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Use of the wake equalizing duct of Schneekluth design
on fast container vessels of medium size
Dipl. Ing. Joachim Kessler
Marine Engineering Consulting

“The duct on a ship is a hydrodynamic upgrading
and not a correction of faults ...“

Use of the wake equalizing duct of Schneekluth design
on high-speed container vessels of medium size

In line with common practice on vessels of this
size, the deckhouse is located right at the rear
above the propeller and the main engine
about 10 m before the deckhouse on the inner
bottom.
Drive is by means of a low-speed two-stroke
diesel engine of

1 General
In March 1984 a Schneekluth wake
equalizing duct (WED) was fitted on a large
ship for the very first time. The aim was to
optimize the propulsion properties by
targeted improvement of flow admission to
the propeller. Model tests carried out
beforehand had shown promising results.

type
Sulzer 7RTA 72 U-B
at 21,560 kW / 99 rpm

20 years later there is a proud history of more
than 1,500 successful applications both as
retrofits on ships already doing service and
on vessels under construction.

or
MAN B&W 7L70 MC-C
at 21,770 kW / 108 rpm.
The fixed-pitch propeller has a diameter of
7.00 m and 5 blades. Depending on the
respective load case and external conditions,
the speed ranges between 22 and 23 kts.

In numerous publications there had already
been a description of profits to be gained by
a targeted influence on the flow at the
afterbody. The present paper is intended to
supplementarily present some of the
knowledge derived from measurements
carried out on the full-scale version which
substantiates the effectiveness of this almost
ingenious albeit astonishingly simple idea.
Based on the example of a 2500 TEU
container ship the potentials in respect of an
increase in speed and a reduction of the
propeller-induced vibrations in the afterbody
will be highlighted below.

The application of a Schneekluth WED resulted
from customer's request for a speed increase.
In view of the fact that a change in the main
dimensions, the carrying capacity and the
selected engine were out of the question, the
shipyard opted for the Schneekluth WED as an
easy solution. The duct could be added to the
ship in its finished design without alterations
being necessary. The contractual speed was
then increased by 0.2 kts for the vessel
equipped with WED. The success which had
been hoped for was achieved with this first
vessel, and initially 25 subsequent vessels for
various ship owners were retrofitted in the same
way.

2 Ship details
The present paper deals with the experience
gained with vessels of a major series of 2500
TEU container ships whose practical value
was increased considerably through the
installation of a Schneekluth duct.

As part of cost-saving measures a partial series
of 9 ships was then built without WED. All ships of
this same series built at a later stage were then
again retrofitted with a duct.

The main dimensions are as follows:
Such a long series of identical vessels with the
same propulsion plant of which some are run
with and some without Schneekluth WED
provides a multitude of experiences and
measuring values which permit a detailed
assessment of the duct efficiency.

Overall length
207.40 m
Length between perpendiculars 195.40 m
Moulded breadth
29.80 m
Freeboard draught
11.40 m
Deadweight on freeboard draught 33,817 t
1

Arrangement of the WED with a diameter of
3.10 m is in line with the state-of-the-art
standard of Messrs Schneekluth Hydrodynamik, developed in the course of the past
years. Apart from the duct diameter, the major
characteristics consist in the angle of
inclination to the base, the opening angle of
the semi-ducts relative to the centre-line

plane, different for the port and starboard
sides, and in the distance to the propeller
plane and the depth of the WED. The design
further includes the arrangement of two each
spoilers at either end upstream of the bottom
edge of the duct to avoid flow separation at
the duct outer surface in this area. Details can
be seen from the drawing sections in Figure 1.

Figure 1 Arrangement of Schneekluth WED

2

As is common practice on new buildings, the
WED is fitted during construction of the bottom
afterbody section. This point in time makes it
possible for the work to be carried out with an
absolute minimum of expense, as the semiducts are easy to handle by means of the
crane and can be set down and aligned on
port- and starboard-side "assembly tables"
without difficulty. This easy handling ensures a
high degree of dimensional accuracy, and no
future rework is required underneath the widely
projecting top afterbody section. An
additional merit is that the duct parts are then
included in the complete corrosion protection
of this section. See Figs 2, 3, and 4.

