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Management Review
A ship’s speed through the water is influenced by many things, like the shape and
smoothness of the hull. Marine growth can deteriorate the hull’s smoothness. Therefore the
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growth of marine life on the ship’s hull must be prevented. Today, multiple systems exist to
delay the growth of marine life. However, up till now none of these systems have been able
to completely prevent marine growth, for anti-fouling will wear off in time and therefore has
to be replaced every now and then.
Seagoing ships often carry cargo on deck. This means that the cargo will be exposed to all
kinds of weather conditions, as well as spray coming over the ship’s bow. Some cargo can
suffer badly from this exposure and therefore must be covered to protect it from getting
wet. Some cargo can even absorb the water and due to this decrease the stability of the
ship. The conventional way of covering deck cargo is by using tarpaulins. Placing these
tarpaulins is a time-consuming job and they will often tear or get loose in case of strong
winds or wind gusts.
A seagoing ship is equipped with many tanks. Tanks have very irregular shapes. This makes it
difficult to clean them. Some tankers use spray systems to reach an as large as possible
surface. However, these systems are very expensive and are not profitable enough to place
in tanks such as ballast tanks. Still, tanks like ballast tanks need cleaning, because mud will
gather and stick to the bottom. This growing amount of mud forms an extra unnecessary
weight that deteriorates the stability situation of the ship. Up to now this mud could hardly
be removed in any other way than by hand because it sticks very well to the tank’s surface.
Water repellent spray has the properties to repel water and prevent materials from
absorbing water. It is very easy to apply and can be used on an endless variety of materials.
In this report we will investigate the possibility of application of water repellent spray on
board of seagoing ships.

Problem definition
Currently water repellent spray is not applied on seagoing ships.
Research questions

Main question
How can water-repellent spray be applied to improve the characteristics of sea-going ships
and their cargo?

Sub questions
1.
2.
3.
4.
5.

What is water repellent spray?
How can water repellent spray decrease the influence of seawater on deck cargo?
How can water repellent spray be applied in tanks to facilitate tank-cleaning?
How can water repellent spray decrease resistance of the ship’s hull?
How does water repellent spray influence the growth of marine life on the ship’s hull?

Conclusions and recommendations
What is water repellent spray
Water repellent spray is a coating which is hydrophobic. This means that the coating will repel almost
any liquid from the surface in question. This effect is also known as the Lotus effect.
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Water repellent spray on deck cargo to decrease the influence of seawater
By applying a water repellent spray on wood cargo, the seawater will have less influence on the
ship’s stability. This is because treated wood will absorb a lot less seawater than untreated wood.
However spraying the wood cargo with a water repellent spray will make the wood heavier to begin
with, but not as heavy as wet wood.
By applying a water repellent spray on the ship’s hull, the spray will influence the stability negatively.

Recommendation
Water repellent spray could very well be used on deck cargo that is very likely to get wet. In this case,
the extra weight will be a smaller threat to the ship’s stability than the cargo will be when it has
become wet and has increased in many times more in weight. Our recommendation a test on a real
cargo ship with wood as deck cargo.

Water repellent spray applied in tanks to facilitate tank-cleaning
Water repellent spray is not suitable for usage in the ballast tank to prevent sand and dirt to
accumulate during the life of a ship.

Recommendation
Water repellent coating is not durable enough to use inside a ballast tank. Someone with knowledge
about the durability of paint and other coatings, might investigate whether water repellent spray can
be mixed with some sort of conventional paint. Or a special primer (bottom layer) might be
developed to make the water repellent spray hold longer.

Water repellent spray on the ship’s hull to decrease resistance
Unfortunately we had to skip this test, although we approached several companies with the question
if they could help us. None of those companies answered our request to use their drag tanks. As a
result we were not be able to answer this question because we did not have the necessary
measurements.

Recommendation
Because we could not do the actual experiment, no recommendations can be made about the
decreasing of resistance of the ship’s hull. We hope we can do these test for Project 3 next year.

Water repellent spray on the ship’s hull to protect against marine growth
Water repellent spray does not influence the growth of marine life on the ship’s hull within 3 weeks.

Recommendation
To find out whether water repellent spray will influence the growth of marine life during a longer
period than 3 weeks, we must await the further results of this experiment, which is still running.
We can present the further results in Project 3 next year. We do not have the time and knowledge to
investigate exactly which ingredients in the water repellent coating prevent the marine life to attach
to the surface. It could be investigated further by someone with knowledge about the chemical
composition of anti-fouling. These crucial ingredients might be added, or the amounts adjusted,
when it appears that the water repellent spray does not work long enough.
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If the water repellent coating does appear to work for a longer period, it might be considered as a
product used to prevent the growth of marine life on surfaces on which you do not want marine life
to grow, for example the hull of a ship. In this case the durability of the water repellent coating is
very important. Recommendations about the durability are described in 7.3.1
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1. Project assignment
1.1 Problem description
A ship’s speed through the water is influenced by many things, like the shape and
smoothness of the hull. Marine growth can deteriorate the hull’s smoothness. Therefore the
growth of marine life on the ship’s hull must be prevented. Today, multiple systems exist to
delay the growth of marine life. However, up till now none of these systems have been able
to completely prevent marine growth, for anti-fouling will wear off in time and therefore has
to be replaced every now and then.
Seagoing ships often carry cargo on deck. This means that the cargo will be exposed to all
kinds of weather conditions, as well as spray coming over the ship’s bow. Some cargo can
suffer badly from this exposure and therefore must be covered to protect it from getting
wet. Some cargo can even absorb the water and due to this decrease the stability of the
ship. The conventional way of covering deck cargo is by using tarpaulins. Placing these
tarpaulins is a time-consuming job and they will often tear or get loose in case of strong
winds or wind gusts.
A seagoing ship is equipped with many tanks. Tanks have very irregular shapes. This makes it
difficult to clean them. Some tankers use spray systems to reach an as large as possible
surface. However, these systems are very expensive and are not profitable enough to place
in tanks such as ballast tanks. Still, tanks like ballast tanks need cleaning, because mud will
gather and stick to the bottom. This growing amount of mud forms an extra unnecessary
weight that deteriorates the stability situation of the ship. Up to now this mud could hardly
be removed in any other way than by hand because it sticks very well to the tank’s surface.
Water repellent spray has the properties to repel water and prevent materials from
absorbing water. It is very easy to apply and can be used on an endless variety of materials.
In this report we will investigate the possibility of application of water repellent spray on
board of seagoing ships.

