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1-2 G (ESC-Sem-3 & 4) Energy and its Usage
PART-1

i ) _ Unita and Scales of Energy Use.

—_—

CONCEPT OUTLINE
UNIT Energy and its Usage Energy Itis defined as the capacity to exert aforce through a distance,

It exists in various forms like heat energy, chemical energy, nuclear
energy, mechanical energy, etc.
Units of Energy : Energy can be measured in :
1 Joule,
\ 2. Calorie, and
CONTENTS ‘ 3 kWh

Part-1 : Units and Scales of Energy Use ... ... 1-2G to 1-3G Questions-Answers
Part-2 : Mechanical Energy and Transport.......... 1-3G to 1-5G Long Answer Type and Medium A Type Questi
Part-3 : Heat Energy : Conversion between ....,.. 1-5G to 1-6G -
Heat and Mechanical Energy -
{ Que 1,1, | What are the various scales of energy ? Where are they
Part-4 : gl;:::ge (;onv‘enli:‘.xrgy g 1-8G to 1-9G used 7
Transmission and Radiation ; Answer J )
Part-5 : Introduction to the Quantum, ............... 1-9G to 1-11G {‘ Various scales of energy that exists are as follow.u E B
Energy Quantization 1. Femto (10-1%): Femto refers to something that isin the 10~'° range.
Part6 : E i i . ¥ I Uses : Certain specialized medical facilities, have a certain lasers referred
a:: ;g:o;:si:er;;::: f{ :}bgms """""""" 1-126: to. 1-15G | to as Femtosecond lasers. So, Femtosecond lasers are laser which are
d b | P th ‘off.
P 7 . ‘'on’ for of a second and then they go ‘o
art-7 : Entropy and Temperature ................. 1-15G tg 1-16G | 2 Pico (102 ; Pico refers to something that is in the 10~ range.
Part-8 : Carnot and Strling oo, 1~16G to 1-18G Uses ; High precision power supply used in laborataries to make very
Heat Engines precise measurements of current, voltage and resistance of specific
Part-8 : Phase Change Ener, 1-18G to 1-21G samples.
BY srvisiosiiiiniicin o | & Nano (10-% : Nano refers to something that is in the 10-°range.

Conversion, Refrigeration

and Heat Pump Uses : Electron micrograph is an example of instrument using 10-*

range.

Part-10 : Internal Comb Li i 266G
al Combustion Engines,. . 1-21G to 1-26 4, Micro (10-9) : Micro refers to something that is in the 10°° range.

Part-11 ; Stesm and Gas Power Cyclos .. 1-28G to 1-30G \ Uses: aneasuringinstmmentinﬂlﬂ fields of science and engineering.
. | * " .

Part-12 ; Ph)fmcu of Power Plant. o......on. 180G to 1-31G [ B Milli (109 : Milli refers to something that is in the 10~ range. -
Solid-State' Phenomena | Uses : A typical scientific calculator uses power in the scale of 0.1 milli
mcc: llt:ﬁng Photo, Thermal I Watt )

S 08 Blectriy Aspecty | & Kilo (109 Kilo refors to something that is in the 10° range.
|

1-1 G (ESC-8em-3 & 4)
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7. Mega (10%): Mega refers to something that is in the 108 range.

U.u:Usedinlargevehiclesiikeguhmnﬁne&

Giga (10%) : Giga refers to something that is in the 10° range.

Uses: Modern day mobile phones have built in storage, which are of
the order of 16 GB, 64 GB which mean mobile phone store data in
several gigabyte.

Tera (101 : Tera refers to something that is in the 10! range.

U-e-:Cnmemandwmputerswdayuses hard disks in the terabyte
scale.

10. Peta (10'5) : Peta refers to something that is in the 106 range.

Uses : Today’s supercomputers operate in hundreds of petaflops.

1L Exa (10" : Exa refers to something that is in the 10'® range.

Uses : 10! is a kind of a quantity that is indicated with prefix exa, the
world today uses energy in the range of 500 exa joules.

12. Zetta (10%) ; Zetta refers to something that is in the 10! range.

Uses : In 2010 humanity is said to have crossed the 1zetta byte mark in
terms of data created and stored overall. And we might be crossing
7 zetta byte mark by 2020.

13. Yotta (10%): Yotta refers to something that is in 10% range.

Uses: We can understand this scale when we compare against
something in the scale of the galaxies and universe.

[ParTZ]

_Mechanical Energy and Trongport.

CONCEPT OUTLINE

Mechanical Energy : It is the sum of potential energy and kinetic
:msy It is the energy associated with the motion and position of an
, & 8- 2 moving car possesses mechanical energy due to its motion.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 1.2. an
it - o kinetic energy and also derive an expression for

e
R
Energy Seience & Engineering 1-8G (ESC-Sem-3& 4) AG A d &4 Energy and its Usage
Uses : In solar panels and batteries in Hubble space telescope.

A. Kinetic Energy : The energy that a body possesses by virtue of its
motion is known as kinetic energy. :

Mathematically, KE = %,,wz

B. Mathematical Expression for Kinetic Energy :

1. Consider a body of mass m starting from rest. Let it be subjected to an
accelerating force F and after covering a distance s, its velocity
becomes v.

Initial velocity, u =0
2. Now, work done = Fs .(12.1)
3. We know that, F=ma
4 Substituting the value of F in eq. (1.2.1), we have

‘Work done = m x (as) .(122)
5. From equation of motion, we have ’ i
v2—u?=23s or v:-0?=2as (- u=0)
v!
as= —

6. Substituting the value of as in eq. (1.2.2), we get
2
Work done =m %

7. But work done on the body is equal to KE possessed by the body.
KE = —;'m'v2 |

Que 1.8, l Define potential energy and also give principle of
eonservation of mechanical energy.

Answer |

A Potential Energy : It is defined as the capacity to do work by virtue of

its position.
Mathematically, PE=mgh
B. Principle of C: tion of Mechanical Energy :

1. Ifabodyis subjected to a conservative system of forces then its mechanical
energy remains constant for any position in the force field.

9. Consider a body eitber sliding down a smooth incline or freely falling.
Sinceit is initially at rest, all of its energy is potential energy.

8. Asit accelerates downwards, some of its potential energy is converted
into kinetic energy-
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1-5G (ESC-Sem.3 g
. . 4
Energy Science & Engineering ! 1-6 G (ESC-Sem-3 & 4) S
4 Atthe bottom ofthe incline or ;;;f,;‘{ﬂﬁﬁ,i?ﬁl’&?é’éﬁl?&‘i‘,ﬁ C. Heat Sink:
Iy kinetic, assuming the ;

f}?:iztum for potential energy: e ) 1. Tht.srmal reservoir which absorbs heat from a system is known as sink.

5. By the principle of conservation of energy, we see that the 10ss in potentg) 2, Thisisatlow temperature, e.g., ocean, river, atmospheric air.
: . in in kinetic energy.
energy is equal to the gain in kinetic energy Que 1.5. l Discuss in short about the heat engine.
Mathematically, )

(PE), - (PE), = (KE); ~ (KE),

{Answer I

6. On rearranging, we have 1. Heat engine is defined as a thermodynamic device which is used for
(PE), + (KE), = (PE), + (KE), continuous production of work from heat when operating in a
(PE) + (KE) = Constant ) thermodynamic cyclic process.

7. Thus, we see that the total mechanical energy, i.e., sum of potential anq 2. Bot.h heat, a‘nd work interac‘tions occur across the boum!ary of this
kinetic energies remain constant. This is known as principle of device, e.g., internal combustion engines, external combustion engines,
conservation of mechanical energy. . _ gas turbines etc.

i ) Y ., 3. Consider a heat engine which receives Q,, from heat source at T
PART-3 | temperature and produces mechanical work W.
il 4. The remainder of energy is rejected to heat sink at T, temperature.
Heat Energy : Conversion between Heat and Mechanical Energy. |
= 1
CONCEPT OUTLINE Heat source
Heat Energy : It is the result of the movement of fine particles called
atoms, molecules or ions in solids, liquids and gases. It can be transferred w
from one object to another.
Questions-Answers j T,
i : , [Fig. 1.5.1.
g Answer Type and Medi » ; s
edium Answer Type Qneqtlons 5. - From the principle of conservation of energy,
g Q=W+@Q
ﬁ:e :;- , l;Wlmt is a heat reservoir or thermal energy reservoir? | or W=Q-@, . w
0 in at : tput
© heat source and heat sink. 6. Thermal efficiency, n = e N:t, wort (ou p‘l‘i v Q
Answer eat input (supp!
A Heat Reservoir : It i ) Q-Q. Q,
a0d 1 finite amount of e e, 1 £0UIce of infinite heat enersY =g e
reservoir will not have any:i; bzorbgd or heat rejected from the h"‘?‘ < X rf f a heat engine
is maintained at a constant te‘:: pz:;:s temperature i heatreservo¥ | 7. Thermal efficiency is the measure of performance of a heat engine.
B. Heat Source ; ure. ! S SRSt
1 Thermal reservoir which PART-4 |
.. . supplies heat to 5 . i . {
2 This is at high temperature ystem is known assauro® Electromagnetic Energy : Storage, Conversion, :

nuclear reactor etc, » &8 boiler furnace, combustion chamber:

Transmission and Radiation. |
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Energy Science & Engineering 1-7G (ESC-S8em-3 & 4)
GﬂNCEPT OUTLINE

a form of energy thatis reflected or
felectrical and magnetic waves that

Electromagnetic Energy : Itis
emitted from objects in the form o
can travel through space.
Electromagnetic Storage Devices :

1 Capacitor, and

2. . Superconducting magnetic energy storage (SMES).

Ee 1.6. :l Write a short note on capacitor.

Answer : | .
L :x:;a;tg: ';h;s tw;n p;r.allel platfas or electrodes to which we connect an
e o 1?;:1. in the middle we have a dielectric material as
Positively
chmgeg

Negatively
charged

Dielectric Material
[ —

j 1]
, o
positively chargedemeanm;lg omslﬁeﬁ;aﬁ:lxiﬁgg » ‘I’iu,mrl;l: ondingy
. o . ye . .
the xni: of ?l:feeld.lehctnc material that facgzdéhe E’Séfmf'ﬁ“mdmz
facing the positi y charged, and the side of the dielegtric material that is
positive electrode becomes negatively chiarged.

3 i
There is oven}ll charge neutrality because of jus{ the sam t of
g e amoun!

positive and negative charge,

4, Chafgﬁisgivenulq=cv

Where, V = Voltage

Page 7 of 73

1-8G (ESC-Sem-3 &4) Energy and its Usage

5 The energy being stored is in the form of electrical energy and there i
no chemical change. e
6. Regionsi.n capad.w ave flat. So, this is the way inwhich the capacitor is
functioning and in this process energy is stored.

| Discuss in brief about superconducting magnetic energy

Knswe ;

1. Superconducting magnetic energy ge (SMES) systems store energy
in a magnetic field created by the flow of direct current through a
superconducting coil.

9, A SMES system comprises & superconducting coil in a cryogenic
enclosure, an electronic convenertomatchtheDCpowerinthewiltn
theAConthegrid,enﬂanelecizonicswitchtownh‘nltheﬂuwuf
current into and out of the coil.

3. The superconducting coil js charged by applying a DC voltage which
causes the current through the coil to increase.

4. When the current reachesits working value an electronic switch isolates

its the coil. Because the coil has zero

the DC supply and shori-circui
resistance, the current continues to circulate without losses and withno

heat generation.
5. Torelease the stored energy, the sw hisopnedandthecaﬂdimhmgm
through the converter;. yielding AC power which can be fed to the grid.
6. Their primary advantage compared to other types of energy storage is
their very short reaction time and ability to ide high power for short

periods:

7. Because they can be switched on with virtually no time delay, SMES
systems can counteract abrupt changes in demand for applications where
even the shortest interruptions are unacceptable.

7| Briefly describe dbout the transformer with suitable

which transfers energy from one circuit
ally isolated but magnetically coupled

L former is a static device
to another which are electric
without: change in frequency.

2. Transformer provides link between generator and transmission line
and between tranamission line and distribution system. And finally

deliver energy toload.

transformers are used to
8. The transformer isolates the expensive generator from the exposed

overhead power grid:
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Energy Science & Engineering 1-9G (ESC-Sem.3 & 9

' 1-10 G (ESC-Sem-3 & 4) Energy and its Usage

4. The transient over voltages caused by atmospheric disturbance will
propagate along the lines as waves, having }ugl} crgsts and steep voltage
fronts and velocities slightly less than that of light.

Laminated core | Wave Pmi,c.le Duality : According to Einstein, the energy of light is
i concentrated in small bundles called photon. Hence, light behavesas a
TR B * wave on one hend and as a particle on the other hand. This nature of
| light is kniown as dual nature, while this property of light is known as
| wave particle duality.
46 ! Wavt? Function and its Significance : The wave fanction y is
Supply E, ! described as mathematical function whose variation builds up matter
P waves. |y |2 defines the prohability density of finding the particle within
1 the given confined limits.
Primary ‘- - 11 Schrodinger’s Wave Equation : This wave equation is a
| winding fund tal equation in quantum mechanics and describes the
! variation of wave function y in space and time.
Quantization : The process of restricting the possible values of a
physical quantity to a set of discrete values'is called quantization.

CONCEPT QUTLINE

P ek

1
r 1
k1
]

Fig. 18.. Arrangement of a sph

1

[ 5. As these waves are being reflected at the transformer terminals, high

W voltage amplitude will be built up which will stress the insulation of toe
transformer than in a generator windings.

6. Trfansformers come in sizes ranging from distribution transformers rated ‘
a few kVA to huge three phase rating in excess of 1000 MVA: Long Aniswer Type and Medium Answer Type @

Que1.9. I Write a short note on electromagnetic radiation.
|Answer - l ‘Que 1.10. I What are de Broglie’s waves or matter waves ?

Questions-, ers

b Plectromagnetic radiation is an electric and magnetic disturbance lAnswer |
o m.gthmugh ——", -, . ) 1 'When a material particle moves in a medium, a group of waves is
eyl oot charge but travels in packets'of radiant " associated with it due to which it shows the wave particle duality. These
Buieemye ' ’ waves are known asmatter waves or de Broglie waves:
pt, each material particle in mot.ion
gth . associated with moving particle

8. Ex.amnf:;l:s of EM ra.d]'ation include radio waves and microwaves, as well l 2. According to de Broglie’s conce
asi ed, ultraviolet, gamma, and X-rays, | behaves as waves, having wavelen;
| \

4 sS::::;\;rtc;z oxt" al'(}lllﬁ rat('hatu;n include sources in the cosmios e g., the of momentum p. . .
2 s Oacweeements,and E M i | Ry T 2
exhibits a dual wave and Particle nature Gt d(‘vwes. * § P 4
5. Theene " s y 14
(eV), w]:‘geoiel%ctso Tagnetic radiation is quantified by anelectron volt i Wave nature & o=
accelerated thrz : scribes the energy gained by an electron as it i8 Particle L -
ugh a potential difference of 1volt. ' Quo L.11. | Derive time independent Schrodinger wave equation.
(Que 1.11. .

1. Considera

“antu; _,E.’!f,’fgé’;g!‘,amizminn. o td}:e pfosi:l: it
i - isplace!

sociated with particle and

system of stationary wave tobe fs 2) and v is the periodic

n coordinate of the particle (x, ¥,
any idstant time ¥
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E"=E‘v"‘;'"“’z=E—-V or m¥=2m(E-V |

1L Now eq. (1.11.7) becomes, -

= ~4n*om(E - b
: v ﬂ [ Since fi = E]
5 L Viyy 2mIE-V]y
! T =0
: s et (1118
18 required time-independent

sch“‘dinxer wave equation.

.M

fr——————————

-ﬁ S —
1
N 1-11 G (ESC-8e;
Energy Science & Engineering m-3&4)
2 The general wave equation in 8D in differential form is,  1-12G(ESC-Sem-3 & 4) Briargy andits Usage
1y —
Viy= el ~(L11,3) i i
Where, v = Velocity of wave, and v
g .
V2= j:_+_5_2+$ =Laplacian operator,
ox .QV CONCEPT OUTLINE
3. The wave function may be written as,
y=y e ~(1119) | Fuel.Cell : A fuel cell is. an electrochemical cell that ts the
4. Differentiate eq. (1.11.2) wrt time, we get S chemical energy of a fuel into electricity.
: N _jayeie (1113) | o Sy
! 8 HEy @
5. Againdifferentiatingeq. (1.11.3), - "
ﬁ:-&izm’\ye"“‘ S RN i G
e s -
ﬂ =—aly Rt " Discuss the application and economic aspect of fuel cells.
6. Putting these value ineq. (1.11.1), [AETU2019-20, Marka 10
viy= 9
vz v «(L1L5) | ad
N A Applications of Fuel Cell : Various applications of fuel cells are as
7. But 0=2my= 2rv A2 2n | follows :
A v A | i. Portable Applications : These include :
8. Eq.(1.11.5) becomes, & 4 l 1. Portable power generators,
VZy=- 4n? [ 2. Consumer electronics,
v=-zv (1116 \’ 3. Portable military equipments, etc.
9. From de-Broglie’s wavelength = | ii. Transportation A.ppllcatiom : These include :
mv L Auxiliary power units,
Then Viy= -4’m?v? | 2. Lighttraction vehicles,
T oY L(LILT) 3. Marine propulsion, etc.
10. IfE and V are the total ; \ . iii. Stationary Applications : These include :
kinetic energy, then 2nd potential energies of a particle and E s | 1 Distributed power generation,

2. Combined heat and power,

8. Back up power supply, etc.

B. Economic Aspects of Fuel Cells :

1  As a new energy techuology, fuel cells have not yet significantly
penetrated the energy market. Cost, durability, and reliability are the
main challenges in the commercialization of fuel cells.

2. The manufacturing life cyele and value chain represent the production
procedure and cost of fuel cycle.
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X ' ., materinls, com -
8 Th asccictritg s toetudcs the e atal, whith e ™™ Que 114, |hwnmmuam¢,m.m,“mmm.
0 the overall exmembily of custom fabricated and commercially producey eppropriate diagram and write the various chemical reactions

torl oclls involved in this type of fuel coll.
4 Tho stack. air management, ::;L ::‘::::::';;-ﬂ::fll!‘:\:m“ MAnswer

\‘v::ca a::;‘b:::z:;w m::a« up 14 % of the total cost. sack 1. Ituses anelectrolyte, which 19 a molten mixture cf carbenate el
A l; o clesr that most studies on existing fuel cell costs are based only on 2 Two mixtures commonly used are :

etack manufacturing costs, without consideration of repair and a Lithium carbonato and potasaium carbonate, and

rntenance costs However, the cost of repair and maintenange is
eoeessary (or stack service and end-uxer acceptance,

. toll Electron flow F» Laad —‘
E‘ l.l&lv'riwshnnnoteon ollowing : .—-wm—o-l
o

b, Lithium carbonate and sodium earbonate.

o Lithium-ion battery.

& Nickel metal hydride. OH, |0, &8
] CO, |
'Answery —> o OH, to <—co, :)4 (cl;b *—Oxygen
o Lithivm-on Battery : Hydrogen o o 0,
1 It the most popular battery at this point of time. It is lighter than the nicke] °;o S e B
mrra] hydnde battery bocause lithium is the lightest metal. - o
2 Therefore, 1t has much better energy density. It is rechargeable. N & 0
Its 1on part makes it rechargeable and it can also discharge over period | O G oq ¥
of ime if not used. | H,0| ¢ & Q €0s
3 Beartions of Lathium-ion battery are : ‘ B O] co, - co.- - i@ &_g“;ﬁ‘z
LiCj— Co+Lit+em Watar | é{zo o — " e t‘q?:
Co0, ¢ Li* v o _—’UCOOQ $
4 It uses lithium m carbon s the anode so when it di ithi '
) n it lithium |
leaves the anode and releases the electron which glolmeesexltemal { Anods.  Electrulyte Cathode
ciroun.,

4.1, ate fuel cell,
Then the Lthium on which come. Fig. 1.14.1. Molten carbonal el ce
electruns which come through the

" % ithi
cude (Co0,) and form lithium cob

s through th d the ) 5
ext emgl cir:u;at] ercetar:t]y:t:n cobalt 3. Since, these salts can act as electrolytes only in liquid phase, the eperaticg

revereble B alt oxide (LiCoO,). This reaction is temperature should be as high as 650 *C.
: ableCSo, 1t'is the rechargeable battm-y. 4 Due to high temperature, theso salts melt and become canductive to
b. Nickel Meto! Hydride (NiMH) Battery ; carbonate ions (CO,™ ).
] l‘| {s rech wrige ble Luttery, Thig i, 1O toxic 50 it can replace alkaline 85 5. These ions flow from the cathode to the anode where they combine with
ek b e admium battere, This does Jic havu:zl; :::muw effect. ! hydmgen to give water, carbon dioxide and electrons

N Phaa bugh copaeity and 1y )
=l ZD chierg S . .
apprmrches that of lithum jop, ergy de ity and itg energy density
It ey e

6.  The electrons flow through external circuit and reaches to cathods,

generating electricity and byproduct heat,

eacti e given below

Hovily discharge ; ; I T 'The reactions are given

» scharge if w it i .
alhydride battery are - iingpies Anode reaction CO, +H,—— 1360 +CO, e 20
MEYOH Mg, . Cathodo reaction: €O, + V20, +20 - » €O,

2 te

NIOIOH ) + l‘;()ﬂ o » Niloy, OH
40

Qirharge IMEUns it w )
4 Reacrionsof kel e

\\.
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Energy Science & Engincering

1-18G (ESC-Sem-3 4 ¢)
—

8

Total reaction : H, + 120, + 00, — H,0 + CO,
The emf produced by cach cell is theoretically 1 V and setual emf of
03V ait 709 °C e the expected efficiency is about 60 %

PART7
,,,,, _ Eeiepyend Temperature.

CONCEPT OUTLINE

[
|
|
|
|

Entrop : Entropy is defimed as the quantitative measure of disorder
ar randomness in a systerm. It deals with the transfer of heat energy
within a systam.

| S

Gue11a]

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que L15. | Diseuss entropy.

Aunswer_|

L

From Clausius theorem, cyclic integral of % for areversible processis

5Q . "
Zero. == i

The term T 8 called entropy and its change from state 1to state
2 during reversible Pprocess is given ag

2 2
3
e fon
Entropy is a measure f di
a system. Higher the t(i)isoigree of randomness of molecules comprising

In other words, entropy is tk:—n f::sc,tig:: i;:‘er s tAs terense ey

] | ]

1 Accordingto this principle, entry

* or in the limit remaing cona tantpy of anigolateq system either increases
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9. Anisolutod systom does not under ion (i
g0 aniy energy interact A
or heat energy) with its surroundings, xng (e o} ma.::y(::z;l‘)’:!'\:
possiblo states Mmulanqs constead. Thorefors for o isolated system,
=0

(d8)y01 010 2 0
3. H'tho process fn roversible, (b 00y = O =B 1l promems s ervwmerstils,

(dB)1aaq> O- )
4.

