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Candidates are required to give their answers in their own words as far as practicable.
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The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

[ a)
b)

a) .

b)
2)

b)

b)

Part A (Electrical Part) b ’
What do you mean by water hammer in context of hydro power plant? How it can be
m_inimizcd?
For hydro dominated integrated system like Nepal, is pump storage hydro power plant
economical? Justify your answer with its operation. ,

Explain the importance of speed droop in sharing common load by two alternator
operating in paraliel with suitable block diagram and derivation.

What are the special characteristics of hydraulic turbine? Explain in brief.

Explain the dynamic response of excitation system with stabilizing transformer with
suitable mathematical deduction. '
What is main function of reactor in power system network?
Two generating units has following rating and droop characteristics

Unit-1 600MVA R=4%

Unit-2 . 500MVA Ro=6%
These two units are operating in parallel and sharing a total load of 900MW at
nominal frequency of 60Hz. Unit-1 supplies S00MW and unit-2 supplies 400MW. If
the load increases by 90MW, calculate the new frequency and new generation of each
generator. ¢ :

A small generating station has two alternators of 2500KVA and 500KVA with
percentage reactance of 8 & 6 percentage respectively. The circuit breakers are rated
at 150,000kVA. Due to increase in system load it is intended to add a third generator
of 10,000kV A rating and 7.5% reactance. If the system voltage is 3300volts, find the
reactance X necessary to protect the C.B. .

L 3
o & g0,000xvA
o 7.5%

CB ) 150,000xVA

P’

(5

[5]



P@rffB (Mechanical Part)

. Explain tha closed cooling system with its advantages and disadvantages. ;
6. A diesel engine power plant operated by a two stroke desel engine was motored when the

meter reading was 4.5 KW. Then the test on the engine was carried out for one hour run
and the following observations were recorded: (i) Brake torque = 250Nm; (D
Speed=1500rpm; (iii) Fuel consumed = 5 kg and (iv) Calorific value of fuel = 40MJ/kg.
Determine: AR v

a) Mechanical efficiency

b) Indicated thermal efficiency

c) Brake thermal efficiency

. Explain how regeneration increases the output of the stream turbine power plant along

with the neat sketch and show the cyele in P-V and T-S diagram.

. Alr enfers the compressor of an ideal gas turbine power plant at 100kPa, 300K, The
 pressure ratio is 10. The turbine inlet temperature is 1400K. Determine the efficiency of

the plant. Also determine the increment in efficiency if a regenerator with effectiveness
8076 is used in the plant. [Take Cy=1.005 k}/kgK and y=1.4] ’

process on T-S diagram.

LB S

basic components of a combine power plant. Also sketch the corresponding

(8}

(8]

[6+2}

[12]
(41
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Electrical Paxt
1. Explain the use of Fransis turbine in pumped storage plant, Is this type of power plant
feasible to install in Nepal’s power system? Give reasons. [8]
2. a) Explain the speed response of turbine generator coupled system with change in load
as determined by inertia and damping constant. [el
b) Two generators of 600MW, 2% and 300 MW, 4% are supplying to a common load.
When each generator is fully loaded, they operate at common frequency of 49 Hz.
Calculate the system load shared by each unit when frequency increased to 50Hz. {8}
3 Obtain the transfer function of excitation system with stabilizing transferred. (8]
4. Two generators each of capacities 40Mva, 11kv having their sub transient reactance of
5% and 4% respectively operating in parallel and supplying to a common load by single
feeder of reactance 2 ohm. Calculate the fault level when there is 3-phase to ground fanlt
on the outgoing feeder. Also calculate the value of reactor to be connected in series with
2 ohm reactor to reduce the fault level by 40%. [5+5]
Mechanical Part
5. Make a layout of a diesel power plant showing the following systems and briefly discuss
about them:
(i) Airintake system
(i1) Cooling system
(iii)Fuel supply system
(iv)Lubrication system
~ (v) Exhaust system [10]
6. A gas turbine unit has a pressure ratio of 6:1 and maximum cycle temperature of 610°C.
The isentropic efficiencies of the compressor and turbine are 0.80 and 0.82 respectively.
Calculate the power output in kilowatts of an electric generator geared to the turbine
when the air enters the compressor at 15°C at the rate of-16 kg/s.
Take ¢, = 1.005k1/kgK and y = 1.4 for the compression process, and take cp=1.11kJ/kg K
and y = 1.333 for the expansion process. [10]
7. a) Differentiate between the operation of impulse and reaction turbines? [5]
b) What are the essential requirements of steam power station design? [5]
8. What are the advantages and disadvantages of gas and steam combined cycle? Briefly

discuss the popular designs of the combination cycles. [10]

LR
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Group A
(Electrical Part)

. Explain with example how pump storage hydropower plant can be installed together with

base load plant for efficient operation and to reduce peak generation loss.

a) What do you mean by Isochroanous generator? Describe its transient response for a
step increase in load.

b) A power system consist of two generators operating in parallel and supplying a load
of 1200 MW. Generator Gy is rated as 900 MW with 2% drop regulation and
.generator: G2-is related as 450MW with 3% drop regulation. G1 supplied 750 MW
~and G2 supplies 450 MW and frequency is 60 Hz. When the load is increased by 150
MW, Calculate the new opemtmg frequency and additional power generated by each
~generator.

Explaln the dynamic response of excitation system with suitable mathematical deduction.

a) Two generators of capacities 40Mva, 11kv and 30 Mva, 11kv having their sub
“transient reactance of 5% and 4% respectively operating in parallel and supplying to a
common load by single feeder of reactance 2 ohm. Calculate the value of reactor to be
connected in series with feeder so as to reduce the fault label at the end of the feeder

by 40%.

b) Describe how a SCADA can be implemented in a power system.

