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(a) Combustion Terms Explained:

In the context of diesel engine combustion, several key terms play a crucial role in optimizing the
process:

(i) Atomization:

● Definition: Atomization refers to the process of breaking up a liquid fuel into a fine mist of tiny
droplets.

● Importance: Proper atomization increases the surface area of the fuel significantly. This
allows for better mixing with the compressed air within the engine cylinder, promoting more
complete and efficient combustion.

● Benefits:
○ Increased Power Output: Better air-fuel mixing leads to more efficient combustion,

resulting in higher power output from the engine.
○ Reduced Emissions: Proper atomization contributes to lower emissions of pollutants

like soot and NOx by ensuring complete combustion of the fuel.

(ii) Penetration:

● Definition: Penetration refers to the ability of the atomized fuel spray to travel a specific
distance within the engine cylinder after injection.

● Importance: The fuel spray needs to penetrate adequately to reach all areas of the
combustion chamber, ensuring proper mixing with air throughout the cylinder volume.

● Impact:
○ Efficient Mixing: Good penetration allows for better air-fuel mixing even in larger

cylinders, promoting efficient combustion.
○ Power Output: Proper penetration helps ensure all the injected fuel participates in the

combustion process, leading to optimal power output.
○ Incomplete Combustion: Insufficient penetration can lead to some fuel droplets not

mixing well with air, resulting in incomplete combustion and potentially higher
emissions.

(iii) Compression Ratio:

● Definition: The compression ratio is a dimensionless parameter that compares the volume of
the cylinder with the air-fuel mixture at the bottom of the intake stroke (maximum volume) to
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the volume of the compressed air-fuel mixture at the top of the compression stroke (minimum
volume).

● Importance: A higher compression ratio signifies a greater compression of the air-fuel
mixture, leading to a higher temperature and pressure within the cylinder.

● Impact on Combustion:
○ Improved Efficiency: Higher compression temperatures promote more efficient ignition

and combustion of the fuel, leading to better fuel economy.
○ Increased Power Output: The higher pressure in the cylinder during the power stroke

translates to greater force acting on the piston, resulting in increased engine power
output.

○ Trade-offs: While beneficial, excessively high compression ratios can lead to problems
like engine knocking and the need for higher quality fuels to avoid pre-ignition.

(b) Factors Influencing the Combustion Terms:

(i) Atomization:

● Injector Nozzle Design: The size and arrangement of orifices in the injector nozzle tip
significantly influence how finely the fuel is atomized.

● Fuel Injection Pressure: Higher injection pressure generally leads to finer atomization due to
the increased force breaking up the fuel droplets.

● Fuel Properties: The viscosity and volatility of the fuel can affect its atomization
characteristics.

(ii) Penetration:

● Injector Nozzle Design: The spray pattern and angle of the injector nozzle can influence how
far the fuel spray penetrates within the cylinder.

● Injection Timing: The timing of fuel injection relative to the piston position can affect the
available space for the spray to penetrate before combustion starts.

● Engine Speed: Higher engine speeds can lead to turbulence within the cylinder, potentially
affecting the penetration of the fuel spray.

(iii) Compression Ratio:

● Engine Design: The engine's physical design, particularly the cylinder head and piston crown
shapes, determines the maximum achievable compression ratio.

● Clearance Volume: The volume remaining above the piston at top dead center (TDC) of the
compression stroke is called the clearance volume. A smaller clearance volume contributes to
a higher compression ratio.

● Fuel Characteristics: The octane rating of the fuel determines its resistance to autoignition.
Higher compression ratios typically require fuels with higher octane ratings to avoid
pre-ignition.



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com

Poor Turbocharger Performance: Causes and Indications

(a) Four Possible Causes of Poor Turbocharger Performance:

1. Reduced Airflow: A restricted air supply can hinder the turbocharger's ability to generate
boost pressure. This could be caused by:

○ Clogged Air Filter: A dirty or blocked air filter restricts the amount of air entering the
turbocharger.

○ Intake System Leaks: Leaks in the intake piping between the air filter and the
turbocharger can allow unfiltered air to enter, reducing efficiency.

○ Compressor Blade Damage: Foreign objects entering the turbocharger or wear and
tear on the compressor blades can reduce airflow through the compressor.

