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Management review
In the future the arctic sailing routes, for example the northern sea route, will be available for a
longer period of time during the year. One of the major problems of arctic sailing is the growth of ice
on the deck during the voyage. This ice can cause serious problems for the ship’s stability,
endangering the crew, cargo and the vessel itself. Besides endangering the stability, ice growth can
damage the equipment on deck of the vessel and the vessel itself.
Nowadays ice on deck is removed by the crew. This is a very labour intensive and dangerous job
To make arctic sailing efficient enough for merchant shipping, these problems have to be solved. This
research project focuses on the growth of ice on a vessel. Therefore the problem definition is:
‘Icing on the vessel endangers the vessels stability causing risks for the vessel, crew and cargo.’
Which leads to the main question of the project:
’What is an efficient solution to prevent ice from growing on a vessel?’’
A possible solution to this problem could be a heated container cover. The idea is as follows:
A removable cover will be installed in the hull of the vessel. The cover will be pulled over guidelines to
close the open part of the cargo holds, in this case the container lines. When the cover is closed, pipes
will be connected to the ducts processed in the cover.
Residual heat from the main engine, normally pumped overboard through the seawater cooling
system, will heat the cover. Instead of using the seawater cooling system, the cover will act as a large
heat exchanger. Due to the heat, the cover will become warm (just above 0° C) and ice will not form
on the higher parts of the vessel and around anchoring equipment.
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Preface
In this report you will read about our research for the Maritime Symposium 2014. We focused on the
technical aspects of building a heated container cover, which could provide a solution for the growth
of ice on deck, on vessels that use the arctic sailing route.
In the progress of writing the report and preparing our field research, we came across some
difficulties, which resulted in more work than we expected. This did not stop us from finishing our
project. There were many people who helped us finish this project, therefore we would like them for
their help and contributions to this project:
-

Y.A.M. van der Valk
P.C. van Kluijven
J. Meijer
J. de Groot
H. Schutte from Alfa Laval
W. Paauwe
The people from STC-Events, for the use of the freezer

We hope you will enjoy reading about our research!
Tommie Beumer
Mark Broekhuisen
Dion van Hasselt
Jaco van Heest
Koen van der Marel
Rotterdam, February 11, 2014
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Introduction
Problem Definition & Objectives
In the future the arctic sailing routes, for example the
northern sea route, will be available for a longer period
of time during the year. But there are some drawbacks.
For example, navigational issues like icebergs, weather
conditions and expired sea charts. But there are more
issues, not just on the navigational field.
One of the major problems of arctic sailing is the
growth of ice on the deck during the voyage. This ice
can cause serious problems for the ship’s stability,
endangering the crew, cargo and the vessel itself.
Therefore every vessel sailing the arctic routes has an
ice crew to remove the ice from the vessel. This is a
very labour intensive job, which costs lots of money
and is ineffective and impossible to execute in the
harshest weather conditions.
To make arctic sailing efficient enough for merchant
shipping, these problems have to be solved. This
research project focuses on the growth of ice on a
vessel. Therefore the problem definition is:

Figure 1. A vessel with ice on deck

‘Icing on the vessel endangers the vessels stability, causing risks for the
vessel, crew and cargo.’
The objective is to find a practical and environmentally friendly solution that prevents ice from freezing on the
vessel. The project focuses on preventing ice from freezing on deck rather than removing the ice. Preventing
ice from freezing to the deck costs less energy and is therefore more efficient than removing ice from the deck.
The system will be designed for container vessels. Containers protect the cargo from the harmful conditions on
arctic routes and is the most used transportation mode between Europe and Asia. One of the risks of using
containers is the frost between two container stacks. This makes it harder to prevent frost on container vessels.
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Main question
The main question is:
‘’What is a practical solution to prevent ice from growing on a vessel?’’

Sub questions
-

-

-

How can ice growth on a vessel be prevented?
o In which parts of the world can a vessel expect frost?
o What types of frost exist?
o On which parts above the waterline does ice form?
o What is a practical construction to prevent ice from growing on a vessel?
How can residual heat be used to prevent icing?
o How can residual heat be used to prevent icing?
o What is the most efficient way to absorb the residual heat?
o What alternative heat source can be used if the residual heat is not sufficient?
How can a solution to prevent icing be automated?
o How can this solution be connected to the vessel’s stability program?
o How can the stability program be connected to the ballast water system?
o How can the system to prevent icing be monitored?

Borders
In order to make this project successful, the borders need to be set. These borders are:
-

8

On our topic arctic sailing the focus is on preventing icing on board a vessel, other issues of arctic
sailing are not researched.
There will not be a working test model of our product.
Retrofitting of the system is not researched during this project.
The automatic stability program of the vessel will be researched, but the technical aspects such as
computer systems, type of sensors, position of the sensors and synchronising with ballast water
system will not be a product of this project.
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1. Frost
1.1 Different types of ice
There are different types of ice. The different types of ice are formed in different ways.
There is frost, caused by water vapor sublimating on a surface that is at or below freezing point.
Because of the small amount of water in air below freezing point, this is not a big problem.

Rime ice is formed by discrete water droplets in the air. Because of their small size, these droplets can
be super cooled. When the droplets touch a surface with a temperature below freezing point, they will
form rime ice. Is the freezing process fast, the ice will then be delicate in structure and look fluffy. Slow
freezing rime ice looks milky and is dense and hard. Water droplets striking a surface, leaving a layer
of water on the surface will create glaze, or clear ice. This is homogeneous, hard ice. These types of
frost are also called black frost. Because this type of frost
is not a big issue, we will not elaborate it any further.
The biggest problem of all is sea spray. Sea spray consists
of water droplets formed by the vessel’s hull splashing
through the waves. This will cause large water droplets
to fly through the air. When these droplets are air born,
the low air temperature will cool them down. On impact
with the vessel the cold water and the vessel’s cold steel
will cause the water to freeze onto the hull and the deck.
Sea spray is also called white frost.

Figure 2. a vessel in big waves in the arctic

1.2 In which area’s is frost and icing expected?
Frost and icing are expected in areas where the water temperature is between -2.2 °C and 8.9 °C, the
air temperature must be between -18 °C and 0 °C. Sea water freezes at a temperature around – 2.2
°C, so below this temperature the water will be ice. Up to 8.9 °C the water will cool down enough when
it is in the air to freeze. With air temperatures below -18 °C, water droplets will cool down rapidly to
temperatures below freezing point and non adhering small dry ice crystals will strike the vessel.
Besides the needed temperatures, sufficient wind is also required, otherwise sea spray would not exist.
Freezing spray will be found in winds of 9 m/s or higher.1 Therefore, icing occurs in the following areas
around the world:
-

The Bering Sea
The Sea of Okhotsk
The Gulf of Tartary
Above 60° latitude

2. Ice Prevention
To prevent ice from freezing on top of the cargo and on the vessel, a cover will be designed. The cover
will be heated with residual heat from the engine room.

