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Candidates are required to give their answers in their own words as far as practicable.
Attempnt All questions.

The figures in the margin indicate Full Marks

Necessary charis are attached herewith.

Assume suitable data if necessary.

a) What are conventional and non-conventional encrgy sources? Describe with suitable
sketches show electric power can be obtained from thermal power plant? [3+5]
b} Describe the process of power generation from tidal energy. List out the advaniages and
disadvantages of tidal energy. [543]
a) What do you mean by system security? How can the system be made secure? Explain
in brief the stages of system security. [8]
b) Explain importance of load forecasting in power system. List out major steps _
followed during the forecasting process. (8]
a) Starting from the hydrograph, could you link the effects of mean monthly flow while
selecting the hydro turbine? [8]
b) Define Short Circuit Ratio (SCR) of synchronous generator. Prove that SCR is
reciprocal of per unit value of synchronous reactance of generator. Explain
significance of SCR in  design of synchronous penerator. [1+443]
a) List out the major elements that limits the alternators capability curve. Draw a typical
capability curve of alternator and explain it. [2+6]
b) Explain any two types of generator-transformer scheme with their features. [444]
A typical hydro power plant has following details, [16]
Month Disaharge (m‘{:fs,} __ Flow duration !
January L 330 | Q(max) [ 110.00 m'fs
February 220 Qs | 1642m'fs
March 140 Qs |682m'fs |
Apl | 100 | Quy 37wl |
May s MY Qeswe 1 2.10m"s |
June 6.00 Qose | L1Tmls
July 1400 | Q(min) | 0.64 m%s
| August 3300 1
| September 24,00 = e
| October | 12.00 e =
November | 750 [ —
| December 5.00 | |




| Turbine type -I-Eﬁé}gngs__
Kaplan 2<H<40
Francis 10<H<350 |
Felion | 30<H<1300 |
| Gross Head e 180m
| Turbine efficiency 1 90%
Generator efficiency _197%
| Transformer efficiency 98%
_Head loss s 5%
Riparian release | 10%
Generator sub transient reactance | 21%
Transformer reactance 1%
Transmission line inductance 3 mH/km
Transmission line length 100 km
Transmission Voltage level | 132 kV
| Generation Voltage Imﬂ_ 11 kV
| Transmissioncircuit | Double cireuit |

Design a hydro power plant so as to obtain following parameters

a) Electrical power output taking design discharge as Qg

b) Select the numbers of unit and installed capacity.

¢} Select the type of turbine.

d) Select the type of bus bar to be used.

e} Draw a single line diagram showing number of units, generator, power transformer,
station transformer and diesel generator for black start.

f} Calculate the rating of generator circuit breaker in your design.
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Candidates are reguired to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a)
b)

c)

a)
b)

c)

.oa)

b}

b)

What is wgen'eration'? Where would such plant seem appropriate?
Describe principally the power estimation formula from a wind power plant.

Compare the electric power from hydropower with solar photovoltaic based power
generation on the basis of reliability, grid-conneetion, efficiency, operating range and
maintainability. Also consider the scenario in Nepalese context during comparison.

#

Discuss a suitable method for a short-term load forecasting.

Discuss transmission expansion planning considering suitable inputs to it and its
outcome focusing on deregulated electricity market of a nation.

List down the various components of a medium head relatively higher discharge
hydropower plant and mention their functions.

Discuss major factors to be considered during selection of a suitable generator in a
hydropower project.

Compare brushless excitation system with static excitation system for a synchronous
generator on the basis of schematic diagram, operating range, accessories required,
cost and so on.

How would you determine suitable rating of 2 neutral grounding transformer during
grounding of generator neutral?

What sort of generator circuit breaker would you recommend in a power plant and
why?

List out the necessary protection schemes to be employed for a medium size generator
in a power plant.

A typical hydropower plant has the following details:

Month Discharge {mja’s] ]

January 5.62 | Omax (Qo) | 210.00 m'/s
February | 4.80 | Qusw 2423 m’fs

March 4.55 | Qusw 9.82 m’/s
April 4.8 | Qo 47m’fs
May 590 | Qusm 1.1 mfs
June 12.70 | Qusn 2.17 m’ls
July 42.98 | Quin 0.64 m’/s

August 100,26
September | 64.23
October 24.00
November | 10.37
December | 6.80

[4]
[4]

8]
[4]

4

(8]

6]

[4]
(6]

[6l



Des

(i)
(i)

 Turbine Tjrpéh [ Head range (m})
 Kaplan 2=H=40
Francis 10=H=350
Pelton 50<H<1300
(ross Head 330m
Turbine Efficiency Q0%
Generator Efficiency 7%
Transformer Efficiency 99%
Head Loss 5%
Riparian Release : 10%
Generator Sub transient Reactance | 21%
Transformer Reactance 9.15%
Transmission Line Inductance 0.95 mH/km
Transmission Line Length 20 km
Generator Voliage Level 11 kV
Transmission Voltage 132 kV

ign a power plant so to obtain following parameters:
Electrical power output or installed capacity taking design discharge as Qus
Select numbers of units

(iii) Select the type of turbine
(iv) Show appropriate generator transformer scheme.

(v)

Draw single line diagram showing number of units, generator, power transformer,
station transformer and diesel generator for black start.

(vi) Calculate the rating of the transmission line side circuit breaker (HVCB) to be used

in your design.

A, Turbine Selection

Chart A. In round figure

Turbine Type | Head range (m)
Kaplan 2<H<=40
Francis 10<H=350
Pelton S0<=H<1300

[3]
[3]
[3]
[3]

[4]

[4]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. '
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a)

a)

Is biomass renewable? How about our firewood in Nepalese villages? Justify your
answer with necessary arguments.

What do you mean by captive power generation? Discuss its needs.

Compare the operational characteristics of thermal and hydropower plant on the basis
of reliability, grid connection, efficiency, operating range, economics and
maintginability, :

What is power system planning? Discuss in reference to deregulated electricity
sectors of a nation. Also describe pros and cons of integration of two national or
regional grids. :

Make a sketch to show various components of medium head and relatively large
discharge, medium size Pondage Run of Rive (PRoR) hydropower plant. Also,
mention the functions of each component.

What is capability curve of a generator? Describe briefly,

Discuss working of a brushless excitation with necessary schematic diagram. When
would you recommend using such excitation system?

What is neutral grounding transformer (NGT)? Also describe the steps to find optimal
size of NGT. :

Describe steps of grounding mat design in powerhouse or substation.

b) What is restricted earth fault protection? Illustrate its use with suitable diagram.
A typical hydropower plant has the following details:

Month Discharge (m’/s)
January 6.90 | Quax (Qo) | 218.00 m¥/s
February 5.86 | Qum 28.24 m'/s

March 4.58 | Quss 9.80 m%/s
April 3.55 | Qesx 6.7 m’/s
I«Ia}r 510 | Qgsog 4.1 m*/s
June 17.70 | Qoes 2.9 m/s
July 72.95 | Qv 1.64 m'fs

August 120.26
September | 98.23
October 25.05
MNovember | 8.33

December | 7.85 |

[4]
(4]

(8]

[5+3]

[8]

[4]

6]

[2+4]
(6]
[6]
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Gross Head 300 m
Turbine Efficiency 91%
Generator Efficiancy O7%
Transformer Efficiency 90%
Head Loss %
Riparian Release 10%
Generator Sub transient Reactance | 21%
Transformer Reactance 9.15%
Transmission Line Inductance 0.92 mi/km
Transmission Line Length 20 km
Generator Voltage Level 11 kV

Design a power plant so to obtain following parameters:

(i) Installed capacity in MW taking design discharge as Quss,
(ii) Select numbers of units
(iii) Select the type of turbine
(iv) Choose suitable generator transformer scheme.
(v) Draw single line diagram showing number of units, generator, power transformer,
station transformer and diesel generator for black start.
(vi) Calculate the rating of the generator circuit breaker (GCB) to be used in your design.
a) Turbine selection
Turbine Type | Head range (m)
Kaplan 2<H=<40
Francis 10<H=<350
Pelton S0<H=1300
b) For higher Head
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.

The figures in the margin indicate Full Marks.
Necessary charts are attached herewith.
Assume suitable dm‘a if necessm;y,

1 a} Present in brief the world scenario of renewable energy sector of the recent

decade.

b) What is cogeneration? Why is it scemed useful in biomass-based power plant?

¢) Compare thermal power plant with nuclear power plant on the besis of
' availability, grid connectivity, easiness to r:.ontru! environmenta] effect, cost

factors and so on.

