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INTRODUCTION

World trade has increased in recent times considerably and with that the number of vessels now playing over the high sea is more than ever before .
Due to the continous growth in trading  between the countries leading to the need of effective, rapid & efficient transportation. This leads to need of alternative propulsion systems with higher power output & greater flexibility. Increase in Fuel prices is also one of the contributor for the need of alternative propulsion systems.  

“Just as energy is the basis of life itself and ideas the source of innovation, so is innovation the vital spark of all human change, improvement and progress”. This article also throws light on innovative technologies such as Hybrid CRP Pod propulsion, Magneto hydrodynamics, Superconductivity and nanotechnology. 

PROPULSION SYSTEM
· RECENT TREND
· AZIPOD PROPULSION SYSTEM

       BY USE OF :-

· CONTRA ROTATING PROPELLER 

· CONTROLABLE PITCH PROPELLER

· ALTERNATIVE PROPULSION SYSTEM

· NUCLEAR PROPULSION
· DISEL ELECTRIC PROPULSION

· WATER JET PROPULSION

· MAGNETO HYDRO DYNAMIC PROPULSION SYSTEM

· KITE SAIL

· SOLAR CELL PROPULSION

AZIPOD PROPULSION SYSTEM

An azipod system is a combination of propulsion and steering of ships which replaces traditional propeller , lengthy drive shafts , stern tubes and rudders which were used on ocean going vessel , passenger cruise . the good thing about azipod is that they donot have the engine inside instead they have a huge variable frequency electronic motors it is also known as pod drives in which the electric motor is used to turn the propeller .
The power generation system also provide electricity to various auxiliary machine and other electrical needs all around the vessel as propeller speed is controlled electrically , long propeller shaft or saperate steering machine are not required as used in conventional one . it can rotate through 360 degrees to provide the required thrust in any direction .
[image: image29.emf]
Contra rotating propeller 
In this unit the steerable azipod unit is mounted immediately     behind the standard propeller ,  located on the same axis but without any physical connection the port pulling propeller will contra rotated in relation to the shaft driven main propeller . this arrangement results in some 10 % improvement in hydrodynamic propulsion efficiency . 
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HTS MOTORS FOR PODDED PROPULSION:

Smaller diameter pods can be achieved by employing high-temperature superconductor (HTS) synchronous propulsion motors. Compact and lighter HTS motors reduce pod structural requirements and simplify interfaces. Their inherent characteristics such as quietness and absence of vibrations make them most suitable for Naval and cruise ship applications. HTS machines tolerate larger harmonics from the system bus than conventional machines due to attenuation of harmonic fields in the wider air gap and the capability to withstand rotor surface heating. This feature reduces the need for harmonic filters and their associated weight and volume.

SUPERCONDUCTIVITY & NANOTECH: FUTURE OF PROPULSION SYSTEM?

Superconducting motors and generators use 2G HTS (high temperature superconductor wires) wires instead of conventional copper wires. HTS wires can carry 150 times more current than copper wires. This electrical performance of these wires is further enhanced by use of  nanotechnology. 2G HTS wires are embedded with nanodots.
[image: image3.emf]
COMPARISON OF MECHANICAL PROPULSION WITH PODDED ELECTRIC PROPULSION SYSTEM:
[image: image4.emf]
Mechanical drive requires long shafting as compared to podded drive
ELECTRICALLY CONTROLLED PROPULSION
Functionally , the propulsion drive can be divided into following parts :-

1. SUPPLY TRANSFORMER

2. PROPULSION MOTOR

3. FREQUENCY CONVERTER

In an A.C. drive, a frequency converter is used to control the speed and torque of electric motor housing in the azipod system . the speed of the A.C. electric motors can be controlled by varying the voltage and frequency or its supply . A frequency converter works by changing the constant frequency mains electrical supply into a variable frequency output . the frequency converter’s   drive provides step less control of three phase A.C. currents  from zero to maximum output frequency , corresponding to a desired  shaft speed both ahead and astern direction. 
High torque is available at all speeds controller hardware and software are designed for safe operation  in all conditions as well as for high dynamic performance . 