1

Annex 1.
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The cover will be removable, by rolling it along rails into the hull of the vessel. This will be done using
several motors which will be placed inside the vessel. In this way, the cargo can easily be loaded and
discharged. Because the focus lies with container vessels which have vertical guiding lanes for the
containers, these guiding lanes will be extended to support the rail for the cover.
The cover will be divided into several lanes, running from port to starboard. There will be a number
of lanes along the length of the vessel.
Within each lane, the cover will again be divided, creating panels. Inside these panels, there will be
aluminum pipes, through which the water, heated using the residual heat, will flow. Inside each lane,
the water will flow from one cover to the next.
The water will be pumped from the engine room to the cover lanes via a big pipe, with a distribution
valve at each cover lane. On the other side of the vessel, the return pipe is connected in the same
way.
2.1 Cover calculations
The vessel is equipped with deck-cranes, these will be
ignored for the stability calculations. The hatches, which are
slightly smaller than the cargo holds, will be removed for the
calculations.
In figure 3 it is shown how many containers fit inside the
cargo holds.
Figure 4 shows how the containers can be stacked on the
deck. Since it is necessary to make some room for the cover,
the containers above deck will be stacked straight above the
containers in the holds. Spaces on deck where there is no
cargo hold underneath (row 06 and 05) will not be used.

Figure 3. Containers in the hold

Figure 4. Containers on deck

The amount of containers in the holds: 6 · 4 = 24. Above deck, another 6 · 4 =
24 can be stacked.
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Figure 5 shows what it will look like when the vessel is fully loaded with containers. Combined with
figure 6, the amount of 20 ft. containers can be calculated. There are 70 slots, multiplied by a
maximum stacking height of 8 (assuming that this is possible all over the vessel) gives 560 20 ft.
containers. (256 40 ft. containers)
Figure 5. Containers in
holds and above deck

Figure 6. Containers in hold and on deck

2.2 The dimensions of the cover
A container is 2,591 m high. The height above the deck is 4 ∗ 2,591 = 10,364 𝑚. The width of a
container is 2,438, therefore the width of the cover is 6 ∗ 2,438 = 14,628 𝑚.
The width of the hold is 15.8 m and the width of the vessel is 18,9 m, therefore there is room for the
cover,

18.9−15.8
2

= 1,55 𝑚 on each side.

The total length of the cargo holds is 91,9 m.2
Combining the minimum dimensions stated above in a table, adding some extra width to make sure
it can be supported by the guiding lanes and some extra height so the cover can be connected to the
pipes supplying the heating water, and some extra length for some overlap, the area of the cover can
be calculated using the formula
𝐴 = (𝑙𝑒𝑛𝑔𝑡ℎ · 𝑤𝑖𝑑𝑡ℎ) + (𝑙𝑒𝑛𝑔𝑡ℎ · ℎ𝑒𝑖𝑔ℎ𝑡 · 2)

Length
Width
Height

Minimum
dimension
91,9
14,628
10,364

Required
dimension
93,00
15,00
11,00

The minimum area for the cover is 3249,2 m2. The required area would be 3441,0 m2.
2.3 The weight of the cover
The material used for the cover will be aluminum. The weight can be calculated, using the density (ρ)
of aluminum, 2702 kg/m3.
𝑊𝑒𝑖𝑔ℎ𝑡 = 𝜌 𝑥 𝑉

The original idea for the cover was to use a solid piece of aluminum of 15 cm thick. This would weigh
too much, therefore it is better to build it by using two aluminum plates. Each plate will be 5 mm
thick, between which there will be aluminum pipes, 20 mm outer diameter. The distance between
2

Dokkum K. Scheepsgegevens.
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these pipes will be 5 cm. Between the lower plate (which is on the inside of the cover) and the pipes,
there will be a thin layer (3mm) of insulation material. The insulation material has a mass of 100
kg/m3. The spaces between the pipes will also be filled up with insulation material. This gives a total
weight of 153 tons, which is acceptable.
Thickness
upper
plate (cm)

Thickness
lower
plate (cm)

Weight
plates
(kg)

Weight
tubes
(kg)

Weight
water
(kg)

Number
of pipes

Weight
pipes and
water (kg)

Insulation
material
(kg)

Total
(kg)

0.5

0.5

92976

82

20

529

53914

5942

152832

In these calculations, the weight of the supporting structure is not calculated. It is compensated by
assuming that the cover is one large area, rather than several smaller plates.
2.4 Raising the cover
The cover has to be stowed away in the vessel when in port for loading or discharging. Since the area
of the cover is rather big, the most practical solution would be to lower it into the ship.
In the picture below the containers are represented by the blue squares, the red structure holds the
containers in place. The cover (in the ‘covering’ position) is coloured black, in the ‘harbour’ position it
is coloured yellow. (drawing not to scale)

Figure 7. A cross section of a vessel with the cover
In the ideal vessel for a container cover, the
gangways are just wide enough to accommodate the
ballast tanks or fuel tanks and to house the cover in the ‘harbour’ position.
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To prevent seawater from entering the opening of the cover, rubber flaps will be attached, which will
press against the cover when deployed. The amount of water that gets past the rubber flaps can be
pumped away using bilgewaterpumps.
The cover will be supported by the container guiding lanes, see figure 8.

Containers stacked above
guiding lanes

Figure 8. guiding lanes on a container vessel

As seen in figure 8, the containers are often stacked above
the guiding lanes. Therefore the outermost lanes will have to be extended to a height, slightly above
the maximum height of the containers, making it able for the cover to be deployed.
To make sure that the deployment of the cover is smooth, a C-profile rail (see figure 9) made out of
steel, along the entire width of the ship, also covering the vertical part of the cover, is required. The
cover plates will have to be fitted with wheels, to roll through the rail.

Figure 9. A C-profile rail of the
cover

The covers are represented by the green rectangles, the rails are the red lines and the wheels are
colored grey.
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Figure 10. The cover system

The cable will be coming out of the openings for the cover, still
partially covered by the rubber flaps. The cable is already in the path of the cover, inside the rail.

Figure 11. cross section of the cover system

The purple lines represent the hull of the ship and the ballast tanks, filled with water (blue).
The yellow line is the bottom and the sides of the cargo hold, holding the containers (green).
The red lines are the supports for the rail.
The cover is inside the rail at all times, since the rail is placed all around the ship (along the black and
orange lines). When the cover is deployed, it is in the position indicated by the orange line. When
loading or discharging, it is in the position indicated by the black line.
It is necessary to attach a steel cable or chain to the cover to deploy it. This will be done using a
motor, electric or hydraulic, winding the cable on a winch. This cable has to go around the whole
ship, covering the black and the yellow part. This is to lower and raise the cover in a controlled way.
This motor will be placed where the orange and black line connect, on either port or starboard side,
just below the deck line. Assuming it will be placed on the left side, the cover (drawn in the deployed
position) will be lowered in a clockwise direction, and afterwards it will be raised in the
counterclockwise direction.
To make sure the cover stays in its desired position, several chains will be at the end of the last
panels, which can be lashed to strengthened points below the deck.
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2.5 The cover material
The material for the cover should be light-weight, strong and it has to have good heat-conducting
properties. Combining all these aspects, as stated in the figure 12, aluminum would seem the best
solution. This is because using steel or copper would cause the entire structure to become too heavy.
This leaves carbon and aluminum. Aluminum conducts heat almost twice as good as carbon and it is
also a lot cheaper.

