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Introduction

The large high speed trunk piston diesel engine operates at greater piston speeds than the typical medium speed diesel engine and burns distillate fuels in preference to the cheaper heavy fuel oils.  They also in general have higher specific power outputs and have higher combustion pressures and exhaust temperatures. Because of the nature of the applications (marine, off-highway and power generation) in which large high speed engines are commonly used, smaller oil sump volumes are seen with wet sumps being the most common type of installation. This contrasts with the large separate oil tanks and dry sump systems used with the larger, slower medium speed and two-stroke engines. As a consequence the typical stresses imposed on the lubricant by these higher specific outputs and higher speeds engines tends to be greater. This leads to differences in the types of lubricants employed and the selection criteria for the lubricants to meet a specific application.

Definitions

A precise definition of a large high speed diesel engine is difficult because of the many variables involved. These variables include piston speed, engine pressures,and bore sizes and the CIMAC organisation has defined these type of engines using the following parameters.

· Bore


>  150 mm

· Rotational speed

> 1000 rpm


· Mean piston speed
> 10 ms-1

· Bmep


> 21 bar


· Power factor
 
0.5 - 0.9
 kW/cm2

· Load factor

140 - 375 bmep x m/s

Additioanlly the definition recognises that the minimum values of load and power factor for typical engines take into account lower loaded larger bore engines as well as very high speed lower pressure engines. The terms ‘power factor’ and ‘load factor’ are used to compare engines of different size, design and manufacture with the following definitions.


The power factor --- defined as, the power developed per piston divided by the 




cross sectional area (kW/cm2);     

 
The load factor    --- defined as, the BMEP multiplied by the mean piston 




speed (bar x m/s)

Engine types, sizes and development.

There are currently some145 recognised manufacturers of non-automotive diesel engines of which 45 produce engines for marine applications and of these about 70% produce high speed diesel engines. Because of the dominance of the large two-stroke diesel engine as a means of marine propulsion the high speed diesel engine, though much larger in terms of numbers, accounts for less than 20% of total power installed. This correlates well with world bunker supplies where the spilt between residual fuel and gas oil is 82 /18 % respectively.
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High speed engine types and sizes range from less than a 100 kWs for very small fishing vessels to greater than 7000 kW for large fast ferries. It is in this latter area that much of the development has concentrated where the need for high speed marine transport demands high power to weight ratios but still retaining the thermal efficiency of a diesel engine. Figure 1 plots the range of high speed diesel engines, using the axes of load and power factor, on which is superimposed a general time scale when such engines became commercially available.
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Fuel and Fuel Quality

The high speed diesel engine is designed to operate on distillate fuels. Only such fuels will provide the ignition and combustion qualities needed for higher rotational and piston speeds. The term distillate fuel covers a wide range of other definitions such as diesel fuel, gas oil, marine gas oil, high speed diesel fuel etc. In the marine market distillate fuels are defined by the ISO specification (ISO 8217) and supported by the CIMAC guidelines. The ISO defines four distillate grades these being DMX, DMA, DMB and DMC. DMX is rarely seen as it has a flash point below 60 C whilst DMB and DMC grades have higher viscosities and may contain some small portion of residual fuel making the fuels black in colour. Again these two latter fuels are not widely used nor are they widely available. Distillate fuel to ISO 8217 grade DMA is different to automotive fuels in terms of the amounts and types of hydrocarbon components and generally contains a wider range of hydrocarbon types. Howeve because the marine diesel is generally more robust and tolerant than automotive diesel engines then this fuel does not need to be of the same high quality expected of automotive fuel which in turn allows for a lower price. 

Fuels are a mixture of many hydrocarbon components and it is the amount and range of these components that determine quality in terms of ignition and combustion. Defining fuel quality is best done by comparison of the actual fuel against recognised specifications. Automotive fuel is specified by national regulations which today are fairly uniform across the world to meet the need of the many types and makes of vehicles. The basic requirements of such automotive fuels are decreasing sulphur levels and the control on the aromatic content achieved by a specified distillation range. It is this latter aspect, which is not defined by ISO 8217, which is the major difference in quality. Whilst a marine diesel engine will work very well on an automotive fuel it is likely that problems will be encountered if a modern highly rated automotive diesel engine were operated on DMA. The typical difference between an automotive and marine fuel in terms of the types and amount of components is illustrated in figure 2.
                                                   Composition of ‘diesel’ fuels

Fig 2
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Compounds to the right of the distribution in Fig 2 are of higher molecular weight and require more time to complete full combustion. If the combustion conditions are not opimum and the fuel contains a higher proportion of these combounds engine deposits may occur the worst being a phenomena called liner lacquering. Lubricants do have a role to play in keeping engines clean and certain types and amounts of lubricant additives have been shown to have a positive effect. Hence if a deposit problem is encountered the solution will lie with improving combustion, limiting the amount of poorer quality fuel being used and to some extent the correct matching of the lubricant to the conditions.

Lubrication requirements

The wide range of different engine types, operating conditions and variations in fuel quality mean that if lubricants are to be matched to the conditions a wide range of lubricants have to be provided.  The fundemental provision of providing lubricants of the required performance comes from  engine manufacturers who approve or qualify lubricants by either:

· An assessment of oil performance via extensive field/service trials.

· Using lubricant specifications defined either by the (API) American Petroleum Institute or European Automobile Manufacturers’ Association (ACEA)

· Specifying lubricants both on their performance categories and on proven field performance. 

