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Over the years the course has developed further and more practical elements have been included to respond to boaters’ suggestions and needs. I have tried to reflect these elements within the book, keeping to practical and useful knowledge, rather than going in to technical detail or explaining how to undertake work that only one person in a hundred may find useful, which in my opinion is best left to the companies and individuals that offer these services.


The book would not be as comprehensive as it is, or contain so many tips, without the input of the many engineers who operate daily on the inland waterways. Their guidance and help have proved invaluable when trying to work out the simplest way to explain some of the more difficult jobs.


Huge thanks to Tony Brooks for letting me use his original works and diagrams, and to Steve Beck and Jay Forman for proof-reading the book and not being afraid of telling me when I had got something wrong. A special mention to Keith Meadowcroft for his contribution to the electrical section, and to Jay Forman for coming up with practical ways of faultfinding on electrical systems.


To all of the engineers whose ‘hands’ appear in the photos, thank you for being patient, especially when we had to redo some of the servicing photos – I know that it’s not your favourite job, but at least it was not out in the rain! Thank you also to everyone who had input or was used as a bouncing board when I needed clarification, your help and guidance is appreciated.


Finally a special mention to my husband Trevor Forman, whose engineering knowledge and skills were key to setting up River Canal Rescue: as he always reminds me, none of this would have been possible without him.


I hope that you find the book useful and practical and get some real benefit from the purchase.




INTRODUCTION


This book has been written to provide a practical guide to maintaining your diesel engine and its associated systems, along with the background theory to develop knowledge and understanding. There are tips and easy to follow guides to take you through each maintenance section. This book should enable a complete novice to gain understanding and build confidence in diesel engine and boat maintenance.


The book concentrates on the maintenance of the diesel engine, but also covers gearbox and drive systems, electrical systems and cooling systems, as it is important for every boat owner to develop a rounded knowledge of all systems and to feel confident in undertaking routine maintenance.


However, before we start it is important that you take the time to identify the type of engine, drive components and electrical system that are installed in your vessel. There is an Engine Details sheet included in the Appendix for you to note down the engine and component specifics for easy reference. Once you have these details, the information in this book will be easier to adopt and apply to your specific application.


This introductory chapter provides an overview of the systems we will be covering in the book and how they work as a whole. It will provide some of the background information that will assist in understanding the type of engine you have and make you aware of the key benefits and issues that each may have.


There are many different types of engines installed in boats and, depending on the application, age of the vessel and usage, these engines can be specifically for marine applications, or vehicle and industrial engines that have been marinized for use in boats. However, all marine diesel engine use a number of similar components and therefore this book will provide you with a broad knowledge of these components and how they are integrated, ensuring that no matter what engine, gearbox or age of vessel, you should be able to apply the knowledge gained through this book to maintain the systems. The following section will assist you in identifying and classifying the type of engine and specific components installed in your vessel.


NOTE: The sections detailing the theory behind ‘how it works’ are provided for those wishing to explore the subject in a little more depth. Just knowing that an engine is a device for turning fuel into rotary motion is sufficient for those wishing to skip forward to the maintenance sections.
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Typical arrangement of the engine, gearbox and propulsion systems.





THE DIESEL ENGINE OPERATION


The diesel engine is similar to the petrol engine, in that it operates on a four-stroke cycle. However, it is also very different, in that it has no ignition system, so there is no need for a spark plug to ignite the fuel. Instead, the air is compressed in the cylinder to increase the pressure rapidly; this in turn creates the high temperatures required so that as fuel is added, it causes the fuel to ignite. Other than a starter motor, the diesel engine does not require any further electrical interaction to operate. It is worth noting that diesel ignites at much higher temperatures than petrol, well over 300°C, which makes it much safer to use and store than petrol and is one of the main contributing factors for the move towards diesel engines on boats.