1.2 Problem definition
Currently water repellent spray is not applied on seagoing ships.
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1.3 Research questions

Main question
How can water-repellent spray be applied to improve the characteristics of sea-going ships
and their cargo?

Sub questions
6.
7.
8.
9.
10.

What is water repellent spray?
How can water repellent spray decrease the influence of seawater on deck cargo?
How can water repellent spray be applied in tanks to facilitate tank-cleaning?
How can water repellent spray decrease resistance of the ship’s hull?
How does water repellent spray influence the growth of marine life on the ship’s hull?

1.4 Research methods
1. What is water repellent spray?
Qualitative research, desk research, field research
The project group will use the internet to discover how many companies produce water
repellent spray, what the characteristics of the sprays are and what the difference between
the available types is. When the project group has chosen what type of spray will be used to
work with, contact will be made with the producer of the water repellent spray to obtain
information about the mechanical and chemical properties in relation to wear, application,
friction and the chemical reaction with other materials.

2. How can water repellent spray decrease the influence of seawater on deck cargo?
Qualitative research, quantitative research, desk research, field research
The project group will apply the water repellent spray on multiple types of cargo (materials)
to find out to what degree the water repellent spray will decrease the influence of water on
the material. To determine the effects of water repellent spray the group will perform an
inclining experiment to test the stability.

3. How can water repellent spray be applied in tanks to facilitate tank-cleaning?
Qualitative research, quantitative research, desk research, field research
The project group will apply the water repellent spray on tank surface material and test is the
degree of difficulty of cleaning, and compare this with the normal difficulty of cleaning.

4. How can water repellent spray decrease resistance of the ship’s hull?
Quantitative research, desk research, field research
The project group will apply the water repellent spray on the hull of a model ship. This model
ship will be placed in a drag-tank testing facility. The resistance of the ship’s hull will then be
compared to the resistance of the hull without the water repellent spray.
5. How does water repellent spray influence the growth of marine life on the ship’s hull?
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Quantitative research, field research
The project group will apply the water repellent spray on a piece of ship’s hull material with a
fixed size. This square of metal, covered in water repellent spray, will be placed in seawater
for a certain amount of time. By means of comparison, they will also place a blank piece of
the material, same size and weight, next to it, and also a piece with conventional anti-fouling.
After the testing periods, the plates will be retrieved. Then they will be dried and weighed to
determine the amount of marine growth.
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2. Water repellent spray
Water repellent spray is a coating which is hydrophobic. This means that the coating will repel almost
any liquid from the surface in question. This effect is also known as the Lotus effect.

2.1 The Lotus effect
The lotus effect means that a liquid will form a drop on a surface. This effect is named after a plant,
the Lotus flower also known as a water lily.
The lotus effect is caused by very small bumps in the surface of the leaf. Between those very small
bumps tiny air chambers occur which repel water and dirt.
Scientists have been able to mimic the effect. Nowadays there are a couple of coatings on the market
which create the Lotus effect.
The degree of the hydrophobic property will depend on the contact angle which the droplet makes
with the surface.
Any surface with a contact angle between 0° and 90° is called hydrophilic.
Hydrophilic means that the surface willabsorb water very well.
Surfaces with a contact angle above 90° are called hydrophobic. Hydrophobic surfaces will show the
Lotus effect.

Fig. 2: A hydrophobic surface with an angle of approximately 150°

On hydrophobic surfaces only 2 – 3% of the droplet is in contact with the surface.
The leaf of a Lotus flower shows a contact angel of 170°, here only 0.6% of the droplet is in contact
with the surface.1

1

http://nl.wikipedia.org/wiki/Lotuseffect , http://lotusleafeffect.org/ , http://en.wikipedia.org/wiki/Lotus_effect
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2.2 Water repellent coatings
These days, various types of coatings have been developed with hydrophobic properties. The project
group has found 4similar coatings which are suitable for performing the experiments.

2.2.1 Ultra Ever Dry
The first Coating is produced by a company named Ultra Ever Dry.
Ultra Ever Dry is a company which is located in the United States of America and is
widely known through a short introduction movie of their product that was posted on
YouTube.

