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QUESTION 1

a) Explain what is meant by isentropic efficiency and explain the effect it has on a

practical steam cycle when compared with an ideal cycle,

[10 marks]

b) Steam at a pressure of 60 bar and a temperature of 400C expands in a turbine to a
final state of 1 bar and a dryness of 0.94 at a rate of 10 kg/s. Sketch the process on an

enthalpy/entropy chart for steam and using the chart provided calculate:

i) the power developed by the turbine
i) the pressure and temperature during the expansion when condensation will
start to occur.

iii) The isentropic efficiency of the turbine

The expansion can be assumed to be adiabatic and changes in kinetic and potential energy

can be ignored. All assumptions made should be clearly stated and explained.

[15 marks]
Total marks for Question 1 = 25 Marks
QUESTION 2.

a) An oil pipeline is laid on an incline and rises 12metres over its length. YWhen 100litres/s of
oil is flowing, the pressure at the inlet of the pipe in 400kN/m?. If the pipe diameter is
120mm at inlet and 100mm at outlet, calculate the pressure at the outlet of the pipe, if the
pressure loss due to friction is equivalent to 1.2 metres of water.

(Take the density of oil = 900kg/m?)
[12 marks]

b) Explain the significance of the upper and lower critical Reynolds Numbers for flow. Using

the work of Osborne Reynolds explain how these parameters were established.

[13 marks]

Total marks for Question 2 = 25 Marks
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LAUESTION 3

a) Make a sketch of a T»arnr,ueratL.lr'e—Entrr'lal[:q,r diagram for steam and explain how this diagram

has been formed, highlighting clearly the different phases on the diagram.

[10 marks]

b) Steam at a pressure of 30 bar and a temperature of 350°C occupies a volume of 0.16m?. It is

expanded in a non-flow process according to the law PV'-3 = C to a final pressure of 6 bar.

Calculate:

(i) the mass of steam present.
() the final dryness fraction of the steam.

(i) the specific work done by the steam in the expansion.

[15 marks]
Total marks for Question 3 = 25 Marks

QUESTION 4

A four cylinder, four stoke petrol engine develops a torque of 220Nm at 2500 rpm. The engine
has a bore and a stroke of 110mm and 100mm respectively, and is run at an airffuel ratic of
14/1 with a specific fuel consumption of 0.364kg/kWh. The atmospheric conditions at the time of
the test were 1.01bar and 15°C. If the calorific value of the fuel is 44 ,200kJ/kg calculate:

1) the brake thermal efficiency [10 marks]

i} the volumetric efficiency [15 marks]

The characteristic gas constant for air R=0.287 kJ/kgK

Total marks for Question 4 = 25 marks
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QUESTION 5

A centrifugal pump is to be used to deliver water to a storage tank on top of a building. The

static lift for the pump is 12 metres, and the desired flow rate to the tank is 10 I/s.

The pipework system comprises two gate valves (used as isolating valves), a gate valve for flow

control, four 90° bends, 30 metres of pipe, and an abrupt entry and exit to and from the system.

The pipe is galvanised steel with a diameter of 100mm throughout.

The pump has the following head characteristic:

Total Head 25 24 19.5 12.5 75
(metres of water)
Volume Flow | 0 0.004 0.008 0oiz | 0014
mis)
Calculate:
) the actual flow rate that will be achieved using the above pump on the system
as specified.
(20 marks)
i} the theoretical power to drive the pump under the above conditions.
{5 marks)

Take the density of water = 1000 kg/m?

and the viscosity of water = 0.001136 kg/ms
Loss factars for fittings:

Gate valve (fully open) 0.2

90" bend 0.9

Total marks for Question 5 = 25 marks
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Formula and Data Sheet

Note: In the follswing formilas all symbols have their usual meaning

Steady State Heat Transfer

1} values:
q=UAAT
Conduction in a plane wall with a linear temperature distribution:
R T)

L P

Convection:

q=hA(T.-TJ

Conduction through composite wall, made of threc flat slabs wﬂ]:l ccndu.cuwt_tes k.. ko and
ke in contact with fluids on both sides:
T B Tm,.{

E(j_ T T __1].
ATk A LA'_kLA hA)

Interna] Combustion Engines

Indicated Power — B{LAN=a (2 Stroke)

= HLANRN (4 Stroke)
2 .
Brake Power =P,LANQ {Z Siroke)
= P,LAND {4 Stroke)
= E:rn:l"«I"i‘2
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Fuel Energy (Energy Supplied) = Mass Flow of Fuel x Calorific Velue = m; x CV

Mechanical Efficiency = . Brake Power x 100%
indicated Power

Brake Thermal Efficiency = Brake Power x100%
Energy Supplied

Specific Fuel Consimption = Mass Flow of Fuel

Brake Pawer
Volumetric Efficiency = Induced Volume x100%
Swept Volume
Gas and Stesm Turbines
Perfect Gas Relationshipa:
Ty =(P\S - To= (EW‘“
Pa } Ts Vil -

T,

Change of Enthalpy of & Perfect Gas (H: 1h) = mx ¢ x (T2 - 1)

Properties of Vaponrs:
Specific Enthalpy of Wet Steam = h + x hy

-Specific Volume of Wet Steam = xvg

Thermel FEfficiency of a Tuebine = = Mgt Work Chatpat
' Heal Supplied
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QUESTION 1

a)  Explain what is meant by ‘primary' and ‘'secondary’ losses in pipework systems.