2. Reduced Exhaust Gas Flow: Inadequate exhaust gas flow can limit the energy available to
drive the turbine and consequently, the boost pressure generated. Potential causes include:

○ Blocked Exhaust System: A clogged exhaust pipe or malfunctioning exhaust valves
can restrict exhaust flow.

○ Turbocharger Wastegate Issues: A faulty wastegate that doesn't open properly can
prevent excess exhaust pressure from bypassing the turbine, potentially leading to
overspeeding and damage.

3. Internal Turbocharger Issues: Wear and tear within the turbocharger itself can also lead to
performance degradation:

○ Shaft Play: Excessive wear on the bearings can cause the shaft to wobble, leading to
inefficiencies and potential oil leaks.

○ Sealing Issues: Leakage of oil or compressed air past the labyrinth seals can reduce
overall turbocharger performance.

4. Oil Supply Problems: Proper lubrication is crucial for turbocharger health. Issues with the oil
supply can cause problems:

○ Low Oil Pressure: Insufficient oil pressure can lead to inadequate lubrication and
potential bearing damage.

○ Contaminated Oil: Dirty or old oil can hinder lubrication and increase wear on
turbocharger components.

(b) Possible Indications of Poor Turbocharger Performance:

Several signs might indicate a decline in turbocharger performance:

● Reduced Engine Power: One of the most noticeable symptoms is a loss of engine power,
especially under acceleration. This occurs because the engine isn't receiving the required
boost pressure for optimal performance.
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● Increased Exhaust Smoke: Black smoke from the exhaust can indicate incomplete

combustion due to insufficient air for the amount of fuel being injected. This could be caused
by reduced airflow through the turbocharger.

● Spool Up Noise: Unusual whistling or grinding noises during turbocharger spool-up
(increasing engine speed) might point to problems with the compressor or turbine blades.

● Check Engine Light: Modern vehicles might illuminate the check engine light if the engine
computer detects issues related to the turbocharger system.

● Excessive Oil Consumption: Internal oil leaks within the turbocharger can lead to increased
oil consumption.

It's important to note that these symptoms can sometimes have other causes. However, if you
experience a combination of these issues, it's advisable to consult a qualified mechanic to diagnose
the root cause of the problem and prevent potential damage to your engine.

2020 2020

Engine Timing Drive Tension Loss

(a) Causes of Loss of Timing Drive Tension

There are several factors that can contribute to a loss of timing drive tension:

● Natural Stretch: Timing belts are made of rubber and synthetic fibers. Over time, these
materials can stretch slightly, even under normal operating conditions.

● Chain Wear: In chain-driven systems, the chain links and sprockets wear as they rotate. This
wear increases the space between links, effectively lengthening the chain and reducing
tension.

● Tensioner Failure: The automatic tensioner maintains proper belt or chain tension. A
malfunctioning tensioner, either mechanical or hydraulic, can fail to maintain the appropriate
pressure, allowing the timing drive to become loose.

● Improper Installation: If the timing belt or chain is not tensioned correctly during installation, it
can be too loose from the start. This allows for additional slack to develop as the drive
components wear.

(b) Effects of Loss of Timing Drive Tension

A loose timing drive can have several negative consequences for the engine:
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● Valve Timing Misalignment: The timing belt or chain synchronizes the rotation of the

crankshaft and camshaft, ensuring valves open and close at precise moments. A loose drive
can cause these components to be slightly out of sync.

● Loss of Power and Efficiency: Incorrect valve timing disrupts the optimal intake,
compression, combustion, and exhaust cycles. This can lead to a decrease in engine power
output and reduced fuel efficiency.

● Increased Engine Noise: A loose timing belt or chain may slap against the sprockets,
creating a rattling noise during engine operation.

● Engine Damage: In severe cases, a very loose timing drive can cause the camshaft and
crankshaft to be significantly out of sync. This can lead to valve-to-piston contact, causing
serious internal engine damage and potentially a complete engine failure.

(c) Correcting Slight Loss of Tension

The method for correcting a slight loss of tension depends on the type of timing drive system:

● Timing Belt: Most timing belts do not have an integrated tensioning mechanism. In these
cases, a slight loss of tension may necessitate replacing the entire timing belt and tensioner
pulley (if applicable) as a preventative measure.