ﬁomnbwcwemthatﬂwcmdmﬁwcam ey
decrense. It always Mm%wmmm&mmﬁm

constant during a reversible process This s ez"led prinmigle of extrony
increase.

—PART-é o

. Carnot and Stirling Heat Engines.

CONCEPT OUTLINE

Carnot Engine : It is a theoretical engine which works on the Camot
cycle.

Stirling Engine : It is a heat engine which is operated by a cyctic
compression and expansion of air or other gas at different temperatures
such that there is anet conversion of heat energy to mechanical wark.
It works on Stirling cycle.

Long Answer Type and Medium Answer Type Questions

Que117.

Explain the Carnot vapour power cycle with T-s _

diagram. Also find out the efficiency of Carnot cycle.

]

[

It is an ideal cycle having highest thermodynamic efficiency. Carnot
eycle is shown in Fig. 1.17.1.

Various processes of Carnot cycle are as follows :

Process 1-2 ; It is reversible isothermal heat addition process in the
boiler.

Process 2-3 : It is reversible adiabatic expansion process in steam turbine.
Process 3-4 : It is reversible isothermal heat rejection process in the
condenser. C
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d  Process4-1:Itisreversible adiabatic compression Process or pumping
process in feed water pump. FipT 3

s —>
Fig. 1.17.1. Carnot vapour powér cyclg;

B. Efficiency:
1. Net work = Turbine work — Pump work
For unit mass flow,,
W= (hy—hy)~(hy~h,)
2/ Heat added in process 1-2,
Qo=hy—hy
3. Thermal efficiency = M
Heat added
(hy—hy)-(h, - h,)
! =——20_1 4
Carnot ( hz = hl)
= 1= M
hy-h,
4. Heat rejected in process 3-4,
QH = h3 -h 4
So, n =1- Dy
Carnot
Ql—z

5. Heat added or rejected can also be e

and entropy, so xpressed in terms of temperat\ire

Qa_‘ = Ta (83—34)

and Q=T (s,-5,)
NCarnot = I_Bssa—\s‘)
Ti(s,~s,)
6. Asweknow,sl=s‘and82=83
8o, 83=8,=8,~5,
T,
Ncamot = 1‘??‘

1
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lQuf_?.-}Q: ‘ Descﬁbe the Stirling cycle.

Answer |
1, Stirling cycle consists of two isothermal and two constant volume
processes. It is externally reversible cycle.

9. Heatrejectionand heat addition takes place at constant volume.
3. This cycl@ has mean effective pressure greater than Carnot cycle. But
- efficiency in ideal case is equal to the Carnot cycle.
4, FromFig. 1.18.1(b), it is clear that amount of heat addition and rejection
during constant volume process is same. So efficiency of cycle is given

as,
N
Stirling Ta '
' T Heat addition
. from the source
% Jsothermal Ty=Ty p=—=-= B
Constant
volume
Tp=Ti|~+
8
Heat added from/to Heat rejection to
the regenerator the sink
(@) ®)
Fig. 1.J8.1. Stirling eyefe.]

5. Inpractical use, Stirlingcycle incorporated witha heat exchanger, which
absorb the heat rejected during constant volume process and supplies
back to the cycle in heat addition during constant volume.

6. So amount of heat transfer through heat exchange; l(labt:orl's Exeat nni:
heat supplied back to cycle) is same. But *. v of hea
not loop";;. So efficiency of Stirling cycle will be less than the Carnot

cycle,

T |

LPhase Change Energy Conuersion, Refrigeration -and Heat Pump.

it

CONCEPT OUTLINE

Phase Change ¢ Phase change process
physical state from one state to another like
versa. Material utilizes its latent heat d
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Que fd&l Define refrigeration. State the application of

refrigeration.

!Amﬁv,er “]

A. Refrigeration :

1 Refrigeration means the cooling or removal of heat from a system,

2. Itisthescience of producing and maintaining temperaturesbelow that

. of the surrounding atmosphere i.e., removal of heat from a substance:
under controlled conditions.

3. The equipment employed to maintain the system at a low temperature
is termed as refrigerating system and the system which is kept at lower
temperature is called refrigerated system. 3

B. Applications of Refrigeration :

1. Makingofice.

2. Itisusedin transpoﬂgtion of food at a required temperature.

3. Itisusedin industrial and comfort air conditioning.

4 Itfs used in pr ing food products and beverages.

5. Itisused in manufacturing and treatment of metals.

Eu% 1.20. l Write short note on the following :

a. Heat pump.

b. Refrigerator.

swer

a. Heat Pump: i

1 Aheat i "
temtiper m p:;:fz:’(‘zd heat engine. It receives heat from 8 low
redbieviir (5ink), urce) and rejects it to a high temperature

2.  Thistransfer ofheat 1
one is essentially a mﬁ::,p:;owtamtempemtme body to a high temperature
ot ezt ok ity o A it alls ot Y

3. A heat pump extracts @, upplied to the heat pump (Fig, 1.20.:
> amount of heat from the low temperatiré.

(T) source and delivers ¢
i . amount of .
ik Ippcintmting ¥ amount of mef::f&:;" high temperature ()

1-20 G (ESC-Sem-8 & 4)

6.

28

‘Coefficient of performance,
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High temperature sink
- (T T,>T,

Q

"

[
Low temperature source

s of & heat pumip.|

_ gops Domreddtedt effect (120D
| Work input
Now, the desired effect for a heat pump is to supply heat @, to the hot

body. Therefore,

COPyp = % ..(1.20.2)
From the first 1aw of thermodynamics,
Q=YW
X
Q,-Qy=W
Hence, eq. (1.20:2) becomes
COP,, = -
-
Refrigerator: .-
A refrigerator is similar toa heat pump. It operates asa reversed heat
engine. )
Its duty is to extract heat as much as possible from the co!d body/space
and deliver the same to high temperature body/surroundings.
under a steady state, is to pump out

The desired effect ofa refrigerator; under a u
the heat in the same rate as is infiltrating into the system (Qy). And in
order to do so, the refrigerator takes up W amount of external work

(Fig. 1.20.2). ) 7 N
The desired effect of a refrigerator is toremove Q, heat infiltrating into
the cold space. )
By using the external work, it rejecta @, heat to the high temperature
reservoir (surroundings)- Therefor;;é i /
: . _ Desiredeffoct _ @, (1203)
COPrer = ~ork input W
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sink

High temperature
Ty

Low temperature source
Ty
[ Fig. 1.20.2. A schomatic
[ ofarefrigerat
6. From the first law of thermodynamics,
>Q=3w
cycle cyde
s Ql = Qz =W
7. Hence, eq. (1.20.3) becomes

COP,, = % Qi YD
. ry 1 . % . 3
Where, Q, is the heat infiltrating into the cold space of the refrigérater.

r :
[

'|Que 1.21, | Classify the internal combustion eng

HEeEBEPRRER R
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Answer
Internal combustion engine can be classified as follows :
According to Basic Engine Design :
Reciprocating engine, and
Rotary engine.
According to Working Cycle :
Ottocycle, and
Diesel cycle.
According to Number of Stroke :
- Four stroke engine, and
Two stroke engine.
. According to Fuel Employed :
. Gasoline or petrol engine,
2. Diesel éngine,
8. LPG engine, and )
4. CNG engine. :
v. According to Fuel Supply and Mixture Preparation :
1. Carbureted type, and

CONCEPT QUTLINE

IC Engines : The engines in whj
inside the engine or within o
combustion engines.
Types of IC Engine Based on g;
ey n I iti ;
;_ ggark Ignition (SI) engine. gnition:
mpression Ignition (CI) eng;
. gine.
Fou.rl stro!xe Engines : The engine:in hi
completed in four stroke of Piston or tw, K
Two Stroke Engines : T;ngine_s. o
completes in two stroke of :i:tl;mnes e o S DRSS

n 7
are known a8 two stroke engines, e Obution of orankshaft

1 combustion takes ﬁlace
the cylinder are known as internal

cycle of operation
o revolution of crankshaft

2. Injection type.

* vi. According to Method of Ignition :

1. Batteryignition, and

2. Magnetoignition.

vii. According to Method of Cooling :

1" Water cooled engive, and

2. Air cooled engine.

viii. According to Cylinder Arrangement :
1 Inline engine,

2. V-engine, and

3. Radial engine.

Describe the basic terminology used in internal
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|Answer . . — Energy
o Er;ns used in internal combustion engine are as follows ; '
. Bore: Itisthe pominal inner diameter of the working
L presentedby D " Suction valve Cylinder head
It is represented by - ) )
ii PistonArea:Itis the area of a circle of diameter equal to the olinger Intake or suction mmmmmu
bore. . manifold =
jii. Stroke:Thedistance travelln;d by piston from top dead centre to " wnm'—:—} ----- —_— _ =
dead centrensknownasstm e. Ottony " ; Clearance volu
iv. BommDeadCentre('BDC):Itiﬂthe‘lelldcentrewhenthepm_ N 1
v nearest to the crankshaft o Jowest position of the piston towards ﬂ: Gud:::::r—— = g " O s
crank end side of cylinder. e l olume, “_
v. ’l‘opDeadCenﬁe(TDC):Itisthedeadcentrewhgntbemnh Bottom dead —{—~
farthest from the crankshaft or top most position of the piston towards centre, (BBC) i  er
cover end side of cylinder. ! Cylin
vi. Displacement Volume (or Piston Swept Volume) : / = & —_—
L Thisis the volume swept by the piston moving from one dead centreta . qumec tmg.
otber. ' Crankease —>1 _ Crank pin
2. Itiscalculated as the product of piston area and stroke. ’ Grankshaft — |
v, = Piston area (A) x Stroke (L) Eyank
T - ‘ '
) ZDZL iE 1927, Tmportant positiona Zhd voluraes in Teciprocating epgine-|
vii. Clearance Volume : The volume contained in the cyli
i cylinder above the e
:‘,’,‘f;ﬁh" piston when the piston s at top dead centre is called clearance Que 1.23. | How internal combustion engines work ?
. . T 2010-20, Marks 10
viii. Cylinder Volume : AKTU 20,
1L The :
o u;l? of swept volume and clearance volume is known as cylinder er . L o
ix. Compressi Working of internal combustion four stroke spark ignition engine is
on Bating follows :
1 Thisisdefined as tke ratio . a. Suction Stroke:
to the volume at the end o??;;::;:nat the ing of compressic? 1 Suction stroke (Fig. 1.23.1) starts when the piston is at top dead centre
v+ - position and about to move toward bottom dead cenh'e.'
) ETD. =1+ 2 2. During this stroke, inlet valve is open and out%etvalve is cloaed-‘
' N : 8. Due to the suction created by downward motion of the piston, charge
consists of mixture of air and fuel drawn into tl;ecyhnder. -
4. At theend ofsuction stroke, both the inlet and outlet valves are 1
b. Compression Stroke: -
1 Thef;-’::hehargetakeninwthecyﬁnderdu{insmemtmthi!
' during the return stroke of the piston.

compressed
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inlet and outlet valves remain closed.

2. Inthis stroke, both the
mixture of air and fuel ig

3. Just before the end of the compression stroke,
ignited with the help of spark plug.

4. Burning takes place when the pistonis almost at top

5. During the burning process, chemical energy of the f:harge is converted
into sensible energy and producing a temperature rise of about 2000 °C
and pressure is also increased.

c¢. Expansion or Working Stroke :

Due to high pressure, burnt gases forces the piston towards thé bottom

dead centre,

L
_ dead centre so power is obtain during this stroke.
2. Both pressure and temperature decreases during this stroke,
3. Inthisstroke, both the valves remain closed.
d. Exhaust Stroke:
1. Inthisstroke, inlet valve is closed and outlet valve is open.
2. Piston moving from bottom dead centre to top dead centre and burnt
gases sweep out from the cylinder. £
Spark plug
(Sl;
Air fuel =
: R\\_’E'
Inlet valm,/ Zp
aw) :
Exhaust : ¢ A
value : Engine
(EV) ‘cylinder
.-Connecting
-...rod (CR)
U, Wi
Crank” .
(C)  Suction Compression Working Exhaust

stroke stroke stroke stroke

ﬁ'l’f'“: ] Compare the 1 and C1 engine.
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Answer
S, No. | Description SI Engine Cl1 Engine
1. Basic cycle | Otto cycle ! Diesel cycle

2. Fuelused |Gasoline (petrol) Diesel
3. Ignition Spark plug is used. Self ignition due to high

pressure and temperature
caused by compression of
: air. ,
4. Compression| 6 to 10 14to 22
ratio
Weight Lighter Heavier
Speed High speed Low speed

7. | Efficiency |Lower efficiencydue to|Higher efficiency due to
low compression ratio. | high compression ratio.

—_——

[ PART-11

- |
i Steam and Gas Power Cycles. _j

CONCEPT OUTLINE

Steam Power cycles : These are the cycles which uses steamas their
working fluid. Rankine cycle is the ple of steam power cycle.

Gas Power Cycles : These are the cycles which use air or gasas their
working fluid. Otto cycle, Diesel cycle, Bryton cycle are the examples

of gas power cycles.

‘Questions-Angwers

23

" Long Answer Type and Medium Answer Type @

‘Que 1.25. | Describe the different operatioris of Rankine cycle. Also
derive the expression for its efficiency.
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Answer -
A Rankine Cycle: .
1 Rankinecycleisthe theoretical steam cycleon which the steam turbing
(or engine) works. -
2 'The Rankine cycle is shown in Fig. 1.25.1. It consists of following

processes :
Process 1-2: Adiabatic expansion (in turbine).
Process 2-8: Isobaric heat release (in condenser).
Process 34 : Adiabatic pumping (in pump):
Process 4-1: Isobaric heat addition (in boiler).

PO Fp

3. Fig. 1.25.2 shows T-s diagram of Rankine cycle.
r
. "

B. Efficiency of Rankine Cycle: .

1. Consider 1kg of fluid . 0
h thﬂkgr: uid applying steady flow energy equation.

hy+Q =h,
i Forturbine: Qu=hi-hy (1.26.0)
hy=W,+h . s '
B WT = h:l- h#’ » ".(1-25'2)

Page 17 of 73
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iii. For condenser : i
hy=Q, +hy,
Q=h,—b, ..(1.25.3)
iv. For feed pump:
hp + WP =h " =
. & Wo=h,~h, .(1.254)
9. Efficiency of Rankine cycle is given by,
= Wm - wr —W,
Mhuskios = Foat supplied @,
- (A, —h,)—(hy, —hys)
| —_L——(hl h,o ] .(1.25.5)
3. Usinggeneral property relation for adiabatic compression,
Tds = dh —vdp 1 (=- ds=0)
A =i
or Ah-=vAp (Since change in volume is negligible.)
or - . hy=hy=0v,(;-P)

1) being a'small quantityin comparison with

4. Thefeedpumptzm(hn—
y neglected, especially, when the boiler

turbine work, W, is
pressures are low.
h-h

g i ™ h —hy,

{ Explain Brayton eycle and obtain expression for

PEWEr:
A. Brayton Cycle §

L It is a theoretical cycle for gas turbines and also known as constant
pressure cycle for a perfect gas.

2. The basic components of a Brayton cycle are shown in Fig. 1.26.1.

Heater
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two constant pressurg

3

cesses and

isentropic pro ) ant
L Occu(;o::r;;ion and expansion of working fluid is done by
ii?iltz;ei:process while addition and rejectionof heatis done at constant
pressure. . o
Brayton cycle on p-v and T-s diagram 18 shown in Fig. 1.26.2(a) ang
1.26.2(b) respectively. \

ph A8 T 3.
pu’ &€
1 4

>

. (b) T:s diagram -

1-2 : Adiabatic compression.

2-3 : Constant pressure heat addition.

3-4 : Adiabatic expansion.

4-1: Constant pressure heat rejection.

Now, Work done / cycle = Heat added/cycle — Heat rejected/cycle
Heat added in process 2-3 =mC, (T — Ty)

Heat rejected in process 4-1=mC, (T,~T})
Work done/ cycle = mC, (T~ T) ~mC, (T,~T))

Efficiency of Brayton Cycle :
. Efficiency, 7. _ _Work done/ cycle
¥ Nair-standard. = Foot addition / cycle
N mC (T, ~T,)-mC (T, -T,)
mC, T, ~T,)
T,-T, :
Nairstandard = 1= .(1.26.1)
38
From process 1-2, *
1-1
T 1=
== (&) ' ( By r, = Pressure ratio]
1 2l by
h .
Tz = Tl (VF) L

Similarly, from process 3—4,
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'__]
Ty=T ()"
4, Putting the values of T, and T); in eq. (1.26.1), we get
T,-T,
MNairstandarg = 1~ = 1- l:;l
T -T(r)" (AN

PART-12
Physies of Power Plant, Solid State Phenomena including Photo,
Thermal and Electrie Aspects.

CONCEPT OUTLINE

'Solid State Phenomena : It finds out the fundamentals of the
structure and their influence on the properties of solid.

Qqusﬁnnu—Anan )

'Que 1:27.| List the factors which should be considered while

designing a power plant.

Following factors should be considered while designing a power plant :

1. Availability of cooling water (if cooling towers are used the possihility of

" adequate make up water).

2. Availability of fuel (water, rail or pipe connection to the fuel source, and
the cost of fuel transport).

3. Distance from the centre of gravity of load demand.

4. Cost ofland including space for extension, maintenance, workshop and
storage yard.

5. Character of soil.

6. Main wind direction and water current in cooling water source (sea,
lake or river) in order to minimize air and water pollution, and other
ecological considerations.

7. With coal fired stations, disposal of ash.

8. Ifthe plant is erected far from a town, accommodation for staff.
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9. Rail and road connections.
10. Security considerations.

Que 1.28. I How can a power plant be. designed econgmically ?

| ; : ,
|Answer l . ) i . :
| 1 While p]anmng a power plant, first the power output to be installed is o N, { ‘lj ‘ Nucle Ener
" determined from the estimated maximum demand, anticipated th b o e ar gy
of demand and reserve capacity needed.
/ 2. After determining the installed capacity,.the size and numbgt‘ of
f generating units are decided according to the load curve or load du;a,tmn

2.8

curve. )
3. The variable load problem affects power plant design and operation as
well as the cost of generation. )
4. Due to variable load on the plant, the equipment cannot operate at the
designed load points. : e :
{:14] 4 5. In order to follow the variable load curve very closely, the total plant
L caparity has to be usually subdivided into several power units of different
6. Ifmore units of smaller size are selected than a few units of bigger size,
then the total plant capacity would more nearly coincide with the variable
load curve,

7 The size and number of generating units should be so chosen that each
unit operates on about full load or the load at whichit gives the maximum
efficiency. »

8. The load duration curve helps to decide the size of it;
base, intermediate and peak loads, e £ o

“ 9. The peak load unit / plant should be of smaller capacity to reduce the.

i

2-11G to 2-15G

[ ' TO:; o genelr ation, Some units must be of unequal capacitiestofitthe | . | Part-5 :  Nuclesr Fission ... SE— 1L 5
I c?)st curve closely. However, identica] units result in saving in the fixed o Reactor Design,
10. In a power plant with many genepasiv. . : Pa A R 219G to 3-20G
p i Y generating units, the; o 2 S Y ENR
I _;pl.nm‘ng Teserve in order to maintain the continuity ;; s?r“vsizebe some ¥ " and Fuel Cycles
- Spmningreserve is that resery, 5 ) . :
to the bus and js ready to takei}f: ?::Z.tmg Fparity which s gonsipatad

‘. ©ee©
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e — - T S
I ; ; tum Mecha mcs % Answer |
i Fund es in the Universe, Q“?n s i i M
o gzzmnt for Nuclear Physics. . e i A. Thermal Neutron : Thermal neutron is a free neutron that has an
. s average energy of motion corresponding to the average energy of the
z particles of the ambient materials.
Questions-Answers B. Properties of Neutrons:
i s .1. Neutrons are fundamental constituents of a nucleus. Inside a nucleus,
Long Answer Type and Medium # neutrons stay forever but as a projected particle outside it, it exists for a
ng p
5 short time only. X
. 2, 2. In nuclei of heavier elements, the number of neutrons is greater than
| i £ the ber of prot It is this abund of neut: which makes
‘g‘u‘e_ 2,’!‘:_- What are the various fundamental forces present in fheeloniiits akabls, .
nature ? : 3. Since neutrons are uncharged particles, therefore these are neither
| . affected by external magnetic or electric fields nor by the presence of
A ) : protons when they enter or penetrate the nucleus.
Various fundamental forces present in nature are as follows : ) 4 Depending upon their speed, neutrons are put in two categories :
' i Gravitational Force : 1t is the force of mutual attraction between any i.. Fastneutrons,and
two objects by virtue' of their masses. It is ;umvgrsa} ft:;ce as every i, Slow neutrons.
object experiences this force due to every other object in the universe. 5. Both are fully capable of p figa iticlas gt ing artificial
ii. Electromagnetic Force : It is the force between charged particles. disintegration in the nucleus.

Charges at rest have electric attraction (between unlike charges) and -
repulsion (between like charges). Charges in motion produce magnetic { ;

- 1
= i\
; ART-2 | ‘

force. Together they are called electromagnetic force. A :
Nuclear Forces, Energy Scales and Structire.

|

| iii. StrongNuclear Force: It is the attractive force between protons-and

| neutrons in a nucleus. It is charge-independent and acts equally between

’ a proton and a proton, a neutron and a neutron, and a proton and a CONCEPT OUTLINE

| neutron, Nuclear Force : These are the forces which act between two or more

iv. Weak Nuclear Force : This force appears only in certain nuclear nucleons. They bind protons and neutrons into atomic nuclei.
Pprocesses such as the B-decay of a nucleus, In B-decay, the nucleus

emits an electron and an uncharged particle called neutrino.

( > ‘Questions-Answers
Que 22. | What do you understand by quantum mechanics SIS e i i :
relevant for nuclear physics ? . - B WK Answer Type snd Medium i

Nuclear physics is about the physical nucleus of an atom.

2. Sowhen we are domg quantum mechanics on nuclear physics, it means
that we are dealing witha mechanisms which affects the nucleus of an
atom, such as protons, neutrons, the strong force that keeps the nucleus
together, and the other forces that cause nuclear radiation.

Explain the properties of nuclear forces.

Pr i llows :
Properties of nuclear forces are as fo ) .
1. Nuclear forces are ordinarily attractive. When the distance between

I Joge f a nucleus, the
Que23. | What do you understand by thermal neutron ? Also two nucleons js 104 m which is equal to the size of a t

8 : attractive force. -
explain the properties of neutrons. nuclear force comes into play as an
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Nuclear Em,"

—|

2 Nuclear forces are charge independent. The nuclear force between ty,

peutrons is the same as that between two protons or between a protq,
and a neutron.

Nuclear forces are short range forces.

Nuclear forces are spin dependent. The force between two nucleon,
having parallel spins is stronger than the force existing between tw,
nucleons having anti parallel spins.

Nuclear forces show saturation properties. A nucleon can interact ony
with those nucleons which are its nearest neighbours.

