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1D Modelling

* Piping system modelling:
v'"Mass and momentum equation:
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e Turbine characteristic:

Dimensionless factors:
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1D Modelling

S.Alligné, C. Nicolet, Y. Tsujimoto, F. Avellan, Cavitation Surge
Modelling in Francis Turbine Draft Tube, In Publication
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e Cavitation draft tube flow:
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e Draft tube model parameters:
v'Wave speed a

v'Second viscosity g": dissipation induced by the phase
change during cavitation volume fluctuations

v’ Excitation source §, : induced by the vortex rope
v X1
e Effect of parameters:

v 'a and K" influence damping a(a,,u") and
frequency f(a,,U" of eigenmodes

v’ The excitation source § is external to the system
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C.Landry, EPFL Thesis N°6547, 2015
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Dimensionless Numbers

C.Landry, A. Favrel, A. Miiller, 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
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Cavitation Mapping

0.09r

-]

0.08F

0.07+

0.06F

0.05F

0.04}

0.03F

0.02r

0.01F

Blo)

R square Coefficient = 0.99999

Nep s Qep S Fr

B=a*od

a=4.9941e-5
b =-2.4964

C. Landry, EPFL Doctoral Thesis N°6547, 2015

Transposition Law
B =p"
Froude similitude
respected !

0.1 0.2 0.3 0.4 0.5

06 [] 07

17



@ Power Vision Engineering SHE
Excitation Source Mapping
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Prototype - 1D Modelling

e SIMSEN System model
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Prediction of eigenmodes

DT parameters and predicted eigenmodes

Distributed Model
Constant Para. Variable Para. Lumped Model
G (—) 0.11 0.108
Void Frac.p (-) 0.0124 0.0128
a (m/s) 76.9 55-100 75.7
u'" (Pa.s) 3.06E+05 1.5E+05 — 5.7E+05 3.12E+05
al (s -0.40 -0.38 -0.40
f1 (Hz) 0.65 0.63 0.6
_Unstable No No GED
eigenmodes

v'Unstable eigenmodes with lumped model
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Prediction of eigenmodes

e Shape of pressure and discharge 1st eigenmode

Distributed R .
Constant Parameters 4% o == \ &]‘]J
= 121+ -
Distributed e _
Variable Parameters %’ > =— \ _l_gﬁ_bl

v'Small changes on eigenmodes shapes
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Prediction of pressure fluctuations

e 2 investigated OP
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Prediction of pressure fluctuations

e System response

f(m)

16

= Hc1-PL1
——Hc12-PL1
——Hcl1-PL2
Hcl2-PL2
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Conclusions

e Methodology applied for transposition of pressure
fluctuations on reduced scale model to prototype:
v’ Prediction of different amplitudes as function of the OP
v Froude similitude should be respected g° = g"
v’ Mass flow gain factor neglected

e Second campaign planned
e Could change predicted amplitudes

e Measurements on prototype scheduled for
validation
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