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ABSTRACT
The new era of mechanised waterborne transport was marked by increased world trade, increased globalisation and also increased number of vessels. This increased number of vessels with time proved to be a source of disturbance for the aquatic organisms mainly aquatic mammals (whales). The noise (predominant amongst all sources- Propeller cavitation) produced by these added to the ambient noise levels of oceans and in many ways had a very detrimental impact on the species who were exposed to this. Thus, this became an area of interest for many (both environmentalists and ship industry) and various methods and techniques are being researched on for the mitigation of same.
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INTRODUCTION
With the advent of industrialization, globalisation came into picture and the world trade grew both in size as well as money. By and by the economic benefits increased and so a need of transport medium was deemed necessary. Though sailing ships as a means of transport medium were present from times immemorial but with the new era of innovations and developments cargo specific vessel was the need of the day and so mechanised form of waterborne transport was born that ensured a quicker, safe and efficient means of transporting a variety of cargo ranging from the very basic necessity, i.e., fuel to the finished products. But as the word trade enhanced, the number of vessels increased too. According to statistics, the worldwide commercial fleet (tankers, dry bulk vessels, container ships and large ocean going vessels) grew from approximately 30,000 vessels (≈ 85,000,000 gross tons) in 1950 to over 85,000 vessels (525,000,000) in 1998. From 1985 to 1989, world seaborne trade doubled to 5 billion tonnes (representing a 38% increase in gross tonnage) and currently includes 90% of the total world trade.
These increased number of larger and faster vessels added to the already present ambient noise levels in the vast expanse of oceans. These ambient levels comprise of noise produced due to natural phenomena (surf, waves, earthquakes, etc.). The aquatic life is adapted to the ambient noise levels as they have been subjected to these from the very beginning of their existence; but the noise from vessels being a recent contributor to the noise levels the aquatic world does not know how to respond to it and for them it is a source of noise. Sound can be broadly classified into signal and noise. Large commercial vessels produce loud and predominantly low frequency sounds. These are produced mainly either due to motion of the propellers or the vibrations that are transferred to the ship’s hull by the various machineries on board ships, the former reason being the major contributor. This increase noise level in the recent years had caused havoc in marine aquatic system especially in certain habitat rich region of aquatic mammals.
  Noise exposure may result in the range of effect on auditory and non auditory systems. They not only can affect animals behaviour, hearing capability and physiology but also the useful signals are masked by the presence of noise ; these useful signals being use for communication between a particular species, mating, migration, hunting the pray and foe even sensing a source of dangers. High levels of low frequencies sound produced by commercial vessels the greatest impact on the aquatic mammals particularly the whales. Low frequency sound can travel too much greater distances and by channelling effect these noise waves retain their intensity up to a much larger area.
This has emerged to be a growing concern to many environmentalists, biologist and even some government. All these ill effects have endangered mammals and call for immediate measures. There is need for proper vessel routing such that the sensitive habitat regions are avoided also changes in the ship construction method to be thought of to reduce the noise level in the oceans. The measures taken should be such that they are both economic and environment friendly.But all this is not easy. It requires co-operation amongst industrialist government and the environmentalists. More importantly it calls for realisation of this problem at a global level and people from everywhere and convenes together and look out for favourable possibility technological support and research work in this area should be encouraged, appreciated and founded by the government. If a little loss in terms of economic benefits saves the life of mammals, then it should be accepted and the industrialist should realise the importance of the same. After all it’s our very own Mother Earth and if we are her children, and do not care about our home then surely a day would come when we human beings will both have a place only to be called as home. 

WORKING OF SCREW PROPELLER
 The earliest design consisted of four, flat rectangular blades located on radial arms with the blades inclined to the plane of rotation. This propeller worked on the same principle as a simple screw, i.e., when the screw completes one revolution, advances forward by a distance equal to the pitch of the screw. A screw propeller consists of a several blades projecting from hub at the end of ship propellers shaft. The number of blades can be up to six but successful design wherein just 2 or 3 blades are there, are also available in the marine industry.
                             In screw propulsion system, the propeller blades play the most important role in efficient propulsion which incorporates conversion of rotational energy to thrust. This is possible by designing blade profile similar to that of air plane wings of aerofoil shape. The forces that develop on a rotating propeller blade are the hydrodynamic equivalent of the aerodynamic forces on the wing of the aircraft. The blade geometry is also of significant importance and there is a characteristic twist in the propeller blade design derived from helicoidal surface.The propeller working is like a  screw but it has to work in water(which not being a rigid medium) , the blades accelerate the water that passes through them and the propeller, thus, advances for each revolution a distance less than the pitch , at a particular speed called velocity of advance.
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Working of aerofoil section
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The magnitude of blade section forces depends on size and shape of section and also on the angle of attack (angle between the pitch face and direction of water in flow). The resultant force has two components, lift and drag. Lift is the useful component which causes lifting of blades and drag represents the losses (as blade moves through water, it drags water with it which gives the drag force). Lift/drag ratio is very important in determining the effectiveness of foil as lifting surface. In order to obtain maximum thrust maximum lift should be there. Therefore the blade is tilted at an angle so that thrust can be increased. This angle is the pitch angle (Ѳ). As Ѳ increases the flow is diverted with a greater force along the blades. Greater force exerted by blades on water and so by Newton’s third law, the water exerts equal and opposite force on blades which increases the lift and thus greater thrust generated and the ship propels forward.
The propller of the ship drives the ship forward but in the process of doing so it experiences a large amount of impact forces and may act as a source of noise as a result of the phenomena of Cavitation. This adds up to the noise levels in the aquatic environment and is very detrimental to the life of these organisms.


