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Development of analytical method on high-lift composite sail by using
fluid-structure interaction system
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A coupling system composed of the Reynolds Averaged Navier Stokes (RANS)
-based CFD and non-linear FEM is proposed to establish an evaluation method on the performance of
high-lift composite sails accounting for the elastic deformation of the soft sail. Besides, a three
dimensional shape reproducing method by using the imagery analysis method is adopted in measuring
the deformation of the soft sail, while it is validated by comparing with the wind-tunnel experiment
with a scaled sail model. It turned out that the developed coupling system is able to estimate the
hydrodynamic forces and the elastic deformation with a good accuracy. Further tasks regarding its
application to the multi-sail are also turned out through the wind-tunnel test with a multi-sail
model .



B X C—19,. F—19—1. Z—19,.

1. AFZEBRAE S D =
ITAFER B AR O, & 0 i tERIERRAL
AP EOHEZ BRY & LT, KA
BERNORFZEBAFE N D HILTW D, ZAUTE
W, BN HEEREZ A T AN e I E S
OGNSR S, 2 OHANBIR b 30 X
NTWD, FERIEEH - 2F > b - R E JF
Fro M &8 sk 28 |z Lo &
WKLIWREE (754 7> =—7) THEMENE
RREAT D, ZOMAEE I OMEREFEGIE
& LTI, B A - BRI ER A A 7 T
Bt Chon, FHRRESERBR I O 48 -
BRI 2 2 Mgk & <, £ @tEREn o
EREREEESG DN ORGFIIHRETH
b, B—=U 73y MTHWLIL DM DOMERE
MM IE., IR RTF v v ik CFD
(PF-CFD) & AREFRE (FEM) %k S
B HATENEE SN TS, PF-CFD
TIHE FILERST B —aE (BiZm o
THEMAITWLA) FFECR 2 2 K R oo 5 e
TEDFEREEE MR- D . BFELRE SR & B S
DD EINTND, iTlEES NI BT
EEEAT 586, WOLREEET S L
RplZ, 20 CIERICRGE R T 57200
TRASKEVE S22 % 32 5 U 72 Al 1 O WL A
HTHD,

2. WD HBY
AFZETIEL A ) VRESF B A h—
7 2 5k CFD  (RANS-CFD) & =%
HIERIEEZEEB LI EBREAIRELZE
(NL-FEM) %% v kU —7 @A < a @il
MR FREIR VAT ABRET D, A— Ay
vy — S BRI R AT TR LT
EAOMK AR - EAEHEHEE GTOOL
(Version 1) Z A\, RANS-CFD &I [@#FZE
FICR Lz~ F 7 a v - BTG
7 CFD (NAGISA V.B) #fW5Z &2k
D, EHEEAAEBICANTZEEICRET D
P H D (& S RS ATRE 7R o AT I & A
HKT b, —HT, BETHUVAT AT, VA
FEADA VK —T 2 —ADK BRI X B IENT
BE - ZEMoOm ENVNETH DD, JATRH
RBRIC L DWOEREDORIEEIT 5 LN
HD, BB OEREREIIE I L
— P —2F ¥y T2 HNZ3DHUBNENTH
DD, KEFETIEIT XNV A TR R
L= B D EE )5 3Dk 2 E T 5 Fik
Z BRI U, 2l S 2o 28
TERAHHZ T TRE & 95,

3. WD IikE

ARFGED Fhii 5L, KBIL CTLAF D 3 4
Tbh b,

O  HERENT S 2T b DOREEL

HRARAT > AT 2L, WO CAD 7 — ¥ % 5t
(2 GT.VI ZHWT A v =2 2B L, CFD £
vvadk FE A alZAUAy a2 A
T NAGISA 1L & NL-FEM 218 4 4 0 3K U E4T
TA, —FTAYIaDT AT MBS RkX

CK—19 (d:m)

WG TE FE fIFAT OFEEE 36 6 5 72 8 (NAGISA
K ONFEM fHEZE NN I 7 A~ v = % H
WD EDITHEETIVERD D, BTV
AT LIEFRHIOMWMD FE A v ar—2%
HEMUHHE L TRBL Z & T, Nagisa &
%D CFDHEFD Y A v ¥ =2 K OHTE O H4HE
ZAREL T D, BRLIEWD FE A vy aT
— X IR L TR E, RO FE EFTRIO U A
v a |\ T %, F72. FE T D CFD A
v ¥ = QAL FE f##TRTOD CFD A v & =
& FE A v = OMHBEBRZ BEIICELEk S
TR I ETHREL &85,

FE mesh data of the
nnnnn deformed sail

2nd Cale.) | (It Cale.)

