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EXPERIMENTAL VALIDATION OF UNSTEADY MODELS FOR WIND / SAILS/
RIGGING FLUID SRUCTURE INTERACTION

B Augier, P Bot andF Hauville, Research Institute of the French Naval Academgnée
M Durand K-epsilon, France

SUMMARY

The aim of this paper is to present the work ofegkpental validation elements of the aero elastd ansteady model
ARAVANTI. Numerical and Experimental results comigan is made on the rigging and sails of a J80tszk. Yacht

modelling demands to consider unsteady phenomesndtirg from the sea state, variations of wind spaed direction,

yacht motion or trimming by the crew. A dedicatedtiumentation is developed to measure the load$éiriouds and
tension points of the sail, the apparent wind,taeht motion, the sails flying shape and the naiogadata. A special
effort is made on sensors calibration, physicalsuesment comprehension and data synchronisatiomp&ason with

numerical results shows that the loads and flylrpes are well predicted by the model.

NOMENCLATURE attitudes, navigation data, adjustments and silagf
shape simultaneously a dedicated instrumentatian ha
AWA Apparent Wind Angle been developed. Figure 2 shows how full scale dath
AWS Apparent Wind Speed calculation code ARAVANTI are connected.
TWA True Wind Angle
TWS True Wind Speed q‘ﬁ' .
COG Course Over Ground D mmemameter /j | i exmeres
W Component of the wind vector along the /|
mast direction %’7211" cameras
I Distance from the decklte jib sheave s \‘
P Distance from the boonthi® top mast "\
J Distance from the madt jib tack ™\
E Distance from main taclctew | \
Epre Precision error of the sensor —_— \
En Hysteresis error of the sensor £ L\
= Fidelity error of the sensor | '-\
E Linearity error of the sensor R
F Centre of the buoyanayeaat rest _ | \
MR Measurements Range —— =\
R Sail 3D reconstruction Refece plan Jo J \ T \
Se Sensor sensibility .« o——1
Shrouds: v 1 _i, Ai
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D1 Diagonal 1, internal shroud (shortest) / Shecdo
Suffix:
po POI‘t S|de Wire displacement sensors
st Starboard sideSymbols: \ e —
B Kurtosis, 4 order statistical moment — o —
A Skewness,"Border statistical moment ‘\’ - '% >
o Standard deviation"order statistical N e
Moment Flesenglesemos KSENS
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Figure 1. Plan of a J80 with principal sensors'ifims.

1. INTRODUCTION . . .

ARAVANTI is a fluid-structure model using a CST
elements membrane model extended in 3dimensions [6]
Hiypothesis imposed inside this element are constant
stresses, constant strains and uniform stiffnesshef
material. Non-linearities coming from the geometnd

A navigating sail boat is a dynamic system expaged
unsteady phenomena as the wind and the sea. Yac
response modeling demands to simulate the compigx a
changing environment. The present work is drivenhay ) :
need to get unsteady measurements from an insttachen COMPressions are taken into account. The calculaifo
sail boat in real navigation conditions. Collectieda are ~ e flow around the sails is carried out under the

used to build a database for an aero elastic modefYPOthesis of an incompressible inviscid fluid, ngsia
validation. To measure loads in the rigging, ship particular method developed by Rehbach (Rehbach



(1978)) and then Huberson (Huberson (1984). Thisbasis. A fluxgate compas and a GPS are used itis&de

method is, in essence, unsteady, taking into adciien
boundary conditions of the displacement velocitiEthe
surface as well as an atmospheric wind gradiene Th
effects of the interaction are translated into apting of
the kinematic equation (continuity of the normal
component of the velocity at the interface betwéeid

and structure geometrical domains) and dynamic Maximum breadth (m)

equations (continuity of the normal component o th
external force, pressure forces, on the contadaceirof
the sail with the fluid).