The four-stroke cycle describes the internal sequence of events that the engine goes through in order to produce power. It is commonly referred to as the ‘suck, squeeze, bang and blow’ cycle.
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Piston cycle – induction (‘suck’). The air is drawn in to the cylinder as the piston moves down; the inlet valve is open to allow air to enter. This is called the ‘induction stroke’.
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Piston cycle – compression (‘squeeze’). The inlet valve closes and as the piston moves up the air is compressed (the air temperature increases as the air is compressed). This is called the ‘compression stroke’.
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Piston cycle. The diesel is injected into the cylinder.
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Piston cycle – ignition (‘bang’). The diesel is injected into the cylinder as the piston reaches the top of its stroke. The compressed air is at its hottest point, commonly known as TDC (Top Dead Centre) and ignition occurs. As the diesel ignites and expands, it forces the piston back down. This is the ‘power stroke’.





In order for a diesel engine to start, a number of conditions must be met. The engine must be turning over quickly enough to build the pressure to create the temperatures required for ignition. Flat batteries or poor connections will result in non-starting as the engine cannot be turned over quickly enough to create the ideal conditions for combustion.


Fuel is a vital component and must be added to the engine at exactly the right time and in the right amounts; too much or too little will result in irregular combustion and erratic running. This can be due to many causes, such as fuel contamination, injection pump failure, injectors and fuel pump issues.


Finally, the engine compression plays a big part in the success of the cycle. In order to produce the pressure in the cylinders, initially air must be drawn in at the right time. When the valve closes and seals, piston rings create a sealed surface in the cylinders so that the ideal conditions are met for compression to be achieved. When compression starts to fail, the piston rings or valve seals are wearing and therefore gases escape during combustion, causing poor or erratic running. This usually requires an engine strip and new parts to be fitted.
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Piston cycle – exhaust (‘blow’). The piston rises to push out the exhaust gases, and with the exhaust value open the air is expelled through the exhaust. This is called the ‘exhaust stroke’.







TIP: TROUBLE STARTING


Any diesel engine will always start as long as it is spun over rapidly enough and the correct amount of fuel is added at the right time, even where compression is an issue, although you may have to use an additive like Easy Start to give an extra boost. (This is not recommended other than in an emergency, as an engine can become ‘addicted’ to this type of substance and any damage caused will be irreversible.)





MARINE ENGINE TYPES, SYSTEMS AND COMPONENTS


The photographs here show some of the main components on the engine and these will be discussed in detail in the book. The photographs provide a quick reference (there are a number of different engines detailed below) to assist in identifying what to look for and where to look on your engine.


The system in your vessel will consist of several different components that make it operational and each of these is covered in detail in this book. However, the following sections will help you to identify and recognize the important components on your engine and these should be recorded on the Engine Details sheet in the Appendix for easy reference.


Marine Engines


Bukh, Volvo Penta and MerCruiser, to name a few.
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Volvo Penta engine, showing the left side and all the main components fitted to the engine.
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Volvo Penta engine, showing the right side and all the main components fitted to the engine.





These are engines specifically designed for marine applications. They are usually direct injected (see section below for explanation), heavy and comparatively slow revving. They are designed to operate at a coolant temperature of 70°C or less.


Automotive Engines


Typified by BMC 1.5 and 1.8, Perkins, Peugeot, Ford.


Typically four or more cylinders, these are usually high revving (for their age and design) and comparatively highly stressed. In normal marine uses they are usually indirect injected (see section below for explanation).


The cooling systems will normally operate at about 85°C and will have a pressurized system, unless derated by the supplier for direct cooling (see later section). Parts are relatively cheap and, with the right choice of engine, readily available.
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BMC engine, showing the left side and all the main components fitted to the engine.
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BMC engine, showing the front and all the main components fitted to the engine.
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BMC engine, showing the right side and all the main components fitted to the engine.





Industrial Engines


Kubota (Beta and Nanni), Mitsubishi (Vetus and Thorneycroft), Isuzu (HMI), Yanmar (Barrus Shire), Lister.


The industrial engine is one of the more popular engines and the names above are the companies that have marinized the engine for marine applications. A reliable base engine, such as Mitsubishi or Kubota, is the most common basis and the indirect-injection system is usually employed. However, depending upon the age of the engine, its characteristics will vary in terms of design, stress and so on. Modern Japanese-based units have characteristics similar to automotive engines, whilst older Listers have more in common with marine engines.
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Vetus engine, showing the left side and all the main components fitted to the engine.
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Vetus engine, showing the front and all the main components fitted to the engine.
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Vetus engine, showing the right side and all the main components fitted to the engine.