2. &) A houseisusing in average the fGHD‘-F.fm g ﬁIer:mcaj applmnces

e Two 10 W lamp for 4 hours per day
e One 60 W fan for 2 hours per day

e One 75 W television used for 4 hours per day

The system has to be powered by isolated PV System with 12V battery.
Determine Size of the PV Panel, Inverter and Battery.
(Consider wiring losses 20%, assume inverter efficiency’ 95% & for batlery:
efficiency is 90%, depth of discharpe factor 0.6 and days of antonomy as 3. Make

our smart assumption if further required)

b) Assume that you have identified a suitable hydropower site in Nepal for electricity
generation. Discuss the steps/stages how would you proceed to own, build the

project and finally sell power to Nepal Elr:ctnmiy Authority.

c) What is power S}fﬁ‘tﬂm security? Also describe about reser’ réqmrcment in a

power system.

bﬂhﬂm atic diagram,

b) Mention major factors governing during apprﬂpnﬂtﬁ turbine ﬁmummn

¢) Explain static excitation system. Also hi ghhght its pros and cons in mmpmtsnn to

its best pﬂssﬂnle alternative.

4). Describe the major steps that to be followed for design of carthmg {gmundmg}

mat in power station and its switchyard.

'b) Discuss the consernences of choosing hratur or lower Short Circuit Raua (SCR)

of a generator.

¢) “What does “blac’
been made s07

e capability” of a

"ating unit mean? How would it have

,_.J

3. a) Discuss major components of a high dam type hydropower p: Djf-'ﬂ W 'th su1tabif:

[6]

§
6]

[6]

[4]

ol

[4]

[6]

[8]

[4]

[4]
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5 ﬁ; t}fpmal h}rd,rc puw¢r 1ant has the foIlowmg details.

Month Discharge (m’/s)

Jan | 4.68533 | Qual(Q0) 207.0024 | o
Feb [3.867942 | Quew | 182424 |m'fs
‘Mar | 3584017 | Quss | 6.87999 |m'/s
Apr |14.553517 | Qe | 4.706992 | m’/s
May | 3.22678 | Qges | 3.106132 | m’fs
Jun | 12.77418 | < Qoswe | 2.17348 | m/s
July |32.95867 | OQuin | 0.648732 | m/s
Aug | 40.26243
Sept | 31.23782
Oct | 15.05586
Nov | 7.380238

Dec | 4.858522

Gross Head - 220 m
Turbine efficiency : 90% |
Generator efficiency : 807% |
Transformer efficiency " 08%

| Head loss e 5.00%

Riparian release 10%.
Generator sub fransient reactance 21%
Transformer reactance : 9%
Transmission line inductance _ 1 0.95 mh/ficM
Transmission line length "2 25 kM
Transmission voltage Level and no. of circuits | Use optimal one
Generator voltage level 11 kV

Demg;n a h}'dm power plant 5o as tu obtain the fnllamng parameters

a) Installed capacity taking design discharge as Q.a,sg..; "
b) Select the number of unit and turbine type,

gy Select the type of turbine. : :
'd} D:aw ‘-Lhe smgIe line diagram shﬂwmg numher of umts generat{:r pnwer

transformer and station transformer,
e) Calcuf&te thﬁ: ratxng of generator circuit breaker to be used in your design.

B

e

3]
3]

[4]
[4]

e
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Candidates are required to give their answers in their own words as far as practicable.
Attempt Al questions.

The figures in the margin indicate Full Marks.

Necessary charts are allached herewith.

Assume suitable data if necessary.

. a)

b)
€)

a)

b)

A typical hydro power plant has the following details.

Present scenario of Nepalese electricity sector for this decade.
What is captive power plant? List out its significance.

Compare grid tied solar PV with hydropower plant on the basis of availability, grid
connectivity, easiness to confrol and investment cost.

Assume that we live in an area slightly above sea level that has an air density of
1.225 Kg/m® and we have installed a 45% efficient wind turbine which has a rotor
blade radius of 12 m. Calculate the output power from the turbine at a wind speed of

18 m/s.

What is biomass energy? Is it renewable? What about the firewood being used in
Nepal?

What is power system expansion planning? Discuss its applicability in context of a
national electric utility organization.

Draw schematic diagram of a hydropowsr plant and explain the basic civil,
mechanical and electrical components used.

What is flow duration curve? Also discuss about its applicability.
Discuss about suitability of Kaplan turbine in context of Nepalese hydropower sector,

List out the most essential protection schemes required for Alternator and Generator
Step Up transformer in a mega size power project,

Discuss brushless excitation system. Also mention its pros and cons in comparison to
its best possible alternative.

Discuss briefly about requirements of DC supply system in a power generating
station.

Month Dlscharge{mjm
January ! 13:5 | Dni Qo) | E 149.00 m”/s
February | 8.6 |Qus | 72.5ms

March 6.58 | Qs 2287 m'/s
| April 75 | Qe 1270 |
| May 12.8 | Qusy 8.70m’s |
June 257 | Qo | 7.1 s
Ty 725 | Oue | 505005 _
August 2]

| September | 81.3
October 27.05
Navembt:r 2138 |

Attt manr e Py e L BT

[6]
[4]

[6]

[4]
[6]
[6]

[8]
[4]
[4]

[6]
[6]
[4]



a) Installed capacity with design discharge as Q45% and appropriate number of units.

] .3ll]m

‘Gross Head T

Turbine efficiency 91%

Generator efficiency 9TV%

Transformer efficiency 04

Head loss 5%

Raparian release 10% i
Generator sub transient reactance | 21%

Transformer reactance ; 9.15%

Transmission line inductance 0.95mH/km -
Transtaission line length 30 kM

Transmission voltage level As required

Grenerator voltage level 1kV
Transmission eircuit (single or double) | Chooss appropriately as required

(Please make your own smart assumption if needed beside given data above)

Design a power plant project so as to obtain following,

b) Choose the appropriate type of Generator lead.
¢) Choose your generator transformer scheme mentioning the reasons.

d) Make single line diagram for the prajeet choosing earthing system, excitation system
and bus bar systen.

e) Find Rating of high voltage circuit breaker of the project.

Edg

ke

Turhine Selection Tahle and Charts

Tuwbine typa Head rangs in melres
"Kaplan and Propeller 2< H <4
Francls 0« H <350
Pelton i< H <1300
ichell-Bankl 3<H =20
g0 Enel <250
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Candidates are required to give their answers in their own words as far as practicable.
Attempt AH questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

v

v

v

v

1. a)
b)
c)

2, a)
b)
c)

3, a)
b)

4, B)
b)
c)

Discuss the development of hydro power plant in the context of Nepal.

Compare the operational characteristics of Solar Power plant with hydro power plant
on the basis of reliability, grid connection, efficiency, operating range, maintainability
and economics.

Explain how bio-mass source of energy can maintain sustainable carbon neutral
cyele?

How would the interconnection of regional utilities help in integrated system planning
in design approach? Does it solve the issue of reserve bottling?

What is the difference between spinning reserve and reserve power?

Show that the power output of wind power plant is cube of the velocity of air. What
are the other factors that may guide the possible output of wind power project?

Draw a schematic diagram of reservoir type hydro-power plant and describe
necessary civil, mechanical and electrical components.

Describe the working principle of electronic based automatic voltage regulator with
suitable diagrams.

Discuss logics behind recommending brushless excitation system over static
excitation system.

Compare grounded and ungrounded power system.

List out the possible protection scheme that to be employed for a medium size
hydropower generator.

A typical hydropower plant has the following details.

| Month Discharge (m'/s) Flow duration
January 3.30 " Quax | 110.00m’s |

| February 2.20 Qusre | 1642 m’fs
March 1.40 | Qs | 6.82m’fs
April .00 Qs | 3.7m°/s
May _ 3.50 Qusw | 2.10m/s |
June 6.00 Qosee | 1.17 m'/s
July 14,00 Quin | 0.64m’/s
August 35.00

_September 24.00 o
Octaber 12.00
November 7.50
December 5.00

[6]

[6]
[4]

[6]
[4]

[3+3]
(8]
(8]

(6]
[6]

[4]



Turbine type Head range

Kaplan 2<H=<40

Francis 10 < H <350 ]

Pelton 50<H <1300
Gross Head 95 m
Turbine efficiency A 90 %
Generator efficiency 97 %
Transformer efficiency 98 %
Head loss 5%
Riparian release 10 %
Generator sub transient reactance | 20 %
Transformer reactance > 11 % :
Transmission line inductance 0.77 mH/km
Transmission line length 80 km
Transmission Voltage level 66 kV
Generator Voltage level 11 kV
Transmission circuit Single circuit

Design a hydro power plant so as to obtain following parameters

a) Electrical power output taking design discharge as Qgss.

b) Select the numbers of unit and installed capacity.

¢) Select the type of turbine. '

d) Select the type of bus bar to be used.

¢) Draw the single line diagram showing number of units, generator, power transformer,
station transformer and diesel generator for black start.

f) Calculate the rating of generator circuit breaker and high voltage circuit breaker in
your design. '

Nk

[1]
[2]
131
2]

[4]
[4]




TRIDHUVAN UMIVERSITY Exam. : ;
INSTITUTE OF ENGINEERING | Level BE | Full Marks | 80
Examination Control Division | Programme | BEL Pass Marks [32 |
2079 Shrawan _Year.f Part |(IV/II Time 1 hrs.