ARAVANTI settings are given by vyacht attitude
recordings and calculation results are comparethéo
loads measured on navigation. Previous studiesséstu
on specific sailing parameters like the aerodynaatric
hydrodynamic forces with a dedicated sail force
dynamometer boat DYNA or Fujin [1] [4], the flying
shape and rig position [2], or the aerodynamic faite
[3]. The sailing boat problem is simplified to a am
identified number of studied interactions, enouglb¢ a

boat.

Table 1. Principal dimension of a J80

HULL

Length over all (m) 8.50
Length of water line (m) 7.50
2.49

Draft (m) 1.50
Disp (ton) 1.45
SAILS

I luff length (M) 8.04 8.41
P goose neck (m) 8.92 1.04
J E(m) 2.70 3.23
2.1 LOAD MEASUREMENT

2.1 (a) Dedicated force sensors

The use of classical force sensors as S sensoliseleas

tough work. Wind tunnel experimentation gives very put apart because their oversize and their weightied
accurate information on the apparent wind angle andy, modify the rigging and restrained to get all the

apparent wind speed. AWA and trim are controlled. A
those parameters are fixed during the set. Theypatan
represent the unsteady behavior of the wind, thestse

modeled by the heading, the trim or the AWA and the g

repercussion of a variation on the sail boat eopiilm.
Sailors know that adjustments to go fast in a Stesate
are not the same than in waves and shifty wind.ones

2. EXPERIMENTAL APPARATUS

2.1 SENSORS SITING

Full scale testing is performed on a J80 which gipal
dimensions are presented in table 1. Sensors bditetd
the normal sailing configuration without disturbirige
flow or the load. Figure 1 shows the position dftae
sensors on the J80. 7 instrumented turnbuckles tteke

place of the 6 shrouds turnbuckles, V1, V2 and D1

starboard and portside, and the forestay chaine.plat
Instrumented shackles are disposed on all theleail
points. Five are mounted on the main sail: outhshget,

measurement points. That is the reason why turriesick
and shackles have been instrumented with stresggegau
and substituted to the basic fittings in collabimmatwith

a company specialized in measurement.
Instrumented shackles and turnbuckles are equipped
load resistive cell giving traction information st in
figure 3 in the final stage of their developmenthe
resistive cell is linked to the data acquisitiorrdveare
with a string.

Table 2. Instrumented turnbuckles sensibilities amdrs
precision

V2star
1.668
0.31
3.15

Vist
1.765
0.59
5.87

Dilst
1.746
0.57
5.69

forestay
1.791
0.38
3.77

Dilpo
1.760
0.29
2.92

Vipo
1.843
0.47
4.75

V2po
1.736
0.42
4.24

wV/Vikg
%

+kg

2.1 (b) Instrumented turnbuckles

Instrumented turnbuckles (Fig. 3) are identicath® one
used in navigation, Sparcraft turnbuckle 116mm for
@5mm wire. The same adjustment for the initial lé@ad

halyard, cunningham and boom vang, three on the jib the rigging can be done. A load gauge full bridgstuck

sheet, halyard and tack. A ninth shackle is plamedhe
backstay. The 16 load sensors are linked to twacdestl
analogical data acquisition and synchronizatiord&s8
from HBM located inside the boat. Four analogical
cameras are fixed on the top mast, two on the togal
recording the main and two just under the forestaynd
point recording the jib. Additional cameras areefixon
the roof, recording the crew and the sail foot. Mwion
sensor Xsens MTi-G is placed on the point F, thatian
center of the hull for the small angle at 0° hegjla. An
ultrasonic 3D anemometer is fixed on the top masta
loch has been installed on the J80 hull. Wire
displacement sensors are fixed between the maianzhr

the boom and the jib car and the clew to measuge th during

sheet length. A ruder angle sensor is fixed onhiben

on two flat lugs symmetrically machine-cut on the
turnbuckle shank linked to the chain plate. Turrites,
because of their thin shape, work in pure tractéort.

The maximum designed load is 10000N. Calibratiotin wi

a HBM measurement standard load sensor presents no
repeatability problem and the precision error
determination is simple to get. Table 2 gives tuakbes
sensibilities and precision errors.