Classic/Vintage Engines


Lister, Gardner, Ruston Hornsby, Kelvin, Petter, Stuart Turner.


These tend to be engines over fifty years old, or old designs of engines from the late industrial era. They will normally be direct injected and they tend to be big, heavy and slow revving, with a very large torque. This slow revving, high-torque characteristic makes these engines ideal for marine applications and results in a long life.
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Lister engine, showing the left side and all the main components fitted to the engine.
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Lister engine, showing the right side and all the main components fitted to the engine.
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Lister engine, showing the internal injection pumps; there is one per cylinder. To access them, the side plate has to be removed.





DIRECT AND INDIRECT DIESEL INJECTION ENGINES


Whether an engine is designed specifically for marine applications or has been marinized to suit, all diesel engines fall into just two common designs that describe the method of diesel injection into the combustion chambers of the engine.
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Direct injection (cylinder cross section), showing how fuel is injected and ignited.





In direct-injection engines the fuel is sprayed directly into the combustion chamber. The top of the piston is shaped to direct and control the air movement, resulting in the fuel mixing with the heated air and burning more evenly. The engine benefits from good fuel economy and easy starting.
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Indirect injection (cylinder cross section), showing how fuel is injected and ignited.





In an indirect-injection engine, the design incorporates a ‘pre-combustion chamber’, where the fuel is injected to mix with the heated air that is forced into it by the piston on the compression stroke from the previous cycle. However, this design does require heater plugs (glow plugs) to assist with cold starting. The piston has a small ‘spherical chamber’, which causes the air and fuel mixture to swirl in the combustion chamber, and these two elements combined speed up the combustion process. Indirect injection benefits include longer engine life and smoother running, enabling higher revs per minute.


Most current engines, other than vintage engines, use the indirect-injection method; however, there is a general move towards direct injection with newer industrial engines. It is important to understand the differences and to identify which type you have. The easiest way to is to check if your engine uses heater plugs (glow plugs).


COOLING SYSTEMS


The cooling system on boats will vary depending upon the type of vessel and the engine; if you have an air-cooled engine (old Listers or non-marinized engines), then you will not need to spend time on this chapter. However, all other systems will fall into three categories: keel cooled; heat-exchanger cooled; or raw-water cooled. In some cases, a mixture of these cooling systems is in operation, if the vessel has been converted from one type to another. The following will assist in identifying which system you have.


Keel-Cooled Systems


Keel-cooled systems have tanks welded into the hull, or have pipes running on the outside of the hull to create a sealed cooling system. A water/coolant mix then circulates through the engine, returning to the tank and pipes, where the heat is conducted away at the surfaces in contact with the cooler water. This is one of the most common systems on the inland waterways. This type of system is similar to systems employed in all automotive engines, where a radiator is used instead of a keel tank or pipes.


NOTE: Keel-cooled engines often use an external manifold, which looks identical to a heat exchanger, but without the internal copper ‘tube stack’, which simply operates as a ‘header tank’.


(Direct) Raw-Water-Cooled Systems


(Direct) raw-water-cooled systems will draw water from an external fitting on the hull, through a series of filters and pumps and then through the engine, to exit the vessel via the exhaust pipe or another skin fitting. They may also incorporate a heat-exchanger system as part of the raw-water cooling.


Heat-Exchanger Cooling Systems


Heat-exchanger cooling uses a heat exchanger to cool the engine. One side of the heat exchanger contains the normal engine coolant and the other side has raw water drawn from the surrounding water. The heat exchanger can be incorporated into a water-cooled exhaust manifold or mounted independently. The raw water exits with the exhaust gases after it has been through the heat exchanger.


More information on these systems and identifying the key components are detailed in the chapter on Cooling.


ELECTRICAL SYSTEMS: 12V OR 24V SYSTEMS


Every engine will have an electrical system that delivers power both to and from the batteries and then on to the electrical systems of your vessel. It is important that you are aware of the voltage level of these systems. In most vessels, this will be 12V for the engine and the domestic systems; however, because of the benefits that 24V can offer, many engine electrics are 24V systems with domestics at 12V or 24V. If you do not know your voltage level, there are a number of ways to identify this:




	if there is a single 12V starter battery = 12V electrical system


	if there are two 12V batteries connected in series (see Chapter 4) = 24V electrical system.