● Timing Chain: Many chain-driven systems have an automatic tensioner. If a slight loss of
tension is detected, some tensioners may have an adjustment mechanism to restore proper
tension. However, it's important to consult the engine's service manual for specific instructions
on tensioner adjustment.

Important Note: It's crucial to emphasize that attempting to adjust timing drive tension yourself is
not recommended unless you have the proper tools, knowledge, and experience. A slight
misadjustment can have severe consequences for the engine. If you suspect a loss of timing drive
tension, it's best to consult a qualified mechanic for inspection and any necessary repairs.

In large, medium-speed diesel engines, a centrifugal overspeed trip acts as a critical safety
mechanism to prevent catastrophic failure caused by excessive engine speed. It utilizes the principle
of centrifugal force to detect and respond to overspeed conditions.

Here's how it works:

● Components: The trip mechanism consists of a pre-compressed spring, a weighted arm or
bolt connected to the engine's rotating shaft (often called the weight), a stationary lever
positioned near the weight's travel path, and a trip mechanism linked to the fuel injection
system or other control mechanisms.

● Normal Operation: During normal engine operation, the spring's force keeps the weight in its
initial position.

● Increasing Engine Speed: As the engine speed increases, the centrifugal force acting on the
weight also increases.
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● Overspeed Condition: If the engine speed surpasses a pre-set limit designed into the trip

mechanism, the centrifugal force acting on the weight overcomes the spring's force.
● Weight Movement and Lever Trip: This imbalance in forces causes the weight to move

outward, hitting and tripping the lever.
● Trip Mechanism Activation: The trip mechanism then activates, typically by cutting off fuel

supply to the engine.
● Engine Speed Reduction: This rapid reduction in fuel delivery causes the engine speed to

decrease and prevents a potential catastrophic failure.

Importance: Centrifugal overspeed trips are crucial for safeguarding diesel engines. By automatically
shutting down or reducing fuel supply in overspeed conditions, they prevent catastrophic failures that
could cause extensive damage to the engine and pose safety risks. These trips are essential for
ensuring the safe and reliable operation of large, medium-speed diesel engines.

(a) Distillation Products from Crude Oil and their Uses on a
Vessel:

1. Fuel Oil (Bunker Fuel): The primary fuel used for powering the main propulsion engine and
generators on most commercial vessels. Bunker fuel comes in various grades with different
sulfur contents.

2. Marine Diesel Oil (MDO): A lighter distillate fuel used for auxiliary engines, generators, and
deck machinery on board ships. MDO has a lower sulfur content compared to bunker fuel and
offers better combustion characteristics.

3. Marine Gasoil (MGO): A very low sulfur content diesel fuel used in emission-controlled
engines or in areas with strict emission regulations. MGO is similar to MDO but with even
lower sulfur levels.

4. Lubricating Oils: A variety of lubricating oils are derived from crude oil and used for various
purposes on board. These include engine oil for internal combustion engines, gear oil for
gearboxes and transmissions, and hydraulic oil for hydraulic systems.

5. Asphalt: While not directly used on board in its final form, asphalt, also known as bitumen, is
a product of crude oil distillation. It can be used for waterproofing applications on some
vessels or for shore-based maintenance projects.

(b) Aluminium & Silicon Oxides in Fuel according to ISO 8217:
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(i) How They Get There:

Aluminium (Al) and silicon (Si) oxides can enter marine fuels through various pathways:

● Natural Contamination: Trace amounts of these elements can be present naturally in the
crude oil itself due to geological formations.

● Refinery Processes: During the refining process, some clay-based materials used for
catalysts or adsorbents might contribute aluminium and silicon oxides to the final fuel product.

● Storage and Handling: Contamination can occur during storage and transportation due to
contact with tanks, pipelines, or equipment containing these materials.

(ii) Effect on Engine Performance:

The presence of aluminium and silicon oxides in fuel can have several negative consequences for
engine performance:

● Abrasive Wear: These hard oxide particles can act as abrasives, increasing wear and tear on
engine components like pistons, cylinder liners, and injector nozzles.

● Deposit Formation: Aluminium and silicon oxides can contribute to deposit buildup on
pistons, injector tips, and exhaust valves. These deposits can hinder proper fuel injection,
reduce combustion efficiency, and lead to power loss.