Fig. 3

Ultra Ever Dry’s water repellent coatingexistsof 2 layers. The first layer is the bottom layer and
provides a smooth surface on which the second layer adheres better.
How to apply?
Ultra Ever dry’s bottom and top coat must be applied by using a spray.
It takes 30 minutes for the bottom coat to dry and 10 minutes for the top coat to dry.2

2.2.2Waterbeader
Waterbeader is a coating similar to Ultra Ever Dry.

Fig. 4

Waterbeader is a company which is located in the United States of America. Waterbeader is not as
well-known as ultra-ever dry, this is because they are not focused on the general public, unlike ultraever dry.
The coating existsof 2 layers, a bottom layer and a top layer.
How to apply?
Waterbeader’s bottom and top coat must be applied by using a spray
It takes at least 2 hours to dry and be ready for use.3

2.2.3 Never Wet(Nanocoat)
The third coating is known as Never Wet.
Fig. 5

Never Wet is a company which is located in the United States of America.
Never Wet has the same properties as Ultra Ever Dry andWaterbeader, the only difference is that
Never Wet consists out of 1 layer of paint.
How to apply?
Never Wet must be applied by using a spray.
It takes at least 45 minutes to dry and be ready for use.4

2

http://www.ultraeverdrystore.com/
https://waterbeader.com/
4
http://www.neverwet.com/
3
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2.2.4 Rain X
Rain X is the only product that is not equal to the previous coatings.
Fig. 6
Rain X is a coating that will not attach to the surface in question. It creates a water repellent layer on
the surface but the layer itself lies on top of the treated material. It is not developed to be applied
permanently, but to re-apply after several times of use.
It is a well-known product in the carworld and is a coating that consists of silicone and polymers. Rain
X is a product used on windshields of cars and helmet visors to improve visibility whenit rains. It
makes the droplets create the lotus effect, much like the previously described products.
How to apply?
Rain X must be applied by rubbing it on the surfaceusing a towel of some sort.5

2.3 Selected products
The project group’s first plan was to purchase Ultra Ever Dry.After several attempts to get in contact
with Ever Ultra Dry the project received no response. Therefore this product was no longer an
option.
The project group’s second choice is Never Wet.
An additional advantage of Never Wet is that it is available in The Netherlands and in stock.
For comparison, the project group ordered Rain X too. This is possible because there is some room in
the budget, for Never Wet and Rain X are not nearly as expensive as Ultra Ever Dry.
The project group also contacted Waterbeader but did not get a response from them. A second
problem with Waterbeader is that they do not deliver outside the U.S.A.

5

http://www.rainx.nl/product.php
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3. Water repellent spray on deck cargo to decrease the influence of
seawater
3.1 Goal
With this experiment we want to determine if water repellent spray can influence the stability of a
ship if it is applied on the hull or deck cargo. The stability of ships is being affected by deck cargo such
as wood, which absorbs seawater. This increases the weight, which will result in a lower stability.

3.2 Set-up
To determine a baseline measurement for this experiment we will perform an inclining test of a
ship’s model without cargo or water repellent spray applied.
To determine if seawater is of influence on deck cargo we first need to find out if water repellent
spray will influence the ship’s stability when applied on the hull. Therefore we will apply water
repellent spray on the hull of a model and perform an inclining test. This will enable us to find out
whether we can use water repellent spray on the ship’s hull, to minimize friction. If the water
repellent appears to decrease friction by water, and therefore creates a dangerous situation with
regard to the ship’s stability, we will not be using it on the ship’s hull.
After we have decided if we are going to use the water repellent on the hull, we will perform an
inclining test with dry and wet (wood)cargo. The cargo will be simulated with wooden blocks.
The experiment listed in sequence:
 Baseline measurement – model without water repellent spray and without cargo
 Hull experiment – model without cargo but water repellent spray attached to the hull
 Dry cargo experiment – model without water repellent spray attached on the hull + dry cargo
 Wet cargo experiment –model without water repellent spray attached on the hull + wet
cargo
 Dry cargo experiment – model with water repellent spray attached on the hull and cargo
 Wet cargo experiment –model with water repellent spray attached on the hull + wet cargo

Fig.7
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3.3 Measurements
The effect water has on the ship and cargo can be determined through the results of the inclining
test. To visualize this we will use a video camera. To get the right impression of the effects, the ship
has to be placed in a fixed position, which is done by using of 2 pieces of string, so the different
measurements can be overlapped in one image.

3.3.1 How to perform an inclining test
To determine the GM an inclining test will be performed.
According to the ‘’SOLAS’’ (Chapter II-1) an inclining test is a required part of a stability book of the
ship. These measurements are being used to determine the centre of gravity of a ship.
Minimum requirements for GM
The law has a number of requirements for the GM of a vessel, before it can start its journey. These
requirements vary per type of vessel. The minimum height of metacentre:




0,15 meters for cargo vessels
0,10 meters for cargo vessels with timber cargo
0,30 meters for cargo vessels with grain in bulk

It is very important to know the displacement of a vessel, this must be checked before we start the
experiment. To perform the test we will use a weight that is ± 2% of the ships displacement. This
weight will be moved from the middle of the ship to the port and starboard side of the ship. The
distance of this weight must be measured as accurate as possible. When this weight is moved to one
side of the vessel the vessel will heel over to that side. This inclination can be measured with a
plummet or a ruler.
With the acquired information we can determine the GM of the vessel. The method for this
calculation is shown on the next page.
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This can be done by means of the following formula:

=
=
=
=
=

The weight that has been moved
The distance the weight is moved
Displacement (Inc. )
Length of the plummet
Inclination of the plummet

α

α

ι

Fig.8
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3.4 Expected results
We expect the water repellent spray on the ship’s hull to have a slightly negative effect on the ship’s
stability. I.e. to make the ship with treated hull incline more with the same amount of shifted weight.
Nevertheless, we do not think this increase of inclination will endanger the ship’s safety.
Regarding the wooden deck cargo, we expect the water repellent spray to improve the ship’s stability
by preventing the wood from absorbing water. We expect that the angle of inclination will stay more
or less the same after the treated wood has been submerged in water.
The GM in this experiment will only be a few cm, this is because it is a ship model where the weight
has been improved. This model does not comply with the minimum requirements for GM, but is only
used to measure the GM. We improved the weight so that the GM will have more deviation and the
measurements are more distinct.

3.5Actual results
Our expectations about the water repellent on the ship’s hull appears to be correct. The results are
shown in the tables in the attachments 1 & 2, the Never Wet did cause the ship to have slightly more
list to portside. The table ‘results of plummet inclination’ of attachment 1 shows about 1 cm les
inclination to the port side than the table in attachment 2. The reason that the weights of the
wooden blocks in attachment 1 & 2 are different is because we used different wooden blocks.
The wooden cargo that was treated with water repellent spray did behave as we expected. The wood
did absorb a lot less water than the untreated wood. We determined this by measuring the weight
before and after we had put the wood in the water. The tables ‘results of plummet inclination’ in the
attachments 1 & 2, you can see that there is a lot of weight difference between dry and wet
untreated wood, 4 to 18 grams. And the weight difference between treated (with never wet) wood is
zero to 2 grams of weight difference.
However, when applied, the wood was slightly absorbing the water repellent spray, the weight
increased by 2 grams. This means the weight will improve a little to start with. When submerged
though, the treated wood absorbs less water than untreated wood.
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3.5.1 Analysis
The results shown in the tables called ‘results of the formula’ in attachment 1 & 2 show the GM. This
is the distance between the ship’s centre of gravity (G) to the metacentre (M). The smaller the GM,
the bigger the negative effect on the ship’s stability. The tables ‘result of the formula’ in attachment
1 show a GM for a ship without cargo of 3,3 cm. When we put cargo on the vessel the GM gets
smaller which is supposed to happen because more weight is being put on the deck of the ship so the
stability decreases. The results mean that the wetter the wood gets, the smaller the GM will become,
and the more the ship’s stability will deteriorate. The GM of wood treated with never wet is, when
dry, 2,8cm on portside and 3cm on starboard. We can see that when the treated wood is made ‘wet’
that the GM does not change on starboard and only changes 2 cm on portside. In comparison with
dry wood and then wet wood, where the GM changes 8 cm, we see that by applying ‘Never Wet’ to
the cargo, the stability with wet cargo will improve.
In attachment 2 the tables ‘result of the formula’ show the GM of the ship treated with ‘never wet’
on the hull. In comparison with the table in attachment 1 the overall GM is less on portside and a
little bit more on starboard. Therefore there is a clear result that when a water repellent spray is
applied on the hull it does effect the ships stability.

3.5.2 Ship data
: Weight moved =
: Distance of the moved weight =
: Length of the plummet =
: Displacement =
: inclination of the plummet =

0.516kg
0.060 m
0.725m
11.275kg
see 2.5.2 & 2.5.4

- 18 -

Project Group 3

Water repellent spray

4. Water repellent spray applied in tanks to facilitate tank-cleaning
4.1 Goal
The water repellent spray might be interesting to use in a ballast tank because during the life
of a ship a lot of dirt and sand is collected in the tank. This extra weight has a negative effect
on the ships stability and reduces the ballast capacity. To keep the tanks clear of sand and
dirt we want to use the spray so that sandy/muddy water will just run down the drainage
leaving no residue.
To test the adhesive qualities and the durability of the water repellent spray we did some
experiments. In a ballast tank the coating is exposed to a number of severe influences. When
the tank is filled the water hits one side of the tank which causes wear of the coating. We
want to know whether water repellent spray facilitates the cleaning of ballast tanks. This can
be tested at our school in the engine room, the ‘pump basin’.

4.2 Set-up
First we will take a clear plate of steel from the welding classroom and make sure the surface is
clean. If the surface has been checked and possibly cleaned we cover the plate with the water
repellent coating. When the coating has dried sufficiently we will expose the plate to running water
in the pump testing rig. One group member will suspend the plate and one member will keep track of
time. We are interested in the time factor because it will give us an idea about the lifespan of the
coating when applied in the ballast tank. We will start with the shortest time span and will ad time as
the experiment proceeds.
After the plate has been exposed to running water for a certain amount of time, we will test the
water repelling qualities of the coating by laying the plates on a table and poor some normal tab
water over the plates. When the plate with the longest exposure time still has the same qualities of a
brand new coated plate we will use that plate as a starter and choose a bigger time span between
the plates.
The day prior to the experiment Never wet was applied on a galvanised steel plate by the use of an
atomiser/spray flacon. The plate was approximately 1.5 meter in length. This is the proper length
because now we can capture the difference between untreated and treated surface. The plate was
stored properly while drying overnight so it would not be touched of affected by anything/anyone.
The next day at 8:30 in the morning everybody was present and the experiment could start.