WHY AZIPOD PROPULSION SYSTEM IS MORE EFFICIENT ?

The reason for better hydrodynamic efficiency :-

1. Forward propeller rotation energy is utilized in the aft propeller. 

2. propeller loading distribution is easy to select .

3. It smoothens hull form.

TECHNICAL FEATURES :-

1. Load ratio for  the main propeller and azipod propeller can be flexibly adjusted . the main propeller has 60-70 % load and the azipod propeller has 40-30 % load.

2. The azipod propeller diameter is small than that of the main propeller to prevent a possible main propeller tip wortax cavitation from hitting the azipod propeller in auto pilot steering angles.

3. Propeller blades numbers are different to avoid blade resonance. 

4. The azipod propeller speed is higher than that of the main propeller to insure maximum propeller efficiency on both propellers.

5. The azipod turning angles can vary from 0 to 360 degrees as conditioned demands .
6. Rear mounted propellers “outboards” push the vessel while azipod with forward mounted propeller pull there vessel .

THE AZIPOD PROPULSION BENEFITS

OPERATIONAL :-
· Conclude manoeuvering  in ports and channels.

· Less need for tug assistance in ports .

· Vessel operation at lower speed .

· Eco friendly propulsion , less emition .

· Superior safety in extraordinary situation such as crash stop , emergerncy maneuvering and heavy weather .

TECHNICAL :-
· High propulsion efficiency .

· Low total installed engine powere .

· Two independent propulsion systems provide a high degree of redundancy .

· No need of stern thrusters or redders . 

· Lower exitation forces on the hull from propulsor combination

· Versatile prime mover utilization .

· Flexible general arrangement possible  .
· Easy to adjust required propulsion power steps.

· Replace conventional redder.

· Reduce level of exhaust emission from the optimally loaded power plant .

ECONOMICAL :-
· High propulsion efficiency provides better fuel economy .

· Ship building cost is reasonable as there is less installed engine power .

· Better short time keeping in harbours as the maneuvering is easier and less tug assistance is needed .
· Increase container capacity (both space and weight) .
ENVIRONMENT AND AZIPOD
The power plant concept offers an advantage in meeting low emission standards . emission analysis shows diesel engine produce considerably more nitrogen oxides when operated at variable speed then at constant speed.since the azipod system entails power plant engines (generators) operating at constant speed enclose to optimum power, the exhaust emissions to the environment are reduced . this environmental aspect will obviously become of increasing  importanc in near future . 

ENVIRONMENTAL IMPACTS OF AZIPOD
· Reduce exhaust system . 

· Improved safety by :-
· system redundancy .

· equipment reliability 

· excellent maneuverbality 

· very efficient in dynamic positioning.

· Need for anchoring and erosion of sea bed decreases.

DISADVANTAGES OF AZIPOD SYSTEM
· Higher capital loss.

· Diesel electric system required (power loss , the power generation is diesel    based ).

· Limitation in power 

· Limitation in speed 
	
	LIMITATIONS UPTILL NOW
	AND IN THE FUTURE

	MAXIMUM POWER PER UNIT
	21 MW
	32 MW

	MAXIMUM 

POSSIBLE

SPEED
	26 KTS
	30 KTS

	MAXIMUM

PROPELLER

DIAMETER
	6 M
	8 M


These limitations reduce the applicability of pod propulsion for fast ships and for the ships with very high power requirement .

Nuclear propulsion

Nuclear powered ships are becoming increasingly popular in advancing Naval ship technology. Previous drawbacks for using nuclear power centered mainly around the inherent safety concerns for the crew; installation, maintenance and disposal costs and the exceptionally high standards required for component manufacturing and quality assurance. These hurdles are slowly being overcome as more funds are being allocated to social security and defense worldwide and as a greater demand is being placed on sustained performance efficiency in naval ships. Work on nuclear marine propulsion 

started in the 1940s, and the first test reactor started up in USA in 1953. The first nuclear-powered submarine, USS Nautilus, put to sea in 1955. Presently USA (99) & Russia (190) are leading countries having Nuclear powered vessels & Submarines.

