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DUAL FUEL TECHNOLOGY AND THE WARTSILA 34DF ENGINE.

ABSTRACT
Natural gas is an important source of energy and the trade for natural gas is carried out through specially designed ships known as LNG carriers, which in turn are a special type of gas carriers. Now we know that liquefied gas always has some vapour on top of it and this is known as the BOG or boil-off-gas.

Since ships store cargo in large volumes in their cargo tanks, the amount of vapours are also quite substantial. Since it is essential to take care of these vapours for the safety of the ship, they need to be disposed off in some form or the other. So engineers thought they would use these vapours to supply a portion of the ship’s propulsive power which gave rise to special types of ships having dual fuel systems.
The Wartsila 34DF Dual-fuel engine is the ultimate ‘fuel flexibility’ engine. The Wartsila 34DF is a four-stroke dual fuel engine that can be run on natural gas, light fuel oil (LFO) or heavy fuel oil (HFO).Moreover, the engine can switch over from gas to LFO/HFO and vice versa smoothly during engine operation. Launched in the year 2006 this engine employs technology which to a great extent cuts down engine emissions and has superior anti knock characteristics.
The Wartsila 34DF is designed to provide high output with fuel flexibility, low emission

rates, high efficiency and high reliability. The engine functions are controlled by an advanced

automation system that allows optimum running conditions to be set independent of the

ambient conditions or fuel. The paper deals primarily with application of the Dual fuel technology and the various features of the latest Dual fuel technology based engine - The Wartsila 34DF.
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INTRODUCTION TO DUAL FUEL SYSTEMS
There are several ways in which the boil-off-gas can be handled. The very first way is to use the boiler to burn it off. Of course this is a very simple method but the only disadvantage of it is that the energy which is contained in the gas simply goes waste without solving any useful purpose. 

Another alternative which is attractive for the customers or owners of the cargo is that this vaporized gas is liquefied again and put back to the cargo tanks in the liquid form. This is of course a great idea but the only disadvantage it has is that the cost of equipment and paraphernalia associated with the re-liquefaction of this gas is quite large. This also increases the fuel consumption of the ship. At the end of the day this cost would have to be passed on to the consumers. So they may not end up gaining by way of gas savings, as they might have to pay sufficiently extra for the facility. Hence from the business point of view, this option is not very attractive either for the ship operator or the cargo owner.

Last but not least, there is the option of utilizing the energy of this BOG by burning it. But this time it is not burnt unnecessarily without any utilization but used to supply at least a part of the power required for the engines of the ship. This idea of utilizing the boil off gas for propulsion was widely accepted in the shipping industry as it was a win – win situation for the ship owner and the charterer. An understanding exists between the two that the freight would be proportionally less as the cargo is utilized by the ship. Conclusively these kind ship also stand as the first choice for the Charterers as they are saving freight charges with the boil off gas. 
Dual fuel engines have been in existence since 1996. Off late many advances have been introduced in Dual fuel technology say, the Lean burn process and low emission limits etc. A relative comparison of the different fueled engines is shown in the graph below.
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FIG NO.1 - VARIOUS ENGINES USED FOR LNG CARRIERS

Although the use of traditional engines still pertain latest versions of the dual fuel technology engines are grabbing more customers. 

CONVENTIONAL DUAL FUEL ENGINE
When running on gas, dual-fuel engines act according to the Otto principle. As the gas is mixed with air before compression starts a gas pressure of about 5 bar is sufficient. Close to the top-dead-centre a very small amount of liquid fuel (marine diesel oil (MDO)) is injected in order to trigger ignition. Provided that an adequate gas supply system is installed, dual-fuel engines can accept all gas qualities seen in LNG shipping. In addition to running on gaseous fuel, dual fuel engines can run on liquid fuel. When running on liquid fuel, the dual-fuel engine acts as a normal diesel engine. In case supply of gas is interrupted, the dual fuel engine automatically transfers to diesel mode, without loss of engine power or speed. The transfer from diesel to gas mode is carried out fully-automatic on demand.
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FIG NO.2 WORKING OF DUAL FUEL ENGINES

Low-pressure dual-fuel technology is only available on four-stroke engines. The first Wartsila dual-fuel engine, the Wartsila 32DF, was brought to the market in 1996.