Que 25. Discuss in brief about structure of nucleus.

L

2.

3.

The atomic nucleus is present in the center of the atom. It consists of
protons and neutrons collectively known as nucleus.

The number of protons and neutrons in the atom define what type of
atom or element itis. : .

The structure of the atomic nucleus gives us lots of iﬂformaﬁnn about
the element it represents. The number of protons inside the nucleus
gives us the atomic number. The protons have a positive charge,

In order for the atom to have a neutral charge, the electrons need to
balance it out with their negative charge. Therefore, in a neutral atom
there are just as many protons as electrons.

So, if we know the atomic number and know the charge of the atom
then the number of electrons is easy to find.

[Pig. 251, 's't}h}lﬁ?e?ﬁ'u@

b

Page 21 of 73

Energy Science & Engineering 2-5G (ESC-Sem-3 & 4)

e e e

| —_P .R;l'-a o hi«‘l

| Nuclear Binding Energy Systematics, Reactions and Decays. |

e

Questions-Answers

mmwmmﬂmmmw

Que 2.6. l Whatdoyaummbybindinlm?%mlhe
e
total binding energy mdbindingwpernudmluthe.c"
nucleus ?

IAnswei‘ AI
A. Binding Energy : .
1. Bindingsmrgyisdeﬁnedastheenmreqmd‘ to overcome the binding
forces of nucleus. e
atom is formed then the nucleons come
> X’:ﬁ‘é{h a:hl:c:::s O B e aonce botweon the two nucleonsis of the arder
of nearly 10 mm. .
3. Af the moment of combination there is a release of energy which is
known as binding energy.
B. Numerical:
1. The atomic weight of (C*? =12.000 amu
i s of ,C1?is given as :
e "’ﬁif.fi?é“::}m; . 1,00759 x 6 = 6.04564 amu
Mass of 6 neutrons = 1.00898 x 6 = 6.05388 amu
Mass of 6 electrons = 0.00055 x 6 = 0.00330 amu
Total = 12.10272 amu
Tsotopic mass = 12.00000 amu

3. Therefore, Mass defect = 12.10272- 12.00000

=0.10272 amu

4. Energy equivalent of 1 amu
= 933.76 MeV

5. Therefore, total bi“di“f;;;_'gx 0.10272 = 95.91 MeV

6. Binding energy per ucleot,
" 96.91

=

12
= 7.99MeV



Page 22 of 73

www.civil guru.net
Thisisthe subtitle of PDF, Use long text here.

2-6 G (ESC-Sem-3 & 4) Nuclear Energy
—_— Energy Science & Engineering e
Que 2.7. , Draw the binding energy curve showing variation op - i (ESC-Sem-3 & 4)
binding energy per nucleon with mass number. With the help of ’ anlmmm.m m{.tﬁei:lam. inbindi
this, explain the phenomenon of nuclear fusion and fission. - 8.8 MeV. Clearly, mmm n:cm:z;cl;?d ;’teA =56. This value is
e - £ ' ‘e) is the most stable.
ABTU 2019 v. ‘The bl.ndmg energy per nucleon of nuclides haying mass numbers

ranging from 40 to 120 i clo g
elements are highly S‘tﬂhle:nsden?n? mmm:m value. So, these

{Answer ] )
A Binding Energy Curve : _ i mﬁw&mmy e mmsmwfzm.miw
1 The graphical relationship between binding energy per nucleon ang number increases in heavy nuclides. FoRg profons
mass number is called binding energy curve. . vii. Beyond A = 238, the binding energy per nucleon shows a rapid
2. Fig. 2.7.1shows binding energy curve. The average binding energy per decrease with increase in mass number. .
nucleon is plotted against mass number for naturally occurring nuelej. viii. The fact that the binding energy curve droops at both high and low
3. Following are the special features of binding energy curve. ' B Phem;m“;ﬁx&m%?lmmm'

i The bmt;lﬁ!g energy per nucleon of very light nuclides such ag %Hm ‘1 ‘Thedrooping of the hinding energy curve at highmass mumbers tells us
. ve.r_Y smat. . L NS : 'S that nucleons are more tightly bound when they are assembled into two
ii.. Initially, thereis a steep rise in curve. This indicates a rapid risein middle mass nuclei rather that into a single high mass nucleus. This is

the value of binding energy per nucleon. - known as nuclear fission.

iii Between mass number 4 and 20, the curve shows cyclic recutrence 2, The drooping of the binding energy curve at low mass numbers, on the
other hand, tells us that energy will be released if two nuclei of small

of peaks corresponding to $He, §Be, 12C, 160 and %) Ne. This shows _
that the binding energy per nucleon of these nuclides is greater - mass numbers combine to form a single middle mass pucleus. This
k i process, the reverse of fission is called nuclear fusion.

than those of their immediate neighbours.
Write a short note on chain reaction.

Region of max. stability
Mé i Fission " ) PR
= ; 1. ‘A chain reaction is that process in which the number of neutrons keeps
----- 1T s 011lnulﬁplyingrapidlyduﬁngﬁssionﬁllwholeoftheﬁsswnablematenal
Ea is disintegrated.

2. If at least one fission neutron € 2
another nucleus then the chain reaction will
self-propagating.

3. 'Thiscondition canbe conveniently
factor or reproduction factor of the system
_ Number of neutrons in any particu.lar generah.on
e Number of neutrons in the preceeding generation - .
4 IfK>1, chain reaction will continue and if K < 1, chain reaction carinot

|
I
|
]
1
|
1
1
1
1
1
1
: 1
I o g
L L1 [ 408 be maintained.
0 405 T C e A
6 80 120 160 200 240
e Mass number (4)

Fig. 2.1, Piot of binding en

o
® o
Y
®

becomes available for causing fission of
become self-sustaining or

expressed in the term of multiplication
which may be defined as :

e

“Na“mmﬂm.

Average binding energy per nucleon (in MeV) »

g per ucioon |

__.. 88 afunction of mass number, - |
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Neutron

; U

-

Que 2.9. l Write a short note on radioactivit);.
{Answer Q

1 Mo.st of the naturally occurring isotopes are stable. But those isotopes
which are not stable are known as radioactive isotopes. i

2. A continuously undergoing spontaneous (i.e., wi i
¢ A ; .., without outside help)
disintegration of radioactive isotopes is called radioactivity.

3. This is accompanied by the emission mall i
of one cles
from the parent nucleus, i . '

4. The resulting nucleus is known as daughter nucleus.
5. The parent nucleus is said todecay into the daughter nucleus.

6. The daughter nucleus ma .
y or may not be stabl ; = coeagive
decays may occur until a stable isotope is fom‘: ;nd several su v

7 Radioactivity may be natural or artificial,
QueZl!) l Show that radioactive decay follows exponential 1aW:

Answer |

1L W
e know that the small amount of disintegration of the isotope in 8

small period is directlyproport joacti
nuclej and ptoportionali‘t)y c?n?::nn:l i el

Energy Science & Engineering 2-9G (ESC-Sem-3 & 4)

2. Let, N =Number ofradioactive nuclei present at any time ¢,
N, = Initial number of such nuclei, and
A = Proportionality constant.
8. This can be stated in the form of equation as follows :

AN = —ANAt .(2.10.1)
dN
. 5 =W .(2102)
The negative sign represents that during disintegration the ber of
the nuclei is decreasing.
4. Integrating the eq. (2.10.2) within the proper limits, we get
N dN ¢
lw oy = -*fa A2103)
N
or  log, N-log,Ny=-At or log, A =—Az
o
N =N.eM
or N, =e or N=Ngye
dN
5 =—AN=- 2 .(2.10.4)
7 AN =-AN,e (
The eqn. (2.10.4) represents that the decay scheme follows the
exponential law.

‘What are the vaﬂous types of radioactive decay ?

Vaﬁous types of radioactive decay are as follows :

Alpha (a) Decay :
o particles are helium nuclei, each consisting of two protons and two
neutrons and are commonly emitted by the heavier radioactive nuclei.

9. 'The decayof Pu®® into fissionable U5 and.o.(He*) particles is an example
of a-decay. '

b P

“ggPu® —2s U + He!

b. Beta () Decay: '
} It is commonly accompanied by the emission of neutrino (A) and y

1
radiation.
2. Anexample of p decay, p
aPul —E> o Bi¥ 4 e’ +A
8, Thepenetratingpower of p particles issmall compared to yrays, however,

it is larger than thatof particles.
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¢. Gamma (y) Decay : _ 0.893
1. yparticles are electromagnetic radiation of extremely short wavelengty = A ’ : -(2.122)

" and very high frequency resulting in h‘ﬁ,‘; SRR, o i c. Average (Mean)Life:

2. originate from the nucleus while A-rays from the atom, y 1. Average (mean) life indicates the iny i
Lﬁz&gﬂf are on an average, about one tenth those of X-rays, though radioactive nuclei has diamtegratemﬁga:o ht:]]l;vm; fm@;
energy ranges overlap somewhat. s B greater than half life, 1 -

3. There is no alternation of atomic or mass number due o y decay: 2. This is obtained by taking the sum of the decay time of the radicactive

d ' Posi Decay : ' nuclei and then it is divit_ied by the initial number of nuclei.

1. Positron decay is caused when the radioactive nucleus contains an excegg 3, I Tis the time of average life, then
of protons. d ) - s

2. Anexample of thisis the decay of Ni*’ into {C' which is shown below, | . -! @N W..[te dt

MNiBB—s OB+ 0 ) : . : “°N N

|} » - - s % vs

;Qgg_ %-_1?1 l Explain briefly the followmgterqs related to radioactive w? Onsolving T [—te"" . 9T ]:

decay: :

% Activity; } . _ .
b. Halfli.fe: énd < T'= Iy ...(2.123)
c.  Av ( life. ‘

i 5. Ondividing eq. (212.3) by eq. (2.12.9), we get - = 1445

|Answer l : tua .

‘a: T ty 6. So, itis clear that mean lifeis 1.445 times greater than half life.
v : - . e e 334

1. Activity is defined as the intensity of emitted radiation. - PART-4 R T
2. This is directly dependent on the rate of disintegration of the element. ; : ﬁ'!"'m" Physies,
3. Let, A = Activity at time £, ‘ ¥

A, = Initial activity, and e CONCEPT OUTLINE

1 ? = 0
k = Detection coefficient. s Fusion : In fusion, two or more light nuclei fuse to form heavier
dN : ' nuclei. ; .
N k(__c?) =N . . Fission : In fission, a heavy nucleus is split into two or more lighter
= IAN, e nuclei. :

A=A e
b. HalfLife:
;' e represents the rate of decay of the radioactive isotopes.

i Tu:hel.h_alfelf::t:th‘ timerequired for half of the parent nuelei to decay of
3.. We know that, N= [Va e™ (212'1) .
4  Putti % N, : ‘ What is nuclear fusion ? How does it differ from nuclear
tting N- 2 and¢= t,ineq, (2.12.1), we get ' AKTU NIQ-M,MS 10
=N ez
5. Therefore, e4in =19
M,, =log 2 =0.603 &
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sueEsosmssd ——————10
[angwer . | :

A Nuclear Fusion:Itis2 reaction in which two or more atomic g

6]

are combined to form one or more different atomic nuclﬂand subatony,
particles (neutrons or protons). iy .
B. Comparison of Nuclear Fission and Nuclear F“mpl'oeeue,q

S.No.| . NuclearFission | 5
L |A heavy nucleus breaks up to Two nuclei combine to; form 4
form two lighter nuclei. heavy nucleus. i

2 It involves a chain reaction. Chain reaction is not m / olv&i

3. |Nuclear reaction residuall Residual pto’bléni is ihuchlilegg,'
problemis high. : 2

4 |Amount of radioactive|Amount of radioactive material is
material in a fission reactor is| less.

high.

5 |Bee of higher radioactive| Because of lesser radioacti

. acti ] adioactive
Fmteml, health hazard is high| material, health hazard is much
in case of accidents. less. '

6. |We have proper mechanisms| Proper mechanisms to control
to cont:tol fission reaction for(fusion reaction are yet to be
generating electricity. developed.

T Raw material is not easily|Raw material is compai'atively

_ |available and is costly. cheap and easily available.
8. |Disposal of nuclear waste i i
‘ : is a| Disposal i
great environment problem, i,nv(lx)lt\)red. o g TR “.mt

Write short note on nuclear ﬁséion.

Nuclear fission is defined asat,

heavy nucleus splits up intg goor s L Lo disi ion in which
aed plits uj tw : integration in W
MuHbemaatior e“'«’rgyfnto © nuclei of nearly comparable masses

The fissionis accompan; and radia

lonis panied b ;
b s o ;' the release of three neutrons a iation
The reaction is Tepresented ag

1 248 :
on+ 28U, 2
¥a loy' Ul Mg, | YKr+31ln4 Y
o

3
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4, 'zl;he diggrammatic sketch is given in Fig, 2.14.1. A neutron strikes the
:'U nucleus and in'the process tworiuclides 14!Ba and 92Kr are formed
with the release of 3 neutrons. ;

S
B N

B. The wavy lines indicate the energy released in the form of yradiations.
A slow neutron isused to cause fission. y

6. Further whereas one neutron is lost in the process to produce fission,
three neutrons are produced as a product of the fission. This fact has
treniendous significance in the construction of nuclear bomb.

2 Explain its

235

2
S
n

1 %,

What do you mean by r

A. Nuclear Reactor: 4 )
1. The nuclear reactor may be regarded as a substitute for the boiler fire
box of steam power plant or combustion chamber of gas turbine plant.
2. Theheat produeéd in the nuclear reactor is by fission process whereas
in steam and gas power plants, the heat is produced by combustion of
fuel. ) .
. 8. Theothercycle of operation and components required is the same either
as steam plant or a gas turbine plant.
4, The stéam or gas may be the working fluid in nuclear power plant.
B. Different Parts of Nuclear Reactor: ’
i  Fuel Element: 1
1. Thenuclearfuels whichare generally used in reactors are o, U, 5 PuZ?
and g, U#3,
9, Outofthe three, the ;,U** is only naturally available upto 0.7 %in the
\iranium are 239 and the remaining is 70
3. Theother two fuels o Pu®® and 42U are the byproduct and formed in
the nuclear reactor \iuu.ring fissioning process from U and ooTh*2due
to absorption of neutron without fission.
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2-14G (ESC-Sem-3 &4 ] o
and their locations in the Teactop
of the fuels ction within the reactoy

4 The selection of theshape ® aniform heat produ

are made keeping mmwo. ed taking into account the heat transfe,
5. 'The fuel elements are design! )
corrosion and structural strength.
ii. Moderator: . Gt
from high kinetic en
i ;al used to slow down the neutrons ergy Codudt
t ([ ; ';1:3‘::&1?;200 kmy/s) to low kinetic energy (0.25 eV or 2200 m/s) in 5 | =
fraction of a second. N i 'B;:gmﬂ
2 Further, amoderatoris used toincrease the probability of reaction and
to maintain the chain reaction due to slow neutrons.
8. The slowing down of the neutrons is effectively done by the light ‘ ( h ( _
elements such as H,, D,, N,, 0,, C and Be. : ;2 25 22 Reflector
L Inorder to keep the critical size of the reactor and hence the amount of 22 ;2 ?2
fissionable material as small as possible, it is important to conserve W A | Fasl
utro; W W i
{ s : 44 A S—
! 2 This s possible by surrounding the reactor core with a material which 1
reflects escaping neutrons back into the core. This material is called
r eﬂxbl' . 3
3 ;I:'huhm 'ﬂ"imd[ properties of a good reflector are low absorption and high <—Codlant in
lor neutro; i 1 0 . . s aw =y
well s high rad: tio:ssiah;i‘lliltyms tance to oxidation and irradiation g
times : ) : | ey
54- :::y the materials used as moderator is also used as reflectof. reactor
i CME(:' D;0 and carbon are also used as reflector. ! vi. Biological Shield :
) ! 1  The intensity of radiations and radioactive fragments from the reactor
core is too high for the human bedy to tolerate.

L The main purpose of the coolant i .
: t in the reactor is to transfer the heat
produced in the reactor and to keep the fuel assembly at a safe 2. Therefore, it is necessary to surround the reactor with shielding material
to prevent damage of human body due to radiation.

i :hl:lpemtm-e to avoid their melting and destruction

furt;::;ijihez:tt:::::hby the coolant js used in the heat exchanger for || vii. Reactor Vessel:

using hot gas, © Power generation either generating steam or 1. The reactor vessel encloses the reactor core, reflector and shield. It also
3. Thewater, heavy wate ' provides coolant inlet and outlet passages.

organic liquids are mdr :ﬂ;f)ll‘le, CO,), ametal in liquid form (Na)and |! 2% The reactor vessel has to withstand the pressure at 200 bar or above,
v. Control Rods ant. 3. The reactor core (fuel and moderator assembly) is generally placed at
: the bottom of the vessel.

1. The control system P
: ntrols th, S
Increase, decrease ang ¢ rate of energy generated. It starts: S e = : =

510PS the reagt E < R PART-5

the reactj

2. These rods may be gfiq, on.
ped I ] — .
interspread throughout the corl: the fuel rods themselves and are Nuclear Fission Reactor Design.

3. Instead of containing

o of containing fuel, they congy :
cadmium or indjym_ Y Contain Reutron abgorher such as boron,
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/A 11. Anincrease in'the bailing rate
displaces water %
Questions-Answers § 2 'I'll;uh‘o:m n::d h:m reduces the (moderator) to thermalize
o - The saturated liquid that
Type and Medium Answer Type Questions: reactor in a steam W.m‘h'_'m‘“ the top of the
Long Answer . the reactor or v ﬂ""m medithcr internally within
. = condensate demnally outside the reactor mixes with the return
lain the w
‘Que 2.168. ] With the help of neat diagram, exp! orking ofa ’—m‘jfs_{'! ) et st axpinin
boiling water reactor (BWE). (PWR) highlighting its merits and demerita.
|Answer el s AETU 2019.20, Marks 10
1. Inaboiling water reactor enrich fuel 18 used.
2 Thearrangement of BWR is simpler than the pressurized water reactor )
(PWR). A. Pressurized Water Reactor (PWR):
3. ‘The plant can be safely operated using natural convection within the 1. Apressurized water reactoris a light water cooled and moderated tk ]
care or forced circulation. . mactorhamgmmmalmodmmbthnmﬂmdhﬂb
4 The pressurein the forced circulation is maintained constant irrespective ;!;nched f::ll o
of the load. . 2. e principal parts of PWR are :
5. Incase of part load operation of the turbine some steam is by-passed. a. Pressure vessel, .
6. In BWR, the steam flowing to the turbine is produced directly in the b. mrthu:nalmld.
reactor core. 4 c. ements,
7. Steam isseparated and dried by mechanical devices located in the upper d Controlmdn,‘
part of the pressure vessel assembly. e. Reactor containment, and
8. The dried steam is sent directly to the high:pressure turbine thus f. Reactor pressurizer. ]
eliminating the need for steam generators. ) 3. In PWR, the primary circuit passes through the fuel core and is
9. The coolant thus serves the triple function of coolant, moderator and radioactive. - ) s
working fluid. ’ 4. Thiapﬁmarychcuitthenmdummmmamndmmtwbch

ivts of beat exchanger or the boiler and the turkine.
Controlrods  Steam generator

Saturated steam Throttle valve

Vapour !
Boiling
reactor
(R o B e eemieee e _ Feedwater pump - ——
(Vig. 2.46.1 Schematic o  direct cylo BWE plan| [ | Frmany 5
1. Bt th et b b seocir s s Prowur e —
” ) is much less tha® | a7 1 Pressurized woter reactor
thatin a PWR and it is maintai s vessel  gychanger (o .74, Pressurized water re
Pomasty Aoty maintained at about 70 bar with steam temperatur® Mg ,_,—:'&!“
|
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active and need not be shieldeq,

5.
6.

L 7 I R S

. By providing the cooling coilsor éprayingw

. Water acts both as coolant as well as moderator. s

. A pressurized water

Answer
A pressurized heavy water reactor (PHWR) is a nuc

As the steam in the turbine is not radio .
The pressurein the primary ¢irc it should be high s0 that the boiling of

water takes place at high pressure.
A pressuring tank keeps the water at

not boil.
Electric heating coil in the pressurizer bo

steam that collects in the dome.
The pressure of the dome goes on incre:

into it.

about 100 kgffem? so that it will
il some of the water to form
asing as more steam is forced

ater on the steam the pressure

may be reduced.

I

reactor can produce only saturated steam. By

providing a separate furnace the steam formed from the reactor could

be superheated.

Merits of PWR :

Water used in reactor is cheap and easily available.

The reactor is compact and power density is high.

Fission products remain contained in the reactor and are not circulated.

A small nu.n;“ber of control rods are required. ©.
Demerits of PWR ‘
L.

" Capital cost is as high primary circuit requires strong pressure vesse

In the secondary circuit the thermodynamic efficiency of this plant is

quite low. i1
Fuel suffers radiation damage and, therefore its reprocessing is difficult.

Severe corrosion problems.
.18, | Describe préssurized heavy water reactor (PHWR).

2 A lear power reactar,
commonly using unenriched natural uranium as its fuel that uses heavy

water (deuterium oxide D,0) as its coolant and moderator.
The heavy water coolant is kept under pféssure, allowingit tobe heated
to higher temperatures without boiling much asina typical pressurized

water reactor.

While beavy water is significantly more expensive than ordinary light

water, it ylelv.is greatly enhaniced neutron economy, allowing the reactor

to ope}'gte without fuel enrichment facilities and generally enhancing

the ability of the reactor to efficiently make use of alternate fuel cycles:
i £

_ Energy Science & Engineering
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‘4. 'The CANDU resctor i N —
s chemy reactor is the first and miost ‘widely used heavy water

1. Thenuclearfuel cycleis the series of ing
the production of electricity

2, Fuel removed from a reactor,
life, can be reprocessed so that most is

Final
disposition

from uranium in
aﬁerithasreachedtheendofitsuseﬁll

dustrial processes which involves

nuclear power reactors.

recycled for new fuel.

Fuel
fabrication

Nuclear
reactor

{ : ; ; |
i ;vities associated with the production of electricity !
. 3::1Z;T:::c:ic;‘ns are referred to collectively as the nuclear fuel cycl.e.
The nuclear fuel cycle starts with the mining of \n‘.anium and ::38 avsng
* th: disposal of nuclear waste. With the reprocessing of used
option for nuclear energy, the stages form a true cycle.
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e t————eETR T 2. Lal'gﬂ 8paceis Tequiredf
i . or th,
I PART-1 3.  Highinitial cost for solar pan:]? Hlection of solar energy at a useful rate
! . Ei 3 oy 08 q 9 :
*_ L _ Introduction to Solar Energy P . iQ:lﬁ i’?;.,l Explain with a neat sketch, working of a solar cell
 CONGEPT OUTLINE '

‘ [ABTU 201820, Marks 10]
Solar Cell : Solar cells are energy conversion device which are used

to convert sunlight to electricity by the use of the photovoltaic effect.