Figure 2
Bottom afterbody section ready for installation
Figure 3
View at duct rings

Figure 4 Large section with Schneekluth WED

3

3 Results

On a vessel of this type in the speed range
between 22 and 23 kts the above 0.3 kts mean
a power gain of ~950 kW, or an increase in
efficiency by ~5%. For running a ship at this
speed without duct, a larger drive engine and
at least an additional 4 t of fuel per day would
be required.

3.1 Increase in ship speed
The statements on the influence of the duct
on the ship speed are referred to the ballast
load case of the sea trial at 5.75 m draught.
It is only for this state that precise measuring
value pairs of speed and engine power are
available, gathered with due diligence and
with the participation of independent I&C
specialist firms.

This gain in efficiency from conversion of the
engine power into propeller thrust is achieved
by several influencing factors:
The course of flow upstream of the
propeller is characterized by areas with
more or less pronounced flow
separations which arise from the ship's
form which gets finer towards the rear
and the thrust deduction of the hull in
general.

Equipment of the ships with the Schneekluth
duct renders the ships faster by more than 0.3
kts. This statement results from the averaging of
a multitude of values at widely differing power
stages. The merit of this type of evaluation is
that it refers to values measured on ships of
one and the same series with and without duct
(see diagram in Fig. 5) and not to model test
results such as is normally the case. In order to
increase the expressiveness, the evaluation
also considers measuring values of 9 ships of
identical construction type without duct, which
had been built prior to start of utilization of the
7-cylinder engines of lower engine power.

It is at this very point that the WED is
placed, accelerating the water flow by its
special configuration and directing it
towards the area of maximum nonuniformity in the propeller disk, i.e. 12
o'clock position.
As a result the wake current is rendered
more homogeneous overall.
Consequently, the setting angle of the
propeller blade profile better matches
the effective admission flow across a
major portion of the circumference, and
the propeller efficiency is improved.
Reduction of the flow separation area by
the Schneekluth duct acts in the same
way as the reduction of the thrustdeduction fraction and as such as in
increase in the propulsive efficiency.
Finally, the WED itself also provides a
propulsion component by its favourable
profile configuration and the resulting
circulating flow around the duct.
The increase in the admission flow velocity
resulting from the duct installation causes the
propeller to rotate more easily by 1.5 – 2 rpm
as compared to a vessel without duct. An
improvement of this magnitude neither
requires an adaptation of the propeller when
retrofitting a vessel with a duct nor any

Figure 5
Diagram speed vs. engine power
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plating and as such constitute a permanent
exciter which is characterized by the typical
frequencies resulting from propeller speed x
number of blades x order.

consideration when designing the propeller for
a new ship with duct. Enlargement of the range
of light running is of advantage for the
operating conditions of the diesel engine and
usually is within the limits of tolerance of the
propeller design point.

Installation of the Schneekluth WED cannot
render the pressure pulses ineffective; the
characteristic properties of the wake field and
the resulting consequences remain
unchanged. However, homogenization of the
water flowing towards the propeller causes the
formation of cavitation at the blade tips to be
less pronounced and as such the pressure
pulse level to be reduced.

3.2 Reduction of the vibration level in the
deckhouse
On ships of the above-described concept,
where all cargo holds are located in front of
the deckhouse, the conditions for satisfying the
requirement for low-vibration living quarters
and working places for officers and crew are
extremely unfavourable. The main sources of
vibration excitation, i.e. main engine and
propeller, are located in the immediate
vicinity, and the steel structure provides
transmission paths which are both short and
effective. Propeller excitation is a factor that
has to be considered in more detail with a view
to the effectiveness of the Schneekluth duct.

