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GRADE	: CHIEF MATE ON SHIPS OF 500 GT OR MORE (UNLIMITED)
SUBJECT	: Engine and control systems
DATE		: 29th Dec 2023 				Time		: 0900 hrs
Time allowed THREE hours					Total marks	: 100
Answer 8 questions including mandatory question no 10	Pass marks	: 50%
Formulae and all intermediate steps taken in reaching your answer should be clearly shown. You may draw sketches wherever required. Electronic devices capable of storing and retrieving are NOT allowed.

1) (a)   List down 4 -stroke of a diesel engine.
(04 marks)
(b)   Briefly explain the job of crankshaft and camshaft.
(02 marks)
(c)   Sketch and describe four-stroke valve timing diagram of a Diesel engine. 
(06 marks)

2) (a)   Modern engines are installed with turbochargers. List down the main advantages of 
having turbochargers on modern diesel engines.
(04 marks)
(b)   What is the purpose of auxiliary blowers installed in main engine scavenging 
system?
(02 marks)
(c)   Briefly explain with suitable sketches different types of scavenging systems for large 
two stroke diesel Engine. 
(06 marks)

3) (a)   List down the use of steam on board for machinery operations and other uses.
(06 marks) 
(b)   Briefly explain the functions of FOUR important boiler mountings. 
(04 marks)
(c)   How do we control the corrosion in the boiler? 
(02 marks)






4) (a)   Sketch and describe a fresh water generator widely used in marine industry. 
(08 marks)
(b)   What is the purpose of keeping this water in specific tanks? 
(02 marks)
©   How do you make this water into potable water? 
(02 marks)

5) 
a)   The instantaneous voltage across power system is given by . 

Determine the  and frequency. 
(04 marks)

b)   A pure inductance of 318mH is connected in series with a pure resistance of 75. 

The circuit is supplied from 50Hz source and the voltage across 75 resistor is found to be 150V. Calculate the supply voltage and the phase angle. 
(08 marks)

6) (a)   What are the functions of lubricating oil in diesel engines? 
(03 marks)
(b)   Make a detailed sketch of a lubricating oil system of a diesel engine showing all 
important components. 
(07 marks)
©   Explain how desired temperature is controlled in the system? 
(02 marks) 

7) (a)   Draw and explain ship’s AC power distribution system. 
(06 marks)
(b)   Sketch three types of DC motors.  
(03 marks)
            ©   State the characteristics of above motors.  
(03 marks)

8) (a)   With regarding steering system, name the main components which are included in  
the telemotor control system and their function. 
(04 marks)
(b)   Name main alarms and indication on steering gear system. 
(04 marks)
©   What are the checks that should be carried out on steering system before leaving a 
Port? 
(04 marks)

9) (a)   What is the meaning of a comfort zone with regarding air condition system?
(02 marks)
(b)   Make a detailed sketch of a ref. cycle and explain the function of each component. 
(10 marks)

10) An engine with seven cylinders (slow speed) has been indicated 5410 revolutions over a period of 45 minutes. During this time, power cards have been taken in all the cylinders.
Following are the data taken from the cards and engine.
Average card area 		: 17.2 sq.cm
Card length 			: 42mm
Diameter of the cylinder	: 600mm
Piston stroke 			: 2450mm
Spring constant 		: 20.5X105       N/m2/cm

What is the total indicated power of the engine?
(16 marks)
























Answers
1. (a Suction/ Induction stroke
    Compression stroke
     Power Stroke
    Exhaust stroke
 (b) Briefly explain the job of crankshaft and camshaft. (02 marks)
Reciprocating movement of the piston convert into rotary motion by the crankshaft.
Camshaft controls the opening and closing of require valve gear in order to operate the engine efficiently  at correct time.
(c) Sketch and describe four-stroke valve timing diagram of a Diesel engine. (06 marks)
Four-stroke valve timing diagram
[image: ]



1-2      Suction stroke ended
2-3      Compression stroke take place. Inlet  valve closed and piston moved upward to compressed the trapped air.
3-4-5   Fuel injector in operation. Combustion occur due to mixture of compressed air    	     and fuel. 
5-6	     Due to expansion of gasses piston  moved downward. ( Power stroke)
6-7-8   Exhaust stroke take place. Exhaust valve open and piston moved upward  		     removing unwanted gasses.
8-9-10 Overlapping period occurred where both exhaust and inlet valve were opened.
10-1    Suction stroke begin – piston moved downward. Exhaust valve closed and 		     inlet valve remain open.
1- the rest – The cycle continuous until the engine stop  

(d) Show the valve overlapping angle on above diagram (02 marks)
[image: ]

2. (a) What are the main advantages of having turbochargers on modern diesel engines? (04 marks)
Increase in engine power out put for any stated size and piston speed.
Reduction in engine dimensions and weight for any stated engine.
Improve SFOC for all engine loads.
A reduction in initial engine cost.
Cooling effect from the scavenging air limits thermal loading on the engine.
(b) What is the purpose of auxiliary blowers installed in main engine scavenging system? (02 marks)
To supply scavenge air when engine is starting and running at low load. T/C cant meet the scavenge air demand when running at low load.
(c) Briefly explain with suitable sketches different types of scavenging system for large two stroke diesel Engine. (06 marks)

Cross scavenging. Opposite ports; scavenging and exhaust ports are located at opposite direction. Scavenge path is across the liner.

Loop scavenging
Scavenge port and exhaust ports are in the same side. Scavenging path is in loop shape.
Uniflow 
Scavenging take place in unidirectional. 