——————————

Subject: - Power Plant Design (EE 753)

VRARK

e

Candidates are required to give their answers in their own words as far as practicable.
Attempt Al quesiions. .

The figures in the margin indicate Full Marks.

Necessary Charts are attached herewith,

Assume suitable data if necessary.

a)

b)

Discuss recent frends or changes of scenario of mworld's electricity generation from
renewable resources” in general. Is it impacting power generation trend in Nepalese

Power Sector as well? _

Compare Combined Cycle Gas Turbine power plant with hydro power project
considering various possible aspects.

Assume that we live in an area slightly above sea level that has an air density of 1.225

kg/m’ and we have installed a 35% efficient wind turbine which has a rotor blade
radius of six 6.5 m. Calculate the oufput power from the turbine at a wind speed of

9 m/s and again at double the velocity of 18 m/s.

Write down the appropriate use of geo-thermal energy found in different parts of
Nepal. Write down the types of plant if we geo-thermal energy (o produce electricity.

Draw figures if necessary.
What is transmission expansion planning? Discuss its applicability.

Assume that you have identified a suitable hydropower site for electricity generation.
Discuss the steps/stages haw would you proceed to own, build that project and finally
sell power to Nepal Electricity Authority.

Stating environmental impact of P-ROR type hydro-power plant, draw a schematic
diagram showing all the necessary components and describe each of them.

What is scientific method of turbing selection?

Discuss briefly the concept of power system security.

Write down the different types of high voltage bus bar with appropriate line diagram.
Write the advantages and disadvantages of main and transfer bus bar.

Make a tentative an example type quotation of a high voltage side "circuit breaker"
for power evacuation purpess at switch yard of a hydropower project that has
installed capacity about 48 MW and line length to grid point substation is about 15

km.
Discuss major steps of Grounding Mat design in a power project area.

[6]

(€]

[4]

[6]
{4]
(6]

[5]
[4]
[4]

[5]

[4]
(4]



. 5. A typical hydro power plant has the following details

(please make your own smart assumption if needed beside given data ahove)

Month | Discharge (nﬂfs)

Baishakh | 6.26 Qe (Qo) | 157.00 m/s

JTestha 12.45 Qusi 18.24 m’/s

Ashad | 32.12 Qo 12.85m’/s

Shrawan | 49.08 Qesen - 10.7m/s

Bhadra | 44.47 Qs 6.40 m°/s

Ashoj 23.88 Qase 4.91m'/s

Kartik | 11.57 Qi 3.35m’/s

Mangsir | 7.2

Poush 5.06

Magh 4.1 -

Falgun | 3.69

Chaitra | 4.25

Gross Head 589 m

Turbine efficiency 01%

Generator efficiency 07%

Transformer efficiency -99%

Head loss A% ,

Raparian release 10% of driest flow
| Generator sub transient reactance | 18%

Transformer reactance 7.15% -

Transmission line inductance 0.95 mH/km

Transmission line length’ 12 kM

Transmission voltage level 132 KV

Generator voltage level 11 kV

Transmission circuit Double circuit

Design a power plant project 50 as to obtain following

a)
b)
c)
d)

€)

Electrical power output taking design discharge as Q40%.
Select the numbers of units and installed capacity.

Recommend the appropriate type of Generator-transformer scheme,
Make single line diagram for the I}Iﬂjﬂﬂt choosing your generator transformer scheme

and bus hﬂl system.
Find MV A rating of a generator circuit breaker of the project.

BEE

Turbine Sﬂlﬂﬂtlﬂﬂ Table and Charts

Turbine type Head range in meters
Keplan and Propeller 2<H <40
Fransis 10 <H <350
Pelton 50<H <1300
Michell ~Banki 3I<H<250
Turgo S0<H <250
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1. a)
b)
2. a)
b)
3. a)
b)
c)
4. a)

Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

Necessary Graph is attached herewith.

What are the conventional and no-conventional energy sources in Nepal? Describe the
possibility and scope of wind energy in the context of Nepal.

Exj:-lain about mechanical and thermal energy storages technologies.
Define the following terms.

i} Load uncertainties

ii) System security

iii) Reserve power

Sketch a typical layout of a medium head hydropower station fitted with Francis
turbine, Briefly describe the main elements.

Describe the characteristics of various types of turbines used in hydro electric power
stafions.

Compare the brushless excitation system with static excitation system on the basis of
schematic diagram.

Discuss the different types of busbar layout used in substation with suitable circuit
diagram. :

Develop a typical specification while procuring a power transformer to be used in
power plant design. E

(8]
[8]
[3x2]

[10]
8
(8]
(8]
3]



b) A typical hydro power plant has the following details.

Month | Discharge(m’/s)
Jan 11.95 Qmex (Qc) | 674.19 m'/s
Feb 9.94 Q25% 48.90 m’/s
Mar 9.20 Q45% 16.75 m'/s
Apr 11,93 Q65% 9.34 m'/s
May . |[848 Q85% .| 621mfs
Jun 42.28 Q95% . | 4.38mfs
July 120.98 Qmin 1.40 m’/s
Aug 143.00
Sep 110.27
Oct 50.95
Nov 24.66
Dec 16.17
TURBINE TYPE HEAD RANGE IN METERS
Kaplan 2<H<40
Francis 10 <H <350
Pelton 50<H<1300
Gross Head 120 m
Turbine efficiency 90%
Generator efficiency 97%
Transformer efficiency 98%
Head loss 5%
Raparian release 10%
Generator sub-transient reactance 15%
Transformer reactance 12%
Transmission line inductance 0.96 mH/km
Transmission line length 20 km
Transmission Voltage level 33 kv
Generator Voltage level 11 kv
Transmission circuit Single circuit

Design a power plant so as to obtain the following parameters

i} Electrical power output taking design discharge as Q45%

i) Select the numbers of units and installed capacity with suitable reasons
iii) Draw the single line diagram showing numbers of units, generators, power
transformer, station fransformer and diesel generator for black start

iv) Select the type of turbine

v) Select the type of busbar with suitable reasons

vi) Calculate the MVA level of LV bus, MV bus and HV bus

vii) Calculate the rating of CB to be used in your design.
(Assume suitable data if required)

* ok

[16]"
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions,

The figures in the margin indicate Full Muarks.

Necessary charts are attached herewith,

Assume suitable data if necessary.

a)

b)

Discuss trends or changes of scenario of “Nepalese electricity generation and
consumption” that of before FIVE years and that may come up after FIVE years from
today’s date.

Write down the strength, weakness, opportunity and threats (SWOT) analysis for
installing wind turbine for generating electricity in Nepal.

‘Assume that there is barrage of size 3 km x 5.5 km for tidal power project. Average
number of tides per day is 2 and the tide height is 10m. Considering power conversion
efficiency of 60%, determine power outpul capacity of the tidal project. The density
of sea water is 1023 kg/m’,

What do you understand by generation expansion planning? How does load
forecasting effects generation expansion planning?

What is flow duration curve? Discuss its applicability.

What are the factors to be considered during selection of appropriate site for
hydropower? Also mentions the factors that govern discharge of a hydropower
project.

Discuss major components of a Daily Pondage Run off the River type hydropower
project with tentative head 150 m and discharge 10 m’/s per unit. Ilustrate with
suitable schematic diagram.

Differentiate applicability of Francis and Kaplan Turbine in reference to hydropower
project.

How would flow duration curve affect while designing unit sizes of power plant?

Discuss the capability curve of a generator.

How are the concepts of STEP POTENTIAL and TOUCH POTENTIAL utilized
during grounding mat design of a power project area? Why and how these potentials
are appropriately set?

Discuss advantages of solidly grounded system of generator grounding.

[6]

[6]

4]
[6]
[4]

[4+2]

8]

[4]
[4]
6]

(6]

[4]



5. A typical hydro power plant has the following details

Month Discharge (m’/s)

Jﬂ‘.l'l.uﬁl'j." 7.50 Qmax [Qu) 207.00 IIlJ.IF._."-"
February | 6.60 | Qs 2824 m’fs
March | 5.58 | Qas 18.87 m'/s
April 6.55 | Qgsw 13.7 m’/s
M-ﬂ.}" 8.8 QSjU,i, 322 nﬁs
June 17.77 | Qass 7.91 m'/s
July | 1 56.95 | Qumin 5.05 m'/s
August | 13426

September | 103.27

October | 29.05

November | 19.38

December | 12.35

Gross Head L 360 m
Turbine efficiency 90%
Generator efficiency 9% N
Transformer efficiency 98%

Head loss 3%
Raparian release | 10%
Generator sub transient reactance | 19%
Transformer reactance 8.15%
Transmission line inductance 0.95 mH/km
Transmission line length 22 kM
| Transmission voltage level 132 kV
Generator voltage level 11 kV
Transmission circuit Double circuit

(Please make your own smart assumption if needed beside given data above)

Design a power plant project so as to obtain following

a) Electrical power output taking design discharge as Qass.

b) Select the numbers of units and installed capacity.

