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Preface
The world is changing out there, dark times arise as the prices of fuel rocket up to unknown heights
together with the black smoke blowing from your chimney! Why?, you ask, because every new
innovation and world changing system is being blocked by the greedy corporate hands of the oil
companies! If we want to give the future generations a chance on this lump of mud we need to
change the world right now! Someone shouts “Grab your tools lads!” it was a typical fellow in green
overalls holding a pipe wrench to the sky, followed by “We are going to war!”. As the green overalled
leader started marching in the direction of the nearest port, the townsmen were quickly gathering
their tools to instinctively follow their leader. “That one first!” the green man said while pointing his
wrench in the direction of a reasonable looking ship. The new-born tool soldiers charged the ship as
if it was a medieval castle, their general shouts “Remove the engine!”. With Godspeed the townsmen
started to disassemble the entire old-fashioned diesel engine as the leader in the green overalls
walked in… “Good work men, now we will build an MHD system here. After we drink some ale and
start on the next one.”
Before the real fun starts we want to give a special thanks to the managers and our principal for the
help during the good and the bad times of this project.
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Introduction
Problem definition:
The biggest problem in the maritime sector is the fuel costs. The price of diesel oil nowadays is skyhigh and the vessels use a lot of this expensive fuel. Today a barrel of crude oil is around $90.The current environmental condition is also a big issue. Vessels are using and burning al lot of fuel,
and burning fuel will produce exhaust gases which are not so good for the environment.
We wish to find/create and apply a new type of propulsion system which uses less fuel which better
for the environment!
Main question:
How can “magneto hydrodynamic energy” improve the propulsion of vessels?

Sub questions:
-

What is “magneto hydrodynamic energy”?
How can “magneto hydrodynamic energy” be applied?
In what way can this system be used to propel a ship?
What are the advantages and disadvantages of this propulsion system?
How can we test this system?
How can the hydrogen gas be used

Project borders:
Our research will extend from the possibility of using a MHD thruster in a vessel to an advice to a
shipping company. The research will conclude working and applications of Magneto hydrodynamic
energy, research if the system is applicable on vessels and an advice to shipping companies.
If there is a possibility to do an experiment, than this will be done. In this experiment we will
research the building matters and the working of the MHD. Not only to fully understand this concept
but also to test the possible applicability on vessels.
In all this we will exclude the possible costs of the MHD installation.
To finish off this project we will make a report about our research. In this report we will conclude our
findings as well as an advice to shipping companies.
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Magneto Hydrodynamic Energy
MHD is an abbreviation of “Magnetic Hydro Dynamic”. Our idea is to use MHD as a propulsion
system for vessels.
If you want to understand how this system works, you have to understand what magnetism is and
how magnets work.
There are different types of magnets, one of them is a permanent magnet. A permanent magnet is a
piece of metal (usually iron), this piece of metal has two sides, a north side and a south side, called
north pole and the south pole of the magnet. A north pole and a north pole (or south pole and south
pole) repel each other. But a north pole and a south pole attract each other.
A magnet produces force lines, these lines of force run from pole to
pole. Inside the magnet the lines run from the south pole to the north
pole and outside the magnet the force lines run from the north pole to
the south pole.
All the force lines together form the magnetic field. This magnetic field
is produced by the movements of the electrons inside the material.