4.3 Measurements
The most important part of the experiment will be the friction caused by the water during the filling
of a ballast tank, it will show the resilient qualities of the spray.
First we will suspend the plate at an angle to show the lotus effect, we will rig up a video camera in
front of the steel plate and record what happens when running tab water over the plate. For pouring
the water over the surface, we will use a plastic bottle. This will also be the baseline experiment. As
the experiment proceeds we will be able to ascertain the deterioration of the Never Wet layer.
When it is clear that the spray has attached to the galvanised plate and it has the proper effect, the
true experiment can start. We will place the plate in front of the running water caused by the pumps,
similar to the actual situation in a ballast tank when the pumps operate at full steam. After 3 minutes
we stop the pumps and check the lotus effect on the treated area. When the water repellent layer
seems unaffected, we will repeat this process but extend the period of time by 200 %, so 6 minutes.
We will continue doing this (12 minutes, 24 minutes etc.) until we detect a visible deterioration of
the water repellent layer.

- 19 -

Project Group 3

Water repellent spray

4.4 Expected results
We expect the water repellent coating to wear of during the life of a ship. We expect it to last several
months. Then it most likely has to be renewed during dry-dock maintenance. The manufacturer of
Never Wet states on their website (links below) that they tested the product in sea/saltwater with
good results, so we are interested to see how long it will last in the ballast tank.6

4.5 Actual results
After 3 minutes the effect was gone. The water had washed of most of the Never Wet spray and
there was no lotus effect visible anymore.
This is a disappointing result. The spray seems impressive when applied but under strain/stress the
durability qualities lack and make it unsuitable for application in ballast tanks on a vessels. In this
experiment fresh water was used and it was fairly clean, so in an actual ballast tank situation where
salt and sandy water is used it will most probably wear off even sooner.
In this experiment we just tested the durability of the spray when exposed to pressurised water
caused by the ballast pump. We did not have the resources to test the effect further in the tank.To
test this we need a much bigger piece of steel en a larger pump basin. However the results make it
seem doubtful that the spray coating will last long enough to last the ships dry-dock to dry-dock
period.
Because the results were so disappointing we didn’t bother to test ’Rain-x’ because that has even
lesser durability properties in comparison to ‘Never Wet’.

Fig. 9
Experiment set-up

Water jet from pump

Fig. 10

6
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5. Water repellent spray on the ship’s hull to decrease resistance
5.1 Goal
The purpose of this sub question is to get an answer to the question whether it is possible to use the
product "Never Wet" to reduce friction resistance of the water on the ship’s hull. For this experiment
we will use only the product “never wet”.
In the following paragraphs, we will describe all components that have to do with skin friction
resistance on a ship.

5.2 General information
The goal is to create an air layer around the ship in order to reduce resistance. Air bubbles flow along
the hull, these air bubbles should be held in place by the water repellent spray. The result is that an
air layer will form between the hull and the water. Up to this day, no product has been able to create
this kind of air layer for a sufficient amount of time.
If there is no air layer created around the hull, the roughness of the hull and the coating are the most
important parameter that influence the resistance.
So if the water repellent spray is very smooth, it could have a friction reducing effect. For example: A
smooth surface of the hull, the ship will encounter less resistance than a rough surface of the hull.
As mentioned, the roughness is important, but it is, in particular, to increase the ratio hull roughness
and thickness of the boundary layer around the ship. While sailing, a boundary layer at the stern of
the ship increases in thickness. In this boundary layer, water will be taken and goes in the sailing
direction. At the bow there is not a lot of water that will be taken, so the boundary layer will be
thinner. If you go further to the stern of the vessel, the amount of water that will be taken increases
and the boundary layer will be thicker. If the boundary layer is thin, it may still have a certain
roughness effect on the resistance, but with a thick layer the same roughness will have much less
effect. So the effect of roughness on the resistance becomes less from the bow to the stern of the
vessel.
In paragraph 5.3.3 the boundary layer will be extensively discussed.
7

5.3 Measurements
5.3.1 Skin friction resistance (RFO)
The friction resistance(RF)is caused by the water flowing around the hull (skin) of the ship. Due to the
viscosity, the "water particles" remain to stick to the hull so that they adopt the same speed as the
ship.
This results in a shear stress between the ship’s hull and the water, which in this case, is called
friction. This skin friction (RFO) is influenced by the shape effect of the vessel. Shape effect refers to
the shape of the underwater hull. The smoother the shape, the less frictional resistance will occur.
The skin friction resistance is part of the total ship's resistance, and it can be calculated. In fade tests
(such as the drag tank at TU Delft, see Figure 11 and 12) the measured overall resistance can be
reduced with the calculated friction resistance. After this calculation, the residual
resistance(RR)remains. The residual resistance consists of pressure resistance(RP) and wave
resistance(RW).

7
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Fig. 11
Fig. 12

5.3.2 The shear stress
As explained in section 5.3.1, you will need the calculated friction resistance to determine the skin
friction.
Water can be regarded as a Newton fluid, this name is given to a liquid when it displays linear
behaviour with respect to mechanical stresses, such as shearing forces. This will increase the shear
stress directly proportional to the gradient of the flow speeds perpendicular to the sliding surface.

