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QUESTION 1

Hot combustion gases at 1500 K flow with 44 m/s across sleel pipes to boil water inside the
pipes at 225°C, The pipes have a diameter D = 10cm and a surface temperature of 227°C.
Find the rate of heal transler per metre pipe length.

Hint use the empirical formula
Nu=0.26 Re"* Pr'#

For the clalclaution of the Nusselt number.

[25 marks]

Total marks for Question 1 = 25 Marks

QUESTION 2

a) In a gas turbine cycle, what is the main purpose for using a heat exchanger?
[7 Marks]

b) A gas lurbine takes in air at 20 °C and operates with the following conditions:
Mass flow rate of 20 kgfs, Pressurc ration of 12, maximum temperature of 1000 °C,

compressor 1sentropic efliciency of 82% and turbine isentropic efficicncy of 90%.

Calculate:
1) The power oulpul.

[13 Marks]
i) ‘The thermal efficiency of the engine.

|3 Marks|

Total marks for Question 2 = 25 Marks




QUESTION 3

a) Explain, with the aid of skeiches, the difference between vapour-compression and vapour-a
absorption rctrigeration cycles. ‘

[6 Marks]
b) Refrigerant 134a is the working fluid in an ideal vapour-compression refrigeration cycle,
shown in Iigure Q3, which communicates thermally with a cold region at 0 °C and a warm
region at 26 °C. Saturated vapour enters the compressor at 0 “C and saturated ligquid leaves

the condenser at 26 °C. The mass flow rate of the refrigerant is (L.08 kg/s. Determine

i) The compressor power, in kKW
|5 Marks]
ii}) The relrigeration capacity
|6 Marks]
1ii) The coellicient of performance
|4 Marks]
iv) The coellicient of performance of a Carnot refrigeration cyele operating between
warm and cold regions at 26 and 0 °C. respectively.
[4 Marks]
T
o . Temperatuge of
Wiarin region
a%C Temperature of
= cold regeon

Figure 3

Total marks for Question 3 = 25 Marks




QUESTION 4

a) In a steam tubine cyvele, what is the main purpose for using reheat?

[7 marks]

b) A combined heat and power scheme uses an open cyele gas turbine for power generation
with the exhaust gas energy used o raise steam for process heating. The gas turbime has a

single stage compressor and s single stage turbine.

Air enters the compressor [rom atmosphere at a pressure of 1 bar and a temperature of
20°C. The overall pressure ratio of the plant is 8/1, the maximum cycle temperature is 850"'C
and the net power output is 13MW. The isentropic efficiency of the compressor stage and ol
the turhine is (.85 and the fuel has a calonfic value of 42 MJ/kg. The specific heal ol air and

combustion gas may be assumed constant at 1.005 kJ/kgK.

The gases leaving the turbine pass through a steam generaior heat exchanger to generate the
process steam before exhausting to atmosphere at 200°C. The process steam gencrated is at a
pressure of 20 bar and a temperature of 300"C. Condensate is then returned to the process

heat exchanger lor reheating, as a saturated hiquid at 20 bar.
Taking isentropic index y for air as 1.4 throughout, calculate:
i) The mass [low rates of fucl, air and steam
[13 marks]|

ii) The heat available for process healing

|5 marks|

Total marks for Question 4 = 25 Marks




QUESTION &

(a) Exhaust gases [lowing through a tubular heat exchanger at the rate of 0.35 kg/fs are cooled
from 400 °C to 110"C by water nitially at 10°C. The specilic heat capaciies ol exhaust gases
and water are laken as 1.13 and 4.19 kI kg K respectively, and the overall heat transfer
coellicient from gases and water is 145 Wim® K. Calculate the surface area required when
cooling waler flow 1s (1L.35kg/s, (a) for parallel flow and (b} for counter flow. Comment on
the results.

[15 marks]

(b) Discuss the effect of fouling in a heat exchanger and highlight how this can be allowed
for in design calculations.

[10 marks]

Total marks for Question 5 = 25 Marks
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QUESTION 1

a. What are the advantages of using reheat in some Rankine cycles?

|5 Marks]|

b. Consider a regeneralive cycle using steam as the working fluid shown in Figure Q1.
Steamn leaves the boiler and enters the turbine at 4 MPa, 400 °C. Alter expansion to
400 kPa, some of the steam 13 extracted [rom the twhine lor the purpose of heating
the feed-water in an open (eed-water heater, The pressure in the feed-water heater is
400 kPa, and the waler leaving it is saturated liquid at 400 kPa. The steam nol

extraclted expands to 10 kPa.

(1} Determine the cycle efficiency.