3

Density (kg/m )
Specific warmth (kJ/kgK)
Heat conducting (W/mK)

Aluminum
2702
0,880
237

Iron
7860
0,440
80.2

Copper
8960
0,380
401

Carbon
2620
0,710
140

Figure 12. Table with information of different metals (source:BiNaS Tabbellenboek)

2.6 Heating system
To prevent ice growth on the cover, some heating is required. To heat the cover, the residual heat
from the engine room will be used. There is a lot of machinery in the engine rooms which produce
heat. They are cooled with either the high temperature cooling system (HT system), or the low
temperature cooling system (LT system). These two systems need to get rid of their heat, what
happens through the seawater cooling system.
The HT system transfers the heat to the LT system, which transfers the heat to the seawater system.
The seawater system pumps the heated water overboard. This residual heat can be used to heat the
cover in the following way:
The residual heat can be used, because it is pumped overboard, warming up the sea. Therefore, it is
better to put it to good use. The LT cooling system is heated by the auxiliary engines, oil coolers and
the HT cooling system. The HT cooling system is heated by the cylinder coolers etc.

Figure 13 is a simplified plan of the main idea. Instead of only one
Figure 13. Plan of the heating system
cooler with seawater as a coolant for the LT system, there will be
a second cooler. In the second cooler, the coolant will be the
fluid flowing through the cover, transferring the heat. When the cover is deployed and the vessel
enters the icing areas, the seawater cooling system will be shut off and the cover will become the
new cooler. Then, when the vessel enters areas without the dangers of icing and frost, the seawater
system will be reconnected and the cover will be shut off.
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The water inside the cover will be pumped around by a pump placed after the heater. As a result, the
pressure will be high when the water enters the cover. After the pump, a shut-off valve will be placed
in order to close the system before stowing it away.
When the heat from the LT system is not sufficient, the water requires additional heating. This can be
controlled by a TIC, Temperature Indicator Controller, controlling the preheating system on board
the vessel. The heater used will be the regular pre-heat system of the vessel. Before starting the
engines, the cooling water needs to be heated slightly. Otherwise the temperature differences in the
main engine will be too big.
The TIC measures the temperature before the valve and after the valve. The transmitter measures
the temperature after the LT system. If this temperature not high enough based on the theoretical
calculated heat, the TIC will open the valve completely, causing the water to (partly) flow through the
heater. A second transmitter measures the temperature after the heater and links it back to the TIC
to verify that the temperature is now correct.
After flowing through the cover, the cooled fluid flows back to the heat exchange with the LT system.
Just before the heat exchange an expansion tank is connected, to keep the pressurized system filled
up with fluid in case of any minor leaks and expanding or shrinking of the fluid caused by
temperature differences.

In case the cover is stowed away, the water has to be drained from the cover. To store this water, a
tank is needed. The system will work as follows:
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Figure 14. a more sophisticated plan of the heating system

The shut-off valve before the LT heat exchange will be closed and the shut-off valve to the tank will
be opened. The pump2 will now pump the water into the tank, instead of through the LT heat
exchange. When pumping the water in the tank, the pressure will fall in the system. To prevent a
vacuum in the system, an air inlet on the other side needs to be opened. When the pressure drops
and air is let in, the water will flow out of the cover into the main pipelines (thick red and blue).

Figure 15. The heating lines of the cover

Now the cover is empty and ready to be stowed, but the main pipelines are still filled (partially) with
water. This can be solved with a pump capable of pumping fluids and air, however it is not necessary
to completely drain the main pipelines.
So when the cover is stowed, the coolant will be pumped into a tank. The rest of the water will stay
in the main pipelines in the system.
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2.7 The coolant
The water, which is heated by the LT system, transfers the heat to the cover must meet several
requirements:
-

Anti-corrosive
Withstand temperatures of approximately – 35°C
Lubrication for the pumps.
Anti-foaming, to prevent air bubbles.

Most coolants are made out of two fluids, antifreeze and demineralised water. The antifreeze must
meet the requirements stated above. The demineralised water is added as a liquid extender.
Normal freshwater or seawater cannot be used because of the temperatures reached in the cover
and the corrosive characteristics.i
The idea is to use normal antifreeze, used in cars and other motor vehicles. This can be topped up
with deminarelised water, made onboard with a reverse-osmoses device or freshwater maker. The
anti-freeze is really common, so can be bought al over the world everywhere when the system has a
leak.
When mixing the anti-freeze with water, different mixing ratios will give different freezing points.
Figure 16 will give a direction of the freezing points:
% antifreeze
20
30
40
50
60

% water
80
70
60
50
40

Freezing point (°C)
-9
-15
-24
-38
-52
Figure 16. Table of freezing points (Source:

Wikipedia)
Starting with the highest percentage of antifreeze
gives the possibility to add more water when there is a leak.
Because the temperature of the water that will flow through the cover is well above freezing point,
regular water would be a very good heating liquid.
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2.8 How much heat is required?
The aim is to keep the cover ice free. In order to keep the cover ice free, it needs to be kept at a
temperature of about 4 °C. Seawater freezes at approximately -2,2 °C, fresh water at 0 °C. The 4 °C
boundary is to have some tolerance.
In the occasion of ice growing onto the cover, the ice needs to be melted off. To melt 2,5 kg of ice
(0 °C) to 2,5 kg of water (0 °C), heat is needed. This heat is expressed in Joules (J). To calculate the
amount of Joules needed, the following formula is used:
Q s = m ∗ Is
Qs : melting heat necessary
m : mass
Is : melting heat for 1 kg of solid substance. (334000 J/kg for ice)
𝑄𝑠 = 2,5 ∗ 334000 = 835000 𝐽𝑜𝑢𝑙𝑒𝑠
When the ice is colder than 0 °C, there first is heat needed to warm up the ice to 0 °C. For this, the
following formula is used:
𝑄 = 𝑚 ∗ 𝑐 ∗ ∆𝑡
Q : heat (J)
m : mass (kg)
c : specific heat (J/kg x °C)
Δt : temperature difference
Gives us, for 2,5 kg ice with a temperature of – 10 °C:
𝑄 = 2,5 ∗ 4190 ∗ 10 = 104750 𝐽
To melt 2,5 kg of ice of -10 °C to water of 5 °C :
(2,5 ∗ 4190 ∗ 10) + (2,5 ∗ 334000) + (2,5 ∗ 4190 ∗ 5) = 992125 𝐽, 𝑜𝑟 992 𝑘𝐽.
So, to melt 2,5 kg of ice from -10 °C to water of 5 °C :
(2,5 ∗ 4190 ∗ 10) + (2.5 ∗ 334000) + (2.5 ∗ 4190 ∗ 5) = 992125 𝐽, 𝑜𝑟 992 𝑘𝐽.
In the severe case of (temporary) loss of heating, the cover can freeze. A laboratory experimentii
calculated the weight increase a ship may experience with a wind speed of 5 m/s and an air
temperature of – 18 °C. In this experiment they calculated the ice accretion per hour. The average
amount of kg per square meter is 39 kg/m2. Bearing in mind that sea spray can freeze on to the ship
up to 15 meters above peak water level, an estimated area of 3500 m2 will be covered in ice.
The total amount of ice which needs to be melted away is:3500 ∗ 39 = 136500 𝑘𝑔. Assuming it
needs to be heated up first before it melts, the following amount of Joules is needed:
(136500 ∗ 4190 ∗ 10) + (136500 ∗ 334000) = 45,6 ∗ 106 𝑘𝐽3

