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NATIONAL EXAMINATIONS

May 2013

07-MEC-83 ENERGY CONVERSION AND POWER GENERATION

Three hours duration

-------~---------------------~-----------------------~---------------------------------------------------------
Notes to Candidates

1. This is a Closed Book examination.

2. Exam ination paper consists of two .Sections. Sectio n A is Ca Icu lative with
four (4) questions and Section B is Descriptive with two (2) questions.
Descriptive questions must be comprehensively answered (in approximately 3
pages).

3. Do three (3) questions (including all parts of each question) from
Section A (Calculative) and one (1) question from Section B
(Descri ptive).

Note that Question 1 is on two pages.

4. Four questions constitute a complete paper. (1otal60 marks).

5. All questions are of equal value. (Each 15 marks).

6. If doubt exists as to the interpretation of any question or in the event of
missing data, the candidate is urged to submit, with the answer paper, a clear
statement of any assumptions made.

7. Candidates may use one of the approved Casio or Sharp calculators.

8. Reference data for particular questions are given on pages 9 to 12. All
pages used are to be returned with the answer booklet showing where
data has been obtained.

9. Reference formulae and constants are given on pages 13 to 16.

10. Steam Tables from "Thermodynamics and Heat Power" are provided.
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SECTION A CALCULA rive SECTION

QUESTION 1 THERMAL POWER PLANT

Refer to the Examination Paper Attachments MatJa Power Station on Page 9. The
table on this page is for orientation only. The data given below must be used in the
calculations but the answers obtained may be compared with the data in the table.

Refer also to the Examination Paper Attachments Cooling Tower Evaporation
Loss on Page 10. Use this diagram for part (h) below.

A coal fired power plant similar to Matla is planned for a particular site. Some basic
parameters regarding resources and environmental impact are required before
proceeding with the detailed design and specifications. The following technical data
apply to the proposed site and to a typical large coal fired plant:

Electrical generator output = 600MW (for each unit)
Number of units = 6 (for whole station)
Steam cycle efficiency = 48%
Boiler efficiency. = 90%
Coal calorific value = 20 MJlkg
Coal ash content = 25°/'3
Coal carbon content = 60%
Main steam pressure = 17 MPa
Main steam temperature = SOO°C
Feedwater pressure = 20 MPa
Feedwater temperature = 280°C
Reheat steam pressure = 3 MPa
Reheat steam temperature = 500"C
Reheat return pressure = 3 MPa
Reheat return temperature = 300"C
Cooling water temperature = 20"C
Cooling water temperature rise = 12"C
Atmospheric temperature = 32"C
Atmospheric relative humidity = 20%

This question is continued on the next page
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Question 1Continued

For full load conditions determine the following:

(a) (I) Rate of heat input to the steam cycle (kJ/s). (ii) rate of heat input by the
fuel (kJ/s) and (iii) rate of heat rejection to the cooling water (kJ/s).

(2)

(b) Heat rate (heat required per unit of electricity) for the unit (kJ/kWh).
(1)

(c) Coal consumption rate for each unit (kg/s) as well as for the whole plant
(Mg/h).

(1)

(d) (i) Ash production rate for each unit (kg/s) as wen as (ii) ash production
for the whole plant (Mg/h).

(1)

(e) Carbon dioxide emission rate for the whole plant (MgJh).
(1 )

(f) Steam flow rate from each boiler to the turbine (kg/s) assuming that
the reheat steam flow is the same as the main steam flow.

(4)
(g) (i) Cooling water flow rate for each unit (m3/s) as well as ~) cooling

water flow rate for each of two 50% pumps on the unit (m Is).
(1)

(h) (I) Make-up water required (evaporative loss) for the cooling tower
of each unit (m3Jh) as wen (ii) make-up water required as for the
whole plant (m3Jh).

(2)

If the power plant operates as a base load plant with an annual operating capacity
factor of 75% determine the following yearly requirements for a six unit station.