Upload files to LINUX

e—o« ]
08 machine

eformatio
ess T
Download files to
Windows OS machine

TR BRSO L 2T

@  EEHEA WL O B RER O E i

Wi B 22 078 T O A B JEKIR IS B0
T, BB 1EES WAL O BIRRR 21T 5, )
WOMEHZ XA e 2L, BNk
EW. B L DEE N ZFT 5, B
RBICB T 2 Lo GIEZX, %R+ 5
SFM Je ON MVS D 7= 6h D BB RERE . M OBl
L LT3D 2F% ¥ L AREIZTT 5,
F T, AT IR o JRR R
Ehi 3 5,

© BB FRATIE ORRGE & HE RN > AT A
DIRFIE

Qo EJFFRERAE R & i35 = LT, B3
L 7B R AR S AT D ORRFE » 3HH/RT A —
B DREEZEAT O, BEGMNTIE & LTl it
REMN DA A TALEOMHEE 24T - TS
O A1T 5 Structure from Motion (SFM)
B, RO LNT-H A TAEZEDNRT A—H
NOEEMBEOSHEERTDIFIETHD
Patch-based Multi View Stereo (PMVS) {5
Wz, SEM/PMVS O ELTIZ 7 )V —Y 7 + v
=7 T D VisualSFM Z A L. ST —#
ZEGHIIR A MU L L TCRER ST
— X EHIBR L. BRI O H O SEET — & 24l
U7z, B2 223 HFEIC SN TORIE”
0—%&R,



1. Take pictures from various directions

2. Execute SFM and PMVS by VisualSFM

‘ A
7
S @

3. Clean up superfluous vertices

2 EGEENTEIC KD 3RITIBIRE LY

4. WF7ERE

(1) SFM/PMVS {EDRRFEARS SR

3D A% ¥ F & SFM/PMVS |2 X 2 #RIL.OZE T
FHIRE R At U7z, X 3l #E D mSNVET
g B — &Y, 3D A v IR E
omm OMEFEDO L OZ FAWTE Y | B
ElXmnwz EnyaEans, K3 h) Lo,
SEM/PMVS (2 L 2 EHAFER S 3D Ax v L 1F
EREEZA LTS Z ENMERTE S, 2
DI EMmb, RPIEIZED, ko 3D A%
YL — W —FHAE & e LT Ak
EAEAHTLH—FHT, FHINCET 2 TH LU
TR O E A N OBIEN RiIAEN D,

(a) 3D scanner

(b) SFM/PMVS
X3 =M R

(2) RN S AT D DORRFERE F

X 4 1285 /1425 CL K Ot 06245 CD O JRI R
BRI & Otk 2 ZER1D CFD AR R
(_initial) . SFM/PMVS % 7 — RK/X» 7 L
7= CFD A5 ( SFM/PMVS) | K ONHERL
fEMT > AT DT K DFHERER (FSD 1220
TaRd, K4 X0, SR CL 122\ THE
H4 2% &, CD FSI, CD_SFM/PMVS OfE &
CD _initial DfEICZALRBN TR | 22 S5k
WHENRKX BN TS Z LR TX S,
F7-, BREEE L TWARWEASO CFD #HE
i 3 R AR BRRS  & bl L IRV ME A R
LCW5b—J5 T, SEM/PMVS #HllFE R % 7 ¢
— Ry 7 LTHRILAE 258 L7z CFD f#
Bt BT FEBRIEICITVME 2 7R LT D & R
\Z. CFD-FEM #&#tH ¢ SFM/PMVS O 7 ¢
— KRy IR EFAREDEEZREHETE S Z
LR ST,

0 CL_initial
2 :
2 m CL_FSI
5
5
2 B CL_SFM/PMVS
S .
&f ~-CL_EXP.
E
s A CD_initial
>
K
54 A CD_FSI
<

A CD_SFM/PMVS

~CD_EXP.

