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  ABSTRACT
In an effort to support energy conservation initiatives, steps were taken to reduce fuel consumption keeping the output same. Commonality and fuel efficiency are key issues for the next generation navies. One desire is to establish common hardware and software components across ship classes. Another desire, which is not only a navy concern, but also a global concern, is fuel efficiency .This paper talks about the innovative technology used on board ships on resource conservation. This focuses upon the present scenario of the fuel system with the advent of modern technologies. It showcases the advancement and automation in fuel systems in onboard ships over the years. The paper also consist about the opportunities and threats associated with this kind of system. Fuel injection system is a system for admitting fuel into an internal combustion engines. It has become the primary fuel delivery system used in internal combustion engines. This invention may be utilized with two and four stroke slow, medium and high speed diesel engines. It operates with conventional distilled-type diesel fuel and with residual fuels  with 6% or more sulphur and 50% water. It is possible to operate under severe operating conditions as the fuel injection control valve and the fuel injection valve operate with a fluid seal, created by the high fluid tension effect.
INTRODUCTION
In an effort to support energy conservation initiatives, steps were taken to reduce fuel consumption keeping the output same. Commonality and fuel efficiency are key issues for the next generation navies. One desire is to establish common hardware and software components across ship classes. Another desire, which is not only a navy concern, but also a global concern, is fuel efficiency. Efforts to reduce hardware components, and thus the ship’s weight, will save fuel. Another fuel saving approach is to modify the ship’s control software to ensure that the ship is operated in its optimum fuel saving configuration based on the desired, or commanded, speed. Fuel injection system is a system for admitting fuel into an internal combustion engines. It has become the primary fuel delivery system used in internal combustion engines. This invention may be utilized with two and four stroke slow, medium and high speed diesel engines. It operates with conventional distilled-type diesel fuel and with residual fuels  with 6% or more sulphur and 50% water. It is possible to operate under severe operating conditions as the fuel injection control valve and the fuel injection valve operate with a fluid seal, created by the high fluid tension effect .The present invention is directed to a MHD fuel injection system for an internal combustion engine which operates in response to elected sensed engine operating parameters and is adapted to operate selectively without any type of crankshaft-camshaft actuated fuel distribution pump. The MHD fuel injection system includes a MHD fuel injector having a fuel injection control valve in fluid communication with pressurized fuel and in magnetic fluid communication with a separate pressurized control magnetic fluid. 


1.BACKGROUND OF THE INVENTION
In the past two decades diesel engines have increased power output per cylinder two to three times, but fuel injection systems which require very precise tuning and reliability have remained practically unchanged. The traditional design of the fuel system of such diesel engines includes engine driven fuel pumps, individual plunger-type fuel pumps, fuel injectors, and different types of governors. Lately designers and manufacturers of diesel engines, particularly marine diesel engines, have tried to introduce different types of "electronic" controls to existing conventional injection systems, such as camshaft driven unit injector with electronically on-off controlled solenoid valves, or providing hydraulic actuators for conventional plunger-type fuel pumps. However, these recent improved fuel systems for diesel engines are more complicated, less controllable, unreliable, and uneconomical than heretofore. Practically, when the operating condition of the fuel pumps in these fuel systems is changed due to cam, plunger or valve wear, the injection process becomes difficult to control regardless of the type of the associated electronic control. Each cylinder of the engine with this kind of injection system acts as an individual engine. With this arrangement it is difficult to balance power distribution between cylinders. In multi-cylinder engines the power distribution between cylinders becomes uncontrollable which causes overloading of some cylinders and underloading of others. This results in failure of pistons, bearings, crankshaft, and other major engine parts and increased exhaust emissions. Variable injection time (VIT) devices using existing VIT controls to individual cylinders do not properly react to load and ambient conditions of various engine operations.
2. AUTOMATED FUEL INJECTION  SYSTEM:
The automated fuel injection system for a multi-cylinder internal combustion engine in which an engine digital control (EDG) receives input signals from several monitoring subsystems. The EDG formulates appropriate output signals in response to the monitoring subsystems for sending, by microprocessor to fuel injectors for control of pressurized fuel injected in the appropriate cylinder. Pressurized fuel and pressurized magnetic control fluid is supplied by a non-engine driven pump when the engine is stopped to the recirculation of fuel through the fuel injectors and an engine driven pump is provided to supply pressurized fuel during continuous engine operation. Electronically controlled fluid pressure regulators for the pressurized fuel and for the magnetic control fluid are actuated by output signals from the microprocessor .This magnetohydrodynamic (MHD) technique, which uses magnetic control fluid as a medium for injecting fuel electronically is based on an entirely different physical and operating principle than the conventional fuel injection-starting system.