(i) (i) Annual electricity production (GWh)
(ii) Annual coal feed requirements (Mg/year (tonnes/aonurn)
(iii) Annual ash disposal requirements (Mg/year (tonnes/annum))
(iv) Annual cooling water make-up requirements (m3/year)
(v) Annual carbon dioxide emissions (Mg/year (tonnes/annum)

(2)

[15 marks 1



07-Mec-B3 May 2013 Page 4 of 16

QUESTION 2 COMBINED CYCLE PLANT

Refer to the Examination Paper Attachments Page 11 Combined Cycle Plant

In a combined cycle power plant based on a Brayton and a Rankine Cycle, as shown
in the attached sketch on Page 11, the gas turbine exhaust heat is used to generate
steam. The gas turbine cycle is an open cycle while the steam turbine cycle is a
closed cycle with one stage of, feedwater heating operating on the direct contact
principle with steam bled from the turbine. The gas cycle has an air compressor, a
combustion chamber, a gas turbine and a heat recovery steam generator. The
steam cycle has, besides the heat recovery steam generator, a steam turbine, a
steam condenser, a condensate pump, a direct contact heat exchanger and a
feedwater pump. The combined cycle is illustrated on Page 11 with appropriate
conditions given at various points.

Assume a cold air standard cycle (constant specific heats with k = 1.4). For a gas
mass flow of 100 kg/s calculate the following:

(a) Rate of heat input to combustion chamber. (1)

(1)

(1)

(2)

(2)

(2)

(2)
(2)

(1)

(b) Mass flow rate of main steam.

(c) Mass flow rate of bled steam.

(d) Power (net) ge~erated by gas turbine.

(e) Power generated by steam turbine.

(f) Efficiency of air compressor.

(g) Efficiency of gas turbine. .

(h) Efficiency (internal) of steam turbine.

(i) Work done by pumps

U) Overall efficiency of plant assuming that the power for the condensate and
feedwater pumps is taken from the steam turbine output.

(1)

( 15 marks 1
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QUESTION 3 BELLEDUNE HEAT BALANCE DIAGRAM

.Refer to the Examination Paper Attachments Page 12 Heat Balance Diagram for
Belledune Generating Station.

At the rated electrical output of 430 MW determine the following:

(a) Steam cycle efficiency based on boiler heat input and electrical output.
(3)

(b) Shaft power output of high pressure turbine.
(4)

(c) Steam power input to boiler feed water pump turbine based on steam
conditions.

(2)

(d) Shaft power input to boiler feedwater pump based on enthalpy rise (L\h) in the
pump.

(2)

(e) Hydraulic power output of the boiler feedwater pump based on pressure rise
(Po is Deaerator Pressure) in the pump. The density of water at the pump is
912 kg/m3.

(~)

(f) Feedwater pump efficiency.
(1)

[ 15 marks]
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A typical Pressurised Water Reactor has the following core characteristics:

Number of Fuel Assemblies in Reactor
Number of Fuel Rods per Assembly
Fuel Rod Outside Diameter
Fuel Rod Cladding Thickness
Fuel Pellet Diameter
Fuel Rod Lattice Pitch
Fuel Rod Effective Length
Equivalent Reactor Core Diameter
Uranium Dioxide Density
Reactor Coolant Inlet Temperature
Reactor Coolant Outlet Temperature
Coolant Flow Rate through Reactor Core
Coolant Pressure
Average UR235Enrichment
Effective UR235Fission Cross Section
Average Neutron Flux
Energy per Fission

157
264 (17 x 17 array)
9.5mm
0.57 mm
8.19 mm
12.6 mm
3.658 m
3.040 m
10400 kg/m3

286°C
325°C
12600 kg/s
15.5 MPa
2.8%
380 barns
4.5 x 1013 neutron/crrr's
32 pJ

Determine the following assuming uniform conditions throughout the reactor core.