· MARINE NUCLEAR POWER PLANTS 

Naval reactors are been pressurised water types, which differ from commercial reactors 

producing electricity in that: 

•  they deliver a lot of power from a very small volume and therefore run on highly-enriched uranium (>20% U-235, originally c 97% but apparently now 93% in latest US submarines, c 20-25% in some western vessels, and up to 45% in later Russian ones*),  

•  the fuel is not UO2 but a uranium-zirconium or uranium-aluminium alloy (15%U with 93% enrichment U-235) or a metal-ceramic 200kg U-235 in each 200 MW core.  

•  they have long core lives, so that re-fuelling is needed only after 10 or more years, and new cores are designed to last 50 years in carriers and 30-40 years in submarines (US Virginia class: lifetime),  

•  the design enables a compact pressure vessel while maintaining safety. The  pressure vessel for a relatively large marine reactor is 4.6 m high and 1.8 m diameter, enclosing a core 1 m high and 1.2 m diameter.  

•  thermal efficiency is less than in civil nuclear power plants due to the need for flexible power output, and space constraints for the steam system.

WORKING

The energy generating house or propulsion plant of a nuclear powered ship utilizes a nuclear reactor to generate heat. The heat is generated within the nuclear reactor as a 

result of the fissioning of the nuclear fuel. Lead shields are placed around the reactor as a preventive measure against the radiation produced from the fissioning process. The nuclear propulsion plant operates as a pressurized water reactor design containing both a primary and secondary system.

· PRIMARY SYSTEM  

This is where water is circulated through the reactor, piping loops, pumps and steam generators. As the heat transferred from the reactor to the water is done at such a high  pressure, it does not boil. Instead, the water is pumped from the steam generator back to the reactor for re-heating. 

· SECONDARY SYSTEM  

Steam which is produced at the steam generators supply the energy required to drive the turbine generators. The turbine generators then cause the propeller to rotate thereby causing thrust and a forward motion to the ship. Turbine generators are also utilized in supplying the ship with electricity. Once the steam has passed through the turbines, it is cooled and condensed into water and then fed back to the steam generators by the feed pumps. As can be noted, both the primary and secondary systems involve the recirculation and renewal of water. 

A TYPICAL NUCLEAR SHIP ARRANGEMENT

The above mentioned theory is generic in nature and good enough to give you a broad idea what a nuclear powered ship consists of. In this section we will take a look at a specific arrangement of a nuclear ship with the help of a diagram. As you can see in the picture below the diagram is fairly self explanatory and the nuclear components are shown on the left hand side of the diagram and the steam generation system which ultimately drives the propeller shaft on the right hand side. The nuclear reactor produces heat which is used to generate steam and that steam in turn in used to provide motive power for turbines. Of course this arrangement might vary in different kinds of ships but is good enough to explain the overall idea.
[image: image5.emf]
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INDEPENDENCE
The functionality of the propulsion plant does not require oxygen thereby allowing the ship to operate independently from any external atmospheric requirements. Ship maneuvering and continuously changing operating performance requirements dictate highly irregular power demands. As can be imagined, the quality, strength and durability of component parts are of crucial importance to ensure sustained durability under such harsh conditions. One should bear in mind that the internals of a nuclear reactor remain inaccessible for inspection or replacement for an extensive period of time. Nuclear propulsion has prove technically and economically essential in the Russian Arctic where operating conditions are beyond the capability of conventional icebreakers. The power levels required for breaking ice up to 3 meters thick, coupled with re-fuelling difficulties for other types of vessels, are significant factors.
ADVANTAGES OF NUCLEAR PROPULSION SYSTEM

·  Less environmentally unfriendly emissions. 

·  Less noise.  

·  Higher thermal efficiency. 

·  Less space required per kW, so more revenues earning space
· Less vibrations 

· Comparable engine operation costs per kWh when calculated on through life costing. 

· Less maintenance, less manning, less lubrication oil consumption,  suitable  for  remote                

· control and so for unmanned operations. 

