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e ' PART-1|

CONCEPT OUTLINE

Energy : Itis defined as the capaci

o . pacity to exert a fi ’

It exists in various forms like heat energy ch:ﬁfﬂgmugh a distance.
energy, mechanical energy, etc. : energy, nuclear

Units of Energy : Energy can be measured in ;

1. Joule,
9. Calorie, and
3. kWh

x Type and Medium Answer Type Questions

| What are the various scales of energy ? Where are they

Various scales of energy that exists are as follows :

1 Femto (10-15): Femto refers to something that isin the 10-'®range.
Uses : Certain specialized medical facilities, have a certain lasers referred
3;0 as Femtosecond lasers. So, Femtosecond lasers are laser which are
on’ for of a second and then they go ‘off.

2 Pico(10-2) : Pico refers to something that is in the 107'* range.

ply used in laboratorics to make very

Uses : High precision power sup
t, voltage and resistance of specific

precise measurements of curren
samples,

3. Nano (10 : Nano refers to gsomething t
Uses : Electron micrograph is an examp
range,

4 Micro (107%) : Micro refers to s0

" Uses : In measuring instrument in th
Milli (10-%) : Milli refers to somethin
Uses : A typical scientific calculator uses powe
Watt,

Kilo (109) : Kilo refers

hat is in the 10" range.
le of instrument using 10

mething that is in the 10-¢ range.
o fields of science and engineering.

g that is in the 10~ range.
rin the scale of 0.1 milli

to something that isin the 10 range.
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' anels and batteries in Hubble space telescope,
hing that is in the 10° range,

Uses {Insolar p

7. Mega (10°): Mega refers to somet ‘
"Uses : Used in large vehicles like submarme‘s. .

& Giga (107 : Giga refers to something that is - the 10 range.

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

9. Tera (10'2) : Tera refers to something that is in the 102 range,
Uses : Cameras and computers today uses hard disks in the terabyte
scale.

10. Peta (10'%): Peta refers to something that is in the 10'° range,

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

11. Exa (10'®) : Exa refers to something that is in the 108 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 isin the 102 range.

Uses : In 2010 humanity is said to have erossed the 1 zetta 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 1024 range.

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

.. CONCEPT OUTLINE

BY : It is the sum of potential energy and kinetic

€nergy. It is the eney ' -
object, e, s BY associated with the motion and position of an

wcal energy due to its motion.
—-—.______-___ _-._--_'-

_-_-_-_-__—‘—-——_________ _-___._..-—-"
S Questons-Answers . o
Long Answer Type ana Mot T

edium Answor Type Quentions

Quotz, ] aee
t.l&.-l.z_. Deﬁne ki ;
it netie energy ang also derive an expression for
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Answer

Kinetic, Eneérgy : The energy that a bod

¢ S ¥ possesses hy virtue of |
motion'is known as kinetic energy. L4 of its

Mathematically, KE = % -

Mathematical Expression for Kinetic Energy :

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
Now, work done = Fs , (L21)
We know that, F=ma
Substituting the value of F in eq. (1.2.1), we have

Work done = m x (as) -.(1.2.2)
From equation of motion, we have
vi_u?=2as or v:-0%°=2as (~ u=0)
vi
as = —
2
Substituting the value of as in-eq. (1.2.2), we get
2
v

Work done = m E*

But work done on the body is equal to KE possessed by the body.
KE = -;-Jvzt'w2

Define potential energy and also give principle of

- 1t f VI f
Potential Energy : It is defined as the capacity to do work by virtue o

its position.
Mathematically, PE=mgh . -
Principle of Conservation of Mechanical I-z.ntlgly ' its mechanical
If a body is subjected to a conservative system of forces t 1;1‘- llrl -

18 51 .y - n e e,
ermrgyyremains constant for any position In the force

Consider a body either sliding down & smooth :m:h_n;i tlrﬂirgc;ly {alling
il i en .
Since it is initia:i'ly at rest, all of its energy is potentia

. : .y is converted
Ag it accelerates downwards, some of ils pntentml energy

into kinetic energy.
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Y . he ground level, the energy ..

s ofthe incline or at t BY will },,

i “;: E;:m s:arssuming the bottom of the slope or the grounq leve] ,,
5::, datom for pot ential energy.

the principle of conservation ofenergy, we see that the loss in pote
g«im is equal to the gain in kinetic energy.

Mathematically,
(PE), — (PE), = (KE), = (KE),
On rearranging, we have
(PE), + (KE), = (PE), + (KE}f
(PE) + (KE) = Constant

Thus, we see that the total mechanical energy, i.e., sum of potential o
kinetic energies remain constant. This is known as principle 4
conservation of mechanical energy.

Ntig)

CONCEPT OUTLINE

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
from one object to another.

Queld. | What is a heat reservoir or thermal energy reservoir ?
Also define heat soupe

¢ and heat sink.

Answey

A

Heat Reservojp , It is defined ag the source of infinite heat enersy

a 1 &
nd & finite amoupy of heat absorbed oy heat rejected from the hedt

FEBErvoir wi X
st :mll not haye any effect on jtg temperature i e., heat resery >

ned at a congtant temperature
Heat Source : |

T]'lEi"ITlEll rege : i
_ IVOIr which gupnl; . Source:
This is at high temp Pplies heat to a system is known a8

érat & n}h‘cr'
nuclear reactor g, Ure, e.g., boiler furnace, combustion cha
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Sink :
C. Heat

Thermal reserveir which absorbs heat from g

X systemis known as sink,

almospheric ajr,

s This is at lowtemperature, e.g., ocean, river,

‘ 1 Heat engine is deﬁne:d as a thermodynamic device which
continuous production of work from heat w
thermodynamic cyclic process.

9. Both heat and work interactions occur across the boundary of this

device, e.g., internal combustion engines, external combustion engines,
gas turbines etc.

18 used for
hen operating in a

3. Consider a heat engine which receives Q,, from heat source at ) 8
temperature and produces mechanical work W.

4 The remainder of energy is rejected to heat sink at T, temperature.

Tl
| Heat source |
@
w
Q.
[ Heatsink |
Ty
Fig.1.5.1.
5. From the principle of conservation of energy,
Q1 =W+ QE
or W=Q,-@,
tput W
6. : . . Network uipns o
Thermal efficiency, n = Heat input (supplied) @
Q-9 _, %
i Ql @, .
?. g,

- a heat en
Thermal efficiency is the measure of performance of

[ PART-4 | O
4 'E;!ec:mmagneticl'- Energy : Storage, Conversion, &>
S0 Transmission and Radiation.
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.___-_-_-_-“H_"'H-\.
ergy : It is a form of energy that is reflecteq ey
the form of electrical and magnetic wayes that

~ Electromagnetic En
emitted from objects n
can travel through space.
Electromagnetic Storage
1. Capacitor, and
2 Superconductin

Devices :

g magnetic energy storage (SMES).

1. A capacitor has two parallel plates or electrodes to which we connectan

external battery. And in the middle we have a dielectric material a
shown in Fig. 1.6.1.

Positively

| Negatively
charged :
+

charged
i j. a
e

Dielectric Material

L

: Fig. 1.6.1, o

ringone plate and exiting other. So, one plate hee? I

and UFhﬂl' negatively charged. Then cUI'rE-“'P“”L.h":J;-

bkl L‘!uctrw material that faces the negative ¢ pat
¢ly charged, and (he side of the dielectric materits

e ]’USiLiV& elee
ectrode becom i wed
k : as vely ¢ red.
There 18 overy]) negatively charg

o c g :
Positive ang h.‘“' B¢ neutrality heeguse of just the same &1
CI dll nﬁgﬂt] Vi Uhal'g[!,
arge is givep 88, Q) = OV
Where,

V= Vol tﬂg&

Elﬁc'l.mm start ente
poﬁiti'u’ﬁljl’ [!]]arged
the side of (he di
’ OImes
facing th

of
lulunl -

C= Cﬂpucil.ance in Farad.
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:
5. Theenergy being'tored is in the form of electrical energy and there is
no chemical.change.

6. Regionsin)capacitor are flat. So, thisis the way in which the capacitor is
funcfioning and in this process energy is stored.

e 17, | Discuss in brief about superconducting magnetic energy

> storage (SMES).

L Sufuertn nducting magnetic energy storage (SMES) systems store energy

in a magnetic field created by the flow of direct current through a
superconducting coil.

2. A SMES system comprises a superconducting coil in a cryogenic
enclosure, an electronic converter to match the DC power in the coil to

the AC on the grid, and an electronic switch to control the flow of
current into and out of the coil.

3. The superconducting coil is charged by applying a DC veltage which
‘causes the current through the coil to increase.

4. When the current reaches its working value an electronic switch isolates
the DC supply and short-circuits the coil. Because the coil has zero

resistance, the current continues to cireulate without losses and with no
heat generation.

5. Torelease the stored energy, the switch is opened and the coil discharges
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 provide 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
eventhe shortest interruptions are unacceptable.

Briefly describe about the transformer with suitable

Tfﬂnsfurmer is a static device which transfers energy I‘rfrm one eircuit

another which are electrically isolated but magnetically coupled
Without change in frequency. .
Transformer provides link between generator and transmission line
ad between transmission line and distribution system. And finally
3 "ansformers are used to deliver energy to load. [
" The transformer isolates the expensive generator from the exposed
OVerheaq power grid.

B
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&g
2~ sed by atmospheric disturh, -

transient over voltnges caus ) F Aneq |, .
) ;I-"ql‘:ﬂg;v along the lines as waves, having high crests ang stee il

g Pvolt,,,
fronts and velocities slightly less than that of light, g
Laminated core
= -—
- f— - = - =
I - | 2
| I
T ] . 'I‘
AC t Tl TE Al E Load
Supply E, [ TH 2
A0 =
A E (|
Primary o s - ’J- Secondary
winding . R

Yoke winding
oF & Smpl6 transformer,

S e

S AT L T

5. Asthese waves are being reflected at the transformer terminals, high
voltage amplitude will be built up which will stress the insulation of the
transformer than in a generator windings.

6. Transformers come in sizes ranging from distribution transformers rated
a few kVA to huge three phase rating in excess of 1000 MVA.

Qur_:: 1-9 | Write a short note on electromagnetic radiation.

1. Electromagnetic radiation is an electric and magnetic disturbance
traveling through space at the speed of light,

It contains neither mass nor charge but travels in packets of radiant
energy called photons, or quanta.

3. Examples of EM radiation
as infrared, ultraviolet, ga
Some sources of B radiation include sources in the cosmos €8, 1]:.?
Suﬂlﬂ_nd stars, radioactive elements, and manufactured devices. E!
exhibits a dual waye and particle nature,
:I"% energy of clectromagnetic radiation is quantified by an electron *:“il:
. ')i where 1 eV deseribeg the energy gained by an electron asi
actelerated throygh 4 potential difference of 1 volt.

include radio waves and microwaves, as well
mma, and X-rays,

[, ]

[ ParT-5
Introduction to the Quaﬁtuﬁh

E“E?'Ef‘,@hanﬁzariun.
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— CONCEPT OUTLINE

e

wave Particle Duality : According to Einstein, the energy of light is
soncentrated in small bundles called photon. Hence, li ght behavesasa
wave on one hand and as a particle on the other hand. This nature of
light is known as dual nature, while this property of light is known as
wave particle duality.

Wave Function and its Significance : The wave function vy is
described as mathematical function whose variation builds up matter
waves. |y |? defines the probability density of finding the particle within
the given confined limits.

Schrodinger’s Wave Equation : This wave equation is a
fundamental 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.

= e L Questmns-Answer!

Que l-lp_; What are de Broglie’s waves or matter waves ?

L.

When a material particle moves in a medium, a group of waves is
associated with it due to which it shows the wave particle duality. These

Waves are known as matter waves or de Broglie waves,

According to de Broglie's concept, each material particle in motion
behaves as waves, having wavelength ). associated with moving particle
of momentum p.

;L:E- = J"Lcnur:l

1
Particle nature

Wave nature «

% _l..11,._ Derive time independent Schrodinger wave equation.

Considey 4 system of stationary wave to be associated with |lﬂl‘licll‘.j nn_d
the position coordinate of the particle (x, y, 2) and.y/ is the periodic
18placement of any instant time */’.
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ation in 3D in differential form is, s

Energy 5S¢

2 Thc.,gﬁhﬁ‘hi wave equ

1
Viy = — ﬂif "‘”-“_];
v= Ve!nmly of wave, and
Where, "
vie —+_gto3 =8P acian operator,
e’ ’Zy 0z
3. The wave function may be wrl:tten as,
| y =y 111
4 Differentiate eq. (1.11.2) wrt time, we get
H ooy AL113
ot
5. Again differentiating eq. (1.11.3),
62;‘2" — +i2p? wue—c'mt -
ot
| . .
= =Wy +A1.114)
atﬁ
6. Putting these value in eq. (1,.11.1),
9. _ -0 )
Vey= ?2"1]1 w(1115)
7. But m:Emw:;:h[—“r = @ _Zn
A v A
8. Eq.(1.11.5)becomes,
4n® N
V= Y R (1118
9. From de-Broglie's wavelength, A = h
mv
e vey= Z4rm?y? an
1u hg w ..
- HE and V ar " 1o
kinetic EIIEI'E; tt}lllz:? talmnd Potential energies of a particle and b
; f
: E&=E—Vur%mv2=E_V or nlﬂv2=2’“(E—-‘-
1. N
OWeq. (1.11,7) hﬂmmeg,
2y = —4n? » L b
Vq::___{_m {Sinmﬁ:m
2ml.[r. : "
+
Yy Y "*-=I} lll.l"

ITH!; 15 re
qulr‘,d Li
Ime- mdepﬂndent Schrodinger wave cquation:
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CONCEPT OUTLINE

Fuel Cell : A fuel cell is an electrochemical cell

. : that converts the
chemical energy of a fuel into clectricity,

Questmns-Answars

et L)

lmng Answer Type and Med;um Answer Type Quantiouu

Que 1.12. | Discuss the application and economic aspect of fuel cells.

A

A A I R

=
[

AKTU 2019-20, Marks 10

Applications of Fuel Cell : Various applications of fuel cells are as
follows :

Portable Applications : These include :
Portable power generators,

Consumer electronics,

Portable military equipments, etc.
Transportation Applications : These include :
Auxiliary power units,

Light traction vehicles,

Marine propulsion, etc.

Stationary Applications : These include :
Distributed power generation,
Combined heat and power,

Back up power supply, ete.
Economic Aspects of Fuel Cells:

As a new energy technology, fuel cell
Penetrated the energy market. Cost, durability, i
main challenges in the commercialization of fuel cells.

manufacturing life cycle and value chain represent the pt soduction
Procedure and cost of fuel cycle.

g have not yet significantly
and reliability are the
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cost includes the design, materialg, o

bly, labour, and equipment capital, whicp i ",
ustom fabricated and commercially I!mg“m[

Energy Scienee

3. AThe manufacturing
() fabrication and assem
in the overall assemblyof ¢
fuel cells.
4. The stack, air management, fulel managgmhemi -
| management were the most expensive parts ?l' the system.
system assembly and palance made up 14 % of the total cost,

It is clear that most studies on existing fuel cell costs are base( Onily g,
stack manufacturing costs, without L'Dnslde.ratmn UF}‘Epair A
maintenance costs. However, the cost of repair and maintenang, |,
necessary for stack service and end-user acceptance,

Que 1.13. | Write short note on following :

a. Lithium-ion battery.
b. Nickel metal hydride.

Answer !

a. Lithium-ion Battery :
1. Itis themost popular battery at this point of time. It is lighter than the nickel
metal hydride battery because lithium is the lightest metal.

Therefore, it has much better energy density. It is rechargeable.

Itsion part makes it rechargeable and it can also discharge over periu
of time if not used.

3. Reactions of Lithium-ion battery are :

|
L] "‘t-'!l:'}

=

LiCi— C, + Li* + e~
CoO0,+ Li*+e— LiCo0Q,

4 Itwses lithium in carbon as the anode, so when it discharges lith“f
leaves the anode and releases the electron which goes into the exter

circuit,
- . ..E
5. Then the ]lt}.num ion which comes through the electrolyte im{itgﬂ
EIE-.{:tTDI'fE which come through the external circuit react wlth.tr'un s
oxide {.(,00?3] and form lithium cobalt oxide (LiCoO,). This reac
reversible. So, it is the rechargeable battery.
b.

Nickel Metal Hydride (NiMH) Battery :

1. Itis rechargeable hattery, This ig non toxic so it can replace nlkﬂlﬁ;‘t'
well as nicke) cadmium batteries, This does not have the mema™="
2. It has high capacity
approaches that

3. Ilean self:

A%

. g gy ll.'”':il :
' and high energy density and its enet gy ¢
of lithium jon,

dischurge means

o
o donot nse !
Reactions of nicke] metal |

it will slowly discharge if w
wydride battery are :

. MH + On- > MR H0 + e
NJUH']H} + Hzf} e —y Nil[)ll)z + OH-
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Que 1.14. | Explain the working of molten carbonate fuel cells using

ippmpﬁnm diagram and write the various chemical reactions
involyedin this type of fuel cell,

Energy and its Usage

1 : “.It uses an electrolyte, which is a molten mixture of carbonate salts.

9. Two mixtures commonly used are :
a. Lithium carbonate and potassium carbonate, and
b. Lithium carbonate and sodium carbonate.

— o P Ve & =—Oxygen
Hydrogen e R o )

e i :
o A Carbon
=8 ;{ﬁ] 005 ooy | o, dioside

Water Hoﬂ'%

Anode Electrolyte Cathode
‘Fig. 1.14.1. Molten carbonate fuel cell.

3.  Since, these salts can act as electrolytes only in liquid phase, the operating
temperature should be as high as 650 °C. |

4. Due to high temperature, these salts melt and become conductive to
carbonate ions (CO4™ 7).

5. These ions flow from the cathode to the anode where they ¢
hydrogen to give water, carbon dioxide and electrons.

6. The electrons flow through external circuit and reac

generating electricity and byproduct heat.

The reactions are given below : b))

Anode reaction : €O, ~+H,— H,0+ CO, +20

Cathode reaction: CO, + 1/2 0, + 26" — COy

ombine with

hes to cathode,
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P

H, + 172 0, + CO,—> H,0 + CO,

Total néaetion : .
8 ‘etif produced by each cell is theoretically 1 V and actya) emf of
' DXV at 700 °C and the expee! ed efficiency is about 60 %.
( .
PART-7 b
Entropy and Tempefﬁ_mé@;; :
| CONCEPT OUTLINE

Entropy : Entropy is delined as the quantitative measure of disorder

or randomness in a system, It deals with the transfer of heat energy
within a system.

Que 1.1}5, I Discuss entropy.

Answer

1. From Clausius theorem, cyclic integral of :&g for a reversible processis

r 0@ . .
zero. The term —;‘?* 15 called entropy and its change from state 1 to state

Zduring reversible process is given as,

3o 2
I[%;‘?) = !ds= 8, — 8,
I

ey

Entropy is a measure of degree of randomness of molecules comprising
a system. Higher the disorderness, greater is the increase in entropy-
In other words, entropy is the function of quantity of heat which shows
the possibility of conversion of that heat into work. On heat addition
entropy of system increases and on heal rejection, it decreases.

Que 1,16, | Explain entropy principle. |

Answer j

1. According to this principle, entropy of anisolated system either increases
orin the limit remains constant,

B
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L
2.

An isolatcd,sais&m does not under
v o i g0 any enecgy i ion (i
or 11.'3&1;_ qi;gfgy) with its surroundings, ind thiytl;;oir::::;y“?”]TD}:k
possible’states remains constant, T : i
o herefore for an isolated system,
. (dS}lsnlntml z0
If the process is reversible, (ds)y. . = 0 and if the process is irreversible,

(dS)[snlated >0.

From ahc';fe Tre see that the e.ntmp}r of an isolated system can never
de::rease-dt always increases with every irreversible process and remains
constant during a reversible process. This is called principle of entropy

increase.

CONCEPT OUTLINE

Carnot Engine:Itisa theoretical engine which works onthe Carnot

cycle.

Stirling Engine : Itisa h
compression and expansion 0
such that there is a net conversi
It works on Stirling cycle.

eat engine which is operated by a cyclic
£ air or other gas at different temperatures
onof heat energy to mechanical work.

Que _lfilfi'f. Explain the Carnot va
diagram. Also find out the efficiency ©

cycle with T-s

pour power
f Carnot cycle.

A
1.

Carnot Cycle :
ot

It is an ideal cycle
cyele is shown in Fig. 1. 17.1.

Various processes of Carnot eycle are
Process 1-2 : It is reversible isotherma
boiler,

Process 2-3: It is reversib
Process 3-4 : It is reversible isot
condenser.

having highest {hermodynamic efficiency. Carn

as follows !
] heat é"ll“tihﬂ process in the
-5 1 ateam turbine.

II]i,'Un.-: e
in the

le adiabatic expansion
tion process

hermal heat rejec
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T ‘

in feed water pump.

d pwﬁl . Tt ie reversible adinbatic compression process or pu Mping

pr

1
§ —

e eSS e S Pl A e ST e
Fig. 1.17.1. Carnot vapour cycle.
i ez il s o T T T h . 4

e T T SR T

-

F e

Efficiency:
Net work = Turbine work — Pump work

For unit mass flow,
W= (h, - hy) —(hy—h))
Heat added in process 1-2,

Qi y=hy=hy
Net work
Thermal effici = —
R Heat added
n = {hz _ha}"(hl "’h-l)
Carnot (}12 — hl.)
_ 1 _ hS - ‘h’d
hy = hy
Heat rejected in process 3-4,
Q3 4= hy—hy
. Q.
&0' “Curuul = 1- Q::_:

Heat added or rejected can also be ex pressed in terms of temperature

and entropy, so

Wy.y= Tyloy—s,)

and Q=T (5,-8))
=, gll[ji__ﬂ_}
NCurnot = Ti['"z"“t)
As we know, s, =s,ands, = s,
So, R e Tl
w Juk

“f.‘unwl Tt
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W’jdﬂ. Describe the Stirling cycle.

by Jaci

1\ )\Stirling cycle consists of two isothermal and two constant volume
processes. It is externally reversible cycle.

9. Heat rejection and heat addition takes place at constant volume.

g, This cycle has mean effective pressure greater than Carnot cycle. But
efficiency in ideal case is equal to the Carnot cycle.

4 FromFig. 1.18.1(d), it is clear that amount of heat addition and rejection
during constant volume process is same. So efficiency of eycle is given
as,

5 _L-T
Stirling ~
irling Ta
' T Heat addition
T from the source
- 3
3 N sothermal Grmdaperm—- 4
Constant U constant
P \ 4 volume Yolume
Tq =il | =
Isothermal N % L
—- et
Vv Heat added frumftn\x/, A Heat rejection to
the regenerator the sink
(@ (B)

Fig. 116, Stirlng cycle. |
. Inpractical use, Stirling cycle incorporated with a heat exchanger, which
absorb the heat rejected during constant volume process and supplics
back to the ¢ycle in heat addition during constant volume.
6. 8o amount of heat transfer through heat exr_:hanger (absorb heat xm.cl
heat supplied back to cycle) is same. But efﬁ:mency of heat exchanger li
not 100 %, So efficiency of Stirling cycle will be less than the Carno

cycle,
& . [PaRTS
# Eﬂﬁange Energy Conversion, Refrigeration and Heat Pump.
e . _ — i
PT DUTLI
s CONGE

Phage Change : Phase change process is the u.:lumgu !:i' I“TLEFI‘:E
Physical state t”m.m one state to another like u;:lld IL; liquid m::#'; ::.-, :
i y change processes.
versa, i -1 705 its latent heal during phase chang
*—..,___Ifﬂterm] utilizes1
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1 O\.}" Questions-Answers
[\ R S
| w—L.‘m-q;,r Answer Type and Medium Answeor Type Questions
= i
___-_-—_-_-_—-—
Quel.19.| Define refrigeration. State the application of
refrigeration. AKTU 201g_20, M,ﬂﬂlt]a T

Answer |

A. Refrigeration :
Refrigeration means the cooling or removal of heat from a system.

1
2 Itisthe science of producing and maintaining temperatures below that

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

temperature is called refrigerated system.

Applications of Refrigeration :

Making of ice.

It is used in transportation of food at a required temperature.
Itis used in industrial and comfort air conditioning,

It is used in processing food products and beverages,

It is used in manufacturing and treatment of metals,

Que 1.20, l Write short note on the following :

4. Heal pump,
b. Refrigerator,

Answer_]
4. Heat Pump ;

- - . -i .“I‘I
1. A heat pump 1s a reversed heat engine. It receives heat from a lc
- ¥ " k3 . K A
temperature reseryoir (source) and rejects it to high temperature
reservoir (sink).

i A - -

2. This transfer of heat from o low temperature body to a high Lelltp‘u‘l'“lull"“
one is essentially o Hon-spontaneous process. And that calls for the h;-- p
of an external work which is supplied to the heat pump (Fig. 1.20.1).

3. A heat pump Extracts Q, amount of heat from the low lt‘-'“pemt{l’;ftll
(T',) source and deljyers &, amount of heat to the high temperature (T,
sink by consuming Wamount of externalwork.
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High temperature sink
(7 gl

| Low temperature source
Tﬂ

Coefficient of performance,
Desired effect
Work input

Now, the desired effect for a heat pump is to supply heat @, to the hot
body. Therefore,

diagram of a heat pump.

COP = .(1.20.1)

COP,, = % .(1.20.2)

From the first law of thermodynamics,

Y@= W

cycle cycle
- Q,-Q, =%
Hence, eq. (1.20.2) becomes

@,
COPyp -____—Ql ",
Refrigerator :
Arefrigerator is similar to a heat pump.
engine, |
Its duty is to extract heat as much as possibl
and deliver the same to high temperature bo

The desired effect of a refrigerator, under a steady state, isto P‘:“::l:;’;‘:l
the heat in the same rate as i infiltrating into the Ei"H?Sttf! e :S:ii;ll :vurk
order to do so, the refrigerator takes up W amount of ex

Tt operates as & reversed heat

e from the cold body/space
dyr‘surmunding:s,

(Fig. 1.20.2). NP

The desired effect of a refrigerator is Lo remove @, heat infiltrating o
1red e

the cold space. heat to the high temperature

work, it rejects @

gs). Therefore,
Desired effect _ @,

COPpor = “Work input W

By using the external

re i din
servoir (surroun .(1.20.3)
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High temperature sink
(7y)

Refrigerator

(T,)

W

.-.:" {, i, N 0 S S R
6. From the first law of thermodynamics,

Zo- X"

Q-Q=W
7. Hence, eq. (1.20.3) becomes

cop,,= .(1.204)

1~ %2
Where, @, is the heat infiltrating into the cold space of the refrigerator.

(s e e = s
i . e i

. [rART-10
. Internal Combustion Engine

CONCEPT OUTLINE

S

IC Engines : The engines in which the combustion takes place
inside the engine or within the cylinder are known as internal
combustion engines,

Types of IC Engine Based on Ignition :

1. Spark Ignition (SI) engine.

2. Compression Ignition (CI) engine.

Four Stroke Engines : The engines in which cycle of operation
completed in four stroke of piston or two revolution of crankshaft
are known as four stroke engines,

Two Biroke Engines : The engines in which cyele of operation
completes in two stroke of piston or one revolution of crankshalt
are known as two stroke engines.

