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 ABSTRACT  
The aim of this paper is to explain the principal 
mechanisms for the reduction in power demand by so 
called “Energy Saving Devices” (ESDs). This paper 
follows a similar approach as taken by Wald (1965) and 
Dyne (1995), where the authors use considerations of the 
momentum and energy equations.  
Different energy saving concepts are evaluated on their 
contribution to the abatement of energy losses. The 
discussion on hydrodynamic mechanisms is then focused 
on Pre- or Upstream Ducts where four different 
mechanisms are hypothesized. The effect of these 
mechanisms is then investigated for a systematically 
varied series of Pre-Ducts on an axisymmetric body in 
deeply submerged conditions. It is concluded that the 
benefits of this Pre-Duct configuration do not come from 
the same principles as used by ducts around propellers, 
nor that they come from an improved propeller-hull 
interaction. It is recommended to further study the 
remaining hypothesis that a Pre-Duct conditions the flow 
into the propeller in a favorable way so that the propeller 
operates at a higher efficiency.  
 Keywords 
Energy Saving Devices, Energy considerations, CFD 

1. INTRODUCTION 
This paper aims to review working mechanisms of 
frequently used Energy Saving Devices. Before 
discussing the working principles, the energy losses 
produced by an open propeller, and a method to assess the 
effect of propeller-hull interaction on delivered power is 
reviewed. After a review of working mechanisms, the 
discussion is focused on the principles of pre- or upstream 
ducts. Four different mechanisms are hypothesized, which 
are subsequently investigated by CFD computations on a 
systematically varied series of Pre-Ducts on an 
axisymmetric deeply submerged body. The paper 
concludes with an evaluation of these mechanisms for the 
Pre-Duct and draws conclusions on the computational 
modeling of the propeller in CFD computations. 

2. ENERGY BALANCE CONSIDERATIONS 
This section aims at introducing the energy loss terms in 
the wake of the propelled ship, which fully accounts for 
the power required to propel the ship. 

Let us start with the relatively simple case of a deeply 
submerged axisymmetric hull in an axial flow as depicted 
in Figure 1. 
An interesting property of the velocity distribution in this 
plane follows from Newton’s second law. The resistance 
force that is experienced by the hull due to the water flow, 
is completely represented by the change in momentum 
flux between the incoming, undisturbed momentum flux, 
and the outgoing momentum flux at the considered 
transverse exit plane in the wake. 

 
Figure 1 Velocity profile in the wake of the bare hull. The 

hatched area in the velocity profile indicates the hull induced 
velocities. 

We now introduce a propeller, to counteract the resistance 
force on the hull (see  

), and observe that the wake and the resistance of the hull 
have changed due to the propeller suction. We can now 
rewrite the momentum equation as follows (see e.g. Wald 
(1965)): 

 
0( )

WP

P x x
A

R T u u U dAρ− = −∫  (1) 

Where PR  = resistance force on the hull with active 
propeller and subscript P refers to the self propelled 
condition. 

Figure 2 Velocity profile in the wake of the self propelled 
hull. The hatched area in the velocity profile indicates the 

propeller induced velocities. 
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It is found that the thrust deduction fraction t tends to 
decrease when the propeller is located in a region of 
retardation of the flow due to viscous effects, but tends to 
increase when the wake retardation is due to potential 
flow effects. The efficiency is influenced in opposite 
directions by these conditions. 
Wald derives an expression for the ideal efficiency 
including the effect of thrust deduction and wake, which 
can be written in the following form:  

( )
2

1 1
i behind

v Tw C
η =

− + +
 (10) 

Where vw  = viscous component of the wake, which can 
be obtained from the difference in total pressures in the 
propeller plane (without active propeller), from: 

( )2 21 1
0 0 1 12 21 vU w p u pρ ρ− + = +  (11) 

Where subscript 1 refers to the propeller plane when the 
propeller is absent, corresponding to the nominal viscous 
component of the wake.  
In the case of a ducted propeller, a similar relation is 
obtained for the ideal efficiency (actuator disk in a free 
stream) by e.g. Oosterveld (1970): 

2
1 1i

TC
η

τ
=

+ +
 (12) 

Where P TT Tτ =   the ratio between propeller thrust and 
total thrust. 
This ratio deviates from unity in the case of a propeller 
duct for example, but can also be used to express the 
effect of a thrust deduction fraction on efficiency, thereby 
assuming a uniform flow through the disk. In the case of 
an accelerating duct, the thrust ratio τ  is smaller than 
unity and an increase in ideal efficiency occurs. This 
thrust ratio has a unique relation with the mean velocity 
through the propeller disk (Oosterveld 1970): 