Whereby:
:

The shear stress on the substance(this is created by the resistance of the material
against the flow, the "flow resistance"). The shear stress is shown as N/m−2

:

(Which is also used as ). This is the dynamic viscosity of the substance, which is a
constant factor in a Newton’s fluid. The dynamic viscosity is shown as kg/m-1·s-1

Is the gradient(= variation) of the flow speed perpendicular to the
sliding surface. The sliding surface is the surface on which the sliding takes place.

The frictional force is the sum of all of these shear stresses over the entire friction surface.
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5.3.3 Boundary layer
Furthermore, we have to deal with a boundary layer. This layer is caused by the water, sticking on
the ship's skin. Here the relative speedon the hull will be zero (the relative speed arises when the
vessel will sail through the water). Then the speed will be increased. When the distance of the ship’s
hull becomes larger, until finally the undisturbed speed. (So the relative speed at the bow is zero, but
as the water proceeds towards the stern, the relative speed will increase). As explained in paragraph
5.2, the boundary layer is dependent to the amount of water that will flow and stick along the hull of
the ship.
The boundary layer is partly laminar and partly turbulent, whereby the resistance of the turbulent
layer is bigger. At the bow(where the relative speed is zero), you have a laminar flow and at the
stern(where the relative speed is bigger) you will find a turbulent flow. The transition from laminar to
turbulent flow has to be determined by means of the Reynolds number(Re).(For clarity, see Fig. 13).

Whereby:
= Speed (of the ship (m/s))
= Length (of the ship (m))
= Kinematic viscosity of the flowing medium (m2/s)
If the result(Re) has a low value, then you are dealing with a laminar flow. When the result appears
to be high, the flow is turbulent.8
Fig. 13

8
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6. Water repellent spray on the ship’s hull to protect it against
marine growth
6.1 Goal
By means of this experiment we want to measure the (possibly decreasing) effect of water repellent
spray on the development of marine growth on a ship’s hull. We want to find out if and in what
degree the water repellent spray prevents marine growth from attaching to the tested surface, which
is similar to that of a ship’s hull. We also want to compare the water repellent spray to conventional
products developed to prevent the growth of marine life on a steel surface.

6.2 Set-up
To determine a baseline measurement for this experiment we will take 3 steel plates of 50 by 150
mm. These plates are 8 mm thick. These plates will be accurately weighed, cleaned and left
untreated. These plates will be placed in the Maas near the STC’s
pontoon. We will hang the 3 untreated plates at three different
depths:
 0.1 m
 0.5 m
 1.0 m
The reason for hanging the plates on three different water depths is
that we want to determine if this will make any difference in the
durability of the products. There are several influences that might
interfere with our experiment. For example the penetration of
sunlight through the water, different water temperatures and the
strength of water currents. On a ship’s hull, these influences also
occur. Therefor we want to investigate the durability under these
variable circumstances.
Fig. 14
The previously described steps will be repeated with:
 3 plates coated with water repellent spray
 3 plates coated with conventional anti-fouling
 3 plates coated with a mix of water repellent spray and
conventional anti-fouling

The other plates will be hung from the platform too. A total of 12 plates will hang from the platform,
with 4 plates at each depth. Each rope, holding 3 plates with the same type of coating, will be clearly
marked, to prevent a mix-up.
We will leave the plates in the Maas for as long as possible. Preferably for at least 2 whole months.
This will give marine life a chance to attach to the surface of the plates.
As an additional measurement, we will take one extra plate of each kind of coating and hang these at
a depth of 0.1 m. These last 4 plates will be retrieved earlier, so that we are able to present
intermediate results before the summer holiday commences.
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6.3 Measurements
When the experiment has ended, the plates will be removed from the water. All plates will be placed
to dry at constant (room) temperature and air humidity. When they have completely dried, the
plates will be weighed. The 4 separate plates will be removed just before the start of the summer
holidays, so that we can determine some intermediate results.

6.4 Expected results
After 3 weeks we do not expect any of the plates to have increased in weight. This period of time is
too short for marine life to attach to the surface of the plates. At least not in amounts that will create
a significant increase of weight.
After 3 months though, we expect to see an increase in weight of the uncoated plates, due to the
amount of marine growth that is growing on the surface. With the other plates, the possible
increasing of weight will point out if the coating has or has not prevented marine growth and if so, to
what degree. The bigger the increase of weight, the more marine life has attached to the surface of
the plates.

6.5 Actual results
Type of
coating

No coating

Results Marine growth experiment
Start
3 weeks
5 months submerged
weight submerged
0.1 meter
0.1
0.5
1.0
meter
meter
meter
770.0 g 770.0 g
778.0 g 775.5 g 777.0 g