¢} Recommend the appropriate tvpe of Generator-transformer scheme.

d) Make single line diagram for the project choosing your generator transformer scheme
and bus bar system.

e) Find MVA Rating of a generator circuit breaker of the project.

LR L

Turbine Selection Table and Charts
Turbine type  Head range in meters

Kaplan and Propeller 2 < H < 40

Frarwisl 10 < H < 350
Pelton 50 < H < 1300
Michell-Banki 3 <H < 25

Turgo 50 = H < 250

[3]
[2]
[3]

[4]
[4]
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INSTITUTE OF ENGINEERING
Examination Control Division
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Level :
Programme | BEL Pass Marks | 32
Year fPart IV /11 Time 3 hrs

Subjecf "~ Pover Plant Design (EE 753)

v" Candidates are reqmred to give their ANSWErS in their own words as far as pracﬂcab[e

v Attempt All questions.

¥ The figures in the margin Imirmfe Full Marks.

¥ Necessary fignres are affaclhed ﬁerewrﬁ:r.

R As.mnw suifable dm‘a if’ ?IE‘CE.S‘.'FE‘!T

1. A typical hydro pﬂWarplmH has the fﬁi]ﬂwmg details

Month Discharge {mg‘s} .
January 5.5 [N 207.00m’’s - |
February 4.6 | Qi 28.24 m’ls
March 3.58 Quns 887 m'fs -
) J'“n.pl'i] 4.35 Qﬁsﬁ_ 5.7 I]'l.s."ls
May 4.8 Qs 4.10 m'fs
June N b G haseg 291 m'fs
| July 3585 Quin 1.05 m'/s

August - 50.26 ;
September 41.23
October 23.05
November 938" "
December 635"

Gross Head 260m

Turbine efficiency 190%

Generator efficiency 97%

Transformer efficiency 8%

Head loss 5%

[aparian release 10%

Generator sub transient Ir:actanoe 21%

Transformer reactance 9,153%

Transformer line inductance - 0.95mHkm

Transformer line length 30 kM

Transformer voltage lavel 66 kV

(Generator voltage level 11 kW

Transmission mrm::t Double circuit

(Please make your own smart assumptmn if needed beside given data above)
Design a power plant project so a3 1o obtain following

a) Electrical power ﬂutj:rut taking design discharge as Q45%. [3]
b) Select the numbers of units and installed capacity. : 3]
¢) Choose the appropriate type of Generator lead. 2] -

d) Make single line diagram for the pm_;ect choosing your generator Lmlsfurmm' scheme

and bus bar system, C[41
;} Find Ratmg uf generator circuit brca_ker of the pm_;ect [4]
2. a) Discuss current Nepa!f:sa electricity scenario nf demand and suppljr and its trend in :
near future, ) - [6]
b) Compare Thermal Power ij:act with NucIl:ar Power Froject considering various

possible aspects. 6]



sell power to Nepal Elecmclt'y Aut]icnty

Assume tliat' we live i an area slightly abave sea level that has an air density of
1.225 kg/m® and we have installed a 40% efficient wind turbine which has a rotor

blade radius of 6m. Calculate the owtput power from the turbine at a wind s:peed of"

8m/s and again at doubl: the: Vﬂlﬂmty of 16m/s.

" Discuss why r:.hﬂﬂsmg appropriate Short mmult ratro {SCR} nf a gancratnr is crumal

from the perspective of stability of T.hc syﬁtcm'? :

#

41

Make & tent:xtwe an example type quntatmn of a “Pﬂwer Traﬂsfnrmer” for power

.-evacuation purpose from swﬂch ym‘d of ) gﬁnmal mr:dlum size h},dmp-uwaI pm}e:ct'.

situated in hilly Tﬂgll:rll. .
Discuss ma_]nr steps of Gmundmg Mat des;g;n in a power pm_xect area.

Discuss major components of a Dall}f Pundage: Rum: off the River t:,rpe hydmpow
prcr_] ect with qmtab]c schematic d;a,,r&m S : :

" What is sm:nuﬁ-: method of mrbme selecuon'? Mentmn major faf;mrs gwemmg

tu:bme during selection of appmprmte mrbma type.
Why arf: bmmass mn:udartd renewable source of Fnergy? -
‘E'é'haf arc hydmgraph and ﬂmw dm'atmn curve?. D:scuss its prllf}ﬁbﬂﬂ}’

Assume that you have Idﬂﬂhﬁﬁd a Emtable ]1} dmp:-war site for f:lectrlmty generation.
Discuss the steps/stages how would. you proceed T{:I own, build that project and finally

W

-Turbma Selection ‘I‘ahle and Charts . : _ il S
Turbine type ! Head range in metres ..

Kaplan and Propeller g 2<H <40
“Francis ' - 10'<H <350
Pelton o ) S0 <H <1300
Michell-Benld ' "k g H T <250

Turgo ' .. 50-<H =250

ol
61" -
18]
[4_+4]
[4]
[6]

6]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.
Necessary charts are attached herewith.
Assume suitable data if necessary.

A a]'

a)

b)

. a)

b)

What are the non-conventional energy sources in Nepal? Describe the technology,
possibility and scope of wind energy in the context of Nepal.

Hydropower brings holistic development for the region. How could it be possible?

Compare Geothermal power plant with convmnﬂnﬂl thermal power plant mumdnrmg
various aspects.

What is Transmission Expansion Planning? Discuss its brief pmcr::dum

Find size of a solar panel and inverter system for a home in an isolated remcrte area,
that has loads as in following table.

Load Type | No. | Watt | Average Operating hours
Lamps 3 1 10 |~ 4 ¢
TV 1 | 85 6
| Laptop 1 65 8

Note: Make your own necessary assumptions.
What is scientific method of mrbme selection?

Draw a schematic diagram of PROR type h}'dmpuwer plant shﬂwmg all the necessary
components and describe each of them. :

Write down the t:.rpcs of generator neutral grounding. Specify the types to be used in
accordance to the size of power plant with their advantages and disadvantages. -

What are the factors affecting the system expansion planning?

List out major methods/requirements you may mmm{ﬁd for protection of gencrator
in a medium size power project.

A typical hydro power plant has the following details

 Maonth Discharge (m’/s)
Tamuary | 415 | Qmax (Qo) | 120.00 m/s

February | 3.60 | Qusn 324 m'ls |

March 344 | Qusw 16.17 m’ls

| April 3.89 | Qusn 500 m’/s
May 5.54 | Qssw 440 m’/s
June 16.67 | Qosos 371 m's
Tuly 4336 | Qun | 265ms |

August | 53.29

| September | 37.84

| October 16.56

November | 8.15

December | 5.53

[6]
[4]

[6]
[6]

(6]

[4]
[8]

(8]
[4]

[4]



Gross Head 550m
Turbine efficiency 91%
Generator efficiency 97%
Transformer efficiency 99%

Head loss 4.5%
Raparian release 10%
Generator sub transient reactance | 21%
Transformer reactance 0.15%
Transmission line inductance 0.95 mH/km
Transmission line length 25 kM
Transmission voltage level 132kV
Generator voltage level 11KV
Transmission circuit Single circuit

(Please make your own smart assumption if needed beside given data above)
Design a power plant project so as to obtain following

- a) Electrical power output taking design discharge as Q45%.

b) Select the numbers of units and Turbine Type.

¢) What kind of Generator lead do you choose and why?

d) Make single line diagram for the project choosing your generator transformer scheme
and bus bar system, ]

€) Find Rating of generator circuit breaker of the project.

f) Make a tentative quotation for purchasing suitable “Generator Transformer” as per the
requirement of the project. -

ek

B3]
[3]
[3]
[3]
[4]
[6]
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ek i

Month Discharge (m’/s)
January 152 | Omex (Qo) | 211.00m3/s
Fﬁbl‘ll&l'}" 3.86 ngy, 1 3241‘]331%
March 3.58 Q.q.iﬁ, 7.00m3/s
April 4.55 | Qssw 4.70m3/s

| May 320 | Qgsey | 3.10m3/s
June . 12.77 | Qo 2.17m3/s
haly - 32.95 | Quin 0.64m3/s
August 40.26

September | 31.23
October 15.05
November | 7.38
December | 4.85

13 TRIBHUV AN UNIVERSITY Ll_z.imn_._ B colar R
[NSTITUTE OF ENGINEERING ! Level BE Full Marks { 80
Fxamination Control Division | Programme | BEL Pass Marks |32 |
2075 Bhadra Year/Part |IV/II | Time | 3 hirs.
B Subject. - Power Plant Design (EE753)
« Candidates are required to give their answers in their own words as far as practicable.
¥ Artempr All questions.
v The figures in the margin indicate Full Marks.
v Necessary charts are aftached herewith.
v Assume suitable data if necessary.
1. a) What are the conventional and non conventional energy sources? How the fossil fuel
can be replaced by non-conventional energy in Nepal? [6]
b) Compare the operational characteristics of solar photovoltaic power plant with
hydropower plant on the basis of reliability, grid connection, efficiency, operating
range, maintenance perspectives and so on. Also, discuss the beauty of combination
of such to kind of power project for an electric system. [7+3]
2. &) Derive the formula to estimate electric power output from a wind power system. [41
b) Discuss Cogeneration Technology. Recommend the places where such system is more
attractive. [6]
¢) Discuss briefly the Generation expansion planning procedure. [6]
3. a)} Discuss the various components of PROR hydropower plant with suitable schematic
diagram. (6]
b) Discuss the tentative steps/phases for developing a hydropower plant in relevance to .
such project in Nepal. .. 4]
¢) The design exceedance of hydropower plant Qasm, what does that mean? Compare
Quses with Qesw while designing hydropower plant from the perspective of power
producer (seller). [6]
4, a) Compare brushless and static excitation system according to operation and use. [6]
b} List out the major elements that limits the alternator’s capability curve. Draw a typical
capability curve of alternator and explain it. : [6]
¢) Describe the major steps that o be followed for design of Earthing (Grounding) mat
in power station. [4]
5. A typical hydro power plant has the following details.