Another form of magnets is the electromagnet. In this form the magnetic force is
produced by the electrical current through a metal wire.
Also in an electromagnet there are movements of electrons inside the wire, this is
caused by the current which flows through the wire. This is a movement of
electrons, but in this case the magnetic field lines are formed in circles around the
wire (see picture).
If you bend the wire in the form of a coil, the magnetic field
lines are formed through the coil. More coils or a higher
electrical current is a higher magnetic flux, in accordance
with the Ampère's circuital law.
Coils can be used in two different ways. One way is to
create a magnetic force through the coil. And the other way
is to produce an electrical current by pushing a magnet
through the coil, this is the same as an electron moving
through a coil. But we want to create a magnetic force to
propel a vessel.
Electrical magnets have some advantages in relation to permanent magnets. First of all is that you
can turn them off by turning of the electrical current. The second point is that the force is adjustable
in accordance with the strength of the current. And if you switch the poles of the electrical current
you will switch the poles of the magnet.
Our idea is a long tube and around this long tube are coils of electric wires such as copper-wire. If
there is a high amperage current on these coils it creates an intensified electric field. This electric
field produces the Lorentz force.
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The Lorentz force was discovered by Hendrik Lorentz.
The Lorentz force is an electric-magnetic force. This electric
magnetic force creates an electric-magnetic field. The Lorentz force
says that these electric-magnetic fields wield power on electric
charges. This force can accelerate or slow down a charged particle.
And in our idea we want to accelerate the charged particle.
One of the formulas of Hendrik Lorentz is:
Hereby is:
F=Lorentz force
I=amperage
B=magnetic field
L=length of the conductor
n=amount of coils

With this formula you can calculate how large the Lorentz force is in a certain situation. You can also
conclude that the force increases when there is a higher amperage current, more coils or a longer
tube (in our situation).
You can also calculate the speed of the accelerated particles in the tube with the Faraday's law of
induction.

The formula is:
You can rewrite this formula as:

v=

−B∗l
U

; U=induction voltage.

The minus (-) in this formula is a philosophical min. The generated (induced) voltage is always against
the grain, in accordance with Lenz's Law.
The tubes with coils around produces the Lorentz force which forces the water go through the tubes
from the bow to the stern. In this case the electric charged particles are the ions in the seawater. This
is possible because seawater is a conductor.
This also says that this systems does not work in fresh water, because fresh water almost does not
consist of dissolved salts (see next part).
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Seawater consists of multiple elements. About 97% of seawater is H2O, water. The other 3% are
dissolved salts, salts like: sodium chloride, magnesium chloride, sodium sulphate and another less
common salts. The amount of dissolved salts in the sea is mentioned as the salinity.
The sodium and magnesium ions are the ions we are going to accelerate as charged particles.

If there are more ions in the water the amount of
accelerated particles is higher. The salinity of seawater
leads to a problem. The salinity, or amount of dissolved
salts, depends on the place on earth.
This means that the speed of the vessel will be influenced
by the place on earth.
Fresh water consist of less than 0,05% dissolved salts. This
is so low that our system would not work due to the lack
of ions (like sodium and magnesium).

Water salinity based on dissolved salts
Fresh water

Brackish water

Saline water

Brine

< 0.05%

0.05% – 3%

3% – 5%

> 5%

6

Applications of MHD
The magneto hydrodynamic system can best be described as a system that can move electricity
conducting fluids without any moving parts. This means that the usual wear and tear on pumps and
engines could be a thing from the past if this system is applied on your vessel.
The system is fairly simple to understand and works on the basic rules of physics. When the
conducting fluid is charged with an electric load it will become controllable by magnetism. Speed
could be built up and be converted to pressure, a pump action is created.
MHD Generators
The best thing about this system is that when used in a reversed matter it will generate a current. So
in layman words: if we make speed through the water without running the system it will itself
generate an electrical flow. This system can also be found in electromagnetic flow meters used in
seawater piping systems. However, the amount of electrical current generated on a moving ship is to
be neglected. So how will this system generate enough electricity to be efficient? In our previous
example the kinetic energy of the ions in the water will produce electricity but another possibility is
to use the thermal energy of an ionised gas particle.

