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Abstract

While a ship is sailing, wind is acting upon the ship hull above water. As a result, additional resistance,
as well as transfer drift force and drift moment emerge. The article presents an approximate method of calcu-
lating these forces for bulk carriers, in the form useful at preliminary ship design, when only basis ship

dimensions are known.

Introduction

While a transport vessel sails on a given ship-
ping route in real life conditions, its service speed is
affected by numerous factors, wind action among
others. If the wind is acting upon a vessel from bow
sectors, then additional resistance, as well as trans-
fer drift force, as well as a drift moment appear (in
order to keep the vessel on a present shipping route,
this moment has to be counterbalanced by a rudder
plane and resulting carrying helm. Knowledge of
wind action on a vessel is important not only in
anticipating its speed, but also its steering. There
are various method of calculation of wind action on
the ship part above water, available in the literature
on the subject matter, most often, however, they
require the knowledge of aerodynamic resistance
coefficients, which depend — among others — the
shape of the ship part above water including super-
structures.

During preliminary ship design, when the shape
of the ship part above water is not known yet,
models based on basic geometrical ship hull para-
meters are highly useful. The article presents an
approximate method of calculating wind action
forces on a sailing vessel (bulk carrier) useful at
preliminary ship design.
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Wind action on a sailing vessel

Mean wind action forces on a sailing ship can be
calculated from the formulas:

1
R, = _EpASxVRZACAx( RA)

1
RyA :EpASyVRZACAy(IBRA) (1)

1
MZA = EIOASyLVRzACAm( RA)

where:

pa — air density;

S, S, — projections of vessel surface above water
(from bow and lateral respectively) onto
midship plane and plane of symmetry;

L — ship length;

Vra — relative wind speed (Fig. 1);

Cu, Cayy Cum(Bra) — aerodynamic resistance coeffi-
cients of the ship part above water, depen-
dent on relative wind direction (Sz,);

Pra — relative wind direction (Fig. 1).

Vig = Vis +Viy @)

Ve =V cosf, =V
Vi =V sin B,

y

3)
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Byi=r,—yw+180° 4)

p4+ — wind action against the vessel (5, = 0° wind
from the stern, £, = 90° wind at the bow);
By, =arctan— (35)
RAx
V,— wind speed;
y4 — geographical wind direction, (y, = 0° — north
wind, y, = 90° — east wind);
V' — ship speed;
w — geographical course of a ship.

In equations (1) drift angle S of a ship has been
neglected, since it will only have small value and
influence the relative wind direction S, and hence
wind action only to a minimal degree.

Force R.4, in equations (1), is an additional re-
sistance resulting from wind action, while moment
M., can cause drift and change in a vessel course,
to counterbalance which steering devices have to be
used.
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Fig. 1. Coordinates, forces, velocities, as well as directions of
ship and wind

In equations (1) as well as in figure 1 it has been
assumed, that if a ship sails upwind, then wind ac-
tion is additional resistance, however, with wind
from the stern, then wind action causes total re-
sistance to decrease.

Approximation of ship additional resistance
from wind action

Forces R.4, R4, as well as M., moment of wind
action on the ship part above water depend among
other on the resistance of the ship shape above wa-
ter (given by coefficients Cy,, Cy4, and Cy, in equa-
tion (1)), as well as the surface of the ship part
above water S,, S,. As a result, quantities Cy,, Cyy,
Cum, Sy and S, for selected types of ships will be
approximated here.
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The coefficients Cy4,, Cy, and Cy,, are mostly de-
termined during the model tests [1] above-water
part of the ship in the aerodynamic tunnel or can be
calculated from the approximate formulas [2, 3].
These coefficients for a specific type of a ship, e.g.
bulk carriers, depend on a ship size to a small de-
gree. Coefficients Cy, C4, and C,, measured in
aerodynamic tunnel for a bulk carrier [1] have been
approximated by a polynomial dependent only on
relative wind direction Sy, (Fig. 1). Obtained rela-
tionships have the following form:

