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ABSTRACT

This study presents a detailed numerical investigation of
the hydrodynamic loads induced by the slipstream of the
Voith Schneider Propeller (VSP) during unberthing ma-
noeuvres. Using high-fidelity Detached Eddy Simulations
(DES), the complex turbulent flow structures generated by
the VSP under various operational and geometric config-
urations are analysed, for confined domains representative
of realistic harbour scenarios. Simulation results are veri-
fied through grid and time-step sensitivity studies and val-
idated against Stereo-PIV measurements from model tests.
It is demonstrated that flow confinements imposed by the
seabed and quay walls significantly influence velocity dis-
tributions and turbulence characteristics in the propeller
slipstream, affecting potential scour and loading on harbour
structures. The study compares VSP slipstreams for differ-
ent hull arrangements, highlighting the effect of hull shape
and propeller positioning on flow acceleration and velocity
distributions. These findings contribute to an improved un-
derstanding and prediction of VSP-induced loads and ero-
sion phenomena to support the safe design and operation
of harbour facilities exposed to vessels equipped with VSP
propulsion systems.
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1 INTRODUCTION

Estimating propulsor-induced flow fields is essential for the
investigation of hydrodynamic loads on nearby infrastruc-
ture such as offshore installations, harbour facilities, and
ships during ship-ship interaction. The interaction of tur-
bulent jets generated by ship propulsion with the seafloor
can lead to pronounced local scour in the sediment, which
may compromise the structural stability of quay walls and

other port infrastructure. In a survey conducted by PIANC
(2015), 87% of harbour authorities reported damage to
quay facilities caused by propeller wash. Understanding
the characteristics of turbulent propeller slipstreams and the
resulting scour formation is therefore crucial for the proper
design and assessment of quay wall structures.

While prior research has primarily focused on propeller
slipstreams generated by conventional screw propellers,
there is a growing need to study Voith Schneider Propellers
(VSP) due to their increasing use for vessels requiring ad-
vanced manoeuvring capabilities. Previous scientific in-
vestigations of propulsor-induced scour have mainly con-
sidered conventional screw propellers under both uncon-
fined conditions, where the propeller jet is limited only by
the sediment bed and water surface, and confined condi-
tions, where the flow and resulting scour formation are ad-
ditionally influenced by quay walls positioned laterally or
behind the propeller (Wang et al. 2024, 2025). For these
scenarios, numerous formulas for predicting scour depth
have been proposed (Hamill 1987, Hong et al. 2023, Wei et
al. 2020). Studies on conventional propellers have demon-
strated that the propeller slipstream structure consists of a
zone of flow establishment, a zone of established flow, and
subsequent diffusion regions, with significant velocity de-
cay and turbulence characteristics that influence sediment
transport (Blaauw & Van de Kaa 1978, Fuehrer & Romisch
1977, Lam et al. 2011).

Unlike conventional propellers, VSPs enable rapid and pre-
cise changes in both thrust magnitude and direction. Con-
sequently, VSPs are primarily used on vessels with high
manoeuvrability requirements such as harbour tugs and
double-ended ferries (Bartels & Jiirgens 2006), predomi-
nantly on ships that regularly operate in close proximity to
quay facilities.
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Existing literature on the VSP mainly addresses numeri-
cal methods for predicting propeller thrust and torque or
the optimization of propeller efficiency through modifica-
tion of blade pitch control. However, detailed analysis of
the flow field downstream of the VSP and its interaction
with harbour infrastructure is scarce. The complex vorti-
cal structures generated by cycloidal propellers differ fun-
damentally from those of conventional propellers, requir-
ing specialized investigation (Maksoud et al. 2021). Under-
standing these flow characteristics is particularly important
in confined environments such as harbours or near quay
walls, where flow restrictions can alter jet behaviour, in-
crease wall shear stresses, and intensify erosion processes
at the seabed (Hamill et al. 2015).