DUAL-FUEL-ELECTRIC  LNG CARRIERS

Central in the dual-fuel-electric propulsion and electric power generation solution (Fig. 6) are multiple dual-fuel generating sets. The number and size of these sets of course largely depends on the ship size and speed, but also on the envisaged operating philosophy. The generated electric power is fed to an electric drive fairly similar to those used on contemporary cruise ships.

Two ‘high-speed’ electric propulsion motors drive a fixed-pitch propeller through a reduction gear. Twin ‘low-speed’ electric motors mounted on the same shaft can be selected to drive the propeller without assistance of a gearbox alternatively. For the larger ships, twin screw arrangements can be selected without significantly increasing the complexity of the machinery installation.
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FIG NO.3 – POWER LAYOUT OF ELECTRIC LNG CARRIERS.

OPERATING ECONOMY 
As dual-fuel engines have the ability to run on both gas and MDO, the choice of fuel is up to operator. Several independent studies have however confirmed that forcing additional boil-off gas to complement the natural boil-off gas is the way to profit most from the potential of the dual-fuel-electric solution. Firstly, forced boil-off gas is cheaper than alternative fuels. Secondly, it is lighter than alternative fuels. Fuel ‘bunkers’ weight is thus reduced, and at a given displacement, the ship will be able to carry more cargo weight. Carrying more cargo volume is

enabled by the fact that the dual-fuel-electric solution saves engine room space.
 Even when using a small part of the cargo as fuel, a dual-fuel-electric LNG carrier will deliver more cargo to the unloading port in this way. The efficiency of the propulsion machinery of a dualfuel- electric LNG carrier is approximately 41% and the efficiency of the electric power generation machinery is around 44%, compared to 29% and 25% respectively for

a steam turbine installation. A two-stroke diesel engine installation will have a propulsion machinery efficiency of about 48% and the efficiency of the electric power generation machinery will be about 41%, but will consume a substantially higher amount of electric power due to the presence of the liquefaction plant. Adding the cheaper fuel of the dual-fuel-electric LNG carrier to the equation, this solution clearly excels in terms of operating costs.
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FIG NO.4 – COMPARATIVE OPERATIVE ECONOMY

ENVIORNMENT FRIENDLY
When exclusively using natural and forced boil-off gas as fuel, the dual-fuel electric solution shows unrivalled emission values  . All other machinery alternatives suffer from the use of HFO, either used uniquely or in combination with natural boil-off gas.
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FIG NO.5 – COMPARATIVE EMISSIONS OF ENGINES.

THE WARTSILA 34DF ENGINE
The Wartsila 34DF tri-fuel engine is the ultimate ‘fuel flexibility’ engine. The Wartsila 34DF is a four-stroke dual fuel engine that can be run on natural gas, light fuel oil (LFO) or heavy fuel oil (HFO). Moreover, the engine can switch over from gas to LFO/HFO and vice versa smoothly during engine operation. The engine speed is 720 or 750 rpm for use with 50 or 60 Hz applications.
DESIGN PHILOSOPHY

The new Wartsila 34DF applies the sophisticated tri-fuel technology incorporated in the reliable

and well-tried Wartsila 32 HFO engine. The Wartsila 34DF is designed to provide high output with fuel flexibility, low emission rates, high efficiency and high reliability. The engine functions are controlled by an advanced automation system that allows optimum running conditions to be set independent of the ambient conditions or fuel.

Both the gas admission and pilot fuel injection are electronically controlled. This ensures that the correct air-fuel ratio can be set for each cylinder individually and that the minimum amount of pilot fuel can be injected while ensuring safe and stable combustion. All parameters are controlled automatically during operation.