2.1 (c) Instrumented shackles

Important R&D has been done to calibrate instruent
shackles, from a Whishard @6mm, which behavior
first calibration was subject to many
interrogations.



EXPERIMENTAL characterised by a probability density functionikmto
RUN a bell curve centred on the mean value, by a thickkr
moment, Skewness equal to 0 which represents the
l l symmetry and a forth order moment, Kurtosis coffit
B equal to 3.Regarding the condition of calibration and
+Trim (Rig, Sail) “Sails Flying shape the repartition of the results shown in figure 4e w
Wind (AWS, AWA) s Eadsnthe Ty 3 assume that measurements follow a normal distahuti
' and that errors determination probabilistic tools
<Atti i COMPARISON ; ) .
Al e o G calculated to a Gaussian variable can be used. iMih
+ spebii it A il hypothesis, the precision error is the root of shen of
e ntarg = the squared errors:
INPUTS _ (=2, 2, =2
e - E.=|E:*E+E;
|a;:,‘jt‘ ;:;i’:ia, R c?,',fpzf:t:‘o,f Calibration results are measured for both increpsind
) o I decreasing loads in order to distinguish hysteresis
*Rig Characteristics ElldSmictire
Hiadmemand errorE,, from linearity and fidelity errorsk andE; .
+Fluid flow Errors depend on the measurement range MR of the
“Structure position studied sensors. The 2 linear regressions andsearar
Bihiediiiadiid s represented in figure 4.
«Strains = w
| " S(MR)
Inputs Outputs .
M I Ay, maxrepresents half of the maximum gap between
ARAVANTI MODEL the 2 linear regressions.
Numerical calculation E = Ay, max
Figure 2. Methodology of the numerical/experimental *(MR)

comparison data. i
Ay, max represents the maximum gap between a

Calibration procedure and shackle shape has beemmeasurement and its corresponding linear regression

upgraded. The first step was to machine-cut a dialas 20 max
shown in figure 3, fitted to the pin in order toekethe f =W
tension on the symmetry axis. The D shape of theldb S(MR)

is determined to be a cause of non linearity. Thackle gmax represents the maximurstandard deviation
doesn’t work in pure traction and the measure Ikifsul calculated for both cases.

by compression. In order to offset, both branchethe
shackle have been equipped by a connected fullegaug
bridge to average the load in each side and déhete
compression effect. The asymmetry of the pin, tiheea

on a side and linked by a pivot on the other onas w
shown to be a source of non repeatability. The ldbac
was machine-cut to have two bores and the pin was
replaced by a bolt with nut, clamp on branches.
Calibration of the last upgraded shackles givedlyrea
good results and an absolute error inferior to 50N.
Results presented in this paper were obtained thigh
non final version shackle which has an absolutererr
around 75N.

Figure 3. Gauge-fitted shackle and turnbucklesgesl
2.1 (d) Shackle calibration for the probe-fitted J80. Load cells are under ibhack
water tight mastic.
The calibration process was set up to reflect gadity
and to make sure that sensors were studied inaime s 2.2 SAIL SHAPE MEASUREMENT
state than in sailing condition. Shackles were guulby
three in serial between two Dynema splices in otder A set of three parallel stripes is applied to eacli
simulate the tension of a sheet. The maximum dedign located at heights of 20%, 40% and 70% of the luff
load is 5000N but first navigation recordings pertoi length. Cameras on the top mast get pictures df ful
recalibrate the measuring range. Shackles suppated stripes and foot. Images processing from moviesiseel
basket loaded and unloaded progressively with plumbto measure flying shape parameters defined in digur
weight from 0 to 3500N on 7steps. Normal distribatis



Different sail analysis softwares have been tedists,

ASA and SailVision.

a)

b)

50
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Shackle 5

251 ' Measures

——Normal Law

p=3.21
A=0.11

N\

__Increasing load
— Decreasing load
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Figure 4. a) Example of the comparison between the

measurements and the normal distribution. Coeffisike
andp confirm the Gaussian distribution.

frame are calculated and used to correct the petigpe
effect during the analysis of the stripe.