As you can see on the picture above the working of the system is fairly simple. The gas is burned in
the combustion chamber and expanded. When it passes the magnetic field a D/C is generated and
the gases leave the system. The exhaust gases could still be used in example heating steam-boilers to
increase the overall efficiency of the system. In the picture can be seen that the exhaust gasses are
heating the inlet air. The purpose of this system is to increase the stability of the air and fuel mixture.
This way fuel usage and emissions can be reduced.
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Metal industry
This system is already in use by several metal producing plants to move the liquefied metal from
point A to B. Because of the overall higher conductivity of metal less power is needed for this
phenomenon to occur. On vessels this very same system could be used to pump over seawater. This
means ballasting, seawater cooling and even gigantic centrifugal dredging pumps could be replaced
by MHD systems.
Military applications
Submarines in enemy territory would greatly benefit from this system. The biggest fear for any
submarine crew is to be located by enemy forces. Usually these vessels are located by minor
vibrations in the water caused by the submarine. With this system the amount of vibrations caused
by a conventional engine/propeller combination would cease to exist, giving great advantages in
hostile situations.
Furthermore the military shows particular interest in the MHD system in form of a so called rail gun.
This system is equal to the system used to propel liquids but instead of liquids projectiles are used.
These projectiles in form of missiles. Because of the high velocity built up during the launch the
projectile will suffer less from bullet drop and wind shift then the conventional shells used by the
military.
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Propulsion of a vessel by MHD
The MHD system can be used to propel a vessel in two ways.
The first is as the main propulsion system, the other is as a
secondary system that will support the main. When used as
the main propulsion system, you will need a big power
supply. This is because propulsion speed is dependent on the
power of the magnetic force field and electrical power
running through the electrodes.
So by increasing the power through the electrodes and by
making the electrodes as large as possible you can get the
most power of out this system.
Also the efficiency increases as the speed you are travelling increases. This because when you send
moving water through the system it just accelerates even more so eventually you even need to
reduce the power to maintain a stable speed.
But due to the fact that it can only be used in salt/sea water you still need a secondary propulsion
system. To be able to propel the vessel in for example a harbour with fresh water. Also is this system
not applicable on inland waters due to the fact that they mostly exist out of fresh water.
Because there are massive amounts of energy needed to
overcome the friction of the sea and to gain speed, this system is
more useful as a support system. When using this system as a
support system you can provide the desired speed by propeller
driven by electricity which you have plenty of. In order to be
efficient this system will have its maximum efficiency mostly
during longer voyages.
In order to make this system efficient it needs to be at a specific
locating in the hull of the vessel or attached to the hull. One way
is to make multiple systems that you place at the bottom of the
vessel at the place of where normally the fuel tanks are
positioned. When build in small diameter, systems will not take
too much space and the combination of the length and the small
diameter can give the water a greater speed.
Another possibility is to make one single system with a great diameter, due to this big diameter a lot
of water can be transported at once. But because the magnets have a bigger distance between them
the water speed generated is lower.
When you “hang” this system under a vessel you still have all the space for fuel preserved so it will be
easier to install and you can carry more fuel then when integrating the system in the hull. A
disadvantage will be the increased draught which might give trouble when entering harbours. And
you need a way to shield the electronics while maintaining an aerodynamic shape.
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In the nineties the Japanese company Mitsubishi built a
vessel with the MHD system, but due to the lack of the
knowledge of the technology and materials it didn’t work
as planned. The calculations that were done mentioned
an astonishing speed of over 100 Miles per hour. But
when it was tested in open water the Yamato 1 only
achieved a speed of 8 knots. This was also the last time
known it was tested due to the disappointing numbers.
The Yamato 1 uses 2 of the MHD systems both at the aft
of the ship, one at port and the other at starboard. The
MHD system that was build uses super conduction
electro magnets that are cooled by liquid helium at a
temperature of -452.13 ⁰F which is just a few degrees
above absolute zero. Due to the super low temperatures
it was possible to keep the niobium titanium alloy electro magnets in a super conduction state. The
magnetic forces were in the time of the Yamato 1 were incredible. These magnets were some of the
strongest electromagnets for what its size allowed it. The electrodes were plate shaped which
Mitsubishi thought was most optimal.
The magnets used by the Yamato 1 generated an magnetic strength of 3,5 Tesla which is fairly low in
comparison of nowadays magnets of the same size. Nowadays it is possible to build magnets with a
magnetic strength of 100 Tesla. These magnets are pulsating magnets and can only hold that
strength during a time of approximately 1 second. The super conducting magnets that can hold their
strength endlessly generate around 22 Tesla in comparison to the earth magnetic strength the 22
Tesla magnets are more the a million times stronger. And the magnets of the Yamato 1 are as strong
as the average MRI Scanner in a hospital.
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The Advantages and Disadvantages
Each system has its advantages and disadvantages. But it is important that the advantages outweigh
the disadvantages.
Today's environment is a much debated issue. Everyone wants to help improve our environment. But
people want to know what the advantages for them will be, and what the costs will be. With MHD
system, the benefits are certainly stronger than the disadvantages.
Below, the advantages and disadvantages are listed.
The advantages of MHD:


These days the price of oil is sky high. This is one of the reasons that the fuel costs are nowadays
the biggest costs for the shipping company. Shipping lines worldwide are struggling with the high
crude oil prices. Fuel costs represent as much as 50-60% of total ship operating costs, depending
on the type of ship and service. Ocean carriers are required to recover these costs to maintain
levels of service, meaning the price of shipping goods will continue to face upward pressures.
This is exactly what the MHD system is meant for. It will reduce the fuel consumption. It will
make clear now that MHD is not only good for the shipping companies but also for the consumer
of the transported goods.
The diesel generator that creates the electric power will consume the most fuel. But this will
never be as much as a main diesel engine of a vessel. So the fuel cost will reduce enormously.



Greenhouse gas emissions and oil pollution by shipping have a huge environmental impact.
Currently is estimated that 4 to 5 percent of the global total of Carbon dioxide emissions is from
shipping. The International Maritime Organisation (IMO) estimated that it will rise up to 72
percent by 2020 if no action is taken. 18 to 30 percent of all nitrogen oxide and 9 percent of
sulphur oxide pollution are from exhaust emissions from ships and are considered to be a
significant source of air pollution. The 15 biggest ships emit about as much sulphur oxide
pollution as all cars combined. With the use of the MHD system the harmful emission will
considerably be reduced. The generator emits the most greenhouse gasses, but this will never be
as much as the old diesel engines did. So by using the MHD system there will be less
environmentally damage.
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Main engines of merchant vessels are huge. Engines up to 8 meters high and 15 meter long are
no exceptions, not yet even included the long driveshaft to the propeller. But it’s not only the
engine that takes place, also all the extern mechanical equipment that the main engine needs to
run. Like separators, pumps and all the associated pipes.
The MHD system will be considerably smaller than conventional Diesel engines and lays down on
almost the bottom of the ship. The system will consist of a long tube from for to aft of the ship
wrapped in a coil of copper wire. The most space in the engine room would then be taken by the
diesel generators and the equipment.



By replacing the diesel engines for a MHD system the amount of weight of the ship will be
reduced. This is not just only by replacing the diesel engine but comes mostly from the less fuel
that the vessel carries with it. By reducing the weight of the vessel the draft will be reducing. This
gives the ship under water less surface what results in less resistance in the water. This al gives
the MHD system an higher efficiency.



Because only the diesel generator consumes fuel, there is no need for the enormous fuel bunker
when using only a diesel generator. So now the space that usually is used for the bunkers, can
now be used as for an example extra cargo holds. The same goes for the smaller engine room.
Cause the MHD system is low and lays on the bottom of the ship al the extra space that is
created can be used for cargo. This will increase the efficiency of vessels, and the prices of goods
could decline.



A damaged diesel engine by the usual wear and tear can give vessel long delays. A huge benefit
of the MHD is that it has no moving parts, which means that a good design might be silent,
reliable, efficient, and inexpensive. Because there are no moving parts, there are no usual wear
and tear. With a good design of the MHD system there will be less maintenance and the most
maintenance will be at the diesel generators and their equipment.
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The disadvantages of MHD:


A big disadvantage for the shipping company is to purchase an MHD system. Due to the
technology that is required for a MHD system it is most likely that the system is more expensive
to buy than a standard diesel main engine. But these extra costs are only a small part of the final
profits they get from the less fuel consumption. So the extra costs will be quickly earned back.