EAilsymm_;x -

When !ight reaches the p-n junction, the

in the junction, through very thin p-type layer.

2 The-light; energy, in the form of photons, supplies sufficient energy to
the junction to create a number of electron-hole pairs.

light photons can easily enter

3.. The incident light breaks the thermal equilibrium condition of the
© junction.
4. _The free electrons in the depletion region can quickly come to the
n-type side of the junction. Similarly, the holea in the depletion can
Que 3.1. I Describe solar energy along with its merits and A quickly come to the p-type side of the junction.
demerits. .5,

Once, the newly created free electrons come to the n-type side cannot

: . further cross the junction because of barrier potential of the junction.
Answer ! ' Similarly, the newly created holes once come to the p-type side mfn:::
e ‘ : ; ¢ junction because of same barrier potential of

A. Solar Energy: : . further cross the junction

L . i - junction. . i . ) o

" iy b s i f he el st | 6 b e cmsnon st et s
en::? hl:)euc:eu:eﬂ}:: non-polluting a.nd LN elps o decreniirig it annyt.lIJ:;r gide, i.e., the p-type side of the junction, the p-n junction will

9 golar enevgy osis be sed - Lo behave like a smallbatt.el'y.ceﬂ- B
i  Bydirect conversion to a fuel by photosynthesis. - 7 f:n;’a‘;}tlzﬁs ;mﬁﬁﬁ,wwiﬁmmﬁmmm@
i Bydirect conversion to electricity by photovoltaic. i

iii By conversion to electricity via thermo-el

it.

tric power system.

Sun light
3 The sun releases the enormous amount of energy due to continuous
ﬁmonreactinntakiqulace inside the sun. ’
4. The sun sends out the energy in the form of radiations at the rate of
3.7 x 10% MW. 2
5. However, the energy intercepted by the earth is about.1.85 x 10** MW.
6.

This energy available is several times more than all the duced |
and consumed in the world. i '

B. Merits of Solar Energy :
1. Noiseless operation.

. "7 | PAREA As mal
€ ; : . ¢
2. Occupies 'le.ns. space on floor as there is no need of storage vessels. 1 of Solar Radl'ﬂi‘."j_‘lﬂé—‘—t—s.l_@“ﬂ'i_’".’!f_ Aspects. |
3. Cheaper initial cost and no need of containers to store the fuel. _ Fundgmente 2 fRe==
C. Demerits of Solar Energy :
1

Solar equipments fail to work in nights, cloudy days or raizi'y season.
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CONCEPT OUTLINE

Solar Constant: The rate at which solar radiation strikes at the t‘_’p
of the atmosphere is called the solar constant. C

Que 3_.?; l Write a short note on solar radiation.

fAns@v'e—”rf |

1. Solarradiationisthe electromagneticradiation emitted by the sun. This
radiation can be convertedinto useful forms of energy, such asheat and
-electricity by the different types of technologies.

The solar radiations received by the earth’s sm_‘facevarywith the location.

2.

3. However radiation received outside the earth’s atmosphere is different
than what we receive on the earth surface because of absorption,
reflection, scattering and attenuation by particulates and tlouds present

. inthe atmosphere,

4 The solar radiation is grouped in the following two categories :

a. Extraterrestrial Solar Radiation : .

1 Extraterrestrial radiation is the measure of solar radiation that would
be received in the absence of atmosphere.

b. Terresirial Solar Radiation :

1. Theradiationwe receive on the earth surface is called terrestrial radiation

and is nearly 70 % of extraterrestrial radiation. .

2. Solar rad.iation passes thro'ugh the earth’s atmosphere and is subjected
to scattering and atmospheric absorption and a part of scattered radiations
are reflected back into space.

4; | Define the terms used in solar ﬁﬁaﬁon.

Terms used in solar radiations are as follows :

i. Beam Radiation (I,) : Solar radiati i
e on () : iation received on the earth’s surface
without change in direction is known as beam or direct :adiatgosn.

ii.. Diffuse Radiation (I,): The radiation received on a terrestrial surface

(scattered by aerosols and dust) from all parts of the sky dome is known '

as diffuse radiation.

Energy Science & Engineering 3-5 G (ESC-Se
4 m-3 & 4)

i, :‘::;:mﬁon U The sum of beam and diffuse radiation intercepted
anditis a.lsoslznown arel.:som;:t:::a oflocati'onisknown e
i BAiulx‘.ﬁ;C;;:re(always' Flobal radiationT:l_e radiations received by a collector
v. 8 (m ) : It is the ratio of the path beam radiati
throwsh thad e path length of b¢ on
o el;git,h_ e atmosphere, to the length of path when sun is at over head
Extraterrestrial

Reflected back radiation |

R
]
Atmospheric
absorption

. | Direct
radiation

ik /—-—\\ ’
Terrestrial Surface of earth
hx region

7 8:4:1, Direct ditfuse and total solar Tradiation.]

Reflected back
by surface

Explain the difference between direct radiation and

diffuse radiation. "AKTU 2019-20, Marks 10

8 . . s ; . 0y ; - d on a
1. |Solarradiation receivedonthe | The radiation receive
earth’s surface without | terrestrial surface (scattered by

7 Direct Radiation

hange i direction is known aerosols and dust) from all parts
b direcﬁ'adiation. of the sky dome is known as
. ) c diffuse radiation.
; | difwersliftiny, |
Tt does not have a unique path.

9. |It hasaunique path.

t solar radiation is It does not happen in diffuse

irec doe
. ‘?t:nerally most intense atany radiation.
one spot on the surface of the
earth at solarnoon- H—
Joast amount ofthe | It has the more amlmt.::o of ;he
4 e ;ll:er: totravel through. atmosphere to trave! ugh.
. | atmaospher J
| Explain golar radiation geometry.
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Answer |

Various angles related to solar radiation geometry are as follows :

a. Incident Angle (0) : It is defined as the angle between the incident

beam radiation and the normal to a plane surface.

Latitude Angle (§) : e

The latitude of a place is the angle subtended by the radial ln'le joining

the place to the centre of the earth, with the projection of the line on the

equatorial plane.

2. The latitude is taken as positive for any location towards the northern
hemisphere and negative towards the southern hemisphere i.e., the
latitude at equator is 0° while at north and south poles are + 90° and
—90° respectively.

c. Declination Angle (5) :

L Thedeclination is the angle made by the line joining the centres of the
sun and the earth with its projection on the equatorial plane.

2. The declination angle varies from a maximum value of + 23.5° on June
21 to a minimum of — 23.5° on December 21.

d Hour Angle (o) :

L Itistheanglethroughwhichtheearthmustberotabedtobringthe
meridian of a point directly in line with the sun’s ray.

2. Inother words, it is the angular displacement of the sun, east or west of
the local meridian, due to the rotation of the earth on its axis at an angle
of 15° per hour. ’

e Altttude Angle (a) : It isa vertical angle between the projection of the
sun’s rays on the horizontal plane and the directiontof the sun’s rays.

oy

Sun rays

L __liquawr
« Latitude ¢, hour angle & and sur's dedlination s, i)
L Zenith Angle (6,): It s the vertical angle betmens tis

/ 1 between the sun’
line perpendicular to the horizontal plane through:he p:il:xl:.s Spi
g betws“meen ﬁﬁz :;il;l (%) d It is the angle in the horizontal plane
ot s o and the horizontal Projection of the normal

Energy Science & E!lsineaﬁug

3-7G (B8C-Sem-3
h. Slope(p): -

1. Itisthe angle between
the horizontal,

2. Itistaken to be positive for
for surfaces sloping towar d:m eloping towards south and negative
Solar Azimuth Angle (y Dt

It is the angle in a horizonta) plane, betw i south
projection of beam radiation on the hariz:l:lh; hm.dm e the
2. Thusit gives the direction of the

avertical rod.

=

shadowcaninthehoﬁmntalplamby

. 18.'“ 3.7, | What are the devices used for measuring the solar

radiations ? Explain each with their construction and working.

[Answer_| . '

Various devices used for measuring the solar radiations are as follows :
A, Pyranometer : It is a device used for measuring global or diffuse
radiations.
Construction : It consists of following components :
i. Black Surface : This receives the beam as well as diffuse radiations
which rises heat.

ii. Glass Dome : It prevents the loss of radiation received by the black
surface. '

.iii. Thermopile : It is a temperature sensor and consists of a number of

thermocouples connected in series to increase the sensitivity.
iv. Supporting Stand: It keeps the black surface in a proper position.

[Fig. 3.7, Pyranometer
b. Working: il . -
L The Pyr:nometer is kept exposed to the sun and it starts receiving
radiations.

ion, the surface temperature starts

2. Due to the absorption of the radiat ature of the absorbing surface is

rising and the increase in temper
detected by the thermopile.
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i ich is proportional to t
* ?ﬁ?&:ﬁﬁﬁmﬁmﬂmﬁfﬁmmﬁdﬂ terms of t‘l::
received radiations. This measures the global radiations.
B. Pyrheliometer: It is a device used for measuring the beam or direct
fiati
a Construction : It consists of following components :

L Receiver: It is in the shape of a hollow tube with reflecting surface
inside.

i Absorber Plate : It consists of a blackened surface and it is placed at
the bottom of the tube.

Thermopile : It is a sensing element of temperature consisting of a
group of thermopiles.

Acceptance angle

Hollow tube

Blackened absorber plate

Thermopile junction

C —
| Fig. 3.12. Pyrheliometer: |
Working :
The hollow
length.

2 M,hmhmnbemadetofacethesun’smdiaﬁo ivi
be; > n, thereby receiving
. onlyth;ebeamradmtmnandnod!ﬁusemdiationcmenterthe tube.
. When the radiation falls on the absorber Plate, it absorbs the radiation
:ld it getu heat up, and thereby temperature x"ises. o
th: ru;f l:f t'l'n:mpe“t:i.‘l.:. is measured by measuring the

C. Sunshine sIti i
h inmer.hmadwwemdwéeasmthehmaofbﬂ@t

[l -

meivm-tubeeanbetiltednboﬁtnnaxiape;pendiculartoit's

pherical metal bowl, havi 8lass sphere installed in a section of

ssheris e buving ding a recorder card strip
b mglmp. sphere for adjusting the focus of suq rays to a point on the
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Support for
paper strip

Supporting base
> _f

[Fig- 573 unabins recorder |
b. Working:

1 Sun’sbeamisfocuudtoapointbynspheﬂcalg!m,w!ﬁ:hmua
convex lens and graduated paper strip s placed at the focal point.
2. Dueto the heating effect of the focused beam, a burn mark is produced

on the paper and the graduation on the paper is done as per the hours of
the day.

a.

1 The solar radiance is an instanteneous power density in units of kW/m?,

2. Thesolar radiance is strongly dependant onlocation and local weather.

3. Solar radiance measurements consist of global and/or direct radiation
measurements taken periodically throughout the day.

4. The ﬁaeuurementa are taken using either a pyranometer or a
pyrheliometer.

i ion i thet_otnlnmauntofmlumrywug.
mmm&l:x?d‘:nns a specified time period, often in units of
kWh/(m? day).
Solar insolation dgta
system design while 50
; . i ion we can determine

3 i jonlevels ofa particular region r
?}f k:ix:ew;x;gmﬂlx:ruc!:ﬁl:;: that is and how much energy it can
)
iyl ed using sunshine recorders. 'l‘hea
Solar insolation can ‘be l:;“::'e © sinber of hour in tho day during

hi wh :
:Vhich t:emr: i? :bove a certain level.

i used for simple photovoltaic (FV)
‘sl:x‘":m;?nlyw is used in more complicated FV

]

®

-
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6. A final method :
from existing satellite images.

Solar Energy

3-10G (ESC-Sem-3 &4 :
ermine the solar insolation

in thi be used to det:
5. l],)ata coﬂec_ted méthls way f;n o F B oot Shiosss Baised
0:1' calct;]ations and including several correction factors.

4o estimate solar insolation is cloud cover data taken

/7 Semiconductors : The elements whose conductivity lies' between

metals and insulators. Most frequently used semiconductors in

construction of electronic devices are Ge; Si, and GaAs.

B
[

Que 39. | Give the classification of semiconductors.

Answer

a.
L

- The semiconductors can be divided into following two types :-

Intrinsic Semiconductors :
An intrinsi.c semiconductor, also called an undoped semiconductor or
I-type semiconductor, is a pure semiconductor without any significant
dopant species.
The number of charge carriers is therefore determined b i
ofc > by the properties

of the material itself instead of the amount of impuritie};. e
The conductivity of intrinsic semiconducto cryst:
or due to thermal excitation. PR e ol defects
In an intrinsic semiconductor, the numbe i

1 ictor, T of electrons in the conducti
bapd i5 equal to the number of holes in the valence band, P
Extrinsic Semiconductors ;

extrinsic semiconductor is a semiconductor that has been doped, i.e.,

into which a doping agent has been i
: gent n introduced, giving it di too
Properties than the intrinsic (pure) se 'condu::nt::il different electrical

Page 34 of 73
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2. Doping involves adding

chﬂl'lgeﬂ the electron an
semiconductor at therma] equilibrium,

4. Dominant carrier concentrations ; ’
5 S 3
it as either: tions in an extrinsic semiconductor classify

i n-typesemiconductor, and
ii. p-type semiconductor.

What is the difference between intrinsic and extrinsic
|AKTUY 2019-20, Marks 10 |

semiconductor ?

It is a pure semiconductor with | It is an impure semiconducter
no impurity. i.e., a controlled pentavalent or
trivalent impurity is added.

2 The number of free electrons | In an n-type semiconductor, |

in the conduction band is equal | free electrons far exceed the.
to the number of holes in the | holes. In p-type semiconductor,-

valence band. it is the reverse.
3. Tts electrical conductivityislow. | Its electrical conductivity is
Its conductivity depends oni the

4. Its electrical conductivity
depends on the temperature | temperature and amount of
- doping.

alone.
5. | Itisofno practical use. - Tt is used in electronic devices.

iy ': Classify semiconductors on the basis of energy band
gap with the help of suitable diagram.

T Semiconductors : )
A. Direct Band Gap kot A electron in conduction band fall
erence E, as aphoton

< semicon .

T e
. oflight.

2. It cannot undergo

Example : GaAs, GaN ete.

change in energy and momentum.
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Conducﬁon band

Electron
Eq_
E, =E;
E, J k (wave vector)

Empty state Valence band

Fg ilL

B. Indirect Band Gap Semiconductors :
1. Inindirect band gap semiconductors, an electron in conduction band fal]
indirectly to valence band giving a part of energy to the lattice in the

form of heat.
2. It undergoes a change in momentum as well as energy.
Example : Si, Ge etc.
E
Y '/ Conduction band
Ep———-=- - -,75"4
E, B Electron

3
>

‘Que 3.12. I Explain n-type and p-type semiconductors.

Answer |
A n-type Bemimndﬁctors:

L
When a small amount of pentavalent impurity is added to pure

semiconductor crystal during the - p
crystal growth, the is
called n-type extrinsic sems i gr resulting crystal

2. Fig.3.12.1shows the arsenic (As) atom fitg in

sucha way that its four valence electrons form covalent bond with fou
3. The fifth elect.ron of ici
. arsenic is not bonded and’ acts as free electron. ‘

This electron is available as a

5. This' free electron actg as d
8emiconductor,

The electrong
Pucasls are the majority carrj : )
carriers in such cages, ority carriers while holes are the minority

carrier of current,

onor whenever required with any other

Energy Science & Eﬂsineeﬁng .
G
: _,___'3@;1
éz,___~:&__’:‘-“"‘—i‘reeelectron
. . d z
Q"9

(R4
L) &

—_\
-
°

———— ——
- D
~————

B. p-typg Semiconductors ;
1. 'When a small amount of trivalent impurity is added to pure crystal
during the crystal growth, the resulting crystal is called p-type extrinsic

semiconductor.
2. TFig. 3.12.2 shows each atom of boron i.e., trivalent impurity is added to
pure germanium crystal.
G R
) A4 e 1)
Vo 104~ R0 1o
& OO S
Te lo\ )

{Fig: 9.12:8 Boron holo (acceptor)
 electronsf i urth covalent
. three valence electrons form covalent bond .whll.e the fo .
? g:d is formed due to germanium atom contribution and deficiency of

one electron is left in form of hole.

4 The remaining fourth electron also tries to form a
acceptor. o

5. Inp-type semiconductor, the majority ¢
carriers are the electrons.

13. | Briefly describe:

' d

i. Generation of carriers, an

ii. Recombination of carriers:

Aaswer_] >

A, Generation of Carrieré: —

L The process by which frge‘: ectrons
called generation of carriers.

bond and treated as

arriers are holes while minority

d holes are generated in pair is
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9. When electrons in a valence band get enough energy, then they wil]
absorb this energy and jumps into the conduction band. The electron
which is jumped into a conduction band is called free electron and the
place from where electron left is called hole.

3. Likewise, two types of charge carriers (free electrons and holes) get
generated.

B. Recombination of Carriers :

1 The process by which free electrons and the holes get eliminated is
called recombination of carriers.

2. When free electron in the conduction band falls in to a hole in the
valence band, then the free electron and hole gets eliminate.

Que 3.14. | Describe charge carrier concentration for p-type

and n-type extrinsic semiconductor.

LAnswer

A. Charge Carrier Concentration for p-type Extrinsic
Semiconductor :

1. We create a p-type extrinsic semiconductor by taking a group 4A element
(like silicon) and doping small quantities of group 3A elements (like
boron, aluminum, gallium, indium, thallium) into it. .

2. These group 3A elements have one valence electron less, than that of
silicon and so, they are potentially incapable of grabbing onto an electron
or in other words releasing that vacant location. This releasing of vacant
location is referred to as a hole.

Empty conduction
band v Acceptor levels

E,-oooooooooo!

[Fig. 8.14.1. ptype extrinsic sermicondy

3. Now we have acceptor levels that can accept the electrons very easily,
and acceptor levels are just above the valence band. Whereas, in 8
intrinsic semiconductor the Fermi energy level is right in the middle
between the valence band and the conduction band. In the case of &
p-type extrinsic semiconductor, it essentially lines up at the acceptor
levels. $

4. This changes the behaviour of the semiconductor quite dramatically.
Now the charge carrier concentration is not solely dependent on ;
temperature. For a significant fraction of temperature range, we find
that the charge carrier concentration depends only on the dopant
concentration.
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5. So, if we increag (ESCSem-3 & 4)
temperature r: o, dopan concentras:
‘ange wew'nh‘"eahighe,mmn' then for that enti
6. If we decrease'the dopan; charge carrier concentratia..

B. Charge Carrier
Semiconductor :

1. n-type extrinsic semicond;
 the p-type except ﬁlndam::::rnyh::emwptuaﬂy.m_ny similarities to
We create a n-type extrinsic semic::d:ite m:ﬂer ls.d:ﬂ'erent "
element (like silicon) and doping small ;:i > ;ah 0g a group 4A
(like nitrogen, phosphorus, arsenic m;“;n es of group A elements
> * ) ony, bismuth) into it.

3. These elements have essentially one additional valence electron available
to them, and that valence electron is available for more free movement
within the system and therefore, at very marginal availability of energy
this electron begins to run around the system.

4. That is captured in the band diagram by this donor level (Fig. 3.14.2)
which stays very close to the empty conduction band. So, at very small
‘amount of energy we can get these donor electrons to get into the
conduction band and then carry out the conduction processes.

Concentration for n-type Extrinsic

N

Empty conduction
band

Ef ; it-— Donor levels
Filled valence
band

[Fig. 31 :

D 'W;Meml-s_émwmmr
Semteandctor S0y unction.___————

st

42.n

Que 3,15,
forward bias and reverse
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|Answer I

¢ ductor Junction :
A Metal-Semicondu a type of electrical junction in

-semiconductor (M-S) junction is f q
" fhexg :e n‘::::lnco‘:nes in close contact with a semiconductor material,
9. Metal-semiconductor (M-S) junctions can behave as either Schottky

barriers or as Ohmic contacts depending on the interface properties,
3. 'The principle of forming different types of the metal-semiconductor
contact is the mismatch of the Fermi energy between metal and

uctor material which is due to the difference in work functions,

M-S Junction in Forward Bias :

As a positive bias is applied to the metal, the Fermi energy of the metal

is lowered with respect to the Fermi energy in the semiconductor. This

results in a smaller potential drop across the semiconductor.

2. The balance between diffusion and drift is disturbed and more electrons
will diffuse towards the metal than the number of electrons drifting into
the semiconductor.

3. This leads to a positive current through the junction at a voltage
comparable to the built-in potential.

C. M-S Junctions in Reverse Bias : .

1. Asanegative voltage is applied, the Fermi energy of the metal is raised
with respect to the Fermi energy in the semiconductor.

2.  The potential across the semiconductor now increases, yielding a larger
depletion region and a larger electric field at the interface.

3. The barrier which restricts the electrons to the metal is unchanged so
that barrier independent of the applied voltage limits the flow of electrons.

ﬁn_e_al,& Discuss p-n junction under no bias condition.

L 'This is a two terminal device consisting of a p-n junction.
2. thn pvi':ype material is intimately joined (diffused) to n-type, a p-n
Junction is formed. Fig. 3.16.1 shows the p-n junction formation.

- @

p-type n-type
) o o o'eloT e o @
ahmﬁ‘;::dutm © o o |e e_: o o o (@)
o i
v%_, Migrated holes
/ from p-type
Space charge region 4 ‘
or depletion layer Vg Potential barrier / Contact

potential
7 e mr e (b)
[¥ig. .16.1. p-n junction semicondncior,|

Energy Science & E“Bineering
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- 3-170(% 3
3. As p-type has high con: ke

concentration of free alec:::::‘“on of holes and n-type has high

diffuse torn-side and electronsorpaige o
4. Thus, aregion is formeq which js kn;mn

free region or space charge region,

18 a tendency of hales to
Processis known as diffusion.

"dcpbﬁonhnrurdmrge

A. p-n Junction in Forward Bias :
1. For the forward bias of a p-n junction, p-type is connected to the positive
terminal while the n-type tonegative terminal of battery.

30
265
20
15
10
* 5

A Ip(mA)

Forward bias region
Ge |Si

0.340.7 >V, (V)

V(8D
1,80

Reverse bias region

(Ge

Ge) V(Si)
el
10pA
V,(Ge) J1,A

pere dharacteristics of pon junction.

P T Vlampes are

ial divider. At some forward voltage

2. Thepotential'canbevaﬁed"ithPownﬁa]buﬁarisalmgntherahmm' inated
is volf

Si) the
. (0.3 V for Ge and 0.7 Vfor pvpon

and current starts flowing-
voltage (V). .
3. Asthe forward applied volt88°tialty

forward current rises exponet! produces

inerens own in Fig. 3.17.1

i known s threshold or knee
beyond threshold voltage, the

an extremely large current

i alue, it oy
) vafl}i':lr:‘xiniyﬁi?:;; :l?; ;unctioa due to overheating
ror Pl minal while n-type is

B. p-n Junction in Re

L. The p-type is conn®t
connected to the positiv®

ted to the

negative ter

f . alohhaﬂﬂ'?-
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. h

very high and practically no

2. Inthiscase the junction re:
current flows through the circuit. o

3. Inpractical, a small current of the order of pA flows in the circuit due to
minority carriers. This is known as reverse current. The reverse curreng
is shown in Fig. 3.17.1.