2.1MAGNETOHYDRODYNAMIC FUELINJECTION SYSTEM
The present invention is particularly directed to an integrated diesel engine automated system based on a magnetohydrodynamic (MHD) fuel injection system for a multi-cylinder internal combustion engine which utilizes a separate pressurized control magnetic fluid for controlling the injection of the pressurized fuel into a cylinder of the engine for combustion.Untreated fuel molecules tend to clump together due to attraction between molecules with charges of opposite polarities .This causes an inefficient burn as a result your engine experiences loss of power, lots of carbon built up. Powerful magnetic field causes these clumps of fuel molecules to be charged with a single polarity, thus they repel each other making fuel disperse more efficiently causing more complete combustion and power production. The fuel system of the present invention preferably includes a MHD fuelinjection system and includes a continuously rotating, non-cycling, variable, pressure fuel pump with only a single fuel pump being required for an engine instead of a fuel pump for each cylinder as normal heretofore. The pressure-current modulated MHD fuel injection controls fuel quantity, timing and other predetermined engine parameters. Thus, the MHD fuel injector serves as the single distribution and control element of the fuel system. The pressure-current modulated MHD fuel injector of thepresent invention is electronically controlled to exploit MHD effects of magnetic fluids by an engine digital governor (EDG) system which is responsive to the following predetermined engine operating functions when utilized with a marine diesel engine.The pressure-current modulated MHD fuel injectors may be heated up when the engine stops by fuel recirculation and cooled by fuel during MHD injector operation. 
Thus, the MHD fuel injectors do not require an additional cooling system as conventional fuel injection systems heretofore have required.
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2.3   USE OF THE TECHNOLOGY IN THE PRESENT MARITIME FIELD
As an example of an internal combustion engine with which the present invention has been found to function in a satisfactory manner, a marine diesel engine for a ship such as a Sulzer type 4RTA-58 diesel engine manufactured by Sulzer Brothers ,Limited, Winterthur, Switzerland has been found to operate satisfactorily with the described fuel injection system.
The fuel system of this invention operates under four modes of operation and is in compliance with the rules and regulations of various agencies, such as the American Bureau of Shipping, the United States Coast Guard and Lloyd's Register of Shipping

3.Principle of operation
The system works mainly through the modes of operation.
3.1Mode One--Recirculation--Engine Condition--Stop
Under this condition, heavy fuel from the storage tank   is pumped by externally driven main fuel pump . The pump  operates under recirculation pressure of 8-10 bars. This pressure is predetermined by electronically controlled fuel pressure regulating valve  . Fuel from main pump  is transmitted through pressure manifold and emergency shutdown valves  to fuel injectors  In this condition, preheated heavy fuel continuously circulates in the recirculation loop system preventing solidification of heavy fuel in manifold , fuel injector , andrecirculation return manifold .
3.2Mode Two--Engine condition--Start or Maneuvering
To start the engine it is necessary to formulate a command signal (for example, start-slow ahead). This command signal is sent from the bridge control  to the logic control.  The approximate electronic signal, according to the system operating algorithm, will be received by the variable fuel pressure electronic control valve . The non-engine driven high pressure fuel pump  will increase the pressure from 8-10 bars to the required operating injection pressure. Depending upon engine condition and operating requirements, the injection parameters of fuel timing, fuel quantity, fuel duration, valve timing-stroke, and other parameters are formulated by the logic control . The output controllable signal from microprocessor to fuel injector is regulated by pressure modulating electronic regulator  and the high pressure fuel electronic regulator ..