3. (a) Fuel oil heating purpose,  Cargo pump operation in tankers, Steam driven cargo pumps, Turbo generators for electrical power supply, stem operated winches, cabin heating, Galley uses, Calorifier, Purifiers, sea chest, Oily water separator heating, Calorifier.


(b) Briefly explain the functions of 4 important mountings among them. (04 marks)
Safety valve; To protect against over pressurizing.
Gauge glass; To check the water level
Pressure gauge; Check the pressure
Main steam stop valve; To supply and control the steam demand
Blow down valve; Blow down the boiler
Scum down valve; To scum any oil in the system
Feed water inlet valve; To take feed water 
Sampling valve; to take the water sample for the testing.
 
(c) How do we control the corrosion in the boiler? (02 marks)
Maintain chloride, alkalinity, dissolved oxygen and PH value.
Use proper chemical treatment.

4. (a) Sketch and describe a fresh water generator widely used in marine industry. (8 marks)
[image: ]

Sea water is boiled, using heat energy from a heating coil, and by reducing the pressure in the evaporator shell, boiling can take place at about 43 0C or lower.
The sea water from the ship’s services is first circulated through the condenser and then part of the outlet is provided as feed to the evaporation chamber.
Hot diesel engine jacket water is passed through the heater nest, and because of the reduced pressure in the chamber, the sea water boils. 
The water vapour produced rises, and passes through a water separator or demister(which prevents sea water droplets from carrying over, along with the water vapour)  In the condenser, the water vapour condenses to pure water., which is drawn off by a distillate pump.
The sea water feed is regulated by flow controller, and excess feed is returned overboard.
 The excess feed constantly overflows over Wier and carries away the salty deposits.
 A brine ejector draws out the excess brine from the evaporator.
 An air Ejector is used to create a vacuum in the shell. 
Normally, both the Ejectors are on the same line.
(b) What is the purpose of keeping this water in specific tanks? (2 Marks)
This water is keeping separately to use for boiler feed water and makeup water.
(c) How do you make this water into potable water? (2 marks)
This water should be converted into potable water. 
First bacteria should be killed the bacteria this is done by adding silver iron or by chlorination. Then pass through calcium carbonate bed. (make it hard)  

5. a)	


	b)	


Supply voltage





6. (a) What are the functions of lubricating oil in diesel engines? (3 marks)
Lubricating oil for a marine diesel engine achieves three objectives; it must cool, lubricate and keep clean the engine.
(b) Make a detailed sketch of a lubricating oil system of a diesel engine showing all important components. (7 marks)
[image: ]


(c) Explain how desired temperature is controlled in the system? (2 Marks) 
Engine inlet temperature sense by the sensor located at the engine lube oil inlet manifold and control the bypass valve at the cooler inlet by altering the flowrate through the cooler.


7. a)  Draw and explain ship's  AC power distribution system. (marks 6)
[image: ]
             b) Sketch three types of DC motors.  (marks 3)
              c) State the characteristics of above motors.  (marks 3)
[image: ]
8.  (a) With regarding steering system, name the main components which are included in the telemotor control system and their function. (04 marks)
Telemotor control 
Telemotor control is a hydraulic control system employing a transmitter, a receiver, pipes and a charging unit. 
The transmitter, which is built into the steering wheel console, is located on the bridge and the receiver is mounted on the steering gear.
 The charging unit is located near to the receiver and the system is charged with a non-freezing fluid.
Two rams are present in the transmitter which move in opposite directions as the steering wheel is turned. 
 (b) Name main alarms and indication on steering gear system (4 marks)
      a. In the wheel house audio visual alarms are provided, in case of 
b. Steering gear status indication. 
c. Fault alarms. (Low level alarm to be fitted to each hydraulic reservoir, 
d. Rudder position indicator.
  Single phasing alarm
e. Overload alarm   (the pump motor doesn't trip the starter of the motor, but only activates the overload alarm .)
f. power failure (no voltage ) alarm



(c) What are the checks that should be carried out on steering system before leaving a port. (4 marks)
a. Main steering gear
b. Remote control system, and alarms for steering gear
c. Rudder angle indicator, relating to actual position of the rudder.
d. Emergency power supply.
e. Communication between Navigation Bridge and Steering flat
f. Visual inspection of the Steering gear and linkage.

9. (a) What is the meaning of a comfort zone with regarding air condition system? (2 marks)
Temperature between 220 C and 270 C
Relative humidity between 40% and 60%
(b) Make a detailed sketch of a ref. cycle and explain the function of each component. (10 marks)
[image: ]
Compressor; Low pressure ref gas convert into high pressure ref. gas.
Condenser; High pressure ref gas convert into high pressure liquid.
Drier; absorb moisture.
T/E valve high pressure liquid convert into low pressure gas (expansion)
Evaporator heat transfer take place in order to maintain required temperature.


10. Card length                                                                 : 42 mm
Diameter of the cylinder                                          :600mm
Piston stroke                                                               : 2450mm
Spring constant                                                           : 20.5X 105 N/m2 per cm
RPM:   90

(a) Calculate the power developed by each cylinder. (10 marks)

a.  Total area 3400 mm2   Length = 42mm  
Mean height                                 = 17.2/4.2  mm    =4.1 cm
Mean indicated pressure           = 4.1X20.5 = 84.1 KN/m2
Indicated power                          = PLAN = 84.1X 22/7X.6X.6X2.45X2 = 465 Kw
Total power for 7 cylinders       = 465X7 = 3261 Kw.      
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