4. Asthe reverse bias is increased from zero, the reverse current quickly
rises to its maximum or saturation value. The slight increase is due to
impurities on the surface which behaves as a resistor and hence obeys
Ohm’s law. This gives rise to a current called surface leakage current,

5. Ifthereverse voltage is further increased, the kinetic energy of electrong

becomes so high that they knock out from the semiconductor atoms;, At.

this stage breakdown of junction occurs and there is a sudden rise of
reverse current. Now the junction is destroyed completely.

6. Thus, p-n junction is one way device which offers a low resistance when

|
i

forward biased and behaves like an insulator when reverse biased.

E}'plain solar photovol

taic system. Also write its

[Answer ]

A Bolar Photovoltaic System ;
1

2.

3

It 1refers to a wide variety of solar electricity systems.
This system uge solar

i array made of silicon to convert sunlight into:
Compox::ggss ;tvl:;:c;h;?d!’u\; ::rsa; are collectif.rely known as balance of
comntmuer e, Tage batteries, an electronic charge
Storage batterjes with char
t Be regulato, i
;upiy during periods of cloudm anl: mm:i:idt:or e
t 0 . : :
T; Ties flre charged during the day and Supply power
o e capaat,y ofa battery ig expressed
e lead-aciq battery ig of 2 voltg,

. to loads,
In ampere-hourg ang each cell of
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7. Batteries are installeq wi

with
monitor the voltage ang h;p':’mmmm based charge regulator to
8. It also regulates the ;
sive

array to AC power,
needs to have an fomwi
1 1I;lt1e array is too lowa:rto;: g;wﬂch-oﬂin case the output voltage from
B. Advantages of Solar Photovoltaic Systems ;
No operational cost.
Low maintenance.
These systems are durable.
More flexibility is available in solar photovoltaic systems.
These systems are eco-friendly.
Disadvantagesof Solar Photovoltaic Systems :
Low efficiency.
Weather dependent.
Installation cost is more.
D | Write short noteon :
i Principle of solar photovoltaic, and
ii. Photovoltaic effect.

T

A el o I

i Principle of Solar Photovoltaic : o
1 Itisafield of solar energy utilization by which solar radiationis mvucg
into electrical energy using a device called phm‘.ovoltmc cell or solar- f
2. Asolar cell is made up of a semiconductor material like silicon (Si) or
gallium arsenide (GaAs). ' )
- the outer valence
3. In semiconductors, atoms carry four electrons in ! 50
orbit, some of which can be dislodged to move freely in the materials,
extra energy is supplied. S
4. Then, a semiconductor attains theproperty toconduct the curren!

is the basic principle anwhich the solar cell works and generates power.

i, Photovoltaic Effect :

iers
L. Photoslectric effect is the emission of electrons or other free carrie!

when light hits a material. i erated and
2. When ;g solar cell is il!umm”te:i’ el e

the electric current /is obtained. t generated current J, and the
8. Iis the difference between the solar ligh ,

diode dark current [
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9. Inthiscase the junction resistance becomes very high ang - Ry

current flows through the circuit. mm"n!'nn

3. Inpractical, a small current of the order of pA flows in s
minority carriers. This is known as reverse current. The reye Uit g
is shown in Fig. 8.17.1. ‘ T8€ Clirrg,

4. Asthe reverse bias is increased from zero, the reverse .

* rises to its maximum or saturation value. The slight ireasss qui
impurities on the surface which behaves as a resistor ang henm due
Ohm’s law. This gives rise to a current called surface leakage ::!::?

5. Ifthereverse voltage is further increased, the kinetic energy of elect
becomes so high that they knock out from the semiconductor At rong
this stage breakdown of junction occurs and there is a sud s, At

5 s den rj
reverse current. Now the junction is destroyed completely. len rise of

6. Thus, p-n junction is one way.device which offers a low resistanice ribog
forward biased and behaves like an insulator when reverse biased,

e <

8, Explain solar photovoltaic system. Also write its

vantag:s and disadvantages.

Solar Photovoltaic System :

L
2.

It refers to a wide variety of solar electricity systems.
This system use solar array made of silicon to convert 8
electricity. . of
Components other than PV array are collectively known ”bf:f;ge
system (BOS) which includes storage batteries, an electronl
controller and an inverter. ’ . r
Storage batteries with charge regulators are provided for back-upPO**
supply during periods of cloudy day and during nights- ol
Batteries are charged during the day and supply PO¥e* “’:’ aelldl
The capacity of a battery is expressed in ampere-hours 87C €

the lead-acid battery is of 2 volts.

unlight 0

Ene

T
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Batteries are installed with a microprocessor based charge regulator to
- monitor the voltage and temperature.

8.

i
i,

2,

3

It also regulates the input and the output current to eliminate
overcharging and excessive discharge respectively.

An inverter is provided for converting DC power from battery or PV
array to AC power. .

1t needs to have an automatic switch-off in case the output voltage from

the array is too low or too high.

Advantages of Solar Photovoltaic Systems :

No operational cost.

Low maintenance.

These systems are durable.

More flexibility is available in solar ‘photovoltaic systerns.
These systems are eco-friendly.

Disadvantages of Solar Photovoltaic Systems :
Low efficiency.

Weather dependent.

Installation cost is more.

| Write short note on :

Principle of solar plictovoltaic, and
Photovoltaic effect.

Principle of Solar Photovoltaic :
Tt is a field of solar energy utilization by which solar radiation is converted
into electrical energy using a device called photovoltaic cell or solar cell.
A solar cell is made up of a semiconductor material like silicon (Si) or
gallium arsenide (GaAs).
In semiconductors, stoms carry four electrons in the outer valence
orbit, some of which can be dislodged to move freely in the materials, if
extra energy is supplied. - : )
Then, a semiconductor attains the property to-conduct the current, This
isthe basic principle on which the solar cell works and generates power:
Photovoltaic Effect : )
Photoelectric effect is the emission of electrons or other free carriers
. Whenlight hits a material. 5
When a solar cell s illuminated, electron-hle pairs are generated o1
the electric current I is obtained. -
od is the difference between the solar light generated current;
diode dark currentJ,
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4 Mathematically, I=1-1.

[ eV
= It. —Io Lexp(ﬁ) - 1]
Where, L= Saturation cun:ent,
¢ = Electronic charge,
T = Absolute temperature, and
k = Boltzmann’s constant,
c =138x 1002 J/K.

Que 3.20. I Describe V-I and P-V characteristics of ph"‘Wnlme
device. '
Answer_|

A V-I Characteristic of Photovoltaic (PV) Device ;

1. The V-I characteristic of a PV device is a non-linear graph b

current and voltage generated by PV module as shown in Pig.3 ;;Tn

Maximum power line

Current (A)

For different temperature levels, different graphs have been plotted
Maximum power points have also been shown to represent the poitt*
which maximum power can be drawn from a PV device.

These maximum power point constitute the maximum power 1iné o)

5 MPL ’ i
Mk;e&rﬁgggs the track or path tracked by maximum power P

B. P : i j
: ;’ ;’ Characteristic of Photovoltaic Device :
‘ b;twc}larﬁcfenstic curve of a PV device is also a non-linear cw¥®
een power and voltage of a PV device. poted
For d;g:rent Power densities in W/m?, different graphs bave P
Power and voltage of a PV module. '

gl
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On the paper of these graphs, maximum power points are shown in
3.

¢ 2. o
?hg. :;}l;m ’ power point (MPP) constitute, the maximum power line
4. N

(MPL). MPL is also non-linear in nature.

Power (P) ﬂ
1000 W2 Lo m - o

Maximum power line

800 Wim?
600 Wm? [-===~ power point
400 Wm? |---~

200 Wim? [ 7

Voltage (V) 7
§20,2,P-Y characteristic of a PV module]

Ju ;g'zl:{ What do you understand by first g
Explain their various types.

A _ First Generation Solar Cells :

These cell consists of alarge aréa, single erystal, single layer p-n junction
diode, capable of generating usable electrical energy from light sources
with the wavelengths of sunlight. i
These cells are typically made using a diffusion process with silicon K
wafers, ’ !
These silicon wafer based solar cells are the dominant technology in the |
commercial production of solar cells, accounting for more than 86 % of '

e terrestrial solar cell market.
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a. Monocrystalline Silicon Cells :
1. In monocrystalline silicon cells, silicon is doped with boron t,

5 Prody,,

type semiconductor. y P

2. Monocrystalline rods are extracted from silicon and then Saweg
thin plates or wafers. ngy

f the wafers is doped with phosphoroysg

3 mﬁﬁgiﬁczor. This becomes p-n junction. tn‘p"’d“ﬁe n

4. Maximum efficiency of these cells is 24 %.

b. Polycrystalline Silicon Cells :

1. Inpolycrystalline cells, liquid silicon is poured into blocks that are -
into plates. ) >

2. During solidification of the material, crystal structures “Vﬂryi.ng;im
are formed.

3. The size of crystallites mainly depends upon the cooling condition, Jrg
molten silicon is cooled very slowly, the crystallites of larger size o

obtained.

4. Thesilicon solar cells made from polycrystalline silicon are low costhyt

low efficiency.
5. Maximum efficiency of these cells is 17.8 %.
¢ Amorphous Silicon Cells :

1. Ifasilicon film is deposited on glass or another substrate inaterial, this

is s0 called amorphous or thin layer cell,

2. Thelayer thickness is less than 1 Hm, so production costs are lower due

tothe low material costs.

3. However, the efficiency of amorphous cells is much lower than thatof
the other cells. Because of this, they are primarily used in low pover

g t such as watch , pocket calculators ete.

. 4. Maximum efficiency of these cells is 13 %.

|{Answer

A. Second Generation Solar Cells :
L These cells are based

semiconductors on lattice matched wafers.
2. There are two classes of

3. Spacecells typically have higher efficionci 28-30 %) in production
also have a higher cogt perwatt, - ety 4 .

lay E“%rn

B. Various types of First Generation Solar Cells :

Que 3.22 » | Define second generation solar cells, Explain their types

on the use of thin epitaxial deposits d

f epitaxial photovoltaic - space and terrestritl

ot
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currently a number of technologies/ semiconductor materials

4 Th::: ia;:e’ﬁgaﬁon or in mass production. Examples include amorphous
“-n-wnpoly ine silicon, mi ilicon, =
o oper indium selenide  sulfide ete. i,
) ond generation solar cells now comprise a small segment of the

5. ?::restriﬂl photovoltaic market, and approximately 90 % of the space

market.

Types of Second Generation Solar Cells :

Copper Indium (Gallium) Diselenide (CIS) Cell :

CIS has a direct band gap of 1.0 eV. Incorporation of Ga into the CIS

mixture increases the band gap beyond 1.1 eV. -

2. Aheterogeneous junction with n-type Cd-S and p-type CIS is fabricated
using thin-film technology.

3.  Its main attraction is inexpensive preparation.

4. Itis morestable as compared to a Si cell in cutdoor applications and has

efficiency of around 10 %. However, exy to el a '_gm- ity
results in loss of efficiency but light soaking restores it to original
efficiency level.

b. Cadmium Telluride Cell :
1. Cd-Te has a favorable direct band gap of 1.44 eV.

2. Thin filmheterogeneous junction with n-type Cd-S and p-type Cd-Te is
fabricated as shown in Fig. 3.22.1.

3. Here, a transparent conducting oxide layer is used instead of metallic
contact at the top on the n side.

4. EVA (ethylene vinyl acetate) is used for encapsulation.
6. Its efficiency is about 10 % and open circuit cell voltage is around 0.8 V.
Anﬁ-reﬂe’ctive coating

Transparent
conducting oxide

n type Cd-S

= Back metal contact

Glass superstrate

p-type Cd-Te

EVA
Back glass

i, 833 1, Basic struckure of Cd-Te vell}
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[Answer
: Third Generation

Solar Cells :

ifferent from the previous sem

are proposed to be very different fro .  semiony

g::iies al.: t}f:; do not rely on a traditional p-n junction 4 se::::”’

photogenerated charge carriers. R to
: uantum well devices (quantum dots, -

applications q
;I::,;ezp::ce) and devices incorporating carbon nanotubes are heing g
with a potential for up to 45 % production efficiency. o e
For terrestrial applications, these new devices inelyg
photoelectrochemical cells, polymer solar cells, nanoerystal solay o),
dye sensitized solar cells and are still in the research phase, y
Types of Third Generation Solar Cells :

Organic PV Cell :

The solar cells based on organic semiconductor can provide alow cogt
alternative for solar PV. :

The thickness of the active layer of organic solar cells is only 1001y
thin, which is about 1000 times thinner than the crystalline silicon sola;
cells, and it is about 10 times thinner than the current inorganic thiy
film solar cells. )

In the low material consumption per solar cell and the relatively simpler
cell processing of organic semiconductors, there is a large potentialfor
low cost large area solar cells.

Due to this reason, there is a considerable interest in organic photovoltaic
devices. )

Their principal advantage is that they are flexible and can bend without
breaking, unlike Si, which is brittle.

They are also very light and cheap.

They may be folded or cut into required sizes and can still be used.
Dye Sensitized Solar Cell (DSC) :

The DSC can be considered as a thin film solar cell device. This technol®
isnot yet commereialized but is on the verge of commercialization-
The DSC solar cells can be made flexible. It has a good potentisl e
being a low cost solar cell technology. ’

This is mainly possible because of the large availability and
the ingredient material as well as due to the low proces
temperatures. * )

The DSC is a photo-electro-chemical device, In its operationit "1'““"’}”5
a photon, an electron and a chemical reaction. s
The operation of DSC is considered similar to that of & photosyot?®

process.
©oee

Jow costol
8i06
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[ PART-1] 38

Biological Energy Sources and Fossil Fuels, «

E'e 41 [ Discuss various biological energy sources along wig,
their merits and demerits.

U S O ey

Various biological energy sources are as follows::

Solar Energy : ) 4

Solar energy is a clean, cheap and abundantly available renewable energy
and it is also the most important of the non-conventional Sources of
energy because it is non-polluting and therefore helps in decreasing the
green house effect. .

Solar energy can be used :

L Bydirect conversion to a fuel by photosynthesis.

ii. Bydirect conversion to electricity by photovoltaic.

iii. By conversion to electricity via thermo-electric power system,
The sun releases the enorinous amount of energy due to continuos
fusion reaction taking place inside the sun.

The sun sends out the energy in the form of radiations at the rateof
3.7 x 10 MW.

However, the energy intercepted by the earth is about 1.85 x 104 MV-

This energy available is several times more than all the energy producd
and consumed in the world. 2

Merits :
Noiseless operation,

Occupies less space on ﬂoﬁr as there is no need of storage vessels
Demerits: g

Solar equipments fail to work in niglits, cloudy days or rainy ’emnta
Large space is required for the collection of solar energy ata useful 7

- Hydro Energy ; '

1t is arenewable energy source which is used to generate electricity
Hydropower is obtained from water flow or falling water from .

Energy Sc

P

»

) -
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r sored behind dam and at a height has a lot of potential energy
?;ich is converted into mechanical and electrical energy.

The water is released gradually and is allowed to_fall under the

g,nvitational force and drive which rotate hydraulic turbines.

The generators attached with turbine produce the electricity.

Merits :

Hydropower does not pollute the water or the air during operation and
no waste products are formed.

Demerits : . '

It results in ecological disturbance like flooding situation and adverse
effects on flora and fauna. ;

Wind Energy :

Wind energy is a renewable source of non-polluting energy and it has
tremendous potential which if harnessed, can easily satisfy the energy
demands of a country.

Estimates reveal that 2 % of the total solar energy falling on earth is
converted to kinetic energy in the atmosphere.

30 % of this kinetic energy occurs in the lowest 1000 m of elevationi.e.,
wind in the lowest kilometer has maximum kinetic energy which can be
converted into mechanical energy which in turn can be utilized to
generate electricity or to perform some other useful work.

Since, the energy possessed by wind is by virtue of its motion, so the

wind.

Merits :

Abundance availability for no price.

Useful at remote places for electricity genei-ation.
Demerits :

Less favourable in city locations as the wind is available at higher
locations.

Itis unreliable and intermittent. It is not available regularly.

Wave Energy : :

The motion of the sea surface in the form of wind waves forms a scurce

ot energy. .

Floating propellers are placed in shallow waters, near the shores and

d}‘e to motion of the waves, the propellers also get the motion and this
Detic energy can be used to drive turbines.

Merits ; o _

This ig cheap, clean and inexhaustible source of energy.

dqvice used to extract its energy should be capable of slowing down the-
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2. Collector size of wave machines is comparatively smal)g,. than
devices. Solg,

Demerits :

Corrosion of materials used in plant.

Geothermal Energy : .

1. The energy harnessed from the hot rocks present inside

g

the [ N
called geothermal energy. arth iy

2. There is an increase in the temperature of the earth witp, o
depth below the surface. BSing

3. The fission of radioactive material naturally occurring in the roeg,
increases the temperature of the earth as we move down frop, the
earth’s surface.

4. Hot molten rocks called magma is present in the core of the

earth. Thi;
causes sometimes volcanic action.

This hot steam is used to operate turbines to generate electricity.
Artificially it can also be harnessed with the help of pipes by drlllmgthe
hot rocks, which make the hot water to gush out through pipes whig;
turns the turbine of the generator to produce electricity. ;
Merits : .

It is cheap and clean source of energy.

Geothermal plants reqmre little land area.
Demerits :

o @m

[l -

the steam waste.
Noise pollution results from the drilling operations.

L

i Coal Energy:
1. Coalis a conventional energy source, . ,f
It formed due o degradation of trees and plants buried under 4™
- Itis composed of mainly carbon and hydrocarbons.'
4. Usesofcoal ;
i Coal is used to generate ¢le

the water to generate steam which runs the 1;*.1rh!nes toge"
electricity.

Air pollution results in case of release of gaseslike HES NH,P“*‘““‘ ‘

it
ctricity. Power plants use coal for be oﬂ“

gnergy Science & Engineering

4-5G (ESCSem-3 & 4)
«  (Coal is heated in furnace to make coké which i ;
il o makingstelll 18 used to melt iron

é Environmental problems :

i Due to combustion of coal, carbon dlonde
responsible for causing global warming,

fi Coal also produces sulphur dioxide which is a catise for acid rain.
{i. Natural Gas:
1. Natural gas is formed by decomposmon of dead

is produced which is

animals and plants

buried under the earth.
9. Itis mainly composed of metharie (CH,) mth small amount of propane
- gnd ethane.

3. . Natural gas is the cleanest fossil fuel.
4. Uses of natural gas :

i  Itisused as a domestic and industrial fuel.

ii. Itisalsousedin thermal power plants for generating eléctricity.
5. Advantages of natural gas :

i Natural gas has a high calonﬁc value and it burns without any
smoke. )

ii. It canbe easily transported through plpelmes.

What are conventional and non-conventional energy
lourees ? Write short notes on elassiﬁcahon of energy sources.

A Conventional (Non-Renewable) Energy Sources : These are the

Sources of energy which are exhaustible i.e., cannot be replaced if once
they are used.

Example : Coal, petroleum products, natural gas, ete.

Non-Conventi ewable) Energy Sources : These are the
Sources of emr:yn:lm(ge;e mexhaush;regly.e can be used to produce
. energy again and again.
Example : Sun, water, animal dung, agro-waste, wind, etc.
L. Classification of Energy Sources: + Refer Q. 4.1, Page 4-2G, Unit-4.
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energy available within that opening, hence

7. Thisis the maximum

'___ v

It 0 ! Hi:nm
JE—— ¥

[Fig. 4.6.1. Wind flow through'the opening,|

LS
E,povina = 3 pD* v
Que 4.7. I Write down the principle of power generation in wind
mills. Derive an expression for maximum efficiency. :

|Answer

A Principle of Power Generation in Wind Mills :

1 The basic principle of wind energy is to convert the kinetic energy of
wind into rotational motion to operate an electric generator.,
Expression for Maximum Efficiency : 8

The power in the wind can be extracted by allowing it to pass through .
moving wings that exert torque on a rotor.

2. The amount of power transferred is directly proportional to the density
of the air, the area swept out by the rotor, and the cube of the wind

=W

speed.
3. Fig. 4.7.1 shows the air flow diagram on rotor, with variation of wind
speed at different sections. .
X Y- :
[ 7
R if\ia, - I
I“le';l’ VO %ivipp .lv 'V BeVePe || I! Exit
L | i D
W i b
V!
VI
(a) Energy extraction )
. Tistusi - RetgwEe :
N s T S . ol
} i "4 i
2 v, Ve \/
_g 2 Py y
T
¢
A .
(&) Variation in wind velocity, adp

h
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B

the air passes through the rotor disk, there is a drop in static pressure
::c h that pressure is below the atmospheric pressure while it leaves the
blade.
The speeé
this section
6 Let

4

ed of the wind also gets reduced in the section (wake) and after
the atmospheric pressure and speed of air again increases.

a,and @, = Inlet and outlet area of air enclosure,
a, = Rotor swept volume, _
v,andv, = Velocity of wind at inlet and outlet of enclosure,
v, = Velocity of rotor,
p = 1.25, air density, and
m = Mass flow rate of air over rotor.
7. The thrust on the turbine by moving air as it passes over the rotor,

F=m(v,-v,) .(47.1)
8. The power extracted by turbine,
Pp= m(v;-v,)v, (4.72)

9. Instantaneous lossin kinetic energy of wind as it passes through rotor,

Py= % m (v} -v2) -(4.7.3)
" 10. From eq. (4.7.2) and eq. (4.7.3), we have
rh(v“ - v‘)vg = % m(v? -v?)
or v,= LiL 418
1. From eq, (4.7.2) and eq. (4.7.4), we have
B iy, 305 ;" ) ©L(4715)
12, The mass flow rate through turbine rotor, ‘
' m = pay, = pa, (v‘ ;") 476)
13. From eq. (4.7.5) and eq. (4.7.6), we have
pp= oo, (55 v (5
' 47D

Py %pa, RS AICER R
. For maximum power,

op,
SEF =
ov, .
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v 2+2vy, - v2=0

15. On solving, we get

1
vt = § Vi

16. On putting this value ineq. (4.7.7), we get

8 .
P T, max™ E paa"is
17. The maximum efficiency of turbine is,

z Pr 8
o T O Lo [ 1
T g T “Ei=g o)
=0.59
E . 4:&4 ' Discuss some physical properties of fluids in bﬂé

Some physical properties of fluids are as follows : -

a. Density or Mass Density : It may be defined as the mass per imit
volume at a standard temperature and pressure. It is also known g3
specific mass. It is denoted by p and its unit is kg/m?®.