(a) Mass of fuel (uranium dioxide) in reactor (kg)

(b) Total heat release rate in fuel (MW)

(e) Average fuel power density (U02) (kW/kg)

(d) Average core power density (MW/m3)

(e) Average fuel rod heat flux (kW/m2)

(2)

(6)

(1 )

(1 )

(2)

(3)(f) Thermal power output based on coolant flow rate (MW)

The molecular mass of the fuel may be determined from the atomic mass numbers
of the dominant isotopes of uranium dioxide.

Note: 1 barn = 10-28m2

[15 marks]
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SECTION B DESCRIPTIVE SECTION

Descriptive questions should be answered in essay form with sketches, if
appropriate, and taking approximately one full page for every 5 marks.
A full page means approximately 250 words unless diagrams take the place of
some words.

While each part of each question specifies several aspects, more emphasis
may be put on one or more aspects and less on others provided an overall
comprehensive answer is given as required by the above,

QUESTION 5 BOILER AND REACTOR PRINCIPLES

PART I PULVERISED COAL FIRING

(a) Describe, with the aid of a diagram, the coal firing process of a large
pulverised fuel fired boiler. The sketch should include the coal hopper, coal
feeder, coal pulveriser, primary air fan, wind box and burners. The flows of
coal and air must be shown clearly.

(b) Explain the process making reference to the coal size and how it is classified
(graded) as well as air temperature and how it is controlled. Give reasons for
these requirements. Clarify how and why the air-fuel ratio is different at the
pulveriser and at the burner.

(8 marks)

PART II NUCLEAR REACTOR COMPONENTS

(a) Describe, with the aid of a sketch, the configuration of a typical nuclear
thermal fission reactor. The sketch must show the fuel, moderator, coolant
and control rods in the proper alignment so as to clarify their relationship with
one another in the fission process.

(b) Explain the fission process making reference to the need for the four
components listed above. Clarify in particular the nuclear cycle from one
fission to the next and how the fission heat is removed effectively.

(7 marks)

[15 marks]
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QUESTION 6 ENVIRONMENTAL IMPACT

Compare the environmental impact of large scale electric power generation from
each of the following (all three) sources of energy:

•.• Coal (fossil fuel combustion)
•.• Nuclear (nuclear fission)
•.• Hydro (renewable energy)

(a) For each explain the physical impact or disruption of the environment to build
the plant and to supply the energy required. Suggest ways of alleviating the
problems.

(3 marks)

(b) For each explain what detrimental effluents are produced during operation
and by what mechanism and to what degree they can be minimised.

(5 marks)

(c) For each explain what solid waste products are produced and how these
products may be disposed of in a way that will not be detrimental to the
environment.

(5 marks)

(d) Given the evidence presented in your answers to the above, rank the three
sources of energy in order of importance (installed MW) currently and their
likely order of importance (installed MW) in the future (say 50 years time).
Give reasons for the ranking.

(2 marks)

[15 marks]
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EXAMINATION PAPER ATTACHMENTS

QUESTION 1 MATLA POWER STATION

Technical data for 6 x 600 MW Coal Fired Power Plant

Technical data

Generating capeo\ty 3600MW Qonerator

EmplrjyoR 1300 -Me"wfsctul'Elf A1s1l'lom(Francel

ClperaOllg 3 atlifts 0190 In 24 hours Ratedcapao::lty 65TMVA

Fuel Terminal voltage 20 kV. 50 Hz

Mining oompMy Gnneral Mining and Pow9fl~ O.9I.osggIQg

Flnlll1C9~. (SA.) ·cOonllJ m9dlum hydlOgiln at 500 kP!!

CaIotllie valuo bGtwaen 15,8and 20,6 MJ/lqj Gonerator-trllnmnnQl'
Ash conIOl'lI ootwoon 17,5% and33% set. 1 and 2
Tom! 8IIIIU!II ;.llDdllClion 9,Sml!nontons Manulac:turer TOfhIba Mibui (Japan)
CCIaIII8Itho capacity Ralad GBpoolly 700MVA
'no. 1 110000 tons Terminal 'IIOI1agG:prllTl8l)' 20kV
no. 2 55 0Cx:ltons socond!!ry 420kV

BoiIof Ilunklir GllPIlei!l 2a800tona $e1s3-6
.COal OOO!IJmed !!tluU load 1 500 tons par hour Manufacturer ASEA(SA.)