Turbine Head range (m)

Kaplan 2<H<40

Francis 10<H=350

Pelton 50<H<1300

Gross Head 280 m

Turbine efficiency 91%

Generator efficiency 97%

Transformer efficiency 99%

Head loss 5% |
| Riparian releass 10%%

Generator sub transient reactance | 21%

Transformer reactance 0.15%

Transmission line inductance 0.92 mH/km

Transmission line length 30kM

Transmission voliage level 66kV

Generator voltage level 11kV

Transmission circuit Double circnit |

Design 2 power plant 50 as to obtain following parameters

a) Electrical power output taking design discharge as Q45%

b) Select the numbers of units and installed capacity

¢) Select and Recommend suitable turbine

d) Draw the single line diagram . showing . generalors, pgwer transformers, . statmn

transformer and diesel generator for black start
c:l r""‘ 1.-u Tpu-.a\ 1}“: -,é o p-.l:‘r-¢1-|nh"|+ﬁ1- .ﬂq--rn'ni' hvpﬁl{_n_:r h“'. Fd- cﬁrzdd hal 1F.r"|11_1‘ |'IFH!: 011

(Assume suitable data if necessary and necessary graph is attached herewith)

Turbine Selection Chart
100
i ‘HG e enE £l = e o
Eﬂ "J e il II;?—l-n--n-p —-1.-1:..,,..:1-
ﬂ} ;r -..{‘.»" ."" r
=il l‘.‘ﬂ.P!f! angg,'ﬁ//ff “d.l'f
g ED n'J = ;"'
e /" ot / 5 '3
g 5 4 e, = =
§ 0 = oy {'H’; | Fuli Kaplan
4 LA, 5 | == Pelton £
N g | 2
3-|:|' "f / |_f_ E‘ : -_anis -
p Frield proppijor
7 feld propeil o ik
20 v , sfiow =
i 84 | — —Fixed propafier | |
. ; g S R
D. 1 I 1 1 g I B L 1 | [} !
a.f 0.2 a3 0.4 1] 1.6 07 i 65 i 1.1

o

[2]
[2]
[4]

[4]
4]
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v Candidates are required to give their answers in their own words as far as practicable.

v Attempt All guestions.

v The figures in the margin indicate Full Marks.

v’ Assume suitable data if necessary.

1. a) How do you claim that biomass is renewable sources of energy? [4]
b) What do you mean by captive power generation and discuss its needs. [4]
¢} Compare the operational characteristics of thermal and hydropower plant on the basis

of reliability, grid connection, efficiency, operating range, economics and
maintainability. [8]

2. &) Explain how the electricity can be generated from solar with suitable sketch. Explain

the characteristics of wind power on the basis of turbine efficiency, energy cost,
capacity and annual energy output.. - [6]

b) Explain the importance of power system planning? Discuss briefly the generation
expansion and distribution planning procedure. [6]

..c). What are the benefits of accurate load forecasting? Explain in brief about power
" gystem security? [4]

3. a) Discuss the various components of hydropower plant focusing on medium head high
discharge project? Also mention their functions. - G ol

b) Explain any two scheme of unit generator transformer combination used in power

plant on the basis of fault level, maintenance outage and efficiency. Also draw the
single line diagram for both of the scheme. [5+3]

4. a) What is the significance of short circuit ratio (SCR) in design of synchronous
generator? Show analytically its impact on stability of the power system. [3+5]

b) What particular precaution should be taken while using vacuum circuit breaker (VCB) -

as g generator circuit breaker (CB)? [3]

¢) Discuss electrical characteristics of unit transformer that to be considered during its

selection.

(5]
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[ Transmission Line lengzh f 35Km
r@nmimun Voltaga Level # 66k
Generator Voltage Leve] - | kv
Transmission Circuit ‘ Double Circuit

i}esfgn a pnwér plant so as to ohtain the following parameters,
A i
a) Electrical power output taking design discharge as Qyg.
b Select the number of units and installed capa city,

c) - SEIect the type of turbine.

d) .Dm’,u the single iine diagram showing number of umti, generator, power transformer,
statmn transformer and diesel generator for black start,

E} Shg‘gest the type of bus bar to be ysed.

ﬂ I:.alr;u!ate the rating of the generator circuit breaker to be used in your design,

-
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Candidates are required to give their answers in their own words as far as practicable.
Arempt All questions.

The figures in the margin indicate Full Marks.

H.s.mme suitable data if necessm._

a) What is Cogeneration?

b) Biogas plant of Nepal are ragistered as Clean Development Mechanism because of its
contribution for reducing greenhouse gas emission. How would you argue that the
biogas plants are contributing to reduce greenhouse gas emission?

c) Compare the operational characteristics of the thermal power plant and hydropower
plant: regarding daily load curve, stability, grid connection and operational
characteristics and so on.

2. You have planned to electrify a house with electric load as below in table. Make a
suitable selection for Solar Panel and battery size (of 12 V systems) for the house.
Load type gt Numbers Wattage Operating hours (per day)
Lamps e 1 Bach 10 W 3
TV g ELE .2 ' 60 W 5
Computer R |65 W : 3

Assume equal efﬁmenw ﬁ:nr bmh inverter: aud baner}r as 80%. Consider sun shining duration & hours a
day.

| O -1

. a) Discuss the functions and importance of various components of hydropower plant

with proper schematic diagram of ROR hydropower plant.
b) Describe the criterion for selection turbine in hydroelectric power plant.

¢) Why riparian release is considered during the design of hydropower plant? What are
the criteria of design discharge selection?

a) Discuss the various factors which should be considered for the choice of generator
during the design of a power plant.

b) Clarify analytically that lower the short circuit ratio (SCR), lower be the stability of
the system.

¢) Compare Brushless Excitation System with Static Excitation System for a
synchronous generator on the basic of schematic diagram, operating range,
accessories required cost and so on.

[5]

[3]

[8]

[10]

[8]
[3]

[5]
[6]
[6]

[6]



5. A typical hydro power plant has following details. _ [16]

Month Discharge (m/s) _
January .| 492 Qrael Qo) 211.00 m’/s
February 1386 1824 m/s 1
March 3.58 6.80 m’/s
“April = 455 470ms
May - 30

June _ o VLT
July 32,95,
. | August 40.26
September 7 FREE B e T =
October 15.02 3 N e e g
November | 7.38 . . T s
e “ia ;

-

3.10m%/s
217mYfs. - S
064m’fs . 7 |5

P EGEEE

’I':urbhw‘f‘,rps _ -+ | Head range (m)
Kaplan . | 2¢H<an

il phe

Frands g 10<H<350
Palton : ' | 50<H<1300

Gross Head ' ; 250m

~ | Turbine Efficiency , 919% -

Generator Efficiency oM
Transformer Efficiency . 58% I
‘Headloss %
.Hinarian release _ _ 10%

| Generator Sub-transient reactance 21% T

ka4

> i-r-:
=3

:

i

ugH

Transformer reactance ©18,15%

Transmission Line inductance 0.95mH/km

. i s
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v" Candidates are required to give their answers in their own words as far as pwi
v Attempt AIl questions. 9 WMEES L& 1s

V' The figures in the margin indicate Full Marks. g
v' Necessary ficures are atfached herewith. ' jie

v Assume suitable data if necessary. ' ' S

1.

a) Discuss the situation of electrical energy among total ehergy need of Nepal.

b)

<)

4.

L

b)

Firewood, a common biomass used as a major energy resource in cﬂn;ext of Nepal,
can or cannot be renewable, Comment on this statement.

Compare the operational characteristics of thermal power with hydrcipﬂwer plant on
the basis of reliability, grid connection, efficiency, operating range and so on.

- List out the advantages and disadvantages of wind power. Estimate ‘electric power.
" outpht from a wind turbine that has turbine blade length of 1.25 m and wind speed of

' 16 m/sec. Assume that air density is 1.23 kg/m’ and power coefficient is 0.3.

What do you mean by power system planning? Explain in detail Transrms:smn
expansion and distribution planning procedure.