3

STC-Group. 2007. Natuurkunde; warmte en Scheikunde.
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This is only needed when ice is formed on top of the cover. The ultimate goal is to prevent ice from
growing on the cover. To prevent ice from growing, the temperature of the cover needs to be above
freezing point of the sea water. To make sure that no ice will form on the cover, the temperature is set
on + 4°C.
As seen in the experiment description, a water temperature of about 25 °C is needed to keep the cover
on 4 °C. Because of the external weather conditions, the size of the cover and unforeseen problems,
the calculations will be made with a water temperature of 30°C.
The required heat to keep the cover at a temperature of 4 °C is calculated with the following formula:
𝑄 = 𝑘 ∗ 𝐴 ∗ ∆𝑡
The area (A) is the area of the pipes used in the cover:
𝐴 =2∗ 𝜋∗𝑟∗𝑙
𝐴 = 2 ∗ 𝜋 ∗ 0.01 ∗ 49197 = 3091 𝑚2
The thermal transmittance (k) is the rate of heat transfer (in watts) through one square meter of a
material divided by the difference in temperature across the material (W/m2K).
1
1
𝛿
1
=
+ +
𝑘
𝛼𝑤 𝜆 𝛼𝑎
α=
δ = thickness of the material
λ = thermal conductivity of the material
1
1
0.007 1
𝑊
=
+
+
≫ 𝑘 = 19,9 2
𝑘 4000
237
20
𝑚 𝐾

The temperature difference is the difference between the average water temperature (26 °C) in the
cover and the temperature of the air (-18°C) and is 𝛥𝑡 = 26 – (−18) = 44 °𝐶, giving us a heat flow
of:
𝑄 = 19,9 ∗ 3091 ∗ 44 = 2.7 ∗ 106 𝑊 = 2700 𝑘𝑊
With this heat flow, the mass flow of the water can be calculated:
𝑚=
𝑚=

𝑄
𝑐 ∗ ∆𝑡

2700
3
𝑘𝑔
= 80.4 ⁄𝑠 = 288 𝑚 ⁄ℎ
4.2 ∗ 8

So, to heat the cover 2700 kW is needed, with a flow of 288 m3/h. 4

4

Smit W. Hulpwerktuigen 1&2.
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The technical data tables of the Wärtsilä 6L46A give the following heat balance:5

Basic thermodynamics state:𝑄𝑖𝑛 = 𝑄𝑜𝑢𝑡 , so the heat in the
balance above needs to be disposed off:

Figure 17. Heat balance of Wärtsilä 6L46A

730 + 610 + 840 + 590 = 2770 𝑘𝑊 is absorbed by the cooling water. The cover needs 2700 kW to
be heated. So the residual heat of the LT cooling water system is sufficient enough to heat the cover,
if the load is 100%.
Assuming that the heat production is linear, the amount of heat produced at 80% load will be:
0,8 ∗ 2770 = 2216 𝑘𝑊
This is less than the amount of heat needed, so: 2700 − 2216 = 484 𝑘𝑊 need to be produced. The
pre-heat system for the Wärtsilä 6L46A produces 12 kW/cylinder = 6 * 12 = 72 kW.
Now there still is 484 − 72 = 412 𝑘𝑊 needed.
The exhaust gas system gives off 288 °C air temperature, with a mass flow of 10,2 kg/s.
𝑄 = 𝑐 ∗ 𝑚 ∗ ∆𝑡
412
= 57.7°𝐶
0.7 ∗ 10.2
A temperature difference of 57, 7 °C with an air flow is a realistic value. In order to calculate the area
needed for this heat exchange, the following formula is needed:
𝑄 = 𝑘 ∗ 𝐴 ∗ ∆𝑡
1
𝑘

With a k-value for a steel pipe: =
The needed area will be:

412000
19.9∗57.7

1
𝛼𝑤

𝛿
𝜆

+ +

1
𝛼𝑎

=

1
0.005
1
+
+
4000
60
20

= 19.9

𝑊
𝑚2 𝐾

= 358.8 𝑚2

So in conclusion, when the vessel is at a 100% workload the residual heat from the LT water cooling
system is sufficient. If the vessel is at 80% workload, the extra heat can be generated with the pre-heat
system already on board the vessel combined with the residual heat from the exhaust gas system.

5

Annex 2
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3. Stability and ice
Stability is the fact that the vessel could bring itself
back to a balanced and upright position after it was
unbalanced by external factors like wind or waves.
When the stability is not sufficient, the vessel could
capsize. To prevent capsizing, calculations need to be
made in advance of each voyage.
The stability of a vessel depends on the shape of the
hull and the vessel’s load. The hull of the vessel is an
independent factor, rather than the load of the vessel,
which can change every voyage and depends on the size and
weight of the cargo.

Figure 18. Costa Concordia, vessel
with bad stability caused by grounding

3.1 Principles of stability
Stability is based on the law of Archimedes, this law states that there is
an upward force on an object caused by the water and this upward force
is equal to the gravity on this object. This means that when loading in
port, the vessel will gain mass, and therefore the amount of gravity will
also increase. This causes the vessel to sink a little more. Because the
vessel sinks more, the underwater shape of the vessel becomes bigger
and so does the upward force of the water on the vessel. The gravity and
upward force of the water are equal to each other.
For some basic explanations of the stability of ships, see Ships stability for masters and mates, by C.B.
Barrass and D.R. Derrett.
Figure 19. Principle of Archimedes
3.2 Stability and ice
Accretion of ice on a vessel can be a serious problem. Due to wind, ice can grow on one side of the
vessel, which can result in a list. All this ice adds weight to the vessel, resulting in the centre of
gravity to go up. If the centre of gravity goes up too much it can result in a negative GM value.
The weight added can be calculated with the following formula:
𝐿𝑒𝑛𝑔𝑡ℎ ∗ 𝑤𝑖𝑑𝑡ℎ ∗ ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑐𝑒 ∗ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑖𝑐𝑒 = 𝑘𝑔 𝑜𝑓 𝑖𝑐𝑒 𝑜𝑛 𝑏𝑜𝑎𝑟𝑑
Assuming the vessel’s deck is 100 meters long and 25 meters wide, a layer of 15 cm of ice will add:
100 ∗ 25 ∗ 0,15 ∗ 920 = 345000 𝑘𝑔 𝑜𝑓 𝑖𝑐𝑒, 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 345 𝑡𝑜𝑛𝑠 𝑜𝑓 𝑖𝑐𝑒.
This is a rough calculation of the amount of weight that a thin layer of ice can result in.
A negative M-G value is dangerous for a vessel’s stability. If a vessel with a negative M-G value
receives a list, it will have no righting moment, causing the list to become greater. This can result in
capsizing of the vessel. This is shown in the figure 20. Here you can see that the centre of gravity(G) is
above the metacentre(M). The arrows B and B show that there is no righting moment, because arrow
W is not above the fore and aft line.
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Figure 20. Vessel with a negative
GM-value

