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A Study on Sail Control for Advanced Sail-assisted Ships

by

Ryosuke SUZUKI, Yoshiaki TSUKADA, and Michio UENO

Abstract

Because of the introduction of regulations on Energy Efficiency Design Index (EEDI) for
new-built ships, it is required to reduce fuel consumption in the navigations. Since sail-assisted
ships are one of the effective proposal to reduce them, these kinds of ships are gathering attention
again in these days. Sails are needed to generate propulsion as much as possible in order to
maximize the performance of sail-assisted ships. Therefore, not only form or structure of sails,
which have been already researchedV? sufficiently, but also the other issues should be improved
for the realizations of them. One of the other problems is that lifts generated by each sails of
plural sails on the ship deck become smaller than those by sole sail without obstacles because of
interferences from the other sails and a ship hull. However, there are only a few researches®
regarding them.

The way to control sails of advanced sail-assisted ships? for the reduction of those interferences
are studied in this paper. First paragraph is summarized about wind tunnel tests. Coefficients of
wind forces and moments which are generated by each sails on the model ships and include the
interferences are measured by the test. New methods to control attack angle of each sails are
proposed from the test results. Second paragraph is summarized about numerical simulations to
evaluate quantitatively the difference of wind characteristics by each sail-control methods. Steady
ship speed in the wind is calculated by the simulation of steady equilibrium condition model and
wind tunnel test results. As the results, authors revealed that lager propulsion can be generated
by new sail control methods than that by previously proposed one?.
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ERFIECLIDILONRRL/NEL D Z ER SN
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WX TEMOBAOBHTHHLH S 72 L HE X
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FEIX R SRS R 1) B T CE R A R R
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Ik O fE R OB E P MEICT 272012 K-2.17,
2.18 |ZMER A =R FRIE & BB B SEIC K
ZERELHIVE 90 b O RELR I O EALE E R T,

B-2.17 X0 R AR ERE O )R
A WEIE EZDOEEENRKE L K 5%
ERELSRDZEDHEHRTED, ThiE, K-2.13
WZoR i A OERNESE 905 OB,
BEIC R DIEEREL DO THD L SN
Do FRE DBV E I ERECSE 905 Ok
WA OEALIE R VD EERIZT 0 TH D, BN
Rl £ — A2 MEEIT R O B TR K
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5% & 30%/ NS RDZ ENHRTE D, HALA
7% 100deg & 150deg. 160deg D472 L REJE
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S LR BB d8 U B RiTHE T AR & T &k
E LT, AT EwREEEE e 7T A
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3.2.1 XBABRKXELHEE

AN TH 2 VESTAIOC X % 38 k2 R,
4-3.5 ICJEFE R 2 ond, ik - A4 - BIEHOE R
oW HFBRREK 3-3.5 OBIEZR(X Y, Z)ITE
g5 7= (3.5) XA AW T, L0 7 1L EiE
Bz oW TRl - BHLA - A 2RO 5,

=Xcosf-Ysinf=0
=Xsinf+Ycosff=0

N=0 (3.5)
R )+ _t)XP (NpaV)
+Xp () + X (8,0) + R, (U p,04)
-AR, (V,B:Hy . T, ,0,)

Y =Y,(B)+ Y (B,0)+Y,(U 1s>0,)
+Y,(H,,T,.6,)
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ZZTBH)X DU 2T D still 1Kk T BT,
Piz7ue~X727 2k, D EAMAKRST. R
e AR L AL, Wil ko &
(RN AR e

EHICB.OXND MLy LB AERD D,
VESTAWOTiX kv 7 U 2w b7 &0 M E
BT 52 &N TN, KT CIEZN 515
LW,

Q, =pN,’D, K, (J)/ 1,

(3.6)
P=27N,Q, /7,
=7 L.
K, =Cypo+Cyord + Cyprd’ 3.7

U,, True wind speed

Waves Winds
75 True wind direction
U, Ship speed

H, Wave height
T, Wave period
X»> Wave direction
/,q,' . Drift angle P
Rudder angle, & An\i‘j/we X, Longitudinal force

@, Heel angle N, Yaw moment
K, Heel moment

L Y, Lateral force
Y

B-3.5 EEWEEERTCHTIEZRY
3.2.2 XEAEXDZIE

AAEAT T2 VESTA 12 X 5 (8.5) KD & HED
FHREEE LT ICaR T 10,
« K BT (Rseinn)

R, =0.5pLypd,.,

) ; (3.8

X(CV+CV"+CLV7)
IS 25 2 MXp)
X, =pN,"D," K. (J) (3.9)
=72 L.
K, = CKTO + CKT1J+ CKT2J2 (3.10)
g d=w (3.11)
N,D,

s B ) L= — A > F(Xp., Yp. Np)

(180)

Xp= _{Rstill (V)— R, (V cos /[7))}

2
_@peosp) g
A, (3.12)

Y, :O-SPLPPdmidVZ(Yﬂ'ﬂ+Yﬂﬂ"B|'B|)
N, :O-SpLPPdeide(Nﬂ'ﬂ—i_Nﬂ/)"ﬁ|ﬂ|)

2dmid

EEL. Ay, =
PP

“fg ' — A2 F(Xr, Yr. Nr)