: Why load forecasting is important in system planning? Explain the need fﬁf accurate

load forecasting.

Make a sketch to show various components of medium head, medium size Pondage
Run of River (PROR) hydropower plant? Also mention functions of the components.

Draw the unit protection scheme of a pc:wer transformer. Mention the selection
criteria for the power transfurmer What reflects the Vector group of a power
transformeér?

a) How the ‘specific speed” is defined fora huhima? Discuss its purpose.

b)
<)

What is DOD of a battery? Draw the typical schemes of service station.

What could be the consequences of using higher or lower short circuit ratio (SCR) for
a synchronous generator?

5. A typical hydro power plant has the following details.

Month Discharge (m“.f’s} .
Jan 6.13 | Qua(Q0) 449.46 m’/s
Feb : 5.10 Q25% _ 32.60 m*/s

| Mar 4.72 Q45% 11.17 m*/s
Apr 6.12 1 065% . 1623 m¥s
May o S B QR85% 4.14 m’/s

{ Jun 21.68 0Q95% 2.92 m¥/s

[6}__ "

[2+4]

19

[4]

[4+4]

(6]

(6]

4]
[16]



July 62.04 | Qmin 0.93 m'fs
Aug | 73.37 :
Sep 56.55
Oct 26,13
‘Nov 12.65
| Dec 8.24 ;
_TURBINE TYPE __HEAD RANGE IN METERS -
Kaplan 2<H<40
Francis 10 <H < 350
Pelton | 50 < H < IBGG
Gross head 12{] m _'
Turbine efficiency 90% °
Generator efficiency 1 97%
Transformer efficiency 98%
Head loss | 5%
Raparian release 10%
Generator sub-transient reactance | 20% 4
Transformer reactance 15% ’
‘Transmission line inductance 0.95mH/km
Transmission line length ) 35ken
Transmission voltage level G6kv
‘Generator voltage level 11kv
o Transmission circuit

Design a power plant so as to obtain the following parameters |

Sl{sg_lacgmrtl, e giared

a. Electrical power output taking design discharge as Q45%
. b, Select the numbers of units and installed capacity with suitable reasons
¢. Draw the single line diagram showing numbers of units, generators, power
transformer, station transformer and diesel generator for black start

. Select the type of busbar with suitable reasons
. C&Iculata the MVA level of LV bus, MV bus and HV bus
: g,____CaIf;uIate the rating of CB to be used in your design.
*(Assume suitable data if required and the necessary graph is atfacha&

d. Select the type of turbine
e
f

herewi :h}
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)] Dm::uss briefly the Genaramn expansion planning procedure.

Candidates are required to give their answers in their own words as far as practicable.

Attempt AU questions.

The figures in the margin indicate Fuli Marks.

Necessary fizures are

arfached herewith.

Assume suitable data if necessary.

z) What do you mean by conventional and non-conventional energy s-:nm:es? Discuss -

bio-mass energy suitable E’.?'ZEIHI.‘PIEE

.b} Compare the operational characteristic
of reliability,

the basis
maintainability.

5) How electricity is generated from

energy? Estimate the power output

5.5m and wind speed of 25m/sec. Assu,m: that ai

cotfﬁment iz 0.4.

g;nd—mnne:}tmn,

ﬂpr;raﬂng

s of thermal, geothermal and muclear pim_‘-t on
efficiency,

range and

Wmd-turbm s}rstcm‘? What are the merits of wind
from the wind turbine that has hladc length of
air dmmty is 1.23 kg)’m and power

¢) Discuss the scenario of tie up between two national level electric utilities.

a) What are the disadvantages of a very low
advantages? How does the efficiency of

t) Describe brushless excitation system with suitable diagram. When would you find it

hetter than static excitation system?

¢) Which circuit breaker would you think suitable as generator cireuit breaker (GCB) in
" hydropower station, and why?

a) What are the major factors that should be considered while choosing the generator
during the design of a power plant?

- specific speed reaction tuﬂnm:'}‘ What are its

pelton wheel vary with its speed?

b) Make a specification for purchasing a power transformer.

¢) Discuss the working of Brushless excitation system and static excitation system with
proper schematic diagram,

A typical hydro power plant has the following details.

Month Discharge {m” /s)
January 49 Qe (Qo) 211.00 m'/s
February 3.86 Qs 18.24m°/s
March 3.58 Qa,m 7.20 III."J":S =
April 4.55 Qases 4.70m’fs
May 3.00 - Qeane 3.10m’fs
| June 12.77 Qosze 2.17m’/s
July 3295 Qumin 0.64 m’fs
| August 40.26
September 31.23
October 15.05
Navember 7.38
December 4.85

8]

(6]
[6]
4]

(8]

[3+2]

3]

s
(6]

(3]
[16]



Gross Head

245 m

Turbine efficiency 01%
Generator efficiency 98% &Y
| Transformer efficiency 98%
Head loss 5%
Reparian release 10%
Generator sub transient reactance 21%
Transformer reactance 0.13%
Transmission line inductzance 0.9mH/km
Transmission line length 30 kM
Transmission voltage level 66 kV
Generator voltage level 11kV —

Transmission circuit

Double circuit

Design a power plant so as to obtain following parameters

a) Electrical power output taking design discharge as Q45%
b) Select the numbers of units and installed capacity

c) Select the type of turbine

d) Draw the single line diagram showing generators, pn‘wm‘ transfmmers station

transformer and a stand by generator for black start

¢) Calculate the rating of generator circuit breaker to be used in your design, (Assume
suitable data if necessary and necessary graph is attached herewith)

Turbine Selection Table and Charts

)

Turbine Type Head range (m)
Kaplan 2=H=40
Francis 10<H<350
Pelton S0<H<1300
T
-




T

., Write three important properties or Normal distribution. A certain iype of sTorage battery
fasts, on average, 3.0 vears with a standard deviation of 0.5 year. Assuming that batiery life s
normaliy distributed, find the probability that a given battary will jast less than 2.3 years,

7. writa the difference betweer‘t sample and population. Write three important of central fimit
theocrem. :

A, A manufacturer of spcrts equipment has developed a new sw:-theﬂtﬁshin:g line that the
" EbHpany claifis Tias a mean breaking strength of 8 kiloratns With a standard deviation” 67 0.5

kilograrn. Test the hypothesis that p = 8 kilograms against the alternative that p =8 kilograms
if a random sample of 50 lines is tested and found to have a mean breaking strength of 7.8
kilograms. Use a2 0.01 level of significance.

9. Distinguish between z- test and t-test of hypothesis for test of single populstion mean?j
. CR

Discuss errors of testing of hypothesis. Write the pmcedure oﬂasting of single mean for small
sample.

10. At what condition pair test should be use. Write the procedure of testing of pair test.

11. Arandom sample of size nl = 25, taken from a normal ;:'eapuiatiun with a standard deviation o1 =
5.2, has a mean = 81. A second random sample of size n2 = 36, taken from a-different normal
population with a standard deviation 02 = 3.4, has a mean = 76. Test the hypothesis that pi=
;ﬂ against the a’tternathre, jll # uz. Use 5 % level ﬂfsigniﬁcanm - “f"'

12. A'real estate agent claims that 60% of all private residences being built tm:!ayf are 2-bedroom

hnemes. To test this claim, a large sample of new residences is inspected; the proportion of these -

homes with 3 bedrooms is recorded and used as the test statistic, State the null and alternative
hypnthmﬁ to be used’ in this test and determine the location of the critical region,

i O]
Three testing machines are used to datermine the breaking load in tension of wire which is
believed to be uniform. Nine pieces of wire are cut off, one after another. They are numbered
consecutively, and three are assigned to each machine using random numbers. Random
numbers are used also to determine the order in which specimens are tested on each machine,
The breaking loads {in Newtons) found on each machine are shown in the table balow.