___.___-—l‘
______--"
7 TS, TR IR
Questions-Answers ; Reih S /I

 Long Answer Typo and Medium Answer Type Questions. J

WA IS B R e B
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m’:'l Classify the internal combustion engine.

Lnterﬂﬂl combustion engine can be classified as follows :
According to Basic Engine Design :
Reciprocating engine, and

Rotary engine,

According to Working Cycle :

Otto cycle, and

Diesel cycle.

According to Number of Stroke :
Four stroke engine, and

Two stroke engine,

According to Fuel Employed :

Gasoline or petrol engine,

wa—-ggraz—-mﬁz—-r-w-

Diesel engine,
LPG engine, and
CNG engine.
According to Fuel Supply and Mixture Preparation ;
Carbureted type, and
Injection type.
According to Method of Ignition :
- Battery ignition, and
4 Magneto ignition.
TL According to Method of Cooling :

- Water eogled engine, and

"hrcﬁﬂltd engine,

" Vi, A‘-"Mrding to Cylinder Arrangement :
" Inlipe engine,

"engine, and
Ragig) engine,

o N R R U

q
%1'2.2 Describe the basic terminology used in internal

toy
l)llitlun ﬁllgi ne.

-
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Answer |

[
-

ii.

iii.

iv.

V.

8

Terms used in internal combustion engine are as follows -

Cylinder Bore: It is the nominal inner diameter of the w

U'Tklng cyl iIl[]F}rl
It is represented by D.

Piston Area: It is the area of a circle of diameter equal to the eylinder
bore.

Stroke : The distance travelled by piston from top dead centre to bottom
dead centre is known as stroke.

Bottom Dead Centre (BDC):Itisthed

nearest to the crankshaft or 1
crank end side of cylinder.

ead centre when the piston is
owest position of the piston towards the

Displacement Volume (or Piston Swept Volume) ;.

This is the volume swept by the piston moving from one dead centre to
other.

It is calculated as the product of piston area and stroke.

v, = Piston area (4) x Stroke (1)

T 2
= —D*°],

4
Clearancej Volume : The volume contained in the eylinder above the
top of the piston when the Pistonis at top dead centye i called cloarance
volume,
Cylinder Volume :
Thi‘3 Sum of swept volume ang clearance volume is known as cylinder
Volume,

Cumpmssiun Ratio .
This ig defined 48 the ratj
to the volume

f the volume gat thel
al the eng

. . -~ 01
eginning of compressi
of Compression

U +p
”r U{,
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. iExlmust manifold
 —

\Intake or suction
il N
—_—
o g

Top dead centre, s Clearance volume, v,
(TDC) I !

e ; Cylinder head
Suction valve Exhaust valve

‘ Cylinder
Piston i Stroke volume, v, volume, v
Gudgeon or
wrist pin b('a l i
Bottom dead —J_ - %\ —,
centre, (BDC) |} (<= Cylinder
|

Crankcase —p|

Crankshaft —

AKTU 2019-20, Marks 10

Working of internal combustion four stroke spa
fUl].DWg ’
Suction Stroke :

Suction i ts when the pist
stroke (Fig. 1.23.1) starts "
Position and about Lo move toward hottom dead centre.

Jt valve is closed.
During this stroke, inlet valve is open and outlet valve

i iston, charge
Due tg the suction created by downward motion nflt.-lwhl:'
‘ sylinder.
“Onsists of mixture of air and fuel drawn into the eyl cexarodiitih
A the eng of suction stroke, both the inlet and outlet vailve
? !

OMpression Stroke :

C ¢ fresh charge taken into the ¢
“Mpressed during the return stro

rk ignition engine is as

on is at top dead centre

ion stroke is
ylinder during the suction stroke

ke of the piston.
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e
—

2,

N L

Trthis stroke, both the inlet and outlet valves remain closed.

Just before the end of the compression stroke, mixture of air and fye] i,
ignited with the help of spark plug.

Burning takes place when the piston is almost at top dead centre.

During the burning process, chemical energy of the charge is converte
into sensible energy and producing a temperature rise of about 2000 °(
and pressure is also increased,

Expansion or Working Stroke :

Due to high pressure, burnt gases forces the piston towards the bottom
dead centre so power is obtain during this stroke.

Both pressure and temperature decreases during this stroke.
In this stroke, both the valves remain closed.

Exhaust Stroke :

In this stroke, inlet valve is closed and outlet valve is open.

Piston moving from bottom dead centre to top dead centre and burnt
gases sweep out from the cylinder.

Spark plug
(SP) Sp P

*“”"E‘;@Sﬁf S\ J
mixture
Inlet valy X IX 2

uvy fi

Exhaust ﬂ
value s Engi
= o] Eineg
(EV) reylinder

| o~ Connecting |
oetm 10Od (CR) Loge.

e it e e

. -1 1/ N
SR T
Crank o T it s .7 4
() Buction Compression Workin Exhaust
stroke slroke slroke stroke

Fig. 1.28.1. Four stroke Otto gycle anglné--:

Que 1,24, | Compare the 8] angd engine,
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SNo[Doschlption | _ STEagine | GlEngine

1 Y Basicecyele [Otto cycle Diesel cycle
[\Vg | Fuelused |Gasoline (petrol) Diesel
3. | Ignition Spark plug is used. Self ignition due to high

pressure and temperature
caused by compression of

’
4. | Compression|6to 10 14 ta 22 |
I‘Eltiﬂ L]
5. | Weight Lighter Heavier
6. | Speed High speed Low speed

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

AT R S

PART-11 =

——

CONCEPT OUTLINE

l-—-._____

Steam Power cyeles : These are the cycles which uses steam as their

Wworking fluid. Rankine cycle is the example of steam power eycle.

Gas Power Cyecles : These are the cycles which use air or gas as their

working fluid. Otto eycle, Diesel cycle, Bryton cycle are the examples
Hﬂmr cycles.

'--..________—_

Queatinns.-m_lsyars

Long Angwer Type and Medium Answer Type Questions

%1‘“ Describe the different operations of Rankine cycle. AlS0

dt X, W .
five the expression for its efficiency-
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A~ Rankine Cycle :

Rankine cycle is the theoretical steam cycle on which the steam turhy,,

(or engine) works.
The Rankine cycle is shown in Fig. 1.26.1. It consists of fﬂlluwinq

Z
processes :
a. Process 1-2: Adiabatic expansion (in turbine).
b. Process 2-3 : Isobaric heat release (in condenser).
c. Process3-4 : Adiabatic pumping (in pump).
d. Process 4-1:Isobaric heat addition (in boiler).

RES Boiler Wl W)
in
Condenser
o Cooling
W Wi 4@ Water
g ~ \,
S

3. Fig. 1.25.2 shows T-s diagram of Rankine c
7y o

\

2“

Fiu; l.ﬂli.ﬂ- {
B. Efficiency of Rankine Cycle:

o meifi ar 4 }(g of fuid applying steady flow energy equation.
L. Forboiler:
hH LR QI:h’] lnrﬁ.l
T - {2] = h] — _.I'I “i‘ -
. Forturbine: "
J'!I = W.J..+ .‘l., {1 _?,“P'!



128G (ESC-Sem-3 &4) Energy and its Usage

.»--"_'-'—-_-___ (

jii. For condenser:

h,=@Q, + h‘_m

» Qy=h,—h, (1.25.3)
i For feed pump :
ho+Wp=h,

Wo=h, —h, (1.25.4)

Efficiency of Rankine cycle is given by,
Npankine = W Hr W

Heat supplied @,
_ I:h'l _ha} _(hﬂ ‘hr:u]

(y—hy,) .(1.25.5)
Using general property relation for adiabatic compression,
Tds = dh - vdp (- ds=0)
dh = vdp
or Ah = vAp (Since change in volume isnegligible.)
or .h h = v, (p, —p,)

The feed pump t.erm (h — h,) being a small quantity in comparison with
turbine work, W, is usually neglected, especially, when the boiler
pressures are low.

b~k
Then, TIRﬂnliM = h.l -}1{4

Explaln Brayton cycle and nbtam expresswn for

Brayton Cycle :
It is a theoretical cycle for gas turhines and also known as
Pressure cycle for a perfect gas.

The bagie components of a Brayton cy¢ le are shown in Fi

constant
ig. 1.26.1.

Healer

J gﬂ Work

Cooler

Fig. 1.26.1.
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8. Thére occur two isentropic processes and two con -
processes, Compression and expansion of working
isentropic process while addition and rejection of heat j
pressure.

figtfmi': Presg,,,
uid i dome |,
8 done gt CE]I'L‘E{Hr:r

4, Brayton cycle on p-v and T-s diagram is shown in Fig. 1.26.9
1.26.2(b) respectively. eR-dla) ang

plﬂ 3 8 Tl 3

v .
(b) T-s diagram 8
Figi126.2.
5. Brayton cycle shows following processes :
1-2 : Adiabatic compression.
2-3 : Constant pressure heat addition.
3-4 : Adiabatic expansion.

4-1 : Constant pressure heat rejection.
6. Now, Work done / cycle = Heat added/cycle — Heat rejected/cycle
Heat added in process 2-3 =mC, (T, - T,)
Heat rejected in process 4-1=mC_ (T,-T,)
Work done / cycle =mC (T3 - Ty)) —mC, (T, - T))
B. Efficiency of Brayton Cycle :

Work done / cycle
Heat addition / cycle

mC (T, -T,))-mC (T, - T))
mC (T, -T,)

(a) p-v diagram

1. Efficiency, N i.ndard =

T-T 96.1
- L=
n - da =]1- et Nt 8 \
air-standerd T; _'T'.i
2. From process 1-2, ﬁ
-1 "
. [—&) [ £ r, = Pressure rat!)
T, P, P,
ILI

T.2 = Tl (rp} ¥
3. Similarly, from process 34,
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¥-1

T,=T,(r,) v
4 Ep@ng the values of 7', and Ty in eq. (1.26.1), we get

T -T 1
Nair-standard = 1- ]-_t ; = = 1= ]
Tyr)" <Tir) " (r,)?

CONCEPT OUTLINE

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

 Questions-Answers .
— e L S R
Long Answer Type and Medium J},ﬁ wer Type Questions

———

Que 1.27. | List the factors which should be considered while
d“iﬂ'ﬂing a power plant.
Answey |

F ollowing factors should be considered while designing a power plant :

L ﬂleahjhty of enol mg water (if cnuling towers are used the pﬂSBibilit}' of
adequate make up water).

2. ﬂ'-'ailahility of fuel (water, rail or pipe connection to the fuel source, and

. IE' Cost of fuel transport). '

.;‘ Distance from the centre of gravity of load demand.

© Cost ofland including space for extension, maintenance, workshop and

; SWrage yarq,

o haracter of goil,

AN wind direction and water current in cooling water source (8R8)
ke o river) in order to minimize air and water pollution, and other
1. Euljlngi“al considerations.

f. 1th cog] fired stations, disposal of ash.

the plant is erected far from a town, accommodation for staff.

) -

Ia
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9,

10:

—

Rail @nd road connections.
Security considerations.

Que 1.28. l How can a power plant be designed economically ?

Answer ]

i

10.

11.

While planning a power plant, first the power output to be installed g

determined from the estimated maximum demand, anticipated growth
of demand and reserve capacity needed.

After determining the installed capacity, the size and number of

generating units are decided according to the load curve or load duration
curve,

The variable load problem affects power plant design and operation as
well as the cost of generation.

Due to variable load on the
designed load points.

In order to follow the variable load curve very closely, the total plant
capacity has to be usually subdivided into several power units of different
sizes.

plant, the equipment cannot operate at the

If more 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.

Th? size and number of generating units should be so chosen that each
unit operates on about

; full load or the load at which it gives the maximu
efficiency,

?;:h'f 1‘?ad du:at?un curve helps to decide the size of units to supply t*
ase, intermediate and peak loads.

'Icg": peak load unit / plant should be of smaller capacity to reduce :E:
lu:.d 0.!“ Beneration. Some units must be of unequal capacities to ﬁ;w
ol curve closely, However, identical units result in saving in the

In a power plant

g with man
Spinning regery

: €in order tg
Spmmng réserve is that rege
to the bug ang 18 ready g ¢

) . 50111"-'
Y generating units, theré must be
maintain the continuity of service: |

. g E;:t-:!
rve generating capacity which is con”
ake the load.

©O©
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Nuclear Energy
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gﬁentai Forces in the Universe, Quantum Me&fa‘agic_s

< Relevant for Nuclear Physics.

2 s QuestluﬁsAnsWem :

Que2.l.

What are the various fundamental forces present in

nature ?

iv.

Various fundamental forces present in nature are as follows :

Gravitational Force : It is the force of mutual attraction between any
two objects by virtue of their masses. It is a universal force as every
object experiences this force due to every other object in the universe.

Electromagnetic Force : It is the force between charged particles.
Charges at rest have electric attraction (between unlike charges) and

repulsion (between like charges). Charges in motion produce magnetic
force. Together they are called electromagnetic force.

Strong Nuclear 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 2
neutron.

Weak Nuclear Force : This force appears only in certain nuclear
processes such as the B-decay of a nucleus. In B-decay, the nucleus
emite an electron and an uncharged particle called neutrino.

Que 2.2. l What do you understand by quantum mechanics

relevant for nuclear physics ?

Answer ]

1
2.

Nuelear physies is about

: the physical nucleus of an atom.
Sowhen we are doip

Equantum mechanies
that we are HEB 00 N

dealing with
atom, such as proons, ne

together, and the other |

N g
: lear ph:,-';-nu.:g’ 1Lt ..ll
mechanisms which affects the nucleus ol ar
‘I.Jtl'unb. the strong force that Keeps the nueleus
oree e kv

rees that cause nuclear fadiation.

e23. l :
Qu What do you understand by thérmal neutron ? AlS°
explain the properties of neutrons,
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T ermalNeutron : Thermal neutron is a free neutron that has an

AFOTARe CNerEY of motion corresponding to the average energy of the
,’-ﬁclns of the ambient materials,

\/\.}ﬁ properties of Neutrons :

Neutrons are fundamental constituents of a nucleus. Inside a nuclens,
aeutrons stay forever but as a projected particle outside it, it exists for a
chort time only.

g Innuclei of heavier elements, the number of neutrons is greater than
the number of protons, It is this abundance of neutrons which makes
the elements stable.

Since neutrons are uncharged particles, therefore these are neither
affected by external magnetic or electric fields nor by the presenceof
protons when they enter or penetrate the nucleus.

4 Depending upon their speed, neutrons are put in two categories ;

L  Fast neutrons, and

L  Slow neutrons.

Both are fully capable of penetrating a nucleus and causing artificial
disintegration in the nucleus,

- ]

ere

a and Structure.

—____~ CONCEPT DUTLINE

N“"&Eﬂr Force: These are the forces which act between two or more
=% bind protons and neutrons into atomic nuclei.

~ Questions-Answers |

‘WMW& Tﬂlﬁ and Meﬂiﬁm Answer Type Questions

—

%q-i .

I By

-

Explain the properties of nuclear forces.

Uperti.. o .
b *Ues of nucloar forces are us follows

C ] [ ¥ ]
Ly ":r forces are ordinarily attractive. Whe
Naglgq 0P8 i 10~ 14y which is equal to the

Oree comes into play as an attractive force.

n the distance between
size of a nucleus, the
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ve tharge independent. The nuclear force between two

~ Nuclear forcesa
2 at between two protons or between a proton

neutrons is the same as th
and a neutron.
3. Nuclear forces are short
4 Nuclear forces are spin

having parallel spins is 8 :
nucleons having anti parallel spins.

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

range forces.

dependent. The force between two nucleons
tronger than the force existing between two

| Discuss in brief about structure of nucleus.

R :
The atomic nucleus is present in the center of the atom. It consists of

protons and neutrons collectively known as nucleus,
9. The number of protons and neutrons in the atom define what type of
atom or element it is.

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

4 Inorder 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.

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

1L
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2298 | What do you mean by binding energy 7 What are the

.yttt

total binding energy and binding enexrgy per nucleon for the C®2
nucleus ? '

Binding Energy : :
Binding energy is defined as the energy required to overcome the binding
forces of nucleus.
When the nucleus of an atom is formed then the nucleons come closer
to each other and this distance between the two nucleons is of the order
of nearly 1012 mm.
3. At the moment of combination there is a release of energy which is
known as binding energy:
B. Numerical :
L The atomic weight of GC‘“ =12.000 amu
The predicted mass of ,C'?is given as :
Mass of 6 protons = 1.00759 x 6 = 6.04554 amu
Masg 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

Isotopic mass = 12.00000 amu
mr"f“r@, Mass defect = 12.10272 - 12.00000
= (.10272 amu

ra

EM’B‘Y equivalent of 1 amu
= 933.76 MeV

%erﬁf‘}r e, total hinding energy
= 933.76 x 0.

BmﬂiﬂB energy per nucleon,
95.91

— p—
-

12
= 7.99 M'BV

10272 = 96.91 MeV
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Que 2.7.

binding eggrwgy'
this, explain th

Answer I

A. Binding Energy Curve :

1. The graphical relationship between binding energy per nucleon anq
mass number is called binding energy curve.

2. Fig. 2.7.1shows binding energy curve. The average binding energy per
nucleon is plotted against mass number for naturally occurring nuclsi.

Following are the special features of binding energy curve.
i The binding energy per nucleon of very light nuclides suchas 2His

very small.

i. Initially, thereis a steep rise in curve. This indicates a rapid rise in
the value of binding energy per nucleon.

ii. Between mass number 4 and 20, the curve shows cyclic recurrence
of peaks corresponding to $He, §Be, 12C, 10 and 2*Ne. This shows
that the binding energy per nucleon of these nuclides is greater

Nuclear Energ,
__-_--_""—-.

Draw 'bhe binding energy curve showing variation of

per nucleon with mass number. With the help of
e phenomenon of nuclear fusion and fission,

AKTU 2019-20, @

than those of their immediate neighbours.

Fusion | {1}

L
Pl
H

H
H
H

i1
ii

-

P

L1Eg

Region of max. stability

Fission

[

Average binding energy per nucleon (in MeV) -

40 66 8o

Mnsa number (A)

| |
120 160

|
200

B
e
=
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jv. After mass ““‘3’1"""'29' there is a gradual Increase in binding ener
s nucleon. The'maximum value ig reached atA = &y

' 8 . 6. This valye
8.8 Meﬁ.{-.»._ﬂl\*mrly, the iron nucleus (%iFe)is the most stahle. ueis

The binding energy per nucleon of nyc s numbers

‘anging from 40 to 120 is close to the maximum valye, Sp thete
elements are highly stable and non-radioactive. ’

B

lides having mag

‘&‘ vi. BeyondA =120, the value decreases and falls g 7.6 MeV for uranium,

This decrease is primarily due to repulsi
number increases in heavy nuclides.

vii. Beyond A = 238, the binding energy per nucleon shows a rapid
decrease with increase in mass number.

On among protons whose

viii. The fact that the binding energy curve droops at both high and low

mass numbers has very important practical consequences,
B. Phenomenon of Nuclear Fusion and Fission :

The drooping of the binding energy curve at high mass numbers tells us
that nucleons are more tightly bound when they are assembled into two

middle mass nuclei rather that into a single high'mass nucleus. This is
known as nuclear fission.

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
Mass numbers combine to form. a single middle mass nucleus. This
Process, the reverse of fission is ealled nuclear fusion.

%53- | Write a short note on chain reaction.

. Achaip reaction is that process in which the number of neutrons kee'ps
- 'P','ltiplﬁng rapidly during fission till whole of the fissionable material

) Edjsmtegrated .

- Btleast pe fission neutron becomes available for causing fission of

Nother nyeleys then the chain reaction will become self-sustaining or

“El_f'l‘rﬂnagating. .

f “ndition can he conveniently expressed in the term ufmultlplacf;z H.m

ror reproduction factor of the system which may be define -

.- %ﬂtruns in any particular generation

4 Umber of neutrons in the preceeding generation | :
*] ] : : : if K < 1, chain reaction cann
be 1. » thain reaction will continue and i :
taineq,
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Neutron

{ o, U238

‘Fig, 28,1, Chain réection;

| Write a short note on radioactivity.

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

2. A continuously undergoing spontaneous (i.e., without outside helr
disintegration of radioactive isotopes is called radioactivity.

3. ~'This is accompanied by the emission of one or more smaller par
from the parent nucleus.

ticles

4, The resulting nucleus is known as daughter nucleus.

5. The parent nucleus is said to decay into the daughter nucleus. |

6. The daughter nucleus may or may not be stable, and several succes*!"
decays may occur until a stable isotope is formed.

7. Radioactivity may be natural or artificial.

. lﬂw
2,10, | Bhow that radioactive decay follows exwﬂﬂ“““l

1. We know that the small amount of disintegration
smullhpermd is directly proportional to the total num
nuclel and proportionality constant.

_fJ

. T
i],t' thﬁ l;’utdp‘ ,“'ll'
ber of radio®

4
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mradimcﬁve nuclei present at any time £,

3 Lok h}:? ; Imjuﬂ number of such nuclei, and

et Proportionality con stant.
fhis can be stated in the form of equation as follows :
' 15

\ AN = — ANM .(2.10.1)
L .(2.10.2)
dt

The ngg:tne sign represents that during disintegration the number of

the nuclei is decreasing.

, Integrating the eq. (2.10.2) within the proper limits, we get
N dN t

IN,“EI_ = -2 Ldt ..(2.10.3)

N
or log, N-log, Ny=—-At or lug'-ﬁ—=_u

or

® 8|8 2=

= AN =—AN e™ (2.10.4)

The eqn. (2.10.4) represents that the decay scheme fullows the
exponential law.

fue 2

.| What are the various types of radioactive decay ?

Varioug types of radioactive decay are as follows :
Alphg (¢) Decay :

“ particles are helium nuclei, each consisting of two protons and two
g “utrons and are commonl y emitted by the heavier radioactive nuclei.

iy decay of P23 into fissionable U%38 and o (He?) particles is an example
of u__d&ay

L l.: 4
(JPut® 2, U 4 He

1. ::%(B)Decay

fy Tmon] of neutrino (A) and y
. adiatiy, y accompanied by the emission

An
“Xample of decay,

Penet P aBi™ + i +8 however
’B.r rating power of f3 pamclea is small ulmpul'ﬁd to yrays, .
8er than that of particles.

- |
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2 udear Estrg
c. Gam a‘&%ﬂ cay :
1. ffictes are electromagnetic radiation of extremely short wavel

3.

: 4@ very high frequency resulting in high energy.

S

&ngth

rays originate from the nucleus while X-rays from the atom
wavelength are on an average, about one tenth those of X-rays, thnu;gilj
energy ranges overlap somewhat,
There is no alternation of atomic or mass number due to 7 decay,

Positron Decay :

Positron decay is caused when the radioactive nueleus contains an excqs
of protons.

An example of this is the decay of \Ni®® into ,C*? which is shown below

‘Qneﬂm Explain briefly the following terms related to radioactiv:

decay :

a. Activity,

b. Halflife, and

¢. Average (mean) life.

er

Activity :

Activity is defined as the intensity of emitted radiation.
This is directly dependent on the rate of disintegration of the elemen!
Let, A= Activity at time £,
A, = Initial activity, and
k = Detection coefficient.

A= k(—ﬂ) = kAN
dt
= klNﬁe*-'
A :':Ale""
Half Life ;

Half life represents the rate of decay of the radioactive isotopes:

Therh'al!'life is the time required for half of the parent nuclei to decdt”
o disintegrate, .1

We know that, N= N o A
Putt; N
Wing N = -—25* and ¢ = ¢, in eq. (2.12.1), we get
—Pj'i‘- =N oM
= 7] e
Mherefore, gty . 110

Mw - 1“3,2 = 0.693



>

ience & Engineeriug,
&7 0,693 -
Tz Iy (2.12.2)

) Average (Mean) Life :

Avérage (mean) life indicates the average of total time for which (},
radioactive nuclei has disintegrated for several half lives. Hence thi; -
'greater than halflife. -

L

15

g Thisis obtained by taking the sum of the decay time of the radioactive
puclei and then it is divided by the initial number of nucle;. )

g IfTis the time of average life, then

_Tth }‘NNT'! e Mol
g 0

T = -
N, N,
-3t e-” i
4 Dﬂm]ﬁng, T = ~te ——-}
A o
T'= 31: .(2.12.3)

CONCEPT OUTLINE

Fusion : [ fusion, two or more light nuclei fuse to form heavier
| nuelgj, -

Fission . 17, fission, a heavy nucleus is split into two or more lighter

fucle,

s = :

"""-__________-___ —

A h ” Que stions- Answers i

WM&@} mg 0 and M:ehdlum Answer Type Questions
e  ———

nuclear

10
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A.  Nuclear Fusion : It is a reaction in which two or more atomic nuclej

B.

dré combined to form one or more different atomic nuclei and subatomic

particles (neutrons or protons).

Comparison of Nuclear Fission and Nuclear Fusion Processes ;

S. No.

q

A heavy nucleus breaks up to
form two lighter nuclei.

Two nuclei combine to form a
heavy nucleus.

It involves a chain reaction.

Chain reaction is not involved.

Nuclear reaction residual
problem s high.

Residual problem is much less.

Amount of radioactive

material in a fission reactor is
high.

Amount of radioactive material is
less.

Because of higher radioactive
material, health hazard is high
in case of accidents.

. ...
Because of lesser radioactive |

 material, health hazard is much |
less.

We have proper mechanisms
to control fission reaction for
generating electrieity.

Proper mechanisms to control
fusion reaction are yet to be
developed.

Raw material is not eas.ly
available and is costly.

Raw material is comparatively
cheap and easily available,

Disposal of nuclear waste is a
great environment problem.

Disposal of nuclear waste is not
involved.

Que 2.14. | Write short note on nuclear fission.

i

S

hNuclear fission is defined as a type of nuclear disintegration in whic}
eavy nucleus splits up into two nuclei of nearly comparable masses

with liberation of energy.

The fission is accompanied by the release of three neutrons and radiatior

energy in the form of y-rays,
The reaction is represented as,

1

238 o
n 34 141 02 1
ot + 95U — [53°U] — }4'Ba + JiKr +3 gn + v
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#-—_--’_ \, . M
The diagramuiatic sketch is given in Fig. 2.14.1. A neutron strikes the

2351 nucleus and in the process two nuclides " Ba and "2Kr are formed
with the release of 3 neutrons. :

i
141 U
W
235
92 n '/
n . ]| *—

5. The wavy lines indicate the energy released in the form of y radiations.

A slow neutron is used to cause fission. ,

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
tremendous significance in the construction of nuclear bomb.

What do you mean by nuclear reactor ? Explain its

|
]

A Nuclear Reactor; _,
1 The nuclear reactor may be regarded as a sul?étitute for the boiler fire

box of steana power plant or combustion chamber of gas turbine plant.

2. The heat produced in the nuclear reactor is By fission process whfemas
in steam and gas power plants, the heat is produced by combustion of
fuel,

3. The other eycle of operation and components required
as steam plant or a gas turbine plant.

is the same either

in nuclear power plant.