Group B
(Mechanical Part)

a) Briefly illustrate the main components of a diesel powér plant.

b) A single cylinder engine running at 1800 rpm develops a torque” of 8§ Nm. The

indicated power of the engine 1.8 kW. Find the loss due to friction power as the
percentage of indicated power.

6. Discuss the methods to improve thermal efficiency of Gas Turbine Plant.

7. a) What is the fundamental difference between the operation. of impluse and reaction

turbines?

b) What are the advantages and d1sadva11tages of steam power plant?

What are the advantgaes of gas and stream combined cycle? Briefly explain the three -

popular designs of the combination cycles.

[10]

[4]

8]
18]

[6]
(4]



'I‘RIBHUVAN IMVERSITY X A ;'\-.:.;.,:;'? B "."'.: .
INSTITUTE OF ENGINEERING Level BE Full Marks | 80
Examination Control Division | Programme BEL " | Pass Marks | 32
2076 Ashwin Year/Part [ IV/I] Time 3 hrs.

Subject: - Power Plant Equipment (EE 703)

AN N N

Dewd
-

- Calculate:

Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.
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Electrical Part
Explain the operation of pump storage type hydro power plant with neat diagram.
Below figure shows the block diagram of water turbine driving an electric generator
without speed govemor. Explain how the inertia and load damping constant can control

the speed of the system against small change in load. Derive the transfer function
showing the effect of inertia and load damping constant. '

Two g"éifieraling units of S00MW and 250MW capacities respectively are operating in
parallel’and supplying power to a common load. When each generator is half loaded, they
operate” at a common frequency of 50Hz. The droop regulations are 5% and 6%
respectively based on their respective ratings. If the load is increased by 100 MW,
a) New frequency at which they operates -

b). Power supplied by each gencrator ) ‘

Describe the excitation system of a synchronous generator with stabilizing transformer.
Derive mathematical model of the system in term of transfer function of each component
of the system. - ,

Below figure show the single line diagram of parallel operated generators. Their ratings
are: L ,

Gy capacity = 50 MW, 11kV, X; = 0.16 pu based on its rating

Gy: capacity =40 MW, 11kV, X5 = 0.12 pu based on its rating

XL =2 ohms
X
, @___ﬁn
! Ay
= ¢ ¢ oY A Fee_der

Y

[—\r O‘JZ L

a) If a three-phase to ground fault oceurs at outgoing feeder, calculate the fault current
and fault power at the outgoing feeder and fault current supplied by each generator.

b) Calculate the value of inductor (in mH) of the reactor to be connected in series with
X, so that both generators delivers equal amp of fault current during 3 phase to
ground fault on the feeder. '

(8]

(&

(8]

(8]

(8]
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6. Explain the working of combined gas-steam power plant with neat figure and also show

Meéhanical Part

i : 10
the process on T-S diagram. ‘ [10]
7. Explain the different types of water cooling system with their advantages and 1
disadvantages.
' i Brayton cycle 6}
8. Explain the closed and open Brayton cycie. -
i i i r 450°C. For the purpose of governing,
9. Steam is generated in a boiler at SOnba. and - ;
steam is throttle to 30 bar before it enters the high pressure st:‘tg ::1 :;:rbmc. aﬁ
expansion in high pressure stage, the stcam emerges just dry saturat tcn rehea
at the same pressure to 300°C before it expanded in the low pressure stage to a pressure
i in just dry and saturated. If the intermediate pressure 1S
of 0.06 bar, when it emerges again Ji ollate el
3 bar, what are the states efficiencies? Also calculate the overall cycle efficiency 110}
workraﬁosharedbyﬁ?stagemﬂxatofwrksharedbyLPstage. .
10. A 4-stroke diesel engine develops 5 kW at 2900 RP\A when its mean effective pressure 1S -
%7.5 bar. If for engine, L = 1.25 D, find their dimensions.
' (11
Superheated steam table
P T v » h Y . r T v - . .
kP2 °C m'ke kifkg kikg  kikgK kPa o« mYkg Kikg Kihg KikgK
300 (133.56) (0.6059) (25435) . (7253) (69921) 5000  (263.98) (0.03944) (2596.5) (2153.7) (5.9725)
©UI50 006339 25707 27609 70719 a0 000 20970 WS 62067
200 07163 26502 28651  7.3108 : 350 005193 28080 30677  6.4482
250 0763 27282 29611 75157 400 005781 3065 31955 66456

300 08753 28063 30689 77015 450  0.06330 29998 33163 68187

% oy vy T8 k] 5 4 AR SRR ud P SEEINT D
600 13414 33011 37035 85895 . 750 ©.09334 35510 40177 7.6300
650 14186  3389.1 38147 87134 » 800 009815 36463 41370 7.7438
700 .1.4958 34789 39277 8.8325 850 0.1029 37429 42575 78536

U950 15729 35705 40423 89475

-

Table A2.1: Propertfes of SATURATED WATER — Pressure Table

P T Yoo Ve Ve W Uy ug bk by by 8 % 8,
kPa o m/kg m/kg mi/kg Kike Rlig ‘ Kidkg | RIke  kI/kg  klkg | &g K RAeX kIkeK

6.0 36.167 | 0.001006 23.737 23.738 15046 22725 24240} 15147 24150 25665 ] 05208  7.8075 83283

300 133.56 | 0.001073  0.6048 0.6059 56129 19822 25435 § 56161 21637 27253 | 16721 53200 69921
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Group A
(Electrical Part)
Figure below shows the block diagram of water turbine controlled by an isochronous

governor. Derive the expression for closed loop transfer function the system considering
the inertia of the rotating system and the composite load.

Gate | . R gnemoz
thrbi.ne';: L '

o

f & R, 4

Isochronous Governor
Fig.d

Two generators of 250MW and S500MW capacities respectively are operating in parallel
and connected to a common bus. When each generator is half loaded, they operates at a
common frequency of 50 Hz. Their droops characteristics are 4% and 2% respectively
based on their respective capacities. When the system load is increased, the frequency
decreases to 49.5 Hz. calculate the increases in system load and load shared by each

generator.
Describe the operation of brushless excitation system of a synchronous generator with a
neat diagram.