Matheﬁmtimlly, p= L
v
Where, m = Mass (kg), and
" v = Volume (m?).

b. Weight Density : It can be defined as the weight per unit volume at the:

standard temperature and pressure. It is also known as specific weight.
It is denoted by W and its unit is N/m?®. :
) (ﬂ,,)
Volume v )

c. Specific Volume: It is defined as the volume per unit mass °fﬂ“”

Mathematically,

Mathematically, V= 21
m p .
d. speclﬁeGraﬁty-Itistheratioofthespemﬁ' ic weil iven fid
O : ght of the g1v
to the specific weight of a standard fluid. .

§ = _ Specific weight of given fluid
: : Specific weight of standard fluid i
e Viscosity: It is defined as the pro, id whi et
. f perty of a fluid which determ! "
resistance to shearing stresses, Its SIl:ynit is Pa-g and CGS umtlﬂ’;:;
An ideal fluid has no viscosity, It is a measure of the it
friction which causes resistance to flow,
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| Explain the following :

teady and unsteady flows,
¢ IsJaEinnl' and turbulent flows,
m Rotational and irrotational flows,
Compressible and incompressible flows, and

:v. Uniform and non-uniform flows.

k steady and Unsteady Flows :

Steady flow is that type of flow in which the fluid characteristics like

velocity, pressure, density, etc., at a point do not change with time.

Unsteady flow is that type of flow in which the velocity, pressure, density,

etc, at a point changes with respect to time.

ii. Laminar and Turbulent Flows :

1. Laminarflow is one in which the fluid particles move along well defined
paths or stream line and all the stream lines are straight and parallel.

2. Turbulent flow is that type of flow in which the particles move in a
z'ig-zag way.

iii. Rotational and Irrotational Flows : »

1. Rotational flow is that type of flow in which the fluid particles while
flowing along stream lines also rotate about their own axis.

2. If the fluid particles while flowing along stream lines, do not rotate

about their own axis that type of flow is called irrotational flow.

iv. Compressible and Ineompmsibie Flows :

1. Compressible flow is that type of flow in which tﬁe density of the fluid

changes from point to point.

2. Incompressible flow is that type of flow in which the density is constant
for the fluid flow. o

V. Uniform and Non-uniform Flows :

L. Uniform flow is defined as that type of flowin which the velocity at any
given time,does not change with respect to space.

L }f‘m“m.ifo!'m flow is that type of flow in which the velocity at any given
time changes with respect to space.

Write short note on following :

i Subsonic, sonic and supersonic flows,
& Subcritical, eritical and supercritical flows, and
i, One, two and three dimensional flows.
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&lbsoﬁq Sonic and Supersonic Flows :

When Mach number is less than 1 (M < 1), flow is subsonie flow,
When Mach number is equal to 1 (M = 1), flow is sonic flow,

When Mach number is greater than 1 (M > 1), flow is superson
Subcritical, Critical and Supercritical Flows : W,
When Froude number is less than one (Fe < 1), the flow is Buhcriticalﬂw
When Froude numbe{' is equal to one (Fe = 1), the flow is critiia] ﬂow.
When Froude number is greater than one (Fe > 1), the flow is S“Nmmm
flow.

One, Two and Three Dimensional Flows :

One dimensional flow is that type of flow in which the flow paramete
such as velocity is a function of timé and one space co-ordinate only.

Two dimensional flow iskthat type of flow in which the velocity is a
function of time and two rectangular space co-ordinates. 3
3. Three dimensional flow is that type of flow. in which the velocity is a
function of time and three mutually perpendicular directions.

;Quej.ll. l Explain the force exerted by a flowing fluid on a

stationary body.

|Answer

L The total force (F,) exerted by the fluid on the body is perpendiculat to
the :u.rface ofthe body. Thus the total force is inclined to the directionof
motion. )

2. The component of total force (F,) in the direction of flow is called drag
andis given as, . .

L N ey

E B

o

2
Fy=c, a92v

© Where, C,, = Coefficient of dr. i
ag.
3. The component of total force (F,) in the direction perpgndicular »
direction of flow is known as lift and isgiven as,

2
F.=¢, "92"

Where, C, = Coefficient of lift.
F

Enorgy Science & Engineering 4-13G (ESC-Sem-3 & 4)

i Pitch angle ii. Pitch control

iii. Tip speed ratio iv. Solidity :

v. Angle of inclination vi. Angle ofincidence
’ viii. Yaw control.

vii. Nacelle

i.m& Pitch Angle (B) : Angle between the direction of wind and direction
perpendicular to the plane of blades is known as pitch angle.

ii. ‘Pitch Control : It is the control of pitch by turning the blades or blade
tips. .

iii. Tip Speed Ratio : The ratio of the speed of the rotor blade tips to the

speed of the wind is known as tip speed ratio.

iv. Solidity : It is defined as the percentage of the circumference of the

rotor which is filled by the rotor blades.

Solidity (s) = =t
Where, NN = Number of blades,
b = Average breadth of blade, and
d = Diameter of the circle described by a blade.
V. Angle of Inclination (I) : It is the angle between the relative velocity'
vector and the plane of rotation. . .
Vi. Angle of Incidence (i) : It is the angle between the relative velocity
vector and the chord line of aero file. .
vil. Nacelle : It is the assembly consists of wind turbine, gears, bearings,
generator etc., mounted in a housing. o
Vili, Yaw Control : Control of orienting the axis of wind turbine in the
direction of wind is known as yaw control.

Discuss the aerodynamic consideration in wind mill
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m — ' o gle of attack («) is very important : -
1. Aerodynamics is the branch of science which deals with Al 10. gﬂ ;;?igdmg forces, Parameter and it determineg
tion and their mechanical effects. 0 gagey;, ; _
2. Nomenclature of aerodynamics is as given below : ) Describe various parameters of designing of wing
v = Impinging wind velocity, ) turbine rotor.
vy = Wind velocil.:y in plan.e of rotation due to blade tyy . - A )
Vg = Resultant wind velocity, : & * Various parameter of designing of wind turbine rotor are as follows ¢
Fy, = Lift force perpendicular to vy, o Diameter of the Rotor : ¢ X
Fp, = Drag force perpendicular to vy, 1. The diameter of the rotor is determined from the operating wind speed
Fp = Resultant force on blade, and the rated power output. :
Fr= Component of Fy, producing torque, 9. The generated power is given by,
F,;, = Thrust force component, P=Pgm,n,C,
a = Angle of attack, and = 5pAv.n,C
B = Pitch angle. 2 °
Undisturbed wind > K d
o Plane of rotation (Torque) =8" pD* v, MG, )
ﬁi‘;ﬁ“’ Chiord ling Fr o« Where, n,, = Efficiency of mechanical transmission and
Fr n, = Efficiency of electrical generation.
) b. Choice of the Number of Blades :
Wind direction L Itisobvious that the efficiency of power extraction from wind depend on i
Fy(thrust) the proper choice of the number of blades. ) .
: 2 There will be little power extraction if the blades are so close to each
of lift other or rotate so fast that every blade moves into the turbulent air
created by the preceding blade.
3 Itwill also be less than optimumif the blades areso far apart or moveso
) slowly that much of the air stream passes through the wind turbine
1 * Wwithout interacting with a blade.
Blade is moving in the plane of rotation and it sees a tangentialwisd - | % Thus, the choice of the number of blades should depend on the TSR
velocity v, in the plane of rotation. ’ ‘ . (tip speed ratio). '
v is the resulting wind velocity, which is the vector sum of tangentia] ; Choice of the Blade Profile and M.aterial Lo sl
velocity v;.and impinging wind velocity v.  For low TSR water pumping wind mills, the blade is ge
: : : metallic plate. Y
The lift force F', acts ; ity v, and the . 2R i hich leads
drgloreeFytparaletiony | emementisadme iy et el B
. I ; *'0 certain aerofoil-like characteristics, bus ¥ haveto
The vector sum of lift force F, L and drag force FD is F, B - . ﬂlroughout the blade. Because of their low ngl‘;d:g,m thBSeppor!tllades v
Now resolve Fy, into two forces i.e., Fj which is torque producisé i fixed to a circular metallic frame for struct
component and Fyy, thrust producing component. = ) Choice of the Pitch Angle: )
The tower and structural members of the wind turbine miustbe 4258 5 Thepitch angleis given by p=1-i- - to ensure an i
to withstand F, 2 As , blade, p should also vaxy o €7 t
h the . : o t{ vary along the length Off:ile iants’of the blade. Thus the desirable i
e vector diagram is 3 aerodynﬂ‘““ Ptimal angle of incidence at all po: e i
blade, centred on the centre of lift of the wist along the blade oan be caleulated easily.
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e. The Tower:

L

horizontal axis wind turbine, the tower supporig ¢

:a:hinery, including the blades, the gear box, the genemm:l::hol,
control equipment. . . dthy
It therefore requires high strength whxch. is achieved wj

concrete structure based on tubular or lattice constmctiont‘h A steg] o,
It is necessary to avoid amplification of vibration through care .
of the resonant frequencies of the tower, blades, rotor, ete. fa d&"@
Transmission System and Gear Box :

In general, the optimal speed of rotation of an electrical
much higher than the optimal speed of a wind turbine,
In order to ensure that a low speed of the turbine produces g |.
rotational speed at the generator, a gear box is inserteq :-
transmission system. ' D the
If the great system has fixed gear ratio, the transmission system
relatively simple and inexpensive. &

8eneraty, i

Write a short n;:te on wind farms.

L
2,

Wind farms or wind parks often have many turbines generator units

mﬁ“ "e::lm spaces away from forest, cities and ﬁozd"i:
annual wind Tm/s
a?vay from the distribution c:ﬁet:d shoqld not be lesg than 7m/ |
Since each turbine extracts some of the energy of the wind it is importadt

lt:asp.m"ide adequate spacing between turbines to avoid excess enery

A wind farm 5 '
has 1.0-50 turbines unit depending on its size. -
dmm“?hﬁ:mland area is sufficient, turbines are spaced three t0 five mw;
et perpendicular to the prevailing wind, and ﬁg:&iﬂ

the loss ineﬂicie::pc;‘:t Inthe direction of the prevailing wind, 10
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o 4.16, | What parameters are to be considered while selectinga
site for wind farms ? \

Auswer. , ’
" Parameters to be considered while selecting a site for wind farms are as

follows : .

1. Flatopenarea should be selected, as the wind velocities are highin flat
open area. :

9. ‘The proposed altitude is to be selected by taking average wind speed
data.

3, Minimum wind speed should be available throughout the year.

4. Ground surface should be stable and high soil strength.

5. Tominimize the transmission losses, the wind power should be near the
consumers.

6. It should be at least 5 km away from the cities to reduce the effect of
noise pollution.

7. Lowland cost.
Approach roads upto site. .

CONCEPT OUTLINE

Geothermal Energy : The enormous amount of energy available inside
the earth in the form of heat is known as geothermal energy.
Geothermal energy is a form of renewable energy and independent of
sun, having the source of natural heat inside the earth.

Using. geq

thermal energy.

er
Different systems used for generating the power using geothermal
energy are given below :
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a. Vapour Dominated Power Plant :

1. . Inavapour dominated power plant, steam is extracted from geothe
wells, passed through a separator to remove particulate contentg

flows directly to a steam turbine. and

temperature of about 245 °C and pressure 7 bar which are legg ;:a:

those in conventional steam cycle plants.

3. Thus, the efficiency of geothermal plants is low, i.e., about 20 %,

Exhaust steam from the turbine passes through a condenser anq the
water so formed circulates through the cooling tower. <

5. It improves the efficiency of the turbine and controls environmenta]

pollution associated with the direct release of steam into the atmosphere,

6. Waste water from the cooling tower sump is re-injected into the

geothermal well to ensure continuous supply.

Dry‘steam
{Fig. 4.17.1. Vapour dominated power pia
Liquid Dominated Power Plants :
These plants are also called wet steam plants because they give wet
steam i.e., a mixture of hot water and steam under high pressure-
There are two types of liquid dominated power plants :
Flashed Steam System :

1. Flashed syste‘m is preferred for high temperature mix'ture"’f
geothermal brine and steam with low dissolved impurities.

En;fg" Science & Engineering

Stesm  Turbine  Generator

2008

2. the fluid (m:xture
flash chamber where a large part of the fluid is converted to steam.

3. Dry saturated steam passes through the turbine coupled with the
generator to produce electric power. d E

4, Hot brine from the flash chamber and the turbine discharges from
the cond are re-injected into the ground and reinjection of
the spent brine ensures a continuous supply of geothermal fluid
from the well. .

il Binary Cycle System :
1 ' A binary cycle is used where geothermal fluid is hot water with
temperature less than 100 °C.

- Vapour flow

Cooling
tower

Production Reinjection
well

well

¥, a7 S
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with a low boiling point working fiy din
a

Hot brine from underground reservoir circulates through 5 -

the ground.

4-20G (ESC-Sem-3 &4)
2. This plant operates 1
themfodynamic closed Rankine cycle.
3.
exchanger and is pumped back to
4.

In heat exchanger, hot brine transfers its heat to the organic .
thus converting it to a superheated vapour that is used in a g uid

closed Rankine cycle.

Que 4.18. I Write the difference between geothermal power plant

and thermal power plant.
Answer _
8. No.| Geothermal Power Plant | The ‘ower Plant
1Tt uses inexhaustible source of | It uses exhaustible sou
energy. energy. )
9. | Itis more environment friendly | It is less environment friendly.
.3 These power plants in some | There is no such problem.
dangerous cases can cause
earthquakes.
4. |1t is mainly used for power | It can be used for various
generations process. industrial processes.
Set up cost is high. Set up cost is low.
6. |By-productsoftheseplantsare | By-productsof these plants can
. not used. be used.
7. | These plants are less flexible. | These plants are more flexble.
8. |Specified areas arerequired. | No such restriction.

conversion 7

[Anawer ",
1 The principle of ocean thermal energy conversion (OTEC) is thot tbﬂ:

is a temperature difference between water at the bottom of the

the water at the top.

'ije Lfﬂ - | What is the working principle of ocean thémﬂl enery

ged a

i eﬂﬂ

This temperature difference can be used to operate a heat

most of the radiation is being absorbed at the surface layer of 78

- Science & Engineering 4-21 G (ESC-Sem-3 & 4)
Enet
: ing between hot and cold water is prevented because no thermal
3 vection occurs between hot and cold water layer. This means that
:;2 gurface layer will act as a source and cold layers act as a sink.
Therefore, it is essential to connect the reversible heat engine between
4 srceandcold sink to produce work that can be converted into required

8420,

R

e
applications-

What are the types of OTEC system ?

we) . .
ollowing are the two basic types of OTEC system :

Closed or Anderson Cycle OTEC System :

In this system, the working fluids for heat engines use the fluids like
ammonia, freon 12, butane gas having low boiling point because the
working temperature of sea water is small.

Warm water from ocean surface is circulated through a pump to a heat
exchanger which acts as boiler to generate freon vapour at high pressure.
This vapour expands in the turbine to develop mechanical power and it
is used to drive an electric generator which produces electric energy.
Freon vapour from turbine at low pressure is condensed in the condenser
with the help of cold water drawn from the depth of ocean through a
pump. The overall efficiency of such plant is very lowin the range of 2 to
3% only.

Turbine

Vapour Generator

Surface +— freon

water discharge

Condenser

AAAAA

VVVVY
AAAAA
YYVYY

: Cond d water
Pump - cani

5 St Cold water pump
Warm water Freon i 1;::::‘
+ from sea pump

"' ; e

(Fig.

Open Cycle or

In this system, the warm water from ocean surface is admitted f.hmu-gh
is maintained under high

the deaerator to the flash evaporator which

vacuum, ) i
As a result, a low pressure steam is generated due to throttling effect

and the remainder liquid is discharged back to the ocean at high depth.
densable gases from

The deaerator also removes the dissolved non-con
Wwater before supplying to the evaporator:
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4 Thislow pressure steam having very high specific volume

5. The exhaust steam from turbine is discharged intoa direct ¢

A 8 supp;
turbine where it expands and the mechanical power so deve l(’;hp::h
converted into electrical power by the generator. is

ontact

heat exchanger and mixes with the cold water drawn from ocean gf
8

depth of about 1 to 2 km.

6. The mixture of condensed steam and ocean cold water are di'“hﬂlxed

into the ocean.
Vacuum pump

Non-condensable gases *
o L Generator

Deaerator O
Warm water| Exhaust steam
from ocean Direct
surface conggt

5 -condenser
y Condensate to ocean

ocean at | Cold water from
depth oceandepth .

wnmmtideg_7nowtheymfomed1

Answer

L

Tides are generated by the action of gravitational forces of the ’“n:g
the moon in the ocean, by the ‘spinning of the earth about its 2118
the relative positions of the earth, moon and the sun. )

2. The highest level of tidal water is known as high tide and the lowest
level of tidal water is known as low tide.

8. The level of difference between high and low tides is called tidal 726"

4. The tides are the periodic vertical rise and fall of pcean water-

5.

fro motion of water is called tidal currents.

Gaca . d
The tidal rise and fall of water accompanied by périodic horizontal .

gnergy Science & Engineering

6.
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The tidal currents flow in horizontal direction and have kinetic energy.
TThis energy is called tjdal current energy.

The rise and fall of the water level follows a sinusoidal curve.

Point A indicates the high tide point and B indicates low tide point.

The tidal range (R) is the difference between consecutive high tide and
low tide water levels.

R = (High tide level) — (Low tide level)

Lunar day 24.83 hour
" E
Water
level.
Tidal

422, | Explain with sketches the v

thods of tidal power

generation. Write the advantages and limitations of tidal power.
OR

How tidal power plants are classified and what ave the limitations

of tidal power plant ?-

A

s~ PP

Principle : To utilize tidal energy, water must be trapped at high tide
behind a dam or barrage and then made to drive turhine as it returns to
8ea during low tides. The available energy is proportional to the square
of the amplitude. .
Components of Tidal Power Plant : Main components of a tidal
Power plant are : . )

Barrage : Jtisa dam of low head and requires the following features :
Less sloppy towards the ocean and basin side. .

It should be able to withstand the shock load of tides and wave.

Low height and shorter in length to minimize the cost of construction.
Steel foundation frame and channels are embedded in the ducts within
the barrage for turbine and gates steel foundation.
Sluice Gates : These gates are opened by water p
Mechanical means is required.

Turbine : The Kaplan or bulb type turbisie is used to operate with low
head ang the entire turbine generator unit is submerged in the water.

and no
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is created by pressure differences in the earth atmosphere due t unemm
solar heating. tiein
ind is kinetic as we]]

2. The energy transferred to water b_ywm is kinetic as well as Yl
energy and it depends upon the wind speed, blowing time of wjy, i :.ln.;
distance of wind travel over the sea.

3. The blowing wind creates a pressure over t!xe surface of ocean Water
and air pushes down each particle, which again comes up, So, it act il
moves up and down in circular path. o . ; y

4. Every particle passes on its motion to the next. This movement of the
water particles produces a pattern, which we see as wave,

5. These waves travel a long distance as they Propagate and -
continuously strengthened by the new wind they pass and retain
their energy even winds die down. : ;

6. The ocean wave energy is created because of periodic to and fro,

upand
down motion of water particles in the form of Progressive wavi

7. Itis important to note that water does not travel with wave while the
disturbance or wave travels in wind direction.

8. The height of the wave depends on the speed of the wind.

9,

These waves develop for few seconds and get superimposed on ocean
water. -

10. The power potential of these waves can be converted to electricity by
mechanieal means and harnessing this oceanic energy of waves has
been developed over past 30 years using wave machines.

E@ 424, I What are the advantages and disadvantages of wave
power ? E

-

Advantages of Wave Power ;

It is a concentrated form of energy and can naturally accumulate 0ver
time. '

il S

Itisan ecofriendly renewable source of energy.

No space coverage on land as required by wind and solar devices:
Large concentrated Power carried in wave’s motion. .
The running cost is negligible as this energy is available free of 08
Disadvantages of Wave Power : ‘ '

The device operates in ocean i i nstructio™
: and ne for co
,and reliability, eds consideration

Capital cost of system ia high,
Problem in maintenance oceyrs,

HEoos e

[
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CONCEPT OUTLINE

Hydropower : It is the power derived from the energy of falling or
fast running water which may be harnessed for useful purpose.
Application of Hydmpoyer P

1. Controlling the floods in the rivers.

9. Storage of irrigation water. . ]

3. Storage of the drinking water supply besides generation of power.

What do you mean by hydroelectric power plant ?

L Hydroelectric power plant converts the hydraulic energy of water into

electrical energy. » . - .

2 The level of any place is higher than sea level, thus rain water falling

over the earth’s surface possesses potential energy relativé to sea or

- Ocean and flows towards sea. ) il
3. This da ial) energy (head) of rain water available at appreciabl

Verﬁedhﬁg?;hﬁlveﬁ into mechanical energy by allowing the

Water to flow through the hydraulic turbine runner.
% The mechanical energy is then utilized to run an electric generator

; coupled to the turbine shaft. . P—
3 H)'dl‘oelectric jects havelong useful life extending over
helphownmﬁwenues for the development or remote and it
i areag,

Néarly 20 percent of the total power requirement of the world is met by

hydroelectri ic power plants.

Ry Give general layout and function
Yiroelectric power plant.

of essential element of
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Fig. 4.28.1, General layout of o hyjmdmm Hact

Functions of Essential Element of Hydroelectric Power Pie=s:
Reservair ; 1ts purpose is to store water which may be utitisd t2 /=2
the prime mover to produce electrical power.
D : The function of dam is to provide a head of water to be o= 3
the wzter turhine
Trash Back : The purpnse of providing a trash rack is to preve=t £
detms which mght damage the wicket gates and turbines == @
mean chokung of nuzzles of the impulse turbines.

L

y W:mmmmuu.mmm%b

:;s:z;rmb wten toad an the plant is reduced and providss

FxTesse on arcount of inoreasing load during which &=
U cannl & being accelerated

Burge Tank : This may be considered as an additional Sores® 2
e the Gartune, wsaally provided in fugh besd, medizn bt B
¥hien there 35 o eonsiderable diftance between the wates @57
'mwthmhnm—mmmahmxm i
Penmor : 1w a wenduiy nmmlwmmﬂmmc“
warks and furetmy 1o the turbioes

=P

v
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o v “ wn to
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¢ Thin may bo considisved a sort of saficty valve for a dam. A

dinelarge eteess in O reservoir bevond the full

1 gererally located at (e faot of te dim and near

e ALY PO EVALE
movew i The purpese of prime moves s t onvert Kinetio energy

prime
- of witse into mechanieal enerigy
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Systems and Syntheg;,

Majorly there are three world scenarios which are discussed as :

a. Modern Jazz:

1 Itis amarket led, digitally disrupted world with faster paced and more
uneven economic growth,

2. Recent signals suggest that this entrepreneurial future might accelerate
clean energy access on both global and local scales, presenting new
systems integration, cyber security and data privacy challenges. ",

b. Unfinished Symphony : ' '

L Itisastrong, coordinated, policy led world, with long term planning and

. }u_lited global action to address connected challenges, including

" Inequitable access and affordable decarbonization. .