● Increased Maintenance Needs: The abrasive wear and deposit formation caused by these
contaminants can necessitate more frequent engine maintenance and component
replacements.

(iii) How They Are Removed from Fuel:

There are several methods for removing or reducing aluminium and silicon oxides in marine fuels:

● Centrifugation: High-speed centrifuges can separate out solid contaminants, including some
oxide particles, from the fuel oil.

● Microfiltration: Fine filters can trap smaller oxide particles that might not be removed by
centrifuges.

● Fuel Additives: Specific fuel additives can be used to disperse or agglomerate these oxides,
preventing them from causing wear or deposit formation.

● Careful Storage and Handling: Implementing proper storage and handling practices to
minimize contamination from tanks and equipment can help prevent the introduction of these
oxides in the first place.

The specific method chosen for removing aluminium and silicon oxides will depend on the severity of
contamination, economic factors, and the fuel treatment capabilities available on board the vessel.
Following the guidelines set forth in ISO 8217, which specifies the maximum allowable limits for
various contaminants in marine fuels, helps ensure fuel quality and protects engines from wear and
tear.
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2020b 2020

Engine and System Problems Caused by Distillate Fuel Oil
Contaminants:

Contaminants in distillate fuel oil can lead to various problems affecting engine performance,
efficiency, and system integrity. Here's a breakdown of the issues caused by three common
contaminants:

(a) Water:

● Corrosion:Water in fuel oil can promote corrosion of fuel system components like pumps,
injectors, and pipelines. This can lead to premature component failure and costly repairs.

● Ice Crystal Formation: In cold weather conditions, water can freeze and form ice crystals
within the fuel system. These ice crystals can clog filters and restrict fuel flow, potentially
causing engine stalling or power loss.

● Poor Combustion:Water reduces the fuel's lubricity and can interfere with proper fuel
atomization during injection. This can lead to incomplete combustion, reduced engine power
output, and increased smoke emissions.

● Microbial Growth: The presence of water can create a suitable environment for microbial
growth (bacteria, fungi) within the fuel tank. This can lead to further problems like clogged
filters and degraded fuel quality.

(b) Solids:

● Blocked Filters: Solid contaminants like dirt, rust, or wear debris can clog fuel filters and
restrict fuel flow to the engine. This can lead to power loss, engine stalling, and potential
engine damage if the engine is starved of fuel.

● Abrasive Wear: Hard, abrasive solids can cause wear and tear on internal engine
components like pistons, cylinder liners, and injector nozzles. This can lead to reduced engine
lifespan and increased maintenance needs.

● Sticking Injectors: Solid particles can become lodged in injector components, causing them
to stick or malfunction. This can result in poor fuel atomization, incomplete combustion, and
engine performance issues.

(c) Microbes:



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com
● Blocked Filters: Microbial colonies (bacteria, fungi) can grow and clog fuel filters, restricting

fuel flow to the engine and potentially causing power loss or engine stalling.
● Corrosion: Certain microbes can produce byproducts like organic acids that contribute to fuel

system corrosion, damaging pumps, injectors, and other components.
● Degraded Fuel Quality: Microbial activity can break down fuel components, reducing its

energy content and hindering combustion efficiency. This can lead to increased fuel
consumption and decreased engine power output.

● Gel Formation: In cold weather conditions, some microbes can produce gel-like substances
that can thicken the fuel, further impeding fuel flow and potentially causing engine startup
issues.

Overall Impact:

The presence of contaminants in distillate fuel oil can have a cumulative negative impact on engine
performance, fuel efficiency, and system reliability. It can lead to:

● Increased maintenance costs due to clogged filters, component wear, and potential repairs.
● Reduced engine power output and efficiency.
● Increased fuel consumption.
● Increased risk of engine breakdowns and downtime.

Following proper fuel handling practices, using high-quality fuel, and implementing regular fuel testing
and filtration helps minimize the risk of contamination and ensures optimal engine performance.