Another problem is that the Diesel engine can’t be replaced by an MHD system in existing
vessels. The system will only be applicable in newly build vessels. Because the design and layout
of the ships has to be completely different. because as previously said the MHD system, for
example lies at the bottom of the ship. In existing vessels this will mean that bunkers will be
changed and replaced, so the MHD system can lay down from for to aft of the ship. Such changes
to the ship would be need big investments of the shipping companies. This all will mean that a
very large number of years pass by before all merchant ships will using the MHD system.



Another major problem with the MHD system is that it produces a powerful magnetic field. The
potential health effects of the very low frequency EMF’s surrounding power lines and electrical
devices are the subject of on-going research and a significant amount of public debate. In
workplace environments, where EMF exposures can be up to 10,000 times greater than the
average, the US National Institute for Occupational Safety and Health (NIOSH) has issued some
cautionary advisories but stresses that the data is currently too limited to draw good conclusions.
But there is no doubt that the created magnetic field by the MHD system must be very well
insulated. If it’s not necessary for the healthy issues for the crew, than is will be necessary to
protect the magnetic influenced equipment onboard such as the gyrocompass and de radar
systems.
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With each new innovation, the crew have to expand their knowledge. When the MHD system will
be installed on board the knowledge of the crew on this system should be updated.
Because working of the MHD system is mostly based on electromagnetics, the best thing to do is
to permanently station an electrician on board.
This can be seen as a disadvantage for the company because they need to hire additional
manpower. But for the labor that will be an advantage.



The biggest disadvantage for the ship is that
the MHD system is only applicable in salt
water. Because only salt water contains ions
another system is needed to maneuver in
water with less salinity. In this case an azipod
could be used. Because there is already an
diesel electric system installed on board, It will
not be a problem to install an azipod thruster.
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Testing the MHD system
To prove our point the decision was made to set up an experiment with the MHD system in small.
Because of the relatively simple plans to build this on full scale we chose to make a small MHD
thruster/pump. On the picture below a rough sketch is seen on how it is supposed to be and what we
are aiming for with this experiment.

The first thing we had to do is make it realistic. We don’t have superconducting magnetic coils or
anodes and cathodes. So how can this be scaled down? After some research it was clear that
permanent magnets will be the best choice for this experiment. The second thing was the tube. It’s
hard to find saddle shaped magnets so we chose rectangular magnets with a rectangular tube. This
wouldn’t affect the experiment much and will create an easier way to continue for the project group.
The current supply needed for this experiment would be provided by an old 12v D/C car battery as
the system will not work with A/C. The plan is done now we need the materials.
After the search for the materials we turned up with all the following materials.


The tube: A piece of guide frame with the right size would do brilliantly. Because of the
material(plastic) it will not conduct electricity and will reduce interference in the system.



Magnets: For these we ordered four rectangular
neodymium 250N magnets. Because of the strong magnetic
force the system will work better.



Electrodes: For this copper cable is used. This way there is
no loss in current flow because the connecting cable is the
electrode. The project might also benefit from the high
conductivity of copper.
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The Construction
The first thing that needs to happen is the preparation of the tube, in this experiment a plastic guide
frame. The first step was to cut it into a usable length. We chose for a 10cm piece. Also a useful
feature is implemented into this type of guide frame, the top can be removed so the inside of the
tube can be easily made visible. This way effects of the salt water on the copper electrodes can be
easily seen and recorded.

The next step is to implement the electrodes (copper wire) into the system. Holes had to be drilled
into the sides of the tube to be able to run the wire through. The trick with the electrodes is to
release the current flow in the tube. To realise this the copper wire was stripped on the inside of the
tube.