2 Recent signals suggest increased activism and commitment to addressing
climate change at the sub-national level and an expansion of the focus
from climate change mitigation to a broader, socially inclusive and
economically affordable, sustainable development agenda.

® Hard Rock: ] '

1 Itisafragmented world with inward looking policies, lower growth and

" less global cooperation.

Recent signals, such as the rise of populist leaders and uncertainty
about the outlook for international cooperation, imply that this scenario
15 also evolving into a story of regionally firmer security foundations
Yather than total fragmentation and harder rocks.

Discuss data of energy consumption in India. -
Rey; . OR
View the energy scenario in India in brief.

8-1G (ESC-Sem-3 & 4) Lo L L .
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1. InIndia, in 1947, the total power generation capacity wag only 13g)
and by 1991 it grew to 65,000 MW, of which 69 % (45,009 MW)MW’
generated in thermal plants. . V) ey
The distribution of energy in various plants is as follows :
Hydro Plant : .
The total Indian hydro-potential is 84,000 MW.
The installed capacity is 18,443 MW (March, 1991) compare to 200kw;
1897 (Darjeeling) and 508 MW at the time of independence, n
ii. Nuclear Power Plant: Presently, in India, about 2.3 % of generatiy,
capacity is nuclear based. This corresponds to about 1,500 MW'dft::g
installed capacity comprising 8 units.
iii. Coal Plant :
1. Coal power plants are now getting maximum attention, since cog] i
abundantly available and the implementation time is relatively short,
2. Thermal power generation capacity duri.ng the 8%"Plan is 28,000 MW
and during 9% Plan is 32,000 MW. ’
iv. Renewable Energy :

5-3G (ESC.g,;,
-854)

Do

L d Renewable energy hardly makes any contribution to the total energy
‘production. ’

2. However, construction of.a. 100 MW ocean thermal energy conversion
(OTEC) project has commenced.

* | PART-2

17

S0
i

CONCEPT QUTLINE

Nuclear Fuel Cycle : It is the progression of nuclear fuel througha
series of differing stages. It consists of stepsin the front end, whichare
the preparation of fuel, steps in the service period inwhich fuel is used
during reactor operation and steps in the back end which are necessary
to safely manage the operation. .

¥

gQ"e Eﬁafg_ | Define nuclear radiation with example. Also give 7P
of nuclear radiation.

Page 56 of 73
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A&N—;j;” Radiation :
uclear radiation refers to the particles and photons emitted duri

1 :mﬁons that involve the nucleus of an atom. It is also known as immgjzing
radiation. :

g The particles itted by nuclear reactions are suffici tly energetic

" that they can remove electrons from atoms and molecules and ionize

them.

3, Nuclear radiation includes gamma rays, X-rays, and the more energetic
portion of the electromagnetic spectrum.

. THH: L‘-.perﬁchsl, d by nuclear reactions include alpha
particles, beta particles, neutrons, positrons, and cosmic rays, '
Example : Fission of U-235.

B. Types of Nuclear Radiation:

i Alpha Radiation :

1. Alpha radiation occurs when an atom undergoes radioactive decay, giving
off a particle called an alpha particle consisting of two protons and two
neutron.

2. Due to their charge and mass, alpha particles interact strongly with
matter, and only travel a few centimeters in, air.

3. Alpha particles are unable to penetrate the outer layer of dead skin
cells, but are capable, if an alpha emitti b is ingested in food
or air, of causing serious cell damage.

ii. Beta Radiation : . :

1. Betaradiation takes the form of either an electron or a positronbeing
emitted from an atom.

2 Due to the smaller mass, it is able to travel further in air, upto a few
meters, and can be stopped by a thick piece of plastl?, oreven uk st:acl: of
papers. It can penerate skin a few centimeters, posing iatoLan
external health risk. :

iii. Gamma Radiation : ; ”

L Gamma radiation, unlike alpha or beta, does not consist of any particles,
, a0m, : .
instead consisting of a photon of energy being emitted from an unstable
nucleus, g o Bt :

2. Hayvj adiation can travel mu er

Ving no mass or charge, gamma r ; z
through air than alphaor beta, losing (on average) half its energy for

. every 500 feet. -

v. XRays: . -
: ) ST imary difference being

L X-rays are similarto gamma radiation with the primary

t they originate from the electron cloud.




www.civil guru.net
Thisisthe subtitle of PDF, Use long text here.

-

Energy Science & Engineering

W

5-5G (BSC8emgy,

2 This is generally caused by energy changes in an electroy, suc
']

moving from a higher energy level to a lower one, causing

energy to be released. . the ©Xeegy

——
PART-3

Waste and Proliferation, Climate Charge,

— ]

CONCEPT OQUTLINE

Nuclear Waste : Radioactiv abyprodmremﬂﬁngﬁm\

fi torp ing of radi "vematerialsisknownasnudm
waste. ’
Climate Change : It refers to the significant changes in globa)
temperature, precipitation and wind patterns, etc., that occur over
several decades or longer.

EM. 'Whtmthe!mmesandtypesofnuelearwute?

A
i
L

=

“E

Sources of Nupleu Waste :
Nuclear Fuel Cycle :

Waste from the front end of the nuclear fuel cycle is usually
alpha-emitting waste from the extraction of uranium. It often contains
radium and its decay products. ‘

The back end of the nuclear fuel cycle contains fission products ths
emit beta and gamma radiation, and actinides that emit alpba particles:
such as U-234, ' :

Nuclear Weapon Decommissioning : J .
Waste from nuclear weapons decommissioning is unlikely t0 gl
much beta or gamma activity other than tritium and americium-

Itis more likely to contain alpha-emitting actinides such as Pv"

h is a fissile material used in bomb.

Legacy Waste :
This waste is due to historie activities typically related tora

uranium mining, and military programs, numerous sites cont
contaminated with radioactivity.. '

jum industt):
ginor are

Hu(ﬂwmuo

iv.
1

v
1
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Radioactive medical waste tends toeontainbetaparﬁdeandgammarqy
emitters.
Industry : 8
Industrial source waste can contain alpha, beta, neutron or gamma
emitters. Gamma emitters are used in radiography while neutron
emimmwsmmdmarmgeofnppﬁuﬁm,auchuoﬂwgn
Yhising: s
Types of Nuclear Waste :
Low Level Waste :
Mainly generated from nuclear fuel eycle, low level nuclear waste
includes materials that have been contaminated by radioactive
substances. !
The waste also includes items that gain radioactive property after getting
exposed to neutron radiation.
The low level nuclear waste consists of clothing, wiping rags, mops,
filters, reactor water treatment residues, equipments and tools, luminous
dials, médical tubes, swabs, and injection needles, among others.

ii. Intermediate Level Waste: :

Asit contains higher amounts of radicactive materials compared to low
level waste, the waste requires special shielding.

The waste comprises chemical sludge, resins, nuclear reactor parts and
contaminated materials from decommissioned reactors.

High Level Waste :

Itisa waste produced after nuclear fuel is burnt and removed from the
nuclear reactors.

The waste comprises highly radioactive fission products and tr
elements produced in the core of a nuclear reactor.

*3&; | Write a short note on proliferation concerns related to

the lluele:r waste. ‘

L

P €

BWer,

Since uranjum and plutonium are nucl pons materials, there
have been proliferation concerns. N
Ordinarily, plutonium is reactor-grade plutonium. In addition to Pu-255,

Which is highly suitable for building nuclear weapans, it contains large

mounts of yndesirable contaminants such as Pu-240, Pu-241, end

-238. These isotopes are extremely difficult to separate, and more

“ost effective ways of obtaining fissile material exist .
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3. High level waste is full of l_xighly radioactive fission Products,
which are relatively short-lived. Mogt o

4 Thisisaconcernsince if the waste s stored, perhaps in deep .
storage, over many years the ﬁssi_on products decay, decrege‘}lomm
radioactivity of the waste and making the plutonium easjer bo“mem! the

5. The undesirable contaminant Pu-240 decays fast;er than the o ;
and thus the quality of the bomb material increases with time althory
its quantity decreases during that time as well. ugh

6. These all concerns lead to think over the invention of such a techno),
that can help in reducing the proliferation of nuclear waste, e

Que5.6. —I What are the causes and effects of climate change ?

Answer
A Causes of Climate Change :
i. Greenhouse Gases :
1

Greenhouse gases play a vital role in the earth’s climate cycles. As the
planet gets hit with the sun’s rays, some of the energy is absorbed, and
the rest of that energy and heat get reflected into space.
Gre:enht_)usg gases in the atmosphere trap the reflected energy,
redirecting it back down to the earth and eventually contributing to
global warming. ;
While some of these greenhouse gases, such as water vapour, are
naturally occurring, others, such as CFCs, are synthetic. CO, is released
into the atmosphere from both natural and human made causes andis
one of the leading contributors to climate change.
Deforestation : : .
Deforestation and climate change often go hand in hand. Not only do¢*
. e g0 an :
climate change increase deforestation by way of wildfires and other
extreme weather, but deforestation is also a major contributor to
warming. .
Deforestation is the second leading contributor to global greenhou®
gases or climate change, " # '
Human Activities :

The most significant contributor to climate change is the b ing
fossil fuels for electricity, heat, and transportation. -

PR

T E

2 Ofthesefactors, transportation in the form of cars, trucks, shipé: siobalA

and planes emits the lar, ; ing up
h the largest percentage of CO, speeding

Warming and remaining a significant cause of climate change:

Effects of Climate Change ;

Extreme Weather ;

& : gt
8 o weather are perhaps the most noticeable effect of clim?
change for the average person.

P
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Extreme weather influenced by climate change includes stronger storms

% ndhurricanes, heat waves, wildfires, more flooding, heavier dtoughts,
etc. :

i, Health : Climate change related health risks may include :

1, Injuries and fatalities from severe weather.

2: Asthma and cardiovascular disease from air pollution.

3, Respiratory problems from increased allergens.

4, Diseases from poor water quality.

iii. Negative Impact on Ecosystem : )

1 Ecosystems are interconnected webs of living organisms that help support
all kinds of plant and biological life. 7

2. Climate change is already changing seasonal weather patterns and
disrupting food distribution for plants and animals throughout the world,
nearly 30 % of plant and animal species are at risk of extinction if global
temperatures continue to rise. -

iv. Rising Sea Level:

1. Rising sea levels could have far reaching effects on coastal cities and
habitats. Increasing ocean temperatures a.pd melting ice sheets have
steadily contributed to the rise of sealevelsona global scale.

2. Ttwil causing increased flooding and decrease in ocean and wetland
habitats. :

V. Shrinking Ice Sheets : )

1. While contributing to rising sea levels, slmnklng i'oe sheets present

their own set of unique problems, including increased global
temperatures and greenhouse gas emissions.

[ PART-4 |

\7.%| What do you understand by energy storage 4

i}

the operation of power syétems.

Energy storage systems are essen! - immprove the reliability of

They ensure continuity of energy SupPly
the system.
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4. Energy can be stored as p

5. Some energy storage forms are better suited for small

5-0G ESCSem.g g,

3. Energy storage systems can be in many forms and sizes, The size
and scalability of an energy storage system highly depend
the stored energy. )

» CO,
onthe forms;

ial, kinetic, ch

I, electmm agnet;
thermal, etc. etic,

scale
and some are used only for large scale storage systems. #etems

6. For example, chemical batteries are well suited for small systems ranging

from watches and computers to building backup systems,

7. Pumped hydropower storage, on the other hand, which stores huge

amounts of energy in the form of potential energy of water, cap be
found only in large power systems. :

Briefly explain the dij!erent types of storage systems,

Different types of storage systems are as follows :

i. Pumped Hydro Energy Storage System :

1.

2.

3.

o

2.

3.

4.

The operating principle of the pumped hydro storage uses the potential
energy of water keep in a reservoir. :

Water is pumped from lower reservoir to upper reservoir to store energy
when the power demand is low.

‘When the power demand is high, water flows from upper reservoir to
lower one, activates the turbine and generates electrical energy.
Stored energy capacity of this system is proportional to water volume of

upper reservoir and height difference between the upper and lower
reservoirs,

This energy storage technology is a large scale and long term energy
storage system.

Compressed Air Energy Storage System :

In this energy storage technology, conventional gas turbine technology
is used. Energy is stored as compressed air in an underground storage
chamber.

When the power demand is low, the air is pumped to chamber and

excess energy is stored. The compressed air in the chamber is converted
to the electrical energy via gas turbine.

The compressed air is heated and converted to the mechanical energy

via a set of low and high pressure turbines,
Electrical generators coupled with turbines generate electrical energy:
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i Batt‘eﬂ Energy Storage System ;

N Batteries are the most common energy storage technologies,

, Theenergyisstored in a battery cell as electrochemical energy.

5 The battery cells are connected in series or in parallel to reach the
desired voltage, current and capacity values.

4 Abattery cell composes two electrodes called anode and cathode, and
the electrolyte.

5 Several types of the batteries are proposed. All types of batteries have
different specifications, therefore, none of them is suitable for all kinds
of applications. .

iv. Flow Battery Energy Storage System :

L Flow batteries which are a'kind of rechargeable battery are relatively

recent technology. In this system, therg are two electrolyte liquids in
separate tanks and an electrochemical cell is present. :

2 Intheelectrochemical cell, a membrane is held between two electrodes.
These electrolytes are pumped through the electrochemical cell and ion
exchange occurs through the membrane. .

3 Today, three types of flow batteries are commercially available in the
market : the vanadium redox battery, the polysulphide bromide bamry
and the zinc bromine battery.

V. Hydrogen based Energy Storage System :

L Thehydrogen energy storage system consists of electrolyser, hydrogen

. storage; fuel cell and power conversion stage. )

1 Hydrogen can be obtained via water electrolysis, and energy required

for this action can be obtained from renewable energy sources or

tonventional energy sources.

% The obtained hydrogen can be stored in metal or composite tanks as gas
rmetal hydrides, ’
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nsWer. . ‘
Key responsibilities of an energy engineer are as follows :

[dentifying the area of high energy consuming sources and designing

Que 5.9. | What do you understand by energy conservatiop ¢

L En;l‘&hconsewation refers to the methods of reduetiop i e ' snd doveloping ener?y " Sk e e i
consumption by way of elimination of wastage and pmmoﬁnergy Introducing innovative energy eﬁ.ident pr and impl ting
B cHienty. . 0D of 2 the same in the organization for high energy efficiency.

2. Energy conservation is the key element of energy Managemen, 3 Conducting on site and field observations, collecting energy efficiency
3. We can reduce the energy consumption by adopting varigas w' e s_md analyzing the process of energy efficiency used.
energy conservation which includes efficient use of technologi a " Evaluating energy efficiency by reviewing architectural, mechanical,
avoiding energy wastages. 8 and " and electrical plans of the organization, consulting the engineers for
4. The various principles involved in ene; : ; installation of energy efficient systems like climat trol systems, day
i Optimulp trpl . T lighting design, etc., and preparing technical reports for implementation
- aaReniEd ’ : : of energy efficient designing.
- O i apaci R 5. Taking pivotal role in creating awareness about energy efficient systems
iii Optimize load, installed and actively participatingin encouraging the use of alternative
iv. Use efficient processes, A energy resources.
v.  Reduce losses, . . . 6 Managing the construction, designing, and development of energy
vi. Energy containment, : management pm]eets as per the g\udghnes from the fed‘eml de;tartm_ent
i i . and the budget requirement, performing energy modelling, verification,
vil. Examine energy conservation opportunities, and .and commissioning as per the large scale industrial process. i
viii. Energy storage facilities. [

7. Coordinating with the project management team for overall analysis of
energy management system installation.

. pripeee ety P
? ANl B A S e

Qiie 5.10."| Write a short note on energy engineering.

1L

Energy engineering or energy systems epgineering is a broad field of
engineering, dealing with energy efficiency, energy services, facility
gement, plant engineering, environmental compliance, sustai
energy and renewable energy technologies, : :
2. Energy engineering combines knowledge from the fields of physics

math; and chemistry with ic Z ineeriog
practices. and envir tal engind

3. Energy engineering is increasing] ; forward in
| * meeting carbonmductiontar:?:f AL 6. i e
! 4 Energy minimization is the majn ) L line.
Often apnli piae] . purpose of this growing disciPtl
i H applied to building design, heavy consideration is given t0 HVAC
: reduen & ventilation and air conditioning) lighting, refrigeration, 9
| : ce energy loads and increase efficiency of current systems:

9 What are ﬂléhym o ensiﬂe” L Ttisal ble energy. It comes from natural sources
; nsil 50 known as renewable energy p
.UPO hllities: of an energy such as sunlight, wind, rain, tides, plants, algae and geotbermal heat.
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2. Greenenergy isaclean energy, thismeans that it is Producegq
or no environmental impact and does not dispense greenh,
into the air that contribute to global warming.

3. Greenenergy can replace fossil fuels in all major areas of;
electricity, water and space heating and fuel for motor Ve‘l:?;::el“djnc

Types of green energy include solar energy, hydro power.
biomass, geothermal energy, tidal energy, etc.

Benefits of Green Energy :
Green energy is eco friendly.
It is a reliable source of energy.
It requires less maintenance.
Improved health conditions.
Green energy never runs out.

With 1

>

) Wind energ,

S N N

iiglle 518. Define green building. Also write down the features that
makes a building green.

Answer I g
A Gueanlding Agreen building is a building that, in its design,
eonstruchnnof?pet:atwn,r d or eliminates negative i pacts, and
can m}::l p.omhve impacts, on our climate and natural environment.
Green dings preserve precious natural re i
Sl sources and improve our
Features of Green Building :
Efficient use of energy, water and other resources.
Use of renewable energy, such as solar energy.

Pollllt‘inn.andwam, d es, and the 1

© P W

of reuse and

Good indoor environmental air quality,
Use 'ff materials that are non-toxic, ethical and sustainable.
Consideration of the environment in design, construction and operatio-

Consideration of the quali i i i nstruction
and peratiog quality of life of occupants in design, co!

8. Adesign that enables adaptation to a changing environm?ﬂt- .

@ What are the various elements of green building?

|
Vﬁriouaelcmentsofgreenbuﬂdingare as follows :

L Bite Planning and Design . ; ; urroundivé®
- + Design our site to fit into the s
neighbourhood and to work with natural features to provide 8@ P

IS

.

4
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spaces, shade our building, and naturally control storm water runoff,
Minimize m‘t:nlg;a;ts by shrinking the physical footprint of your
develop © comp ing and i
taking care of trees and soil conditions mmmﬁzm iy
Community : Green buildings and developments support str
’ communities by giving neighbours places to meet, establishing a uﬁ
of place and safety, and creating spaces for pedestrians and kids, rather
than cars.

ﬂLludoorAirQﬂnlitytAchievingahigh, lity indoor envi t
requires careful _dengn, construction, and materials choices, and thus
strong coordination among the building team. Indoor air quality centers
on well d d ventil and moisture control, which goes hand in
hand with energy efficiency and building durability.

iv. Energy: Energy efficiency is the key to making a building finely tuned,
lean, green machine. Start using energy modelling software early in the
design process to take advantage of the sun and wind to heat, light, and
cool our building affordably.

v. Materials : Green, high quality building materials that minimize or
eliminate indoor air quality concerns, avoid toxics, and greatly reduce
waste are used in green buildings.

vi. Waste : Reduce, reuse, and recycle construction and demolition waste
to cut costs and improve building quality. Design for efficient use of

materials and for durability, avoiding future waste.

vii. Water: C ve finite frest resources and reduce utility bills by
installing water efficient appliances and plumbing fixtures, landscaping
with drought resistant plants and efficient irrigation, and putting

rainwater and greywater to use.
Dlscussaboutgreennrchieactumindeuﬂ.
Answer -
L Green archit ture is a sustainable method of green building design. It

includes both design and construction keeping the environment in mind.
% Green architects generally work with the key concepts of creating an
energy efficient, eco-friendly house. S
It i construction which can © 8
ﬁnﬁm&ﬁxg ;:d the architect should pay careful attention
toboth aspects of the entire process. N
4 Green architecture can be wonderful examples of the possibility of

humans living harmoniously within the environment.

The opportunities:exist to design beautiful, energy ;’ﬂ:‘i::::::
eco-friendly residences and workplaces that t:en:mlonm:_ o s
ability to adapt to and peacefully live within the ecology tural
Wworld,
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6. The natural ecology of the planet should be the macre mod
architects to use as a model for a green building. ol o

7. Architecture can model itselfon the planctary system to copy tho ngy
green environment, making a new building, or udnptina an e "’"
building, both eco-friendly, in terms of materials used and the .- U™
occupics, and energy cfficient, including solar technology. Fhace iy

|

LEED Ratings. ‘

Questions-Answers

o

Long Answer Type and Medium Answer Type Questions

‘Que 5.16. | What do you understand by LEED ?

1 LEED (Leadership in Energy and Environmental Design) is an
internationally recognized green building certification system, providing
third party verification that a building or community was designed and
built using strategies aimed at improving performance across all the
metrics that matter most : energy savings, water efficiency, CO, emissions
reduction, improved indoor environmental quality, and sensitivity to

2. LEED provides building owners and operators a concise l‘ramework fnr
identifying and implementing practical and measurable green building
design, construction, operations and maint luti

3. It works throughout the building lifecycle - design and construction,
operations and maintenance, and significant retrofit. )

4. LEED provides a sustainability framework for design, constructios.
operations, and maintenance of new and existing buildings.

5. LEED provides a point system to score green building design and
construction.

6. The system is categorized in five basic areas : sustainable siws-x:
efficiency, energy and atmosphere, materials and resources, and
environmental quality,

Que 5.17. | Write down the four levels of LEED ratings-
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Four lovels of LEED rating are as follows :
LEED certified : 40 - 49 points

silver level : 50 - 69 points

Gold level : 60— 79 points

platinum level : 80 + points

- % o -

! [ParRT-8]

Identification of Energy Related Enterprises that Represent the
Breath of the Industry and Prioritizing these as Candidates.

CONCEPT OUTLINE

Various Energy Related Enterprises
1. Fossil fuels industries,

2. Nuclear power industries,

3. Renewable energy industry, and

4. Traditional energy industry.

Questions-Answers

LongAnuwérTypeandMedimAuanﬂQuuﬁm

Que 5.18. | What do you mean by energy related enterprises ?

Answer I

L The eVn‘m’gy enterprise is the totali
the production and saled&ti.s :;:urg;n
manufacturing, refining an .

2 Modern society s large »nrmL@thme:Pm
is a crucial part of the infrastructure and maintenance
almost all countries.

3. Inparticular, the energy enterprise comprises : o
i ’ The fossil fuel industries, which include ”m‘u:d“m::l::‘::
companies, petroleum refiners, ﬁxelmnsv::d waraer
gas stations), coal industries ( onn mpyocemns)m o gy
natural gas industries (,“"_“’:i' g:;; 'J“ 9 3
manufacturo.nwelludmnh\l on

tyofallufthoindustriesinvolw_din
including fuel extraction,
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i The electrical power industry, including electrici
electric power distribution and sales, Slectriity Beneration,

i The nuclear power industry,

The renewable energy industry, comprising alternati ;

. s ive
sustainable energy companies, including hydroelectric p?;::e? s
power, and solar power generation, and the manufacy

7

distribution and sale of alternative fuels, and S,
v Traditional energy industry based on the collection and distribytj,,
cooking and heating, is Pﬂ-l'ﬁculm-f;

of firewood, the use of which, for
common in poorer countries,

it

) What do you mean by embodied energy ?