Explain the fire fighting system for a power station with fixed piping system of CO2
integrated with smoke detectors.

[8]

(8]
[&]

8]



5. Figure below shows a bus-bar reactor scheme. If a 3 phase to ground fault occurs on the
outgoing feeder, calculate the fault current (in kA) supplied by each generator and fault
MVA required for the circuit breaker (CB) on the feeder, Ratings of generators are given
as follows: :

G1: 30MVA, 11kV, Xg"=0.1 pu
G2: SOMVA, 11kV, Xg," =0.1 pu

| (-mh' j e
Reactor ( X}
0.2 oty

[

4 Fig.5 Bus-bar rmumf
v Feeder :

{ Group B
; . {Mechanical Part)

v Attempt Al questions.
¥’ The figures in the margin mdzcate Full Marks.

1. What are the advantages and disadvantages of diesel power plants? List the essential
components of a diesel power plant and explain them briefly.

2. Give the description of a simple gas turbine plant. What are the major applications of Gas
Turbine Plants?

3. a) Sketch a stream power plant with essential components and discuss briefly the
functions of the major components.

b) What is the fundamental difference between the operation of impulse and reaction
turbines?

4. What are the benefits and demerits of gas and stream combined power plant? Explain any
one of the popular designs of the combination cycles.

Aok

(8]

(10]
(10]
(51
[5]

[10]
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. a)

b)
2)

b

.. a)

b)

Group A
(Electrical Part)

Describe the steady state and transient behavior of a turbine generator coupled system
with governor. ‘

Draw and explain the P-F and Q-V control loop of a hydrogenating system.

Two generators are supplying power to a system. Their rating are 250 MW and 500
MW respectively. Each generator is half loaded and operating at a frequency of 60

Hz. If the system load is increased by 100 MW, the frequency drops to 59.5 Hz. What

must be the individual droop of these generators so that they share the load according

to their capacity?

What do you mean by isochronous governor? Write down its disadvantages when

operated in parallel to supply a common load. ' :

Derive the transfer function of an excitation system with stabilizing transformer.

The figure below shows four identical generators, each rated 11 kV, 25 MVA and
each having sub-transient reactance of 16% on its own rating. Find 3-¢ fault level at
one of the outgoing feeder. Also calculate the value of reactance to be connected in

the bus bar between "B* and "C" so that fault level reduces by 40%.

3-¢ fault

Tlf 1T

4. a) Why is rector used in power system? Explain different types of reactor.

b)

Describe the fire fighting system used in power station with necessary diagran.

[6]
(4]

(3]
[7]

i

]
(5]
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Group B
{Mechanical Part)

Explain fuel storage and supply system of a diesel power plant with a neat sketch. Also
write down application of diesel power plants. '

The following observations were recorded during a trial of a four stroke engine with rope
dynamometer. Engine speed = 650 rpm, Dia. of brake drum = 600 mm, Dia. of rope = 50
mm, Dead load on the brake drum = 32 kg, spring balance reading = 4.75 kg, Mechanical
efficiency = 80%. Calculate the brake power and indicated power.

An open cycle gas turbine plant uses heavy oil as fuel. The maximum pressure and
temperature in the cycle are 500kPa and 650°C. The pressure and temperature of air
entering into the compressor are 10°Pa and 27°C. The exit pressure of the turbine is also
10°Pa. Assuming isentropic efficiencies of compressor and turbine to be 80% and 85%
respectively, find the thermal efficiency of the cycle. Take C, (for air and gas) = 1kJ/kg°C

- and y (for air and gases) = 1.4. If the plant consumes 5 kg of fuel per sec, find the power

generating capacity of the plant.

Explain how reheater increases the output of the stream turbine powef plant along with
neat sketch. Draw the layout and show the cycle in T-S diagram.

Enumerate the advantages of a combined cycle plant. With the help of a neat diagram,

- ~explain the principle of working of a:combined cycle plant to enhance the efficiency of

~electricity generation.

ko

8]

8

[10]

[8]

6]
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Group A Ny N
(Electrical Part) -
. a) What is water hammer effect and surge tank? " B ' 4]

'b) Explain the basic principle of pump storage hydro peii/er with a suitable example. 4]

a) Derive transfer function for speed response for load change in turbine generator set n -
the absence of governor. Also explain how isochronéus governor can be incorporated
together with turbine and generator with block diagram. . - [6]

.. b) Derive the transfer function of a water turbine and explam the response against umt

stop change in gate opening. o [6]

What is the role of excitation system? Derive transfer 'function of an excitation system
with stabilizing transformer. : - 16}

a) Two generating units each rated as 250 MW and 506 MW have speed drop regulanon
“of 20% and 10% respectively based on their rating. They are operated in parallel and
each is half loaded at a common frequency of 50 HZ. If the load is increased by 60
MW, Calculate the new frequency at which operates all load shared by each

generator. : . RO
b) Explain the function of various parts of a power transformer thh aneat sketch. [6] -
\: \';" s J/ ) / , j rs /
. ‘ ¢ . / ) . - ) . N o
- Group B ST~ - / -
(Mechanical Payr t) : , S

"1. Whydo we need’ coohng system in diesel power plant*? Expiam dlfferem types of cooling

system used in diesel power plant. ‘ ‘ [8]