The final step is to install the magnets. The first thing learned with these magnets is that caution is
needed when handling these because of the 250N pulling force. This kind of power is provided by the
fact that the neodymium used for these magnets is capable of holding a strong magnetic field after
magnetising. This type of magnets is also very brittle so letting them snap on each other might result
in damage. The magnets should be installed by placing one magnet on the top side and one on the
bottom. Correct placement can be felt when the magnets pull on each other through the tube. It’s
recommended to insulate the magnets from the salty water, corrosion might set in really quick and it
will reduce interference in the magnetic field. In our construction plastic bags were used.
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Prototype #1
After the construction the MHD thruster looks like the one in the picture below. To Insulate the
magnets from the current flowing through the water and protecting them from corrosion they are
wrapped in plastic bags.

The picture below will illustrate the construction on the inside of the guide frame. This is to clarify
the placing of the electrodes.

17

The first run
After completion of the prototype testing was the next best thing to do. Before testing a bit more
preparation was needed. Because the system won’t run in plain tap water kitchen salt was added.
Here the action started. On the first try dropping it in the water and connecting it to the battery very
little happened. Puzzled by this mystery the problem had to be found. At this point all four magnets
were placed on the prototype. So the problem we had was most likely because of the incorrect
placement of the magnets, causing interference in the magnetic fields . The choice was made to keep
it basic for now and remove two magnets. This way failure shouldn’t be due to misplaced parts of the
prototype.
After turning the power back on a small flow coming from the tube was noticeable. Another
noticeable thing was that the amount of flow in the system was rising until it reached its capacity
with this magnetic field and electric current. The water that running through the thruster got
proceedingly more orange. After inspection afterwards this discoloration of the water was due to
oxidation of one of the copper wire electrodes. This effect can be seen on the picture below.

Left electrode typical green copper oxidation and reduced in diameter

While running the prototype another typical reaction occurred. Strangely enough gas bubbles were
pushed out in the direction of the flow. Because it was hard to believe these bubbles were containing
air entering the system on the suction side or any other place it was put to the test. Because we had
every reason to think this gas might be hydrogen gas a lighter was added to this experiment. The
unique “pop” this gas makes during combustion concluded our findings and brought inspiration for a
sub-system that could make good use of this gas.
The first run of this system can be found on YouTube following the following link :
http://youtu.be/9XYMSsszWho
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Applications of hydrogen gas
As the experiment has shown a constant flow of hydrogen gas is imminent while running the system.
Because of the instability of this gas and extreme flammability it’s not allowed to store it on board
due to rules and regulations by the IMO. However, this gas has energy stored and when unused it will
be expelled in the air at the rear of the ship. To prevent this loss of energy it would be interesting to
use this gas in any other kind of system that uses the hydrogen gas for anything useful.
hydrogen gas
This type of gas was discovered by Robert Boyle in 1671 after the reaction of iron with an acid that
resulted in the production of hydrogen gas. This gas was called “flammable air”.
In later studies and experiments researchers found out that burning this gas produces water.
This study indicated that environmental problems concerning carbon dioxide could be reduced using
this system. Another typical effect this gas has is the unique sounding explosion it produces,
recognizable by the “popping” sound.
Hydrogen gas generated in the MHD system
In this system the gas will be generated due to electrolysis of the water. The electrical current will
flow through the water from the positive electrode to the negative electrode. Because of the salinity
of the water this process will produce more hydrogen gas because of the higher conductivity and
therefore greater reaction. However hydrogen gas is the most interesting byproduct. It isn’t the only
gas formed by the electrolysis. Oxygen is also formed and is therefore no problem for man or
environment.