In the situation below (figure 21) the arrows b and w are in line with each other. This means there is
no righting moment or negative righting moment, thus the vessel will keep its current list.

In the following situation (figure 22) there is a positive righting
moment. Therefore the vessel rights itself until G is above the fore
and aft line.

Figure 21. Vessel without a current
righting moment

Figure 22. A vessel with a positive
righting moment ice on deck

3.3 Ice on deck
Ice on deck will cause the point of gravity to rise. This results in a less stable vessel. To see how much
the ice affects the stability, some calculations have to be made.
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The code of Intact Stability states:
For vessels operating in areas where ice accretion is likely to occur, the following icing allowance
should be made in the stability calculations:
o
o

30 kg per square metre on exposed weather decks and gangways;
7.5 kg per square metre for projected lateral area of each side of the vessel above
the water plane

To calculate the amount of ice on each surface, the dimensions from 3.1 are used. Ice on horizontal
surfaces:
𝑤𝑒𝑖𝑔ℎ𝑡 =

𝑘𝑔
∗ 𝑚2 = 30 ∗ (91.9 ∗ 15.85) = 43,7 𝑡𝑜𝑛𝑠
𝑚2

The same is done for the sides:
𝑤𝑒𝑖𝑔ℎ𝑡 = 7,5 ∗ (2 ∗ 10,364 ∗ 91,9 + 2 ∗ 10,364 ∗ 15,8) = 16,7 𝑡𝑜𝑛𝑠
The total weight allowance of the ice on the cargo is: 16,7 + 43,6 = 60,3 𝑡𝑜𝑛𝑠
But, when the icing occurs only on the sides of the containers with a thickness of 10 cm, the amount
of ice exceeds this allowance:
91,9 ∗ 10.364 ∗ 2 + 15.8 ∗ 10.364 ∗ 2 ∗ 920 = 205,4 𝑡𝑜𝑛𝑠
The stability requirements will be calculated with the 205,4 tons of ice, with a KG of 16,83 m.
3.4 Stability calculations
In the following calculation, the weight interference of the ice is made by assuming all ice is on top of
the cargo, so maximal instability can be replicated.
The stability of a vessel is measured with statical and dynamical requirements6:
o
o
o
o
o
o

The GM-value is at least 15 cm.
The stability arm at 30 degrees is at least 20 cm.
The maximum value of stability arm is at least 25 degrees.
The surface from 0-30 degrees is at least 0,055 mrad
The surface from 0-40 degrees is at least 0,090 mrad
The surface from 30-40 degrees is at least 0,030 mrad

Assuming the vessel is fully loaded:
o
o
o
o

6

Draft: 8,34 m
Displacement: 16487 t
KG: 7,80 m
KM:8,09 m

Barrass CB ea. 2012. Ship stability for masters and mates.
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To calculate the GM-value, the new KG value is needed:

16487 ∗ 7,80 = 128598,6
205,4 ∗ (11,65 + 5,18) = 3456,5
16692 ∗ 𝐾𝐺𝑛𝑒𝑤 = 132055,1
𝐾𝐺𝑛𝑒𝑤 =

132055,1
= 7,91 𝑚
16692

The KG value with ice on top of the cargo is 7, 85 m. The MK value is not changed, because the
displacement has a minimum change. This MK value is: 8,11 m.
𝐺𝑀 = 𝑀𝐾 − 𝐾𝐺
The GM-value must be at least 15 cm. In the situation with ice on top of the cargo this GM-value is:
8,11 − 7,91 = 20 𝑐𝑚.
So the vessel complies with the first stability requirement.
For the second requirement:
𝐾𝑁 sin 𝜑 − 𝐾𝐺 sin 𝜑 > 20 𝑐𝑚, 𝑎𝑡 30°
4,16 − 7,91 ∗ sin 30 = 20,5 𝑐𝑚
For the third requirement, the maximum stability arm must be at least 25°:
Angle of inclination
Stability arm

10
0.05

20
0,14

25
0,17

30
0,21

40
0,37

The three dynamical requirements are calculated with the following formula:
𝑑𝑥
∗ (1⁄2 ∗ 𝑎𝑟𝑚0 + 𝑎𝑟𝑚1 + 𝑎𝑟𝑚2 … + 1⁄2 𝑎𝑟𝑚𝑥 )
57.3
10
0° - 30°: 57.3 ∗ (1⁄2 ∗ 0 + 0,05 + 0,14 + 1⁄2 ∗ 0,21) = 0,051 𝑚𝑟𝑎𝑑
10
∗
57.3

0° - 40° :

(1⁄2 ∗ 0 + 0,05 + 0,14 + 0,21 + 1⁄2 ∗ 0,37) = 0,10 𝑚𝑟𝑎𝑑

30° - 40° : 0,10 − 0,051 = 0,049 𝑚𝑟𝑎𝑑
The vessel does not meet all the requirements with ice on top.
Besides that the vessel does not comply with all the requirements, the accretion of ice can result in a
dangerous list. This will decrease the stability even further.
With the heated container cover ice on deck will be prevented. To make sure that this cover isn’t
more dangerous than the ice accumulation stability calculations needs to be made. Those
calculations are done below.
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The values used for the calculations including the cover are:
o
o
o
o
o

Weight cover: 153 t
height cover: 11 m
KG-value: 7,80 m
KM-value: 8,09 m
Displacement: 16487 t.