3.3Mode Three--Main Operation--Engine Condition—Continuous  Operation
In the continuous mode of operation, high fuel pressure is produced by the engine driven high fuel pressure pump  and magnetic control pressure is produced by the engine driven magnetic fluid control pump  which are both driven by shaft  directly or indirectly from the engine. In the main mode of operation, heavy fuel from the main storage tank  and the engine driven high pressure fuel pump  enters the high fuel pressure electronic regulator  and shuttle valve . When the engine receives the command to activate the "main" mode of operation, the external drive of the standby high pressure externally driven fuel pump  automatically stops. Pressure to shuttle valve  onthe left side drops and valve  shifts to the left and switches fuel flow from the high pressure electronic regulator to the fuel pressure manifold . High pressure fuel flow and fuel distribution to the pressure modulated fuel injectors continue in the same way as has been described previously when the standby pump  was in operation
3.4   Mode Four--Emergency Operation--Engine Condition: Continuous Operation
In case of a pressure modulated control injector  failure, the logic control  will determine the cause of the failure and if, by diagnostic logic control, the pressure modulated control injector     cannot operate, a failure prevention signal will energize the NO solenoid valve  to move valve  to a closed position. The control magnetic fluid pressure signal will be cut off to the pressure modulating regulator 112 and to NC emergency fuel pressure valve 86. The high pressure fuel flow to the pressure modulated control injector 10 will also be cut off. Under these conditions, the cylinder which has been cut off from fuel supply will cease operating. The logic control (FIG. 4) will redistribute the load between the remaining operating cylinders to compensate for the power loss.[image: ]4.EDG (ENGINE DIGITAL GOVERNOR CONTROL)
The engine digital governor control (EDG) includes microprocessor  and processes data received in computed signals from the engine condition monitoring system and performs various functions.The engine digital governor (EDG) is a complete control system which fulfills all tasks for governing optimum functions and depends on the engine power output requirements. The parameters setting may be from two controls, the bridge control system at BCC and the engine-room control system at ERC as shown in. The EDG can be operated for both a fixed pitch and a controllable pitch propeller power plant (FPP and CPP systems). The system responds to engine signals from external monitoring systems.
The main purpose of the monitoring system is to monitor various functions of the engine including (a) monitoring the command for performance quality from the EDG, and (b) monitoring the commanded value for fuel pressure, fluid control pressure, and engine operating conditions. The monitoring of engine conditions contains several secondary functions including: (1) displaying engine operating data values, (2) automatic tuning of system, and (3) repeated testing of system failures.When the engine operates on slow RPM, it is necessary to change operation condition to half-speed as requested by the operator from BCC control. The signal from BCC is transmitted to the optimum parameters computer. From the optimum parameters computer the signals are divided and are transmitted to the engine digital governing control, the engine diagnostic system, the system status control, and the repair procedure library. The system status control summarizes the operating condition of the engine in real time, compares the condition of the engine with optimum parameters, and then formulates an output signal through microprocessor  to the governing output elements of the engine with different output signals influencing changing engine status.Through the output signals from microprocessor  of the engine digital governor control (EDG), the engine parameters are changed. A major output functional solenoid with an integral armature-position transducer (not shown) is used to set pressure. Changes in pressure are proportional to changes in electrical input. The position of the solenoid armature produces voltage through the transducer which is compared with the input signal and corrected by a position control circuit of a power amplifier. 

5.OPPORTUNITIES  OF THE SYSTEM:
·       It does not require .a crankshaft-camshaft drive, high pressure, cycling, fuel pumps, etc. This provides subsequent reduction   in machinery space.
·  The fuel system of the present invention preferably includes a fuel injection system and a continuously rotating, non-cycling, variable, pressurized fuel pump, single fuel pump being required for an engine instead of a fuel pump for each cylinder .
· This system fulfills the desire of saving the fuel consumption in the engine.
· Single microprocessor controls the fuel injection in  the injection system.


6.THREATS OF THE SYSTEM
· Any minor error in the subsystem will result in the EDG error. 
· Troubleshooting of the solitary fuel pump leads to shut down of an engine.  
· Fuel injection introduces potential hazards in engine maintenance due to the high fuel pressures used.
· Residual pressure can remain in the fuel lines long after an injection-equipped engine has been shut down. This residual pressure must be relieved, and if it is done so by external bleed-off, the fuel must be safely contained.
· If a high-pressure diesel fuel injector is removed from its seat and operated in open air, there is a risk to the operator of injury by hypodermic jet-injection.
· This system has affected the employment opportunities for the mariners  over the years.
CONCLUSION:
                    Every system has its own pros and cons. This system has more opportunities compared to the  threats. As discussed earlier that there is a subsequent saving in the fuel compared the the conventional type of fuel injection system,this system will prove more effective for the upcoming years.
SUMMARY
The present method for injecting fuel is based on an entirely different physical and operating principle than the conventional fuel injection-starting system. The fuel system of the present invention preferably includes a magnetohydrodynamic (hereinafter sometimes referred to as "MHD") fuel injection system and includes a continuously rotating, non-cycling, variable, pressure fuel pump with only a single fuel pump normal heretofore. The pressure-current modulated MHD fuel injection controls fuel quantity, timing and other predetermined engine parameters. The MHD fuel injector serves as the single distribution and control element of the fuel system. This system fulfills the desire of saving the fuel consumption in the engine.Troubleshooting of the solitary fuel pump leads to shut down of an engine.  
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