The effect of this influence can be read from
the pressure pulse levels measured on a ship
first without and later with Schneekluth WED. The
diagram in Figure 6 illustrates the difference in
the pressure pulses without and with
Schneekluth WED. The values shown are
averaged from a multitude of individual
measurements taken. The effect of the duct
sets in beneficially in the higher orders; it is for
these excitations that it contributes to
mitigating the problems. This effect is the more
valuable against the background of the wellknown difficulties encountered when
endeavouring to render the steel structures
resonance-free in respect of these
frequencies.

Apart from the forces transmitted from the
propeller operating in the wake field via the
shaft and the associated bearings into the hull,
the propeller pressure pulses are the major
exciters. They are induced as a result of the
continual change in the direction and speed
of flow admission to the propeller blade during
rotation in the wake field. The magnitude of the
pressure pulses is to a smaller part dependent
on the extent of the continually changing
forces on the blade and to a major part on the
generation and collapse of the cavitation
arising at the blade tips, with the area
expansion and the layer thickness of cavitation
being a measure for unfavourable flow
admission and as such for the magnitude of
the pressure pulses.

Whereas in the 1st blade frequency (1 x z)
differences are not apparent between "with
duct" and "without duct", the reduction is
already up to 30% at (2 x z) and even up to
more than 50% at (3 x z) and (4 x z). As a result it
is very often possible to avoid the extremely
complex and expensive modifications to
structural steel parts aimed at achieving a
correction of the resonance frequencies if the
vibration levels are outside the standard.
Retrofitting the ship with a duct is in this case
much more sensible than endeavours to
modify the structural steel parts in the finished
deckhouse. In the context of these statements
it must, however, not be overlooked that the
achievable merits are, of course, always
dependent on the individual vessel
configuration and the resulting wake field.

As described above, the propeller encounters
the most difficult conditions in the area of its 12
o'clock position. It is there that the propeller
admission flow velocity is lowest and the arising
pressure pulses are highest. These pulses are
then transmitted via the water to the shell
5

Figure 6

Propeller pressure pulses without and with Schneekluth duct

4 Summary
implement the optimum shape of frame in
the afterbody which would be required to
generate the optimum wake field, because
the main engine, located far to the rear,
requires a certain breadth of the ship deep
down which hinders the most favourable line
configuration. Further, an adequate displacement may have to be realized for
counteracting the high mass concentration
in this area, and this may, in turn, be
prevented by other restricting conditions. Use
of the Schneekluth WED offers the opportunity
of improving the compromise found in
respect of speed and vibrations.

Based on a concrete example, the
improvements are illustrated which can be
achieved by the installation of a
Schneekluth-design wake equalizing duct on
a standard ship, such as are presently built
and operated in a large number. The values
shown have been determined under real
conditions with ships actually in operation.
The active mechanisms are explained and
an attempt is made to establish a correlation
between all questions arising in respect of
the afterbody in order to illustrate a
comprehensive understanding of the tasks to
be solved in connection with the ship
propulsion and its effects.

The duct on a ship is a hydrodynamic
upgrading of the ship design and not a
correction of faults; for the operator it
establishes the optimum preconditions for
utilization of the vessel.

The extremely complex problems arising
during the configuration of an afterbody
always necessitate compromises between a
multitude of conflicting requirements. To give
an example, it is almost never possible to
6
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The duct on a ship is a
hydrodynamic upgrading
and not a correction of
faults; for the operator it
establishes the optimum
preconditions for utilization
of the vessel.

4t

OMI C AL B E

T

FI

e

Th

ON

Vibration
reduction

NE

re

EC

ch
u

50%

AN

ind

Fuel saving
daily

Schneekluth Hydrodynamik
Entwicklungs- und Vertriebs-GmbH
Kleiststr. 52
46539 Dinslaken / Germany
Tel.:
0049 (0)2064 / 54127
Fax: 0049 (0)2064 / 58434
SchneekluthWED@aol.com