NOISE
The noise produced by a vessel affects the aquatic environment in a very large scale. These unwanted signals in terms of both intensity and spectral content, are of considerable importance to warship designers as well as merchant shipping sector. The main sources of noise on any vessel are propeller noise and machinery noise. These signals propagate underwater and act as an obstruction to the useful signals. The speed of sound in water is 4.3 to 4.4 times greater than in air. It depends on temperature, salinity, latitude and depth at which the speed is required. Also
Wavelength of sound = speed of sound/frequency
This means that lower frequencies tend to travel further. These low frequency signals are a potential source of underwater noise pollution. The major contributor of noise on a vessel is propeller. The propeller generates pressure waves in water and gives rise to noise signature. There are four different ways by which the propeller generates noise  :-
· Water is displaced by the propeller blade profile.
· When the propeller rotates, one face of propeller is low pressure face and other one is high pressure face. The pressure difference can lead to generation of noise.
· The blades operate in a variable wake (pressure) field and so there are periodic fluctuations in cavity volumes and there is fluctuating angle of incidence on the blade section.
· The sudden collapse of a Cavitation bubble.
The first two sources are non-cavitating effects, i.e. , these remain in picture irrespective of the occurrence of cavitation phenomena. After cavitation inception, the propeller noise is most dominant amongst the other sources of noise, i.e., noise arising from machinery and hull. It has been observed that due to cavitation the measured noise levels in a fairly narrow range of frequency.
	A marine propeller can be considered as compact noise source as-
Wave number = frequency/speed of sound
Its product with radius is much less than unity. This simplifies noise prediction and its assessment becomes easier. But due to greater density of water, the water is entrained and entrapped by the blades and so now the overall mass of the blade is the addition of mass of blade and volume of water entrained by it. Thus, the mass of blade increases from what it was initially (the original mass of blade as and when manufactured). As the mass has increased, flexibility reduces and there is considerable increase in radiation efficiency and so the analytical assessment becomes somewhat difficult.

CAVITATION

The most potent and harmful source of noise in the marine environment is propeller noise. Propeller noise can be and is generated due to various mechanisms but the most dominant is the one produced as a result of cavitation.
The principle of underlying the process of cavitation is that the pressure at some points is allowed to fall to a low level keeping the surrounding ambient temperature constant. The boiling point of liquid, thus reduces and leads to bubble formation its formation depends on a number of factors, most importantly the ability of fluids to withstand tensions and nuclei requiring a definite time to grow to an observable size.
For development of a cavity bubble within the liquid, work is needed to be done in order to form a new interface. This extra work is done by reducing the local pressure slowly to a valve below the vapour pressure. At this point the liquid is in over-expended or meta stable phase. This phase is limiting condition and about this point the liquid either vaporises or cavitates. If the liquid for instance water contains significant amount of dissolved air then as the pressure reduces the air comes out of the solution and forms cavities in which the pressure is greater than vapour pressure . It may also happen that the bubbles are invisible. These are sub microscopic gas bubbles which also a result to cavitation. Therefore, the point at which cavitation occurs can either be above or below vapour pressure corresponding to ambient temperature.
The turbulent flow over the propeller blade results in formation of eddies. The water nuclei that are present in the centre of these eddies experiences localised pressure which are lower than surrounding mean pressure. As a result, the local pressure within the eddy formation falls below vapour pressure of the fluid and hence cavitation occurs due to –When the bubbles move with the flow along the propeller blade and enter the region where the local pressure is higher than the saturation pressure. The bubbles implode or collapse. As and when they collapse a sudden low pressure is created. This causes the surrounding water to rush in with a very high velocity and impinge on the propeller blades. This causes erosion of the blades.
 Shock waves are generated in liquid around the collapsing bubbles and the liquid adjacent to the bubbles may have a pressure difference as high as 400 atm. a temperature rise in the range 500-800 deg Celsius is observed in the material around and adjacent to the collapsing bubble in within milli or even microseconds.The shock waves result is noise covering a frequency band up to around 1 MHz. Along the surface of the propeller blade, the bubbles undergo volume fluctuation and as a consequence radiate acoustic energy. Thus, study of propeller cavitation is of immense importance in terms of underwater pollution, its impact and preventive techniques.
The cavitation pattern that can occur on marine propellers are many .These include sheet, bubble, cloud, tip vortex and hub vortex cavitation. Sheet cavitation is most common form of pattern that can be observed. When the propeller works at positive angles of incidence,  the leading edge of the blade experience large suction pressure. if the angle of incidence increases then the cavitation grows radially and over the blade it forms a shut like structure which would lead to pressure fluctuation.