The dangers of hydrogen gas
The gas is scentless, colorless and tasteless and is therefore very hard to detect. In open air the gas
doesn’t form much of a risk because of the molecular weight of the gas. It’s 14 times lighter than our
normal breathing air and will therefore rise and scatter In the open air. The danger lurks in enclosed
spaces. Even though it’s not toxic it can push out the air and create a low oxygen zone. People
exposed to this kind of environment can suffer from: Headaches, tinnitus, dizziness, sleepiness,
unconsciousness, nausea, vomiting and extreme depressions. The skin can turn blue due to the lack
of oxygen and in extreme situations of being exposed to hydrogen gas can result in casualties. Next
to all these human reactions to the gas there is one thing even more dangerous about this gas. This
lies in its extreme flammability and explosive capabilities. The hydrogen reacts fast with air, oxygen,
halogen and strong oxidisers. Because of this there is a risk of fire and explosions. Metals like
platinum and nickel work like catalysers and increase the reactivity of the gas. A good way to
illustrate the dangers of this gas can be found in history under the “Hindenburg disaster” where in
1937 a passenger blimp filled with hydrogen caught on fire. Looking at the amount of casualties and
the video footage made of the crash shows us that precaution is required when working with this
element.
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extract the gas from the system
Because of the way the MHD system is constructed, a long pipeline running from fore to aft, it’s not
possible to extract the gases. Currently the gas will be generated during the process and will be
blown into the air at the end of the ship. To use this gas we need to extract it before it leaves the
system. Good thing to know is that the gas is 14 times lighter than air. When air is located inside of
tubing filled with water it will be located at the top side of the tube. Hereby we can conclude that
after the hydrogen gas is generated it will rapidly move up. This will give a relatively easy opportunity
to extract the gas from the system. The best system we could use is the same system that has seen
by dredgers for decades, because of the often found toxic gases stored in the mud sucked up by the
vessel. This system consists of a branch in the pipeline that allows the gas to escape and the water to
flow freely into the correct direction.

Usefulness of hydrogen gas
A big problem in this days society is the depletion of fossil fuels. The costs are rising because of a still
increasing demand on these fuels. Another problem that is linked to the previous one is the fact that
these fossil fuels cause harm to the environment. Even though our system still needs fossil fuels to
power the generator the by-product generated by the MHD system is the hydrogen gas.
An interesting solution of using the hydrogen gas is
the new technology of using a hydrogen gas
engine. This system is identical to the conventional
combustion engines these days but uses a different
kind of combustion chamber. These so called
rotary engines don’t have the reciprocating motion
known from the diesel and HFO engines used in
cars and ships today.
This system designed by a Japanese car builder
shows the rotary system. As with any other engine
combustion will lead to rotation of the driveshaft.
This system in combination with a small electrical
generator could produce enough electricity to
power the electric motors of different auxiliaries
on board of a vessel equipped with the MHD
system. This “free” power will lead to a lower
power output by the main generator(s) and will
therefore reduce the fuel costs, harmful emissions
and wear and tear.
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Another application for the use of hydrogen is that of a coolant, because of its high thermal
conductivity and good properties it’s one of the most used coolants today in big turbo generator
systems. Another pro for using gaseous hydrogen as a coolant is that it’s not toxic.
Even though the generators we use on board aren’t always the biggest ones it could be very well
possible to use the hydrogen as a coolant. When used as a coolant its guaranteed that the wear and
tear on a generator will be drastically reduced, insulation blistering by heat or winding damage will
be theoretically a thing of the past. Because of this the generator cooling an increase in performance
and efficiency will be noticeable and vibration will be reduced.