Components:
1. Oil Inlet: Port where the dirty lubricating oil enters the filter.
2. Rotor: Rotating element within the filter housing.
3. Vanes: Blades on the rotor that help impart centrifugal force to the oil.
4. Filter Housing: Enclosed chamber containing the rotor and other components.
5. Clean Oil Outlet: Port where the filtered lubricating oil exits the filter.
6. Contaminant Collection Chamber: Area where separated contaminants accumulate.
7. Drain Plug: Allows for removal of collected contaminants during maintenance.

Operation:

1. Dirty lubricating oil enters the filter through the oil inlet (1).
2. The oil flows into the rotor (2) chamber.
3. The rotor spins at high speed due to an external power source (not shown).
4. As the rotor spins, the oil is subjected to centrifugal force. This force pushes denser particles

like wear debris and dirt outwards, away from the oil.
5. The vanes (3) on the rotor help to further distribute the oil and increase the effect of centrifugal

force.
6. The cleaner oil, less dense than the contaminants, remains near the center of the rotor.
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7. Clean oil exits the filter through the clean oil outlet (5).
8. Denser contaminants like wear debris and dirt are forced outwards and accumulate in the

contaminant collection chamber (6).
9. The drain plug (7) allows for periodic removal of collected contaminants for maintenance

purposes.

20MDE

There are several reasons why the oil level in a main engine sump might fluctuate. Here's a
breakdown of some possible explanations:

Consumption:

● Oil Burn: A small amount of oil is naturally burned during combustion in diesel engines. This
is a normal process, but excessive oil burning can indicate worn piston rings or valve guides,
allowing oil to enter the combustion chamber and be burned.

Leaks:

● External Leaks: Leaks from the engine block, crankcase, oil filter, or other components can
cause oil loss and a decrease in the sump level. These leaks can be visually identified or
detected by noticing drips or stains.

● Internal Leaks:Worn piston rings or cylinder liners can allow oil to seep into the combustion
chamber, burning with the fuel and not returning to the sump. This can be difficult to diagnose
directly but might be indicated by blue smoke from the exhaust.

Changes in Volume:

● Temperature Fluctuations: Engine oil expands as it heats up and contracts as it cools down.
Checking the oil level when the engine is cold will result in a lower reading compared to a hot
engine. Always refer to the manufacturer's instructions for the appropriate oil level check (hot
or cold).

● Fuel Dilution: Unburnt fuel, especially during cold starts or incomplete combustion, can mix
with the engine oil, causing the oil level to appear higher than it actually is. This diluted oil
loses its lubricating properties and needs to be addressed through an oil change.

Maintenance Practices:

● Oil Top-up: Adding oil to maintain the proper level can cause fluctuations, especially if not
done consistently or with the recommended oil grade. Using the wrong oil viscosity can affect
its flow and potentially lead to inaccurate level readings.

● Oil Change: During an oil change, some residual oil remains in the engine, even after
draining. The new oil added will then show a higher level compared to the pre-change level.

Additional Factors:
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● Engine Tilt: If the engine is not level when checking the oil, the dipstick reading might be

inaccurate. Ensure the engine is on level ground for a proper reading.

By understanding these potential causes, you can effectively monitor oil levels, identify potential
problems early on, and maintain a healthy lubrication system for your engine. Remember to consult
your engine's manual for specific oil recommendations, check procedures, and proper oil level
interpretation based on engine temperature.

(a) Operating Principle:

A pneumatic clutch for medium-speed main propulsion utilizes compressed air to control engagement
and disengagement between the engine and the propeller shaft. Here's how it works:

1. Compressed Air Supply: The clutch is connected to a compressed air system that provides
pressurized air.

2. Engagement Cylinder: An air cylinder (actuator) is connected to the clutch housing. When
compressed air is directed into the cylinder, the piston inside the cylinder extends.

3. Pressure Plate and Friction Plates: The extending piston applies force to a pressure plate.
This pressure plate clamps multiple friction plates between itself and a driven plate (connected
to the propeller shaft).

4. Friction and Torque Transmission: The clamping force from the pressure plate creates
friction between the interleaved friction plates, holding them together. This friction transmits
torque from the engine flywheel (connected to the pressure plate) to the driven plate and
ultimately the propeller shaft.

5. Disengagement:When compressed air is vented from the actuator cylinder, the piston
retracts due to spring pressure or compressed air from the opposite side of the cylinder
(depending on the design). This allows the pressure plate to move away from the friction
plates, disengaging the clutch and interrupting power transmission.