( )( )
0

1 1 1
2

P
T

u C
U

τ
τ

= + +  (13) 

When we now know the change in mass flow through the 
propeller disk, due to e.g. a propeller duct or a Pre-Duct, 
we can in principle compute the thrust ratio τ  (equivalent 
to the change in thrust deduction factor ( )1 t− ), which 
then gives us the change in ideal efficiency. This 
procedure is based on the assumption that the change of 
the effective viscous wake fraction wv with propeller 
suction, is similar to the change in nominal wake (without 
propeller). This assumption is likely to be limited to the 
lighter thrust loadings only (say 1TC < ). 
The effect of a duct resulting in a change in mass flux 
through the propeller disk, as well as by a change of the 
viscous wake fraction, can now be estimated from eq. 
(10) once detailed data on velocities and pressures are 
available from CFD. This will be demonstrated in the 
worked example on Pre-Ducts. 

4. WORKING PRINCIPLES OF ESDs 
The previous chapter has classified the energy losses that 
occur in the wake of a self propelled ship. With this 
knowledge, we attempt to better understand the working 
mechanisms of three different types of ESDs. 
To this end, it is convenient to study the effect of ESDs 
on a simple body (e.g. axisymmetric) in deeply 
submerged condition (no free surface) in a potential flow. 
And from thereon, gradually add complexity, so as to 
make a step towards a more 3D ship afterbody in a double 
body flow (still no free surface), to then add viscosity and 
finally add the free surface. Although it is realized that 
ESDs might affect the wavemaking drag, this effect is 
considered of secondary importance and will 
subsequently be neglected in the following.  
The following considerations deal with a 3D ship in a 
double body, potential flow, unless indicated otherwise. 
It is interesting to see what is happening in a potential 
flow when we mount a fin to the aftbody, e.g. to improve 
the flow into the propulsor. Although a non-lifting body 
would have a zero contribution to the resistance, a finite 
fin does contribute to the drag through the shed trailing 
vortex system, causing the total force vector to act with a 
component in the downstream x-direction because of the 
shed vortex system. The strength of the shed vortices in a 
potential flow follow from application of the Kutta 
Condition at the Trailing Edge of the fin or foil. This 
vortex system occurs in the downstream outlet plane as 
tangential velocities that represent transverse momentum, 
which is at the cost of the axial momentum for equal 
power input. The resulting velocity deficit in x-direction 
is associated with the induced drag of the foil. Only in the 
case of an infinite 2D foil or a circular foil with equal 
loading distribution, no vortices will be shed and the foil 
system may deliver an internal  load in x-direction. 
However, it still will not deliver a positive contribution to 
thrust. 
A passive foil system (fixed to the hull) might however 
produce a net thrust to the system, if this foil system is 
placed in the propeller induced velocity field. 

4.1 Pre-Ducts  
Before considering Pre-Ducts or upstream mounted ducts, 
let us first consider the duct of a ducted propeller. The 
reason that a nozzle or duct around a propeller is 
contributing positively to the overall efficiency is because 
it accelerates the flow through the propeller plane (pump 
action), thereby increasing the mass flux through the 
propeller (eq. (13)) which gives rise to a higher ideal 
efficiency (equivalent to lower axial kinetic energy losses 
eq. (10)). For this purpose, the nozzle is best mounted as 
close to the propeller as possible, since the actuator 
induced velocities will disappear gradually with 
downstream and upstream distance to the actuator.  
We thus conclude that the duct from a ducted propeller 
effectively reduces the axial kinetic energy losses. 
Furthermore, by increasing the flow rate through the 
propeller disk, it may also increase the capture of viscous 
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wake through the propeller disk, thereby increasing the 
propeller-hull interaction contribution to the efficiency, 
according to Wald [1965]. The net contribution to 
efficiency of this viscous wake effect depends on the 
fraction of the viscous wake through the propeller disk.  
These two efficiency enhancing mechanisms (increase of 
flow rate and viscous wake fraction) can also be assigned 
to Pre-Ducts. It should be noted here however, that due to 
the reduction of actuator induced velocities with distance 
from the actuator, the upstream duct must necessarily be 
less efficient in a potential flow than a duct mounted in 
the propeller (actuator) plane.  
Based on the above considerations and experience in 
analyzing Pre-Ducts, the following working mechanisms 
are hypothesized for a Pre-Duct: 
1. Increasing the mass flow through the propeller, 

resulting in lower axial losses by the propeller. This 
is also the a main principle of a ducted propeller. 