Machin 1- 1570 1750 1680
Machin 2 1830 1860 2350
Machin 1 1640 1760 7020

Do the dala indicate (at the 5% iavefnf s-gniﬁcama) that menrhma-f the machines give

“highst reatimgs than others? (vafme of Fa6 =5.1433)
13: The thrust of an engine [y} is a function of exhaust temperature {x) in F when other important
- wvarlables are held constant, Consider the following data,

Thrust 4300 | 4650 | 3200 | 3150 | 4950 | 4010 3810 | 4500 | 3008
‘| Temperature | 1760 | 1652 | 1445 | 1390 | 1820 | 1665 1550 | 1700 | 1270

{a) Plot the data. _
(b} Fit a simple linear regression to the data and plot the line through the data,

(5]

{51

£31
(5]

(5]

(5]

o]
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4. Distinguish between corvelation and re

gression. Write importance of coefficlent of
determination, ) :

(51
25.4 c_g%q&gqx&nﬁs&zﬂ1%%1&9955%«1191__@!3;3%. mk of the fiquid. Realizing that
; -ﬁf?ctua‘tmns are inevitable, the quality-control manager wants to be Guite sure that tha
standard deviation is less than 30 mL. Otherwise, scme containers would overflow while others
would not have enough of the coalant. She salects a simple random sample, with the results
given here, Use these sample results to construct the 993 confidence interval for the true valye
of 5, i (8]
3761 3861 3769 3772 3675 3861 3888 3819 3738 3800 3720 Er b
3787 3753 3821 3811 3740 3740 3839 3445 3351 3332 323 3423
3312 3452
Using your calculator
&) Calculate the sample mean
b) Calculate the sample standard deviation ;
¢} Does this confidence interval suggest that the fluctuations are at an acceptable levei?
d} Observing your mEEmw your conclusion R
LT : _ -
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INSTITUTE OF ENGINEERING i Level | BE | Full Marks | 80
Examination Control Division | Programme | BEL Pass Marks | 32 |
2072 Ashwin ILY&QI‘ /Part | IV/T Time 3 hrs. J
Subject: - Power Plant Design (EE753)
# (Candidates are required to give their answers in their own words as far as practicable.
v Artempt All guestions. '
v The figures in the margin indicate Full Marks
v Necessa es are aftached herewith.
v Assume suitable data if necessary. .
1. a) Whatis bio-energy? Describe with a suitable example. 6]
b) Bio-gas plants of Nepal are registered as Clean Development Mechanism project
" because of its contribution for reducing greenhouse gas emission. How would you
argue that the biogas plants are contributing to reduce greenhouse gas emission? 6]
{2, 'ay . What do you mean by ‘power system security’? What are the vital components of
'security assessment? ; . [6]
© 1) Explain the benefits of inter connection of regional utilities. _ [6]
3. a) Discuss the effect of the following factors in selecting of 2 turbine for = hydroelectric
- ~plant? (i) head (ii) speed and specific speed (iii) part load-operation. ; 8]
b} Skatch a typical layout of a medium head h}ﬂmelacu-lé power station fitfed with
" Francis turbine. Briefly describe the main elements. ; [8]
4. @) Discuss working of a brushiess excitation with necessary schematic diagram. When
would you recommend using such excitation system? 4
b) Describe 'sp;eéﬂ goveming system of hydro generator.
5. A typical hydro power plant has the following details. [32]
 imenth Discharge(m/s) '
Jan 513 = TR -~ | a49.46m’/s
[ Feb 5.10 025%. 32.60 m"/s
Mar 4.72 Q45% 11117 m’/s
— [ Apr — o - 6A2 | Q65% 6.23 m'/s
May 4.35 a85% 4.14m*/s
Jun 21.68 095% 2.92 m'/s
July 62.04 Qmin 0.93 m'/s
| Aug 73.37
Sep | 56.55
Oct 26.13
| Nov ] 12.65
Dec 824




TURBINE TYPE

| HEAD RANGE IN-METERS

Kaplan 2<H<40

Francis ! 10 <H < 350

Pelton : 50<H<1300
Gross head T TR
Turbine efficlency 90% £
Generator efficiency | 97%
Transformer efficiency 08%
Head loss 5%
Raparian release 10%
Generator sub-transient reactance 15%
Transformer reactance 12%
fransrmssmn line inductance 0.97mE/m
‘Ij'msrmmnn vﬂ‘itana lw&l biokv it
Generator voltage level kv i
Transmission circuit Single circuit ,

Daﬂgﬂ a power plact so as to obtain the following parameters

faoe

Select thetype of tabine

morh o

herewith)

EE ]

‘Electrical power output taking design discharge as Q43%

Select the numbers of units and instailed capacity with suitable reasons

Draw the single line diagram showing onmbers of units, generators, pmv-far'
3 "'5-':.”""5[1 n1 jat St’{-ﬁﬁ.ﬁﬂ Hﬂﬂsﬁnmwﬂﬂﬁthmlw?ﬁf black start

Select the type of busbar with suitable reasons

Calculate the MYA level of LV bus, MV bus and HY bus
Calculate the rating of CB to be used in your design.
(Assume suitable data if required and the necessary graph is attached
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Candidates are required to give their answers in their own words as far as practicable.
Artempt All questions.

The figures in the margin indicate Full Marks.

Necessary figures are attached herewith.

Assume suitable data if necessary.

a,} What are the conventional and non-conventional energy sources? Describe with
suitable sketches how electric power can be obtained from solar?

b) Compare the operational characteristics of the hydrnelectnc power plant and thermal
power plant considering factors such as techno-economie, environmental and so on.

What is Reserve Planning? Study the benefits of interconnection of utilities' on power
system? -

iy Draw the schematic diagram of hydropower plant showing different structural

cnmpcnants State the role of surge tank in hydropower plant construcnon

; b) ‘What do you mean by discharge. exceedance? Describe the criterion f-::r &ﬁleﬁhng

turbine in hydro-electric power plant.

'Ma.lcc a comparison between vacuum circuit breaker with SF6 circuit braaker ina p-:-wer

systam,
A typmai lrydm power plant has the following details.

Month | Discharge(m/s)
Jamery 4,62 Qmex (Qc) 210.00m3/s
February 3.30 Qaswi 18,24 m3ls
March 31.55 Qaseg 7.82 m3/s
Apdl 455 Qas 4.7 m3/s
LMay 3.5 Qs 3.10m3/s
#| Tune 12.70 Qos, T217m3s .
July 32.98 Quin 0.64 m3/s
August 40.26
September 131.23
October 15.00
| November- ' 7.37
December | 4.80
Turbine Tvpe Head range (m) _
Aan . | 2=H=40 :
FARICLS i 10<H<3510)
Pelton 50<H=<1300

18]

8]

(3]
18]
(8]

(8]
[32] .



| Gross Head 250 m
Turbine efficiency : 90%
Gf:nar&tor' efficxencv 97%

anstarme 8%
AL “H P *3%- CEaE

;Rapanan release 10%
Generator sub transient reactance 21%
Transformet reactance 9.15%
Transmission line inductance 0.95mH/km
Transmission line length : 55 Km

. | Transmission voltage level 33kV
Generator voltage level 11V
Transmission circuit : Double circuit

Design a power plant so as to obtain following parameters

ﬂ} Electrical power output taking design discharge as Q23%

" b) Select the numbers of units and installed capacity -

¢) Select the type of turbine

d) Draw the single line diagram showing number of units, generator, p«:-we.r n'an:sfonnar
station transformer and diesel generator for black start

g) Sugg&et the type of bus bar to be used

iy Calculate the rﬁtmg of the generator ciscuit breaker (GCB) 10 be used in jruurfimgn
(Assume suitable data if necessary and m;esﬁarjrgraph is dttached Hetewith) . o

k4%
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- Subject: - Power Plant Design (EE753)

v Candidates are required to givé their answers in their own words as far as practicable.
v Attempt Al questions. % £

v - The figures in the margin indicate Full Marks. - -

¥ Necessary charts are attached herewith.

v’ Assume suitable data if necessary. .

1. a)

b)
c)

o D)

Discuss about operational characteristic of combined cycle gas turbine plant fot
power generation. : '

How does a geothermal power plant operate? Describe briefly.

Compare the Dpamﬁoual characteristics of thermal, wind and PV plant on the basis of
reliability, grid connection, efficiency, operating range and maintainability.
How electric pow'er is gensrated from a Tidal Power Project? Estimate the power

. outpuf from a tidal project that has tidal range of approximately 10 m. The surface

e -area of tidal harnessing plant is 3 kM x 3 kM. Consider that there are two high tides
. every day. Assume power conversion efficiency as 30%. Density of sea water is about

b)

1025 Kg/m®. _ : _
You have planned to electrify a house with electric load as below in table. Make a

suitable selection for Solar Panel and battery size (of 12 V system) for the house.

Load type | Numbers Wattage Operating hours (per day)
Lamps 5 - | Each1O0W : &

TV 1 80 W 5

Computer 1 85 W A

Assume equal efficiency for both inverter and batiery as 80%. Consider sun shining
duration 7 hours a day. 'y :

List down the various components of hydropower plant and mention their functions.
Discuss the benefits from interconnection of regional electric utilities.
Discuss the need for accurate load forecasting in sysr;;e:n planning.

Discuss the various factors which should be considered for the choice of generator
during the design of a power plant. Also clarify analytically that lower the short
circuit ratio (SCR), lower be the stability of the system. -

Compare with necessary schematic diagrams Brushless Excitation System with Static
Excitation System used in & synchronous generator ¢n the basis of operating range,
accessories required and cost. : LR

o T

o 7 -

[4]
8]

[4+4)

8]

[2+6]
[4]
4]

.[§+5]



5. A typical hydro power plant has the following details. *

[16]

Month Discharge(m’/s)
January 4.62 Qumex (Qo) 210.00 m3/s
February 3.80 go;rm 1 1824 m3/s
March 3.55 Qas, 7.82 m3/s
_&p‘ﬂrl 4.55 R 4.7 mi/s
M&}" 3.5 Q,Ej% 3.10 m3/s
- | June 12.70 Qoss 2.17m3/s
| July 32.98 Oni 0.64 m3/s
August 40.26
September 31.23
October 15.00
Movember 737
Decermber 4.50 i
Turbine Type | Head range (m) ]
Kaplan | 2<H<40
‘Franeis 10<H<350
Pelton S0=H=<1300
.+ | Gross Head 230m -
| Turbine efficiency 90%
Generator efficiency 97%
Transformer efficiency: 0825
. | Head loss - 5%
| Raparian release 10%
| Generator sub transient reactance | 21%
Transformer reactance 0.15%
Transmission line inductance 0.95mHkm -
Transmission line length 45 Km
Transmission voltage level 33ky
Generator voltage level 11kv
- | Transmission circuit Double circuit

Design a power plant so as to obtain following parameters.. |

. 8} EBlectrical power output taking design discharge as Q45%.
© b) Select the numbers of units and installed capacity.
¢) Select the type of turbine. :
d} Draw the single line diagram showing number of units, generator, pnwer transformer,
station transformer and diessl generator for black start.