·  More reliability with harshest climate.
DISADVANTAGES OF NUCLEAR PROPULSION SYSTEM

· Difficult to achieve safety of life from nuclear fuel. 
· Lesser Thermal efficiency compared to nuclear power plants on land. 

· High initial investment. 

· Difficulty in fulfilling irregular power requirements.  

· Internal inspection or maintenance cannot be done for a long period of time.
DIESEL ELECTRIC PROPULSION SYSTEM

A diesel-electric power plant includes a diesel engine connected to an electrical generator,creating electricity that powers electric traction motors which drives the propeller.

However a battery bank is also connected to the common electric power bus that is used,when engine is on standby. The first diesel motorship was also the first diesel-electric ship,the Russian tanker Vandal from Branobel, which was launched in 19030

[image: image7.emf]
HOW DOES IT WORK?

The engine (e.g. petrol or diesel) is connected directly to an electrical generator. The power generated is transferred electrically to the propeller shaft via a motor controller and electric motor. The system may have multiple generators and multiple motors connected to a common electrical bus. In this system you can stop the engine and use the stored energy in the battery bank. With large batteries you can have long periods of electric propulsion without resorting to the generator.

[image: image8.emf]
HOW DIESEL ELECTRIC – PROPULSION SAVES FUEL ?

1." A 10% fuel saving is achieved by allowing the engine speed to fluctuate along with the load thereby eliminating inefficiencies associated with intermittent high-speed .
[image: image9.emf]
If a boat has this system, the diesel engine speed would be "decoupled" from the speed of the propeller. As the boat surfs down the wave and the load is removed from the propeller, the engine (generator) would respond by slowing down. At this slower speed the engine is operating more  efficiently with a fuel consumption of only 4 liter/hr (point #1 on the chart).

After the wave passes and the propeller is again fully loaded, the engine (generator) speeds up and the fuel consumption returns to 13.5 liters/hr. With our diesel-electric system the average fuel economy on the return trip is 8.75 liter/hr – a savings of 10%."

2. 7% fuel saving is achieved by using a larger and more efficient propeller then would be possible with conventional diesel drive.
[image: image10.emf]
The propeller curve shifts higher on the power chart. We can see that the propeller and engine power curves now cross (point "A") well before the engine develops maximum

power. Putting this propeller on the boat would improve the efficiency of the propeller by 7 % .

3. 13 %  savings  achieved by more closely aligning the power required by the propeller
    and the power produced by the engine.

 [image: image11.emf]
[image: image12.emf]
In this system, the propeller speed and engine speed are decoupled. The engine speed can be increased to produce full power whenever full power is needed – regardless of propeller speed. The result is a system which allows you to more fully load the engine under all operating conditions and also use larger and more efficient propellers without danger of overloading.

4.An additional savings of 20% achieved under some load conditions if multiple generator are installed."

[image: image13.emf]
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DRAWBACKS

• Frequency control and SCR system produced harmonic distoration that can effect A.C. circuit .

• Adding more power conversions would introduce additional losses.

• With the improved propeller efficiency, the top speed of engine reduces.

• It will add some extra maintenance cost.

WATER JET PROPULSION SYSTEM

It is a marine system that creates a jet of water for propulsion. The mechanical arrangement may be a ducted propeller with nozzle, or a centrifugal pump and nozzle. The theory of water jet propulsion was investigated by Daniel Bernoulli in 1753."

WORKING OF WATER JET

The system consists of a geared diesel engine driving impeller in a pressure pump. The impeller’s task is to pressurize the water. The reaction force that is created when the waterleaves the pump is utilized to propel the ship. "

[image: image15.emf]
[image: image16.emf]
Water enters the jet unit via the intake (A). The pumping unit , which includes the impeller (B) and stator (C) , increases the pressure of the flow . this high pressure flow is discharged at the nozzle (D) as a high velocity jet stream. The driveshaft attaches at t  he coupling (F) to turn the impeller .
[image: image17.emf][image: image18.emf]
              FORWARD PROPULSION
ZERO SPEED

[image: image19.emf]
REVERSE PROPULSION

Steering is achieved by changing of the direction of the stream of water as it leaves the jet unit pointing the jet stream one way forces the stem of the boat in the opposite direction which puts the vessel into a turn .