The vessel has to comply with the same requirements as stated above. In the same order:
Requirement 1:
16487 ∗ 7.80 = 128598 𝑚𝑡
153 ∗ (11.65 + 11) = 3456,6 𝑚𝑡
11640 ∗ 𝐾𝐺𝑛𝑒𝑤 = 132054,5 𝑚𝑡
𝐾𝐺𝑛𝑒𝑤 =

132054.5
= 7,94 𝑚
11640

The KG-value of the vessel with the cover is 7, 94 m. The MK-value is changed, caused by the
immersion of the vessel. The new MK-value is 8,10 m. The GM-value will be 8,10 − 7,94 = 16 𝑐𝑚.
This is more than the legal 15 cm.
Requirement 2:
4.16 − 7.94 ∗ sin 30 = 19 𝑐𝑚
Requirement 3:
Angle of inclination
Stability arm

10
0,04

20
0,13

25
0,15

30
0,19

40
0,35

Requirement 4:
10
∗ (1⁄2 ∗ 0 + 0.04 + 0.13 + 1⁄2 ∗ 0.19) = 0.046 𝑚𝑟𝑎𝑑
57.3
Requirement 5:
10
∗ (1⁄2 ∗ 0 + 0.04 + 0.13 + 0.19 + 1⁄2 ∗ 0.35) = 0.093 𝑚𝑟𝑎𝑑
57.3
Requirement 6:
0.093 − 0.046 = 0.047 𝑚𝑟𝑎𝑑

The stability of the vessel with the heated container cover is not sufficient, in port and at sea, this
vessel does not comply with the stability requirements. So the weight of the cover needs to be
reduced or another solution is needed.
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In order to comply with the stability requirements, the KG value needs to be decreased. To decrease
the KG value, the loading condition of the vessel will be changed.
For the stability calculations above, the normal loading conditions of the Elandsgracht were used. In
order to fit the cover on the vessel, some adjustments had to be made. As seen in the borders of this
project, on page 6, retrofitting of the cover will not be included in the research. Unfortunately, the
calculations must be made with an existing vessel. To fit the cover on the vessel, some containers are
removed from the stowing plan. The stability, including the cover, will be calculated again, without
these containers.

Figure 23. Removed containers on deck

In figure 23 the red crosses indicate the removed containers.7 The deck will be loaded as same as the
hold. Because of the square shape of the cover, the top layers can be equally loaded. This means
that:
38 + 38 + 33 − 14 = 95 containers will be removed.
Stated is that a container weighs 19 tons average.
Containers are removed from 4 different rows. For each of these rows, the amount of containers, the
weight of the containers, and the KG value of the different layers is calculated:
Row 1: 11,65 + 1⁄2 ∗ 2,591 = 12,95 𝑚
row 2: 11,65 + 1 1⁄2 ∗ 2,591 = 13,54 𝑚
7

Dokkum K. Scheepsgegevens.
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row 3: 11,65 + 2 1⁄2 ∗ 2,591 = 18,12 𝑚
row 4: 11,65 + 3 1⁄2 ∗ 2,591 = 20,7 𝑚
11.65 is the height of the deck above the keel. 2,591 is the height of a 20’ container.
Requirement 1:
16487 ∗ 7,8 = 128598,6
−722 ∗ 12,95 = −9349,9
−722 ∗ 13,54 = −9775,9
−627 ∗ 18,12 = −11361,24
266 ∗ 20,7 = 5506,2
153 ∗ 22,65 = 3465,5
14835 ∗ 𝐾𝐺𝑛𝑒𝑤 = 107083,3
𝐾𝐺𝑛𝑒𝑤 =

107083,3
= 7,22 𝑚
14835

𝐺𝑀 = 7,98 − 7,22 = 0,76 𝑚
Requirement 2:
4,21 − 7,22 ∗ sin 30 = 0,6 𝑚
Requirement 3:
Angle of
inclination
Stability arm

10°

20°

25°

30°

40°

0,15

0,34

0,49

0,6

0,9

Requirement 4:
10
∗ (1⁄2 ∗ 0 + 0,15 + 0,34 + 1⁄2 ∗ 0,6) = 0,14 𝑚𝑟𝑎𝑑
57,3

Requirement 5:
10
∗ (1⁄2 ∗ 0 + 0,15 + 0,34 + 0,6 + 1⁄2 ∗ 0,9) = 0,27 𝑚𝑟𝑎𝑑
57,3
Requirement 6:
0,27 − 0,14 = 0,13 𝑚𝑟𝑎𝑑
With the removed containers, the vessel complies with all the stability requirements.
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The containers which are removed also have effect on the stability of the vessel with ice on top of it:
Requirement 1:
16487 ∗ 7.80 = 128598,6
205.4 ∗ (11,65 + 5,18) = 3456
−722 ∗ 12.95 = −9349,9
−722 ∗ 13.54 = −9775,9
−627 ∗ 18.12 = −11361,24
266 ∗ 20.7 = 5506,2
14887.4 ∗ 𝐾𝐺𝑛𝑒𝑤 = 107073,76
𝐾𝐺𝑛𝑒𝑤 =

107073.24
= 7,19
14887.4

𝐺𝑀 = 7,98 − 7,19 = 0,79 𝑚
Requirement 2:
4,21 − 7,19 ∗ sin 30 = 0,62 𝑚
Requirement 3:
Angle of
inclination
Stability arm

10°

20°

25°

30°

40°

0,15

0,35

0,50

0,62

0,92

Requirement 4:
10
∗ (1⁄2 ∗ 0 + 0,15 + 0,35 + 1⁄2 0,62) = 0,14
57,3
Requirement 5:
10
∗ (1⁄2 ∗ 0 + 0,15 + 0,35 + 0,62 + 1⁄2 0,92) = 0,28
57,3
Requirement 6:
0,28 − 0,14 = 0,14
As shown in the calculations above, the vessel is more stable with ice on top than with the cover.
Two situations are compared. At first, the situation with a fully loaded vessel with a layer of ice is
calculated. The vessel meets almost all the requirements. The vessel with the cover on top does not
meet all the requirements. The cover on top makes the vessel less stable compared to the vessel
with ice.
In the second situation, a few containers are removed from the vessel. As shown in the calculations,
both with ice and the cover, the vessel is stable. However, there is more stability with ice accretion
than with the cover. The stability conditions with the cover are more constant, because of the
equally spread weight.

29

Heated Container Cover

Final Report

4. Automation
Modern container vessels have less and less crew on-board. Lots of jobs on-board such as Radio
Officer have disappeared. Therefore the workload of the mechanical and nautical officers has
increased over the time. With Automation the human workload can be reduced to an acceptable
level.
One of the advantages of the Heated Container Cover on arctic routes is that the crew does not need
to remove the ice. When the cover is not fully automated the workload will not reduce. A manual
system requires an operator 24 hours a day when sailing through the arctic. When the system is fully
automated it can work without an operator. Therefore automation is very important to make the
Heated Container Cover profitable for shipping companies.
4.1 One cover, three different systems
The heated container cover requires three different control systems. These systems are:
1. Engine cooling system
2. Cover heating system
3. Ice detection system

These three systems are all required in order make the Heated Container Cover completely
automated. In the next paragraphs all three systems will be explained.
4.2 Engine cooling system
The heat of the cooling water of the vessels engines and auxiliary systems is used to heat up the
cover. When sailing through the arctic the cover will cool down the cooling water enough to use it
without further cooling. In warmer areas of the world the roof isn’t cold enough to cool all the
cooling water to an acceptable temperature. Help of traditional seawater cooling systems is than
required. A simplified drawing of the system with all cooling water users together:

Figure 24. plan of the engine cooling system
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It is very important to keep the cooling water inlet temperature at a constant level. Too high
temperatures can damage the engine. Too low temperatures can cause temperature stress on hot
engine parts such as the piston crown. The variables in this system can change every minute.
Therefore the system needs to operate without an operator. A variety of temperature transmitters,
indicators and alarms are required.