(b) Engaging Clutch During Control System Failure:

In case of a pneumatic control system failure, there are typically emergency engagement
mechanisms to ensure minimal disruption to propulsion:

1. Spring-Engaged Design: Some pneumatic clutches are designed to be "spring-engaged,
air-disengaged." This means a strong spring holds the pressure plate and friction plates
together by default. Compressed air is used to overcome the spring force and disengage the
clutch. In case of air pressure loss, the spring automatically forces the clutch into the engaged
position, allowing the vessel to maintain some level of propulsion.
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2. Manual Override: Some clutches might have a manual override mechanism. This could

involve a lever or handwheel that allows the operator to directly apply mechanical force on the
pressure plate, mimicking the effect of compressed air and engaging the clutch. This would
require manual operation and wouldn't be as smooth as normal pneumatic actuation, but it
could allow the vessel to maintain basic operability until repairs are made.

(c) Interlocks for Clutch Operation (2):

1. Engine Speed Interlock: This interlock prevents clutch engagement above a certain engine
speed (RPM) limit. This is crucial to avoid excessive wear and tear on the clutch components
during high-speed engagement. The clutch can only be engaged when the engine RPM falls
within the safe operating range.

2. Lubrication Oil Pressure Interlock: This interlock ensures sufficient lubrication oil pressure
before allowing clutch engagement. This protects the clutch components from damage due to
dry operation and overheating. The clutch will only engage when the oil pressure reaches the
minimum required level.

Gearbox Lubrication:

(a) Large Quantities of Lubricating Oil:

Gearboxes use relatively large quantities of lubricating oil for several reasons:

● Heat Dissipation: Gearboxes generate significant heat due to friction between meshing gears
and bearings. The oil acts as a heat sink, absorbing heat from these components and carrying
it away. A larger volume of oil allows for better heat transfer and maintains a cooler operating
temperature for the gearbox.

● Lubrication: The oil provides a lubricating film between gear teeth and bearing surfaces,
reducing friction and wear. A sufficient amount of oil ensures all critical components are
adequately lubricated.

● Sealing: The oil helps to seal clearances between gears and shafts, preventing leaks and
minimizing contamination ingress.

● Corrosion Protection: The oil forms a protective layer on internal components, helping to
prevent corrosion.

(b) Excessive Gearbox Oil Temperature (4 Causes):

1. Insufficient Oil Level: If the oil level is too low, there's not enough oil to absorb and dissipate
heat effectively, leading to a rise in temperature.
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2. Incorrect Oil Viscosity: Using oil with an incorrect viscosity can lead to problems. Oil that is

too thin won't provide adequate lubrication and will flow too easily, reducing its ability to absorb
heat. Conversely, oil that is too thick will create excessive drag and friction, also contributing to
higher operating temperatures.

3. Contamination: Contamination of the oil with dirt, debris, or coolant can reduce its lubricating
properties and heat transfer efficiency, leading to increased friction and higher temperatures.

4. Internal Gearbox Faults:Worn or damaged gear teeth, bearings, or internal components can
create excessive friction and heat generation, causing the oil temperature to rise even at
normal operating speeds.

(c) Remedies for Excessive Oil Temperature:

1. Correct Oil Level: Check and adjust the oil level to the manufacturer's recommended
specification. This ensures optimal oil circulation and heat dissipation.

2. Proper Oil Selection: Use the correct oil grade and viscosity recommended in the owner's
manual. Consult a qualified mechanic if unsure about the appropriate oil type for your specific
gearbox.

3. Oil Change and System Flush: Regularly change the oil and filter according to the
manufacturer's maintenance schedule. In some cases, if contamination is suspected, a
gearbox oil flush might be necessary to remove contaminants and ensure clean oil circulation.

4. Gearbox Inspection and Repair: If internal component wear or damage is suspected, a
qualified mechanic should inspect the gearbox to identify the fault and perform necessary
repairs or replacements. Early detection and addressing internal issues can prevent further
damage and overheating.

By maintaining proper oil level, using the right lubricant, and addressing contamination or internal
faults promptly, you can help ensure optimal operating temperature and extend the life of your
gearbox.