4. The steam or gas may be the working fluid
B, Different Parts of Nuclear Reactor:
i, F uel E]ﬂmenl; . e o
L The nuclear fuels which are generally used in reactors are g U=, g P U
and , [J23, .
7% in the

% Outofthe three, the 4,U?* is only naturally available upto 0.
Uranium are 239 and the remaining is g; we,
The other two fuels g Pz and g U0 are the bypro
e nuclear reactor during fissioning process from gU
rption of neutron without fission-

duct and formed in
258 H_nd u.;Th.232 due
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4. The seleetioh of the shape of the fuels and their locations in the react,

are mdade keeping in view of uniform heat production within the reactor

5. _The fuel elements are designed taking into account the heat transfe,
)eorrosion and structural strength. ’

&Qﬁ Moderator :
0{ 1. Itisamaterial used to slow down the neutrons from high kinetic energy
aY

(1 MeV or 13200 kny/s) to low kinetic energy (0.25 eV or 2200 m/s) in
fraction of a second.

2. Further, amoderator is used to increase the probability of reaction an(
to maintain the chain reaction due to slow neutrons.

3. The slowing down of the neutrons is effectively done by the light
elements such as H,, D,, N,, O,, C and Be.

iii. Reflector:

In order to keep the critical size of the reactor and hencé the amount of

fissionable material as small as possible, it is important to conserve
neutrons,

2. This is possible by surrounding the reactor core with a material whick
reflects escaping neutrons back into the core. This material is called
reflector,

3. The required properties of a good reflector are low absorption and high
reflection for neutrons, high resistance to oxidation and irradiation as
well as high radiation stability.

Many times the materials used as moderator is also used as reflector.

5. The H,0, D,0and carbon are also used as reflector.
iv. Coolant ;

.H

1. The main purpose of the coolant in the reactor is to transfer the heqt
produced in the reactor and to keep the fuel assembly at a saft
temperature to avoid their melting and destruction.

The same heat. carried by the coolant is used in the heat exchanger fof
further utilization in the power generation either generating steam of
using hot gas,

3. The W_aLr.tr, heavy water, gas (He, CO,), a metal in liquid form (Na) and
organic liquids are used as coolant.

Y. Cﬂﬂtml Ro ds :

1. The control system controls
Increase, decreage an slops {,

2. Tl‘hese rods may he shaped like the fuel rods themselves and &
interspread thro ughout the core,

3. Instead of containing fuel,
cadmium or indiun.

tarts
the rate of energy generated. It star
he reaction.

'ﬂﬂl
they contain neutron absorber suc h as bor



vi. Biological Shield :
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i Bivd

i i /— Control rod

=— , Coolant
out

Biological
shield

R
R

Reflector

Moderator

| "

|_— Fuel

O A

AR

e —

SRR
LIRS

Reactor
vessel

~——a—Coolant in

L The intensity of radiations and radioactive fragments from the reactor
core is too high for the human body to tolerate.

2 Therefore, it is necessary to surround the reactor with shielding material

% prevent damage of human body due to radiation.
‘I Reactor Vessel :

. The r eactor vessel encloges the reactor core, ref
Provides coplant inlet and outlel passages.

“ The reactor vessel has to withstand the pressure at 200 bar or above.
assembly) is generally placed at

lector and shield. It also

The reactor core (fuel and moderator
the bottom of the vessel.

|t st -
-9___‘”"’583

AT _‘,"

i) TR

: F'ART'E Mol .'ﬁ'-"'i-:---f. A0
Nuclear Fisslan Reactor Design

R R
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10.

Iﬁ a boiling water reactor enrich fuel is used.

The arrangement of BWR is simpler than the pressurized water reactor
(PWR).

The plant can be safely operated using natural convection within the
core or forced circulation.

The pressure in the forced circulation is maintained constant irrespective
of the load.

In case of part load operation of the turbine some steam is by-passed.
In BWR, the steam flowing to the turbine is produced directly in the
reactor core. :

Steam is separated and dried by mechanical devices located in the upper
part of the pressure vessel assembly.

The dried steam is Sent directly to the high pressure turbine thus
eliminating the need for steam generators.

The coolant thus serves the triple function of coolant, moderator and
working fluid.

Saturated steam Throttle valve
—-—
| Load
Vapour \
Feedwater

sy 3|
Hoiling (londenser

reuclor

- _ Feedwaler pump
Fig. 2.16.1, Schomatic of a dirgt cyclo BWR plant.

1
Since the ¢ T SR ‘ 1 s LY
e the coolant boils in the reactor itself, its pressure is much less 8

thatina PWR and it is maintained at about 70 bar with steam temper W
around 285 °C,
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11.

12.

An inc?{s&n”’i.he boiling rate displaces water (moderator) to thermalize
neu'g@ffs'ﬂnd hence, reduces the reactor power level, ‘

The saturated liquid that separates from the vapour at the top of the

‘réactor in a steam separator flows downward either internally within

the reactor or externally outgide the reactor and mixes with the return
condensate.

Que 2.17. ' With a neat sketch, explain pressurized water reactor
(PWR) highlighting its merits and demerits.

AKTU 2019-20, Marks 10

A
L

Pressurized Water Reactor (PWR) :

A pressurized water reactorisa light water cooled and moderated thermal
reactor having an unusual core design, using both natural and highly

enriched fuel.

The principal parts of PWR are:
a  Pressure vessel,

b. Reactor thermal shield,

c. Fuel elements,

d  Control rods,

e. Reactor containment, and

f  Reactor pressurizer.
In PWR, the primary circuit
radioactive.

This primary circuit then pro
consists of heat exchanger or

passes through the fuel core and is

duces steam in a secondary circuit which
the boiler and the turbine.

Control rods  Steam generator

Pr BESure
Vesge]

Steam

Containment
struclure

Generator

Turbine

Pump
v

h
Heunt ’, Condenser
R & ') nr
L-JI-I.I I:; uult:_ (é: Cooling
or buile Wuler

Feed pump
- e ilp—"

\ Primary circuit —
Secondary circuit

Heat
exchanger o g. 217.1. Pressurized water reactor:




" .ﬁ@ am in the turbine is not radioac

' pressure in the primary ¢
&

10.

11.

O » o=

o

b B

Que 2.18. ] Describe pressurized heavy waterre

Answer
\clear power yeactor:

:

<

G( ESC;%&'I:Q_{}_ Nuclear Energy

tive and need not be shielded.
ireuit should be high so that the hoiling of

takes place at high pressure.

water
A pressuring tank keeps the water at about 100 kgffem? so that it will
not boil.

some of the water to form

Electric heating coil in the pre:asurizer boil

ateam that collects in the dome.

goes on increasing as more steam is forced

The pressure of the dome
into 1t.
By providing the cooling coilsor spraying water on the steam the pressure
may be reduced.
Water acts both as coolant as well as

A pressurized water reactor can pro
providing a separate furnace the steam form

he 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.

4 small number of control rods are required.
Demerits of PWR

Capital cost is as high primary circ
[ the secondary circuit the thermo
quite low.

Fuel suffers radiation damage and, there

Severe corrosion problems.

moderator,
duce only saturated steam. By
ed from thereactor could

=

uit requires strong pressure vessel.-
dynamic efficiency of this plant i3

fore its reprocessing 1S difficult.

actor (PHWR).

Au Pf'ifhﬁurizaq heavy water reactor (PHWR) isant
smmonly using unenriched natural uranium as its fuel that uses

waker ( i : ;
deuterium oxide 1),0) as its coolant and moderator.

allowing it tobe h,tfﬁtt'.tl
rized

Lypical presst

heavy

The he ‘
i hiéh::{:mr coolant is kept under pressure,
mperatures without boiling much asina

waler reactor,

While heav I g
y water is significantly more expensive than ordinary light
the react?

walter, it yiel L _
0 opers f‘;v‘ll; greally enhanced neutron economy, allowing =
the ability ufu: t.mt fuel enrichment facilities and generally enhanc!™®
¢ reactor to efficiently make use of alternate f '
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The CANDU (redctor is the first and most widely used heavy water

reactor.

4.

oy, Operton and Fu Cyln

TES

1 The nuclear fuel cycle is the series of industrial processes which involves
the production of electricity from uranium in nuclear power reactors.

9. Fuel removed from a reactor, after it has reached the end of its useful
life, can be reprocessed so that most is recycled for new fuel.

|—b Milling j=#={ Conversion — Enrichment ——l

Fuel
Mining fabrication
ProniendNDeved 0 S - -Jv‘ .
Nuclear
reactor
Back end of cycle -
Final Spent fuel Intarmf
disposition reprocessing storage

+

m;l ’ ll:ﬂlls"_
3. The various activities associated with the |1rmlucliuu Uft;ll.‘ll-"lt:: ll:,:;;'i :ZE 1
nuclear reactions are referred to collectively as the nu¢ ear -d ' 4
. . * ¥ - X . i 1
4 The nuclear fuel eycle starts with the mining of l.ll:ull.lul!l unzli ;?Elsut l;m
the disposal of nuclear waste. With the reprocessing of use

option for nuclear energy, the stages form a true cyele.
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5.

—

To prepare uranium for use in a nuclear reactor, it undergoes the steps
of mining 4nd milling, conversion, enrichment and fuel fabrication. Thege
stepsmake up the front end of the nuclear fuel cycle.

After uranium has spent about three years in a reactor to produce

alectricity, the used fuel may undergo a further series of steps including
temporary storage, reprocessing, and recycling before wastes are
disposed. Collectively these steps are known as the hack end of the fue]

cycle.

ge 2.20. | Discuss some safety measures for nuclear power plants.
'&m : ! i s i

Safety measures for nuclear power plants are as follows :

A nuclear power plant should be constructed away from human
habitation. An exclusion zone of 106 km radius around the plant should
be provided where no public habitation is permitted.

The materials to be used for the construction of a nuclear power plant
should be of required standards.

Waste water from nuclear power plant should be purified.

The nuclear power plant must be provided with such a safety system
which should safely shut down the plant as and when necessity arises.

There must be periodic checks to ensure that radioactivity does not
exceed the permissible value in the environment.

While disposing off the wastes from the nuclear plants it should be

ensured that there is no pollution of water of river or sea where these
wastes are disposed.

@O
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:C.,O0 U Introduction to Solar Energy.

e

CONCEPT OUTLINE

version tlevice which are uged
Solar Cell : Solar cells are energy convers ;

: N I : lectricity by the use of the phnmvnltmc effect,
to convert sunlight {o elec Yy b

A lar Energy :

1. 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 effeet.

2. Bolar energy can be used :
L Bydireet conversion to a fuel by photosynthesis.
i Bydirect conversion to electricity by photovoltaic.
ii. By conversion to electricity via thermo-electric power system.

8. The sun releases the enormous amount of energy due to continuous
fusion reaction taking place inside the sun.

4. The sun sends out the energy in the form of radiations at the rate of
3.7 % 104 MW,

5 However, the ener gy intercepted by the earth is about 1.85 x 104 MW.

6. This ener, gy ava_jlahle I8 several times more than all the energy Pl*'-“‘i‘~1'""3ti
and consumed ip the world.

Merits of Solay Energy ;
Noiseless operation,

o

Occupies legg space on floor gg

Cheaper initia) cogt and no pee
+ Demerits of Solay Energy ;

Solar equipments

there is no need of storage vessels.
d of containers to store the fuel.

fail to work jn nights, ¢loudy days or rainy seasor
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r the collection of solar energy at a useful rate.

paceis required fo
tnl cost for solar panels.
lain with a neat sketch, working of a solar cell.
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Large 8
Highinit

ches the p-n junction, the light photons can easily enter
in the junction, through very thin p-type layer.

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

The incident light breaks the thermal equilibrium condition of the

junction.
The free electrons in the depletion region can quickly come to the
n-type side of the junction. Similarly, the holes in the depletion can
quickly come to the p-type side of the junction.

to the n-type side cannot

Once, the newly created free electrons come
because of barrier potential of the junction.

further cross the junction
Similarly, the newly created holes once come to the p-type side cannot
further cross the junction because of same barrier potential of the

junction.

As the concentration of electrons becomes higher in one side,
n-type side of the junction and concentration of holes becomes more 1n
another side, i.e., the p-type side of the junction, the p-n junction will
behave like a small battery cell.

A voltage is set up which is kno
small load across the junc tion, there

*++ ++Sunlight ‘+

ie.,

wn as photo voltage. If we connect 4
will be a tiny current flowing through

Glass

Metal ring

Junction

--------------------
%
WA

Metal contact

L Fjﬂu,ﬂ.}ﬂf I{f
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Bg]ﬁ;‘(?{;nstani. t T'hf;ﬂ-\;.[' at which solar radiation strikes at the top
ofthe atmosphere is ealled the solar r.nn.jt.nnt.
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Que 3.3. | Write a short note on solar radiation.

i

1

-opom

-

[

Solar radiation is the electromagnetic radiation emitted by the sun. This
radiation can be converted into useful forms of energy, such as heat and
electricity by the different types of technologies,

The solar radiations received by the earth’s sarface vary with the location.
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 clouds present
in the atmosphere.

The solar radiation is grouped in the following two categories :
Extraterrestrial Solar Radiation :
Extraterrestrial radiation is the measure of solar radiation that would

be received in the absence of atmosphere.
Terrestrial S8olay Radiation :

The radiation we receive on the earth surface is called terrestrial radiation
and isnearly 70 9 of extraterrestrial radiation,

Solar radiation pagges through the earth’s atmosphere and is subjected

Lo staltering and atmospheric absor ption and a part of scattered radiations
are reflected back into space.

Que 8.4, I Define the terms used in solar radiation.

Alumrrj

.

Terms used 1 solar radiati
Beam Radiation {l'b
without change ip (i

ons are as follows -

) : Solar radiation received on the earth’s surface
rection is known as beam or direct radiation.

Diffuse Radiation (1 ), iati '
* The radiation received on a terrestrial surface
(scattered by Berosols g

: s and duy ] - "the 18 known
a8 diffuse radiation st) from all parts of the sky dome is kn
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Energy

Total R®
at the eart
and it is @l
surface’are
Air’ Mass (m,

il

always global radiations

iw

or zenith.

Reflected back
to space

f

Reflected back
by surface

Terrestrial
region

Explain the difference

radiation

Surface of earth

dmtmu(r 7t The sum of beam and diffuse radiation intercepterd
h’s aurface per unit area of location is known as total radiation
so known as insolation. The radiations received hy a collector

‘ ) : It is the ratio of the path length of beam radiation
through the atmosphere, to the length of path when sun is at over head

Extraterrestrial
radiation

\

A

Atmospheric
absorption

Direct

Diffuse i
radiation

between direct radiation and
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" Diffuse Radiation

Solarradiation received on the
carth’'s surface without
change in direction is known
as direct radiation.

It has a unique path.

Direct solar radiation i8
generally most intense at uny
one spot on the surface of the
earth at solar noon.

—

It has the least amount of the
atmosphere to travel through.

]

iation received on a
terrestrial surface (scattered by
aerosols and dust) from all parts
of the sky dome is known as
diffuse radiation.

e —
 ——————

R Y T :
It does not have & unique path.
N ot iR

| The rad

[t does not happen in diffuse

radiation.

It has the more amount of lLhc
atmosphere 0 travel through-

I

o %'u'ff.: Explain solar radiation

Y —

geometry:
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% . (S angles related t0 i
Varﬁm : ingle @) : It is defined as the an%le between the incj deny
e ' ace.

]t:::;l rzdiatinn and the normal to 8 plane suf

Latitude Angle (¢) : e e
The latitude of a place is the angle sulbtended by th:e rat}l:}: 1111.19 joining
the place to the centre of the earth, with the projection ol the line on th,
equatorial plane. '

The latitude is taken as positive for any Jocation towar'ds the ﬂ?l‘them
hemisphere and negative towards the southern hemisphere i.e., the
latitude at equator is 0° while at north and south poles are + 90° ang
—90° respectively. :

Declination Angle (3) :

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

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

Hour Angle (o) :

<olar radiation geometry are as follows -

It iS'ﬂ-IE angle through which the earth must be rotated to bring the
meridian of a point directly in line with the sun’s ray.

In other words, it is the angular displacement of the sun, east or west of

the local meridian, due to the rotati 3 :
of 15° per hour. ion of the earth on its axis at an anglé

:igg::e :ngti}? (::.} :.It isa vertical angle between the projection of the
ys on the horizontal plane and the direction of the sun's rays

Sun rays

between the line du:;lﬂle 1

3 - 0
to the inclined plape Bu;’;:‘ and the horiznu
ce,

tis ¢ rough the point.
he angle in the horizontal Plaﬂa
tal projection of the no"™
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h. slope (ﬂ) ;

| Iuis ﬂﬂaﬂ@ie between the plane surface, under consideration, and with
" the hovizontal.

% 7t is taken to be positive for surface sloping towards south and negative

for surfaces sloping towards north.
Solar Azimuth Angle (y,) :

i

L Ttis the angleina hori;untal plane, between the line due south and the
pmjectiun of beam radiation on the horizontal plane.

o Thusit gives the direction of the shadow cast in the horizontal plane by

avertical rod.
&Mﬁg What are the devices used for measuring the solar
radiations 7 Explain each with their construction and working.

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 :

Black Surface : This receives the beam as well as diffuse radiations
which rises heat.

ii. Glass Dome : It
surface,

ii. Thermopile : It is a temperature
thermocouples connected in series

iv. Bupporting Stand : It keeps the black sur

prevents the loss of radiation received by the black

sensor and consists of a number of
to increase the sensitivity.

face in a proper position.

Black surface Glass dome
T ISR po
1 0
[ ] Levelling screw
—] latform

Fig: 87,1, Pyranometer.
b. w orking : :
L The pyranometer is kept exposed to the sun and it starts receiving the

radiations,
e starts

the surface temperatur

2 Dueto the absorption of the radiation, :
f the absorbing surface 18

rising and the increase in temperature 0
detected by the thermopile.
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3.8G (ESC-..;S?H-H & | rmﬂ'emf which 18 prl::lportmnal to
" the .« calibrated in terms
_ . erate _emf 15 call of t
3, T};e'ﬂmrmopnlﬂ EE:; and this thermo En}gbal -adiations. by
‘Yadiations 3’;"5“_" This measures the g i a ‘
received e device used for measuring the beam or direg
i e
B. Pyrheliometer: Itisa
i f following
a. Construction : It consists 0
i flecting surf
o i hollow tube with re g surfag
i, Receiver:It1siD the shape of 2
inside. d it is pl
: ned surface and 1t 1s placed
ii. Absorber Plate:It consists of a blacke
the bottom of the tube. IR —
iii. Thermopile : It is a sensing element of temp '
group of thermopiles.
Acceptance angle
’,Hullnw tube
> Blackened absorber plate
Thermopile junction
' ]
Fig,3.7.2. Pyrheliometer.
b. Working :
L. Thehollow receiver tube - g
lengl;h can be tilted ab{)ut an axis perpendicular tolt
2. Thus, the tube can be m
: ade to f: ) i, et
only the beam radiation ang nzc:ig‘] € sun's radiation, thereby recei’
3. When the radiation fa]]g on the abg % reciation can enter the i
& - e . ik
and it gets heat up, ang therehyate orber plate, it absorbs the radiati®
4. The rige in temperat “iperature rises
thermo- ure j .
' rmo-emf of the Lhﬂl‘mnpﬂﬁ 18 measured by measufin# thi
C. Bunshine Recorder s it ‘
sunshine i *HL1sadevy bl
a. R a-aay, Ce use( tq Mmeasure the hours ﬂfb”gh

Construction . It

spherica] mety) bo Consigtg of a gl d
Wi, havi Blass g 2 . . n
and l,he‘g[aﬁﬁ sbhere fu]uw-“ Ooves fﬂfllllere Installed in a sectwu_i ’
card strip, : adt]uﬂting the fg olding a recorder card® e
C

Us of sun rays to a point 0”
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Spherical lens

. Paper strip

/e Support for
paper strip
I

[Suppurting hase

Fig. 8.7.3, Sunshine recorder.
b. Working:
1. Sun’s beam is focused to a point by a spherical glass, which acts as a
convex lens and graduated paper stripis placed at the focal point.

9 Due to 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.

Que 3.8. | Write short note on :

a. Solar radiance, and
b. Solar insolation.

a. Solar Radiance :

1. The solar radiance is an instantaneous power density in units of kW/m”.
9. The solar radiance is strongly dependant on location and local weather.
3. Solar radiance measurements consist of global and/or direct radiation

measurements taken periodically throughout the day.

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

b. Solar Insolation :

The solar insolation is the total amount of solar energy recai\-eq at a

particular location during a specified time period, often in units of

kWh/(m?* day).

2. Solar insolation data is commonly used for simple phutovn}mic LP:-”:
system design while solar radiance is used in more complicated PV
system. |

3. By knowing the insolation levels of a particular region we can Llﬁtt:!l"lllfﬂt!
the size of solar collector that is required and how much energy it can
produce.

—t
H

nshine recorders. These

4 Solar ins i jeasured using su :
insolation can be n $ hours fh the day during

sunshine recorders measure the number of
which the sunshine is above a certain level.



Sn[

3-10G {Escﬂ%——r o Em_.t
| - N
y can be used to determine the solar ;

b.

lected in this wa . Nsg),,.
E;‘ﬂ;}aring the measured number of sunshine hours ¢, thoge

yn calculations and including several correction factors.
on g

imate
A final method to {fstlfﬂa
from existing satellite Images.

solar insolation is cloud coyep datg
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: Ba;ic'P&J-sics of Semiconductors, Carrier Transport, Geper. ion

and Recombination in Semiconductors. 5

CONCEPT OUTLINE .

oL N =]
Semiconductors : The elements whose conductivity lies betwee

metals and insulators. Most frequently used semiconductors i,
construction of electronic devices are Ge, i, and GaAs.

——
———

i Qﬁﬁstﬁons-Annwers

Long Answer'l‘_vpe m;eﬂMadmm Answer Type Queat: oX

Que 3.9, , Give the classification of semiconductors.
Ans

Anewer ]

'_ wer -

g

.H

The semiconductors can be divided into following two types :

Intrinsic Semiconductors :

if;’::lmﬂ.c semiconductor, also called an undoped semiconductor *

do ml{fﬂnduetﬂr' 1§ A pure SﬂmiCDnductgr with t an signjﬁcanl
Pant species, e y

The num

of the mﬂl?t‘;rn":lﬂi};&rlgre' carriers is therefore determined by the propert®

The ﬂﬂnduem,-lty 5; Instead of the amount of impurities. »

of intring; :

‘;du& to thermg) eui:z?;;mmlcﬁﬂductgrs can be due to crystal d¢f

ﬂl; Intrinsic EEMimnductar th ductj.gu
15 equal tg ¢, Number of € number of electrons in the con

Extringic Semicong ofholes in the valence band.

An extrine P Nductoyyg |

into whj I;flc Bemlcanductm isa d,ie

cha dopi Semicond en dope®’
Properties Ngagent : uctor that has be e

the intring;, . Mtroduced, giving it different €l
¢ (pure Semiconductor.
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n-type semiconductor, and

p-type semiconductor.

intolves adding dopant atoms to an intringic semiconductor which
and hole carrier concentrations of the

rties of extrinsic semiconductors make them essential

{rations in an extrinsic semiconductor classi fy

Eners)
_'__,.-""_
g Doping
" changes the electron
E&ﬁimnductnr at thermal equilibrium.
(3" The clectrical prope
" components of many electrons devices.
4. Dominant carrier concen
it as either:

Que 3.10. | What is the difference between intrinsic and extrinsic

semiconductor ?

"AKTU 2019-20, Marks 10

[S. Mo.

ekt Sl MU T

Senucunductur

L

Tt is a pure semiconductor with
no impurity.

It is an impure semiconductor
i.e.,a controlled pentavalent or
trivalent impurity is added.

In an n-type semiconductor,

2. |The number of free electrons
| in the conduction band is equal | free electrons far exceed the
to the number of holes in the | holes. In p-type semiconductor,
‘ valence hand. it is the reverse.
3. | Its electrical conductivity is low. Tts electrical conductivity is
high.
4 |1t electrical conductivity | Its conductivity depends on the

depends on the temperature
alone.

e —

It is of no practical use,

I

temperature and amount of
doping.
It isused in electronic devices.

Que 3,11, Classify semiconductlors on the basis of energy band
E4p with the help of suitable diagram.

A
1,

of i

!ln direct band gap semiconducto
irectly to valence band, giving o

Direct Band Gap Semiconductors :

ght.

Example : GaAs, GaN etc.

rs, an electron in cot
ff the energy difference

wduetion band fall
E asa photon

It 4
cannot undergo change 1n energy and momentun.



oy

3-12G (ESC-Sem-3 & 4)

8
olar Eing
E

Conduction bang
Electron

K
Eﬂ W )y = Eﬁ
ky —} (wave vector)
Empty state /T\ Valenca band
Fig. 9111
B. Indirect Band Gap Semiconductors :

1. Inindirect band gap semiconductors, an electron in conduction

indirectly to valence band giving a part of energy to the lagtice iy the
form of heat.

It undergoes a change in momentum as well as energy.
Example : Si, Ge etc.

Conduction band

| A
@ E, Electron
E, hv = Eg
Ey % (wave vector)
Empty state Valence band
Figigi12,
Q“"’a'la Explain n-type and p-type semiconductors.

- = o _{
A

: n-type Semiconductors :

‘:Je;?.zn BdSmﬂll amount of pentavalent impurity is added “: E;r:
’ Etuctor cr;lratal during the crystal growth, the resulting e1¥®

. -Lype extrinsic semiconductor, '
Fig. 3.12.1 sho i

such g way ¢}, TE the arsenic (As) atom fits in germanium (Ge)¢ th fou?

at it wi
Bermaniyy, ﬂl.o,::‘s four valenee electrons form covalent bond
fl .

2,

i SO
. b

he fifth
El'&(:tﬂjn ,trﬂﬂ.
Fgyg . - b '
This electryy, ; “Tarsenic is not, bonded and acts as free el

on

= 18 aygi 5 :

This freg eleet “llable g carrier of current. §
Bemicond,. . PR Bclg . ith any
i, Uy a8 donor whenever required W
The l"I"‘-'“'ll!:tu ar

the

carri minor®”
Ar s 4 -} v
urriers ip 8uch Coseg. mﬁ]ﬂl‘.‘lty carriers while holes aré the
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-

Fig: 3121, Arsenc olocon s e

B. p-tvpe 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.

9. TFig.3.12.2 shows each atom of boroni.e., trivalent impurity is added to
pure germanium crystal.

—— - ————
L ] L] L] .
"'--—--"_ ""--—---"-I

lal lal Hl Tal
1 (| ole ! 1
1t el 1o
----- - -
fal Tal el
[ | 1 11
1% 1 Ve
—_——— g =T =
tgé. L - l‘lg
~ - —
§ §iigs 7 g ' ?,j- T .-.“'--.-I‘. ; .:l'_'_"s_='4“.-r.~_-._- . :_-
i.—'u e :gm okl T &azgﬁ;;w em&

3. The three valence electrons form covalent bond while the fourth clov&lent
bond 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 bond and treated as
acceptor. . o

5. In p-type semiconductor, the majority carriers are holes while minority
carriers are the electrons.

Que 818,] Bricfly describe:

i‘. Gﬂl_!leration of carriers, and
ii. Recombination of carriers,

A Generation of Carriers N
L The process by which free electrons and holes are generated in pair 1s
called generation of carriers.
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ce band get enough energy, then they will

2.