Yw

‘Yc

Xc o

‘o.'
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Zw

Rf

World (space) Coordinate System Xw, Yw, Zw

Camera (retinal) Coordinate System Xc, Y¢

Reference (deck) Coordinate System Xf, Yf, n
Figure 6. Coordinate systems of the calibratiod §jxed
on the deck

3D transposition and flying shape parameters
determination have been calibrated. The equivalérat

b) Linear regression, fidelity and hysteresis gap guj with 3 parallel stripes is drawn on the wafl @

representation for a full calibration process (schtc
enlarged view).
2.2 (a) Cameras distortion

To correct the lens distortion, cameras are cdblra

using a method based on the work of Zhang [5]. The

known diameter cylindrical room. Stripes geometng a
angle are exactly calculated from the room dimersio

A camera is fixed on a calibrated support and péstuwf

the drawn stripes are taken from different cameras
positions. Table 3 compares the parameters cadclilat
from the pictures with softwares ASA and ISIS he t
values geometrically computed from the cylindrical

method has been inspired from the camera cglihrratio shape. ASA gives only relative information basedtun
toolbox for Matlab. Images are corrected in post compytation of the chord length from the determiarat

processing with the distortion coefficient deteredrfor
each camera.

Luff Center line

Figure 5. Definition of the flying shape parameters

2.2 (b) Cameras calibration

Stripes are designed to belong to a plane parale
reference plane Rf, at a known altitude. Two calilon
grids are fixed on the deck to represent jib andnma
planes Rf. Images 2D-data generation are transfibime
3D-data in the world coordinate system with this
hypothesis. Angles between the optic axis of theera
and the normal to Rf, illustrated in figure 6 isnmiized
during the installation for an obvious perspectisgue

of luff and leech points.

Table 3. Comparison of sail analysis softwares on
calibrated drawn visualization stripekis the entry and
exit angle which are the same for this cylindrical
geometry.

drawn stripes parameters
stripes | H (m) | Chord (m) 0(°) camber position Twist (°)
(%chord) | (%chord)
0 0 1,81 28,01 6,14 50 0,00
20 93 1,40 21,54 4,71 50 3,23
40 186 1,01 15,52 3,39 50 6,24
70 279 0,46 7,00 1,53 50 10,50
precision 0.01 0.01 0,15 0,03 0,03 0,08
ASA calculation
Af Acamber | Aposition | ATwist(°)
(%chord) | (%chord)
4.19 -0.38 -1.20 -0.27
-2.72 0.24 0.60 -0.66
-2.32 0.03 3.60 -1.33
0.26 -0.01 -16.20 0.13
ISIS calculation
Af Acamber | Aposition | ATwist(°)
(%chord) | (%chord)
-10.19 -0.36 -0.20 0.00
4.14 0.51 -3.20 -0.27
-0.08 0.09 -7.60 -0.66
3.60 0.63 13.10 0.40

ASA gives really good results, whatever the camera
position. ISIS is really camera position sensitized
results suffer when the angle between the optis aki

but cannot be deleted. Using the same method, thnhe camera and the normal to Rf increases. Stripes

residual angle and the exact position of the cametiaal

recognition is a long manual procedure for bothvesaife.



measurement. The sea yacht attitude is recordettheby
motion sensor XSENS MTI-G, a GPS aided Attitude and
Heading Reference System. This 6DOF measurement

A calibration grid is placed on the floor, at treare level
of the drawn sail foot, in order to calibrate treemera
position determination procedure. The calibratioid ¢

smaller than the real deck grid. The calibrated evam

unit is used on the auto-pilot on some IMOCA 60ats

support gives 3D coordinates, compared to extrinsicTable 4 sets up navigation sensors parameters and

camera coordinate calculated by a method inspimaah f  accuracy.
calibration toolbox for Matlab and the work of Ztugi].
This method enables to locate precisely the cameras 2.4 REAL TIME AND SYNCHRONISATION

space as shown on figure 7.
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I:] Real camera positions <>Ca[cu|ated camera positions

