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THE OPEN UNIVERSITY OF SRI L
'FACULTY OF ENGINEERING TECHN OL‘OG”Y
* BACHELOR OF TECHNOLOGY — LEVEL Bﬁ"‘
FINAL EXAMINATION -2010/2011 il
THERMAL POWER GENERATION — I\/IEX6335 3

DATE : 07" MARCH 2011
TIME : 1330 HRS— 1630 HRS
DURATION : THREE HOURS

ANSWER FIVE QU‘ESTIONS ONLY.  ALL QUESTIONS CARRY EQUAL MARKS.

_,(l) A gas turbme power plant of 12 MW capacuty workmg on closed cycle usmg air as
working medium is to be designed for maximum specific work output Find the cost -
of energy generated if the plant is running at des1gned capaclty Use the following

data
The temperature of air at inlet ' S 30 °C
The maximum temperature in the cycle - =700°C

' Isentropic efficiency of compressor -82%

Isentropic efficiency of turbine = - - -88%
' Mechanical efficiency : : L -94%
. Generation efficiency . : : - 94%

- Combustion efficiency - o : -95%
Effectiveness of regenerator ' o 0.7 -
Costof fuel - ' . - Rs 16000 per tonne.

. Calorific value of fuel used _ . - 41000 kl/kg. -
All other charges mcludmg profit per hour ~Rs 12500 per hour

Neglect heat and pressure losses in the system Take 'y = 1 4 and C = 1 005 kJ/kgK B
. for air. o
‘_ For Maxrmum speclﬁc output of the plant, the opt]mum pressure 1ratlo is glveu by
‘ Y
' _ Db _ [ " Tmax 2(7 1)

m ==
. P ; c T
41 Tmm

(20 Marks) '
(2 Ina cogeueratron plant, steam enters the h1gh pressure stage of a two stage turbme at
1 MPa, 200° C and leaves it at 0.3 MPa. At this point.some of the steam is bled off-
. and passed through a heat exchanger which it leaves as saturated liquid at 0.3 l\/ﬂ’a
The remaining steam expands in the intermediate pressure stage of the turbine to 40
- KPa. The turbine is required toproduce a total power of IMW and the heat exchanger-
. to provide a heatmg rate of 500 kW. Calculate the required mass flow rate of steam -
‘into the high pressure stage of the turbine. Take saturated hquld enthalpy at 40kPa
and 0.3MPa as 317 and 561 ki/kg respectwely :
Assume :
(@  Steady condmon throughout the pIant _
(b) The veloelty and gravity terms to be neghgrble . '
- (e) Both turbine stages are adiabatic with 1se11trop1c effic1encres of 0 8
(d)  Feed pump work is neghgrble ' ‘
o (4x5 Marks) :
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3 Briefly explain active and reactive power with relation to power factor? (hint:
Use power triangle for your explanation) =
(i)  Derive the maximum power transfer equation of a transmission line for the
system given below. Use phasor diagram and explain each vector.
. IX .- o
S | ,
-
7 V20 .
(iii) © What refers to as “Hunting” of an alternating current synchronous generator?
. Briefly explain how the “Damper” winding can be used to overcome this
problem, ‘ '
(iv)  A'block diagram of a typical excitation system is given below Identlfy the
: techmque a.nd bneﬂy explain the operation.
: J——qulnw shaft 1
Pilot Excilor - ' Sillcon bridge =
(Permanent magne[ Main Exciter — - reclifiers
type) an shait o — ‘
. _ Alternator field
. Solid shait " . Three phase power .
Three :
o Controlled DC to
e on
power (E,{:;::; . field on stator-
- bridge
S . |
“Alternator terminal -
Regulator - - 4
. (4x5 Marks)
@) i Descnbe the functlons of safety valves and steam traps used in bcnlers S
Lo (06 marks)
1i. Where do you usually use vertical tubular boilers? Explain. =
' : : : ' - B : (04 marks)
i, 'Explam the reasons for ﬁttmg blow down valves'at the lowest water level ‘
- ' (05 marks)
_iv  Compare and contrast the fire tube and water tube boilers. : o
ST ' ' (05 marks)
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Discuss the -problem of health hazards from nuclear radiation. Briefly
enumerate different units of measurement of radiation,

What is understood by the "redundancy" in a safe reactdr design?
' (04 marks)

Describe a nuclear power plant which employs a pressurised water reactor.
In which aspects does a boiling water reactor dlﬁ'er from a pressurised water
reactor? :

(10 marks)

What is the reason for using moderators in nuclear reactors?. Why isn't it
possible to use natural Uramum as a fuel in reactors moderated by light _

water')
(10 marks)

“Steam turbines are sometimes requued to operate at reduced power or at
~ power greater than the normal service power rating™ -
What are the mechanisms that can be adopted to. operate steam turbines at
_these levels‘? ’

(10 marks)-
Explain the difference ‘between the demgn safety factor and the operatmg-
: safety factor in a boiler using- a numerical example ‘

‘Dlscuss the various factors to be c0n31dered whﬂe selecting a site for nuclear,

power station.

~-List four maJ or pollutants due to thermal power plant operatlon What are the o
negatwe impacts of each of them to the ecosystem? List at least one remedial o
‘measure to overcoms the severity of each pollutant you mentioned above?

(10 marks)

ALL RIGHTS RESERVED
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(10 matks)
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