“which is jumped into a con

vale ;
a d jumps into the conduction band. The electrgy

duction band is called free electron ang the
lectron left is called hole.
¢ carriers (free electrons and holes) go

When electrons in
Abgorb this energy an

place from where e
Likewise, two types of charg
generated.

Recombination of Carriers:

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

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.

Answer
A. Charge Carrier Concentration for p-type Extrinsic

1.

Semiconductor :

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

'I:'h'ese group 3A elements have one valence electron less, than that of
silicon and so, they are potentially incapable of grabbing onto an electron

orin luthr;_er words releasing that vacant location. This releasing of vacant
locatior is referred to as a hole,

Empty conduction
band | Acceptor levels

ls are j
# . . Uﬂ 1
Intrinsic semicondy Just above the valence band, Whereas, 10 &

between the vale !m;t:ir the Fermi encrgy level is right in the middle
P-type extrinsie semic:;an[;] o the conduction band. In the case of 8
levels. nauetor, it essentially lines up at the acceptor

This chan
ges the hohav;
Now the charge t:urli‘.iir : emiconductor quite dramatically:
temperature, For 4 uigniﬁ';“":'ﬂntratiﬂn is not solely dependent °%
a4 u i
that the charge carrier nt fraction of temperature range, We fin

toncentration, concentratiop depends only on the dopant
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So, if we inc:_rease- the dopant concentration, then for that entire
temperaturerange we will have a higher charge carrier concentration

If we deédrease the dopant concentration for the entire temperature
range-we will have lower charge carrier concentration. Again
eonductivity depends on the dopant concentration, because it r:lepe nds
on the charge carrier concentration. '

Charge Carrier Concentration for n-type Extrinsic
Semiconductor :

n-type extrinsic semiconductor has conceptually many similarities to
the p-type except fundamentally the charge carrier is different here.

We create' a n-type extrinsic semiconductor by taking a group 4A
element (like silicon) and doping small quantities of group 5A elements
(like nitrogen, phosphorus, arsenic, antimony, bismuth) into it.

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.

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.

Empty conduction
band

E;

¢ semiconductor.

Flgﬂli..‘zntypaextrinm

e

_ : PART-4 | e e,
'S"eﬁiia.:.'onduétbr J uﬁcﬂf‘d;ﬁfs\ : M&ia#&enﬁa@uﬂqﬂar .
 Junction and p-n Junction.

]

Define metal-semiconductor junction. Discuss it In

forward bias and reverse bias condition.
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. onductor Junction :

A (Métal-Semic 1.S) junction is a type of electrical jyne.
Metalasemlcnnductnr (N t with a semiconductor m;l:: :'i’ li
a

in close contac

; ; "
which a me'::i]niiilr:fﬂf (M-S) junctions can beha:-,re as either Schutti‘

2. N.[et,;.ﬂ-seﬂ;lﬂs Ohmic contacts depending on the interface Properties y
barriers " o of forming different types of the metal-sem;j ““nduﬂ;m

3. Thet P:;nii“the mismatch of the Fermi energy bet.ween meta] apg
zz;iiunductnr material which is due to the difference in work functiong

B. M-S Junction in Forward Bias : |
1 Asa positive biasis applied to the metal, the Fermi energy of the mety

is lowered with respect to the Fermi energy in thpf semiconductor, Thig
results in a smaller potential drop across the semiconductor.

9 The balance between diffusion and drift is disturbed and more electrong
will diffuse towards the metal than the number of electrons drifting int,

the semiconductor.

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 :

As anegative 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.

-16. | Discuss p-n junction under no bias condition.

: o

;- “Thﬂis is a two termin-::ll device consisting of a p-n junction.
‘ 'unEi:'1 yf v matem:._l is intimately joined (diffused) to n-type aph
Junction is formed, Fig. 3.16.1 shows the p-n junction formation.

o qul.

Migrated

electrons from ndyge. | 0 0o

° o o le

Space charge region /
I

or depletion layer

L

» o o (a)
*_* *| Migrated holes
from p-type

1 ct
Vg Potential barner / Conta

pntential
o —— (b)

o
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9 As p-type _has;..hﬁ_g*li' concentration of holes and n-t ;
concentration offree electrons, hence there is a tende :BF;PH??:; ]:l; Eth
diffuse tonside and electrons to p-side. The process is known as diﬁ'us;iunﬂ

4. Thug a'region is formed which is known as depletion layer or char
_free region or space charge region. ge

5 The diffusion of electrons and holes continues till a potential barrier is

develupeq which prevents further diffusion and such condition is no
bias condition for p-n junction. ~

Que 8.13. | Discuss p-n junction in forward bias and reversed bias
condition.

A. pn 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 to negative terminal of battery.

Ip(mA)
30
25 1 Forward bias region
201 " lge |si
161
10 1
5 -

V,(51)
I(Si)
VE{GB} 1A

F,T:c’ﬂ

Fig, 3.17,1; Volt-ampere characteristics of p-n junetion:

2. The potential can be varied with potential divider. At some furw;urz:i v_nltage

(0.3V for Ge and 0.7 V for 5i) the potential barrier is altogether eliminated

and current starts flowing. This voltage is known as threshold or knee

voltage (V).

3.  Asthe forward applied voltage increases lmym'ul l}.u‘l.‘!flhll Id voltage, the
forward current rises expnneutiull_v as shown in Fig. 3. 17.1. |

4. Beyond a certain gafe value, it produces an extremely large current

which may destroy the junction due to overheating.
B. p-n Junction in Reverse Bias :

L. The p-type is connected Lo the negativ
connected to the positive terminal of a battery.

—110 pA
Reverse bias region

¢ terminal while n-type 18
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ction resistance becomes very high ang
junc sistan

{ruugh the circuit. o
Il current of the order of WA flows in the iy
all cur

“ly
This is known as reverse current. The reverg, CUrrey,
118 18

. pTElCtiQ ﬂll}. in
9 Inthiscigethe

curfentflows tl

3 Tn pract.ical, n sm
~ minority Farrfer;. 5y
par— s creased from zero, the reverse Current_ Quick]

Fha l'mm i Ir; saturation value. The sllght Increase i g, ta
i manmu{?fgce which behaves as a resistor and hence .
Ohmsla ?;‘htzl;liﬂ rise to a current called surface leakage Current
Ohm’s law.

: inetic energy of elect
is further increased, the kine A ns
5. Ifthe revcme-%lt?ﬁ ltshj;zy knock out from the semmqnductor atou}s_ At
he_cgmes S0 mg];{;ﬂ?m of junction occurs and there is a Elmdden rise of
this st:i«:J ::::t Now the junction is destroyed completely,
revers .

junction is one way device which offers a low remstz.nce :heu
> g‘hus, pd- Eased and behaves like an insulator when reverse hiased,
Orwar

Explain solar photovoltaic system. Also write its
advantages and disadvantages.

Solar !;hutovnltaic System ;

L Ttreferstg 5 Wide varjety of solar electricity systems,
2. This system use

bt into

. solar array made of silicon to convert sunlight

clectrieity,

Com Ponentg gy

System (BOS)

controller anq gy, invertey,

Storage batterjag with char : k-up power
: ere d for bac

SUpPly during Periods of Beregulatorg are provide

loudy day ang during nights.
ring the g

% her than PV

re uf
. array are collectively known as balan
which includ

s storage batteries, an electronic charg®

S are chargag du Y and supply power to loads
T'he Capacity of batler_y 18 ex

‘,. - t:. t Ese d i el 5 ﬂﬂ. E
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B e
ics are installed wi i e
. f;iﬁ';r Sthe Y;Eﬂ;g‘ii:;’12;‘;:;’:::3230033ﬂr based charge regulator ¢4
also regulates the i
. szargliug and exﬂes:a;:f?:uiis?:;:gr:t;iezilizﬁiel;;rmnt 0 Eitinals
0 ::.;. ;;x;zrré ; Erll;?:‘nded for converting DC power from battery or PV
s to hav i i :
o }:tﬁzfiayois :uf. ﬁ:nwa:ﬁ:nnal?i;iﬁtch-uﬂ in case the output voltage from
B. Advantages of Solar Photovoltaic Systems :
1 Nooperational cost.
9 Low maintenance.
3 These systems are durable.
4 More flexibility is available in solar photovoltaic systems.
5. These systems are eco-friendly.
C. Disadvantages of Solar Photovoltaic Sysfems $
1. Low efficiency.
2. Weather dependent.
3. Installation costis more.

i
i

Qﬂ¢3lﬂ- Write short note on :

Principle of solar photovoltaic, and
Photovoltaic effect.

Princ-iple of Solar Photovoltaic :

%t 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, atoms 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
isthe basic principle on which the golar cell works i

Photovoltaic Effect :
Photoelectric effect is the €
when light hits a material.
When a solar cell is illumin
the electric current / is obtained.

1 is the difference between the solar
diode dark current ;.

to conduct the current. This
wnd generates power.

mission of electrons or other free carriers

ated, electron-hole pairs are g¢ nerated and

light generated current [, and the
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4. Mathematically,

eV
= Il.. - In {DXP(EJ -1
I = Saturation current,

¢ = Electronic charge,
T = Absolute temperature, and
k = Boltzmann’s constant.

= 1.38 x 10-* J/K.

Que 3.20. | Describe V-I and P-V characteristics of ph“mﬁltai
L

device.
Answer |
A VI Characteristic of Photovoltaic (PV) Device :

1. The V-I characteristic of a PV device is a non-linear graph betweey
current and voltage generated by PV module as shown in Fig. 3.20.1.

1

Where,

X
E Maximum power line
=
&
T=40°C
T=30°C
T=20"°C
T=10°C

2.  Fordi %
L ifferent temperature levels, different graphs have been plotted.
whicl:n:]::l;xPuwer Points have also been shown to represent the point &
'lmum Power can be drawn from a PV device.
Imum power point constitute the maximum power line [MPL}-

4. These max
M!’]J l'{_#preHLn ¥ X
:nts ] nt

tracker (MpPpyy. 1¢ track or path tracked by maximum power P¢ ;

&n

f Photao
1.  P-Vch voltaic Device
heh:ez,:. acteristic curve of 5 PV device is also a non:-linear curve Pi"tted
2 Fordgr power agd voltage of 4 py device
. r 3 i
erent power dﬁﬂﬂitics in meﬂ’ different graphs have been P]ﬂtted

betwe
tween power ang voltage of 4 PV mod ule




o~

gnergy Science & Engincering-

321G (ESC-Sem.3 & 1)

o © __—__'_'-—-——__
On the paper of these'graphs, maximum power pointa are gh
own in

Fig. 3.20.2.
The maxiniupypower point (MPP) constitute,
(MPL)QMPL is also non-linear in nature,

the maximum power lina

Power (P)
1000 wm? |L_____ o arre e Maximum power line
800 Wm? f-====-=< =
I SR
600 W/m = Maximum

power point
400 Wim? }—---4ALL

200 W/m? - -

s @f‘ﬁiﬁ‘:ﬁ]@m PN PR S0 Tattr el P

e S A T A

Explain their various types.

‘ "r S

(L]

First Generation Solar Cells :
'I'?mse cell consists of a large area, single crystal, single layer p-n junction
diode, capable of generating usable electrical ener

gy from light sources
with the wavelengths of sunlight.

These cells are typically made using

wafers,

These silicon wafer based solar cells are the dominant te

Eﬁmmemi al production of solar cells, accounting for more
€ terrestrial solar cell markel.

a diffusion process with silicon

chirology in the
than 86 % of
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WM w
Generation Solar Cells :

B.

/s,

1.

3.

A
1.

“Monocrystallin

of First

e Silicon Cells :

: ilicon is doped wi

licon cells, silicon 1s dope with boron t,, Prod,

Various types

In nmnncr}*stallmc si

: tor. »
{ype semiconduc .
i ds are extracted from silicon and thep g,
Wed in,

Monocrystalline ro
thin plates or wafers. -

b "
The upper layer of the wafers is doped with p osphorous to -

type semiconductor. This becomes p-n junction.

Maximum efficiency of these cells is 24 %.
Polycrystalline Silicon Cells :
In polyerystalline cells, liquid silicon is poured into blocks that are sy

into plates.
During solidification of the material, crystal structures of varying siz

are formed.

The size of erystallites mainly depends upon the cooling condition. If the
molten silicon is cooled very slowly, the crystallites of larger size ar:
obtained.

The silicon solar cells made from polycrystalline silicon are low cost but
low efficiency.

Maximum efficiency of these cells is 17.8 %.

Amorphous Silicon Cells :
;l‘ asilicon film is. deposited on glass or another substrate material, this
is so called amorphous or thin layer cell.

The layer thickness is less than 1 um, so production costs are Jower du
to the low material costs.

vliowemr, the efficiency of amorphous cells is much lower than thatof
the other cells. Because of this, they are primarily used in low powe!
equipment such as watches, pocket calculators etc.

Maximum efficiency of these cells is 13 %.

Define second generation solar cells. Explain their type

Second Generation Solar Cells :

Thege
Hﬁmim;:lllistﬂizinﬁzif‘d on the use of thin apitaxi{ll depos
ce
matched wafers, i)

] ]I(:I'E ar 1
e wor . tls"l'l'

Space cells fyp;
Ypically b - b ca )
also have » highﬂriusi;,vl?e}:i{:iﬁt: M or e

it of

duct iof
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There are Curm%tb'ﬁ‘i‘lmmbcr of technologies / semie

under investigation or in mass production. Exam
slicon, mmrstallin? silicon, micro-crystalline sj]
copper indium selenide / sulfide ete.

Sé’bﬁnﬂ generation s.n!ar cells now comprise a small segment of the
‘Yerrestrial photovoltaic market, and approximately 90 % of the :
m,ﬂ]‘ket-. )
g. Typesof Second Generation Solar Cells :

a. Copper Indium (Gallium) Diselenide (CIS) Cell :

1, 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,

9 Aheterogeneous junction with n-type Cd-Sand p-type CIS is fabricated
using thin-film technology.

3. Itsmain attraction is inexpensive preparation.

It is more stable as compared to a Si cell in outdoor applications and has
efficiency of around 10 %. However, exposure to elevated temperatures
results in loss of efficieney but light soaking restores it to original
efficiency level.

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

2. Thin film heterogeneous junctionwith n-type Cd-S and p-type Cd-Te is
fabricated as shown in Fig. 3.22.1.

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

EVA (ethylene vinyl acetate) is used for encapsulation.
Iis efficiency is about 10 % and open circuit cell voltage is around 0.8 V.

onductor materialg
ples include amorphouyg
leon, cadmium telluride

“1

4.

space

co

[

Anti-reflective coating

= £ Transparent
a8 Supersirale conducting oxide
p-type Cd-Te ™ i type Cd-S

< [Back metal contact

EVA
Back glass

s
—— —
—
S
e —

Fig. 8.22.1. Basic structure of Cd-Te cell.

n their various

Ruedy

type Define third generation solar cells. Explai
8,
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b.

tion Solar Cells :

ery different from the previous semicong

a traditional p-n junction to sﬂp::tor
ate

Third Genera
They are prn]mspdlu h['.'u. g
do\-;cm as they do not rely

phni.ugm-.(-mtnd charge carriers. |
ym well devices (quantum dots
For space app s qUantyy

lications quantu
rating carbon nanotubes are being studie

nd devices incorpo ' )
duction efficiency.

pes, ote.) 8
i tial for up to 49 % pro

with a potenl . .
For terrestrial applications, these new devices inclug,
phnt.nnlectruchemical cells, pﬂl}'mef B?lﬂr cells, nanocrystal solar cells,
dve sensitized solar cells and are still in the research phase.

Types of Third Generation Solar Cells :

Organic PV Cell :

The solar cells based on organic semiconductor can provide a low cost
alternative for solar PV.

The thickness of the active layer of organic solar cells is m:!].y 100 nm
thin, which is about 1000 times thinner than the crystalline silicon snl?r

cells, and it is about 10 times thinner than the current inorganic thin
film solar cells.

Tn the low material consumption per solar ¢
cell processing of organic semiconductors,
low cost large area solar cells.

Due to this reason, there is a considerable interest in organic Phﬂt‘““m
devices.

Their Principal advantage is that they are flexible and can bend withot*
breaking, unlike Si, which is brittle.

They are also very light and cheap.

They may be folded or cut into required sizes and ¢
Dye Sensitized Solar Cell (DSC) :

'.Ihe DSC can be considered as a thin film solar cell device. This mmlm
18 not yet commercialized but is on the verge of commerciﬂli“mn'
Lh-e DSC solar cells can be made flexible: It has a good poter!

o mg a low cost solar cell technology, {0
HJ::;-::IH?Y possible because of the large availability and lo¥ G::ini

redie = e

Lummmi:ml;;_m material 85 well as due to the 10w prot

The DSCH . ion i """]w
o it ::r a photo-electro-chemical device. In its operation it
" , 4n electron and a chemical reaction.

ie operation of DSC is considered similar to thatof 8 P

[rocess,
©OE

ell and the relatively si;npﬁu
there is a large potential for

a»ms_ﬁ.t;illl:n\@1,uw.<L

hotosy®
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b 1S

Biological

Que 4.1, | Discuss various piological energy sources along wity

their merits and demerits.

Various biological energy sources are as follows :

a. Solar Energy:

1 Solarenergyis aclean, cheap and abundantly av
and it is also the most important of the non- .
energy because it is non-polluting and therefore helps in decr

green house effeet.

2. Solar energy can be used :
i. Bydirect conversion to a fuel by p_hotosynthesis.
ii. Bydirect conversion to electricity by photovoltaic.

iii. By conversion to electricity via thermo-electric power SYS"E_E"LW =
3. The sun releases the enormous amount of energy due to contin
fusion reaction taking place inside the sun.

of

4 The sun sends out the energy in the form of radiations at the rate
3.7 x 10 MW, :
on b

5 However, the energy intercepted by the earth is about 1.85 % 1

6. This energy available is several times more than all the energy e
and consumed in the world,

i.  Merits :
1. Noiseless operation.

ailable renewable energ

conventional sources o
easing the

2. Occupieg legy space on floor as there is no need of storage vessel®
il. Demerits;
ml sﬂa’sﬂﬂl

1. Solar L‘qu]J'mUHI,E fail to work in nights ﬂlﬂlldj’ dﬂ}"ﬂ or rﬂj
’ ol 18"

2. Large space is required for the collection of go ar energy al a us®
b.  Hydro Energy

L Iis a renewable energy source which is used to generate
[

2. Hydropower is obtained from water flow or fal| ing water from 8
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e Ve .

g Water stored bel-nnd dam and a_t a height has a lot of potential energy
which is converted into mechanical and electrical energy.

4 The wateris released gradually and is allowed to fall under the
gﬂvitﬁﬁhﬁal force and drive which rotate hydraulic turbines,

5. - Thegenerators attached with turbine produce the electricity.

i)~ Merits :

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

ii. Demerits:

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

c¢. Wind Energy:

1. 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.

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

3. 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.

4. Since, the energy possessed by wind is by virtue of its motion, so the
device used to extract its energy should be capable of slowing down the
wind.

i. Merits:

1. Abundance availability for no price.

2. Useful at remote places for electricity generation.

i \Demerits:

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

2. Itisunreliable and intermittent. It is not available regularly.

d Wave Energy:

L The motion of the sea surface in the form of wind waves forms a source
of energy.

2. Floating propellers are placed in shallow waters, near tha. shores nn_:l
d}lﬁ to inotion of the waves, the prupelluya also get the motion and this

) kinetic energy can be used to drive turbines.

L M&l‘itﬂ .

L This is cheap, clean and inexhaustible source of energy.
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orits: _
(?!;Tnsinn of materials used in
Goni.hermﬂl Energy
The energY hnrnessed fr
called gvnthnrmnl energy.
There is an increase in the
depth beloW the surface. |
The fission of radioactive materl
increases the temperature of the
earth’s surface.
Hot molten Tocks called magma is present in the core of thearth. T
causes sometimes volecanic action.
This hot steam is used to operate turbines to generate electricity.
Artificially it can also be harnessed with the help of pipes by drillingthe
hot rocks, which make the hot water to gush out through pipes whid
turns the turbine of the generator to produce electricity.

Merits :

It is cheap and clean source of energy.

Geothermal plants require little land area.

Demerits :

Air pollution resultsin case of release of gases like FLS, NH; present

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

om the hot rocks present inside th
. ;
earth ;

temperature of the earth with invrvag
I!

al naturally occurring in the ryy,
earth as we move down from fhe

9‘“”‘:2- | Write short note on following :

i: Coal energy, and
il. Natural gas
A.ﬂ..‘wer
L Coal Energy :
1. Coal ig 5
N B a conventional energy s *
2. Itisformed d energy source. . , l:l.‘-""id
silt, ue to degradation of trees and plants puried vt
4 Itig
omposed of mai
4. Uses of cou - mainly carbon and hydmcm'lmnﬂ- |
' ;lulll‘
for h::r_rdl"

L
150 €00
es 10 §

Coal ig
U5
d to generate electricity, Power PIants bt
arbin

th(: Wi
aler Lo g
electricity, generate steam which runs the
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i .
ii. Coalis héated in furnace to make coke which is used to melt iron
for.making steel.

g Efvironmental problems :

i  Due to combustion of coal, carbon dioxide is produced which is
responsible for causing global warming,.

i Coal also produces sulphur dioxide which is a cause for acid rain.
ii. Natural Gas:

1. Natural gas is formed by decomposition of dead animals and plants
buried under the earth.

9 Itis mainly composed of methane (CH,) with small amount of propane
and ethane.

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

i Itisused as a domestic and industrial fuel.

i TItis alsoused in thermal power plants for generating electricity.
5. Advantages of natural gas:

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

ii. Itcanbe easily transported through pipelines.

| What are conventional and non-conventional energy

sources ? Write short notes on classification of energy sources.

AKTU 2019-20, Marks 10

Answer

A funventioual (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, etc.

B. Non-Conventional (Renewable) Energy Sources : These are the
sources of energy which are inexhaustible i.e., can be used to produce
energy again and again.

Example : Sun, water, animal dung, agro-waste, wind, etc,

C. Classification of Energy Sources : Refer Q. 4.1, Page 4-2G, Unit-4.

-I--o‘

PART-Z2| = &

- Fluid Dynﬁmicg, Power in the Wind, Available Rbaﬁﬁrbea. Fluids,
i Viscosity, Types of Fluid Flow, Lift.
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coNCEPT B

) i forms continuoug]
_ ) = {ance which defor usly
- d is a subs -
Fluid : A flm w

I’ 1 U cﬂl

y s of Vis .
Ne“}“?ﬂﬁjf;:('nt layer is directly proportional to the rate of e
on a flu nt 1a)
strain.

du
Mathematically, = E}'-

L

+ 91 = Areaof the pipe at section 1-1,
V1 = Velocity of the fluid at section 1-1,
fiz,vz,f::. z E:-‘ﬂﬂiw ﬂf'tlhle fluid at section 1-1, and
. mmf qu;;::'ipﬂﬂdl.ng values at section 2-2.
The total qugry. y "fﬂu?d passing through section 1-1=py #1¥1
ALy of fluid pussing through section 2-2 = py 43¥2

From the gy of
w of ¢ N . T B
have F conservation of matter (theorem of continu!ty

(44D
pssible

[

o

Praywy, =
4. Eq.(44.1); 1M1= pgayv,
(4.4.1) is app;
n u:ﬂplicuhlg to the compressible as well as incomP*
ed Eﬂnhnujty equation. :
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n case of incompressible fluids, p; = p, and the continuity eq. (4.4.1)

reduces Lo

State Bernoulli’s theorem for fluid flow

-'B_émnul]i's theorem states thatin a steady, ideal flow of an incompressible
fluid, the total energy at any point of the fluid is constant.

9. Itcanbe mathematically stated as given below,

Pressure energy + Kinetic energy + Potential energy = Constant

2z
v
P .Y 2= Constant

P8 28
9 Bernoulli’s equation for real fluids is,
2 2
B Vi | VAL
et yz= —=+—+ h
pg 23’ 1 pg. 2 22 + L
Where, h, = Loss of energy.

QHG&B. Derive expression for wind power.

Answer
1. The moving wind possesses kinetic energy in it, and can be harnessed
for other applications by suitable conversion system.

2. Let m be the mass flow rate of air moving with velm_:ity v t!aruug.h
opening provided at any time. The kinetic energy associated with this
moving air 1s

E = 1o (46.1)
2

This is maximum power associated within the wind.

3. Fig. 4.6.1 shows the motion of wind through the opening of area (@)

flowing with velocity (v). The discharge rate (Q) of air through the

opening at point 1 and 2is given as,
Q =av
4. Mass flow rate (kg/s) of air through the opening, (4.6.2)
m = pav o(4.6.2.
5. From eq. (4.6.1) and (4.6.2), we get
e ..(4.6.3)
2 wept area (@) and wind

p : ds upon the 8
ower developed by wind depends uj reduces to,

velocity (v). If D the diameter of opening €q. (4.6.3)
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Fig. 4.8.1, Wind flow through the ﬂFEﬂing

n g _.3

mnx, wind = E FD ¥
Que 4.7. | Write down the principle of power generation jp Wind
mills. Derive an expression for maximum efficiency.

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.,

B. Expression for Maximum Efficiency :

L 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
speed.

3. Fig. 4.7.1 shows the ajr flow diagram on rotor, with variation of wind
speed at different sections,

. In s 5
i J il
* _\‘ v, I':XH,, p'. R .P; Ex“
= '_""qu—""--—-_______ \ / 3
E :’\“—_—_ Ve \ Py
—— ¢
T T —— —
o Il}mlautu — Diat‘:‘mw’ —
ANaton in wing veloeity, (¢) Variation in wind prosait®
Bl LT ——
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the air passes thnmgfh the rotor disk, thf'ere is adrop in statie preasurs
4. ch that pressur is’below the atmospheric pressure while
5

blade.

it leaves the

The 500@ 'of the wind also gets reduced in the section (wake) and after
5. this seetion the atmospheric pressure and speed of air again increases.
) a; and a, = Inlet and outlet area of air enclosure,

a, = Rotor swept volume,
v; and v, = 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.
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, -(4.7.2)
¢ Instantaneous loss in kinetic energy of wind as it passes through rotor,

Py= % it (v = v7) .(4.7.3)
10. From eq. (4.7.2) and eq. (4.7.3), we have

mv,-v,)v, = %rﬁ (v: —v%)

v + V., (4.74)
or VvV = I

o
2
11. From eq. (#7.2) and eq. (4.7.4), we have
: (v, +v,) .(4.15)
12. The mass flow rate through turbine rotor,
i (4.7.6)
m o= pay, = Pl [—E—"‘]
8. From eq, (4.7.5) and eq. (4.7.6), we have o
Wi Yy
IJ = [m (}:{_‘;v‘]{vi_vl)[_ 2 }
PR p
l g g ...('-I.T,T;l
Pp= —pa,(v;+ L i ve)
14, 4

For maximum power,

oP;
av,

=0
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15. Od solving 1

v,= o Vi

[
6. On pulting this value in e (4.7.7), we get

8 3
PT. max = _2_':?_ fﬂu?',- ‘
17. The maximum efficiency of turbine is,
Nmax = By uina =_B-><2 ['-'Eiz.l_ \
E, 27 S, ’-'f}
= 0.59

i Some ﬁhysical properties of fluids are as follows :

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

Mathematically, p = 23
v
WhETE, ni= Mass (kg}’ and

v = Volume (m?).

b. Weight Density : It can be defined as the weight per unit volume at 2
standard temperature and pressure. It is also known as specific weif"

[tis denoted by Wand its unit is N/m?,
[..- _ﬂi = IJ']

v

Mﬁithemaat'.ic.allyI W= Weight _mg _ i
Volume o

Specifi : id.