Figure 7. Comparison between the calibrated and
calculated cameras 3D coordinates.
2.3 NAVIGATION DATA

Table 4. Navigation sensors parameters and accuracy
XSENS Static accuracy

roll/pitch 0.5deg
heading ldeg
Angular resolution 0.05 deg
alignement error 0,1 deg
GPS update rate 4 Hz
GPS Furuno
Position Accuracy
GPS 10m
DGPS 5m
WAAS 3m
GPS update rate 1 Hz

WINDMASTER gill instrument

Wind speed Range 0-45m /s
Resolution 0.01m/s

direction Resolution 0.1°

Loch Navman
Resolution 0-20kts 0,01kts
Resolution 20-30kts 0,1kts

The instrumented sail boat has the classical néwiga
equipment found in all cruiser. Some instrumentgeha
been updated from the basic fittings to control the
acquisition. The GPS position is directly read I t
software. The 3D acoustic anemometer WindMaster
located on the top mast gives information on vattic
flow with the z component. It gives an apparentdvin

The aim of the instrumentation is to record unsgyead
phenomena. Measurements have to be linked to te ot
in order to be able to “play” synchronized full niewof

the navigations. Difficulties are in the importantimber

of sensors with heteroclite physical measuremémte
different signals type and frequency. Recordings ar
shared on two different computers, one dealing \wéth
shape, the second dealing with the other sensath B
are synchronized with a GPS clock. A LabView réaiet
acquisition and synchronization home made softvigre
based on the principle of a sensor information &dor
each system clock top, sized up by the highest
acquisition frequency. Oversampling is done for the
sensor with low frequency acquisition as the GP®gr
The software is able to support 10Hz acquisition.

3. EXPERIMENTAL PROCEDURE

Backstay Facing
Easing Wind
Foot
TackI —~ haul aft : e ng_ck Gv‘b\i : Tack
Oa, 300 | <
D 2001 e B / ={—COG
gl | ] M-Heamng

800

100

500360400 500 B30 700
Time (s)
Figure 8. Wind and boat attitudes recorded

15min run with the instrumented J80.

dataafor

3.1 RIGGING ADJUSTMENT

3.1 (@) Inharbour presettings

Rigging adjustment is identical to regatta, and NExpe
comparison is made on shroud loads. Adjustments are
based on the gap between the turnbuckle 2 threaadisd
and the load is controlled. To be sure that theukition

is made with the same adjustment (rake, hogging)
pictures of the boat are made, from a known pointthe

port in calm wind condition. Pictures are superpot®e

the simulation to tune the real position. Mast ahbuds



wires mechanic behavior is studied in

Parameters are loaded in the code.

laboratory.

3.1 (b) In navigation

Length of main and jib sheets are measured by a wir
displacement sensor based on an incremental coder.
main car is kept on the centre line, and the trimardy
adjusts the main sheet, measured from the caréo th
hound point on the boom. The jib sheave is blodkeal
position during all navigation and the length isasiere
from the car block to the clew.

Taking apart sheets, all adjustments are announoézt
recorded and dated. Sheet in or case out are ahdrt
material. Figure 8 shows wind and boat attitude diait a
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Figure 10. Loads recorded data for a 10sec stetady s

237 238 239

15minutes run. Tacks and principal adjustments arerun with the instrumented J8O.

noticed.

3.2 STEADY STATE

First calculation is made for a steady state. Steady
state is 10sec in the 15min run, from time 230246s.
The helmsman was keeping the boat in a good paet si
close haul and the wind and sea condition weredgtea
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Figure 11. Loads recorded data of the main sal wie
precision error bars.