5 15 25 35 45
o [deg]

X4  ZEIRE O HES

(1) RO (2) XV, KB CRET 57t
HITFIE (SEM/PMVS) M ONELESARHT & 2 7 LD
DR STz,

(3) HEELWLFEA o JE R
FEMERAEEL, 2 MO=AMEZAT5
5 TIWLERBR IR D R FRBR 2 1T\, 22 1685k
ZEHAI U7z, X5 ICIXEHAIRS R & CFD 12k D
HEMZ 7y FLTW5A, 59, D i 2
oW ORI, LidlomsThsd, K5 XK
V. D/L=0.6 DBFEITEEIC X 522 REKD
ZACITANE WA, IO RIBE OB D/L=0. 3 D
G X B N5 o RSk AN m <L Ei2ay
Bl KX R TWD, ZAVUTEGEA FAS
BIZHONT, FREFMOBBERITL 512>
NWTTWRENRREL 2D, LA JIVZFE
HIJ o> & PH PN C U HEE A3 IR B 22 Sk s Bl 5
ZEERLTCWD, F, SEUED BT
DIETEF BB SL (Flapping) 12X 5 H 0
Ths, EMEBEHEHIzmT Iz b oREs
EEICEHME L, TRIT 22 ENHESATH
LEEZLND,



25 —e—V=5m/s _CL
V=8m/s _CL
—e—V=10m/s _CL
15 —e—V=12m/s _CL
o CFD

0 5 10 15 20 25 30
Wind angle [deg]

(a) D/L=0.3

—+

—e—V=5m/s _CL
V=8m/s _CL
—e—V=10m/s_CL
—e—V=12m/s _CL
¢ CFD

0 5 10 15 20 25 30
Wind angle [deg]

(b) D/1=0.6
5 ZE R i (B

5. EIpFEIGm L
(WFFEFRAE . WHIEo 8 M ORI ZE4 12
(=)

(FFawE) Gt

OF AR, BEABEE, HEB. BEALE
WLAE S A T I BE 9 2 I (AR 3 i AT 15
ORFE (5 2 # o JBWEEER) . B AR
TR E AT SCES 18 B, 2014

Qe AT, BAEE, HFRN B ARET
EaE RO @B I EA N ORI & 22 J 5k
BT BE T D HFE B AR AAYETE TR ST
TSR 23 B, 2016

Qe AT, BAEE, HFHRA WG AT
xR @B I EA W ORI & 22 J 5k
FEAM, B 1 7 (e BRI ST TR R £
LML 2017 (PE)

(Z Dfth)

ATY/A NN - Y- SRR s

BB . — U EEAN Y7 by =T ERE S
&“‘

FEWM OB - AR & ECEEAT O 72 O D
NAGISA~LS-DYNA i# K 7' &1 77 & (Ver. 1: &
BB AM)

Beko B - BIVEFHA B OB ek
BeRF P A5 10547 B-1

BERFEAH - PR 2T H 11 H 27 |

6. WFIERER

(D) W RERE

E R AAFy (TAKAMI TOMOKI)
[ENZAFZERE i NifE b - BRI - 2o Hatia
JEAT « £ OME RS - HEE
9% 5 : 50586683

(@) WHge sy a4

HJE #/T (TAHARA YUSUKE)
[EINZAFZERE 1 NifE b - BRI - 2o Heatia
ZEAT « = OME RS - HER

98 %5 © 10264805

WEA B2 (TAKIMOTO TADANORI)
[EINLAFZERR R 1 A b - BRI - TZe et
EET « = OME RS - FEER
7% 5 20466238

JEA & (FUJIMOTO SYUHEI)
[ENEAFFERR S 1 AHE b - PRI - ize Bt
ZERT « E OMERES - HFEE
&35« 80586686