X,=-05pL,.d, V>(1—t,)F,'sind

Y, =-0.5pL,,d_V>(+a,)F, 'coss 1%

N, =—-05pL,.°d, .V (xy +a,x,)F,'cosd

mid

=72 L.
A A3A
FN': R 6 3 R (I_WR)Z
Lppd, g 225+ Ay (3.14)
X {1+ Crun&s (S)}Sin A
Ap =0—yf (3.15)
l_WR =1 WRoe_‘w2 (3.16)
H 2
A, = R (3.17)
Apg
g9= 2k, KD
H, (1-y5)
ﬂZ
1 (1—=we™" Y cosf (3.19)
N,P
—4°
Kﬂ =0.6 1—we . (3.20)
1—wye ™

CWEEERSD EE— A2 Xw, Yw. Nw)
AREEHT TP Z2EZE L7200 T, Xw=Yw=Nw=0

L L7,

CJRJE S EE— A F(Xa, Ya. Na)

X, = O~5pAUAA2ATCXship
Y, = 0~5pAUAA2ALCYship
N, = O'SpAUAAzALLOACNship

(3.21)
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3.3 R M

AT AW T B0E, Sk WEFR T 43,200
[DWTIRE S B T, 2 2o B R ER 12 o 7 4
B DDOFEMTIELIFIER L TH D, XOHEMOH
BMAEX-3.612, FEHAZHR-3.1IZRT, KN
iR, AMEZE, FARFIEL, fEOFURET
TRk WS B L724-3.2,3.3 IR T A W=,
7T R 1T R34 IR TE A AV,

2 B IR TRV IR & FETIC B xh 8
i D EEEE T RICE B LR EDOEDE
Byl cx b L E LT, BJEREITX-3.2~
3.4 WZRTEE AT T A UHI L CEIRIZH W,
7272 L. Rb B R B & BT (R T o) & h
140° LTORMBTEREZB I /> TWVRWNDT,
Al C#aPH O KAEERELINE" O T — % & ATz,

£-3.1 EoEmoxEg""
item Dimension
Length overall(Loa) 187.4[m]
Length of ship between
peipendiculr.;\rs(LPP) 18.0[m]
Breadth(B) 32.26[m]
Draught at midship(dmia) 10.7[m]
Designed speed 14.5[kt]
Block coefficient(Cg) 0.814
Transverse projected 555.3[m?]
area(Ar)
Lateral projected area(Ar) 2138.7[m?]
Rudder area (Ar) 35.7[m?]
Aspect ratio of Rudder 1.689
Propeller diameter(Dp) 6.0[m]
Propeller pitch ratio(P/Dp) 0.721

£-3.2 FoENROBRMRAIMGEH

Ys’ 0.3191 Np’ 0.1181

Yss’ 0.4577 Nasg’ 0.0050

£33 EoBEMOFEKPERGEHREMDOTFS
FE. BMER"

1-w 0.623 1-wro 0.624
1-t 0.784 1-tr 0.780
C1 0.013800 | yr 0.450
Ci2 0.005690 | am 0.813
Ces 0.000312 | xu/Lpp 0.467
nr 1.033

3.4 [ESEMD T 2T MM D4R
(£(3.6),(3.10))

Cxro 0.2935 CkQo 0.030220
Cxkr1 -0.2748 Cxkq1 -0.018530
Cxr2 -0.1390 Cxkqz -0.024900

®-3.6 [FoHEMNER

3.4 HHEEH

fEMT OX G E LIS - [REUTICE LD D,
X —Fm o —FRE &R E L, xFHURGE X 10~
20m/s % 5m/s Z A&, wkPHE AL 00 ~180° %
15° HlAH L Lz, WiEWEIRE L, 7 rXF
[F] R 50 R 28 IR T U 2R WS K 1 O L D 22 W R
) (LA, oK FR il & 28 3 5) 2 14.5knot &
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7=,

SCHR WREER IS, WU 2T o R 0° ~30° T
WXRTEHE IR E SN W=D T 20T 5,
F7-. T o RGE 22m/s L ETITREERE o
HHENOHEWLT b0 E T 5, TR CTHiM O
D TITED L OIRKRE TRIMITRER DK
WIERR LR,

3.5 FRITHER

oK HARE 14.5knot FHY O 7 a X T BIERH O
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AT E A 3 13(3.22) L TE R S D i o fin & 5 1A
By Th D,

u=Vcosp (3.22)

(1-3.7. 3.8 TIXML DA BEHINEDEWIZ K D E
WINEMEREDOEND/NSI LS TNV IZ VDT,
ERELF L D0 5 DL % [X]-3.9, 3.10 IZR~7,

B-3.9 LV | ERMEEZERRE & EERE S
ENFRYL . R 10m/s TIEAR K 0.2%., %
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HEMS R AHIIN 2 = L b, Bl mEREE T
WERDI LRI, ZTOFRRKFELT, K
-2.13,2.14 O RELRE O ZEALFE N RO A A T b
KEWZ ERFETOND, tHAHEARKE VT E
PFALENRE L 2500, fiELFRO O 5 H R
I X D HEHE )Ry AR KR &E L B2 TH
Do —h. #HB R B & 5 T HEE DR B
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N5, ZOo, 7T EEEEN LD /AS ok
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T-oaiERE S /NS < B,
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T AREC 1 1 O A BC AL 97 5 O BTy E & S
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