In a test for four cylinders, four stroke diesel engine has a diameter of 120 mm,
stroke = 140 mm, speed of engine = 2000 rpm, fuel consumption rate 15 kg/hour,
calorific ‘value of fuel = 42 MY/kg. Difference in tension on either side of brake
pulley = 40 kgf, brake cucumference = 3.0m. If the mechanical efficiency is 80% then ,
determine: . v N ]

i) Indicated horse power

ii) Brake thermal efficiency

iii) Indicated mean effective pressure
iv) Brake specification fuel consumption



3. In an open cycle regenerative gas turbine plant, the air enters the compressor at 1 bar and
leaves at 6.9 bar. The temperature at the end of combustion chamber is 816°C. The
isentropic efficiencies of compressor and turbine are 0.84 and 0.85 respectively. The
regenerator effectiveness is 60%, determine (a) Thermal efficiency (b) Air rate {c) Work -
ratio [Take Cp = 1005 J/kg.K and y = 1.4] o {10]

4. List the common methods used for performance of a steam turbine power plant. Sketch
layout for a regenerative scheme with an open feed water heater. Explain its working with

corresponding processes on T-S diagram. : [8]
5. Sketch the layo.g_t for a combined power plant in which waste heat of gas turbine outlet is-
used to heat feed water. Explain its working with processes on T-S diagram. f6]
_ ;2

o | G % ' 8 W*»?
:% Mﬂ»z& ‘é%j %?

&"“%
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. a)_

b)

b)

Group A
{Electrical Part)

Describe the operatioﬁ of pump storage hydro power plant. Is this type of plant
suitable for Nepal Power system? Justify by your answer.

Describe how communication between two electric sub-stations can be made with
Power Line Carrier Communication system.

What do you mean by water hammer in context of hydro power plant?

In figure below shown a turbine-generator coupled system with speed governor.

 Excluding the action of governor, derive the transfer function relating the speed
deviation (Aw) as the function of change in load, considering only inertia and load

damping.

Governod

Valve

Genergtor

Load

What do you mean by Isochronous Governor? What will be problem if two
hydropower plants with isochronous governor are operated in parallel in to supply a
cornmon load? '

Two generators of 250 MW and 500 MW capacities respectively are operating in
paraliel and connected to a comumion bus. When each generator is half loaded, they
operate at a common frequency of 50 Hz. Their droops characteristics are 4% and 2%
respectively based on their respective capacities. When the system load is increased,
the frequency decreases to 49.5 Hz. Calculate the increase in system load and load
shared by each generator. '

(4]

Bl

B3]

[6]



b) In figure below a bus-bar reactor scheme with four generators. If a 3 phase to ground
fault occurs on the outgoing feeder, calculate the fault current (in kA) supplied by
each generator and fault MVA required for the circuit breaker (CB) on the feeder.
Rating of generators are given as follow: 51

G1/G2 . SOMVA, 11kV, Xg” = 0.2 pu
G3/G4: L0OMVA, T1kV, Xg," = 0.1 pu

J@ ISR
CB Reactm { X )
= 0.2 chms

¥ Feeders

- . Bus-bar reactor

4. a) Describe static excitation system with necessary diagrams. . . [5]

b) Derivethe transfer function of excitation system with stabilizing transformer. - 151

- Group B
. ' (Mechanical Part)

1. Sketch the layout diagram of diesel power plant. Explain it in brief. _ - [4+4]

. A 4-cylinder, 4-stroke cycle engine having cylinder diameter 100 mm and stroke 120 mm

was tested at 1600 rpm and the following readings were obtained. Fuel consumption =

0.27 liter/minute, Specific gravity of fuel = 0.74, B.P = 31 4 kW, Mechanical cfﬁmency =
80%, Calorific value of fue] = 44000 kJ/kg. Determine: 18]
i) bsfe ‘

ii) imep. and C

iii) Brake thermal efficiency

. List the common methods used for the performance improvement of the gas turbine

power plants. Explain how re-heater increases network output of the plant. (8]

A gas turbine plant of 800 KW capacity takes the air at 100 KPa and 288 K with a mass
flow rate of 6 kg/s. The pressure ratio of the cycle is 6 and the maximum temperature is

. limited to 900 K. A regenerator of 80% effectiveness is added in the plant to increase the

overall efficiency.” Assuming the isentropic efficiency of the compressor and turbine as
85%, determine the plant thermal efficiency and the net power developed. Take
C,=1.005 kJ/KgI\ andy=14. : : [10}

. Draw the basic component of a gas and steam turbine combined cycle. Explain how the

waste heat is utilized in this cycle. ‘ o A [6]

kR
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Groa{p A
(Electrical ?art}

" Explain the operation of pump storage plant with neat diagram. For hydro dominated

integrated system like Nepal is it economical? Justify your answer.

P, I-T
a) Derive the Transfer Functlon of a hydraulic turbine given by Mi_ = wS ; where
AG 1+0.5Tys

the given symbol has usual meaning, Also state its special characteristics.

" ") Two generating units have following ratings and dicop

Umt; 600MVA R;=6%
"v‘,';jUnitz 500MVA R;=4%
““The units are operating in parallel sharing a load of 900 MW at the normal frequency

" of 60Hz. Unit 1 supplies 500 MW and unit 2 supplies 400MW. If the load is increased
by 9OMW calculate the steady state frequency deviation and new generation on each

. unit,

Draw schematic diagram of excitation system also inclede stabilizing transformer for
improving dynamic response and determine block diagram of the excztatxon system by
moodeling each components. -

Explain reactors used in generating stations and substations with diagram. Also d1 SCUSS
their merits and demerits along wﬁ;h, field of application.
Group B
(Mechanical part)

What are the different methods used for cooling diesel enbmes‘7 Explam the function of
cooling tower.