Average increase of
weight after 5
months
6.83 g

Conventional 770.5 g
antifouling
Never wet
770.0 g

770.5 g

774.0 g

773.0 g

774.5 g

3.83 g

770.0 g

775.0 g

776.0 g

774.5 g

5.5 g

Rain X

770.0 g

774.0 g

774.0 g

775.0 g

4.3 g

770.0 g

6.6Analysis
The first 4 plates were submerged for exactly 3 weeks (from the 4th of June until the 25th of June) at a
depth of 0.1 meter. When retrieving them, it was instantly clear that barely any marine growth had
settled on the plates. To ensure ourselves of this, we dried the plates for 24 hours at room
temperature. When dried sufficiently, the plates were weighed. To weigh them, two different scales
were used. One of them analogue and the other digital. Both scales confirmed what we already
expected. The weight of all 4 plates was exactly as it was before submerging them for the short
period of three weeks.
Before we can draw any conclusions about the effect of water repellent spray on the growth of
marine life, we must wait for the result of the other 12 plates to be retrieved. We plan wait at least
another 3 months before retrieving the remaining plates.
An interesting detail regarding the retrieved plates, is that the 3 plates without conventional coating,
had rusted remarkably. The water repellent does not seem to prevent the material from reacting
with oxygen. Thanks to this conclusion, we now know that water repellent coating cannot be used
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without combining it with some sort of coating of other technology that prevents the surface from
rusting.

7. Conclusions and recommendations
7.1What is water repellent spray
Water repellent spray is a coating which is hydrophobic. This means that the coating will repel almost
any liquid from the surface in question. This effect is also known as the Lotus effect.

7.2Water repellent spray on deck cargo to decrease the influence of seawater
By applying a water repellent spray on wood cargo, the seawater will have less influence on the
ship’s stability. This is because treated wood will absorb a lot less seawater than untreated wood.
However spraying the wood cargo with a water repellent spray will make the wood heavier to begin
with, but not as heavy as wet wood.
By applying a water repellent spray on the ship’s hull, the spray will influence the stability negatively.

7.2.1 Recommendation
Water repellent spray could very well be used on deck cargo that is very likely to get wet. In this case,
the extra weight will be a smaller threat to the ship’s stability than the cargo will be when it has
become wet and has increased in many times more in weight. Our recommendation a test on a real
cargo ship with wood as deck cargo.

7.3 Water repellent spray applied in tanks to facilitate tank-cleaning
Water repellent spray is not suitable for usage in the ballast tank to prevent sand and dirt to
accumulate during the life of a ship.

7.3.1 Recommendation
Water repellent coating is not durable enough to use inside a ballast tank. Someone with knowledge
about the durability of paint and other coatings, might investigate whether water repellent spray can
be mixed with some sort of conventional paint. Or a special primer (bottom layer) might be
developed to make the water repellent spray hold longer.

7.4 Water repellent spray on the ship’s hull to decrease resistance
Unfortunately we had to skip this test, although we approached several companies with the question
if they could help us. None of those companies answered our request to use their drag tanks. As a
result we were not be able to answer this question because we did not have the necessary
measurements.

7.4.1 Recommendation
Because we could not do the actual experiment, no recommendations can be made about the
decreasing of resistance of the ship’s hull. We hope we can do these test for Project 3 next year.
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7.5 Water repellent spray on the ship’s hull to protect against marine growth
Water repellent spray does not influence the growth of marine life on the ship’s hull within 3 weeks.

7.5.1 Recommendation
To find out whether water repellent spray will influence the growth of marine life during a longer
period than 3 weeks, we must await the further results of this experiment, which is still running.
We can present the further results in Project 3 next year. We do not have the time and knowledge to
investigate exactly which ingredients in the water repellent coating prevent the marine life to attach
to the surface. It could be investigated further by someone with knowledge about the chemical
composition of anti-fouling. These crucial ingredients might be added, or the amounts adjusted,
when it appears that the water repellent spray does not work long enough.
If the water repellent coating does appear to work for a longer period, it might be considered as a
product used to prevent the growth of marine life on surfaces on which you do not want marine life
to grow, for example the hull of a ship. In this case the durability of the water repellent coating is
very important. Recommendations about the durability are described in 7.3.1

- 27 -

Project Group 3

Water repellent spray

8. Literature
1 http://nl.wikipedia.org/wiki/Lotuseffect

, http://lotusleafeffect.org/ ,
http://en.wikipedia.org/wiki/Lotus_effect
2 http://www.ultraeverdrystore.com/
3 https://waterbeader.com/
4 http://www.neverwet.com/
5 http://www.rainx.nl/product.php
6

http://www.neverwet.com/anti-corrosion.phphttp://www.neverwet.com/anti-wetting.php

7 http://wikipedia.com
8

Maritime Research Institute Netherlands

Figure 1:http://futureprospects.files.wordpress.com/2010/05/lotuseffekt.jpg
Figure 2:http://en.wikipedia.org/wiki/Lotus_effect
Figure 3:http://www.ultraeverdrystore.com/
Figure 4:https://waterbeader.com/
Figure5:https://nanocoatshopnl.webshopapp.com/nl/
Figure 6:http://www.rainx.nl/
Figure 7: Photo collection project group
Figure 8:http://www.earthinstitute.columbia.edu/news/images/HeezenBow.jpg
Figure 9:Photo collection project group
Figure10:Photo collection project group
Figure11:Photo collection project group
Figure12:http://www.vanvlietzeilen.nl/picpage/Waterbaan.html
Figure13:http://gallery2.tudelft.nl/main.php?g2_itemId=1009021
Figure14:Photo collection project group

- 28 -

Project Group 3

Water repellent spray

Attachments
Attachment 1
Results of plummet inclination(
Hull untreated + Cargo
Cargo
Weight
No cargo
Dry timber
151 g
Wet timber
169 g
Never Wet ‘dry’
163 g
Never Wet ‘wet’ 163 g
Rain X dry
151 g
Rain X wet
153 g

