GES2 19 MARCH 2021 Full written solutions. SVEstudy.com  Online tutoring and exam Prep
DavidJamesGallimore42 @gmail.com

CERTIFICATES OF COMPETENCY IN THE MERCHANT NAVY - MARINE ENGINEER OFFICER

STCW 78 as amended CHIEF ENGIMEER REG. IIIf2 - “¥ACHT 2"
STCW 78 as amended SMALL VESSEL CHIEF ENGINEER <3000 GT, <9000 kW UMLIMITED

058-12 - GENERAL ENGIMEERING SCIENCE Il
FRIDAY, 19 MARCH 2021

1400 - 1600 hrs

Materials to be supplied by examination centres

Candidate's examination workbook
Graph paper

Examination Paper Inserts

Hotes for the guidance of candidates:
1. Examinations administered by SQA on behalf of the Maritime & Coastguard Agency.

1. Candidates are required to obtain 50% of the total marks allocated to this paper to
gain a pass AND also obtain a minimum 40% in Sections A and B of the paper.

3. Non-programmable calculators may be used.

4. All formulae used must be stated and the method of working and ALL intermediate
steps must be made clear in the answer,

iy B
s J)ASQA



GES2 19 MARCH 2021 Full written solutions. SVEstudy.com  Online tutoring and exam Prep
DavidJamesGallimore42 @gmail.com

GENERAL ENGINEERING SCIENCE Il

Attempt ALL questions
Marks for each question are shown in brackets.

All formulae used must be stated and the method of working and ALL intermediate steps
must be made clear in the answer,

tion A

1. Explain what is meant by EACH of the following terms:

(a) heat energy; (2)
(b) higher calorific value; (2)
(c) convection; (2)
(d) enthalpy of fusion. (2)
2. (a) State the meaning of the abbreviations STP and NTP'. (2)

(b) 420 grams of a perfect gas has a volume of 0.8 m’ at a temperature of 88°C
The gas is compressed to a quarter of the original volume where its
pressure is 200 kN/m?
Determine the final temperature of the gas. (6)

Note: R = 290J/kgK

3. LPG (CiHs) iIs completely burned using 30% excess air.
Calculate EACH of the following:
(a) the mass of carbon dioxide in the exhaust gases per kg of fuel; (5)

(b) the mass of nitrogen in the exhaust gases per kg of fuel. (5)
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4.  Abrass bearing is to be shrink fitted to a steel shaft. The bearing has an internal
bore of 69.82 mm at a temperature of 20°C. The steel shaft has an external
diameter of 70 mm at 20°C.

Calculate the lowest temperature to which the bearing must be heated in order
to slide onto the shaft without force (8)

Note: coefficient of linear expansion of brass = 0.000018 /°C

5. A2 stroke diesel engine was tested over a 24 hour period and used 1.8 tonnes of
fuel. The power of the engine was tested using a dynamometer which gave a
steady state torque reading of 4.5 kNm at 800 rpm. The mechanical efficiency
was later found to be 89%.

Calculate EACH of the following:

(a) the brake power; (2)
(b) the indicated specific fuel consumption; (3)
(c) the brake thermal efficiency. (3)

Note: the calorific value of the fuel = 44 MJ/ kg

6. (a) Describe the basic functions of the key components of a vapour compression
refrigeration system. (6)

(b) If the refrigeration system described in 6(a) has a water cooled condenser
what will be the effect of a higher cooling water inlet temperature if the
flow rate remains the same. (2)
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Section B
7. A wooden beam is 3 m long x 20 cm wide x 75 mm deep and floats horizontally

in sea water of density 1025 kg/m’.

Calculate the height of wood above the water surface (freeboard) given that the
wood has a density of 750 kg/m’. (8)

8.  Aship has a displacement volume of 6430 m’ in sea water of density 1025 kg/m’.

Two double bottom tanks each measuring 12.5 m long x 5.5 m wide x 2.1 m deep
are positioned equally, one either side of the centre line.

These tanks are now completely filled with heavy fuel oil of density 968 kg/m’.

Calculate the change in position of G, in both magnitude and direction, given
that the initial KG=3.8m. (8)

9. Determine the current at EACH of the points 1, 2 & 3 in the circuit shown in

Fig Q9 if the cell e.m.f. is 32 V. 9)
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10. (a) In relation to their structure explain why metals are good conductors of

electricity. (2)
(b) In relation to their structure explain why insulators are not a good
conductors of electricity. (2)
(c) State why conductors have power losses. (2)
(d) State how power losses can be calculated in conductors. (2)
11. (a) State Lenz's Law. (2)

(b) A conductor with an effective length of 500 mm creates a magnetic flux
280 pyWb when carrying a current of 45 A. The force on the conductor is
40 N.