In general the higher the rated the engine then the higher performance of the lubricant required. A simple diagram showing a general relationship between lubricant type, specifications and engine performance is at figure 3



Lubricant specifications and engine performance    Fig 3
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Not all local market conditions can be satisfied by this approach and lubricants specific to local environmental or logistical conditions have to be developed and applied. In addition to the range of lubricants available all do not have to meet the latest specifications and some products that satisfy the requirements of older lower rated engines are needed. This means that costs are kept down.

International specifications are the main driving forces in the developemnt of lubricants for high speed diesel engines. Although the level of specification can be linked to engine specific performance it is a combination of several required attributes that determine that performance. The specifications themselves are designed to measure a lubricant performance by having a number of special engine and laboratory bench tests in which the  lubricant is assessed for its ability to control deposits, wear,maintain its viscosity amongst others. The historical, and in fact current basic requirements, are very similar and comprise of the following:

· Prolong the life of the oil in service by control of viscosity increases and insoluble handling.

· Minimise piston deposit build up both from fuel combustion deposits and

     deterioration of the oil itself

· Minimise oil consumption

· Reduce fuel consumption by controlling viscosity increases over an extended period

Lubricant performance

Although lubricants are developed to meet a specification not all products commercially available have the same performance. Some products just meet the specification requirements and some surpass it by large margins and this latter aspect usually involves extensive field trials to demonstrate this to, and be recognised by, the engine builder. Improving on  the four basic requirements above primarily involves the use of larger amonts of dispersants and having multigrade viscosity characteristics. Dispersants impart three attributes these being; the ability to keep combustion soot, from blow-by, in suspension in the oil rather than it settling out; the control of this soot into finely dispersed particles that do not result in viscosity increases; and to act as a detergent assisting the other metallic detergents present in keeping high temperature surfaces free of deposits.The amount of dispersants used has doubled from the API CF4 specification, introduced in 1990, to the API CG4 specification introduced in 1994. whilst from API CG4 to the  current specification, API CH4, a further 25% required.

Muligrade oils now have a much wider function than traditionally providing lower viscosity for engine starting in colder climates. The lubricant provides the seal at the piston ring liner interface and thus controls the amount of exhaust gas blow-by deposits entering the sump as well as reducing the amount of oil travelling up the liner into the combustion space and being consumed. The temperature at ring liner interface is over 150 C so in general the higher the viscosity at this temperature the better the sealing with consequent reductions in exhaust gas and oil consumption. The viscosity characteristic of lubricants for marine high speed diesel engines is still predominantly monograde and to increase the viscosity at temperatures over 150 C would require a corresponding higher viscosity at lower temperatures. This would result in difficulty of starting in colder climates but more importantly a reduced oil flow rate , at engine inlet temperatures, even though the pump discharge pressure is high. 

There is an now an increasing use of multigrades primarily 15W40 with 20W50 and 10W40 viscosity grades. Such lubricants provide higher viscosity above 150C which results in better ring liner interface sealing, less insoluble material entering the oil, longer life, and consumption reductions of up to 25%. Also the viscosity at engine inlet is the same, or even slightly lower than a SAE 40 monograde thus improving the flow rate through the engine which in turn assists in lubrication and cooling. The use of multigrades is not limited to smaller truck type engines but have been employed on 7000 kW engines in fast ferries. In these engines the oil life was determined by the viscosity rise, due to insolubles build up, with the limiting value being +25% over the new oil. This is demonstrated in figure 4 which shows the comparison in viscosity rise between a SAE 40 monograde and a 10W/40 multigrade with the multigrade giving an oil life x 5 greater. In addition on this type of engine
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the muligrade reduced oil consumption by 27%.





The higher performance in lubricants is achieved by increasing larger amounts and types of the various additives. For example an API CD monograde type lubricants would contain between 8% to 10% of a combination of six different types of additive whilst an API CG 4

Multigrade type lubricant would contain over 20% of a combination of eight different types of additive. As additives costs are much higher than base oil cost then the use of higher amounts and types of additives increases the overall raw material costs. Synthetic lubricants, and by definition lubricants of which the base oil component is all or partly synthetic, are as yet no widely used chiefly due to costs. Where specific local circumstances make them cost effective then oil life can be increased by as much as X 5.

Of prime importantance is the accurate matching of the lubricant performance to the engine requirements, operating profile and fuel quality, in order to minimise the operating expenditures. When set against a background of vessels with ages ranging over a 25 year period it shows why there are a wide range of different lubricants commercially available. Also it explains why it is sometimes difficult for an operator to make a judgement between required performance and overall lubrication costs when faced with a large amount of detailed technical data specific to the world of lubricants and lubrication.

Some operators accept poor lubricant performance because of incorrect matching but they know the related problems and have developed solutions to overcome them. This to them is then the low cost option. Changing to a different lubricant would become unknown territory and a thus a percieved risk to their operation but if they do make a change then on what imformation will they base their decision. Additionally if they upgrade to a higher performance lubricant , at higher cost, do they see overall cost savings from extended drains, lower oil consumption and less maintenance. 

Conclusions

The lubrication of high speed diesel engines will continue to provide a challenge to both engine designers and lubricant developers. Engine design will increase combustion conditions in terms of temperatures and pressures with the only limiting factor being how sufficient turbocharged air is supplied to burn the increased amount of fuel in the same volume. Lubricant development, and usage, will move more towards miltigrade high performance oils where extended drain and lower consumption will be driven by the need to reduce the overall cost of operation and, latterly of more importance, environmental considerations on exhaust emissions and used oil disposal.
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