WATERJET ADVANTAGES

· Excellent manoeuvrablity.
· High efficiency .

· Low drag and shallow draught .

· Less maintenance.

· Smooth and quite .

· Total safety.

· Easy installation.

[image: image20.emf]
WATER JET SHOWING PROPULSION OF THE VESSEL
APPLICATION

·  passenger/car ferries

·  larger naval vessels

·  smaller high speed naval

·  smaller passenger ferries

·  Rescue Boats

MAGNETO HYDRO DYNAMIC PROPULSION SYSTEM
An MHD drive eliminates the use of propeller. The thrust for propelling the ship is provided by Lorentz force, which is a resultant force produced due to interaction between electric and magnetic fields. Magnetohydrodynamic drive relies on seawater flowing through a channel in where a electric current is passed through it. This current interacts

with the field applied by a large magnetresulting in backward force on the water called Lorentz force. This by third law of motion accelerates the vessel in opposite direction.

[image: image21.emf]
ADVANTAGES:

• They do not induce vibration, noise, & cavitation, since they eliminate moving parts.

• High energy production rate to unit weight

DISADVANTAGES:

• Speed of MHD drive depends on the strength of magnetic fields, hence very strong         

    field is requied for high speeds.

• Formation of chlorine ions during electrolysis.

• Generator used for MHD drive is very expensive.

REMEDIES:

• Chlorine resistant technology is to be deviced to prvent corrosion from chlorine.

• With the use of superconducting coils a magnetic field of 20T was developedto make MHD propulsion a reality.

IS THIS A SILENT SHIP PROPULSION SYSTEM FOR THE FURURE?

YES, by replacing propellers with very strong superconducting magnets, silent ships(MHD ships) may one day ply the seas at 100 knots.
KITE SAIL
WIND POWER is currently the fastest growing renewable energy source and looks like remaining so into the next decade. When aerodynamics became a science,

the age of sail could be considered as a comeback to cut greenhouse gases on the high seas. & thus KITESHIP comes into picture.

The journey of the first KITESHIP started on 22nd January 2008 from Venezuela and ended on 13th march 2008 in Norwegian port successfully."

KITE SAIL TECHNOLOGY

The Skysails system consists of a large towing kite similar to a paraglider(made up of ultra light synthetic fiber)connected to the ship via a towing rope, flown between 100 to 500 meters of altitude, and managed by a fully automatic control pod0 Route optimization software is used to set course to maximize the wind power benefit. There is a traveler car, moves on a traveler fixed circumferentially along the outside of the hull which takes up and transmits the strain of the towing kite. "

[image: image22.emf]
ADVANTAGES

· They take up no deck space, require minimal retro-fitting, need no ballast, fit

       under bridges, safer and can be taken in out of the weather when not in

        use."

·  Annually fuel costs can be lowered between 10-35% depending on actual

        wind conditions

·  Under optimal wind conditions, fuel consumptions can temporarily be reduced up to 50%.

[image: image23.emf]
·  The investment in a Kite Sail system can normally be recovered within 3 to 5 years.

·  This system provides smothering effect & reduces heeling also because of its lifting force.

[image: image24.emf]
THE BIGGEST ADVANTAGE :-

KITE SAIL PROPULSION SYSTEM CAN BE ADDED TO EXISTING SHIPS. "

RESTRICTIONS

·  The system can’t be used in close quarter situation.

·  It can be used only in favourable wind conditions.

·  It can’t be used at straights, channels, T.S.S., and canals.

·  It can’t be used for more than 8 hrs. At a stretch as pressure of the compressed air starts decreasing.

·  It can hinder airways traffic.

·  The kite can’t aid to the main engine, if the direction of the wind is 0-50 degrees on  either side of the ship’s head. While in other cases, a component of the wind force adds to the efficiency of the engine.