2. Use of propeller hull interaction to reduce axial 
losses (through increase of the viscous wake fraction 
wv) or decrease of thrust deduction t.  

3. To increase uniformity of the far wake by reducing 
effects of non-uniformity through: 
a. Changing the radial thrust distribution of the 

propeller. If more thrust is generated at lower 
radii, this could result in a reduction of the torque 
and with that of the efficiency. It must be noted 
that the radial thrust distribution can also be 
altered by changing the radial pitch distribution 
of a propeller. If this gives a positive effect, the 
radial distribution of the propeller is probably not 
optimal. 

b. Changing the circumferential velocity 
distribution into the propeller. If the propeller 
inflow is more uniform, it is expected that the 
thrust distribution will also be more uniform. 
This could lead to a more uniform slipstream and 
with that less kinetic losses in the slipstream. 

c. Non-uniformity effects of propeller thrust 
distribution on thrust deduction. If the propeller 
loading is higher close to the hull, this is likely to 
increase thrust deduction. 

d. The duct can re-direct the flow in axial direction 
to the propeller. This will have a positive effect 
on a more evenly distributed blade loading in 
circumferential direction, which will give the 
same benefits as mentioned under the three 
previous effects 

4. In case of extensive flow separation on the aft ship, 
the Pre-Duct could lead to a decrease of the extent of 
the separated flow over the aft ship. This would result 
in a reduction of the viscous pressure resistance, 
which would appear in a reduced thrust deduction. 

The case of a Pre-Duct on an axisymmetric body is 
worked out in the following section. 

4.2 Pre- and post swirl stators 
As discussed in the introduction to this section, passive 
fin systems can never improve the overall efficiency of 
the propulsor-ship system by creating thrust. It possibly 
could alleviate the resistance, particularly by interfering 
favourably with the Free Surface. When looking at the 
energy losses that are created by the propulsor-hull 
system, we can however distinguish rotational losses that 
could be recovered, either by a secondary rotating 
propeller like system (e.g. in the case of contra rotating 
propellers, a Grim’s vane wheel or a PBCF), or by static 
stators either mounted upstream or downstream of the 
propeller. These devices are then to decrease the 
rotational kinetic energy losses at the benefit of increasing 
the axial kinetic energy and momentum flux, and thus 
thrust.  
When mounting a pre- or post swirl stator, a redistribution 
of torque between stator and propeller occurs in such a 
way that the propeller blades are more heavily and 
uniformly loaded, resulting in a reduction of rotation rate 
of the propeller at equal thrust. This in turn, also reduces 
the viscous losses incurred by the propeller. 

4.3 Rudder bulbs 
The effect of a rudder bulb has been studied in detail by 
doing a large number of CFD computations, using 
different computational models to represent the propeller. 
Amongst the different models, actuator disks with and 
without swirl production were used, as well as a RANS-
BEM coupling, where the propeller was modeled through 
a BEM method.The results of this study indicate that the 
benefit of a rudder bulb can both be attributed to a smaller 
thrust requirement, as well as to a relatively lower torque 
demand.  

4.4  Combined systems 
If Energy Saving structures are going to be fitted, it 
makes sense to investigate whether or not multiple energy 
loss reductions can be achieved. And although there is 
often a coupling between the four different types of 
energy losses (axial kinetic, transverse (often largely 
rotational) kinetic, viscous and non-uniformity losses, it is 
to be investigated whether this coupling is sufficiently 
weak to successfully abate losses simultaneously. 
Successful examples of combined systems are Contra 
Rotating propellers (primarily rotational losses, but also 
viscous losses and axial losses), Mewis duct (axial, 
rotational and non-uniformity losses), as well the Grim’s 
Vane Wheel (axial, rotational). 

5. NUMERICAL ANALYSIS OF A PRE-DUCT 
5.1 Set-up of systematic Pre-Duct series 

To verify, or better falsify, the hypotheses on the working 
mechanisms of a Pre-Duct, this sections summarizes 
some of the results of CFD computations with the 
MARIN RANS solver REFRESCO on the powering 
performance of a systematically varied Pre-Duct series, 
mounted on an axisymmetric body. Pre-Ducts are chosen 
here because their energy saving mechanisms are not free 
of debate. 
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