[7 marks]

b) Water flows through a 50mm diameter circular pipe at the rate of 0.009 m¥s. The pipe
has a constant diameter and includes four 90° bends. two gate valves (open), has a sharp,
abrupt exit, and has a total length of 30metres
Determine the total pressure loss due to friction along the pipe, if the pipe roughness is
0.15mm.

Secondary losses should be calculated from:

H = ke?
29

where typical values of k are;
80° bend k=09

Gate valve (open) k=02

Take the density and viscosity of water as 1000kg/m® and 0.00106 kg/ms respectively.

[10 Marks]
&) If the volume flow rate can vary from zero to 0.012m¥s, plot the system pressure loss
characteristic.
[8 Marks]

Total marks for Question 1 = 25 Marks
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- JUESTION 2

a)

Sketch the "Air Standard’ Cﬂ.«fcle for a 4 stroke spark ignition internal combustion engine,

and describe the processes involved.

How does this compare to an actual, practical, cycle? Highlight the key areas of

difference.
[10 marks]
b) The performance of an engine can be affected by many factors. List three such factors
and explain the effect they can have on performance.
[10 marks]
C) Explain what is meant by a ‘consumption loop' with regard to engine performance. What
parameters would need to be measured during an engine test in order to produce a
‘consumption loop’
[5 marks]
Total marks for Question 2 = 25 Marks
QUESTION 3
a) Explain what is meant by the ‘Isentropic efficiency’ of a process.
[8 marks]
b) Steam expands through a horizontal adiabatic nozzle from a pressure of 50 bar and a

temperature of 400°C to a final pressure of 1 bar and a dryness fraction of 0.94,

If the mass flow of steam is 1.5 kg/s using the steam charts and tables provided,

calculate:

i} the exit velocity of the steam from the nozzle

[7 marks]
i) the nozzle exit area

[5 marks]
iii) the isentropic efficiency of this process

[5 marks]

All assumptions made should be clearly explained.

Total marks for Question 3 = 25 Marks

Page 3 of 7




. QUESTION 4

a)

A four cylinder, four stroke pétml engine is testing at full load at a speed of 3000 rev/min.
The brake mean effective pressure at this speed was 6.2 bar. The engine has a bore and
stroke of 90mm and 100mm respectively, and is run at an air/fuel ratio of 12/1 with a
specific fuel consumption of 0.364 kg/kWh. The atmospheric conditions at the time of the
test were 1.01 bar and 15°C. If the calorific value of the fuel is 44,200 kJ/kg calculate:

i} the brake power [8 marks]
i) the brake thermal efficiency [8 marks]
1ii) the volumetric efficiency [ marks]

(The characteristic gas constant for air R = 0.287 kJ/kgk)

Total Marks for Question 4 = 25

QUESTION 5

a)

Explain what is meant by the term ‘dryness fraction’ as applied to wet steam. Make
reference to a temperaturef enthalpy diagram for steam in your answer.

[9@ marks]
A quantity of steam at a pressure of 9 bar and a dryness fraction of 0.8 occupies a
volurme of 0.15m®. It expands in a non-flow polytrapic process according to the law py!
= G, until the pressure is reduced to 3 bar.

Calculate:

i) the final dryness fraction

i) the final temperature

iii) the mass of steam present

V) the work done during the expansion

[4 marks each]

Total Marks for Question 5 = 25 Marks
Page 4 of 7
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Fﬂrmuia and Diata Sheei

Note: In the foliowing fornmlae all symbols have their usuai nCANInG

Steady S Heat fer

17 valaes:
q=UAAT
Conduction in a plane wall with 2 linear temperature distribubion:
T,
gt {1~ I -T)

Convection:
q = ha (T,-T,)

' Conduction through composite wall, made of three flat siabs with cnzldu;t{ﬁﬁes k.. kg, and
k., in contact with fluids on both sides:
y B

ol

BA kA k *Xea ThA

Indicated Power = P;LAN= (2 Stroks)
= PHLAND (4 Sirokc)
. 2

Brake Power | =P, LAND " (2 Bitroke)
= P, LANRD _{4 Siroke)
= 2::1:I~T'1"2
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s

Fuel Energy (Encrgy Supplied) = Mass Flow of Fuel x Calorific Value = my x CV

Mechanical Efficiency = . Brake Power x 100%
imdicated Power

Brake Thermal Efficiency = DBrake Power x100%
Energy Supphied

Specific Fuel Consumption = Mags Flow of Fuel

Brake Power
Volumettic Efficiency = Induced Volume x100%
Swept Volume
Gas apd St Turhin
Perfect (zas Relationships: _
Lo=(E\% I (% i
P T2 AWV -

Change of Enthalpy of a Perfect Gas IL ;) = m xcpy x(Tz2 - -'T,]

Properties of Vapours:
Specific Enthalpy of Wet Steam = ks + xhg

‘ Spn:.cif:: Volums of Wet Steam ~ xvy

Thermal Efficiency of a Turbine - = Met Work Ouigan
: Heat Supplied
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