The danger in this system on board is that the gas is not combusted. When used as a coolant a
relatively small engine room can quickly turn into a time-bomb if one of the gas lines would spring a
leak. Also using it on board without burning it right away might be considered as storage. Rules and
regulations tell us that we can’t store any fuel on board that have an igniting point of lower than 65°
Celsius except for the lifeboat fuel.
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Storage of the hydrogen gas.
Even if rules and regulations could be bypassed to allow the storage of hydrogen gas the added risk
aboard of a vessel is a thing to keep in mind. When storing hydrogen it’s recommended to store it in
its liquid state. To liquefy the gas some harsh requirements are needed. To start off with the pressure
needed in the liquid hydrogen container should be at least 20.28°K, to get below the boiling point of
20°K. The next step is the pressure in the tank. This should be around 13 Bar. Because of the
expansion factor of 1:848 meaning 1 litre of liquid hydrogen contains 848 litres of hydrogen gas and
with its density of 71 g/l the weight could be neglected. Also as a non-corrosive element special
materials for the container wouldn’t be needed. However the container should be resistant to the
extreme cold temperature. The problem with this system still lays in the details because of the
extreme flammability even stored in the tank. Therefore it might be good to implement this system
only on ships that are equipped with an inert-gas generator. This way all air can be driven from the
container and replaced by the extreme low oxygen inert-gas, allowing the hydrogen to stay out of
the relatively large ignition zone.
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Conclusion
With the research done for this project we are now able to conclude several things about this
subject. The first thing that needs to be mentioned is the lack of research about this technology in
combination with seagoing vessels. It seems that after the disappointing test run of Mitsubishi’s
Yamato 1 in the early nineties researchers would rather not focus on this subject most probably
because of the high chance of failure and the costs. On the other hand a lot of research is done with
MHD in other systems, the US military uses it to fire projectiles, steel plants use it to transport their
molten steel and is even used by rocket scientists on manners too complicated to mention.
More importantly we proved with an experiment that this system really works. The visual of the
moving water was enough for most sceptics to believe this system might have a future in the
maritime industry. With this experiment we came across some reactions and side-effects to the
system like: Rapid oxidation and the production of hydrogen gas. Because of simple ways to prevent
rust and research about the hydrogen gas and possible applications we have no doubt these sideeffects will not cause a problem.
To complete this conclusion an answer will be given to the question;
How can “magneto hydrodynamic energy” improve the propulsion of vessels?
Even with the research it’s hard to answer this due to the lack of up to date information.
An MHD vessel will benefit from close to none vibrations, improving the durability of a lot of
instruments and machines on board. This vessel will be fully diesel-electric which will result in a more
environmental friendly vessel. Another improvement would be the Theoretical high speeds the
vessel could reach, this would be a gigantic benefit for trans-Atlantic sailing. The high speeds would
reduce the travel time, reduce the amount of fuel needed for this journey and increase the earnings
of the ship-owner.
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Recommendations
The system could be applied to any kind of vessel regardless of length. The vessels that would most
benefit from the MHD system would most likely be passenger vessels. Because the system doesn’t
vibrate and doesn’t make any noise it would create an extremely pleasant experience for the
passengers. Because most passenger vessels built these days are diesel-electric it would be easy to
apply the system.
Elec.
It is recommended when using this system to permanently have an electro technician on board. Even
though the system seems simple a well-trained elec. will be beneficial to the systems running time
and eventual maintenance.
Tube length
This system could be applied with different lengths and diameters of tubes. A application form could
be a tube running from fore to aft, this system in particular will generate the most speed but will be
the most costly one and will take the most space. Reducing the tube length will reduce the maximum
speed but will increase the amount of cargo room.
MHD-Azipod Combination
Because of the MHD systems dependency on the salinity of the water it is recommended to use this
system in combination with an azipod thruster. Because of the lower salinity in ports and harbours
the system will be reduced in effectiveness. Also will the azipod be needed for more accurate
manoeuvring. These two systems go hand in hand together because of the diesel-electric system.
Rust prevention
Because of the hydrolytic reaction between the electrodes and the passing seawater rust is formed
rapidly, this could be prevented by using a less precious material as a sacrificial anode. This material
will start rusting instead of the electrodes and can easily be replaced once they are worn out.
Hydrogen and None-Hydrogen system
The hydrogen produced by this system could be extracted from the system and used for different
applications, we recommend the use of this gas to any vessel with an inert-gas generator on board.
For the vessels that don’t want to make use of this possibility it is possible to build the system
without a gas extractor, the gasses will be expelled at the rear of the ship. This won’t cause a security
risk because of the quick scattering of the gas in the atmosphere.
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