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On the Effectiveness of Sea-Anchor upon the
Steering Ability of Fishing Boats

By
Yoshifumi Takaishi

Fishing boats use a sea-anchor to keep bow close to wind, when it is blowing too strong to
steer only with a rudder and a propeller. The necessary area of a sea-anchor depends upon the
size as well as the form of the ship.

In this paper, the steady state under the equilibrium of aero- and hydrodynamic forces and
moments by wind, drift of the ship and a sea-anchor is considered, and the equations of equilibrium
are solved using the forces measured on the model ships.

Thus, a simple formula is derived to estimate the necessary area of a sea-anchor, that is:

Ap=(kB/Cp){0.0055(90—¢) +Csca/L} .
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V: Velocity of Drifting Ship

Nomenclatures ca: Position of the Centre of Area of Ship’s

Ap: Area of Sea-Anchor Profile Above the Water-Line

D: Drag of Sea-Anchor ¢p: Position of the Centre of Area of Ship’s
Fgr: Transverse Rudder Force Profile Under the Water-Line

Lg: Longitudinal Water Force k: Constant

Ly: Transverse Water Force Ir: Distance of the Rudder from the Midship
M,: Wind Moment la: Distance of the Centre of Wind Force from
My: Water Moment the Midship

N: Number of Revolutions of Propeller lp: Distance of the Centre of Drifting Force
P: Pitch of Propeller from the Midship

R.: Longitudinal Wind Force lr: Distance of the Towing Point of Sea-Anchor
Ry: Transverse Wind Force from the Midship

T: Thrust of Propeller a: Drift Angle of Ship

U: Velocity of Wind B: Towing Angle of Sea-Anchor
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d: Rudder Angle .
Distance Between the Centres of Wind and
Water Force .
Zo: A at a and ¢=90 deg.
p: Relative Wind-Direction
Pu: Density of Air
Pw: Density of Water
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Fig. 1 Wind- and Water- Forces and Moments
Acting on a Ship Drifting in Wind
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Cuy=Maof(ZowvsL) | (3)
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Fig. 2 Model Ship of Type A, Drift Netter

Table 1 Dimensions of the Tested Ships

ITEMS SHIP-A | SHIP-B | SHIP-C
LENGTH Bet P.P. L (m) 27.800 29.500 29.000
BREADTH MLD. By (m) 6.100 6.300 6.360
DRAFT FORE dy (m) 1.370 2.188 1.430
DRAFT AFT dg (m) 3.240 3.366 3.380
DRAFT MEAN dm (m) | 2.305 2.777 2.405
DISP. VOLUME g (mb) 272 365 308
PROJECTED AREA
(ABOVE WATEL LINE)

FRONT VIEW A (md) 31.7 34.3 31.6

PROFILE B (m?) 90.2 100.0 100.9
(UNDER WATER LINE)

PROFILE S (m) 64.3 81.8 69.9
DIA. OF PROPELLER Dy (m) 1.64 1.74 1.71
PITCH RATIO OF PROP. 5 0.56 0.56 0.56
RUDDER AREA Az (m2) 2.64 2.08 2.28
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Fig. 3 Model Ship of Type B, Bonito Pole
Fishing Boat

Fig. 4 Model Ship of Type C, Two-Boat
Stern Trawler
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Fig. 5 Necessary Area of Sea-Anchor Using No
Propeller
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Fig. 6 Necessary Area of Sea-Anchor Using
Propeller
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Fig. 8 Drift Angle of the Ship Using Propeller
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Fig. 10 Drifting Velocity of the Ship Using
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Table 2 Necessary Area of a Sea-Anchor to Keep Bow within 40 deg.
Against Wind Direction, Cp=1.5

. ©=130° ©=40°
SHIP CASE NP/U [
ApCo/S | Ap (m?) | ApCp/S | Ap (m?)