Figure 9 shows the steady wind and boat attitudes

recorded data during this period. Figure 10 prestm
recorded load on the rigging during this steadyesta

Precision errors of all load sensors are known ftbm
calibration presented in part 2.1. Figure 11 presen

Loads are shared between leeward and windwardzoom of the main sail load in the sheet and halyard
shrouds, main and jib loads points. Mean values areErrors represent the thickness of the curves. @édldI
calculated over this 10sec duration and the coderesults are associated to their error bars.

computes a steady state with these average inputs.

T
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Figure 9. Wind and boat attitudes recorded dataafor
10sec steady state run with the instrumented J80.

3.3 BACKSTAY EASING
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Figure 12. Loads recorded data for a 40sec run with
backstay easing. The easing occurs at time 179ssand
represented by a black line.

185 190

In the experimental run shown on figure 12, we il
influence of a material adjustment on the flyingasé
and rigging loads. During the run, the backstashiartly
eased from 350N to 0. The helmsman and the crew kee
the boat straight in a portside close haul in omtsrto
disturb the measurements by other happenings. A
duration of 40sec is studied in order to calcuthgestate
of the boat before the easing and the state dtean
values are calculated for 20 sec before the easidg20



sec after. The code calculates 2 steady statesasepdy
the backstay adjustment with the average results. da
Figure 13 shows rigging loads of the instrumentgd J
during a backstay easing. The adjustment is ndtifig a
vertical black line and occurs at time 179s. Logals are
clearly visible on the forestay, windward shroudd fb.

4. RESULTS

4.1 STEADY STATE

ARAVANTI code models the fluid-structure interagatio
of the steady state by playing the mean data ctedl
from the 10sec period results, which has been nhited

to be the best. As presented in figure 2, the mighelts
from the experimental data are the trim of theangl the
sail, AWA and AWS, boat attitude and motion. Sails
design shape, layout, material, rig mechanical
characteristics are fixed model inputs for all JR0d-
structure modelling. Figure 13 presents the Nuraéric
and Experimental comparison on the loads of the
instrumented salil
calculated from the steady state. Windward shréomi$s

is very well evaluated with a relative error <8%.
Backstay, main sheet and halyard and jib tack |bad®
been very well calculated with an error <5%. Theleo
seems to not perfectly spread the effort in théogbause
the forestay load is under evaluated and the jipand
load is over. Nevertheless jib force balance ipeeted.
Outhaul load comparison gives bad results because t
main foot extremity has a strap, which rounds tberb

in order to support the vertical effort and make th
outhaul effort in the foot axis. This strap and tbsultant
friction have not been modelled, so the measurédaeva
does not represent the calculated load.

5000 M
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mComputed Load
4000 .
I Precision error on measurement
x x
| ]
» 3000 u . .
5 Main Jib
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Figure 13. Numerical and Experimental loads

boat based on the mean values

T
o

- o
Numerical ﬂm_law-lfpsilun

Figure 14. Comparison of the experimental flyings
(picture and dark blue stripes) and the numerieallt
(superposed picture and stripes in bright bluepqgrort
tack close haul steady state. Main sail calculati®n
presented with the stresses in the sail cloth lorszale.

The code gives a graphical representation of théefrio
order to study the flying shape calculation andnake
some numerical/experimental comparison with the
pictures taken from the top mast cameras in navigat
Figure 14 shows the superposition of the calculated
flying shape of the J80 for the steady state aagttture
shot during the 10sec run. Calculated sails shaatehad
very well the recorded one, stripes fitting nicbtween
each other. The experimental jib was modified amal t
top batten was changed, which explains the angtben
picture. Rig and boom calculated fit very well toet
picture as shows the blue superposition.