1 Embod.ied_ energy is the total energy required for the extraction,
s:;mmng,mwmanddeﬁveryofhﬁmmgmteﬁalsmthehﬂdinx
Unlike the life cycle assessment, which evaluates all of the i p ¢ over

x whole life of a material or element, embodied energy only considers

t front end aspect of the impact of a building material. It does not
include the operation or disposal of materials. ’

3. Embodied energy must be considered over the lifespan of a building,

2.

i and in many situations ahigher embodied ene ol rial or

{ ations, ied energy building material ©

il system may be justified because it reduces the operating energy
\ requirements of the building. .

4. wm energy is : ed as the g ity of non-renewable energy
per unit of material, p t or system.

5. mbodied energy may account for 20 % of the

The total amount of e;

building’s energy use, so reducing embodied energy can significantly

redux:e the overall environmental impact of the building,

8. Buildings should be designed and materials selected to balance embodied
energy with factors such as climate, availability of materials and transport

costs.

156 (BSCSem 8 &0
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; When gelecting building materials, the embodied energy should be

gasrme=

considered with respect to:

The durability of building materisls,
How easily materials can be separatéd.,
Use of locally sourced materials,

Use of recycled materials,

Specifying standard sizes of materials,
Avoiding waste, and

Selecting materials that are manufactured using renewable energy
sources. .

Que! ‘What is the meaning and importance of embodied energy

analysis as a measure of sustainability and why we need to develop
widely pted standards for embodied energy ?

AnSy |

L

2

itto Promote their energy efficiency.

" While comparing products or services we look at the feature set, quality,

compare the price, etc.

Now if we are concerned about sustainability, it is also important to look
at the impact that the product or service has over its entire life cycleie.,
from mine to manufacture to market and to end of service life.
Inother words to look at a given product or service and trace its impacts
over its expected service life and the recoverability of the materials that
go together to comprise it. This is known as the sustainability view of a
product or service. . :

Coming up with the embodied energy analysis is not an exact science,
but it usually include the energy used throughout the entire production
value chain i.e., from resource acquisition to final packaging and

istribution.

Embodied energy analysis is valuable and comparing embodied energy
content of two products or services can help decision makers and
consumers evaluate and compare products or services. This brings us to
the need for standards.

Afair number of energy efficiency ratings have been created to measure
and rate the relative energy consumption of products and provide a
consumer friendly ranking system, so energy efficient products can use

“—PAR;I;-‘IU ks 1
At of Raollities and Optimizglion'of . .- |
. Energy Conwopin: ]

——wl,
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Long Anu:ver 'l‘ypeanﬁ Medium Aqswer Type Question,

8,

QueB2L | What is energy audit ?

1

2.

3.

Answer

Energy audit is an examination for energy
through analysis of energy usage.

It uncovers energy savings opportunities which are assessed to identify
savings. v

A general audit is a comprehensive evaluation of potential energy
conservation measures through detailed information collection,

efficiency improvement

in depth interviews with facilities or operations managers and the

analysis of energy profiles created through interval metering,

What are the aims or objectives of energy audit ?

o p @

The objectives of energy audit are as follows :

To understand the facility’s energetic behaviour.

To identify the of energy d

To find out the motive of this excess.

To propose alternate solutions. .

To justify them from technical and ] point of view.
To determine the ideal energy consumption pi'oﬁles.

Discuss in detail the various types of energy audit.

a.

b.
L

Types of énergy audit are as follows :

Envelope Audit : It surveys the building or factory envelope to
determine the energy losses for leakage, construction problems:
openings, doors and windows defects, lack of insulation, etc.

Functional Audit : ) )
It surveys the quantity of energy_used for each function such as:
i  Heating systems, )

ii Ventilation and air conditioning systems,

iii. Building,

4

w
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. Lighting,
,. Hot water supply, and

vi. Air distribution. .

This-audit also identifies the energy conservation opportunities in each
of these areas.

Process Audit :

It surveys the quantity of energy required for each process such as :
i Department-wise process plant and machinery,

ji. Heating process,

fii. - Ventilation and air conditioning process, and

iv. Furnaces.

This audit also identifies the energy conservation opportunities in each
* process.

Transportation Audit :

e tity of energy required for all types of transportation

i;::::' sl&e :re]:icles, cars‘:Schks, and other material handling
quip t in an industry. '
It also identifies the energy conservation opportunities for such
transportation systems.
ility Audit :

gts‘\lxirvyeys the quaﬁtity of energy required from each utility or support
service in an industry.

Wj;m Discuss about the optimization of energy consumption.

‘A‘.

Although energy is critical to systems in the p duction d
production planners have not been provided with the tooell: ?oeeded to
integrate energy explicitly in their resource allocx.ihon ‘models for overall
production efficiency. . ) )
Optimum energy usage (OEU) will change this parad;;‘;: :ymim
best practices in energy resource allocation b\}x’cfi;:“dnmnin.

energy data throughout the layers of the prod O s I
Realization of OEU requires .three a]{proaches a:) tz];ln be;:: :

the industrial consumers which are discussed as gt

Awareness of Energy Usage: .
Energy awareness is the foundation 0
beh;gi{)ural changes across all layers of the

OEU. It drives fundamental
production domain.
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i ith si free or low cost acti
9. Starting with simple and often o tions tg
consumption, energy awareness works itself into the ﬁi::: eherg,
corporate culture. of thy
3. Production planners will start including energy require, .
production bills of material. . Dents ing,
Efficient Consumption of Energy :
Efficient energy consumption is the accelerant for OEU.
By leveraging automation and manufact ing ion
lidate energy information in“:’:dtemn

Energy Science & Engineering (2 Marks)

Energy and its Usage
(2 Marks Questions)

L ]

industrial 'S Can Cor g h;
f match overall power consumption levels and timing wj r
production requirements, . th Specifi

I 3. Energy monitoring and management promote efficient consumpt;
and multiply the benefits of energy awareness by automating “{ih?n
that reduce energy consumption. <

iii. Transacting Energy for the Best Result :

1i. What is energy ?

1 Transacting energy for the best result is the integrator for OEU.

2. Byleveragingassetmnnagementandintema]fadlityandmm nergy
de.livery systems, the industrial consumer can interface with ﬂmepowe;
grid domain to procure and exchange energy for the best result,

©0e

RME Energy is defined as the capacity to exert aforce through a distance.
It exists in various forms like heat energy, chemical energy, nuclear
energy, mechanical energy, ete.

12. Write down various units of energy.
A% Various units of energy are as follows :
1. Joule,
2. Calgrie, and
3. kWh.

13. Define thermal energy reservoir.
A Thermal energy reservoir is defined as a large body of infinite heat
capacity, which is capable of absorbing or rejecting an unlimited
qull-ntity of heat without suffering appreciable changes in its
te

nperature.

14. What is meant by heat engine cycle and heat engine ? What
o is its function ? -

Heat Engine Cycle and Heat Engine : A heat engine cycle is a
thermod;::miEZycle o which thers is o net het teansfor to the
system and a net work transfer from the system. The system which
executes a heat engine cycle is called a heat engine.
Function : The function of a heat engine cycle is to produce work
continuously at the expense of heat input to the system.

15. Define heat pll..mp.
BB Heat pumpisa device which, operating in a cycle, maintains abody
ata tt?mpel;ature higher thc:'l e temperature of the surroundings.

l' °
18. What do you mean by refrigerator ?
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ABE Refrigerator is a device which, operating in a cle, majng,.:
body at a temperature lower thann:ﬁe tel%ern?\‘n:l: t:}"'l
surroundings. the

1.7. Define coefficient of performance.

&% Coefficient of performance is defined as the ratio of desireq
to the work done. effeqt

18. What do you mean by Carnot cycle ?

ABX Carnot cycle is an ideal hypothetical cycle in which all
constituting the cycle are reversible. the processey

19. State Carnot theorem. *

BBE Carnot theorem states that all heat engines operating between 5
given constant temperature source and a given constant
temperature sink, none has a higher efficiency than a reversible
engine. : )

1.10. Define entropy ? |AKTU 2 »

ABE Entropy is defined as the guantitative measure of disorder or
randomness in a system. It deals with the transfer of heat energy
within a system.

L11. What do you mean by entropy principle ?

ZIE  According to this principle, the entropy of an isolated system can
never decrease. It always increases and remains constant only
when the process is reversible.

Mathematically,
ds, 20

112. Classify the IC engines on the basis of cycle of operation:
AW On the basis of eycle of ope ,IC are classified into W0
categories : . :

1. Constant volume heat addition cycle engine or Otto cycle engin®
2. Constant pressure heat addition cycle engine or diesel cycle engi®®

-

113. Write the applications of open cycle gas turbine.
AR Applications of open cycle gas turbine are as follows :
1. Inaircraft, ‘ 4. Inlocomotive,
2. In marine, 5. In aytomobile, and
3. In power generation. .

114. Why Stirling engines are not used ?

AKTU 20120, Marke &

gpergy Scionce & Engincering (2 Marks) $Q-8 G (ESC-Sem-3 & 4)

ing engines are not used because the engine requires som
f,ﬁfehﬁ.? warm up before it can produce useful powermcannoi

change its power output quickly.

Fd

.

1.15. Define supercapacitor.
acitor is a high car P
L f‘,:ﬁrcﬁgher than other capacitors.

witha

pacit value

1.16. What is fuel cell 7 .

znzm A fuel cell is an electrochemical device that converts the chemical
energy of a fuel into electricity.

1.17. Define phase change.

sms: Phase change process is the ch material physi

of 1 state from
one state to another like solid to ﬁquid and vice-versa.

(-

S

s

)
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fusion is a reaction in which two or more atomic nuclei are
L g‘,’,‘,’md to form one or more different atomic nuclei and subatopy

particles (neutrons or protons).

29. What are the moderators ?
N uclear Ener ax% Moderator is a material used to slow down the neutrons from high

(2 Marks Questi On_s) kinetic energy.

!L!NIT'

- S
21. Write down the various fundamental forces of nature,
&BX Fundamental forces of nature are as follows : '

2.10. Define thermal neutron.
amx Thermal neutron is a free neutron that has an average of
motion corresponding to the average energy of the parti de :ms ofmthe

ambient materials.

2.11. What do you by nuclear fission ?

1. Gravitational forces,
2. Weak nuclear forces,

" 8. Electromagnetic forces, and
4. Strong nuclear forces.

22. Define nuclear forces.

ZEE Nuclear forces are the forces which act kﬁmﬂ two or more
nucleons. They bind protons and neutrons into atomic nuclei,

23, Whatilthebindingenergy?

o<t Binding energy is defined as the energy required to overcome the
binding forces of nucleus,

24. What do you mean by activity ?

RIS Activity is defined as the intensity of emitted radiation. This is
directly dependent on the rate of dtlyai.ntegration of the element.

25. What do you mean by half life ?

BEZ Half life represents the rate of decay of the radioactive isotopes. It
is the time required for half of theypmnt nuclei to decay or to

28. Whati-avmge (mean) life ?

] Average life indicates the average of total time for which the
ive nuclei has disintegrated for several half lives.

27. Whatisa chain reaction ?

AN Chain reaction is the Process in which the number of neutrons
kee?s on multiplying rapidly (in geometrical progression) during
+ fission till whole of the fissionable material is disintegrated.

28. What do you mean by nuclear fusion ?

P

Nuclear fission is defined as a type of nuclear disintegration in
e wx.icl: heavy nucleus splits up into two nuclei of: nearly comparable

masses with liberation of energy.

212. What do you mean by pressurized water reactor (PWR) ?

AME Pressurized water reactor is a light water cooled and moderated
thermal reactor having an unusual core design, using both natural
and highly enriched fuel.

213. What is a boiling water reactor (BWR) ?
XEX Ina boilinglwater reactor enrich fuel is used. In this the steam
flowing to the turbine is produced directly in the reactor core.

214." Define binding energy curve.
AW The graphical relationship between binding energy per nucleon
and mass number is called binding energy curve.

©eo
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oy 37, What are the different types of solar radiation ?

4 t types of solar radi are as foll
’T gxl?fargxl'regtpr?al solar radiations, and

2. Terrestrial solar radiations.

ence & Engineering (2 Marks) 8Q-7G (ESC-Sem-3 & 4)

38. What are the different devices used for measuring the solar

_ SOlar Energy radiations 7 ] o
BT (2 Marks Questions) | = Brancter e asfolloms:
2. Pyrheliometer, and

3. Sunshine recorder.

—
: 39. Define solar constant. .
S Whati d you miean by oot sriengty | \ SEm Therate atwhich solar radiation strikes at the top of the atmosphare
&nm Solar energy is a clean, cheap and abundantly available renwat is called the solar constant. .
energy and it is also the most important of the noNn-conventiong
sources of energy because it is non-polluting and therefore helpsin \
decreasing the green house effect.

3.10. What do you mean by beam radiation ?
ZE Solar radiation that has not been z_\beorb:&! or scattered and reaches
32. Define solar cell. ; 1 the.g:;l:xd directly from the sunis called direct radiation or beam
XEZ  Solar cells are energy conversion devices which are used o convert
sunlight to electricity by the use of the photovoltaic effect. 311. Defi ‘e . diance and albedo.
&BE Irradiance : The rate of incident energy per unit area of a surface

33. Write down the applications of solar energy. is known as irradiance
s ‘33 licatitznsht;fsqlar energy areas follows: . - g Albedo : The earth reflects back nearly 30 % of the total solar
by S l:: water ﬁoﬂtm& . radiant energy to the space by reflection from clouds, by scattering
Sk pumdxmunping,n’ ‘ and by reflection at the e@:a surface. This is known as albedo.
4. Solar electric power generation, and - - ¥
5. Solar thermal power production. ’ 812. Define semiconductors. = [AKTU 2019-20, Marks 02
i s . A A semi i ial wh lectrical conductivity lies
34. Write down the disadvantages of solar energy.' M:;?ego;%c&g:of;? ::e insulna.1 :to?e ¢ ©
xag D@sadva.q:fes of solar energy are as follows : '
;. ngh ﬁ:;pl cos;;i;ne to requirement of large area. 313. What are the different types of semiconductors ?
. Limited to sun shine hours, ' o D; i follows :
3. Need of tracking due to change in position of sun. . Eg?i:g}zt &gzﬁﬂ‘mﬁ ::: ].;.Sm non-metallic materials,
4. There is a need of storage. - such as germanium and silicon.
Extrinsic Semiconductor : The intrinsic material when added

35. What are the materials used in solar cells ? 3 with i itvi cbrinsi iconduetor.
t; alled extrinsic sgemiconductor.
A Solar cell materials are CulnSe,, CaS, Cd-Te, CuyS, InP, Gas 5 R
inthe 314 How holes are produced in semiconductors ?

Telluride (ZnTe), AISh (Aluminum antimonide). Bilicon
commonly used material for solar cell, AETU 2019-20, Marks 02
86. What do you understand b maxim efficiency of sl - in atoms move out of the valance
oo Y mesim » B e Tapns cvoryion .
AWE  Meximum efficiency of solar cell js defined as the ratio of mas” semiconductor.

- electric power output to the incident solar radiation.
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of l‘adiat
by interagg

XWX Attenuation of solar radiation means scatte;
passes through the atmosphere and it is caus
radiation with air molecules, water and dust.

ag it
0n of

3.16. What is the principle of solar cell ?

Solar cell works on the principle of conversion of solar energy lnto

electricity by photovoltaic effect.

©e0
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Non-Conventional
Energy Sources

(2 Marks Questions)

What are primary energy resources ?
The resources obtained from the environment are known as

primary energy resources.
Example : Fossil fuels, Solar energy, Hydro energy, and Tidal

energy.

What are secondary energy resources ?
The resources that do not occur in nature but are derived from
Pprimary energy resources are known as secondary energy resources.

" Example : Electrical energy from coal burning, H, obtained from

He

e ....0:

Be

47

‘The equation based on the principle of

hydrolysis of H,0, ete.

Define wind energy.
The wind energy, which is an indirect source of energy, can be
used torun a wind mill which in turn drives a generator to produce

electricity.

What are the advantages of wind energy ?

Advantages of wind energy are as follows :

It is renewable and available at free of cost.

Low operating cost.

Economically competitive.

It is reliable and cost effective for large unit.

What is the basic principle of wind energy m_“’"’fhm ?
The basic principle of wind energy is to convert the “;’;ﬁ";‘,’ Moweis |
of wind into more useful forms like mechanical power

Ppower. J

Define the continuity equation. ervation of mass is
called continuity equation.

State the Bernoulli’s theorem-



Page 70 of 73

www.civil guru.net
Thisisthe subtitle of PDF, Use long text here.

SQ-10G (ESC-Sem-3& 4) W&Nmmhw%

EmE Bernoulli’s theorem states that in a steady, ideal flow of -
incompxemihleﬂ\ﬁd,thewhlemrgyatanypomtofﬂmﬂﬁdh
constant.

48. Define viscosity.
X Viscosity may be defined as the property of a fluid which .
its resistance to shearing stresses. Itisameanm-eofﬂ;ejnw
fluid friction which causes resistance to flow.

49. Define wind farms. .

A 'l‘hewind&rmsmopenspmawayﬁomﬁnest, cities ang
nu.vuni:ainssothatuvex-ageannnalwindspeedsbouldnm;],eleas
than 7 m/s and not away from the distribution centre.

Explain the drag and lift.
Dra;g::n)ewmpunentofthetmalﬁvm(lfx)inthedirecﬁmof
motion is called drag. This component is denotedbyFD.
Ia'ft:'l‘l\eeomponentoftbetntalforoe(l’x)inthedireeﬁon
pe!pendimlartoﬂ:edimctionofmnﬁonisknownasliﬁ.'l‘lﬁsia
denoted by F,. .

RE

Givethemolgeothelmnlmagy.

Hydrothermal exiergy sources,
Vapour dominated

Hot dry rock sources,
Geopressured sources, and
Magma sources.

Sources of geothermal energy are as follows -

oeeanﬂm“m‘leﬂe'lzyqonvem'mn((YI'EC)isameansnfennveﬂins
ocean thermal energy into useful energy. OTEC is a technology
thatmnvertssolxrmdmhonmelectncenergy

HE oronel B

Tides are generated by the action ofgravnahr -y -m,' ,1{ ﬁ,mv of the sun
and the moon in the ocean, by the spinning of the earth about its
mandﬂmmlntxveposiﬁmoftbeearm,mmﬂmm

5Q-11 G (ESC-Sem-3& 4)

- Science & Engineering (2 Marks)

e d,.,p.,wh i the poWer dBbved from th energy of faling orfet
is the power m
= ,l:luy,mingw:;erwhid:maybehamemdforusefnlpm?r

What are the main components of wind energy conversion
418 (WECS) ? »
The main components of wind energy conversion system are as

©eo
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(2 Marks Questiong)

5.1. Define nuclear radiation.
BEE Nuclear radiation refers to the farticles and photons
. reactions that involve the nucleus of the atom.

52. What are the different types of nuclear radiation ?
BEE Different types of nuclear radiation are as follows :

emitted during

1. Alpharays, Betarays,
3. Gamma rays, and 4. X-rays.
53. What do you und d by | waste ?

&BE Radioactive by products resulting from fusion, fission, refinement
or processing of radioactive materials are known as nuclear waste.

54. Write down the name of som
methods,

‘&A% Some nuclear waste disposal methods are as follows :
1. Geological disposal, - 2. Reprocessing,
3. Transmutation, and 4. Space disposal.

55. What are the various factors affecting climate change ?
&AZ: Factors affecting climate change are as follows :
1. Latitude,

2. Altitude or height from sea level,

3. Direction of wind,

4. Ocean currents, and ’
5. Forest.

e nuclear waste disposal

5.6. Define energy conservation, | AK’ 19-20, Marks 02|

&WE Energy conservation refers to the methods of reduction in energy,

consumption by way of elimination of wastage and promotion of

efficiency.

6.7. Classify various types of energy storage systems.
AWE Various ?pe
Ly

s of energy sto; H
1. Pumped hydro eneréys}s,turaéenge I
2 Cnmptgssed air energy storage,

rgy Science & Engineering (2 Marks)
Enel

] ttery storage energy system,
:’ ?‘fow battery energy storage system, and
. 5‘ Hydrogen based energy storage system.

58 Write down the disadvantages of green energy.
: tages of green energy are as follows :
== Disdritages o 7 ,

SQ-13 G (ESC-Sem-3 & 4)

2. Renewable energy often relies on the weather for its source of
power.

59. What are the seven principles of green architecture ?
the seven principles of green architecture are as follows :
. “i gﬁi :mi it.sp surroundings, 2. Energ_y eﬁcu?ncy,
3. Water efficiency, 4. Material efficiency,
5. Indoor air quality, 6. Waste reduction, and
7: Low maintenance costs.

5.10. What is LEED certification? - n s
LEED certification processisa for designing an i

= energy efficient and water conserving buildings fl)l: which
construction will be used green and sustainable materials and

resources.

5.11. Name some energy related enterprises.
&EE Some energy related enterprises are as follows:
1. Fossil fuels industry,
2. Nuclear powerindustry, and
3. Renewable energy industry.

512 Define embodied energy. .
Embodied is the energy consumed by all of the processes

- associated ?ich ?producti:%yofa building, from the mining :g
processing of natural resources to manufacturing, transport
product delivery. :

5.13. Write down the sources of nuelear:::te-

m F i the sources of nuclear waste :

ollow:.ng‘:re

L Nuclearfuel cycle, = 2. waste,
3. .Medicine, and 4. Industry.

5.14. What is green energy ? st is produced with
ZWE Green energy is a clean energy; this "if:;snm groenhouse
little or no environmental impact and global warming.
gases into the air that contribute to

5.15. What is energy audit ? : jency improvement
fficiency ;
ey ination for energy € nergy Savings
Energgyhaudxt 1;9 gm‘;}' usage. ;zn u?w;raer_s e .
opportunities whieh are ol

©00®
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e Refer Q. 3.10, Page 3-11G, Unit-3.

. Attempt any one part of the following : (10x7.
How tidal power plants are classified and whgq an =1)
limitations of tidal power plant ? | . AT the
Refer Q. 4.22, Page 4-23G, Unit-4.

2 I

What are conventional and non-conventiona] ene
sources ? Write short notes on classification of ene

sources.

Ty

Refer Q. 4.3, Page 4-5G, Unit-4.

Attempt any one part of the following : (10 x .1 =10
What is green energy ? What are the benefits of Eree)
energy ? ' ol

Refer Q. 5.12, Page 5-12G, Unit-5.

Briefly explain the different types of stor.
Refer Q. 5.8, Page 5-9G, Unit-5. e systeme.

B0 B

©0© N
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