A a 0 0 1.36 58 1.00 43
0.1 10° 0.82 35 0.72 31

B a 0 0 0.63 34 0.58 32
b 0.1 10° 0.37 20 0.25 14

c a 0 0 1.06 49 0.75 35
b 0.1 10° 0.52 24 0.42 20
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Table 3 Horizontal Distance Between Centers of
Pressure of Wind and Drift Force Com-
pared With the Horizontal Distance
Between Centers of Area Above and
Under Water-Line

SHIP A B c

P 0.080 0.010 0.090
CoCalL 0.056 0.016 0.081
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BHETCRRRBROET, ROX>HAETH 3,

1) HECEAERREEZANTWH, ShaER
& OMBIXE 5 5,

(2) REOHE TIIMEIZHL, »OHRFE
T50T, REESNLERICR VRS LERD B,



IHhEDHERILTMRETTDOTITLENS S
2, ERTRT AERAEROEMCI VI LBERS
PREBDDEES,

AWRIE, AREH LGRS DY ~T v ~HRE
BAwXa [v—T7vh—DERERcET 2%l
(BFI434E, 44 ) TBH L TiITbh b D TH 5,

BalitRewhrs, sARELENEFAEZ R
Twiini, BEAS (FERRTRBRZRAER)
DERDOF 4IRS BV LET,

] 5 % X #
1) BAMBERRA: ¥—7 v — ORHE X OE

A, BAWHSEREY -7 v —IRER
é‘ﬁﬂ, FRAN434E, 444F

2)

3)

4

5)
6)

7

9

BN, F)IBA: Sea Anchor 1T X 3ERD
P, KIRKFETEIMEMFERZEIERT (HF42
HH)

ARTEHE, 1EEER, TBEE: ok <75
BR OB BT EEOREICoWT, &b
SRNH86T (1R, HEM294, pp. 317
BAEE: GAEDIT R HEAROEMIE, ARIRE
AR FIMARES (G5 7 E) MEME, 1966,

pp. 54 :

Figgd: AUR 7 e XSEEHEET 2%,
EIMRAARIRE, FIEFET7S, 1961
BEANE: BRI X SFEOHE, ERHER
WEE, 5106 5, FRFN3SEE

Y. Takaishi, T. Tsuji: A New Method of Model
Test about Wind Forces Affecting on the Maneuv-
rability of Ship, Contribution to the 12th Inter-
national Towing Tank Conference, Rome, 1969

(93)




10

18 MECHAEHEKEADORRE

SEOHMATITEBBIENEAKE N L1k, EX
2m OEBRE AW GEEE S A TR B,
Thbb, EHEERHLCERREAECESS,
KFEEND 3 5 N EWUET DB NEHCR VT 5,
OB, RKRKE EICERT Skl 5 —E M
OEYUT3IHNEEETIEIRENIIRE BD, £/,
3HIEHERMAEE LB INT O TV S 25, M
e EOEEMIIENIKEND 3 HNBKRE B,

MEX N 345, (3) RiT X » TIIRITHREGT
Bxns, BEHEKE Table A1~A3 iz, KEN
%%z Table Ad BXO® AS TxhFThiRd, ¥/
chozEieRTE Fig. Al~A6 0 XS5t s, &
T, Cr, AROLTHESNADOT, Zhi 3R
FBE LTHY, Cr, 83XV Cuy, 13, HBROEAM
L CIROKMETREEZILA L DT, RULEzsT
W5, e e & a DAEE, Fig. 1l @@ d X5
BHREALTENFNEN S X OGR4 77 AD
FHHEE oD, EEE~ 2V MEIGREEE VS
ALLEDT Cuylid a DINEWVETHTTAFAD
FHser-TW5,

TRARFHNEEOESR

=T H—2BAVTELe 5T HROERAR,

Table A-1 Wind Force Coefficients of Ship A
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Table A-2 Wind Force Coefficients of Ship B