The system needs to warn the operators when the water
Figure 25. Plan of the engine cooling
temperature is too high or too low. Therefore temperature
system with automation
transmitter T1 is installed to measure the cooling water
temperature constantly. When the temperature comes above the designated temperature valve A1
will start to open in the direction of valve 2. When maximum cooling is required valve A1 is
completely opened in the direction of valve A2 and no water will flow through the by-pass line.
In order to make the cover environmental friendly the heat of the cooling water will be used to warm
up the cover system. In arctic situations the roof will cool the cooling water more than enough for
reuse. Valve A2 will then be fully open to the cover cooler and fully closed to the conventional
seawater cooler. In warmer regions of the world help of the seawater cooler is required to keep the
cooling water at an acceptable temperature. When temperature transmitter 2 detects a high
temperature valve A2 will start to open to the seawater cooler. From that point the seawater cooler
will more and more cool the cooling water. This isn’t a problem for the cover because in warmer
region’s there will be no heating of it required.
In the cold temperatures, the seawater cooler will be switched off. This solves another problem,
namely the sea chest suction. The seawater temperatures of around 0°C can cause problems with the
suction of the cooling water. The sea chest can freeze, which results in poor cooling of the LT system.
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4.3 Cover heating system
The hot water inside the cover is used to heat up the cover and prevents ice on the cover.
Temperature of the coolant that heats the cover is a critical factor. When the coolant is too warm the
aluminium roof will get temperature stress. On the other hand when the coolant temperature is too
low the cover will be below freezing point and will no longer be protected against ice. In extreme
cases the coolant will freeze and block the system. An advanced automation and alarm system is
required to keep the cover safe.

Figure 25.a more sophisticated plan with automation
with ice on deck

In figure 25 all the different transmitters of the automation system are drawn. On every cover will be
several temperature indicators. These indicators measure the temperature of the cover constantly.
When this temperature gets below 3 degrees Celsius the automated valve before the cover will open.
This allows warm water from the cooling water cooler to flow through the cover and warm up. The
valve will open more and more when there is more warmth required.
When the valve is fully opened and the is still a cover temperature below 3 degrees Celsius the
electrical heater will assist the cooling water cooler to warm up the coolant. An automatic valve
connected to the temperature transmitters can control the amount of water to the electrical heater.
To protect the cover from overheating the system can by-pass the cooling water cooler. The coolant
will not be warmed up every cycle and the cover temperature will drop. The operator can put the
complete system on manual when sailing outside arctic areas and for maintenance
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4.4 Ice Detection system
In the event of ice or snow on the cover the crew has to be alerted as soon as possible. The ice or
snow can cause stability problems and should be removed as soon as possible. Therefore each cover
has multiple infrared sensors to detect snow and ice on an early stage.
The sensors are comparable to the rain sensors of modern cars. When the light is blocked the sensor
will give signal to the automation. The system will alarm the operator to check the cover for ice. The
system will ask the operator if the alarm is positive. If so the flow and temperature of the cover
water will be raised to melt the ice or snow away. False alarms can be caused by heavy rain, dirt or a
sandstorm.
When multiple sensors are triggered at the same time the automation will alarm the operator as well
but acknowledgement is not necessary to raise the temperature in the cover.
4.5 Ballast water system
The data of the sensors will be sent to the vessel’s stability software. The software calculates the
stability constantly and warns the mate when the vessels stability is less than required. The software
will even give an advice to the mate how the ballast water should be changed. The mate can check
this advice and acknowledge it with one push on the button. The automation will start the pumps
and open the valves to change the ballast water levels.
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5. Research
The fieldresearch of this project consists an experiment. During this experiment, a prototype of the
cover will be tested in a freezer. The prototype is constructed from central heating pipes, through
which the water will flow, and an aluminum plate, which will be heated by the water, in order to
prevent frost on top of it.
5.1 The prototype
First, the central heating pipes are cut into the right length of 140 cm, to match each other. There are
three pipes, connected with compression fittings. The distance between each of the pipes centerlines
is 10 cm. On the short connecting pipes, the water inlet and outlet is placed. This looks as follows:

4

7

5

8

1
2

9

3
6
Flow Direction
Figure 26. the prototype with the
monitoring points

On top of these pipes the aluminum plate is placed. The size of this
plate is 1200*300*3 mm. The pipes protrude 10 cm on each side, as
shown in figure 2. The plate is mounted with tie rips, through drilled
holes. The plate will simulate the top of the cover, on which the water
will tried to be frozen. Insulation is mounted on the bottom of the
prototype, so the heat loss will be minimal. This is to simulate the
aluminum in the real cover.
The water tap is connected to the pipes with a water hose. To prevent
leakage, a hose clamp is used to connect these two.

Figure 27. The side of the prototype
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5.2 The experiment
5.2.1 aim of the experiment
The aim is to find out if heated water can prevent ice from growing on top of the prototype in a
refrigerated area.
5.2.2 Hypothesis
The hypothesis is that the water will not freeze onto the prototype, if the water temperature and
flow is sufficient enough.
5.2.3 The setup
To recreate the circumstances as they appear on the arctic, a freezer is used. In figure 28 below, you
will find a schematic drawing of the setup:
Freezer
Watertap

Prototype

Water flow

Sink

Thermometer
Figure 28. schematic drawing of the setup

As you can see, the water flows from the tap, through the hose into the freezer. Here the water hose
is connected to the prototype. After the prototype, the water will flow past a thermometer, into the
sink. This thermometer indicates the water outlet temperature. On this basis, the water inlet
temperature is changed or not.
In order to pump the water through the prototype, a regular water tap is used. The original idea was
to use a pump, connected to a tank, but in order to keep the flow constant and the temperature
reliable a tap is used. The water will flow through the three pipes, from left to right as indicated in
Figure 26.
5.2.4 Practical plan
The experiment is performed under three different circumstances, with different water
temperatures and/or flow.
First of all, the water hoses are connected to the tap and the sink. Now the flow will be initiated. The
prototype will be warmed by the water, outside the freezer, as is intended on board the vessel. After
a few minutes the outlet temperature is stagnated and the experiment can begin.
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The prototype is placed inside the freezer, with an air temperature of -14 °C. The next hour the
following temperatures will be measured:
-

The 9 points on the prototype, see figure 26.
The air temperature in the freezer
The outlet temperature of the water
The room temperature outside the freezer

After the measurements on the prototype, water will be sprayed onto the prototype with a plant
spray, in order to create a mist of water. As soon as the water starts to freeze, these places will be
noted.
5.2.5 First experiment
During the first experiment a water temperature of 12 °C is used. This is the standard cold water
temperature of the water tap. Unfortunately, this temperature dropped significantly during the
experiment and ended up at 8,3 °C after an hour.
Halfway through the measurements the flow is doubled. As you can see in figure 29 , this result in a
slight increase of temperature on the prototype, but it is still not sufficient enough. The light blue
boxes indicate ice growth.