[image: image25.emf]
SOLAR  POWER PROPULSION SYSTEM

As the need to elevate global warming becomes ever more pressing, ship building companies are actively conducting research and development into next generation energy- efficient ships , including the use of renewable energy in all aspects of marine  transportation . for the same reason, companies like NIPPON OIL and NYK are stepping up product development and the development of new markets in the area of solar power systems . specifically , the aim of solar power propulsion system is to reduce carbon dioxide emissions from the transportation of goods .

Until now, solar power systems have been limited to usage for the crews’ onboard living areas , due to the very harsh environment that technological installations are exposed to onboard ships , including salt corrosion , vibrations and other factors .




Working model of solar propulsion system

ADVANTAGES:-

· Less noise and vibrations .

· Do not pollute sea with oil.

· Nature friendly.

· No emission of Sox , Nox and Co2.

· Use only free solar energy and saves non renewable sources of energy.

DISADVANTAGES:-
· High initial cost .

· Produce relatively less power.
· High maintenance cost .

· Prove economically effective in equatorial and temperate region.

· Would have to install an alternative propulsion system for use in heavy weather and in night.

Solar Sailor Hybrid-Powered Ferry Boat

[image: image27.emf]
This figure depicts the Solar Sailor, a small (69- foot, 100-person) catamaran ferry whose eight maneuverable “solar wing sails” can be used for both sail-assist propulsion and for generating electricity. The ferry was built in 1999-2000 as a demonstration project and can operate on wind power, solar power, stored battery power, diesel power, or any combination. The ship was developed and built by Solar Sailor Holdings Ltd. with assistance from the Australian government, and operates in Sydney Harbor.79 The firm also has a concept for a hybrid-powered 400-meter (1,312-foot) water-carrying tanker ship that it calls Aquatanker.80

FUTURE SOLAR POWERED SHIP

The futuristic 'Orcelle' may be the first ship to use sun, wind and waves to propel its payload across oceans using renewable energy.  A model of the ship is to be displayed at the World Trade Fair in Aichi, Japan in February 2005.

 A spokesman for the Scandinavian company said: "This will be the first truly environmentally friendly ship, protecting the atmosphere and marine species".  They have around 60 modern vessels that together carry 17 million vehicles a year by sea.
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At 820 feet long 'Orcelle' is shorter than the Queen Mary 2 (1,132ft) and the QE2 (963ft).  The ship is called the E/S Orcelle after the Orcelle Dolphin - the French word for Irrawaddy dolphin, one of the world's most critically endangered species.  The E/S stands for "environmentally sound ship".  The vessel will include a cargo deck the size of 14 football pitches.

 Wave energy is to be harnessed by 12 dolphin like fins an the ships hull.  While, sun and wind energy is collected by three giant rigid wingsails, also covered in solar panels.

 The cruise speed is in the region of 15 knots.  Stability is provided by the shape of the Pentamaran hull - a slim monohull that will have two smaller support hulls know as sponsons on each side.  You may recognise this layout as a Trimaran, or stabilised monohull (see Solar Navigator) in that there are essentially, three hull components in contact with the water.

 The cost of the ship is not yet known, but it will be more expensive than a conventional cargo ship which are up to £46 million.  Nils Dvvik, the company's chief executive, said that the ship with some of Orcells's features could be launched in the next five years, but that it could be 25 years before we see a vessel incorporating all of the design features. 

 

CONCLUSION

These new concepts will not only improve the efficiencies, durability of the vessel but also are very environmental friendly as the pollution is million dollar topic now. The introduction of these concepts can come handy in reducing the shipping pollution. Days are not far enogh when with the use of superconductivity & nanotechnology we may find MHD propulsion system being used on large scalefor naval as well as merchant ships. But at present podded shippropulsion using HTS motors and HTS generator seems to be ideal propulsion system for ships.

But inspite of such benefits, ship owners are skeptical of these modern propulsions. So, we conclude with an expectation that the ship owners will reap their maximum benefit from these new upcoming technologies.
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