A diesel engine power plant operated by a two stroke diesel engine was motored when

the meter reading was 4.5kW. Then the test on the engine was carried out for one hour -

run and the following observations were recorded: (i) Brake torque = 2350 Nm;
(i) Speed = 1500rpm; (iii) Fuel consumed = Skg/hr and (iv) Calonfic value of
fuel = 40MJ/kg. Determine: o
i) Mechanical efficiency

n} -Indicated thermal efficiency

iii) Brake thermal efficiency :

iv) Indicated specific fuel consumption and

v) Brake specific fiel consumption

8}

[8]

3]

Nl

prrem.y
-]

(6]
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" concept draw a complete circuit of a combined power plant showing "Heating feed

. List the common method used for the performance improvement of the steam turbine

power plant. Explain how reheating increases efficiency of the plant. ' (8]

On a reheat cycle, steam leaves the boiler and enters the turbine at 4 MPa, 400°C. After

expansion in the turbine to 400 kPa, the steam is reheated to 400°C and then expanded in

the low-pressure turbine to 10 kPa. Determine the cycle »fﬁmency [Refer the attached.

table for the propertlcs of steam]. _ T [10}

. In a combined gas and steam turbine power plant, exhaust gases of regenerative gas

turbine is used to heat feed water for the boiler of a steam power plant. According tgthi

with exhaust gases". What are the reasons that inspire you to construct a combined cyc
power plant? [6]
*hk
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v Candidates are required to give their answers in their own words as far as practicable.
v Assume suitable data if necessary. j
v Candidates use separate answer book for each group. -

R Group A

! , ‘ : (Electrical Part)

v Attempt All questions. ‘

v The figures in the margin indicate Full Marks.

1. Explain the water hammer effect in penstock pipe and advantages of surge tank of

| hydropower plant. - | - [8]
5 2. ~Exp1ain with neat diagram, the P-F loop and Q-V loop in hydro generating system; [8]

i -

i i3..“What do you mean by isochronous governer? Explain with schematic diagram. {81

! f 4, Whatzs excitation system? Expjain the brush excitation system with neat diagfam. . (8]
5.  Figure below shows a bus-bar reactor scheme. If a 3 phase to ground fault occurs on the

“outgoing feeder, caiculate the fault current (in kA) supplied by each generaior and fault
" MVA required for the circuit breaker (CB) on the feeder. Rating of generators are giver. .
! asfollow: , . | [8]
' G1:30MVA, 11kV,Xgl”=0.1pu ' K
G2: 50MVA, 11kV, Xg2” = 0.1 pu

| Fig4 Bus-bar reacter - .- -
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Group B
(Mechanical Part)

Attempt All questions.
The figures in the margin zndzcaz‘e Full M’ arks.
Necessary tables are attached herewi ‘m{

Explain the fuel supp!y svst&m of a dxeaesl power ‘j’.ﬂrxfs withas wa‘*i Lo : [6}

What methods are there fo reduce noise and vibrations of dwsei engine of diesel power plant'7

Describe the cooling system of diesel power plant. 2 : (10

List the common methods used for the performance improvement of the gas turbine power
plants. Explain how regeneration increases Pfﬁwt’:ﬁ\"'\f of the plant. {8

A steam power plant running on Ranking cycie haa steam mtcrmg HP turbine at 20 MPa, 500°C

~ and Teaving LP furbifie at 89.6 % dryniess. Tonsidering conderiser pressure of 0.005 WPa and~

reheating occurring upto the temperature of 500°C determine:
a) the pressure at which steam leaves HP turbine
b) the thermal efficiency. [Refér the atiached table for the properties of steam] [12]

"List the common methods employed to utilize waste heat in combined power plants, A {4] |

ekl
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Candidates are required to give their answers in their own words as far as practicable.
Assume suitable data if necessary.
Candzdazﬂ? use separate answer book for exch gmup

Group A
(Electriecal Part)

Attempt All questions.
The figures in the margin indicate Fuil Marks.

Explam with neat dlagram, how the delivery of the water to turbine is controlled in hydro
generating station. . - i8]

a) The figure below shows a turbine-generator coupled system with speed governor.

Explain the transient responses of electrical power output (Pe), mechanical power

input (Pr,) and speed due to sudden increase in electrical load by an amount of APy [10]
Valve-. Gwemwf -
 Generator
3 . _1! ’h"« : ,t”
s W \/ \J/) A
] By \‘”‘“" % Load

b) Describe the excitation system of a synchronous generator with stabilizing
transformer. ‘ ' [6]

Two generators of 250 MW and 500 MW capacities respectively are operating in parallel
and connected to a common bus. When Each generator is haif loaded, they operates at a
comumon frequency of 50 Hz. Their droops characteristics are 4% and 2% respectively
based on their respective capacities, When the system load is increased, the frequency
decreases to 49.5 Hz. Calculate the increase in system load and load shared by each
generator. [8]

Explain different reactor schemes used in generating station and substations. [8]



Group B
(Mechanieal Part)

v Attempt Al questions.
v The figures in the mm‘gm indicate Fuil Marks.

vt oo o TS

supply system.

A two stroke diesel engine was motored when thc meter reading was 1.5 kW. Then the test on
the engine was carried out for one hour and the following observations were recorded: Brake
torque =120 Nm; Speed 600.rpm; Fuel used = 2.3 kg; calorific value of fuel = 40. 3 Mlkg;
Determine:. .

(2) Brake power,

(b) Indicated power,

(¢) Mechanical efficiency and

(d) Indxcated thermal efﬁcmncy

Air enters the compressor. at. 100, kPa, 300 K.and.is compressed to. 1000 kPa. The wmpsrature at

the inlet to the first turbine stage is 1400 K. The expansion takes place isentropically. in two
: ith-reheat to 1400 K between the stages at-a-constant pressure of 300 kPa. A regenerator .

effectiveness of .90%: is also dncorporated in the cycle.. ‘Determine the -thermal
; ecpwlﬁﬁﬁkﬂkgKm}dy»M

List: the common methods used for the performance improvement of 1he. steam. turbm power

3 plants Explam how reheating increases efficiency of the plant.

