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Abstract The ventilation of marine vessel engine rooms is important due to energy costs
and thermal comfort for personnel. The presented work aims to evaluate the performance of
the use of CFD to model a marine vessel engine room in conjunction with field
measurements. The field measurements provided data for the boundary conditions and data
for comparison with the model. In future work, the model will be used to investigate directed
flow, engine room layout and the associated benefits to energy costs and thermal comfort,
and improving overall sustainability.

1. Introduction

The ventilation of marine vessel engine rooms is vitally important and has a range
of purposes; supplying the air for combustion to the engines, providing the engines
with cool air to extract unwanted heat, maintaining the temperature within an
adequate range so personnel can work in the engine room [1], and making sure
electrical components do not over heat.

Whilst large boat and engine manufacturers, may have advanced engineering
facilities with longstanding experience in this area, there is very little published
research directly relating the use of CFD to the ventilation of marine engine rooms.
There have been publications of research into other applications of CFD to
ventilated enclosures with heat transfer, such as, but not limited to, [2]. A
presentation by private CFD consultants [3] considers very similar research, but
this has not been published in an academic journal.

The purpose of the work presented was to accurately model a marine vessel
engine room and compare to field measurements. The impact of computational
parameters was investigated to find the effect they had on the solution. The model
will be used for a full investigation into, and improvement of, the overall thermal
profiles for extreme climates, the use of ducted flow and optimized layout of
components for improved efficiencies for sustainability. The performance indicators
will be working conditions for personnel and efficiencies of engines due to the
intake temperatures.

2. Numerical model
2.1 Physical model

Within the engine room there is a diesel engine for propulsion and a diesel
generator set (genset). Air is delivered to the front starboard side of the engine
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room by means of an axial fan which is situated externally above, whilst the outlet
is positioned towards the rear of the room, and is left open to atmospheric
conditions. The locations of the inlet and outlet can be seen in Figure 1 along with
the engine and genset. The engine has a single intake for air which is purely for
combustion, the main cooling for the engine is conducted through a dual heat
exchanger using sea water as the final coolant. The exhaust is taken directly out of
the room through pipes which are lagged. The genset has a single inlet for
combustion air, however, it uses a radiator for cooling. For this, air is drawn over
the genset by a fan, and hot air exhausted into the room. The combusted gasses
are also taken directly out of the room by lagged exhaust pipes.

Engine room inlet

Engine room outlet: :

Engine intake
Genset outlet

Genset intake
Generator cooling intake I<;

Figure 1. Geometry of engine room including data location numbers
2.2 Boundary conditions, grid and numerical accuracy

The boundary conditions for the numerical model were acquired from the data
gathering on the survey vessel. The flow and temperature were recorded for each
of the inlets and outlets to the room, the engine and genset. Surface temperatures
of the engine and genset were determined by using a thermal imaging camera
used in conjunction with surface mounted thermocouples.

FLUENT v14.0 [4] was used to simulate the flow and the heat transfer across the
engine room. The governing equations were discretised with a second order
upwind scheme, using the SIMPLE algorithm to couple the momentum and
pressure equations [5]. The steady state solution was considered converged when
the normalised residuals for continuity, momentum and turbulence reached 107
and energy 10° respectively.

Four structured grids were used with resolutions ranging from 1,500,000 to

8,000,000 hexahedral elements. Numerical convergence was achieved for each of
the grids and the results showed little variation for temperature for all grid
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resolutions. Considering computational resources, a mesh with a grid size of
1,500,000 elements was used.

3. Results

3.1 Experimental data and validation of model

Temperature data was recorded for the fluid flow at various locations across the
engine room, as shown in Figure 1, and was used for comparison with the model.

The temperature data recorded in the experiments, and extracted from the
numerical model, are compared in Figure 2.
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Figure 2. Temperature at locations for experimental data and numerical model.

The numerical results are comparable to the trial data, and qualitatively follow the
same trends. The average difference of the numerical and trial data sets was 0.4%
with a maximal difference of 1.45% (or 11.29% when considering the Celsius
scale). Therefore, it can be concluded that the numerical model accurately
represents the physics associated within the engine room [6].

3.2 Temperature profile of room

The temperature profile of the room is represented by a side view in figure 3; a top
view shows a similar result. The profile can be split into three sections; the front of
the room is cold, in the region of 291.0 K, due to the immediate effect of the cool
air coming in from the fan, the middle section is slightly warmer, from 303.4 — 309.6
K, due to the air being heated as it passes the main engine, and the rear of the
room is hot with 322.0 K, due to a combination of the air being continually heated
by the engine and genset as it travels from the front to the back, plus the addition
of hot air being exhausted from the genset. In terms of the thermal profile, this
poses a large range of 31 K.

81



Numerical Modelling of a Marine Vessel Engine Room with Field Measurements
Will Newton, Mel Lewis, Nick Lavery, Ben Evans, David Bould, Johann Sienz

Temperature
SIDE VIEW

3.530e+002
F 3.468e+002
' 3.406e+002
3.344e+002

| 3.282e+002

‘ 3.220e+002

I 3.158e+002

I 3.096e+002
3.034e+002
2.972e+002
2.910e+002

[K]

Figure 3. Temperature profile of the engine room; side view
4. Conclusions and future work

A numerical model of a marine vessel engine room has been shown to be
comparable to the experimental data with the temperatures at all data points being
within 1.45%. The model will be used to analyse the effects of different climatic
operating conditions and design studies will be conducted on the engine room inlet
to determine whether the engine room and its components can benefit from
directing the flow, for a more efficient and sustainable marine vessel.
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