¢ Volume: It js defined as the volume per unit mass of

Mathematically, 1 v _1

m p

It iH the l‘at.iﬂ ﬂfthe Bpeciﬁc WEight thh’a Si\“eﬂ
ht of 5 standard fluid.

to the 8pecifie wElg

S = _Specific weight of g‘ivgil_‘l’-_‘jg...-
Specific weight of standard fluid . 0310
.

Viscosity; It is de

Tesistance 14 .
Shearing Stresses. Its S1 unit is Pa-s and ﬂaSiﬂl::‘t?rl‘““J1 :

; id&ﬂ] fluid
ction Which 48 no Viscosity, It is a measure of the
Caugeg resistance to flow

ned ag the property of a fluid which de pit ¢ P}::d '
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Que 4.9. l Expldinthe following : Y

steady ahd unsteady flows,

_ Laminar and turbulent flows,

4i. Rotational and irrotational flows,

b Compressible and incompressible Mows, and
v. Uniform and non-uniform flows, '

i. Steady and Unsteady Flows :
1. Steﬂ%F flow 1s that 1’-}"13'l=-‘l of flow in which the fluid characteristics like
velocity, pressure, density, etc., at a point do not change with time.

9 Unsteady ﬂpw is that type of flow in which the velocity, pressure, density,
etc, at a point changes with respect to time.

Laminar and Turbulent Flows :

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

9. Turbulent flow is that type of flow in which the particles move in a
zig-zag way.

iii. Rotational and Irrotational Flows :

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 Incompressible Flow's : p—

1. Compressible flow is that type of flow in which the density of the
changes from point to point.

2. Incompressible flow is that type of
for the fluid flow.

V. Uniform and Non-uniform Flows :
Uniform flow is defined as thaﬁt Ly P:‘iﬂ;ic
given time does not change with resj

2. Non-uniform flow is that Lypeé uff?l‘“” n
time changes with respect Lo space:

i-

E:

H

flow in which the density is constant

[ 2 velocity 1y
flow in which ihe velocity at ai!

{ to space.

1 -, ¥ ' |:
which the velocity at any glvun
]

wing:

: ‘ - , | Write short nole on follo
: ” L flows,

riticul flows, and

L Subsonic, sonic and H“l""rsu““.
. Buberitical, critical and supere

flows-
li. One,two and three dimﬂﬂﬂi"'“‘]
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- ?);%ic Sonic and Supcrsﬂnic Flows :
Subsonit ris less than 1 (M < 1), flow is subsonic -

1

: Mach numbe . :
i ;ﬂt':ch pumber is equal to 1 (M = 1), flow is sonic flow,
9 When M ater than 1 (M > 1), flow is supergopj, o
2 ;

1 number 18 gre cad
When Mac Critical an d Supercriti cal Flows :

e itical,

i ﬁ:;‘:l’:ﬂu . aber s less than one (% < 1) the flow is suberticg g,
2‘ When Froude number is equal to one (Fe = 1), the flow is critica) flow,
3. When Froude number is greater than one (Fe > 1), the flow is supercritiey)

- flow.
sii, One, Two and Three Dimensional Flows :
1 One dimensional flow is that type of flow in which the flow parameter
such as velocity is a function of time and one space co-ordinate only.

9 Two dimensional flow is that type of flow in which the velocity isa

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

Explain the force exerted by a flowing fluid on a

étationary body.

1. The total force (F,) exerted by the fluid on the body
the surface of the body. Thus the total force is inclined to the

motion.
2. The eomponent of total force (F,) in the direction of floW ig called drég

and is given as,

is perpendicular 10
direction of

2
F,= Cp 7
- 2
ere, C, = Coefficient of drag. the
rpendicular 10

3. 'ﬁe component of total force (F,) in the direction pe
ection of flow is known as lift and is given as,

F = C, oy
Whe .
ere, C, = Coefficient of lift.

FI l

I Fr

Fy

Stationary body
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| Discuss the following parameters :

i, Pitch angle ii. Pitch control

+ Tip speed ratio iv. Solidity

v. Angle of inclination  vi. Angle ofincidence
vii. Nacelle viii. Yaw control.

1, Pltch 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
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 cefined as the percentage of the circumference of the
rotor which is filled by the rotor blades.

Solidity (s) = i
nd

Where, N = 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.
Angle of Incidence (i) : It is the angle between th
vector and the chord line of aero file.
Nacelle : It is the assembly consists of wind turbi
Benerator etc., mounted in a housing.
g Y-n W Control ; Control of orienting the axis 0
Irection of wind is known as yaw control.

" e relative velocity

Vii, ne, gears, bearings,

f wind turbine in the
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Angwer |

1/ Aerodynamics is the branch of science which,

deals With i,

N

motion and their mechanical effects, ang il
2. Nomenclature of aerodynamics is as given below . |
v = Impinging wind velocity, !
vy = Wind velocity in plane of rotation dye to b]adet ‘ ;
Vg = Resultant wind velocity, iy

F; = Lift force perpendicular to Ve
Fj, = Drag force perpendicular to Vp,
Fp = Resultant force on blade,
Fy.= Component of Fy producing torque,
F,, = Thrust force component,
a = Angle of attack, and

B = Pitch angle.
Undisturbed wind
Plane of rotation (Torque)
Relative:_ Chl}'ﬂ lina
wind F. - Loy A

Fig ]

3. Blade is moving in the plane of rotation and it sees a taﬂgenti*‘]wm&

velocity vy, in the plane of rotation

4. vpis the resulting wind velocity, which is the vector sum of tangentis

velocity v, and impinging wind velocity v.

; the
5 Thelift force F . acts perpendicular to the resultant velocity v 334

drag force F pis parallel to V.
6. The vector sum of lift force F, and drag force F,is Fg.

7. Now resolve Fp into two forces i.e., Fy, which is torque P!

dosig®

tomponent and F; thrust producing component.

8. The tower and structural members of the wind turbine must be

to withstand Fy

"

oducid

9. The vector diagram is centred on the centre of lift of the 8¢

blade,

g
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le of attack{@)is very important param il
_ eter and it d i
-determineg

¢ as fol .
piameter of the Rotor : ollows :

The diameter of the rotor is determined from th
and the rated power output.

g The generated power is given by,

P= Pﬂnfnmcp

= 1 3
- EPA?E ne“mc.ﬂ

€ operating wind speed

— % T pDZ vi _ng_qmcp
Where, N, = Efficiency of mechanical transmission and
n, = Efficiency of electriecal generation.
b. Choice of the Number of Blades :
Itis obvious that the efficiency of power extraction from wind depend on
the proper choice of the number of blades.

2 There will be little power extraction if the blades are so close to eac‘h
other or rotate so fast that every blade moves into the turbulent air
treated by the preceding blade.

% Itwill also be less than optimum if the blades are so far apart or move so
slowly that much of the air stream passes through the wind turbine
without interacting with a blade. -’

4 Thus, the choice of the number of blades should depend on the TSR
tip speed ratio).

=

“ Choice of the Blade Profile and Material: L

! For low TSR water pumping wind mills, the blade is generally a

metallic plate, _

* Insome casesit is a simple, circularly curved metallic EFFE::nwrll:ﬂ:klE:‘;:
tertain aerofoil-like characteristics, bul ‘with uni ﬂhla Jes have to
0ughout the blade, Because of their low rigiditys ”’”s?ﬂ

d, be ixed to a circular metallic frame for gtructural support:

L gll_:oice of the Pitch Angle :

2 Aﬁjs“ﬂh angle is given by 8 = I-¢ vary Lo ensure an

1 also !
o be blade, f shovl sivable
:Dtlim:?an;ﬁ;?:cl:;;?; oai;lfpnints of the blade, Thus the des

vt along the hlade can be calculated easily.
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. T
The Tower :

e.
. ; is wind turbine, the towe
1~ In a horizontal axis win ' I Support
machinery. including the blades, the gear box, the gener;t;he Whoje
control equipment. T anq
9. It therefore requires high strength which is achieveq With
concrete structure based on tubular or lattice construction & stee]
3. Itisnecessary to aveid amplification of vibration through carefy]
of the resonant frequencies of the tower, blades, rotor, et desig,
f. Transmission System and Gear Box :
1. In general, the optimal speed of rotation of an electrica] generatyy
much higher than the optimal speed of a wind turbine. %
2. In order to ensure that a low speed of the turbine produces , ki
rotational speed at the generator, a gear hox is inserteq i, th
transmission system., %
3. If the great system has fixed gear ratio, the transmission system is
relatively simple and inexpensive.
PART-4
Wind Farms. i i
Questions-Answers g

Long Answer Type and Medium Answer Type Quest

?—Q.:I.Ill}iﬁlﬁ. Write a short note on wind farms.
‘Answer
: s
1. Wind farms or wind parks often have many turbines generator & o
i ik tal
2. The wind farms are open spaces away from forest, cities and;:]fnuzﬁdnot
so that average annual wind speed should not be less than 70/
away from the distribution centre. ;
3. Since ez_u:h turbine extracts some of the energy of the “’i"fd' i ::enerﬂf
:.u provide adequate spacing between turbines to avoid €x¢
0ss.
4. Awind farm has 10-50 turbines unit depending on its size. oot
5. ee to fIY® 19

;‘{'hﬂrﬂ land area is sufficient, turbines are spaced thr dfive® .,
lameters apart perpendicular to the prevailing wind, a0 i

rotor rhamatens apart in the direction of the Prevailins' wind,
the loss nefficiency,

i
|

4
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A \Pﬂrametersto bec W e lorw
onsidered while selecting a sit
g0 ite for wind farms are g
8

| Flatopen area should be selected,
Pt open as the wind velocities are high in flat

g The propesed altitude is to be selected by taking average wind
e wind speed

data.

g Minimum wind speed should be available throughout the yea
4 Ground surface should be stable and high soil strength )

5. Tominimize the transmission ]
0 -
consumers. sses, the wind power should be near the

g It should be at least 5 km away from the cities to reduce the effect of

noise pollution,
7. Lowland cost.
8 Approach roads upto site.

;Canu_ersi.an.

wergy

| CONCEPT OUTLINE .

Geothermal Energy : The enormous amount of energy available inside
I:‘hﬁ earth in the form of heat ig known as genthermal energy,
reothermal energy is a form of renewable energy and inde pendent of

—_5un, having the source of nutura] heat inside the earth.
-‘-‘--_-_-___———-—

Quast.mns_;ﬂ.uswerﬂ

lomg ﬁmw&rType ppd" Mediwm Answer Ty

L u i _________.———'—'__-_._-__,_.——_
s used for gﬂnemtiugthv power

——

1. | Discuss different system

: i yymal
: er using gﬂuthm
ed for generntmg the pow

Ner
BY are given below :
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ted Power Plant : X

inated power plant, steam is extracted from
tor to remove particulate Cﬂite ke
n

rdom
turbine.

od through a EUpAta
the turbine coupled with the generg
or at a

ly to a steam
Steam then operates
245 °C and pressure 7 bar which are Jog e
8

temperature of about
those in conventional steam cycle plants.

- of geothermal plants is low, i.e., about 20 %

Thus, the efficiency
turbine passes through a condenser anq ¢,

Exhaust steam from the
water so formed circulates through the cooling tower.

It improves the efficiency of the turbine and controls environmenty|
pollution associated with the direct release of steam into the atmosphere,
e cooling tower sump is re<injected into the

Waste water from th
] to ensure continuous supply.

i a vapou

wells, pass
flows direct

geathermal wel
| Steam
turbine
Generator
3 phase
Centrifugal supply
separator Y
Direct contact| o
v condenser Cooling
alve
) water

Production well
w_well i

D”‘Sﬁ?&m
"Fig. 47,1 Vapour dominated poer paEE.
Liquid Dominated Power Plants :

These
e
, 8 mixture of hot water and steam under high

There a
o re two types of liquid dominated power plants:
ashed Steam System : f
mutuﬂ’ o

1. Flashed :
geoth:ms:latfe m is preferred for high temperatire. foo
rine and steam with low dissol” impur!

they % **
pressU™

J'
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St !
Bteam Turbine

Generator

Cooling

Condenser tower
a
Cooling water
Flash . pump
chamber Hot brine Condensate pump
duction E ) Pump B
mel,.:n - Reinjection
M well
SEEEEECE EEFESEEEL
ZEEEREERT Blow down

Geothermal fluid
T S LR NG T A U e 0 T
2. Geutherma.l fluid (mu:ture of brine and steam) passes through a

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.

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

ii. Binary Cycle System :

1. A binary cycle is used where geothermal fluid is hot water with

temperature less than 100 °C.

Vapour flow
N
Generator
Turbine
Cooling
Heat VaWEE
exchanger
Valve
Pump
il ——

Production Reinjection
well well

ig. 4:17.3, Schematic view of binary eyeld aystom.
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ates with a low boiling Pﬂinm

kiﬂg nl:l]d il'l "

.\ This plant oper :
: ihemlljod}rnamic closed Rankine cycle.
. d reservoir circulates thy,
Jot brine from undergroun o
3. :,:::.hanger and is pumped back to the ground. gh g heat
{ exchanger, hot brine transfers its heat to the orgg: .
4. Inheatex a superheated vapour that is useqd ingame fluig

thus converting it to
closed Rankine cycle.

8 Standapg

Que 4.18. | Write the difference between geothermal powe, bl

and thermal power plant. AKTU mlﬂ-ﬂ],m 10
Answer |
S. No. | Geothermal Power Plant Thermal Power Plnnt_'——
1 | It uses inexhaustible source of | It uses exhaustible source of |
energy. energy.
2. | It is more environment friendly | Itis less environment friendly.
3. |These power plants in some | There is no such problem.
dangerous cases can cause
earthquakes.
4. |It is mainly used for power | It can be used for various
generations process. industrial processes. .
5. | Set up cost is high. Set up cost is low.
6. | By-products of these plants are | By-products of these plants cat
not used. be used. R
7. | These plants are less flexible. | These plants are _m_t}ﬂﬁ{’ﬂle__;
8. | Specified areas are required. No such restrifﬂi'l__ﬂl_________,.
: ergy
Que 4.19. | What is the working principle of ocean thermal en

conversion ?

Answer l

8 . +hat ther®
. r.rh‘* principle of ocean thermal energy conversion (OTEC) ti;]::en and
18 a temperature difference between water at the bottom of
the water at the top. and
) iné
2. This temperature difference can be used to operate @ heat 008 toF

N wattd
most of the radiation is being absorbed at the surface 1ayer of

P
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3, The mixing between hot and cold water is prevented because no t .
convection oceurs between hot and cold water layer. Thig mr-'m:; t,hEEl
the surface’layer will act as a source and cold layers act as a sink.

n 'Ehe'q"-éi‘nre, it is essential to connect the reversible heat engine between

source and cold sink to produce work that can be converted into required
applications.

at,

e 4.20. | What are the types of OTEC system ?

| it

pT

h Fuiluiving are the two basic types of OTEC system :
a. Closed or Anderson Cycle OTEC System :

1. Inthis 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.

2.  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.

3. This vapour expands in the turbine to develop meehanical power and it
is used to drive an electric generator which produces electric energy.

4. 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 low in the range of 2to
3 % only.

[ Turbine
Vapour ’/' Generator
freon
Surface =+ )
water discharge
<+ Heat Condenser
exchanger Condensed water
do % ocean
; Liquid Cold water pump
Warm water Feiin Atk
from sea pump
surface

Fig. 4.20.1. Closed or Anderson cyole OTEC plant.

b. Open Cycle or Claude Cycle OTEC System :

1. Inthis system, the warm water from ocean surface _is nc_imitte;l thl:ﬂl:l%ﬁ
the deaerator to the flash evaporalor which is maintained under hig
vacuum. .

2. Asaresult, alow pressure steam is generated due to thrutt!ﬂ}l}ﬂ J;ﬁiit‘
and the remainder liquid is discharged back to the ocean at hig fIJ' :

3. The deaerator also removes the dissolved non-condensable gases ToL
water before supplying to the evaporator.
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X e ing very high specifie volume
Yow pressure steam having : Cisg
i gﬂls;ine 111'!mro it expands and the mechanical power so de
'cmwm‘ied into electrical power by the generator.

Ft_u{““ I"l-nnl Ll“'hi"ﬂ iS (liﬂﬂhﬂl‘ged iﬂt.l'} a di]'ec‘t Eantactt
xes with the cold water drawn from

UPpligq
""-"ﬂpad::

The exhaust .
heat exchanger and mi
depth of about 1 to 2 km.

6. The mixture of condensed
into the ocean.

Vacuum pump

=1

steam and ocean cold water are dischargey

Non-condensable gases
Generator

Deaerator

Exhaust steam

Warm water

evapc “ator

from ocean q_'._rl - Direct contact
surface condenser
Condensate to ocean

Liquid
(brine) to
ocean at | Cold water from
depth ocean depth

Answer I i
1. Tides are generated by the action of gravitational forces of the :;ig:ﬂ
its

the moon in the ocean, by the spinning of the earth about
the relative positions of the earth, moon and the sun.

. est
2. The highest level of tidal water is known as high tide and th o

level of tidal water is known as low tide. i€
4. The level of difference between high and low tides is called tidal ¥
4. The tides are the periodic vertical rise and fall of geean wate™ |

, : : . eal to AN
6. The tidal rise and fall of water accompanied by periedic horizont?

fro motion of water is called tidal currents.
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g. The tidal curr;m&f flow in horizontal direction and have kinetic energy.
This energy A& edlled tidal current energy. :

7. Therisg and fall of the water level follows a sinusoidal curve,
Pgi@ﬂ"indicatns the high tide point and B indicates low tide point.

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

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

Lunar day 24.83 hour
-IT-—- o

Water range
““";’ W \_/

. B -
Tidal Tidal
. cycle _>|"_cyc1e '_"l

Fig. 4211,

Que 4.22. | Explain with sketches the various methods of tidal power

generation. Write the advantages and limitations of tidal power.
OR
How tidal power plants are classified and what are the limitations

of tidal power plant ? AKTU 2019-20, Marks 10

e ShEe e RR .- 1
Answer
E e S Pl

5

A Princii;le : To utilize tidal energy, water must be trfapped.at high tide
behind a dam or barrage and then made to drive turbine as it returns to

sea during low tides. The available energy is proportional to the square
of the amplitude.

B. Components of Tidal Power Plant : Main components of a tidal
power plant are :

. Barrage : It is a dam of low head and requires the following features

a

L. Less sloppy towards the ocean and basin side.

2. It ghould be able to withstand the shock load of tides and wave.
d

4

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. |

. * i !

b. Bluice Gates : These gates are opened by water pressure Judi
mechanical means is required.

¢  Turbine: The Kaplan or bulb type turbine is used to ppli!::t:lrl ;

head and the entire turbine generator unit is submerged i the

with low
waler.
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H.Err_.nt

d. Bag‘zi?nvt"f‘hn basin can be single, pair or multipl
:j-{{gis?’gns.
€. Working of Tidal Power Plant :
1. The working of tidal power plant is described accord ing to the g
i}

basins.
2. TFollowing two types of basin system are as follows :

a. Single Basin System :
In a tidal power plant (based on single basin system), the power houat ;
situated at the mouth of basin. Seis |

2. The hydraulic turbine in the power house only operates during ¢,

discharge of water from the basin during ebb tide and during the high

tide the basin is again filled.

The direction of flow through the turbine during the ebb and flogq tideg

alternates and generation of power is accomplished, both during the

emptying and filling cycle of basin.

4. Though the double cycle system has only short duration interruptions
in turbine generator operation, but the continuous power generation is
still not possible.

5. Further, the power generation coincides occasionally with the peak
power demands. This problem is overcome in double basin system,

s

Qcean at
low tide

Turbine and gate

b. Double Basin System : |

1. This system has two basins at different levels and a dam is provided™®
between these basins, 1

Z _Inlet and outlet sluice gates are provided in the dam and the water le‘:‘e. |
'n upper basin is maintained above the level of water in the lowe the |

3. When the water level in upper basin is maximum during high tldﬂi'sins
inlet HIU!L‘E i8 closed and the level of water in lower basin keeps 0B
due to discharge of water by the turbine. ;

d Whasy the level of water in lower basin equals during the oot}
outlet sluice is opened and it is closed when the water level 7e3¢%
minimum level which g equal to the level of water in upper

E . .
2 Again the inlet slujce i opened and the cyele is repeated.

¢
stoité

i

P
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e —

Inlet sluice —m Upper basin A

Sea

Outlet sluice «—
Lower basin B

 Fig. 4.22.2. Double basin system.
D. Advantages of Tidal Power : |
1. Protection of coastline against damage from high storm tides by providing
a barrage.
9. 'The main advantage of tidal power plant is that it is inexhaustible.

3. It produces electricity reliably.

4 It is unaffected by the changing mood of the nature such as failure of
monsoon.

5. Itis pollution free.

E. Limitations of Tidal Power :

1. Initial capital cost of plant is very high and needs long constructional
period.

2. Output power is variable due touneven operation.

3. Sedimentation of basin is a serious problem.

4 Due to variable tidal range, the efficiency of plant is affected.

5. Marine lifeis affected.

PART-7
* Wave Power.

Que 4.23, | Discuss the working prineiple of wave energy conversion

system,

Aﬂ!wEr
: he ocean surface

1. Ocean waves are created by wind interaction witht :
because the wind

and are an indirect form of utilizing the solar energy,
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is created b ,,jmqmmliffm'cnuusint.he arth atmosphere
is created b pres:

duet{} Ung

e Tug)
solar heating.

Ty wnergy transferred to water h_y wind is kineti_:: a8 wel] ag Poteng
energy and it depends upon the wind speed, blowing time of Wing a::]I
distance of wind travel over the sea, » g

3. The blowing wind creales a pressure over L!le surface of tceg
and air pushes down each particle, which again comesg up. So, it
moves up and down in cireular path.

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

5. These waves travel a long distance as they Propagate apg 8
continuously strengthened by the new wind as they pass and ; etain
their energy even winds die down.

n Water
3Ctua[]}.

6. The ocean wave energy is created because of periodic to and fro, up and
down motion of water particles in the form of progressive waves,

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
mechanical means and harnessing this oceanice energy of waves has
been developed over pPast 30 years using wave machines.

Que 4.24. | What are the advantages and disadvantages of wave

power ?
A Advan tages of Wave Power:
. Itigac 7
ok oncentrated form of energy and can naturally accumulate over
2. Itisan ecofriendly rep

. Disudvanlages of W

ol -~ =1 B
'-a
=g
']
o 2
=
=
e |
=
=
(o]
=
in
=3
=
1
(14

The devi : .
‘Vice operates in gep ction,
i 4n and nee : : constru
Maintenance, ang reliabiligy, ds consideration for

W

Capitg] cost of system j

8 high,
mhl&m in maintenan

e occursg,
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PO Hydropower.,
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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 Hydropower :

1. Controlling the floods in the rivers,

2 Storage of irrigation water.

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

L H}'druut;l;ectric power plant converts the hydraulic energy of water into
electrical energy. |

2. The level of anyplace is higher than sea level, thus rain water falling
over the earth’s surface possesses potential energy relative to sea Or
ocean and flows towards sea. |

3. This datum (potential) energy (head) of rain water available at app_re;xal;lc
vertical height is converted into mechanical energy by allowing the
water to flow through the hydraulic turbine runner.

4. The mechanical energy is then utilized to run an electric generatol

coupled to the turbine shaft.

Hydroelectric projects have long usefu

help in opening of avenues for the deve

dreas.

Nearly 20 percent of the total power requirement

hydroelectric power plants.

i ent of
ml Give general layout and function of essential elem

hz"dl'oelectric power plant.

o 1
| life extending over 50 years ans
lopment or remote and backwar d

o

of the world is met by
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W
persad

7~

: hows a general layoyt of
. O t: Fig. 4.26.1 shows 2 hyq
v Gﬂnﬂ?l:::f?: which an artificial storage rege
ower :

L) P
e r“rml:?nc
i
P tructing dam has been shown., hj
constr
Surge
Reservoir Dam tank

- Valve
i house

=== Pressure
== tunnel

-

Penstock

Power station

B. Functions of Essential Element of Hydroelectric Power Plant:

L Reservoir : Its purpose is to store water which may be utilised to run
the prime mover to produce electrical power.

lised in
u.  Dam : The function of dam is to provide a head of water to be utilised
the water turbine,

g try
i Trash Rack : The purpose of providing a trash rack is to pr 9‘”3;1;::; B
debris which might damage the wicket gates and turbines ru
mean choking of ng

zzles of the impulse turbines.
iv. Forebay : The for

temporarily whep
mitial inereage on
the ¢a

: ing water
ebay serves as a regulating reservoir e Un\.]:riter for
load on the plant is reduced and pr ﬂ:wd:irnﬁa water
r account of increasing load during which
nal is heing accelerated, o space
Surge Tanj : This may he considered as an additional stor®é Jants

; "
m;lﬂr the tur hine, usually provided in high head, mﬁd'“tt;l;uu aud
w €n there jg 4 considerable distance between the wa

essitates a long penstock.
vi. Penstock . 1y is

. m
Workg 4 conduit, system for taking water e
rks and fnrehay to the turbines,

the int***
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vii. Spillway : Th_tg may be considered a sort of safety valve for a dam. A
spillway sexves to discharge excess in the reservoir beyond the full
permissible level.

viii. Power House : It is generally located at the foot of the dam and near
\the storage reservoir.

iz, Prime mover : The purpose of prime mover is to convert kinetic energy
of water into mechanical energy.

©O©



Systems and Syntheg;,

——

Part-1 Overview of World Energy ...................c.i. 5-2G to 5-3G
Scenario

Part-2 : Nuclear Radiation, Fuel Cycles.......\"...... 5-3G to 5-5G

Part-3 : Waste and Proliferation; .....cio................. 5-5G to 5-8G
Climate Change = e

Part-4 Energy Sturage .......... 5-8G to 5-10G

Part-5 Energy Conservation, .............ccm... 5-10G to 5-12G
Engineering for Energy Conservation

Part-6 Concept of Green Bui]_dings csesiensnsiasens D-12G to 5-16G
and Green Architecture

Rart-7": LEED Ratings..........o.ecomesyuvsnnssonesess 5-15G t0 5-166

Part-g Idemiﬁc.af.ian of Energy Related ........ 5-16G to 5176
Enterprises that Represent the
Iir:eaijh. of the Industry and
Prioritizing these as Candidates

Part. : ; -

T ﬂmhmjmd Energy Analysis and ........... 5-17G to 5-186

286 as a Tool for Measuring
Suslainability

Part-19 .