Sketch the basic components'of acombine power plant. Also! bk@t(‘:h the cmrespondmg prouessas

on T-s daagram

B L

6

[i()] :

2]

4]
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Group A
(Electrical part)

1. Explain the operatmn of pump storage type hyaro power plant wu:h a neat dlagram Is this
type of power plant feasible to install in Nepal's power system in the current scenario?
Support your answer with appropriate reasons.

2. What do you mean by isochronous governor and explain its operatlon? Why 1t is not
 suitable for multiple number of generating units operating in parallel. Derive the
mathematmal model of governor with speed droop characteristics.

3. Two generators of 250 MW and 500 MW capacities respectively are operating in parallel

respectlvely based on their respective ratings. When the system load is decreased, the
- frequency increases to 50Hz. calculate the decrease in system load shared by each
generator

ook What is excitation system? Explain the various types of excitation system employed in
power plant on the basis of their performance with suitable connection diagram. )

5. Figure below shows the single line diagram of parallel operated generators. Their ratings
- arer : ‘ : )
Gy: capacity = 50 MW, 11kV, X, =0.16 pu based on its rating
Gy: capacity = S0MW, 11kV, X, = 0.16 pu based on its rating
X =2 ohms

v &

: X ]
+ e . Feeder

Calculate the fault current in the feeder during 3 phases to ground fault on the feeder.
Calculate the value of inductance (in mH) of the reactor to be connected in series with

X so that the fault current decreases by 40%.
. ok

_ ang: supplying power to a common load. When each generator is fully loaded, they
ate at a common frequency of 49 Hz. Their droop characteristics are 2% and 4% .

[8] |

(8]

(8]

18]

181
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Group B
{(Mechanical part)

Why coohng system is necessary in a diesel engine? Expiam different cooling system used in
diesel engine power plant with neat sketches.

In a test for four-cylmders four-stroke engine has a diameter of 120 mm, stroke = 150 mm,
speed of engine = 1800 rpm, fuel consumption of 0.25 kg/min, calorific value of fuel is 44000

i kJ/kg. Difference in tension on either side of brake pulley'= 40 kg, Brake clrcumference is 300

cm. If the mechanical eﬂ”lclency is 85 %. Determine
(a) Brake-thermal efficiency,
(b) Indicated thermal efficiency,

" (¢) Indicated mean effective pressure and

(d) Brake specific fuel consumption,

18]

_ BN
A regenérative gas turbine with interctmand and reheat opersies at steady a*ate Aireftersthe . -

~compressor at 100 kPa, 300 K with a mass ﬂow rate of 5,807 kg/s. The pressure ratio across the
two-stage compressor is 10. The pressure ratio across the two-stage turbine is also 10. The -

intercooler and reheater each operate at 300 kPa. At the inlets to the turbine stages, the -

- (b)- the back work ratio,

(c) thenet power developed in kW Take cp =1.005ki/kgK and y= 14,

List the common: methods used for the. perfarmance ‘improvement ‘of the steamturbine: power
-~ .. plants. Explain how regeneration increases efﬁmancy of the plant,
10. Sketch the basic components of a combine power plant Also sketoh the correspondmg prucesses

on T-s diagram.

Rk

- temperature is 1400 K. The temperature at the inlet to the.second compressor.stage is 300 K. The

- r,‘,;«.;»lsentmplc efficiency.of each: compressor and: turbme stage lis: 80% The: regenarator effectaveness ;
1i5:80%. Determine: ,

 (a) thethermal efficiency,

(12} |

- 18]

4]
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v’ Use separate answer books for each part.
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Group A
(Electrical Part)

1. What do you mean by steady state operation of turbine (with governor) - _ generator
_coupled system. Describe the transient response of such system ‘with sudden increase in
nerator load. : Cone T "

. S : [8]
-+ #) Fig.2 shows the block diagram of water turbine driving an electric generator without speed
.. governor. Explain how the inertia and load damping constant ¢an control the speed of the
. system against small change in load. Derive the transfer function showing the effect of
- Vinertia and load damping constant. ' B 8]

Turblne  Ganerator

Commposite Load

Fig.2

b) Two generating units of S00MW and 250 MW capacities respectively are operating in
parallel and supplying power to a common load. When each generator is half loaded, they
operate at a common frequency of 50 Hz. If the droop regulation of 500MW generating set
is 5% based on its rating, what must be the droop regulation of 250 MW generating unit
based on its own rating show that they share the change in load according to their
capatities. : xE . e (8]

3. Describe the excitation system of a synchronous generator with stabilizing transformer.

Derive mathematical model of the system in term of transfer function of each component

of the system. [8]

* 4. Describe how a SCADA system can be implemented in a power system. (8]

’ . _ dodesk



|
|

- (¢) Mechanical efficiency and

. List the common methods used for the ‘performance improvement of the gas turbine power ©

Group B
- (Mechanical part)

Write down the functions of lubricating oil in diesel engine. Sketch lubricating system of a
diese! power plant and explain its working. = : L (8]

A fwo stroke diesel engine was motored when the meter reading was 2 kW Then the test on the
engine was caried out for one hour and the following observations were recorded: Brake torque
= 150 Nm; Speed = 9&9 rpm; Fuel used =3 kg; calorific value of fuel = 40 MJ/kg; Determine:

.(a) Brake power, . %

(b) Indicated power, -

(d) Indicated thermal efficiency. -

Rk

“plan ;plgin'hOW-intErvcoo!ing increases efficiency of the plant. . Lo I8
On /geiﬁéi‘@ﬁivé C)}¢Ie, steam leaves the boiler and enters the turbine at 4 MPa, 400°C. After
-~ expansion to 400 kPa, some of the steam is extracted from the turbine to heat the feedwater in an
open feedwater heater. The pressure in the feedwater heater is 400 kPa, and the water leaving it
is saturated liquid at 400 kPa. The steam not extracted expands to 10 kPa. Determine the cycle
- Y. attached table for the properties of steam] - » S 1)
_.npf,!'oyed'vtosut:i‘lizcawas;te heatin-combined power plants, e [4] 3
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QN5 _ Explain the operation of a pump storage hydro power plant withfavnéat Eliagram.