4.2 BACKSTAY EASE

comparison on a portside close haul steady state

calculation



Table 5. Stripes parameters with backstay load

JIB

PROFIL H[m[ POS[%| VAL[%] ANGLE[’] TWIST["|
65.0% 594 44, 15.4 283 20.2
46.0% 439 39 15.3 -20.6 -12.5
325% 330 36 14.2 -15.6 7.5
200%  2.31 36. 12.3 121 3.9
FOOT  0.71 55. 2.0 -8.1 0.0

MAIN

PROFIL H[m| POS[%] VAL[%] ANGLE[°] TWIST[]
700% 761 4. 12.6 -16.9 123
43.0% 531 37. 11.9 114 -6.8
185% 330 45 7.6 73 2.6
FOOT 181 44, 2.1 4.6 0.0

Table 6. Stripes parameters after backstay ease

JiB

PROFIL H[m| POS[%] VAL[%] ANGLE[°] TWIST[’]
65.0% 593 44 16.1 275 194
46.0% 438 39 15.8 -20.0 -11.9
325% 320 35 11.6 -15.2 71
20.0%  2.31 36. 12.3 -11.8 -3.7
FOOT  0.71 55. 2.0 8.1 0.0

MAIN

PROFIL H[m| POS[%] VAL[%] ANGLE[°] TWIST["]
70.0%  7.61 a1, 13.6 -15.7 114
43.0% 532 37. 12.6 -10.6 6.2
18.5%  3.31 45. 8.0 6.7 2.4
FOOT 182 44 2.2 4.3 0.0

5. CONCLUSION

|
z

without backstay load with backstay lods A dedicated instrumentation system has been desdlop

on a J80 sail boat to record data in real navigatio
Figure 15. a) Comparison of the calculated flyihgmse conditions to be able to validate a fluid structure
before and after a 150mm backstay ease. interaction model applied to the aero elastic pobbf
b) Comparison of the recorded flying shape beforé a yacht sails (ARAVANTI). The system is made to
after the backstay ease. measure the navigation data, the yacht attitudes an

motion, the loads in the standing and running riggand
ARAVANTI code models the Fluid Structure Interactio the sails flying shape. Special care was devoted to
of the 15sec period before and after the backsteg.e measurement calibration and uncertainties. Recorded
The calculation inputs are average values of the 2environmental data and yacht attitudes are uséapass
periods. Because of the small difference of sailingto the model, as well as sails and rig mechanical
condition before and after the ease, the compand$oime characteristics. The sails flying shape and loadbé rig
loads presents no particular interest. We will ®ocwr computed by the model are then compared to the ones
interest on the flying shape. Figure 15 presents th recorded during the experiment. Two runs have been
comparison of the computed 150mm backstay ease andonsidered: a “steady state” in which the expertalen
the comparison of the recorded backstay ease. Theecords have been averaged over 10sec in constant
stripes, luff and leech have been underlined. Bafes,  conditions; a trim change where the results hawenbe
computed and recorded, start with the same sailingcompared with and without tension in the backstdlyer
parameters. Both exhibit the expected modificatibthe parameters remaining the same. In both cases, the
flying shape: the twist decreases and the maximumexperimental and numerical results match very \ildle
camber increases when the backstay load decreasesteady state case enables to focus on the loadisein
Table 5 and 6 present the calculated stripes paeasne rigging and gives a good comparison. The backsize e
from ARAVANTI calculation which confirm the gives a good example of the model capacity to mtul
tendencies. Here, the main shape changes due to thmodification of the flying shape due to trim change
backstay ease is moderate because the initialifo#ue The instrumentation system is still under developinte
backstay was small, for there is only 10 knots beedt improve its capacity to measure strongly unsteady
is remarkable that such a light trim variation eually conditions (waves, wind and course changes...). The
measured by the experimental system and well gitlic  measurement campaign presented in this paper wés ma
by the model. with home made data acquisition software which was
limited to a low frequency and not optimal for data
synchronisation. In order to improve the systenttéoe
synchronisation, higher picture frequency) a new



acquisition process based on the software RTmaps fr Centrale de Nantes and IRENav. His work deals with
INTEMPORA is under development and further numerical FSI modelling.
experimental campaigns are planned. The four authors are J80 experienced hobby sailors.
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