{E'nE_rgg Audit of Facilities and
lel.lmlzatiun of Energy
Consumption

6-1G (ESC-Sem-3 & 4)



52G (ESC-Sem-J & 4) - Systems and Synthesis
e ——

..---"'—'__

B

S oo
%O

K&

Dt}er‘mew uf World Energy Scenurm

Questmns-ﬂnswara

Que 5.2,

Ma‘jorlj*mthere are three world scenarios which are discussed as :
Modern Jazz :

It is a market led, digitally disrupted world with faster paced and more
uneven economic growth. :

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.
Unfinished Symphony :

Itis a strong, coordinated, policy led world, with long term planning and
united global action to address connected challenges, including
inequitable access and affordable decarbonization.

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

Hard Rock :
Itisa fragmented 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
s also evolving into a story of regionally firmer security foundations
rather than total fragmentation and harder rocks,

Discuss data of energy consumption in India.
OR

R
View the energy scenario in India in brief.

AKTU 010-20, Marks 10|
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2.

iii.

wer | \ .
40 1947, the total power & eneration cApacity was only 15 My

In India, in 13 .= 000 MW, of which 69 % (45
and by 1991 it grew to 65,0 000 M’w] W,

g i ts.

Hydro Plant : o a
The total Indian hydm-patentlal is 84,000 MW.

: s 18,443 MW (March, 1991) compare to 200 -
The installed capacl -1; £08 MW at the time of ind ependence, kwln

1897 (Darjeeling) an . ‘
Nuclear Power Plant : Presently, In India, about 2.3 % of generatip,
capacity is nuclear based. This corresponds to about 1,500 MW of the

installed capacity comprising 8 units.

Coal Plant :

Coal power plants are now getting maximum attention, since coal is
abundantly available and the implementation time is relatively short,
Thermal power generation capacity during the 8" Plan is 28,000 MW
and during 9 Plan is 32,000 MW.

Renewable Energy :

Renewable energy hardly makes any contribution to the total energy
production.

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

2 g PART-2 [fifiinans - .
" Nuclear Radiation, Fuel Cycle.

CONCEPT OUTLINE

N :

sel:izl;:;dff}m! Cycle : It is the progression of nuclear fuel thr?ugh X

the pre ering stages. It consists of steps in the front end, ""h,":h -
Preparation of fuel, steps in the service period in which fuelis

during reactor o :
peration and steps i :h are necessary
to safely manage the I ps in the back end which

— . Questions-Answers .
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‘Answer

A
1

i,

iv,

Nuclear Radiation :

Nuclear radiation refers to the particles and photons emitted
reactions that involve the nucleus of an atom, It is also known as j
radiation.

during
onizing

The particles emitted by nuclear reactions are sufficiently energetic
that they can remove electrons from atoms and molecules and ionize
them.

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

Tonizing subatomic particles released by nuclear reactions include alpha
particles, beta particles, neutrons, positrons, and cosmic rays.
Example : Fission of U-235.

Types of Nuclear Radiation :
Alpha Radiation :

Alpha radiation occurs when an atom undergoes radioactive decay, giving

off a particle called an alpha particle consisting of two protons and two
neutron.

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

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

Beta Radiation :

Beta radiation takes the form of either an electron or a positron being
emitted from an atom.

Due to the smaller mass, it is able to travel further in air, up to a few
meters, and can be stopped by a thick piece of plastic, or even a stack of
papers. It can penetrate skin a few centimeters, posing somewhat of an
external health risk.

Gamma Radiation :

Gamma radiation, unlike alpha or beta, does not consist of any particles,
instead consisting of a photon of energy being emitted from an unstable
nucleus,

Having no mass or charge, gamma radiation can travel Imuch farther
through air than alpha or beta, losing (on average) half its encrgy for
every 500 feet.

X-Rays : .
X-rays are similar to gamma radiation with the primary di
that they originate from the electron cloud.

fforence being
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moving from a hig
energy to be released.

Gl PART-3
Waste and Proliferation, Climate Change,

CONCEPT OUTLINE

Nuclear Waste : Radioactive by products resulting from fusion, fission,
refinement or processing of radioactive materials is known as nuclear
waste.

Climate Change : It refers to the significant changes in glohg|
temperature, precipitation and wind patterns, etc., that occur over
several decades or longer.

A Sourc'és of Nuclear Waste :

Nuclear Fuel Cycle :

Waste from the front end of the nuclear fuel cycle i usuﬂ

alpha-emitting waste from the extraction of uranium. It often cot

radium and its decay products. that
a

Th'E.E back end of the nuclear fuel cycle contains fission Pwduﬂficlﬁ
emit beta and gamma radiation, and actinides that emit alpha par
such as J-294

Nuclear Weapon Decommissioning :

Waste from nuclear weapons decommissioning :
much beta or gamma activity other than tritium and amer! ;
:'h’iﬁl}“'_‘_ﬂ't: .fl'_kllily Loy cm}tuin alpha-emitting actinides such &
“U1s a fissile material used in bomb.
Legaey Waste ;
This waste jg
uranium i
contamipatp

. '|,t1].'i1:l
is unlikely t@ i
ciu_ﬂ!..

due to historic activities typically related © "3‘;::'
g, and military programs, numerous sites
d with radioactivity.
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iv. Medicilll?k

1 Had_ipa&i?é medical waste tends to contain beta particle and gamma ray
emitters.

A Jndustry :

M. Industrial source waste can contain alpha, beta, neutron or gamma
emitters. Gamma emitters are used in radiography while neutron
emitting sources are used in a range of applications, such as oil well
logging.-

B. Typesof Nuclear Waste :

i Low Level Waste:

1. Mainly generated from nuclear fuel cycle, low level nuclear waste
includes materials that have been contaminated by radioactive
substances.

9 Thewaste also includes items that gain radioactive property after getting
exposed to neutron radiation.

3 The low level nuclear waste consists of clothing, wiping rags, mops,
filters, reactor water treatment residues, equipments and tools, luminous
dials, medical tubes, swabs, and injection needles, among others.

ii Intermediate Level Waste :

L Asit contains higher amountsof radioactive materials compared to low
level waste, the waste requires special shielding.

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

iii. High Level Waste:

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

Que 5.5, | Write a short note on proliferatio

nuclear reactors.

The waste comprises highly ra
elements produr.-ed in the core o

dioactive fission products and transuranic

f a nuclear reactor.

n concerns related to

Answer

—_
=

o

21 * ® : = an g 1 3

Since uranium and plutonium are nuclear weapons matel ials, the

have heen proliferation concerns.
dition to Pus23%,

plutonium. In ad »
it contains large

@r wenpons,

h as Pu-2407Fu-sd b
1wl more

Or dinarily, plutonium is reactor-grade
which is highly suitable for building nucle
amounts of undesirable contaminants suc
Pu-238. These isotopes are extremely difficult to separate, ul

cost effective ways of obtaining fissile material exist .
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g full of highly radioactive fission productg, most o

Hislylevel wastel '
g ftl;rmh are relatively short-lived. | ) .
Thi is a concern since if the waste1s stored, perhaps in deﬁpgmlﬁmm
1. is -or many years the fission products decay, de“"fasing o
storage, OVe making the plutonium easier {o L. .

o d
dioactivity of the waste an
radi -240 decays faster than the Piags

i inant Pu
ndesirable contaminan dec than |
5. I[}:{: til]'lms the quality of the bomb material increases with time althﬁ‘l}gb

its quantity decreases during that time as well.
6. Theseall concerns lead to think over the invention of such a technology
" that can help in reducing the proliferation of nuclear waste.

Que 5.6. | What are the causes and effects of climate change ?

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.

2. Greenhouse gases in the atmosphere trap the reflected energy,
redirecting it back down to the earth and eventually contributing %0
global warming.

3. While some of lthBEE greenhouse gases, such as water vapour, are
naturally occurring, others, such as CFCs, are synthetic. CO, is release
into the atmnsPhere from both natural and human made causes and i

_ ome of the leading contributors to climate change.

ii. Deforestation :

g? fﬂr: o and climate change often go hand in hand. Not only does

e;’::;:ﬁ:ﬂgf mﬁrease deforestation by way of wildfires and other

Sarcing. ather, but deforestation is also a major contributor to glo

2. Deforestation is :

t . a use
~ Basesor climate cli::na;c.und leading contributor to global green™

iii. Human Activities ;

1. ‘The most gign; |
fossil fuiiﬁ?ﬂl}ﬁcan} contributor to climate change is the burnt
L Ol or electricity, heat, and transportation. |
ol p[a“::lg:: fttrﬂm]mrtuti"n in the form of cars, trucks, ships: grmt™

Its the largest percentage of CO, speeding up 810

warming and £ :
B. Effeci rémaning u significant cause of climate change:
¢ts of Climate Change ;

L Extreme Weathey ,

Changes 4 weathe
change fyr 4}, ave

L

ng of

£l ” ﬂte
" are perhaps the most noticeable effect of clith
rage person,
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9, aEnx;rll::;i ;’;;:;:E; :;!;E;il::&d hj-rlclimal.e change includes stronger storms
~ leanes, 8, wildfires, more flooding, heavier droughts,

i Health : Climate change related health risks may include :

1\ Injuries and fatalities from severe weather.

2. Asthmaand cardiovascular disease from air pollution,

3. Respiratory problems from increased allergens,

4, Diseases from poor water quality.

jii. Negative Impact on Ecosystem :

L

L

iv.

Ecosystems are interconnected webs of livin organisms that help support
all kinds of plant and biological life. ? -

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.

Rising Sea Level :
Rising sea levels could have far reaching effects on coastal cities and

habitats. Increasing ocean temperatures and melting ice sheets have
steadily contributed to the rise of sea levels on a global scale.

It will causing increased flooding and decrease in ocean and wetland
habitats.
Shrinking Ice Sheets : .

While contributing to rising sea levels, shrink.ing i.ce sheets present
their own set of unique problems, including increased global

temperatures and greenhouse gas emissions.

’ _: Long @wﬁ- Type and Madium Anawer 'pra Quehti-n.m.:.a

— e ———————

Que 5.7, | What do you understand by energy storage 7

2,

ms are essential to the operation of power systems.
e

Energy storage syst nd impreve the reliability of

They ensure continuity of energy supply a
the system.
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—( in many forms and sizes. The g;
 Enerfly Storage systems can be in many ; 812, cogt.
’ aﬁﬁlﬂbili ty of an energy storage system highly depend on the form of

the stored energy. " 3
4. Energy can be stored as potential, kinetic, chemieal, electrumagnet;c

thermal, ete.
5. Some energy storage forms are better suited for small scale systems
and some are used only for large scale storage systems.

6. Forexample, chemical batteries are well suited for small systems ranging
from watches and computers to building backup systems.

Pumped hydropower storage, on the other hand, which stores huge
amounts of energy in the form of potential energy of water, can be
found only in large power systems.

Que 5.8. | Briefly explain the different types of storage systems,
AKTU 2019-20, Marks 10

=1

Answer |

Different types of storage systems are as follows
Pumped Hydro Energy Storage System :

1. Theoperating principle of the pumped hydro storage uses the potential
energy of water keep in a reservoir,

2. 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 oney activates the turbine and generates electrical energy.

4. Stored energy capacity of this system is proportional to water volume of

UPPEE reseérvoir and height difference between the upper and lower
YEservoirs. '

|ukd

(o]

5. This energy storage technology is a large scale and long term energy
slorage system,

0. Compressed Ajr Energy Storage System :

1. 1!: :l:t;;; e}t;ergy storage technology, conventional gas turbine technolng?:;
: .En tio
ooy €rgy 1s stored as compressed air in an underground storag
2. When the power demand ig low, the air is pumped to chamber and

CXCESS energy i :
e nergy is stored, The compressed air in the chamber is conver!
o the electrical ene Y Via gas turhine

3. The compressed ajy is h
via a set of low and hig
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The compressed.air storage technology also has 1 i

T A, A ong life about 4
and it is mnair_lered as long term storage technologies comp atil?]ie:rz
compa_t‘ltive with the pumped hydro energy storage systems "

Battery Energy Storage System :

Batteries are tlie most common energy storage technologies.

The energy is stored in a battery cell as electrochemical energy.

Thei battery celis are connected in series or in parallel to reach the
desired voltage, current and capacity values.

A battery cell composes two electrodes called anode and cathode, and
the electrolyte.

ngeral types 'c:-f thf.! batteries are proposed. All types of batteries have
different specifications, therefore, none of them is suitable for all kinds
of applications.

Flow Battery Energy Storage System :

Flow batteries which are a kind of rechargeable battery are relaﬁvely
recent technology. In this system, there are two electrolyte liquids in
separate tanks and an electrochemical cell is present.

In the electrochemical cell, a membrane is held between two eleﬁtr odes.
These electrolytes are pumped through the electrochemical cell and ion

exchange occurs through the membrane.

Today, three types of flow batteries are commercially available in the
market : the vanadium redox battery, the polysulphide bromide battery

and the zinc bromine battery.

Hydrogen based Energy Storage System :

The hydrogen energy storage system consists of electrolyser, hydrogen
storage, fuel cell and power conversion stage.

Hydrogen can be obtained via water electrolysis, and energy required
for this action can be obtained from renewable energy sources or
conventional energy sources.

The obtained hydrogen can be stored in met
or metal hydrides.

al or composite tanks as gas

.F'A RT-5
ring for Energy Conservation.

e

Quesﬂpns-ﬂnﬁwers s N\

1 ong Anewer Type and Medium Answer Type Questions

S

g —
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derstand by energy conservation, 9
Que 5} What do Yo 12

on refers to the methods of reduction in epg,

’ 3 '
y vati ;
1. Energy conser mination of wastage and Promotion o

consumption by way of eli
efficiency. ,
Energy conservation is the key elemen .
rgy consumption by adopting various —_—
ich includes efficient use of technologies and

of energy management.

3. We can reduce the ene
energy conservation wh
avoiding energy wastages.

4. The various principles involved in energy conservations are :
i.  Optimal control,

ii. Optimize capacity,

iii. Optimize load,

iv. Use efficient processes,
v.. Reduce losses,

vi. Energy containment,

vii. Examine energy conservation opportunities, and
viii. Energy storage facilities.

Ene_rgy engineering or energy systems'engineering is a broad field of
engmeering dealing with energy efficiency, energy services, facility
management, plant engineering, environmental compliance, sustainable
;nergy and renewable energy technologies.

NErgy engineering combines knowledge from the fields of pby oL

math, and chemi : _ ‘ :
Pract;cea. Stry with economic and environmental engineer®

Energ}r 1 1 y |

Energy minimizatian : ;
at 0 “ . : nﬂ.
Often applied to bl:ﬁgi:lﬂéthe main purpose of this growing disciRUl.

Heating ventilat: design, heavy consideration is given 10
ta '
reduce Energyl ﬂ:;jn il conditioning), lighting, refrigeration. to bo
8 and increage efficiency of current systems-

tare . ?
the key responsibilities of an energy eng'" =
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Key responsibilities of an energy engineer are as follows :

L Identifying t.he area of high. energy consuming sources and designing
and developing energy efficient processes in such areas,

# \Introducing innovative energy efficient processes and implementing
the same in the organization for high energy efficiency.

3. Conducting on site and field observations, collecting energy efficiency
data, and analyzing the process of energy efficiency used.

4 Evaluating energy efficiency by reviewing architectural, mechanical,
and electrical plans of the organization, consulting the engineers for
installation of energy efficient systems like climate control systems, day

lighting design, etc., and preparing technical reports for implementation
of energy efficient designing.

5. Taking pivotal role in creating awareness about energy efficient gystems

installed and actively participating in encouraging the use of alternative
energy resources.

6. Managing the construction, designing, and development of energy
management projects as per the guidelines from the federal department
and the budget requirement, performing energy modelling, verification,
and commissioning as per the large scale industrial process.

7. Coordinating with the project management team for overall analysis of
energy management system installation.

g

Long Answer Type and Medium Answer Type Questions

Que 5.12. | What is green energy ? What are the benefits of green
energy ? AKTU 2019-20, Marks 10
A GreenEnergy: 8
L It is also known as renewable energy. It comes from natural ?{;11:@:5::
such as sunlight, wind, rain, tides, plants, algae and geotherma :
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nergy, this means that it is produceq With |
or<it érivironmental impact and does nnl.‘ dispense green itt]
nto the air that contribute to global warming.

eplac il fuels in all major area :
3> Green energy can replace fossil fu o l[;'Jn t s of use inclyg;,,
" electricity, water and space heating and fuelor motor vehicleg,

Types of green energy include solar energy, hydro power, wing
biomass, geothermal energy, tidal energy, etc.
Benefits of Green Energy :

9 Greeneneygy isa cleane .
| | 0
Use gaa‘}g

nergy_

B

1. Green energy is eco friendly.

2. Itis areliable source of energy.
3. Tt requires less maintenance.

4. Improved health conditions.

5.  Green energy never runs out.

Que 5.13. | Define green building. Also write down the features that
makes a building green.

G““f“ Building : A green building is a building that, in its design
construction or operation, reduces or eliminates negative impacts, and
f}a::a::ai;:jelg'umtwe lmpacts, on our climate and natural environment.

; INgS preserve precious natur : i
quality of life. al resources and improve
Features of Green Building :

Effici
‘cient use of energy, water and other resources.
Use of renewab]e energy

Pollution and waste r
recy(:]jng‘

, such as solar energy.
eduction Mmeasures, and the enabling of reuse and

Sl R -

Good indoor enyiy,

nmental aj :
Use of materig], 5 al air quality,

at are non-toxic, ethical and sustainable.

Congiderag; :

ation of the envi

L] i en\"ll‘ L4 . . + :
"-unmderutiﬂn of the g design, construction and upfrtm”“

and operatioy), Quality of life of occupants in design, construction

- S

oo

A desigy that enah)eg ad
Que 5,14,

Answer

Varioyg el

Wi dptation (g g changing environment.
al are (he
¢ Various elementy of green building ?

L2 i
L Bite lem;"""l” of gree are as foll
L g and Do tas follows : _—
neighbourhggg and t?:lﬂ.n ' Design our site to fif into the surroundit®
ork wit, Natural features to pl'uvitle safe P

n huilding
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spaces, shade ourbiilding, and natur
- . " ¥ (v ¥ n
Minimize site impacts by shrinking EII:}; control
developmentwith more compact huildi

i 0 ; ding and parki
takingcawe of trees and soil conditions duringpcﬂn:tfj::iirany TR

Community : Green buildin

s i : gs and developments s

»9?“?““{;:;35 b{? tgw'“g neighbours places to meet estabnzﬁ;.; : i::lg
of place safety, and creating s ', . ;i
e, g spaces for pedestrians and kids, rather

Indan Air Qual:t?f - Achuaving.a high quality indoor environment
requires carfsful design, construction, and materials choices, and thus

strong coordination among the building team. Indoor air quality centers

on well designed ventilation and moisture control, which goes hand in

hand with energy efficiency and building durability.

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.

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.

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.

Water : Conserve finite freshwater resources and reduce utility bills by
d plumbing fixtures, landscaping

installing water efficient appliances and pi Og It )
with drought resistant plants and efficient irrigation, and putting

rainwater and greywater to use.

: storm water runoff.
physical footprint of your

Que 5.15. | Discuss about green architecture in detail.

Green architecture is a sust
includes both design and const
Green architects generally work with the key concep
energy efficient, eco-friendly house. .
It is both the design and the construction which can mak‘:f 1; Eﬁl‘;“:ll;i
truly sustainable and green, and the archit 1 pay careluls

Lo both aspects of the entire process. ‘
be wonderful examples of the
nvironment.

ry officient and

f green building design. It
the environment in mind.
ts of creating an

ainable method 0
ruction keeping

ect shoul

sgibility of
Ereen architecture can . possibility

umans living harmoniously within the e

sign beautiful, eners

kplaces that demonst
i thin the ecology of tl

rate our human

The opportunities exist to de
1e natural

e';:?*.f riendly residences and workp '
ability to adapt to and peacefully live wi
World.
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the planet should be the macrg

The ,n&h_ira-l ecology of Mode] for

> archibects to use as a model for a green building.
7 ﬁfcﬁitecture can model itselfon the ]ﬂﬂ“lct ary 8y stem to copy the Natirg)
A on environment, making a new building, or adapting an existip

building, both eco-friendly, in terms ?f materials used and the Space it

occupies, and energy efficient, including solar technology.
- [ PART-7 i
S C LEED Ratings, oy e o 0n
T —

Quostions-Answers
d Medium Answer

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
hmlt‘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

their impacts.

%EEt?fP}‘ﬂﬁdes building owners and operators a concise framework for

:j entilymng and m'lplementing practical and measurable green building
cHIgn, construction, operations and maintenance solutions.

LEED provides a sustainah:l: :
ustaip . tio,
operations, and mainten ability framework for design, construc

ance of new and existing buildings.
LEED provides 5 point system t qding design and
construetion, 0 score green building desig!

The system jg
n ki ¥ H : .
1s categorized ip five basic areas : sustainable sites water

Effl(:iency oner
; - By and atmg . indoo
environmental quality. sphere, materials and resources, andin

Writ
¢ down the four levels of LEED ratings.
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R
& four levels of MEED rating are as follows :

LEEL dertified : 40 — 49 points
Silver level : 50 — 59 points

o Gold level : 60 — 79 points

| Platinum level : 80 + points

CONCEPT OUTLINE

Various Energy Related Enterprises

L

2
3.
4,

Fossil fuels industries,

Nuclear power industries,
Renewable energy industry, and
Traditional energy industry.

hﬁéﬂnswér Type and Medmm AnsWErType Quesﬁung :5'
L : e g e ; L i e _'f"-"-:', e B

———

Q“ﬁ 5-;3. What do you mean by energy related enterprises ?

[ el

3,

The energy enterprise is the totality of all of the industries involved in

the production and sale of energy, including fuel extraction,
Manufacturing, refining and distribution.
Modern society consumes Jarge amounts of fuel, and the energy industry

'8 4 crucial part of the infrastructure and maintenance of society in
almost all countries.

I . ; G
I particular, the energy enterprise comprises

L

The fogsi] fuel industries, which include petroleum lndllﬁtl--lt‘.ln‘:l:::
tompanies, petroleum refiners, fuel transport and end .usf]l' T::t?llxe
Bas stations), coal industries (extraction and I’Fuueﬂalrzlb -:ml gas
Natural gas industries (natural gas extraction, and ¢

manufacture, as well as distribution and sales),
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"olectric power distribution and sales,

The nuclear power industry,

i,

iv. The renewable energy industry, ct}rn;{risirlg alternative energy ,
sustainable energy companies, including hydroelectric poye, w]_nd
power, and solar power generation, and the mﬂnur&c‘tu:d
distribution and sale of alternative fuels, and %

v. Traditional energy industry based on the collection and distributig,

of firewood, the use of which, for cooking and heating, is particulag]
common in poorer countries. y

Que 5.18. ] What do youmean by embodied energy ?

Ansﬁer.,f

1 E . g
p;::ec;gisd En&?{y 15 the total Eﬂ'ETg'}" required for the extractiﬂﬂ,
it & manutacture and delivery of building materials to the building
2. h, g
Hfi‘;hléﬂlil;_fe t;ycle assessment, which evaluates all of the impacts over
the front ens of a material gp element, embodied energy only considers
aspect of the impact of a building material. It does not

include the operation op disposal of materials

3. Em hl}d' 3 5
ied energy must be considered over the lifespan of a building:

and in many sityat;
ua ; !
tions, a higher embodied energy building mat erial of

8ystem may he j . ,
: Justifie ; v o apy
réquirements uflhehuil:ililigcauﬁﬂ It reduces the operating eners:

4. Embodi
Y ed energy | '
per unit "l'iluiltlfiim llluumfrml as the quantity of noi-renewable eners
5. The totg) m]mu"luul;lut.u;t-ml,mmlmmmtur system the
Tk y embiod; ; - ; e ! . of
building’s ener died energy may account for 20 % Umltb'

BY use, sg p
il ; edu
k LLd-UL-Q the overa)) environmey
- Buildings should | designed 4
Chergy with factors sygl, as ¢l
Costs, o

cing embodied energy can sii’miﬁc
al impact of the building. fied
nd materials selected to balance emb’ Ir(
lale, availability of materials and tran®
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when selecting building materials, the embodi
considered withrespect to:

Thg.dura‘bility of building materials,
How easily materials can be separated,
‘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.

ed energy should he

i,

g s e

Qmﬁmﬂﬂ- What is the meaning and importance of embodied energy

analysis as a measure of sustainability and why we need to develop
widely accepted standards for embodied energy ?

on

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 lock

at the impact that the product or service hasover its entire life cycleie.,
from mine to manufacture to market and to end of service life.

In other 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
distribution. '

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 ‘:
“nsumer friendly ranking system, so energy efficient products can use
110 promote their energy efficiency.

e e

F'ART- 10

> . Energy Consumptioh. el
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Que 5.21. What is energy audit ?

Answer I . .
1. Energy audit is an oxamination for energy efficiency improvemen;

through analysis of energy usage.
9 Ituncoversenergy savings opportunity
savings.
3. A general audit is a comprehensive evaluation of pc:tential energy
conservation measures through detailed information collection,
in depth interviews with facilities or operations managers and the
analysis of energy profiles created through interval metering.

es which are assessed to identify

What are the aims or objectives of energy audit ?

The objectives of energy audit are as follows :

To understand the facility’s energetic behaviour.

To identify the exeess of energy consumed.

To find out the motive of this excess.’
To propose alternate solutions.
To justify them from technical and economical point of view.
To determine the ideal energy consumption profiles.

e

!?Qﬁe 5-23 Discuss in detail the various types of energy audit.

Types of energy audit are as follows -

a. Envelope Audit : It surveys the building or factory envelop® :5”
determine the energy losses for leakage, construction probler™™
openings, doors and windows defects, lack of insulation, etc.

b. Functional Audit :

L. It surveys the quantity of energy used for each function such 85
i.  Heating systems,

ii.  Ventilation and air conditioning systems,
iii. Building,
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iv. Lightiq,_g;

v. Hotwatersupply, and

vi.s (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,

i. Heating process,

iii. Ventilation and air conditioning process, and

iv. Furnaces.

This audit also identifies the energy conservation opportunities ineach
process.

Transportation Audit : :

It surveys the quantity of energy required for all typesof transportation
systems like vehicles, cars, trucks, and other material handling
equipment in an industry.

It also identifies the energy conservation opportunities for such
transportation systems.

Utility Audit :
It surveys the quantity of energy required from each utility or support

service in an industry.

is critical to systems in the production domain,
t been provided with the tools needed to
heir resource allocation models for overall

Although energy
production planners have no
integrate energy explicitly int
production efficiency.
Optimum energy usage (OEU) will change this parufligm h;lr :t‘ﬂ‘fa:bli.ng
best practices in energy resource allocation by ]’l.l‘m'ldmg _msulnhty to
energy data throughout the layers of the production domain.

Realization of OEU requires three approaches to typical use cases for
the industrial consumers which are discussed as given below :

Awareness of Energy Usage '
undation of GEU. It drives fundamental

Ener ess is the fo : :
gy awarenes Il layers of the production domain.

behavioural changes across a
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2.

;ﬂﬂ‘suﬁmp

\ free or low cost actions to reduce engy

e e ' inle and ofter ‘
Stacting with simple an oss works itself into the fiber of A

tion, energy awaren
corporate culture.