The Wartsila 34DF is designed to meet customer demands for a safe and fuel-flexible engine, running both on gas and on liquid fuel. The Wartsila 34DF, like all Wartsila engines, has a simple and straightforward design. Its piping and external connections have been minimized, the safety margins are ample, maintenance is easy and rapid, and the electronic safety protection system is a built-in feature. The individually and electronically controlled valves ensure that all cylinders stay within the operating window, avoiding knocking and misfiring. This eliminates unnecessary load reductions and shutdowns.

The Wartsila 34DF is designed to give the same output whether it is running on natural gas or on LFO/HFO. For the Wartsila 34DF operating on gas, NOX and CO2 emissions are substantially lower than for an HFO engine. The engine’s NOx emissions comply with the Word Bank guidelines for dual-fuel engines as well as the upcoming IMO Tier II standard.
THE LEAN BURN CONCEPT
The Wartsila 34DF operates on the lean burn principle: the mixture of air and gas in the cylinder has more air than is needed for complete combustion. Lean combustion reduces peak temperatures and therefore NOX emissions. Efficiency is increased and higher output is reached
while avoiding knocking. Combustion of the lean air-fuel mixture is initiated by injecting a small amount of LFO (pilot fuel) into the cylinder. 
The pilot fuel is ignited in a conventional diesel process, providing a high-energy ignition source for the main charge. To obtain the best efficiency and lowest emissions, every cylinder is individually controlled to ensure operation at the correct air-fuel ratio and with the correct amount and timing of pilot fuel injection.

Wartsila has developed a special electronic control system to cope with the demanding task of controlling the combustion in each cylinder, and to ensure optimal performance in terms of efficiency and emissions under all conditions by keeping each cylinder within the operating window. Stable and well controlled combustion also contributes to less mechanical and thermal load on the engine components.
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FIG NO 6. – LEAN BURN CONCEPT.
EMISSIONS 
Current stringent emission regulations demand the reduction of NOX emissions. In an internal combustion engine this means controlling peak temperature and residence time, which are the main parameters governing NOX formation. In the Wartsila 34DF engine, the air-fuel ratio is very high . Since the same specific heat quantity released by combustion is used to heat up a larger mass of air, the maximum temperature and consequently NOX formation are lower.
 The mixture is uniform throughout the cylinder since the fuel and air are premixed before introduction into the cylinders, which helps to avoid local NOX formation points within the cylinder. Benefiting from this unique feature, NOX emissions from the Wartsila 34DF are extremely low and comply with the most stringent existing legislation.
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FIG NO.7 – COMPARITIVE EMISSIONS WITH DIFFERENT FUEL KINDS.

The above table shows the comparative emissions of the various types of engines. It clearly indicates that the use of the engine in gas mode considerably reduces emissions and particulate matter.

THE FUEL SYSTEM
The fuel system of the Wartsila 34DF dual fuel has been divided into three: one for gas, one for liquid fuel and a separate pilot fuel system. The Wartsila 34DF is normally started in diesel mode using both main diesel and pilot fuel. Gas admission is activated when combustion is stable in all cylinders. When running the engine in gas mode, the pilot fuel amounts to less than 1% of full-load fuel consumption. The amount of pilot fuel is controlled by the engine control system. 
When running the engine in liquid fuel mode the pilot is also in use to ensure nozzle cooling.

The power plant engine can also be delivered to start without the liquid fuel system. In this case the engine is started on pilot fuel with gas admission activated when engine is up in speed. The synchronization and loading is done on gas. The pilot fuel consumption is here the same less than 1 % of full load fuel consumption.
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FIG NO.8 – OPTIMUM AIR FUEL RATIO
GAS SUPPLY

The natural gas is supplied to the engine through a valve station. The gas is first filtered to ensure clean supply. The gas pressure is controlled by a valve located in the valve station. The gas pressure is dependent on engine load. At full load the pressure before the engine is 3.5 bar (g) for LHV 36 MJ/M3. For lower LHV the pressure has to be increased.
 The system includes the necessary shut-off and venting valves to ensure safe and trouble-free gas supply.

On the engine, the gas is supplied through large common-rail pipes running along the engine. Each cylinder then has an individual feed pipe to the gas admission valve on the cylinder head. Gas piping in marine installations is of double wall design as standard.

