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Assuring a ship’s manoeuvrability is one of the most fundamentl requirements for a safe
and economic vessel operation. Considering the growth in overall shipping and demand
for larger ships, the necessity of predicting the vessel’s manoeuvrability more precisely
arises.

In order to account for the effect of the propulsion devices on the ship’s manoeuvrability,
these devices need to be modelled. Modelling the propulsion devices geometrically and
performing full RANS simulations by means of that model results in a massive increase
of the already high computational efforts. As a compromise the propulsion devices can
be represented by a body force model, though the majority of existing models employs
a rather simplistic approach. They use a simple analytical model without accounting for
the propulsor geometry directly.

This new development is based on precalculated data of the propulsor in question in open
water conditions, with varying advance coefficient. Compared to the model presented
at an earlier stage, this new model differs in two key features: the presimulations are
preformed using a RANS simulation of the propeller (e.g. simpleFoam) instead of the
Boundary Element Method, that was used previously. The forces of each boundary face
are stored in a database, which enables the model to account for the propeller rotation
(see figure 1). However the face centres are projected into the propeller plane, to generate
a propeller disk. This simplifies the database lookup and the entire algorithm. When
using the body force propulsor, the local advance coefficient is calculated based on the
local fluid velocity in the propeller plane. This velocity is corrected with the propeller
induced velocities, in order to account for the fluid acceleration due to the presence of
the rotating propeller. The actual forces are determined by summung up all forces of
the boundary faces, obtained from the presimulation, that are located in the particular
volume cell and interpolating between the two adjoining advance coefficients. Finally the
forces are rotated according to the current propeller position.
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This body force propulsor is based on the fv::options class hierarchy and can hence
be used in any existing solver of OpenFOAM, without the need to adjust the particular
solver.

Compared to the commonly used analytical body force models, that do not account for
the propulsor’s geometry directly, the presented method leads to longer simulation times.
Mostly due to the large amount of data that needs to be processed. In comparison to the
full RANS simulation for the propulsion device, the required computational effort is still
significantly smaller.

(a) Propeller forces at t = 0.007 512 s (b) Propeller forces at t = 0.037 560 s

Figure 1: Volume forces for the body force propulsor in open water conditions. Red and
blue represent high and low forces, respectively. Note the different rotational positions,
due to the propeller rotation at n = 4.16 s−1.
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