NOTE: Some larger (usually vintage) engines use two 12V batteries in parallel (see Chapter 4) = 12V electrical system. (If you have a bank of 6V or 2V batteries, it is not as easy to identify unless you have the diagram or design information.)


Alternatively, you can check the starter motor and alternator specification – the labels should clearly state 12V or 24V. If all else fails you can use a multimeter to check the voltage level, and take a reading from the starter motor or alternator. (Please ensure the batteries are fully charged and have been left to stand for six hours when taking a reading, as a false reading may cause difficulties.)


GEARBOX AND DRIVE SYSTEMS


Gearboxes come in many shapes and sizes; some are produced by the engine manufacturer, but the majority are from manufacturers of gearboxes for industrial and automotive applications. These manufacturers generally supply across the world and their gearboxes can range from something small enough to power a go-cart to those that power ocean-going super yachts. PRM, ZF (Twin Disc), Hurth, Borg-Warner are some common names, but they can be specific to an engine manufacturer.


It is important to identify the gearbox fitted to your vessel; in most cases this will be a simple case of reading the data plate that is usually present on most. This will contain a type, serial number and ratio and in some cases may also provide guidance on the type of oil needed. Hydraulic gearboxes tend to be larger and have an oil cooler. With classic engines like Lister or an old Ford engine you will find that the gearbox is integral to the engine and swapping for another manufacturer is very difficult without extensive modifications. This can cause issues when problems occur, as most parts are obsolete and having them made is the only option.


Most gearboxes will require automatic transmission fluid (ATF), engine oil or specific gear oil. Sometimes there can be two separate chambers within the gearbox, so it is also worth investigating if there is only one top-up location or two.


COUPLINGS, INCLUDING PYTHON-DRIVES AND AQUADRIVES


Key information about your engine’s prop-shaft size and the type of coupling installed can be vital when things go wrong. The chapter on propulsion (see Chapter 5) provides photos of these items to assist you in identification. If you do not already know, it is worth finding out what type of coupling is used on your vessel and then to record it on the Engine Details sheet (see Appendix). This book will endeavour to highlight the key maintenance tips and advice for each type.


BSS REGULATIONS


The Boat Safety Scheme (BSS) was set up by the Canal & River Trust and the Environment Agency to promote safety and to reduce pollution on the inland waterways. They provide advice on installations and components used on vessels through the identification of hazards, and also promote techniques to avoid risks and prevent boat fires and explosions.


The BSS uses examination to test the systems and appliances on vessels in order to ensure that they meet the minimum safety requirements. The BSS is mandatory on inland waterways craft and is also being rolled out in the Norfolk Broads and is being considered for costal vessels. The BSS certification lasts for four years and is required in order to license your vessel on most navigation waterways.


If you cruise on the inland waterways it is worth ensuring that any work or modifications to systems on your vessel comply with the guidelines. These are available to view online and are continually being updated as new issues are identified.


CONCLUSION


Once you have identified all of the above, take the time to complete and record this information on the Engine Details sheet (see Appendix). This will provide you with a quick reference when reading further, as well as being a source of invaluable assistance should you need to obtain technical support when fault-finding. As you work through the book and identify the parts and components on your vessel, add this new information to the Engine Details sheet.




CHAPTER 1


DIESEL FUEL SYSTEMS


INTRODUCTION


The diesel fuel system is one of the most important systems on a diesel engine and requires more maintenance and upkeep than any other single component or system. It is also the system that is the cause of most breakdowns and can result in expensive repairs when poorly maintained.


Tools required:




	filter wrench


	spanners: 11mm, 13mm, 15mm (selection of others)


	screwdrivers including Phillips


	long-nose pliers or cocktail sticks (for removing seals)


	rags or soak-up mats


	bowl or plastic container.





To assist in understanding and identifying related issues, the diesel system will be broken down into four different systems. These will be referred to as suction fed, low pressure, high pressure and return and are being used for identification of the separate systems only. The fuel system transports fuel from the tank or reservoir through a selection of filters and pumps to deliver clean, pressurized fuel to the engine. However, the type of injection pump will dictate the return system and the components incorporated within it. The diagram shows the three most common arrangements.
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Filter wrench for removal of filters.
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Basic fuel system with the DPA pump and all the components that make up the fuel system.
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Basic fuel system with an inline injection pump – note that there is no return line from the injection pump.
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Basic fuel system with a rotary pump – note that the return line goes straight to the tank, not via the filter.