DIESEL OIL SUPPLY

The fuel oil supply on the engine is divided into two separate systems: one for the pilot fuel and the other for liquid fuel. The pilot fuel is elevated to the required pressure by a pump unit. This includes duplex filters, pressure regulator and an engine-driven radial piston-type pump. The high-pressure pilot fuel is then distributed through a common-rail pipe to the injection valves at each cylinder. Pilot fuel is injected at approximately 900 bar pressure and the timing and duration are electronically controlled. The pilot fuel system is separated from the liquid fuel system with separate connections on the engine. The liquid fuel is separated from the pilot fuel system and is fed to a normal camshaft-driven injection pump. From the injection pump, the high-pressure fuel goes to a spring-loaded injection valve of standard design for a diesel engine.
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FIG NO.9 – FUEL OPIL SYATEM FOR LIGHT FUEL AND HEAVY FUEL OIL
INJECTION VALVE
The Wartsila 34DF has a twin-needle injection valve. The larger needle is used in diesel mode for LFO or HFO operation and the smaller for pilot fuel oil when the engine is running in gas mode and also in liquid fuel operation to ensure nozzle cooling. Pilot injection is electronically controlled and the main diesel injection is hydro mechanically controlled. The individually controlled solenoid valve allows optimum timing and duration of pilot fuel injection into every cylinder when the engine is running in gas mode. Since NOX formation depends greatly on the pilot fuel amount, this design ensures very low NOX formation while still employing a stable and reliable ignition source for the lean air-gas mixture in the combustion chamber.

[image: image11.png]



FIG NO.10 – THE TWIN NEEDLE FUEL INJECTION VALVE
GAS ADMISSION VALVE
Gas is admitted to the cylinders just before the air inlet valve. The gas admission valves are electronically actuated and controlled by the engine control system to give exactly the correct amount of gas to each cylinder. This way the combustion in each cylinder can be fully and individually controlled. Since the valve can be timed independently of the inlet valves, the cylinder can be scavenged without risk of gas being fed directly to the exhaust system. 
Independent gas admission ensures the correct air-fuel ratio and optimal operating point with respect to efficiency and emissions. It also enables reliable performance without shutdowns, knocking or misfiring. The gas admission valves have a short stroke and specially selected materials, thus providing low wear and long maintenance intervals.

INJECTION PUMP

The Wartsila 34DF utilizes the well-proven monoblock injection pump developed by Wartsila. This pump withstands the high pressures involved in fuel injection and has a constant-pressure relief valve to avoid cavitations’. The fuel pump is ready for operation at all times and will switch over from gas to fuel oil if necessary. The plunger is equipped with a wear-resistant coating.

PILOT PUMP

The pilot fuel pump is engine-driven. It receives the signal for correct outgoing fuel pressure

from the engine control unit and independently sets and maintains the pressure at the required

level. It transmits the prevailing fuel pressure to the engine control system. High-pressure fuel is delivered to each injection valve through a common-rail pipe, which acts as a pressure accumulator and damper against pressure pulses in the system. The fuel system has a double wall design with alarm for leakage.

OPERATION MODE TRANSFER
The engine can be switched automatically from fuel oil to gas operation at loads below 80% of the full load. Transfer takes place automatically after the operator’s command without load changes. During switchover, which lasts about one minute, the fuel oil is gradually substituted

by gas. In the event of for instance a gas supply interruption, the engine converts from gas to fuel oil operation at any load instantaneously and automatically.
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FIG NO.11 –FUEL SHIFTING CHARACTERICTICS.
 Furthermore, the separate liquid fuel system makes it possible to switch over from LFO to HFO without load reduction. The pilot fuel is in operation during HFO operation to ensure nozzle cooling. The pilot fuel consumption is less than 1% of full load fuel consumption. Switching over to LFO from HFO operation can also be done without load reduction. From LFO to gas operation, the switch can be made as described above. This operation flexibility is the real advantage of the tri fuel system.
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FIG NO.12 – EXHAUST GAS WASTE GATE VALVE.
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