Coe(Bry) =0.4770+0.015288,, +
-3.202-10 Bz, +1.060-107° 3,
R*=0.989

Coy(Bra) =—0.01529+0.015298,, +
~8.710-107 B¢,

R*=0.981

Con(Bry) =—0.01815-4.752-107 By, +
+5.868-107° B2, —1.783-107 33,
R*=0.964

(6)

while exactness of approximation against aerody-
namic tunnel measurements has been shown in
figure 2.
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Fig. 2. Characteristics Cyy, Cy4y, Cyy from aerodynamic tunnel
[1] and those obtained from approximation (6)
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Surfaces S, 1 S, for bulk carriers have been cal-
culated for 33 ships, and then with the help of linear
regression, an appropriate polynomial including
only basic ship parameters (bulk carrier) has been
searched. Examples of such polynomials are given
in figures 3—12, while the degree of adjustment of
these models depending on ship parameters in ta-
bles 1 and 2 respectively.
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Fig. 3. Approximation of projection of the ship part above
water from the bow S, dependent on ship length between per-
pendiculars Lpp
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Fig. 6. Approximation of projection of the ship part above
water from the bow S, dependent on the product of the ship
breadth B and draught T
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Fig. 4. Approximation of projection of the ship part above of a model
water from the bow S, dependent on ship breadth B
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Fig. 5. Approximation of projection of the ship part above
water from the bow S, dependent on ship displacement V’
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¢ Sy =——Wielob.(Sy) Lpp[m]

Fig. 8. Approximation of projection of the ship lateral part
above water S, dependent on length between perpendiculars
Lpp
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Fig. 9. Approximation of projection of the ship lateral part
above water S, dependent on ship breadth B
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Fig. 10. Approximation of projection of the ship lateral part
above water S, dependent on ship displacement V'
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Fig. 11. Approximation of projection of the ship lateral part

above water S, dependent on the product of the ship length L
and draught 7'
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Fig. 12. Approximation of projection of the ship lateral part
above water from S, dependent on the ship length, draught T
and the ship lateral height H

Table 2. The adjustment degree of models for the approxima-
tion of the projection of the ship lateral part above water S,
dependent on to ship parameters

S}:
S, ALy)|S,AB)SADISVISALD 1
R? — the
degree of 0.825 | 0.639| 0.802 | 0.814 | 0.833
adjustment
of a model

Verification of a model and final
conclusions

Having carried approximation for coefficients
Cue, Cuy, Cum, as well as surfaces S, S, equations
(1) for bulk carriers take e.g. the form:

R, :—%pA ~(233.71-1n(V)—1879_3).V1§A .

(0.4770+0,01528 B, —3.202:107* - 2, +
+1.060-10° - 52, )

R, = %pA -(895.4-In(V)—74724)- V%, -

{(-0.01529+0.01529: B, + (7)
~8.710-10° - 32, )

M_, = %pA -(895.4-In(V)—74724)-L-VZ, -

-(—0.01815—4.752-10’3 By +
+5.868-107 - g2, —1.783-107" -ﬂéA)

where V' — ship displacement.

In these equations only basic ship and wind pa-
rameters are known, hence they can be used already
at preliminary ship design stage. The exactness of
calculated forces R, and R,,, as well as moment
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M., from wind is shown on figures 13—15. On these
graphs, points mark the value of forces and moment
calculated according to equation (1) on the basis of
measurements in aerodynamic tunnel [1], as well as
measured surfaces, while a solid line represents the
values for a chosen approximation (7) for different
wind speeds and directions.

Additional resistance from wind action R, in
total ship resistance constitute around 30% [4] de-
pending on the ship size and wind speed on head
wave. Taking this into account, it can be concluded,
that the obtained exactness of approximation is on
the sufficient level to determine wind action on the
ship required at preliminary ship design.
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Fig. 13. Force R, — additional resistance from wind calculated
on the basis of measurements in aerodynamic tunnel [1] and
measured surfaces obtained from approximation (7) for differ-
ent wind speeds and directions
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Fig. 14. Wind force R,, calculated on the basis of measure-
ments in aerodynamic tunnel [1] and measured surfaces ob-
tained from approximation (7) for different wind speeds and
directions
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Fig. 15. Moment M., from wind calculated on the basis of
measurements in aerodynamic tunnel [1] and measured sur-
faces obtained from approximation (7) for different wind
speeds and directions
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