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1. Introduction

The International Maritime Organization has set a
challenging timeline to achieve net zero greenhouse gas
(GHG) emissions by around 2050. Increasing propulsive
efficiency is a crucial enabler for green shipping in that it
reduces the fuel amount and related GHG emissions for
traditional fuels and it mitigates the need for large storage
space for green fuels with low energy density. While
efficiency in steady conditions and calm water has been
thoroughly studied, propulsive efficiency in heavy seas
has been the subject of limited research-?. In the present
investigation, the impact of a fluctuating propeller load
due to heavy seas on the main engine, which is a topic still

lacking thorough analysis, was examined.

2. Fluid-Dynamic Analysis and

Propeller Torque Assessment

The target ship is JBC (Japan Bulk Carrier), whose hull
shape, resistance, and performance data were published by
NMRIY, together with studies detailing related CFD
methods®. CFD was set up on a ship scale of 1:40 to

validate the model against the towing-tank tests. The fluid

domain was set with suitable boundary conditions, see Fig.

1. A ship speed of 14.5 kn and full conditions were
adopted. The Unsteady Reynolds Averaged Navier Stokes
set of equations was solved in STAR-CCM+. Excellent
agreement was observed between CFD results and tests in
calm water, see Tab. 1, thus confirming the accuracy of
the present CFD method. Then, simulation in waves, Fig.
2, allowed to compute the wake amplitude, Fig. 3. The
reduction in flow speed on the propeller with respect to

the ship speed is exactly in phase with the wave amplitude
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as measured at a location along the propeller disk not
disturbed by the ship, showing that the wake fraction is
determined mainly by the incident wave and not by the
waves radiated by the ship oscillations. That is, for large
ships, the ship oscillations are so small that the propeller
does not perceive them.
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Fig. 1 Fluid Domain and Boundary Conditions
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Fig. 3 Wave and Wake

The propeller rotational speed at full scale such that
the thrust generated by the propeller equates

resistance was found through the propeller curves for

— 259 —



calm water resistance, average resistance in waves,
and fluctuating resistance in waves, where the flow
speed on the propeller disk was evaluated through
CFD. Once the rotational speed is known, the propeller

torque can be assessed, see Fig. 4.
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Fig. 4 Propeller Power in Different Conditions for a
Severe Realistic Sea State

3. Engine Fuel-Consumption Analysis

The engine torque was plugged into a GT-Suite engine
model which accounts for the full unsteady behavior of all
engine components, where combustion is solved along
each cylinder. The details of the engine governor and
injection controller reflect realistic algorithms adopted for
a bulk carrier of a similar size as JBC. Fig. 5 shows that
the effects of fluctuating torque are negligible. The key
reason for this behavior is that, for large marine engines,
the fuel oil consumption (FOC) obtained from steady
simulations is roughly a linear function of the torque, as
shown in Fig. 6, where unsteady deviations in engine
speed are minimal for a fast modern engine controller, and
unbalances to the left and right of the average torque
occurring due to scavenging and other delays are also
minimal. Therefore, the fuel consumption obtained for an
average steady torque and ordered engine speed is close
to the average value obtained in fluctuating conditions, as
long as propeller emergence does not occur and the power

is below its maximum value for a given engine speed.
4. Conclusions

The effect of wave-generated ship motion on the wake can
be generally discarded, and only the wave-generated

fluctuations on the propeller wake can be considered.
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Fig. 5 Normalized Fuel Oil Consumption
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Fig. 6 Unsteady Load Schematic
Additionally, for a large marine engine in heavy seas, the
average propeller torque can be adopted to satisfactorily
predict the fuel consumption, and fast dynamics can be
discarded. Therefore, as a general guideline, formula-
based wave-generated resistance can be plugged into a
propeller model and a Mean Value Engine Model to
predict real-time with a reasonable computational cost

fuel consumption for ocean-going vessels.
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