QTRIBHUVANUNWERSITY - _Exam-._,'.q‘ I .,'.“.ﬂ...-Regvular /.Back T
. INSTITUTE OF ENGINEERING _ |Tevel . “|BE | Full Marks |50
Examination Control Division .| Programme BEL . | PassMarks |32
. 2068Baishakh ...  [Year/Part |IV/I Time 3 hrs,

- Subject. - Pover Plant Bquipments

v/ Candidates are requlredto ‘gi:v'e_”thei‘r énsﬁ?érs in their own words as far as practicable.
v Assume suitable data if necessary. S

. -j,Gr.cV)‘:’up.A S
R - «(Electrical Part)

v Attempt any Four questions. . -~ . . .. ’ i

v Al questions carry equal marks.

.

QNI Fig.1 shows the block diagram of water turbine driven generator and electric load without
governor, When there 1all change in electrical load, the inertia of rotating mass and
frequency se; iponent of load helps to stabilize the speed. Derive the expression
of transfer function relating the speed deviation (Aw,) with change in electrical load APe,
assuming ‘that ‘the change™in “electrical load has frequency independent as. well as

- dependent components, © - - - ' o - [10]

Tm, Aoy . Generator

Water Inlet

Turbihe Te¥FATe

. T . { P+APe .
Where, Tm = Mechanical torque input to generator .

Te = Counter electrical torque developed by generator . - Load
APe = Smnall change in lectrical load [ ‘

ATe = Corresponding small change in electrical torque

Fig.1

ON2 Describe the operation of excitation system with étabili—zing transformer with a neat circuit

diagram. Derive the transfer function block diagram of such excitation system. - [10]

"QN3', Two generators of 1000MW and 500 MW capacities are operating in parallél ’

and supplying power to a common load. When each generator is half loaded, they coperates
at a common frequency of 50 Hz. At no-load, they operate at common: frequency of 51 HZ.
- Calculate the-droop of each generator."When the load is increased from half load to a
certain load, the common frequency drops to 49.4 Hz. Calculate the additional power
output from each generator | K ‘ o [10]

ON{4  What do "you mean by Stcp Potential and Touch Pq‘tential refer to the grounding system of -
sub-station. A grounding mat of a substation has 4 nos of main conductors buried 1 m-
_ below the ground in parallel. The distance between each conductor is 0.5m, Calculate the

step potential due to a fault current of 10kA. Given that: soil resistivity = 2000 .ohm-m,
Irregularity factor = 0.5. : [10]

- Also explain briefly fire fighting systemusedsin.power house, L o o [6+4] L

.
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"Y' Assume suitable data i necessary. .. . .. S : - : L
v Az‘:ez7z+vz‘_czj7yfgﬂ_ggguesz‘z'p;z;? IR - o
v All questions carry egqual marks, - Ly - :
— ST o a5 ey f 5
1. Deééri‘befﬂig' '6(155’1"22_&011 of bmshless ,éx',{:‘ité’gibn system of a synchronous genérator with a ! 5
- ' neat diagram. -0 _ L . :
2. What do you inea11vb_y :Stepgo{c;ntiaﬂ_ and Touch Potential with reference to the grounding i B
 system' of sub-station? How the concepts ‘of these potential are used to design the ; o
- grounding mat of a sub-station? S : R Y .
-..3. . Two generators of 250MW and 500MW capacities respeétivély are operating in parallel ﬁ -
-~ and connected to ‘an infinite bus. Each generator is fully loaded and operating at 50Fz. |
.. .Their droops characteristics are 2% and 4% respectively. When the system load. is |
:..- decreased, the frequency increases to 50.5Hz.. Calculate the decrease in system load and ;' : ’
- load shared by each generator with this change in load. v o 5
4. For the system shown below, calculate the fault level in MVA at out going feeder for a |
~three phase to ground fault with zero fault impedance on this feeder. Calculate the value | . P
of series reactance to be connected in the outgoing feeder in order to reduce the fault level gl -
by 40%. . L e ' _ . o :
Gy=25 MVA, 11kV, 'gzigg'fl_‘%,o.mpu Gy=25 MVA, 11kV, Xgl=03pu . - -
B® ¢
- Qo o Sk
# Optgoing feé,dé;: | ‘ : . ’

5. Why (O, is preferable for extinguishing the fire in power-station? Explain the fire | N
fighting system for a power station with fixed piping system of CO, integrated with™ |- " I
smoke detectors, ‘ y L o

.’I ,i Lz
:
L S
- , 4‘
j ;
: b
i



7. . What. do you. under, tand by 11:?‘

L2, Brleﬂy dzscus= the differences amqng '?éltpz;, 'Fraéi_c’is andKaplan ‘ﬁuﬂ\v,i';l_es, and typesof

power plants they are smtable for.

In Whlf‘h pmlciple dlesel power plants woi

the various energy str eams ﬂowmg ina sunple
flow energy equations.’

~ reduce the 110155 polluﬁon

=I= ?I; *

ag -

4

: 'Llst out the main- components of steam turbines :

" and: suggest the num ber of tm me, umts"reqmred. . :j -

nd explam the-function'of each: "Show
sieam turbine system and derive steady

SR (U
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Atre 'pt anv Tour auﬂ’malzv ‘

A ]Z‘=>cr11 he epe a1.1n¢f pnnc

Describe the modelng of- e'g.,uatl__on system

Attempt Al All questions. _
In what principle hydropower plants work? Show the e orer outi:ut.veiriation inrespect to
" head and dischurge. . ‘

o Subject

i ‘.theu an
Ine figures in ihe ma Hhiz muzcazeF

15 n ﬂ}@;}jp;ﬁ'ﬂ ;4 ds as faz as pmctxr ML.