Noise Mitigation Methods 
The shipping industry is one of the major contributors of noise in the marine environment. It
acts as a source in various ways and the various causes can be subdivided as –
1) The propeller;	
2) The machinery (both main engine and the auxillaries)	
3) The movement of hull through water
	Propeller cavitation dominates all other causes of noise. The amount of contribution largely depends upon the type of ship in consideration. Propeller cavitation can be avoided at low speeds but above a certain speed propellers inevitably cavitate however good  the design of the ship and its propeller.  The lowest speed at which cavitation occurs is cavitation inception speed. It has been proved that if noise of one component is 10dB above other components of noise, then the other components in terms of noise become irrelevant. Propeller cavitation has this potential so the noise mitigation methods by and large revolve around cavitation noise.
	Various technologies have been developed and others still researched upon for the same purpose of reducing the increased ambient noise levels in the oceans. Some popular methods are being mentioned below –
1) PROPELLER BLADE SURFACE
	Propeller blade surface are subjected to most extreme conditions. Any surface defect either due to impact damage or manufacturing procedure could reduce the efficiency of the propeller by 2%. Even smallest of imperfections could lead to considerable rise in hydro acoustic noise. So it becomes very important that the general surface of the propeller should be improved. This is brought about by applying anti-fouling system, referred to as foul release system. These protect the surface against damages due to fouling and greatly reduce the erosion of the propeller that helps it to retain a smooth, uncorroded surface.
2) PROPELLER DESIGN
	Conventional propellers are designed for full load condition (full power condition) , predicted ship speed and wake distribution. The predicted data is obtained by model experiments and/or Computational Fluid Dynamics (CFD). This predicted data is much different from the actual operating conditions. Now days the ships are not designed for actual operating conditions. They are designed keeping in mind ‘slow steaming’ that would help to reduce fuel consumption and also help in reducing noise levels. This is of significant importance for CPP (Controllable Pitch Propeller), where RPM is constant and thrust is modified by changing the pitch.
	Another design that can be incorporated is that of TIP RAKE. Tip rake towards the face can improve cavitation performance.
3) PROPELLER HUB CAPS
	A propeller generates vortices from its hub, which reduces its efficiency and also causes cavitation. Propeller hub caps can be used to reduce hub vortex cavitation and consequently the hydro acoustic noise as well as improving propeller efficiency particularly for CPP’s. Two concepts that are being used are Propeller Cap Turbines and Propeller Boss Cap Fins (PBCF). It is claimed that PCCF can reduce noise level by 3 to 6dB thus reducing hub vortex cavitation.

4) PROPELLER/RUDDER INTERACTION

	There are various designs that can be incorporated to mitigate the noise due to propeller Cavitation. Twisted rudder (designed to account for the swirling flow from the propeller) and rudder fins (designed to recover rotational energy) have been developed that would increase the overall efficiency and also help in reducing the noise produced by propeller Cavitation.
In addition, the Costa Propulsion Bulb (CPB) is a concept where the propeller is integrated hydro dynamically with the rudder by fitting a bulb to the rudder in line with the propeller shaft. In addition to eliminating the hub vortex this concept permits increased loading at the inner radii. It is claimed that this can reduce the hydro acoustic noise level by 5dB.

5) WAKE INFLOW DEVICES
	Cavitation is reduced by improving the wake of the ship. Efficiency also increases considerably. Flow modification devices can be fitted to the hull of the ship to improve the flow into the propeller. This is a relatively new concept and research work in this field is still going on. The use of such devices are said to reduce both the propagated noise levels and also improve propeller efficiency.

CONCLUSION
Many techniques that are and have been developed to improve fuel efficiency for large merchant vessels can also be optimized for noise reduction. A study on aquatic mammals revealed that a 6dB reduction in noise from shipping resulted in a measurable decrease in stresses in whales.
	Various International organisations (particularly IMO) are very actively involved in developing underwater noise mitigation method and also guidelines for implementation of same. Also ship design is of considerable importance and research work is still in progress in this area. Due to increased awareness about this, more and more effective and efficient methods and techniques have been invented and implemented that promise a much safer, quieter and stress free marine environment for our aquatic mammals.
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