)
Inclination ship
Port side

6.0 cm
7.0 cm
8.0 cm
7.0 cm
6.5 cm
7.0 cm
7.0 cm

0.060 m
0.070 m
0.080 m
0.070 m
0.065 m
0.070 m
0.070 m

Starboard

6.0 cm
7.0 cm
7.0cm
6.5 cm
6.5 cm
7.0 cm
7.0 cm

0.060 m
0.070 m
0.070 m
0.065 m
0.065 m
0.070 m
0.070 m

Results of the formula
No cargo portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟑𝟑𝟏𝟖
𝟏𝟏. 𝟐𝟕𝟓 × 𝟎. 𝟎𝟔

No cargo starboard (m)
0.516 × 0.06 × 0.725
= 0.03318
11.275 × 0.06

Dry timber portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟑𝟐𝟕𝟒
𝟏𝟏. 𝟒𝟐𝟔 × 𝟎. 𝟎𝟔

Dry timber starboard (m)
0.516 × 0.06 × 0.725
= 0.02806
11.426 × 0.07

Wet timber portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟓
𝟏𝟏. 𝟒𝟒𝟒 × 𝟎. 𝟎𝟖

Wet timber starboard (m)
0.516 × 0.06 × 0.725
= 0.028
11.444 × 0.07

Never wet ‘dry’ portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟖
𝟏𝟏. 𝟒𝟑𝟖 × 𝟎. 𝟎𝟕

Never wet ‘dry’ starboard (m)
0.516 × 0.06 × 0.725
= 0.030
11.438 × 0.065

Never wet ‘wet’ portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟑𝟎
𝟏𝟏. 𝟒𝟑𝟖 × 𝟎. 𝟎𝟔𝟓

Never wet ‘wet’ starboard (m)
0.516 × 0.06 × 0.725
= 0.030
11.438 × 0.065

Rain X ‘dry’ portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟖
𝟏𝟏. 𝟒𝟐𝟔 × 𝟎. 𝟎𝟕

Rain X ‘dry’ starboard (m)
0.516 × 0.06 × 0.725
= 0.028
11.426 × 0.07

Rain X ‘wet’ portside(m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟖
𝟏𝟏. 𝟒𝟐𝟖 × 𝟎. 𝟎𝟕

Rain X ‘wet’ starboard (m)
0.516 × 0.06 × 0.725
= 0.028
11.428 × 0.07
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Attachment 2
Results of plummet inclination( )
Hull treated + Cargo
Inclination ship
Port side
Starboard
Cargo
Weight
No cargo
7.0 cm
0.070 m
6.3 cm
0.063 m
Dry timber
156 g
8.0 cm
0.080 m
5.9 cm
0.059 m
Wet timber
160 g
7.5 cm
0.075 m
6.1 cm
0.061 m
Never Wet ‘dry’
156 g
7.5 cm
0.075 m
6.0 cm
0.060 m
Never Wet ‘wet’ 158 g
7.2 cm
0.072 m
6.1 cm
0.061 m
Rain X dry
146 g
7.0 cm
0.070 m
6.2 cm
0.062 m
Rain X wet
150 g
7.0 cm
0.070 m
6.4 cm
0.064 m
Results of the formula
No cargo portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟖𝟒𝟒
𝟏𝟏. 𝟐𝟕𝟓 × 𝟎. 𝟎𝟕

No cargo starboard (m)
0.516 × 0.06 × 0.725
= 0.03160
11.275 × 0.063

Dry timber portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟒𝟓𝟓
𝟏𝟏. 𝟒𝟑𝟏 × 𝟎. 𝟎𝟖

Dry timber starboard (m)
0.516 × 0.06 × 0.725
= 0.03328
11.431 × 0.059

Wet timber portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟔
𝟏𝟏. 𝟒𝟑𝟓 × 𝟎. 𝟎𝟕𝟓

Wet timber starboard (m)
0.516 × 0.06 × 0.725
= 0.032
11.435 × 0.061

Never wet ‘dry’ portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟔
𝟏𝟏. 𝟒𝟑𝟏 × 𝟎. 𝟎𝟕𝟓

Never wet ‘dry’ starboard (m)
0.516 × 0.06 × 0.725
= 0.033
11.431 × 0.06

Never wet ‘wet’ portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟕
𝟏𝟏. 𝟒𝟑𝟑 × 𝟎. 𝟎𝟕𝟐

Never wet ‘wet’ starboard (m)
0.516 × 0.06 × 0.725
= 0.032
11.433 × 0.061

Rain X ‘dry’ portside (m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟖
𝟏𝟏. 𝟒𝟐𝟏 × 𝟎. 𝟎𝟕

Rain X ‘dry’ starboard (m)
0.516 × 0.06 × 0.725
= 0.032
11.421 × 0.062

Rain X ‘wet’ portside(m)
𝟎. 𝟓𝟏𝟔 × 𝟎. 𝟎𝟔 × 𝟎. 𝟕𝟐𝟓
= 𝟎. 𝟎𝟐𝟖
𝟏𝟏. 𝟒𝟐𝟓 × 𝟎. 𝟎𝟕

Rain X ‘wet’ starboard (m)
0.516 × 0.06 × 0.725
= 0.031
11.425 × 0.064
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