Calculate the diameter of the conductor. (6)

12. The circuit in Fig Q12 has a voltmeter as shown. When the switch is open the
reading on the voltmeter is 30 V, when the switch is closed the voltage drops to

26.67 V.
(a) Explain the reason for the change in the voltmeter readings. (4)
(b) Determine the resistance of the cell. (5)

|
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Section A

(5 Explain what is meant by EACH of the following terms:

(a) heat energy; (2)
(b) higher calorific value; (2)
(c) convection; (2)
(d) enthalpy of fusion, (2)

a) heat energy is the total amount of energry in a system, caused by molecular
motion, and it is dependent upon the mass of the object, measured in Joules.

b) the amount of energy produced by a complete combustion of a fuel,
including trapping the prodcuts and allowing the whole system to return to
room temperature (measured in joules per kilogram)

¢) Convection is the transfer of energy through a liquid or a gas through
convection currents be they natural or forced.

d) Enthalpy of fusion is the energy removed from a system as a gas changes
state into a liquid, measured in Joules per kg

2. (a) State the meaning of the abbreviations STP and NTP'. (2)
(b) 420 grams of a perfect gas has a volume of 0.8 m’ at a temperature of 88°C

The gas is compressed to a quarter of the original volume where its
pressure is 200 kN/m?

Determine the final temperature of the gas. (6)

Note: R = 290J/kgK

STP - Standard temeperature and Pressure
NTP normal temperature and pressure
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3. LPG {CiHs) is completely burned using 30% excess air c _ | 2 H —..l D = |€

Calculate EACH of the following:

(a) the mass of carbon dioxide in the exhaust gases per kg of fuel;

(5) } . M e ta
— L 23/ ey s Nibg
(b) the mass of nitrogen in the exhaust gases per kg of fuel.
—

(5)
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4.  Abrass bearing is to be shrink fitted to a steel shaft. The bearing has an internal £\I ""7‘ (Za)
bore of 69.82 mm at a temperature of 20°C. The steel shaft has an external
diameter of 70 mm at 20°C.

Calculate the lowest temperature to whith the bearing must be heated in order (A, )( & X A 'Ea - O . \ 2

to slide onto the shaft without force — (8)
—_

Note: coefficient of linear expansion of brass = 0.000018 /°C

9.32x 0.000Q[g X x* = Q.8

Sl Sty At o= (S

5. A2 stroke diesel engine was tested over a 24 hour period and used 1.8 tonnes of
fuel. The power of the engine was tested using a dynamometer which gave a
steady state torque reading of 4.5 kNm at 800 rpm. The mechanical efficiency EI{} —

g]?—_TZﬂ'M

was later found to be 89%. -

BP
Tf

Calculate EACH of the following:

(a) the brake power; (2)
(b) the indicated specific fuel consumption; 3)
{c) the brake thermal efficiency. 3)

Note: the calorific value of the fuel = 44 MJ/kg
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6. (a) Describe the basic functions of the key components of a vapour compression
refrigeration system. (6)

(b) If the refrigeration system described in 6(a) has a water cooled condenser
what will be the effect of a higher cooling water inlet temperature if the
flow rate remains the same. (2)
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Section
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8.  Aship has a displacement volume of 6430 m’ in sea water of density 1025 kg/m’.

Two double bottom tanks each measuring 12.5 m long x 5.5 m wide x 2.1 m deep
are positioned equally, one either side of the centre line.

These tanks are now completely filled with heavy fuel oil of density 968 kg/m’.

Calculate the change in position of G, in both magnitude and direction, given
that the initial KG=3.8m. 8)
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10. (a) In relation to their structure explain why metals are good conductors of J \-Q\f{ t le cx’fw “'A’
electricity, ‘\

AH ic
()
(b) In relation to their structure explain why insulators are not a good

conductors of electricity. 2) Ny A\ C.\ (e ‘1" ’d’ “‘HKE.

(c) State why conductors h (2) dl\_l‘/dﬂ j 3
(d) State how power losses can be calculated in conductors.
—_—

@)

@oevus
Valence ¢ becuase of internal resistance caused by the electrons
electron passing through the molecular strucutre of the conductor.

higher resistence causes power losses, this power is lost
as heat

Wk 4) f=1Vv

| B
e~ e

—2

power losses can be calcualted using the P=IV formula and
ohms law, using the inormation avliable be it the overall
resistance, current, or voltage.

Lenz's Law

11. (a) State Lenz's Law. 2y

{b) A conductor with an effective length of 500 mm creates a magnetic flux
280 1/Wh when carrying a current of 45 A. The force on the conductor is
40 K.

Calculate the diameter of the conductor.

) e BIL s B= ¢
L= 500mms ©O.Sm y
7= LS @ = 290 X107 Wb
F= L0 b= L3223
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12. The circuit in Fig Q12 has a voltmeter as shown. When the switch is open the
reading on the voltmeter is 30 V, when the switch is closed the voltage drops to

26.67 V.
(a) Explain the reason for the change in the voltmeter readings. (4)
(b) Determine the resistance of the cell. (5)

Fig Q12

a) when the switch is open, the circuit is broken, and no current is flowing.
the volt meter reading shows the EMF of the battery at 30 volts.

Once the switch is closed, the circuit is now complete, and there will be a voltage drop over each
component. This includes the internal resistor

We can see there is a 26.67 volt drop over the 24 ohm resistor, so therefore there must be a 30-
26.67=3.33Volt drop over the internal resistance of the cell.
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b) EMF - ‘(‘ = LvminJ \Ja\l-c-)g
3CQ 26.67

-7

L—.? ="

we need to find the current in order to clacualte the internal resisitace.

vol "9 L ’?"7""}‘"/

\ = 2667 = L = 2063
L= 1 s by o =y

L= 2uSL
Volbeye  devp (Atend)
l¢r = 5.33
| W28y r = 35.3>

( = 5.33
I\ s
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