MIllIng plant RakK:I caPl!IClIy 700MVA
MMirfacturer eac. Tetminal vo~:prirnary 201(V
Type 'I~.OE 'AIftk;aI ~iKie baUmllls sacondal}' 300kV

wllh 11 It970 mm b!!IIs Cooling tow&rI
Numbet 6jlOf boiler (36) NumbGr 6
•SpeacI 2Sr.p.m . Twa ~n_alllral(fitd1t
~output 2O,gkg18 OVemfl dimensions:

BoIIeB Sets 1-3
Manullleturer B.Ii.c. l,e9'II 149m
Number 6" ptlnd dlamutor 102m
M!lldrnum oonUnuous ratlng 4S3,41<;glsee. throat 54,Gm

Anal stearn prS$$UHI le,97MPa~ Sets 4-6
FImI.leamt~ro 54O"C tleiQht 128m
No.ofbumors 48 pond dII!meter 94,Sm
He!!ihl 65m throat 48,8m
Width 24m EV!!POI'1IIIorT!!1600 MW 1250m"m
Depth 13,7m Clreulottng -filet' pumps
Fu~f\amillr;mpera11lre approxlmatoly I 5OO'C ManulaellJrer 8alW&!r

$i;iiiiidrunl -NUiTiber 12
M8nu1llC1urer C.:ljJ1!C11y 6,46 m"/1JOC,. each
Sets 1-3 VQOOI' C"lmney.
S9tJ4-5 Baboock & Wlk»X NumbGr 2

Aanlraw (U.K.) No. 1 (shgfe.flue)
Langth 25,9m h9lghl 213m
IntemaI~'er 2,21m IOpdlamo!ll9r i4'iii

Turbtn.. b4s8 di8rn(lj(1( 25m
MBnuiaetul'9r MAN·iGorm8ny) No.2 (mUiii..fiilo)
Type 4 cylindllr tand9m lmpulW height 276m
Rating eooMW top diameter 18,!fiii

-Speed 3000 r,p.m. base dlarneler 22m
Hool eoreoumpUon (MeR) 83S0,6 kJMY.h
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EXAMINATION PAPER ATTACHMENTS

NAME .

QUESTION 1 COOLING TOWER EVAPORATION LOSS

30

HUMIOrrv
)00%

,/0.350
00/0
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~m
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w
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~
~

30 35

EVAPORATIVE LOSS IN ml/GJ REJECTED

FIG. 7.138 Evaporative loss from natural draught
cooling towers

The chart is used to estimate the evaporative loss in
m3/GJ of heat rejected.
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NAME .07-MEC-83

QUESTION 2 COMBINED CYCLE PLANT

SYSTEM DIAGRAM

G M

1 1

SYSTEM PARAMETERS 9 7 6

Point Pressure Temperature Enthalpy
(MPa) (OC) (kJ/kg)

1 0.1 30
2S 1.2 -344
2 1.2 422
3 1.2 1000
48 0.1 353
4 0.1 418
5 0.1 159
6 0.005 33 136
7 0.4 33 136
8 0.4 144 605
9 5.0 144 610
10 5.0 400 3196
115 0.4 144 2634
11 0.4 144 2719
1258 0.005 33
125 0.005 33 2025
12 0.005 33 2201

Note thats represents isentropic conditions,
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NOMENCLATURE FOR REFERENCE EQUATIONS (SI UNITS)