SUCTION-FED FUEL SYSTEM


For our purposes, the suction-fed system covers the components from the tank to the lift pump and includes any pre-filter elements. (It is worth noting that a gravity-fed system would not incorporate a lift pump and would use the head of fuel to gravity-feed the system.) The following section looks at all of the components within this subsystem and describes the type of issues they experience.
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Suction-fed system, showing the fuel system from the tank to the lift pump. This system is under a small amount of suction from the lift pump, meaning that there is little or no pressure pushing the fuel through the system.





This system is under a small amount of suction from the lift pump, meaning that there is little or no pressure pushing the fuel through the system. Therefore, this system is susceptible to drawing air in from any leaking unions or pipes, as there is no pressure to force the fuel out and the slight suction from the lift pump contributes to this process. Air pulled into the suction-fed system will eventually lead to air being transported and trapped in the high-pressure system, resulting in an airlock and causing erratic running or the engine to cut out. It is therefore important to ensure that all unions are tight and fuel pipes are sound. (So-called selfbleeding systems will cope with small quantities of air in the system, but will eventually succumb to the issue as it gets worse.)




TIP: IDENTIFYING FUEL PROBLEMS


Fuel leaks usually appear in the suction-fed system when the engine is not operating, because when the engine is running air is drawn into the fuel system and fuel cannot escape. These leaks are usually very small, so can be difficult to locate.





Fuel Tank


The low-pressure system starts at the fuel tank. Its construction and maintenance are important elements of maintaining the fuel system on a boat. Unfortunately, few tanks have all the components shown in the diagram and this can and does result in expensive breakdowns, but aftermarket refits or modifications are not easily implemented. Understanding the impact that tank maintenance can have on the rest of the fuel system is therefore vitally important, and correctly maintaining or managing the fuel in your tank can result in the fuel system running without problems.


Fuel tanks in boats are usually constructed so that the fuel supply pipe for the fuel system is located approximately 25–50mm above the bottom of the tank. The reason for this construction is twofold:




	Most tanks are metal and therefore over time fuel/water/air results in corrosion and rust builds up; this debris drops to the bottom of the tank and remains there.


	The water that is present in the tank, due to condensation and water ingress, naturally separates out and drops to the bottom of the tank when left to stand for periods of time.





In both these cases, the outlet pipe position ensures that neither water nor debris is passed through the fuel system, providing a level of protection from these types of issues.


The boat’s movement can also cause fuel and debris to mix, so baffles are used to prevent the fuel surging about. The tank may have a sloped bottom (or the whole tank may be sloped). This is to ensure that the water and dirt fall to the lowest part, where they can be drained off using the drain tap (if one is fitted). When the tank has not been designed in this way, the debris will sit along the length of the tank floor.


If a drain tap has been fitted, it must also have a cap to comply with the Boat Safety Scheme. The drain cap is there to prevent filling the bilges with diesel should the tap fail, or be inadvertently opened.
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Typical example of a marine fuel tank, including all the elements to allow correct maintenance and cleaning and to prevent some of the common issues that are found with some tank designs.





Low-Pressure Pipes


The pipework from the tank to the filters is the start of the suction-fed system. As a general rule, all fuel pipes should be of steel or copper and any joints should be compression fittings. All engines vibrate, no matter how well mounted, so inevitably fuel pipes are subject to the same vibrations. Copper pipes have a tendency to harden over time due to vibration or movement, resulting in them shearing or cracking.


There are a number of arguments that advocate the use of ‘rubber’ flexible hoses, as these naturally dampen vibrations and also start to show signs of wear long before they actually fail. Using flexible hoses running between the engine and hull pipework can offer a number of benefits, as long as the pipe is compliant with BSS standards.


BSS standards recommend that a hose marked with BS EN ISO 7840 is used, although hoses marked with SAE J 1257, DIN 4798, or marked with the type of fuel in use are also acceptable. These recommendations are updated regularly and it is always worth visiting the website to check for changes.


