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Notes for the guidance of candidates:
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2. Candidates should note that 96 marks are allocated to this paper. To pass, candidates must
achieve 48 marks.

3. Non-programmable calculators may be used.

4. All formulae used must be stated and the method of workin

be made clear in the answer. g and all intermediate steps must
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APPLIED HEAT

Attempt SIX questions only

All questions carry equal Marks

marks for each part question 5 shown
N in brackets

;. Amassof 1.55 kg of ajr ,
respectively, expands in antizog]ressure and temperature of 6.78 bar and 600°C
ermal process to 3.5 bar.
At the end of expansion, the i :
1.95bar. The Changé : fe ?r 1S Cooled at constant volume to a final pressure of
0.166 kJ/kgK. Pecific entropy during the isothermal process is

Calculate EACH of the following:

(a) the net work transfer;

(4)
(b) the net heat transfer;

(9)
(c) the overall change in entropy.

Note: for air R = 287 J/kgK, Cp= 1005 J/kgK i
2. The ratio of compression for an engine working on the otto cycle is 7:1.
At the beginning of compression, the temperature is 2°C with a pressure of
0.89 bar. The maximum cycle pressure is 18 bar.
(a) Sketch a pV and Ts graph of the cycle: (3)
(b) Calculate EACH of the following:
(i) the temperature at all points; 9)
(i) the air standard officiency of the cycle; (2)
for the jdeal Carnot cycle. 2)

(iii) the thermal efficiency

o/ kgk and CP° 1,005 kJ/ kgK

Note: For air Cv=0.718
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ing air compressgr i :
iorocating : S des; o
reciPr® " he LP cylinder hag a 8ned for minimum
: ing. two stagé ndt v
A single-acting,

\ ing, in of air Metric effic
work with perfect intercool s 8 kg/mi! from an initi eneyol

The compressor deliver Mtal condition of
94%. )
1.0135 bar and 20°C. .
i of the respe
ce volumé is .4% s 30 Ctive Swept volume, and the
In each stage the clearan e ansions is 3. ’

index for all compressions
The speed of rotation is 360 r/min. |
(@) Sketch the cycle on a pressure'VOlU""‘e diagram.
(b) Determine EACH of the following:

(i) the final delivery pressure;

(i) the power;

(iii) the induced volume per cycle.

Note:  For air Cv=0.718 kJ/kgk and Cp=1.005 kJ/kgk R = 287 /o

In a steam plant, using superheat, the turbine .receives the steam at a pressure
and temperature of 8 bar and 250°C respectively. The steam isentropically
expands to condenser pressure of 1 bar.

The feed pump work cannot be neglected, there is no undercooling in the
condenser.

(@) Sketch the T-s diagram for the cycle;

(b) Calculate the thermal efficiency of the cycle.

A vapour compression cycle using R12 has compressor suction and discharge of
3.626 bar and 12.19 b

ar respectively. The vapour enters the compressor in a dry
saturated state and |

€aves at a temperature of 67°C. The liquid refrigerant has
10 K of subcooling at the entry to the expansion valve.

(@) Sketch ph and Ts diagrams.

(b) Calculate EACH of the following:

(i) the dryness factor Entering the evaporator;

(if) the specific work done;

(i1i) the coefficient of performance'

(iv) the isentropic efficiency of the Cc,mpresf'or'

(2)

(6)

(4)

(3)
(13)

(2)

(3)
()
2)
4)



ater is to be used to cool

?,zat xchanger €ngine cooling water in a single pass shell and ¢ pe

ooling water enters th N
The ¢ The flow rate of cog '€ tubes at 3 temperature of 65°C and to be cooled tq

0 " rature of 2°C and it f‘lng Water will be 2 kg/s. The sea water will enter at 5
h cooling water and OW rate will be 9.5 kg/s. The specific heat capacities
€a water may be taken as 4.2 kJ/kgK.

temp’
of bot

e overall heat transfer coefficians «
m side surface area of the tub‘gent is expected to be 8500 W/ i esssion e

out
The tube outside diameter is to pe 5 mm
calculate EACH of the following:

(a) the outlet temperature of the seawater:

(b) for counter flow the log mean temperature difference and area required;

(c) for par allel flow the log mean temperature difference and length of tube
required.

Pentene (CsHio) is burned with 15% excess air. Analyse the percentage by mass of
dry products.

Note: by mass air has 23% O; and 77%N;

A single stage impulse turbine has a mean blade diameter of 2.2 m, and the speed
of rotation is 2547 rev/min. The nozzle angle is 20° to the plane of rotation and

the steam leaves the nozzles at 1200 m/s.

The blade velocity coefficient is 0.8 and there is no axial thrust. For a steam mass
flow rate of 0.55 kg/s.

Calculate EACH of the following:
(a) the velocity of the blades;
(bj the blade inlet angle;

(€) the blade outlet angle;

d) the power output.

(2)

(6)

(8)

(16)

(2)
{6)
(4)

(4)
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. ! - ater tapers from 650 mm q
A horizontal pipe carrying fresh W ) M diameter :
210 mm diameter at point 2, then to 321 mm at point 3, at point 1 to

; 3 '
The volumetric flowrate is 0.4 m°/s. There s a head loss of 7 M between point 2
and point 3.

Calculate EACH of the following:

(@) The velocities at all points; (6)
(b) Determine the pressure difference between point 1 and 2 anqg between point

2 and 3. (10)
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