Experiment 1 (Cold Tap Water, 2 Flowrates)
Time
0:00
0:05
0:10
0:15
0:20
0:25
0:30
0:35
0:40
0:45
0:50
0:55
1:00

Watertemp.
12,0
10,9
10,7
10,3
9,9
9,6
9,4
8,8
8,3
8,5
8,5
8,3
8,3

Flow Fridgetemp.
50%
-14
50%
-12
50%
-12
50%
-12
50%
-12
50%
-11
100%
-11
100%
-11
100%
-11
100%
-11
100%
-11
100%
-11
100%
-11

Frost
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

P1
1,5
2,1
0,2
-0,7
-1,3
-2,8
-1,2
-0,8
-0,8
-0,7
-0,4
0,0
0,4

P2
2,1
1,4
0,3
-0,2
-1,7
-2,6
-1,1
-1,4
-0,8
-0,8
-0,6
-0,1
0,2

Temperature per position °C
P3
P4
P5
P6
P7
1,2
1,9
2,0
1,6
1,8
0,6
0,8
0,3
0,4 -0,8
0,0 -0,3 -0,2 -0,1 -1,9
-0,6 -0,8 -0,9 -0,2 -2,0
-1,9 -2,0 -3,0 -3,0 -3,0
-3,4 -4,1 -3,8 -3,6 -4,8
-1,4 -2,5 -2,4 -2,8 -3,1
-1,5 -2,9 -2,2 -2,9 -3,9
-0,9 -2,2 -2,1 -1,8 -3,3
-0,8 -2,0 -2,0 -1,6 -3,0
-0,9 -2,0 -1,8 -1,5 -2,8
-0,9 -1,9 -1,2 -1,5 -2,4
-0,9 -1,8 -0,8 -1,3 -2,3

P8
1,7
-0,5
-1,0
-1,3
-2,9
-4,3
-1,7
-1,9
-1,4
-1,2
-1,5
-1,6
-1,7

P9
-0,1
-1,0
-1,7
-2,0
-4,2
-5,0
-2,3
-3,9
-3,5
-3,2
-3,0
-2,8
-2,6

Figure 29. Results experiment 1

These results tell us that the water temperature must be higher, in order to stop the water from
freezing. This is tested in the second experiment.
5.2.6 The second experiment
First the prototype is defrosted outside the freezer. The new water temperature is set on 27, 8 °C,
and ended up at a consistent temperature of 25 °C. The temperatures are measured every 5 minutes,
just as in the first experiment. The results are in figure 30.
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Experiment 2 (Warm Tap Water, 1 Flowrate)
Time
0:00
0:05
0:10
0:15
0:20
0:25
0:30
0:35
0:40
0:45
0:50
0:55
1:00

Watertemp.
27,8
27,8
27,1
26,8
26,4
25,9
25,4
25,2
25
25
25
25
25

Flow Fridgetemp.
100%
-12
100%
-12
100%
-12
100%
-12
100%
-11
100%
-11
100%
-11
100%
-11
100%
-11
100%
-11
100%
-12
100%
-12
100%
-12

Frost
No
No
No
No
No
No
No
No
No
No
No
No
No

P1
17,5
17,0
16,1
14,2
11,9
9,0
7,7
5,5
4,5
4,3
4,2
4,2
4,2

P2
18,0
17,2
16,3
14,6
12,3
10,4
8,1
6,5
5,2
4,7
4,7
4,5
4,5

P3
17,6
17,0
16,1
14,2
11,7
8,9
7,7
5,6
4,7
4,2
4,1
4,1
4,1

P4
17,8
17,1
16,1
13,9
11,9
10,1
8,0
6,4
5,1
4,7
4,7
4,5
4,5

P5
17,9
16,4
15,6
13,8
11,3
9,5
7,9
6,3
5,2
4,9
4,8
4,6
4,4

P6
17,7
16,9
15,8
13,9
11,8
9,7
8,2
6,7
5,3
4,9
4,3
4,2
4,2

P7
17,6
16,4
15,2
14,0
12,8
10,5
8,4
6,6
5,1
4,6
4,5
4,4
4,4

P8
17,8
17,0
16,1
14,2
11,0
9,8
7,9
6,2
5,1
4,6
4,4
4,4
4,4

P9
17,5
16,8
15,9
13,8
10,7
8,8
7,1
5,6
5,0
4,5
4,1
4,1
4,1

Figure 30. Results experiment 2

During the second experiment, no ice was formed. As you can see, an average consistent
temperature of 4,3 °C is the result. This is the result we hoped for.
5.2.7 Conclusion
The conclusion of this experiment is that to retain a consistent temperature of 4 °C on the prototype,
a water temperature of at least 25 °C is needed.
5.2.8 Practical errors
There are a few questionable circumstances during the experiment. This makes the accuracy of the
measurements doubtful. These circumstances are:
-

The IR-thermometer. The IR beam needs to be reflected for 100% in order to measure right.
Due to the reflective surface of the aluminum it was hard to collect 100% of the IR beam.
The door of the freezer needed to be ajar, because of the water hoses that connected the
prototype to the tap. As a result the air temperature slowly warmed up.
The error of wind, sun, snow and other weather conditions is unknown.
The prototype is not in full scale.

Apart from the circumstances stated above, there is an advantage. Instead of salt water, fresh water
is used to spray onto the prototype. The freezing point of fresh water is 0 °C, salt water freezes at –
2,2 °C. This tells us that the water freezing at the prototype in experiment 1 maybe would not freeze
if we used salt water. The differences in freezing points give a positive buffer to all the results.
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6. Conclusion
“What is a practical solution to prevent ice from growing on a vessel?”
As shown in the calculations in chapter 3.3 the stability of the vessel is better with ice than with the
cover, but the difference is marginal. However, the stability will be constant, because the weight of
the cover is spread evenly and will not change. Ice accretion is usually not spread evenly, which can
result in a list. Besides that, ice accretion cannot be anticipated, because it is never the same.
The cover will decrease the amount of intensive labour for the crew and it provides shelter for the
deck machinery and containers, which is an advantage.
The residual heat from the LT cooling system is sufficient as long the vessel works at a 100% work
load. With an 80% workload, the pre-heat system and heat recovery from the exhaust gasses will
suffice in the needed amount of extra heat.
The heated container cover is not a practical solution yet. It requires some adaptations.
Recommendations
If the cover can be built with lighter materials, resulting in a lighter cover, it could be a practical
solution to prevent icing. It is recommended to specialists look at the material. Furthermore, it would
be more practical to place the cover on top of larger new build container vessels, because these
vessels don’t have deck cranes and retrofitting is not necessary. New vessels can be modified, so the
stability will be better with the cover on top.
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