[20 Marks]
| Biales Fom o i o il oWy
- e Tirbing
e ¥ ’ i (1 =~ f e i -
— "" I o) 4
Faathyiter LM, B v
i ] haater ") {3 .
58 R 5 P B {2
r &) Lt | [Londenset; | o
Prmip . i --'_.'; SRRSO i
Wi PUMD | ot
it YR T
3 A _
W
Figure Q1

Total marks for (Question 1 = 25 Marks




UESTION 2

A U000 kW gas turbine generating set operates with two compressor stages with intercooling
between stages: the overall pressure ratio is 9/1, A HP turbine is used to dr; ve the
compressors, and a LP turbine drives the generator. The temperature of the gases at entry (o
the IIP turbine is 650° C and the gases leaving the LP turbine are reheated to 650°C afier

cxpansion through the first turbine. The exhaust gases leaving the 1.7 turbine are passed

through a heat exchanger to heat the air leaving the IIP compressor. The compressors have
equal pressurc ratios and intercooling is complete between stages. The air inlet {emperature Lo
the unit is 15°C. The isentropic efficiency of each compressor stage is (.8 and the isentropic
efficiency of both turbines is (.85: the heat exchanger thermal ratio is 0.75. A mechanical
efficiency of 98% can be assumed for both the power shafl and the compressor turbine shaft.

Neglecting all pressure losses and changes in Kinetic energy, Calculate:

(i) the cycle efficiency |15 marks|
(11} the work ratio [ marks]
(1) the mass flow rate [5 marks]

For air take Cp = 1.005 KJikg K and y = 1.4, and for the gascs in the combustion chamber and

in the turbines and heat exchanger take C, = 1.15 KJ/kg K and v — 1.333. Neglect the mass of

fuel.

Total marks for Question 2 = 25 Marks




QUESTION 3

A steam plant working on the Rankine cyele supplies steam to a turbine at a pressure of 50
bar and a temperature of 400° C. The steam expands in the turbine in two slages. Stcam
enters the high pressure stage and lcaves dry saturated at a pressure of 2 bar. The steam is
then rcheated back to 250" C, at this pressure, before entry to the low pressure stage and
expanded to a condenser pressure of 0.05 bar. The total power output of the two turbines is

15 MW.

Allowing for the feed pump work in your calculations, caleulate:

1) the mass flow rate of steam
[12 marks]
ii) ihe heat rejected in the condenser
[5 marks|
1i1) the cycle efficiency.
[8 marks]

Take the expansion in the low pressure turbine to have an isentropic efficiency of 0.9, and
assume the condensate is returned to the feed pump as a saturated liguid at a pressure ol 0.05

bar,

Total marks for Question 3 =25 Marks




OQUESTION 4

A small scale Combined Heat and Power (CHP}) system incorporates a small gas turbine with
the exhaust gases from the turbine being used in a heat exchanger 10 produce hot water for a

ProCess.

The gas turbine operates with a pressure ratio of 4/1 with air enterin g the compressor at 13"C.
The maximum cycle temperature for the gas turbine is 700 °C. The gas turbine is designed
for a net power output of 2 MW, with single stage 1sentropic compression and expansion,
The exhaust gases flow through the heat exchanger and exit to atmosphere at 200 °C,

Water enters the heat exchanger at 30 "C at a flowrate of 10 k g's. If the heat exchanger has

an cfficiency of 70% calculate:

i) the mass flow of turbine exhaust gases

[15 marks|
11} the temperature of the water supplied to the process
[5 marks]
lii) the quantity of heat supplied to the process
[5 marks]

The following information should be used:-
* the turbine compression and expansion should be considered isentropic
* isentropic index Vi =1.4 throughout
* specilic heat at constant pressure ¢, = 1.005 kg/kJK for air and combustion gas

* specific heat at constant pressure cp = 4.18 kg/kJK for water

Total marks for Question 4 = 25 Marks




QUESTION 5

a)

Explain what is meant by an ‘electrical analogy’ in heat transfer, and how this

simplifies heat transler calculations.

[10 marks]

A spherical pressure vessel in a process plant contains a gas at 500 °C. The vessel is

constructed from mild steel of 1 m diameter of wall thickness 20 mumn.

It is lagged with 25mm of insulation and an outer cladding of fibreglass 10mm thick.
The thermal conductivities ol mild steel, insulation and [ibreglass are 48, .05, and .04
W/mK respectively, and the outer surface heat transfer cocfficient is 25 Wim'K.

I the inside surface temperature of the vessel is 500 'C, calculate:

i) The rate of heat loss rom the vessel if the outside air temperature is 20°C.
|8 marks]
11} The temperature of the outside surlace of the cladding under these conditions.
|7 marks|

The mean radius of the wall of a sphere of inside and oulside radii v and

respectively, can be taken as rm- VriTo

Total marks for Question 5 = 25 Marks
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