This work presents a comprehensive investigation of the
highly turbulent slipstream of the VSP using Detached
Eddy Simulations (DES) in confined fluid domains repre-
sentative of unberthing manoeuvres. The study is part of
the IHATEC-II research project “Eros-VSP - Erosion Phe-
nomena in Harbour Areas caused by Voith Schneider Pro-
pellers”, which represents the first systematic investigation
of scour formation induced by VSPs. Special emphasis in
this paper is placed on how flow confinements caused by
quay walls or seabed proximity affect the velocity fields
in the VSP slipstream. Numerical simulations are verified
by spatial and temporal discretization studies and validated
against experimental flow field measurements. The anal-
ysis includes laboratory conditions with the VSP attached
to a simple box geometry and different VSP-hull arrange-
ments from real applications including the double-ender
ferries "MF Wittow” operating currently on ferry routes at
the coast of the Baltic Sea and "MF Lodi” operating on
Lake Constance in the south of Germany.

2 METHODS

The following sections describe the modelling of the VSP
kinematics, the test cases, model test setup for simulation
validation and the numerical simulation setup.

2.1 VSP kinematics

The VSP sets itself apart from conventional screw pro-
pellers through its unique kinematics and thrust generation
mechanism. It consists of four to eight blades mounted
vertically on a circular rotor casing which rotates around
a vertical axis perpendicular to the thrust direction. In ad-
dition to rotating around the rotor casing axis, each blade
oscillates about its own pitch axis, located approximately
one-third of the chord length behind the blade tip. Dur-
ing one full rotation of the rotor casing, the blades follow
cycloidal paths, generating a net mean force in the forward
direction while accelerating the surrounding fluid in the op-
posite direction.

Figure 1 illustrates the coordinate system used in this study,
along with the definitions of the rotor casing angle and
the blade pitch angle . The coordinate system has its ori-
gin at the centre of the VSP (on half blade height), the X-
axis points against the thrust direction and the z-axis points
upwards. The blade pitch angle varies as a function of
the blade’s position on the orbital path, defined by and

is controlled by the kinematics of the rotor casing. Mag-
nitude and phase shift of directly correlate with the re-
sulting thrust magnitude and direction and can be rapidly
adjusted as required. The relationship between blade pitch
angle and the rotor casing angle can be described by the
blade steering curve () for given values of pitch magni-
tude and phase shift.
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Figure 1: Rotor casing coordinate system and definition of ro-
tor casing angle and blade pitch angle

2.2 Test cases

The test cases include the laboratory configuration with the
VSP attached to a simple box geometry (Fig. 2a) and the
hull configurations of the "MF Lodi” (b) and "MF Wit-
tow” (c). Main particulars and propulsor details are listed
in Tab. 1. Since different VSPs are used for the different
configurations, different blade steering curves ( ) were
provided by VOITH for the specific configurations. To
make the results comparable, these curves were phase-
shifted and scaled to result in the same location of zero-

crossings ( ) =0 and sF?me area below the curves over a
full rotor casing rotation _,,

Table 1: Test case particulars in full scale

Parameter Simple box MF Lodi MF Wittow
L™ [m] 8.96 82.37 4253
Propulsor type | VSP32R5 2 VSP21G 2 VSP12KC

D" [m] 3.2 2.1 1.2
Ly, ™" [m] 2.6 1.1 0.75
T [m] 3.616 2.162 1.30

* Hull/attachment geometry length.
** VSP orbital diameter.

“** Blade length.

“** Hull/attachment geometry draft.

Depending on the test case, the fluid domain is either un-
confined or confined by the bottom and quay wall (gray
boundaries in Fig. 2). Boundary locations are defined by
the distances of the VSP centre to the seafloor hp=D 2
[0:9; 1:8; 2:7] and to the quay wall Xq=D 2 [5;6;8; 11] as
sketched in Fig. 3 (blue). The distance of the VSP centre
to the water surface corresponds to the draft of the spe-
cific configuration from Tab. 1 and results to hj=D = 1:25,
0:652 and 0:594 for the ”box” case, "MF Lodi” and "MF