(E .ct: dcal Part) -

1"\16 c:f a"pumped sturarw h\ i ‘o POy mv pl:mt 1.

COHDIHICN :

ith . qtabl zing trancfomlez Dé}'i"e:the
1

¢ircumstances, suc awer plant WOllld‘béIllOl

transfer function of eacli‘component of the s ’stem aud wni down thc closcd lunp coniro
system with tran,sxer functions so derived. - - , ‘

Describe the operatmg principle of & cml pres 1 goven T w1th 11(:1’[ alaumm _Yand alsq
describe the transient behavior of crencrator turbme- govern..r system

Two generators of 250 MW and 500 MW capav ities respe uvely are opﬂratmc' in parallel
and connccted to an infinite bus, Each generator is half :vaded and operating at 50 Hz.

. Their droops characteristics are 2% and" 4% rFspeclwr 1y, When the system load is
. increased,ithe fracuency drops to 49 5 Hz Calculate Lns increase in system load and load

shared b}, cach oenPrator

_ What are. the various factors to be consldered for desiging a éarthing system of
substation }ard Write down ‘the basic steps for w*vvnmcr the earthing system of |

© subs Latlon vard,

Group B

5“' ' (MechamcaIP.Lrﬂ , , L :
- Coh ‘ - 140]

‘Discuss.on types of turbmes that are apphed inh ydroprr ..rplants,

A hydroelectric plan,".Ls supphed fom & reservoir of 6. )’m? cqpa?uty at a head of 75m.

Determine the number of electrical units produced (:*/h) -during the year if the load

‘factor is 0.6 and gver: ll' efncmncy of generation s 729

In which pr1n<;1ple d1esel power plants -work? Do » : think diesel p‘obwesv: plants are

envir on.mmtally friendly, if not gwen reasons? '
How a gas tubine power plant is operate-:ﬂ Explal- ¢ .with illustrating diagram, T-s
diagram and p-v diagram, ‘ .

Describe a° smam power plant by a Rankine Cycle. I ve expressionsifor work done by

stearn on blades of the turbine using Turbine Vapour Cy:le on T-h Diagram.
What do you understand by CO'C’EHEIEUOH in any pover plams’? What be nefit can-be
11: eved by appl; ymcr it? ' S, _

- L

{101,

[10]




N

. BnAﬂy .descnb. :
aspemally in terms of thc*r Op :

_}p'ower ant and hydro power plant
LlOu.E.l requlr ments o

Describe different typus of steam nozzles and their fimctions. Disctss fhe facto in '\a;hich
the exzt velocity of steam 1n a. ﬂteam no,_zle depe-lds on,: W1th the help of appropnate

b) Fue ihandhnt systsm L S
2) Describe how sound is quanﬁﬁed a.nd dlscuss the Ways cf m:mrmzmc nmsu ina work,

place ,

b) Dlscuss the effects of ncnue

. L
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Subjecz‘ Power Plant Equlpment

[/ Candldates are requred to give their answers in theu' own words as far as practlcable

[ Assume suitable data if necessary.

Grvoup"A - o o |
- (Electrical Part) = =~ .- L
B e T

/ Attempt any Four questzons
1 T/’ze figures in tho margm indicate F ull M’zzz‘ks

. -Automatic Generatlon ‘Control loop in an 1solated powez system has the follomg
equlvalent block diagram. ‘ . colr [10]

OIS P L 'Ame‘/i\' __1_|aw)
N 1+1,S 14148 | 2Hg+D|

1
R

Find the closed loop transfer functmn of above L.F.C. Ioop of the following values are

| given to parameters. Turbine 71 = 0.5, Governor 1, = 0.2. Inertia constant H = § sec,

Gov emor speed regulation = R p.u. Assume that Ioad varies by 0.8% for 1% change in . ..
frequency. Find the characteristic equation and determme the range of R for system

stability,

Draw the block diagram of a Voltave control loop with AVR, denvmcr the 'C"aElSIS“'

functions of components. What are the basic types of Excitation System used in power
: S o [10]

plant. o ) :
a) Draw the schematic diagram of a Brushless Excxtatlon System and 2 Statm Excitation

System.
b) What are the components in a modem synchronizing scheme ina pOWGT 1313-nt in
- automatic mode? What is meant by dead bus synchromza’aon" - . -

Describe the electrical and mvchamcal protections used. for a larve powef transformer
Connected to a gemerator. Mention IEEE code numbers for the relays. Explain the O]A

WOr‘cmcr pnncvple of Restricted Earth fault relaym&7 using a schematic diagram. |
a). What are the hardware used in a mcdem electro hydraunc govemor‘7 EXpImn the
o functlon of an oil accumulator with a n.trogen bladder. SRR : : B

1) Describe the different type< of five detectors used in a pOWCl' Pk’-l:lt E‘PIEID the: fore-‘ L
fi:,htmg system used for an 011-1mmersed transfoxmer T P
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'b) ' Discuss the effects of noise. . .

Croup B
- -M&Mﬁ - e
v - {401
Artempt AU guestions. '
All questions carty equal marlcs. -

Briefly describe the salient ‘features of steam power pla.nt a.ndﬂhf;d:o' power plant

: =soe~1a11y in terms of their operatxonal requirements.

Describe different types of steam nozzles and their functions. Discuss the factors in which

the exit veloc1ty of steam 111 a st=am nozzle dppends on, W1th the help of appropriate
equations. _ : ‘ : . ‘
Discuss the needs and the workmo of

a) Cooling systems for IC encmes

b) Fuel handling system

a) Describe how sound is qua.nt1ﬁed emd d1scuss the Ways of minimizing noise in a work
place. . o o . i

: 3***

y =

N

Lot




