelling

• SIMSEN  System model
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Prediction of eigenmodes

• DT parameters and predicted eigenmodes

�Unstable eigenmodes with lumped model
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Prediction of eigenmodes

• Shape of pressure and discharge 1st eigenmode

�Small changes on eigenmodes shapes
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Constant Parameters

Distributed

Variable Parameters



Prediction of pressure fluctuations

• 2 investigated OP

�Eigenmodes

�Excitation source
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Prediction of pressure fluctuations

• System response
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Conclusions

• Methodology applied for transposition of pressure 

fluctuations on reduced scale model to prototype:

�Prediction of different amplitudes as function of the OP

�Froude similitude should be respected

�Mass flow gain factor neglected

• Second campaign planned

• Could change predicted amplitudes

• Measurements on prototype scheduled for 

validation
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