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Numerical environme
The project in a few words for practical implementation of

dedicated to free surface
and pressurized flows. The
numerical scheme is
based on the finite volume

Wolf Hydro Wolf 1D Wolf 2D WO'f ZDV method. An original flux
vector splitting assures a

strong robustness and first
or second order accuracy
In space. Time integration
IS ensured up to the fourth
order.
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Water phase numerical implementation
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Incompressible Navier-Stokes equations are composed of the 2 step E -~ :
momentum conservation and the mass conservation. | = ut+Dt — LI* . Tp Dt The GMRes is exploited to solve
a, and a, are the acceleration along the 2 axis, u and Vv 0, U, vat time t+At ax r iteratively the linear system.
the 2 velocity components, p the pressure, r the density and n the = 0
dynamic viscosity. Usually only a, is used and is equal to the gravity : / Final velocities are obtained by
acceleration Vt+Dt _V* . Tp Dt correcting approximated ones.
u* and v* are approximated — Mz r 0

velocities.

Air phase numerical Implementation

Boundary conditions at free
surface are imposed
following a continuous
second order approximation
according to Poisson’s
equation.

Velocity field in the air phase
IS extrapolated from
directionnal velocity values
computed previously in the
water phase.
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The Level Set approach
ek IS used to track the free
Syriace surface with an original
conservative formulation
ensured through the
iIncompressibility
constraint. f is the Level
Setvalue The distance d is then
geometrically computed.

Free surface

The extrapolation iIs based
on a distance-weighted from
free surface and solved at
the least square.

The marching square
algorithm enables to
compute the position of the
free surface based on Level
Set node values. The extrapolated values are
then put in a projection step

to ensure free divergence.

Water phase
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Modeling the flow that occurs afteradam break s O's. 0,05 s
ructions subjected towinc F e Ll a challenge due to the high gradient that appears
Their role is to damp the effects due to wind . e Inthe flow.
cycles . To achieve this goal the damper must be . /: The developed solver has been tested on the

designed such as the flow induced by the
movement of the construction provides forces
opposing the wind action. Rl
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We propose here to validate the developed code Py — Building motion
on the experimental results of Bredmose. The -,f b LIQUID TUNED MASS DAMPER  image courtesy MKA Associates

perimental solution of Martin & Moyce
>onsidering a volume of water released in a tank
with d,= 30 centimeters.
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benchmark consists in shaking a tank with an 0.1s. 0.15s.
horizontal force for which the acceleration is
defined -

E

E

o 0.2's. 0,25 s.

Initial condition of the experience of Martin
& Moyce

Martin & Moyce, d0=0.1125m
+ Martin & Moyce, d0 = 0.05625 m
-WOLF2DV, Ax = 1 cm, 1st order spatial accuracy
1.75 1 WOLF2DV, Ax = 1 cm, 2nd order spatial accuracy
I —WOLF2DV, Ax = 5 mm, 1st order spatial accuracy

| —WOLF2DV, Ax =5 mm, 2nd order spatial accuracy
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Free surface att = 6,52 s. D, is the initial water depth. Free surface att = 7,64 s. D, is the initial water depth.

Non-dimensional leading edge position

Velocity field [m/s] computed at different time

Conclusions

The 2D incompressible Navier-Stokes equations are solved by means of the projection method. The free surface tracking is ensured by the Level Set method. The algorithm enables to deal with up to 400 000 computed cells and requires moderate
calculation time.Two benchmarks are presented among the large number of applications modeled by this new software, such as flows on crested weirs, through botton outlets...The robustness and the accuracy of the model are presented here in these
applications.The firstone isthe flowinduced in atank by an external force applied. Ithas adirect practical applicationin the tuning of liquid dampers. The second one is the flow that occurs directly afteradam break.The developed code shows in both cases
avery good aggreementwith experimental results.




