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Summary. The model presented in this paper is part of theelbpment and integration of a
System to Support Decision (SAD) for assistancethi@ design and actuation of sails.
The model is based on the union of a wireless sesiem, continuously connected to a
calculation/simulation system. This system will giot the structural behavior and
performance of the different configurations of tlgging of a sailing ship.

The simulation software will be communicated inlréae with wireless sensors and
interfaces through suitable filters. The informatigathered by the sensors, which are
integrated into the structure of the boat, willused in numerical algorithms to determine the
efforts that are suffering the Structure and eualtiae overall performance of the sailboat.

The system of calculation / simulation is made @ija onodel of structural calculation based
on a quasi-static method with a formulation forglardisplacement typical of the finite

element method, and includes models of membraaddes and bars. And the starting point
of the simulation tool of fluid dynamics is the metl of vortices (contour elements). The
algorithms are adapted so that they can make irealdata that offers the monitoring system.
The software also has algorithms simulation manewvigh which you can change the

position of the sails.

1 INTRODUCTION

A complete modeling of sail's steady equilibriumvatves a fluid/structure analysis.
Moreover, due to the complexity and the diversityr@al operating conditions, the usual
models are simplified ones, laminar inflow condi8o For steady case, we point out the
interaction between the sail and the external W be considered by complete model. The
presence of the sail modifies the flow, while tlenfapplies aerodynamic forces on the salil
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and modifies its geometry.

The coupled aerodynamics/structural calculationesyss continuously connected with a
wireless sensor system. The simulation softwa@immunicated in real time with wireless
sensors and interfaces through suitable filterse $khnsor system is integrated into the
structure of the boat, so that gives us informatibout the forces and their direction, acting
in the ropes. We use this information as inputhe talculation/simulation system. The
interface is programmed to provide the aerodynatigttural system the inlet data: the strain
of the ropes (the trim of the sails), the positadrthe main car, the velocity and direction of
the inlet flow, etc.

2 NUMERICAL SIMULATION

First a sail configuration and an inlet externawfl are given. The presence of the sail
modifies the flow and a new external flow is theemputed, aerodynamic step. The flow
modifies the sail and a new configuration of thd & computed, structural step. The
configuration of the sail changes and a new flowhsn computed, aerodynamic step. The
new flow leads to a new geometry of the sail and @m The sequence of
aerodynamic/structural steps is repeated untilcthrevergence. We consider the sail as an
ideally flexible structure submitted to aerodynafoices resulting from a given flow field.

2.1 Aerodynamic Step

Yacht sails are thin surfaces operating at moddrateigh Reynolds numbers in a low
speed flow, so it is natural that they should beleted as thin surfaces carrying vorticity in
an incompressible, inviscid fluid, loading to thenmmerical model of a vortex lattice. The
feasibility of this approach was demonstrated @Meyears ago by Milgrai

The sails surface are discretized into a set oélsagach carrying a locally constant value
of doblicity that is identified as the actual valiee the doblicity at some point in the panel.
This internal point is also chosen at the collaratpoint for the panel and the boundary
condition of tangential flow applied here. Withsthdiscretization, the integral giving the
velocity induced by the continuous distributiondafublicity is replaced by the line integral
around the panel edges. The Biot-Savart resuliwelocity induced by a line vortex lying
along the edge of a panel with circulation equathi difference in doublicity of the panels
having that edge in common. An “implicit” Kutta afition is used to determine the
doublicity distribution in the wake, where the dbaity of a wake strip is set equal to the
doublicity of the sail panel abutting the wakestremoving the line vortex at the function of
the surface and wake.

The shedding of a vortex from the leach of the, sad wake, is an important feature of the
real flow. The roll-up of these wakes is an impottpart of the calculation. The wake roll-up
procedure is an iterative one, where an initiallgseribed wake shape is relaxed by aligning
the wake vortex filaments with the local flow ditien.

The RANSE (Reynolds-averaged Navier-Stokes equstiare highly non-linear, so these
are expensive in CPU time. The vortex method redinee aerodynamic solution to a
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collection of linear equations, that are solvedaliterative process and allow to couple easily
to a fluid-structure interaction problems, so tmigdel is more appropriate to calculate during
the sail yacht navigation.

2.2 Structural Step

The very flexible behavior of sails leads to lardigplacement analysis of very thin
structures heading to the classical models of mands, where flexion stresses are neglected.
Due to large displacements, these models are geoalgtnonlinear, and since deformations
in modern sails, variations of lengths and angtethé material, remain low, constitutive laws
of the material can be consider as linear, tensioriee structure are linear functions of the
local deformations.

Such geometrically nonlinear membranes have be&msixely studied and numerical
implementation in, but they require important conagional efforts compare to sails makers
resources. We have been considered this methodxipensive, in CPU time, to be coupled
with a flow model, so simplified models or diffetestrategies are then necessary. Is
necessary a model that allow to compute quicklystilation.

We accept the model presented by Le Maitre étamisume that sails can be correctly
considered as structures constituted of elastiogstnetworks. This approximation of the
medium using strings is equivalent to consider axfstic deformations (strains) in a finite
number of given material directions. Here matedaéction means that it moves with the
structure. The strings network approximation isnapéified form of the nonlinear membrane
model and it leads to a variational equation (Rplecof Virtual Works) of Minimum of the
Energy, which is functionally solved by relaxation.

The structural model also includes all the elementbe rigging system, using a standard
FEM beam model. The contribution of the completsteay is included in the variational
principle and the minimization of the correspondiugctional gives the solution of the
problem.

3 THE INTERFACE

Investigation of the changes in sail forces duditferent sail trim. In addition, the strain
of material is responsible for geometry changedifierent load distribution.

The system is designed to calculate during theysaint navigation. During the navigation
the sailors trim their sails in order to optimizes taerodynamic forces and obtain maximum
boat speed. They change the position of the catshenfirst strain of the ropes, so we have to
modelled these changes during the calculation.

The sensor system is integrated into the strucititiee boat, and these give us information
about the forces acting on the ropes. We use tt@nsbn the ropes as input to the
calculation/simulation system.

When some of the initial conditions (velocity, ditien of the inlet flow, the first strain of
some rope, position of the cars) change, the guterf modifies these data in the
aerodynamic/structural calculation/simulation sgstand this program is computed to
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determine the efforts that are suffering the Stmectand evaluate the overall performance of
the sailboat.

4 CONCLUSIONS

- With this model we can simulate the movements ef ghils during the sail yacht
navigation and determine the efforts that are sffethe Structure and evaluate the
overall performance of the sailboat.

- This system will predict the structural behaviod gmerformance of the different
configurations of the rigging of a sailing ship, et will increase the level of
security of this type of craft. It would also allareliable criteria to optimize the
design while increasing the performance of the boabmpetition.
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