Production planners will star
production bills of material,
Efficient Consumption of Energy :

Efficient energy consumption is the accelerant for OEU.

By leveraging automation and manufacturing execution systems,
industrial consumers can consolidate energy information in order to
match overall power consumption levels and timing with specific
production requirements.

Energy monitoring and management promote efficient econsumption
and multiply the benefits of energy awareness by automating actions
that reduce energy consumption.

Transacting Energy for the Best Result:
Transacting energy for the best result is the integrator for OEU.

By leveraging asset management and internal facility and process energy
de‘hvery systems, the industrial consumer can interface with the power
grid domain to procure and exchange energy for the best result.

i including energy requirementg into

©0©
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Energy and its Usage
(2 Marks Questions)

1.1

12,

i
.W!\:'HE

13.

14.

L5.

L8,

What is energy ? AKTU 2019-20, Marks 02

Energy is defined as the capacity to exert a force through a distance.
Tt exists in various forms like heat energy, chemical energy, nuclear

energy, mechanical energy, etc.

Write down various units of energy.

Various units of energy are as follows :
Joule,

Calorie, and

kWh.

Define thermal energy reservoir.

Thermal energy reservoir is defined as a large body ofinfinite heat
capacity, which is capable of absorbing or rejecting an unlimited

quantity of heat without suffering appreciable changes in its
temperature.

What is meant by heat engine cycle and heat engine 7 What

is its funection ? _ ‘
Heat Engine Cycle and Heat Engine : A heat engine cycle is a
thermndﬁ:amic i:yc]e in which there is a net heat transfer to the

system and a net work transfer from the system. 'll‘he 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.

Define heat pump. . T
Heat pump is a device which, 0 serating in a cycle, maintains a body
at a temperature higher than the temperature of the surrgusdings.

What do you mean by refrigerator 7



.
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Afle igerator is a device which, operating in a eycle 0.
Egg‘?gﬂ{‘n temperature lower than LEE l.empm.at“:l?_g“;&ﬁla
' p

surroundings.

1.7. Define coefficient of performance.

AsE  Coefficient of performance is defined as the ratio of desired oy
to the work done. ot

1.8. What do you mean by Carnot cycle ?

ARE  Carnot cycle is an ideal hypothetical eycle in which all the Processeg
constituting the cycle are reversible,

1.9. State Carnot theorem.
ABE Carnot theorem states that all heat engines operating between a
given constant temperature source and a given constant

temperature sink, none has a higher efficiency than a reversible
engine.

1.10. Define entropy ?

Ank. Entropy is defined as the quantitative measure of disorder or
randomness in a system. It deals with the transfer of heat energy
within a system.

LIl. What do youmean by entropy principle ?

Ans. 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,, >0

L1Z. Classify the IC engines on the basis of cyele of operation:

Ans. Onthe basis of cycle of i ; ified into tW¢
categories : ¥ operation, IC engines are classifi

1. Eunutanl volume heat addition eycle engine or Otto cycle ens"i‘ii:
-onstant pressure heat addition cycle engine or diesel cycle eng

r

L13. Write the applicatio
oy of y turbine.
Ans. Applications of o open cycle gas tur

In aircraft Pen cycle gas turbine are as follows :
; 4. In locomotive,
5. In automobile, and

5 B e

In marine,
4. In power Beneration,

1.14.
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Ang.

1.15.

1.16.

1.17.

Shr’hng engines are not used because the engine requires some
time to warm up before it can prod-ce useful power and it eannot

change its power output quickly.

Define supercapacitor.

Supercapacitor is a high capacity capacitor with a capacitance value
much higher than other capacitors.

What is fuel cell ?

A fuel cell is an electrochemical device that converts the chemical
energy of a fuel into electricity.

Define phase change.

Phase change process is the change of material physical state from
one state to another like solid to liquid and vice-versa.

©O©
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Nuclear Energy
UNIT (2 Marks Questions)

2.1. Write down the various fundamental forces of nature,

Fundamental forces of nature are as follows :
Gravitational forces,

Weak nuclear forces, 1
Electromagnetic forces, and
Strong nuclear forces,

Define nuclear forces.

Nuclear forces are the forces which act between two or more
nucleons. They bind protons and neutrons into atomic nuclei.

N

What is the binding energy ?

Binding energy is defined as the energy required to overcome the
binding forces of nucleus.

What do you mean by activity 7

Activity is defined as the intensity of emitted radiation. This is
directly dependent on the rate of disintegration of the element.

Er B

What do you mean by half life ?

Half life represents the rate of decay of the radioactive isotopes. It

ig the time required for half of the parent nuclei to decay or ¢
disintegrate.

ES

What is average (mean) life 9

Aw:lrugu_ life indicates the ave
radioactive nucle has disinteg

Eu
=

ioh the 4
rage of total time for which 2

raled for several half lives.

What is a chain reaction 7
Chain reaction jg the

keeps on multj plying
fission till whole

Ex

ons

. = lhdlh

Process in which the number of n;’:lul'i“b‘
apidly (in geometrical progression

* ol the fissional)e material is disintegrated:

28. What do you mean by nuclear fusion ?
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2.10.

2.11.

212.

213.

2.14.

. Nucle;

ar fusion is tion i ;
ar fusion is a reaction in which two or more atomi |
; 1c nuclei arp

combined to form one or more different atomie nuclei and sub
_ ler and subatomic

ﬁmﬁt:]es (neutrons or protons).

What are the moderators e
Moderator is a material used to slow down the neutrons from high
p neutrons from g

kinetic encrgy.

Define thermal neutron.
Thermal neutron is a free neutron that has an average energy of

moti.an corresponding to the average energy of the particles of the
ambient materials. '

What do you mean by nuclear fission ?

Nuclear fission is defined as a type of nuclear disintegration in
which heavy nucleus splits up into two nuclei of nearly comparable
masses with liberation of energy-

water reactor (PWR) ?

What do you mean by pressurized
is a light water cooled and moderated
i ing both natural

Pressurized water reactor
thermal reactor having an unusual core design, usin
and highly enriched fuel.

In this the steam
reactor core.

What is a boiling water reactor (BWR) ?

In a boiling water reactor enrich fuel is u_sed.
flowing to the turbine i produced directly in the

The graphical relationship between binding enersy P€f pucleon
and mass number i called binding enerey curve.

©00©
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3.5,

3.6,

- What do you mean by solar energy ?

Solar energy is a clean, cheap and abundantly available renewable
energy amﬁt is also the most important of the non-conventiong]

sources of energy because it is non-polluting and therefore helpsin
decreasing the green house effect.

Define solar cell.

Solar cells are energy conversion devices which are used to convert
sunlight to electricity by the use of the photovoltaic effect.

Write down the applications of solar energy.

Applications of solar energy are as follows :
Sull::-;r water heating,

Solar distillation,

Solar pumping,

Solar electric power generation, and

Solar thermal power preduction.

Write down the disadvantages of solar energy.

Disadvantages of solar energy are as follows :
High capital cost due to requirement of large area.
Limited to sun shine hours.

Need of tracking due to change in position of sun.
There is a need of storage,

What are the materials used in solar cells ?

Solar cell materialg are CulnSe,, Ca$, Cd-Te, Cu,S, InP, Gas, Zin¢
m : ; De,, r =10, Ullai, ALY, VRLSS it
Felluride (ZnTe), AlS}, (Aluminfum antimonide). Silicon is the mos
commonly used materia) for solar cell.

What do
cells 7

Maximum
electric po

ar
You understand by maximum efficiency of sol

s : ; imum
elhciency of solar cel] i defined as the ratio of max!
Weroutput Lo the incident solar radiation.

-
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3.12.

3.14,

What are the different types of solar radiation ?

Different types of solar radiations are as follows :
Extratervestrial solar radiations, and

Terrestrial solar radiations.

wWhat are the different devices used for measuring the solar
mdiatiuns 7

Devices used for measuring the solar radiations are as follows :
anometer,

Pyrheliometer, and

Sunshine recorder.

Define solar constant.

The rate at which solar radiation strikes at the top of the atmosphere
is called the solar constant. .

What do you mean by beam radiation 7
Solar radiation that has not been absorbed or scattered and reaches
the ground directly from the sunis called direct radiation or beam

radiation.

Define irradiance and albedo.

Irradiance : The rate of incident energy per unit area of a surface
is known as irradiance.

Albedo : The earth reflects back nearly 30 % of the total solar
radiant energy to the space by reflection from clouds, by scattering
and by reflection at the earth’s surface. This is known as albedo.

Define semiconductors. A Eﬂ}.ﬂ-@,!ﬂm‘b 02

A semiconductor is a material whose electrical conductivity lies
between conductor and an insulator.

What are the different types of semiconductors ?

Different types of semiconductors are as follows : _ .
Intrinsic Semiconductor : These are pure non-metallic materials,

such as germanium and silicon. _
Extrinsic Semiconductor : The intrinsic material whe
with impurity is called extrinsic semiconductor.

n added

How holes are produced in semiconductors 7 |
AKTU 2019-20, Marks 03
Holes are produced when electrons in atoms move out of the vg\ltpwe
band iﬂtﬂpthe conduction band, which happens everywhere 11 d
semiconductor.
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3.15, l?f,hpinin attenuntion of solar radiation.

AKTU 2019-20, Marks 0

An&  Attenuation of solar radiation means scatterin "Fl"ﬂfllatm
passes through the atmosphere and it is Cﬂugﬂﬁ by ’ntErac{:ﬁ n}
n

radiation with air molecules, water and dust,

Ans. Solar cell works on the principle of conversion of sular
electricity by photovoltaic effect. energy into

@O
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Conventional and
Non-Conventional

Energy Sources

(2 Marks Questions)

Eo Fe

Eﬁ PPNPH;

Fe

4.7,

What are primary €nergy resources ?
The resources obtained from the env
primary energy resources,

Example : Fossil fuels, Solar energy, Hydro energy, and Tidal
energy.

ironment are known as

What are secondary energy resources ?

Th_e resources that do not oceur in nature but are derived from
primary energy resources are known as secondary energy resources.
Example : Electrical en

ergy from coal burning, H, obtained from
hydrolysis of H,0, ete.

Define wind energy.

The wind energy, which
used to run a wind mill' w
electricity.

is an indirect source of energy, can be
hich in turn drives a generator to produce

What are the advantages of wind energy ?
Advantages of wind energy are as follows -

Itis renewable and available at free of cost.
Low operating cost.

Economically competitive.

Itis reliable and cost effective for large unit.

What is the basic principle of wind energy conversion ?

The basic principle of wind energy is to convert the kinetic energy

of wind into more useful forms like mechanical power and electrical
power,

Define the continuity equation.

The equation based on the principle of conservation of mass is
called continuity equation,

State the Bernoulli's theorem.



T
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AnE Bérnoulli's theorem stales that in a steady, ?denl flow of
incompressible fluid, the total energy at any point of the g 2

id §
constant. .

4.8. Define viscosity.
AmE Viscosity may be defined as the property of a fluid which det,
its resistance to shearing stresses. It is a measure of the

fluid friction which causes resistance to flow.

Minag
I'It.ernal

Define wind farms.

The wind farms are open spaces away from forest, citjag and
mountains so that average annual wind speed should not be |egq
than 7 m/s and not away from the distribution centre,

¥ s

4.10. Explain the drag and lift.

Ang Drag : The component of the total force (Fj) in the direction of
motion is called drag. This component is denoted by F,
Lift : The component of the total force (¥4 in the direction
perpendicular to the direction of motion is known as lift. This is
denoted by F,.

4.11. Give the sources of geothermal energy.

3 T = W
; dEERE
et e i e e e e A

Sources of geothermal energy are as follows :
Hydrothermal energy sources,

Vapour dominated sources,
Hot dry rock sources,
Geopressured sources, and
Magma sources.

Define ocean thermal energy conversion.

Ocean thermal energy conversion (OTEC) is a means of converting
ocean thermal energy into useful energy. OTEC is a technology

that converts solar radiation into electric energy.

EE !‘-":F-F"!-‘O!-'E

Ang: Tides are generated by the action of gravitational forces of thetsil'tt‘s‘
and the moon in the ocean, by the spinning of the eart “

axis and the relative positions of the earth, moon and the SU™

4.13. How tides are generated ?

jon:
Write the name of devices used for wave energy convers!

Devices used for wave energy conversion are as follows
Hose pump,

Pelamis, and
Oscillating water column device.

o
F
RPN -
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415. Define hydropower.

g Hydropower is the power derived from the energy of falli
running water which may be harnessed for use%l pus:'p::r;% n S

{16, What are the main components of wind i

& B (WECS) ? po ind energy conversion
The main components of wind energy conversion system are as
follows :

Rotor with blade,

Electromagnetic brakes,

Controller,

Mechanical brakes,

Gear box,

Generator,

Shaft, and

Flap or tail vane.

I T S E
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Define nuclear radiation.

Nuclear radiation refers to the particles and photons emitted during
reactions that invelve the nueleus of the atom.

-
[==1

What are the different types of nuclear radiation ?
Different types of nuclear radiation are as follows :
Alpha rays, 2. Betarays,

Gamma rays, and 4, X-rays.

What do you understand by nuclear waste ?

Radioactive by products resulting from fusion, fission, refinement
or processing of radioactive materials are known as nuclear waste.

Write down the name of some nuclear waste disposal
methods.

Some nuclear waste disposal methods are as follows :

Geological disposal, 2. Reprocessing,

Transmutation, and 4. Space disposal.

What are the various factors affecting climate change ?

Factors affecting climate change ar ollows :
Latitude, o aregnl

Altitude or height from sea level,
Direction of wind,

Ocean currents, and

Forest.

.'j'l:.ﬁl’l& l.'ll.l:rgy cu"uurv“uu“. m W‘l'.@j

ot PR . 8 . B . 1 ﬂ‘lw'ﬂ
finergy conservation refers (o the methods of reduction it & wof

consumption by way of elimination of wastage and prome
efficiency,

Ee oownckr o F 2 BooBr

6.7. Classify various Lypes of energy storage systems:

Amé. Various types of energy storage svate o
1. Pumped hydro energy itum;‘gﬁ systemsare

2. Compressed air energy storage

P
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e ——
Battery starage energy system,

Flow battery energy storage syslem, and
m_,__dm_gﬁn based energy storage system.

Write down the disadvantages of green energy.

Disadvantages of green energy are as follows :

High installation cost.

Renewable energy often relies on the weather for its source of
power.

What are the seven principles of green architecture ?

The seven principles of green architecture are as follows :

Site and its*surmundmgs, 2. Energy efficiency,
Water efficiency, 4. Material efficiency,

Indoor air quality, 6. Waste reduction, and
[ow maintenance costs.

What is LEED certification ?
LEED certification process is a program for designing and building

energy efficient and water conserving buildings for which
construction will be used green and sustainable materials and

Tesources.

511. Name some energy related enterprises.
es are as follows :

F—

EE -‘“P‘P“r*aig

Some energy related enterpris

AR
1. Fossil fuels industry,
2. Nuclear power industry, and
3. Renewable energy industry-
512. Define embodied energy-:
A& Embodied energy is the energy consumed by all of the processes
of a building, from the mining and

associated with the production
processing of natural resources

product delivery.

5'1_3' Write down the sources of nuclear waste.
n‘f Following are the sources of nuclear waste :

. Nuclear fuel eycle, 2. Legacy waste,

3. Medicine, and 4. Industry.

5, .
4. What is green energy ?

Alig;
FI‘EEn energy is a clean energy,
ittle or no environmental impac
gases into the air that contribute 10§

to manufacturing, transport and

¢ it is produced with

this means tha
lispense greenhouse

t and does not(
lobal warming.

upruveu.wnt

What is energy audit ? ‘
nergy efficiency urg}' N ings

flhnergy audit is an examination fore 5
rough analysis of energy usage. It uncmrcr-s ene
opportunities which are assessed 0 identify savings:

©O©
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Time : 3 Hours Max. Marks 1100
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Note: 1. Attempt all sections. If require any missing data; then choose
suitably.

Section-A

Attempt all questions in brief, (2x10=2p)
What is energy ?

Refer Q. 1.1, 2 Marks Questions, Page 5Q-1G, Unit-1.

Define entropy.
Refer Q. 1.10, 2 Marks Questions, Page SQ-2G, Unit-1.

Define semiconductors.
Refer Q. 3.12, 2 Marks Questions, Page SQ-7G, Unit-3.

How holes are produced in semiconductors ?
Refer Q. 3.14, 2 Marks Questions, Page SQ-7G, Unit-3.

Explain attenuation

of solar radiation.
Refer Q 3.15, 2 Marks

Questions, Page SQ-8G, Unit-3.

What is the pri nciple of solar cell 7
Refer Q. 3.18, 2 Markg Questions, Page SQ-8G, Unit-3.

How tides are Eenerated 9

Rﬂfﬁr ﬂ‘!- ‘1.]3, 2 Mﬁrka Queatiunﬂ. Puge SQ_]_(]G' Ilnit_4'

Gi \.re' tthedanu:*cen of geothermal energy.
Refer Q.4.11, 2 Markg Questions, Page SQ-11G, Unit-4,
Why Stirling engin

€8 are
Refer Q. 1.14, 2 M, not used ?

ks Questions, Page SQ-2G, Unit-1

E:—- EF‘ E'F Er\ Ep th Ep EF EF‘I"

j. Define energy ..,

Nservatjo,
aug Refer Q.5.6,2 M o

ks Quﬁﬁtiﬁnu, Page SQ-12G, Unit-5.
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Section-B

Aftempl any three parts of the following : (10 x 3 = 30)

How internal combustion engines work 7
Refer Q. 1.23, Page 1-24G, Unit-1.

What is nuclear fusion ? How does it differ from nuclear

fission ?
Refer Q. 2.13, Page 2-11G, Unit-2.

Discuss the application and economic aspect of fuel cells.
Refer Q. 1.12, Page 1-12G, Unit-1.

Write the difference between geothermal power plant and
thermal power plant,
Refer Q. 4.18, Page 4-20G, Unit-4.

Review the energy scenario in India in brief.
Refer Q. 5.2, Page 5-2G, Unit-5.

Section-C

Attempt any one part of the following : (10x1=10)
Explain the difference between direct radiation and diffuse
radiation.

Refer Q. 3.5, Page 3-5G, Unit-3.

Define refrigeration. State the application of refrigeration.
Refer Q. 1,19, Page 1-19@G, Unit-1.

Attempt any one part of the following : (10x1=10)
Draw the binding energy curve showing variation of
binding energy per nucleon with mass number. With the
help of this explain the phenomenon of nuclear fusion and
fission.

Refer Q. 2.7, Page 2-6G, Unit-2.

With a neat sketch, explain presnurlud water reactor
(PWR), highlighting its merits and demerits.
Refer Q. 2.17, Page 2-17G, Unit-2.

i =10)
Attempt any one part of the following : {lﬂl: 1=1
Explain with a neat sketch, working of a solar c@
Refer Q. 3.2, Page 3-3G, Unit-3.

insic
What is the difference between intrinsic and extrins

semiconductor 7
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< = R i),

Ang \Refer Q. 3.10, Page 3-11G, Unit-3.
6. Attempt any one part of the following : (10 %1 o 0

How tidal power plants are classified and what apa the
limitations of tidal power plant ?
Refer Q. 4.22, Page 4-23G, Unit-4.

What are conventional and non-conventional energy
sources ? Write short notes on classification of ene

SOUIrces.
Refer Q. 4.3, Page 4-5G, Unit-4.

Attempt any one part of the following : (10 1 =10)
What is green energy ? What are the benefits of green

energy ?
Refer Q. 5.12, Page 5-12G, Unit-5.

Briefly explain the different types of storage systems.
Refer Q. 5.8, Page 5-9G, Unit-5.

©O
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]

Time : 3 Hours Max. Marks : 100

Note: 1. Attempt all sections. If require any missing data; then choose
suitably. -

Section-A
Attempt all questions in brief. (2x10=20)
What are three examples of units used for energy ?
A6 Refer Q. 1.2, Page SQ-1G, 2 Marks Questions, Unit-1.

b. What is a heat energy example ? ; -
Ang Thermal power plant is the example of heat.energy.

c. What is so bad about nuclear energy ?

Ang Nuclear energy involves radioactive elements which are harmful
for the natural vegetation in environment as well as for human

beings. This is something which is not good about nuclear energy.

P =

What are 4 fundamental forces in the universe ?
Refer Q. 2.1, Page SQ—4G, 2 Marks Questions, Unit-2.

d.
ARG

e. What are 5 advantages of solar energy ?
Afig Refer Q. 3.1, Page 3-2G, Unit-3.

f. What is meant by carrier transport in semiconductor ?
Ans,

Carrier transport in semiconductor is the movement of majority or
minority charge carriers i.e., electrons or holes.

. What are 3 conventional sources of energy ?
Refer Q. 4.3, Page 4-6G, Unit-4.

g

Ang,

_ h. Why is fluid dynamics so hard ?

Aus. Flyid dynamies is so hard because it seems to be more exceptions
than rules, It also evalves from observing behaviour of fluids and
trying to put them in the context of mathematical formulation.
Many phenomena of it are still not accurately explained.

i. How long does it take for nuclear radiation to kill you ?

i

I ' f - & il
Ang. Ty, answer depends on the length and intensity ol th‘e exposure.
he unit of measure of radiation exposure is Sievert. Ten Steverts

Wil] kill you in about an hour. Half that dose, five Sievertsand you
will be dead within two weeks. If the dose drops to 3,6 Sieverts your
Prospects improve considerably - half the people exposed to such a

dose would still be alive 60 days later.
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b _ .
j- What is the cause of climnte change ? \ :

Ang/ Rel'erQ 5.6, Page 5-7G, Unit-5.

Section-B
2. Attempt any three of the following : (103,
a. Two engines are to operate on Otto and Diege) Cycleg w?ﬂl
th

the following data : maximum temperature 14901{.
temperature 700 K. State of air at the bEginn.
compression 0.1 MPa, 300 K. Estimate the ﬁnmpmng of
ratios, the maximum pressures, efficiencies and rat nf"‘tﬂn
outputs (for 1 kg/min of air) of the respective cycles,

Given: T, = ldﬂﬂK,T 700K,p1=0 IMPa,T =300 K.
ToFind: 1 Cumpressmn ratms,
ii. Maximum pressures
1id. Efﬁcmnmes, and
v Rate of Wurk uutp’a b

i. For Otto Cycle :
1. Compression ratio,

L 1
- v, =[£ -1 5(1400}‘"[ (- i air, 1= 14
T00

>y
: Fig. 1.
2. Air standard efficiency,
rl:l___]'__l 1 =0.499=50%

P (5.66) !
3. WE kIIGW thﬂt, PE = p]rT i
. = 0.1x(5.66)4=1.132 MPa
4, Aﬂd, T2 = Ter‘l
= 300 x (5.66)"4 = 600.13 K

h. We know that, P2 ot Tﬁ_

p, T,
Maximum pressure, p, :I—' 14“ o ug
Py=p,x Tg =1.132x 600. 13
6. Work output, {T T )-C, Ty - }] B(‘?ﬂﬂ“wﬂ

Iﬂ?lsudﬁo 600. 19)
= 287.11 kJ/kg

4‘
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_l.
:(E{IJL' = 1.83
300

3

PG & 4)
ii. For Digsel Cycle :

- | -

kel

|
1 Cutdffratio,  p= [

A ;:4 2

‘Fig. 2. .
- i
2. Expansion ratio, r, = (E—]H
. % v, \T,
_1
_ (1400]%1 = 5.66
700
3. We know that, r.=r,p=5.66x 183=10.236
4. And, Py=p,(r)=0.1x(10.36)14 = 2.63 MPa
- Maximum pressure P3=p,=2.63 MPa
5. Airstandard efficiency, .
— 1oL e -1
n= rH yp-1) =
=9 — 1 | (83 _D]=0.550r55%
(10.63)"“"' | 1.4(1.83-1)

§. Work output, = W= C(Ty— Ty -C/(T,-T)

= [1.005(1400 — 600.13) — 0.718 (700 — 300)]
= 516.66 kd/kg

b What is the importance of quantum mechanics ? What are
ng euseful applications of nuclear physics ? Explain briefly.

- Iml’o“tﬂﬂce of Quantum Mechanies : Tt is an important tool tn.
€rstand at, the theoretical level the electronic strmfl-ure of
‘-‘_em!ca] compounds and the mechanism, thermodynamics, and
B, nﬂl{‘:ﬂ of chemical reactions,
i, v Plicationg of Nuclear Physics :
1§ Radill:ftl Imaging and Diagnostics ' A b
tl‘eata o0 therapy involves the application of ionizing rac .“‘ 1
2 1 ; Sonditions guch ag thyroid cancer and blood disorders. o)
lead?mg adiation works by damaging the DNA of exposed tissue,
} F n%:r“:silular death.
, ation ;
oo iation jg g process of treating a food Lo a specific dosage of

lonjy; o
Ang r adiation for a predefined length of time.

A
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. or halts spoilage that is due to the growth of

2. Thig provess slows
pathogens.
pound in which one or more

iiiy Tracers : . . .
i A radioactive {racerisa chem:cﬂl L :.m
| 1 by & radioisotope.

lore the mechanism of chemical
radioisotope follows from

atoms have been replacec

9 Radioactive tracers are used to exXp :
reactions by {racing the path that the

reactants Lo products.

: caion in Reactors :
Nuclear Fiss10 tion in which the nucleus of an

iv.
1. Nuclear fission is a nuclear reac
atom splits into smaller nuclei.
vert the thermal energy released from nuclear

2 Nuclear reactors con
fission into electricity.
v. Nuclear Weapons
1. Anuclear weaponisan expl
force from nuclear reaction
combination.
nsidered weapons of mass destruction.