Pre-Filters


Depending upon the engine type and the boat builder, the use of pre-fuel filtering systems varies from one boat to another. It is important to identify which components are installed on the vessel and then to modify servicing requirements to fit.
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Fuel-filter sedimentor. As the fuel enters, the inverted cone and the angle cause it to swirl around, gaining speed as it moves down the cone. Any large pieces of dirt or water are spun ‘centrifugally’ to the edge, where they drop into the bowl to await manual removal.





The sedimentor This is usually the primary filter in the system (that is, the first after the fuel leaves the tank). Its centrifugal action causes any water and debris to travel to the edges, where they fall into the bowl below. The bowl at the base must comply with BSS regulations. In the past, glass was not allowed, but now plastic is not while glass or metal is, so it is always worth checking the current regulations. New systems like the Fuel-Guard, which is compliant with BSS regulations, provide innovative solutions.
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Sedimentor with aluminium body; the butterfly screw on the bottom is used to drain the water.





The agglomerator This is normally mounted close to the sedimentor, or may be used in place of the sedimentor. The filter housing contains a paper filter made up of a roll of folded and glued paper, so that it forms a series of pockets, open at the top where the fuel enters. The filter is designed to separate out the water that is locked into the fuel. Once separated, the slots cause the fuel and water to spin. The fuel, being lighter, quickly alters its path to flow up through the centre of the element and the water and dirt drain into the bowl.
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Fuel-filter agglomerator. As the fuel travels through the pocket, the water in the fuel is too large to pass easily through the pores in the pockets. The water builds up and gradually increases in size to become droplets. The water droplets are carried downwards by the fuel, which is continually flowing through the filter, then exit through the slots at the bottom of the element.





LOW-PRESSURE SYSTEM


The low-pressure system extends from the outlet of the lift pump up to the injection pump, including all filters and pumps in this section. It is named to reflect the fuel’s condition, that is, it is under a small amount of pressure, which increases as the engine revs are increased, to provide an abundance of fuel to the injection pump. The following section looks at all components within this subsystem.
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Low-pressure system, showing the fuel route from the lift pump through the injection pump and return to the filter. It is under a small amount of pressure, which increases as the engine revs are increased.





Although this system is still susceptible to drawing in air, the engine will more than likely continue to run even when there is an issue with the fuel system. Where a fractured pipe will draw in air in the suction-fed section, the pressurized fuel is forced out instead and no air will enter this system, so if the bilge is full of fuel the low-pressure system is the most likely place to look for the fault. A fault on this system will still affect the engine running as the fuel pressure drops, causing a lack of fuel supplied to the injection pump.


Engine Fuel Filters and Housings


Fuel-filter housings on the engine come in many different shapes and sizes depending upon the age of the engine. These are fitted directly to the engine and will usually consist of either a spin-on or CAV type of filter. Some of the older filter housings are shown in the diagram. The newer ones simply have a head and seat instead of the whole body.


Fuel Filters


Most engine fuel filters are paper-based elements. The fuel passes sideways through a paper filter that is designed to remove the smallest dirt particles. The sedimentor and agglomerator provide additional pre-filtering to prevent this fine filter becoming clogged too quickly. However, in many cases this is the only filter that is found on the fuel system. The photographs show typical filters used on diesel engines.
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CAV filter housing. The paper element collects contaminants. Water will block the filter, so it is important to change the filter regularly and to clean the bowl.
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Older types of fuel-filter housings and sedimentors, some with water traps.
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CAV filter housing with priming pump on the housing, usually found on modern engines.
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Fuel filters come in all shapes and sizes – this is a typical CAV filter.





A fuel-lift pump filter is often included to prevent dirt entering the pump and causing malfunction. It may be inside the pump as a gauze mesh that can be cleaned, or as a paper-filter element that has to be changed. It can also be external to the pump on the inlet side and vary from full-sized filters to something a little larger than a pipe union containing a gauze filter. This filter is generally overlooked, as many owners and engineers are simply not aware that it exists, which can result in breakdowns being misdiagnosed. Typical engines that use these as standard are Vetus, Barrus and Isuzu, where the filters are inside the electric fuel pumps, or BMC, Perkins and Shanks, where the filter is housed inside the mechanical lift pump.
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