A Flow area, Surface area m2

cp Specific heat at constant pressure J/kgOC

Cv Specific heat at constant volume J/kgOC
D Diameter m
E Energy J
g Gravita tio nal acee Ieratio n m/s2
h Specific enthalpy J/kg
k Ratio of specific heats
L Length m
rn Fractional mass flow rate
M Mass flow rate kg/s
p Pressure Pa(N/m2)
q Heat transferred J/kg
Q Heat J
R Specific gas constant J/kg K
s Entropy J/kg K
T Temperature K
u Specific internal energy J/kg
v Specific volume m3lkg
V Velocity mls
w Specific work J/kg
W Work J
x Length m
z Elevation m
'1 Efficiency
e Nozzle angle
~ Dynamic viscosity Ns/m2

v Kinematic viscosity m2/s
p Density kg/m3

T Thrust N
n Heat transfer rate J/s
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GENERAL CONSTANTS
Accele ration due to gravity: 9 :: 9.81 m/s2 Specific heat of air: cp :: 1.005 kJ/kg" C

Atmospheric pressure: Palm:: 100 kPa Specific heat of air: c,= 0.718 kJ/kgOC

Density of water: Pwater:: 1000 kg/m3 Specific heat of helium: cs= 5.193 kJ/kgOC

Specific heat of wate r: cp :: 4.190 kJ/kgOC Specific heat of heIium: c, :: 3.117 kJ/kg°C

THERMODYNAMICS REFERENCE EQUATIONS

Basic Thermodynamics

First Law:

Enthalpy:

Continuity:

Flow Work:

Energy Equation:

Entropy:

Ideal Gas Relationships

Gas Law:

Specific Heat at Constant Pressure:

Specific Heat at Constant Volume:

Gas Constant:

Specific Heat Ratio:

Isentropic Relations:

dE:: 00 - oW

h = u + pv

pVA :: constant

w :: Li(pv)

zg + V2/2 + u + pv + lJ.w+ Liq :: constant

Lis = LOq IT (reversibe conditions)

pv= RT

Cp = 6h 16T

c, = lJ.uI LiT

R=ep-Cv

k=Cp/cv

P1 I P2 = (V2 I V1)k = (T 1 I T2)kI(k.1)
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FLUID MECHANICS REFERENCE EQUATIONS

Fluid Mechanics

Continuity Equation:

Bernoulli's Equation:

Momentum Equation:

Steam Turbines

Nozzle Equation:

Work:

Gas Turbines

State Equation:

Isentropic Equation:

Enthalpy Change:

Nozzle Equation:

Jet Propulsion

Thrust:

Thrust Power:

Jet Power:

Propulsion Efficiency:

Wind Turbine

Maximum Ideal Power:

P1V1A1:;;:P2V2A2:;;:M

P1/pg + Z1 + V12/2g ;; P2/pg + Z2 + Vl/2g

F ;; P1A1- P2A2 - PVA(V2 - V1) (one dimensional)

h1 - h2;; (Vl- V12) 12

vs= [(V12absolute- Vlabsolute) + (Vlrelative - V12relatlve)]/2

pv = RT

(T2fTl) ;; (P2/P1) (k-1)lk

h1 - h2 ;; Cp(T1- T2) (ideal gas)

h1 - h2 = (Vl- V12) 1 2

T ;; M (Vjel - Vaircraft)

TVaircraft:;;:M(Vjel - Vaircraft)Vaircraft

P ;; M(Vje12- Vaircraft2)/2

'lp ;; 2V alrcraft/(Vjet + Vaircraft)

Pmax;; 8 P AV1
3 / 27
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NUCLEAR REFERENCE EQUATIONS

Number of nuclei per gram of material

Number of fissile nuclei per crrr' of material

Heat release rate in nuclear fuel

Nomenclatu re

N = number of nuclei (number/g)
NA = Avogadro's Number
M = molecular weight
y = fuel enrichment
p :;; density (g/cm3)

q* :;; heat release rate (J/cm3)

~ :;; neutron flux (neutrons/crnis)
Nf :;; number of fissile nuclei (number/em')
Of :;; cross section (barn) (1 barn = 10-24cm2)

Ef = energy release per fission of one atom

Avogadro's Number

NA ::::0.602 x 1024 atoms/mole
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