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EYE ON DESIGN

Challenging Wind and Waves

Their Impact on Fuel Consumption
By Reint Dallinga, Maarten Flikkema &
Rob Grin

In challenging wind and waves ships
experience loss of speed. This can be
"voluntary," to reduce slamming and
severe ship motions, or involuntary
when it is due to added resistance
imposed by wind and waves. In the routine verification of newbuilding performance, speed loss and fuel consumption are important points of attention.
Wind and waves affect fuel consumption through added resistance and
because of reduced propulsive efficiency. If the propulsion system has a considerable power margin it is possible to
maintain constant speed. The additional
fuel consumption is determined by the
increase in resistance and the decreasing
propulsive efficiency at increasing propeller rpm or pitch.
In case the propulsive system is
already running at the maximum continuous engine rating the speed drops until
the increasing thrust balances the total
resistance. The additional fuel consumption is then given by the increase in trip
duration, in which the decreasing
propulsive efficiency plays a role. In
practice, constant power is typical for
ships with controllable pitch propellers
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or diesel-electric propulsion systems.
Due to the fact that diesel engines
behave to some extent as "constant
torque" devices, directly driven, fixedpitch propeller systems are generally not
capable of maintaining full power in the
overload situation that occurs if the ship
is slowed down by an additional resistance. Since no additional torque can be
delivered the rpm reduces until equilibrium in torque is obtained.
The reduction in rpm and power
increases the involuntary speed loss.
In this last case, the fuel consumption
is determined by the trip duration and
absorbed power, albeit that the trip duration is higher and the absorbed power in
bad weather is lower than in the case
with constant power.
The figure below shows the nature of
the balance between the available and
required thrust. The angle between the
thrust requirements in calm water and
the available thrust is a direct measure
for the speed loss in lower waves. The
larger this angle, the smaller the speed
loss. Note that the angle is affected to
some extent by the propulsion system.
However, most of this characteristic is
determined by the steepness of the
required thrust curve that depends

strongly on the hull form and the design
speed. A ship with relatively low power
will suffer more speed loss than a highpowered ship that is driven way up in
the steep part of the curve.
In cases where the seakeeping of the
ship becomes unacceptable, for instance
when there is risk of damage due to
green water on the foredeck or excessive
slamming induced vibrations, engine
problems due to propeller racing, excessive rolling or course keeping problems,
the master will reduce speed and/or
change course.
In many instances and in particular if
the weather forecast is very bad, the
master will be reluctant to accept the
inevitable risks associated with sailing
in bad weather. In these cases he will
take proactive measures by deviating
from the shortest route. This will
increase the sailing time and consequently, the total fuel consumption over
the route.
Both reactive and proactive measures
lead to additional miles that, together
with the lost time, will often motivate
efforts to recover the delays. But
through these efforts fuel is wasted by
sailing at uneconomically high speed
levels.

Magnitude of Increase in
Fuel Consumption

The impact of weather on shipping
economics shows itself in the trip's duration and by increased fuel consumption.
Results of scenario simulations for relatively-fast ships on fixed routes, concentrating on the involuntary speed loss,
suggest that the mean added resistance
from wind and waves is somewhere
around 5-10% of total resistance. Wind
usually contributes around a third of this
increase.
The above figure implies that in the
situation where ship speed can be maintained, an increase in fuel consumption
of 5-10% can be expected.
Normally the ship loses speed when
there is insufficient power to maintain
the speed. A resistance increase of 510% means a speed loss of approximately 2-5%. At constant power the
increase in fuel consumption is directly
related to the extra travelling time,
therefore this increase is also in the
region of 2-5%.
The above simplistic scenario is of
course, incomplete. The reactive and
proactive measures of the master and
attempts to recover delays will increase
fuel consumption.
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