" ¢) Suggest the type of bus bar to be used. i
f) Calculate the rating of the generator circuit bréaker (GCB) to be used in your design.
' s e * o
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o ...d_!ensﬁarjs 1,23 kg{'m and pnwarc:cmﬁ'mmnt is 0.35.

: thn schemes. 2 S s [5+3] :
u{_ﬁ} Hﬂmmmmﬁf; speeﬁ s -ieﬁn.ed for aturblne‘? D!SICIBE-B its pw:rrpﬂse 2 _-"'-_if: : e F {:'-' A [ﬁ]:
(b} Ezsmlss elmmaal char&ctar:smﬁ n'f a pmimr u"aj:isfmmer fora puwor pr-:gmt. : ; YT (6]
(c) Whai -:ould be the musequ&nne?of usmg th!:cr or Jower shm't circuit ratm (SCR} ﬁ::r a :' :
synchronous generator? - o e |
A typical h}r&m povier plant has rhe following de:tmls 3 ' [16]
Month 7 Dlscharge{mj.-“s) 3 P ke
January 49 Osiaz (D) 211.00 m'/s
February - | 3.86 foE Qg;% ! 18.24 mfs -
March 3.58 | Quse 1 6.80 ms
!!'LP-I'H 455 Qﬁj% ; "‘1-?[? m/s
May 3.00 | Quse 3.10 m*s -
June, 12.77 Qgs:;..:, 2.17 mls
Tuly - [3285 7 ax Qusin_ — [064ms
August - 40.26' -
September 21 31.23 %
~Setober . 115,05 i _ g = : )
| November 7.38 .
December. ... i 4.85

.Necessary figures are attached herewith.

; '__[-;} Dmcuss ﬂw raiwmm: -:-f 1u!af:lll,gant ms&mds for power system iﬂad fam:'.astmg

Candidates are required to give their answers in their own words as far as pras:ucable :

Attempit All questions. :
The figures in the margm indicate Full Mmrk.s

Assume smmbie dara if necesmw

a). Can ﬁrewund be r:garded as rcntmblﬂ energy sourcc'? .Iustify yaur anmﬁrer in tha Cﬂl'ltf-';}i:t of J
Nepal.... - . & 613
(b) Compare the opsranoual charar.mnstms nf thermal, geothermal and P? plant on. thg.- hasm of -
4 S

'rellahmt}.r, gﬁd cunnectmn efﬁm ency, opsrating range and mamtamahﬂrt}r

(a) hstnut the u:!vamagm &nd dlsadwmmgas bk power Estimate e’lar;rm pnwer mtputﬁ-am a’ .
ind turbine that has turbine T;ﬂad: length of 1.5 m and wind speed of 14 mf'ser; Assume that mr 3

{bj Dmb‘nss bneﬁy the Gsn:mhnn expansion pianmn o pmwdum

; (a} D1w.=zaa th: vmous cmnpunents of Run of Rmar (RGR} hj?drﬂpnwvsr pIant'? Msa mmtmn ﬁmr

: ﬁ]ﬂCt‘!ﬂ’ﬂE _‘“ '__*... : 4 i _“_{ e '.._-' - {3'1‘:‘) "

'(5:} Explam an:,r two achcmss ui‘ umrgeneraiurmmfunnar combination used in pm‘l.’ﬂr pla.u’t unthe

'_basm of fault level, mmnte.nance outaga and aﬁicienc}r Mso draw the smgle ]me. dmgram fm bﬂﬂt ﬂf +

o

- x
¢ o IR AT T T3 P S

T T 11 e T R T A T T T e T D B

B i 2 st et

et e el

-.anﬂwﬁpw«_-wm-w-mv-.u s
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Turbine Type ‘Head range (m)
Kaplan 2<H=40
Francis ' ¥ 10<H<350
Pelton 50<H<1300
Gross Head 250 m
Tuwrbine efficiency 91%
| Generator. efficiency - | 97% ;
| Transformer eﬁﬂiﬁ:ncy 08%; :
| Head loss 5%
'| Raparian release 10%
Generator sub transient reactance 21% -
Transformer reactance 9.15%
| Transmission line inductance 0.92mH/km -
- | Transmisgion line length B[ km 5
Trapsmission voltage level 66KV ;
| Gengrator voltage level . 11kV
] Traﬂs:mssmn m.mmt -| Double Gi.t‘ﬂ-ui‘t

g;u a power plant s0 2 to obtain fuﬂﬁvmg parmeters

i) Suggest the type of bus bar to bcuwd

{ﬁssuma smi-ablﬁ dat& ift mcessm'}' and m-cmsai}r graph is attached herewith)

=i :,.:.' h,‘-. i --:'_-1 Gkt
| o

T
[

1)

. -ﬂ.\.n.d' #.:wri.

- a} Electrical power output taking design discharge as Q,,

' b) Select the numbers of units and nmtalh:d capamty ;

i Selaez the type of furbine.
: i d} Draw tha Bmgla line d:agram, shuwmg genaratms pnwer transfurmm, stannn trmsfommr
mdd;mdgew&bnrfmhlmkstm
&) Calculate the rating of generator circuit bmakﬁrtc hc used in your dengn

: ii:-ﬁ'

2"
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Candidates are required to give their answers in their own words as far as practicable.

Attempi Al questions.
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a)

b)

a)

b) -
‘,.a}'-

h:I i

a)

b)

T

What is bio energy? Discuss the advantages and disadvantages of biomass in
comparison with geothermal energy. ' [2+6] &
Compare the operation characteristics of the tidal power and wind power plant
regarding daily curve, stability, grid connection and operating range. [8]
Define the following terms on the basis of integrated system planning approach. [2x4]
i) Load uncertainties :
i) System security
Discuss the various factors which should be considered for the choice of generator
- during the design of a power plant. Also mention the significance of short circuit ratio
“inthe salection of generator. - [5+3]
What are the criteria for selection of a hydropawer project? If the water in the river is 2
known to carry high sediments and debris, what would be your particular %
r@_s:ammm_daﬁon in its design? ' - [543]
Gompare the components, operation and characteristics of run of river (ROR) type .
hydropower plant with pondage run of river (PROR). s 8]
Develop a typical specification while procuring a power transformer to be in power
* plant design. : o [8]
Name the auxillary and ancillary systems with their function in a hydropower plant
with Francis turbine of 100 MW. . [8]
A typical hydro pover plant has the following details: [16]
tMonth Disﬁhargé[mafsl- - ; s
January 4,62 | Omax (Qa) 207.00 r3/s
February - 3.80 | Qzsx 18.24 m3/(s
March . 3.55 Qusw 6.82 m3/s ]
April 4.55 Ossx 4,7 m3/s
May 3.22 Qgsx 3.10 m3/s
June 12.70 Claex 2.17 m3/fs
July ; 32.98 Qumin 3 0.64 m3/s
August 40.26
September 31.23
October 15.00
_ November - 13T
December 4.80




Transmission circuit

Turbine Type Head range {m)
Kaplan 2<H<40
Francis 10<H=<350
Pelton S0<H=1300

.| Gross Head | 200m
Turbine efficiency 90%
Generator efficiency S7%
Tl:aﬂsformer effi cienw 98%
Head loss 5%
Raparian release 10%
Generator sub transient reactance - 21%
Transformer reactance - i 9,15%
Transmission line inductance 0.95mH/km
Transmission fine length 25Km
Transmission voltage level 33kv
Generator voltage level 11kv

Double circuit.

Design a lﬁdwer plant sn'a:ﬁ TI: obtain the f{':-lln:-wing parameters:

i} Electncal pr}wer output faking dasagn dlsraha:ga as Q45%
b) Select the numbers of units and installed capacity )

c} Draw the: single diagram. shﬂmng number of units, ge:;erator power tra.nsfunm:r

station transformer and diesel generator for black start

" d) Select the type of turbine

e) Suggest the type of bus bar to be used

f)  Calculate the MVA level of LV bus, MV bus and HV bus |

g) Calculate the rating of circuit breaker to be used in your design.
(Assume suitable data if required and the necessary graph is attached herewith)

il