©° Cr, Cry, Cu,
10 0.303 0.22 0.044
20 0.310 0.38 0.031
30 0.304 0.53 0.036
40 0.281 0.70 0.039
50 0.254 0.83 0.033
60 0.190 0.92 0.028
70 0.105 1.00 0.010
80 0.034 1.01 —0.020
90 0.000 1.00 —0.050
100 —0.068 0.99 —0.075
110 —0.146 0.92 —0.092
120 —0.191 0.83 —0.116
130 —0.249 0.72 —0.126
140 —0.310 0.64 —0.128
150 —0.304 0.53 —0.119
160 —0.309 0.38 —0.093
170 —0.304 0.26 —0.069

Table A-3 Wind Force Coefficients of Ship C

®° Cr, Cr, Cu, @° Cr, Cry Cu,
10 0.283 0.16 0.034 10 0.273 0.23 0.035
20 0.294 0.33 0.065 20 0.246 0.46 0.078
30 0.362 0.54 0.094 30 0.186 0.74 0.111
40 0.437 0.70 0.082 40 0.190 1.02 0.121
50 0.355 0.88 0.068 50 0.224 1.17 0.090
60 0.351 0.97 0.054 60 0.202 1.31 0.073
70 0.242 1.03 0.042 70 0.171 1.37 0.053
80 0.144 0.99 0.015 80 0.194 1.36 0.018
90 0.108 1.00 —0.018 90 0.122 1.37 —0.017
100 0.003 0.92 —0.057 100 0.037 1.42 —0.042
110 —0.123 0.95 —0.069 110 —0.103 1.34 —0.093
120 —0.240 0.86 —0.098 120 | —0.186 1.28 —0.140
130 —0.382 0.72 —0.109 130 —0.290 1.13 —0.143
140 —(0.492 0.63 —0.118 140 —0.372 0.92 —0.129
150 —0.605 0.46 —0.096 150 —0.390 0.70 —0.117
160 —0.589 0.31 —0.085 160 —0.340 0.46 —0.084
170 —0.545 0.18 —0.048 170 —0.328 0.28 —0.041 -
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Table A-4 Water Force Coefficients of Ship

A and C

0° Cz, Cr, Cx,,
10 0.030 0.16 —0.014
20 0.036 0.34 —0.022
30 0.024 0.53 —0.026
40 —0.005 0.73 -~0.022
50 —0.041 0.89 -0.011
60 —0.080 0.95 0.002
70 —0.073 0.98 0.020
80 —0.077 0.99 0.056
90 —0.073 0.99 0.093
100 —0.072 0.99 0.120
110 —0.068 0.99 0.152
120 —0.044 0.95 0.199
130 —0.026 0.83 0.209
140 —0.024 0.67 0.174
150 —0.034 0.47 0.138
160 —0.047 0.25 0.088
170 —0.045 0.10 0.047

Table A-5 Water Force Coefficients of Ship B

§D° . CLx Czy C”w
10 0.030 0.09 —0.014
20 0.036 0.21 —0.032
30 0.024 0.41 —0.039
40 —0.005 0.62 —0.038
50 —0.041 0.83 —0.045
60 —0.080 0.84 —0.041
70 —0.073 0.86 —0.006
80 —0.077 1.00 0.031
90 —0.073 1.04 0.057

100 —0.072 1.03 0.077

110 —0.068 0.97 0.104

120 —0.044 0.91 0.135

130 —0.026 0.84 0.148

140 —0.024 0.67 0.141

150 —0.034 0.43 0.112

160 —0.047 0.24 0.073

170 —0.045 0.07 0.030
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Fig. A-1 Longitudinal Wind Force Coefhicient
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Fig. A-3 Wind Moment Coefficient
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Fig. A-7 Thrust Coefficient of Propeller of No
Advance Speed
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Fig. A-8 Normal-Force Coefficient of Rudder in
100% Slip of Propeller
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Fig. A-9 Relation Between Geometric and
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