9. Nuclear weapons are €0
to measure solar radiation ?

osive device that derives its destructive
s i.e., either fission, fusion, or a

What are the two basic ways
Explain with neat sketches.
asiE Refer Q. 3.7, Page 3-7G, Unit-3.
d. The shear stress developed in Jubricating oil of viscosity
9.81 poise, filled between two parallel plates 1 cm apart and

moving with relative velocity of 2m/s is ?

du 2
1. We know that, 1=p——=0.981x —— = 2
dy X 001 - 196.2 N/m

e. ::.]:a:hl‘;agplens ltu waste of a nuclear plant system 2 What
sketches. evels of nuclear waste ? Explain with neat

. Nuclear waste is har
¢ rmful for both hum ' o1
. . & ; nt 0!
;}Im uld be digposed carefully, R
. 'There are two methods : i .
il of nuclear waste disposal i.e, recy cling and
Jsed nuclear fuel i
_ ‘ is kept in eitl
sl or cdr
!:;!iurr. heing recycled or disposed ul'l'wm e
: 10 o] Tucl is '
md":-]e :T:ﬁ:mlt Ih.lulﬂill‘-l out of a reactor, it is both hot and r
. The fuel r:unﬂhz E L:’f:l:“ Wl“tf"' b allav s Tasl 4o s
. wel slorag e i \
b phdohci ol o cu”“'l:; age, or transferred into a dry

o facilities:
adioactive

4:. Waste of Nuclear Plant System :
2
3
q
b
facility

e
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6 Keeping the u'seﬂ fuel in temporary storage to allow both the heat
and radl?ﬂeﬁwt}-' to diminish makes the recyeling and disposal ;::s.r:l:r
B. Levels -of Nuclear Waste : Refer Q. 5.4, Page 5-6G, Unit-5. |

Seection-C

g Attempt any one part of the following : (10 % 1 = 10)

a. A]l en
and a
clearance VO
efficiency.

gine equipped with a cylinder having a bore of 15 cm
stroke of 45 cm operates on an Otto cycle. If the
lume is 2000 ecm?, compute the air standard

1. Swept volume, v, = % DL

T (0.15) x0.45 =7.952x 10°° it

=

9. Compression ratio,
v 7.952 x107°
= Y, _q,. 0000 4075
r=1+ . 1+ 2x10°
3. Airstandard efficiency,
= ]_.._'L (- For air, y=1.4)

r
1 _04740rd74%

g =

o (5)1.4-1

°C are mixed adiabatically with 3 kgof

sure process of 1 atmosphere.
of the total mass of water
ater = 4.187 kJ/kg K).

b. Twokgof water at 80
waterat30°Cat a constant pres

Find the increase in the entropy
due to the mixing process (Cpof W

Ay
AT i =g =3kﬂ:
Given:m, =2 kg T =B{}’C=Bﬂ+273-3531{1ma
T - 30°C = 30 + 278 = 303 K, Cp = 4:187 kJ/kg K

T%F'iud « Increase in the entropy.

o

f//f/ffif‘fffjjff/!/

2 kg 3 kg_‘_'
80 °C =363 K 30 °C = 304 K
I 1l
WW
Fig- 3.
L ¥ final temperature of mixing 18 T., then

2C,, (353 - Tp = 3CH Ty~ 303)

LN PP TP T TS
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T. =323 K
9. We know that, (As)_ iom = (As) + (As)y
' Az AT "F, L dT
- I f: Bt + Ty o o
3'r|:1l i 04 ; T
323 323
- In[—-—J +3x4.187 x In ===
= 2x4,187 % 253 303
= 0.05915 kJ/K
‘Iﬂ x l - 10}

4.
a.
Ani
A
B

Attempt any one part of the following : .
What do you mean by nuclear forces ? What are the types of

nuclear forces ? Explain hrieﬂy._ |
Nuclear Forces : Refer Concept Outline Part-2, Page ;'?—EG,

Unit-2.
Types of Nuclear Forces : Basically there are two nuclear forces

which are discussed below :

b

SR

- E

S

&

Strong Nuclear Forces :
All nuclei are practically incompressible like the molecules of a

liquid. This is caused by the direct contact that exists between the

constituent neutrons and protons.
The nucleons are all held together by a contact force, called strong

nuclear force.

This is the dominant forces inside the nucleus.
It helpsin the production of alpha radiations.
It is an attractive force.

Weak Nuclear Forces :
It acts inside the individual nucleons and can occasionally lead toa

neutron’s transformation into a proton.

It is neither attractive nor repulsive.

It helps in production of beta radiations.

The weak force is stronger than gravity but it is only effective at
very short distances, ‘

What is_the safest nuclear reactor design 7 What are the
four main components of a fission reactor ? Elmlﬂill_h"‘.‘?“ﬂl’|r "

Safest Nuclear Reactor Design :

The design of a nuclear power plant needs to consider specific site
characteristics, operational aspects and future decommissioning
plans 50 as to achieve the highest levels of safety.

A comprehensive and thoroy gh safety assessment is also mandatory
to ensure the adequate protection of workers, the public-and th®
environment.,

The objective of the design is to provide for the safe and effeﬂti"‘:.
u;m.rution of the nuclear power plant, minimising the likelihn_ud?
:ﬁ:gzit; and ensuring that their consequences can be reliably

e
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" "B. Components of a Fission R
_ Unit-2. ~ ¢ ¥ on Reactor : Refer Q). 2.15, Page 2130,

5. Attempt any one part of the following ;

—

(10 % 1 = 10)

['5 ‘What is difference hetween
and pn junction ? Explain hrTe‘;':;.l SexHiBORHctoe Juoetion

" [B.Ne.]  Metal Semiconductor | pn Junecti
Tl Junetion T e
= I i R e FR . . % T A
L Unipolar device (current | Bi i t
; ; polar device (¢ t
con_du.ctmn W:l“ happen due to | conduction will ha ppenul:::: Zn
majority carriers only). minority and majority carriers).
2. Lower forward voltage drop. Relatively large forward voltage
drop. |
3. | Available maximum reverse Available with higher voltage
voltage rating of 200 V. ratings. |
e w
4 Low on state losses. Comparatively state loss will be
more.
5. Suitable for high frequency | Suitable for low frequency

applications.

applications.

b. What is the princi
generation? Explain briefly with neat

A Principle of Solar

B.

Q. 3.19, Page 3-19G; Unit-3.
Diagram :

I_Z‘-unt.m:t

Rear melal contact

Fig. 4.

p'l'e' of solar photovoltaic power

sketches.

Photovoltaic Power Generation : Refer

n-semiconductor layer

p-n Junction
p-semiconductor layer

wing : (10x 1= 10)

6. Attempt any one parl of the follo . _ . :
a. How are wind turbines depigned 7 Explain briefly with nea

sketches.

' A Refer Q. 4.13, Page 4-13G, Unit-4.

s
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Ans,
A
B.

!\,:ll—l

= Co

~ 0

bW

b,

Ang,
A

B, T

Ve 2

How does geothermal power work ? Explain hﬁe"ﬁ" With

neat sketches. What are the advantages ang dis“dvant
| 1 Ageq
of geothermal energy

Working of Geothermal Power : Refer Q. 4, 17, Page 170
Unit-4. g
Advantages of Geothermal Energy :

Geothermal energy systems can adjust to various conditiong

It does not release hazardous greenhouse gases. Thus, it is gaf, for
both environmental and human health.

It is a renewable and sustainable source of energy.

More reliable source of power generation than other renewaple
energy sources.

Disadvantages of Geothermal Energy :

The regions that consist of geothermal plants often experience
minor seismic activity.

The power plants can alsg damage roadways, buildings, pipelines,
and natural drainage systems.

Initial cost of geothermal power plant is high.

Noise pollution because of drilling.

Atbem};:t any one part of the f'olluwing E (10x1=10)
What is the concept of green building ? What are the 7
components of green building ? :

Green Building : Refer Q. 5.13, Page 5-13G, Unit-5.

+ Components of Green Building : Refer Q. 5.14, Page 5-13G,

Unit-5,

What ig energy audit ? How many types of energy audits

Energy Audit : Rofo; Q. 5.21, Page 5-19G, Unit-5. ‘
YPes of Energy Audits ; Refor Q. 5.23, Page 5-19G, Unit-5.

" ©OE©
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Time :
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Note: Attempt all Section. If require any missing data; then choose suitably,

1.
a.

Ans

Section-A
Attempt all questions in brief. (2 x 10 = 20)
Comment on the statement : “The entropy of the universe
tends to be maximum.” "
Refer Q. 1.11, 2 Marks Questions, Page SQ-2G, Unit-1.
What is the significance of BTU ?

BTU stands for British Thermal Unit. It is a unit of measurement that
shows just how much energy our air conditioner uses to remove heat
from our home within an hotw. It can help us to determine the kind of

air conditioner we need for a home of our size.

Differentiate between fusion and fission nuclear reaction.
Refer Q. 2.13, Page 2-11G, Unit-2. .

Is the average binding energy of electrons in an atom
independent of Z (number of protons) ? £

Yes, the average binding energy of electrons in an atom is
independent of g (number of protons). .

Describe the operation of a solar cell.

Refer Q. 3.2, Page 3-3G, Unit-3. .

Discuss the latitude angle and hour angle.

Refer Q. 3.6, Page 3-5G, Unit-3.
Explain warm spring in geothe
Warm springs are created when rain
surface as groundwater, until hitting so

pools, or aquifers. Magma heats this wate
up to the surface through eracks in the ear
forming a warm spring.

State the limitations of OTEC system.

Limitations of QTEC system are as follows:

Capital investment is very high.

Due to small temperature difference in between the sul'fa.ce \.\"’Tiltt‘ r
and deep water, conversion efficiency is very low about 3-4 %.
Low efficiency of these plants coupled with high capital cost and
maintenance cost makes them uneconomical for small plants.

Discuss the energy audit and its Lypes.

En_ﬁ:[l' Audit : Refer Q. 5.15, 2 Marks Ques
nit-5.

Types of Energy Audit : Refe

What are the alternatives to deal wi

rmal energy.
and snow seep below Earth’s
lid rock and collecting In

r, which then rises back
th's crust, called vents,

tions, Page SQ-~ 136,

r Q. 5.28, Page 5-19G, Unit-5.
th energy crisis ?
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Ang,

3. However, the range of the nuclear force is s

Rerewable energy resources like solar energy, wind ener
power, geothermal energy and biomass energy are the g tﬁfﬁ:ﬁﬁm
€8

to deal with energy crisis.
Section-B

three of the following : (10x 3= 30)

Attempt any
1 t of quantum. Also describe the concept

Explain the concep
of quantization of energy.

Concept of Quantum : o
In physics, a guantum 1§ the minimum amount of any physjea|

entity involved in an interaction.

The fundamental notion that a physical property can be “quantized”
is referred to as “the hypothesis of quantization”.

This means that the magnitude of the physical property can take on
only discrete values consisting of integer multiples of one quantum.
For example, a photon is a single quantum of light (or of any other

form of electromagnetic radiation).
Similarly, the energy of an electron bound within an atom is

quantized and can exist only in certain discrete values.
Concept of Quantization of Energy :

Energy can be gained or lost only in integral multiples of a
quantum. This is the quantization of energy.

It also refers to the absorption or emission of energy in discrete
packets or quant. k-

As the intensity of electromagnetic energy increases or decreases,
it steps up or down from one quantized level to another rather
than follow a smooth and continuous curve.

Energy quantization became evident under following three main
studies : .

Black body radiation, ii. Heat capacities, and
Atomicand molecular spectra.

Illustrate the working principlé of nuclear forces and also
outline the different energy scales used in nuclear energy:

Working principle of Nuclear Forces : )
Nuclear forces (also known as nuclear interactions or strong forces
are the forces thal act between two or more nucleons. They bt
protons and neutrons into atomic nuclei. ol
The nuclear force is about 10 millions times stronger than the che]m.tm»
bonding that holds atoms together in molecules. This is the Ieab':ﬂﬂ'::‘m"
nuclear reactors produce about a million times more energy pef kilog
fuel as compared to chemieal fuel like oil or coal. tort, only 8 few
ort, ony =
rh.unI,u_uu:Lm- (1f,=10"15m) bheyond which it decreases rtf'itﬁ:-ielg
Fhat is why, in spite of its enormous strength, we¢ do ?lf(l
anything of this force on the atomic scale or in everyda¥ i qual
The modern perception of the nuclear force is that itisd l?ﬂut“‘l
interaction (similar o the van der Waals force b @ ich i
atoms) of the even stronger force between quarks, .‘:’ugﬂthgr
mediated by the exchange of gluons and holds the quarks
E&mdu i n;;t:leun. Refer QL
ner C . :
ey IE_JI;(}. lﬂﬁfl..uud in Nuclear Energy

i
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along, ;ﬁilﬁ energy band diagram.
ABK D‘iiﬁ!ﬂn:‘.n between the p and n type ;

8. N E W%\*ttm .slbmiﬂﬂl‘lduﬂ_t!n' n-type Semiconductor

t. > |p-type smnim‘mduc!.ur is formed | n-type semiconductor is formed
by the d"l“ﬂl.{ of TI1 group | by the doping of nitrogen,
elem‘m‘]ta L€, boron, | phosphorus, arsenic, antimony I
aluminium, thallium, bismuth. £

9 |These are also known as | These are also known as
trivalent semiconductors. pentavalent semiconductor. ‘

3 p-type serlniconductnris positive | n-type semiconductor m
type semiconductor, negative type semiconductor.

4. In ‘p-.type semiconductor |In n-type semiconductor
majority charge carries are | majority charge carries are
holes and minority charge | electrons and minority charge
carries are electrons. carries are hole,

5. It is acceptor type. It is donor type.

d. Outline the working principle of tidal power plant. Discuss
their advantages and limitations. Also give present status

of tidal power in INDIA.

Working Principle of Tidal Power Plant, Advantages and

Limitations : Refer Q. 4.22, Page 4-23G, Unit-4.

Present Status of Tidal Power in India :

1. Tidal power isstill in résearch and development (R & D) phase and
has not been implemented on a commercial scale in India.

2 The earlier efforts for harnessing tidal power were not successful due to
high capital cost ranging from Rs. 30 crore to Rs. 60 crore per MW.

3. “According to the estimates of the Indian government, the country

has a potential of 8000 Mw of tidal encrgy.

IMustrate the short about the following :
Ways of disposal of nuclear waste fuels.

Energy crisis ‘ |

Ways of disposal of nuclear waste fuels are as follows : |

Incineration : It is common with low-level waste, as this material

usually consists of clothing or other common items that have

simply been contaminated.

1. Shallow Burial : _

L. Highly radioactive material is hard to bury, lmt.whr:!n it comes to
mill tailings, these remnants can often be buried in a specially
crafted spot nearby the millitselt. xS

2. Often, this includes creating a pile of tailings, covering It with a

3 non-permeable material like clay.

+ The pile is often typically buttressed by an
that it doesn’t erode.

1ix of rocks and soil so
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;5. Deép Burial: ; ]
: 1.. While shallow burials ean be _dnne with low level waste, the mqg;
Y ommon way of disposing of high level waste isin d'eep burial pits

\ sources follow this procedure of

: i i atural re
9. Many countries with na esou | .
[Ienlngical disposal which consists of hurying the material deep

within the earth.
iv. Recycling: _
1, For some radioactiv
radioactive elemen
9. Uranium and plutonium €
separated and recyeled.

Energy Crisis :

1. The energy crisis stems from the foreseeable end of the cycle of
oil, gas and coal, which in addition have been producing a
considerable increase in greenhouse gases (GHG).

9. In recent years, many scientists have raised their voice to warn
about climate change, caused notably by the burning of oil and
coal in order to produce energy. '

3. Global energy consumption is increasing and we will face a
shortage of fossil fuels in the coming decades. Therefore, the
availability of reserves is an important source of concern.

‘Section €
Attempt any one part of the following: (10 x1=10)
Tlustrate the working of Carnot heat Engines with p-v
and T-s diagram.. ? A
Anig Refer Q. 1.17, Page';flﬁG, Unit-1.

o material, such as previously used fuel, certain
ts can be processed or extracted for reuse,
lements have long lives, so they can be

P g

b. Examine the phase change Ellergy-'éicﬂnvéi'sion. Describe
the different operations of Rankine cycle with the help of
diagram. R i

A Phase Change Energy Conversion - Refer Concept Outline 9,
Page 1-18G, Unit-1. By

B.  Different Operations of Rankine Cycle with Diagram :
Refer Q. 1.25, Page 1-26G, Unit-1.

Attempt any one part of the following :
D_ra\? the binding energy curve showing variation ©
binding energy per nucleon with mass number. With the
help of this explain the phenomenon of nuclear fusion a1
fission and stability coneept of nuclei.

(10x 1=10)

e e

Fusion

K

B'ﬂd'j_‘E Energy Curve and Phenomenon of Nuclear
and Fission : Refer Q. 2.7, Page 2-6G, Unit-2.
?Jﬁﬂblhtf Concept of Nuclei : .

ﬁl;tilxli;lw HL“%”"‘-}' refers to the stability of a nucleus ofan
o {‘I“.“'LE“”“ does not decay spontaneously. ;
ioactive clements contain unstable nuclei and d4¢¢®

atont

oro = B

spontaneous Y :
pontaneously emilting various radiations.

b. 1Nl T
m:;s 1::;‘ t::',l:i‘? concept of nuclear fission reactor desis™ with
p of diagram, Explain PWR type of fission reactor:

e
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Nuclepi Figsion Reactor : Refer Q. 2,15, Page 2130 o
SWRRefer Q. 2.17, Page 2-17G, Unit.2. N

Aftéempt any one part of the following : (10x1=10
Outline the concept of basic physies of semiconductors

carrier transpori, generation and recambination in

aw ’P!

e

e NH?E

Anti-reflecting '
—_— 1 1

Coating

semicond uctors and semiconductor junetion,

Basic Physics of Semiconductors : Refer Q. 3.11
Page 3-11G, Unit-3. oSS
Carrier Transport : Refer Q. 3.14, Page 314G, Unit-3.
Generation and Recombination in Semiconductors :

Refer Q. 3.13, Page 3-13G, Unit-3.
Semiconductor Junction : Refer Q. 3.15, Page 3-15G, Unit-3.

Outline the construetion and working of solar P-V cell
with the help of suitable diagram and also discuss
performance curve and conversion efficiency in terms of

&1l factor of the solar P-V cell.

Construction of Photovoltaic Cell :
Fig. 1shows the construction of the silicon photovoltaic cell.
The upper surface of the cell is mode of the thin layer of the p-type
material so that the light can easily enter into the material.
The metal rings are placed around p-type and n-type material which act
as their positive and negative output terminals respectively.

Light Energy
Nickel Plating

|

Load

- 3\1 : @

P-type Silicon

+ © Hole
- @ Electron
Fig. 1.
Working of Photovoltaic Cell : .
When the semiconductor material absorbs light, the electrons of
}ht{ material starts emitting. :
This happens because the light consists 0 fsmall energy particles
talled photons. :
en the electrons absorb the photons, they become energised
and starts moving into the material. .
Because of the effect of an electric field, the particles move only in

the one direction and develop current,



_____-_"'-"—-
C. Performance Curve : Refer Q. 3.20, Page 3-20G, Unit-3,

D. Conversion Efficiency : _
1OV factor is the ratio of maximum power to theoretical power.

9~ Efficiency is the ratio of | he hi;;].mst. power that a solar py pane]
can gcnefnte under standard testing conditions to the input power
3. Conversion efficiency on form of fill factor can be given as,
Fill factor x U, > I,
L 2

U/ = Opencircuit voltage,

Im = Short circuit current, and

I ’: = Input power.

Attempt any one part of the fi ollowing : (10x1=1p)
Illustrate the concept of _ :

Fluid dynamics in wind energy conversion.

Betz law to receive maximum energy.
Effect of number of rotor blades on performance efficiency.

Energy Science & Engindering

where,

Fluid Dynamics in Wind Eﬁergy Conversion : Refer Q. 4.7,
Page 4-8G, Unit-4. il R

Betz Law : s ' :
Betz's law indicates the maximum power that can be extracted from the

wind independent of the design of a wind turbine in open flow.

The law is derived from the principles of conservation of mass and

momentum of the air stream flowing through an idealized actuator

disk that extracts energy from the wind stream.

3. According to Betz's law, no turbine can capture more than 16/27
(659.3 %) of the kinetic energy in wind. The factor 16/27 (0.593) is
known as Betz’s coefficient. :

4. Practical utility scale wind turbines achieve at peak 75-80 % of the
Betz limit - :

5. The Betz limit is based on an open disk actuator. If a diffuser is

used to eollect additional wind flow and direct it through the turbine,

more energy can be extracted, but the limit still applies to the
cross-section of the entire structure.

Effect of Number of Rotor Blades on Performance

Efficiency : Refer Q. 4.14, Page 4-15G, Unit-4.

Analyse the construction, working and limitations of
geothermal power plant with the help of diagram.

Construction and Working of Geothermal Power *

Rr_:ﬁ:{' Q.‘fl.] 7, Page 4-17G, Unit-1.

Limitations of Geothermal Power Plant :

It _hab' environmental concerns,

It iInvolves high initial investment,

Only suitable o 4 particular region.

 f gtwmpt any one part of the following :

8. Summarize the global warming feature and o the
mpucts of this phenomenon on the disturbance

sustainability of environment.

s the

el
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Max. Marks : 199

—

Time : 3 Hours

Note: 1. Attempt all Sections and assume any missing data,
2. Appropriate marks are allotted to each question angwe,

accordingly,

Section-A

1. Attempt all of the following questions in brief. - (10% 2 = 2p)

a. Comment the significance about heat and mechanical energy,

A. Significance of heat : The heat is a form of energy that transfers
from the higher temperature object to the lower temperature object.

The heat is very important in our daily life in warming the house,

cooking, heating the water and drying the washed clothes. The

heat has many usages in the industry.

B. Significance of mechanical energy : Mechanical energy (kinetic
energy or potential energy).is the energy of either an object in
motion or the energy that is stored in objects by their position.
Mechanical energy is also a driver of renewable energy. Many
forms of renewable energy rely on mechanical energy to adequately

produce power or 'convert energy. s b,
State the meortance of Electromagnetic energy.

Heating of food in microwave ovens,

Radar waves guide airplanes, = :

Infrared waves from heaters provide warmth.

Television sets receive electromagnetic waves transmitted by

broadeasting stations,

¢. Define fast breeder reactors,

Aug. A Fast Breeder Reactor (FBR) is a nuclear reactor that uses fast
neutron to generate more nuclear fuels than they consume while
generating power, dramatically enhancing the efficiency of the use
of resources,

d Comment ahout the reaction mechanism between the
neutron decaying in the nuclear energy process.

1. Nuclei are made up of protons and neutrons. While neutrons f"r]']
about 16 minutes,

2. This makes them a radiation problem around nuclear reacto
since they can leak out of the reactor and decay: , 10

4. The neutron decays into a proton, an electron, and an antineutr!
of the electron Lype.

'Sy
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he mass of the neutron is 939.57 MeV. The proton mass is
g‘;ﬂ mgﬁv, The mass of the electron is 0.611 MeV. The masa of the

alpctron neutrino is nearly zero. This mass defect leads to release

ofenergy.
Wwhat is the source of energy in sun 7

The transformation of hydrogen atoms into helium atoms with an
emission of energy 1s called nuclear fission which is the source of
energy for the sun.

At the core where temperature and pressure are very high,
hydrogen atoms (H) fuse into helium (He) releasing energy in the
form of Gamma rays which in turn move up from the core of the
cun and out into space in the form of sunlight.

H+ H— jHe+y

Define solar insulation. .
Refer Q. 3.8, Page 3-9G, Unit-3.
What is angle of pitch ? i
Refer Q. 4.12, Page 4-13G, Unit-4.

State tip speed ratio. =

Refer Q. 4.12, Page 413G, Unit-4.

State the adverse effects about energy aspects towards
climate change. = [

Refer Q. 5.6, Page 5-7G, Unit-5.

Describe energy management syste:_q.m :

An ene manﬁgn:ament system is an i.ﬁi;eractmg series of processes
that e:lﬂes an organization to systematically achieve and sustain
energy management actions and energy performance
lIm]erem&nts. il 2 i
t provides the processes and systems needed to incorporate energy
considerations and energy ent into daily operations as part of
an organizational strategy for continually improving energy performance.
Section-B
Attempt any three of the following questions : !
tate phase energy conversion mechanism in
perspective over the surroundings,

(3x10=30)
the field

The energy conversion term is represented in the following equation
Chemical and physical-bond energy conversion
% = {Electromagnetic energy conversion
Mechanical energy conversion
We have included the thermal energy and the kine

“hergy storage term.
€ remainder of the work and energy

tic energy i the

storage mechanisms has

. V'8
] = - ITL | B
been included in the energy conversion ter: >F‘
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Following are the different phasc energy conversion mechanism in
the field perspective over the surroundings:
Chemieal or physical-bond energy conversion :
The heat transfer medium may updergn des; red or undesired
chemical and physical transformations when its temperature is
raised or lowered beyond some threshold values.
This can be the ignition temperature for a combustible medium or
the solidification temperature for a liquid medium.
The chemical or physical-bond energy conversion results in 5
release or absorption of heat in the heat transfer medium.
These changes in the chemical or physical bonds can be irreversible
or reversible, but are mostly irrevers!ble.
Electromagnetic energy conversion :
Interaction of the electromagnetic waves (or fields) with the heat
transfer medium results in an energy conversion.
This interaction results in an absorption or release ofheat in the medium,
Some of the mechanisms for conversion of eleciromagnetic energy
to or from thermal energy are Joule, Seebeck, Peltier, and Thomson
effects, volumetric and surface absorption of radiation, the surface
emission of radiation, and microwave heating.
Mechanical energy conversion :
The mechanical energy is associated with force and displacement and its
energy con version rate involves the rate of displacement (velocity).
The heat transfer medium may undergo motion under an applied force.
The medium, which can be a gas, liquid, or solid (or a composite),
will interact with this applied force. il
Depending on the phase of the medium, different mechanical
energy conversion mechanisms become significant. .
The mechanical energy conversions considered are pressure
gradient and frictional. : A
The frictional energy conversions are irreversible. As a result of these
energy conversions, heat is released or absorbed in the medium.

Desc“be briefly about critical size, critical mass and nuclear
fusion process mechanism with suitable example.

Critical size : It is the minimum size of a nuclear reactor core of
nuclear weapon that can be made for a specific geometrical
fgrﬂﬁgerlnent i material composition. The critical size must at
(Ja?t'u:] ude enough fissionable material to reach critical mass.

riiieal mass : Critical mass refers to nuclear devices having
enuug}l fissile materia] to sustain a nuclear chain reaction. If the
q‘iaﬂlt;ty ot material is too small, and critical mass has not bee
;-:;1 {-.; g ci, Li.m" ? cha"} reaction will not take hold. The eritical mass
Nuclep 1&; ¢ of Uranium-235 js roughly 104 pounds.

ar fusion : Refer Q, 2.14, Page 2-12G, Unit-2.

Explain i ; .
cel]t]u:jm in detail abhout various types of generation golar

First generation solar cells : Refer Q. 3.21, Page 3291G, Upit—'d.

d generation G, Unit-3-
Third ge solar cells ;: Refer Q. 3.22, Page 8-22G, VIV
Beneration solar cells ; Refer {Zﬁa,gg, pagﬂé’g_,gg{;, Unit-3-

Identify (| . i an
bea ﬂlf‘ﬁctgfl_puwnhﬂl of geothermal en ergy and how i
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otential of genthermal energy : '
has estimated St thoro could he as much na 16 0 e Survey
untappedpower po%entinl just from geoth Efmal'snumef&w“t}:ﬂ of
already)been identified, which is equivalent to 16 Jar at have
wep plants or dozens of coal fired power plants Ke nuclear
Extraction of geothermal energy : Refer Q. 4.17, Page 4-17G

Unit-4.

Explain in detail about energy conservati
optimization of energy consumption, ation and

Energy conservation : Refer Q. 5.9, Page 5-11G, Unit-5
Optimization of energy consumption : .
Optimization of energy consumption is one of the main and effective
tools to achieve sustainable development around the world.
Optimization of energy consumption means choosing the right
model and creating and using the right methods and policies in the
production and consumption of energy, which in addition to ensuring
continued economic growth, reduce the destruction of energy
resources aLd reduce the negative effects of improper use of energy
affects the environment and society. 4

On the other hand, many factors such as the global energy shortage crisis and
limited energy resources due to its non-renewability, the use of fossil fuels that
increase environmental pollution, high population growth and the need for more
energy demand, high growth in energy consumption due o incorrect pattern of
consumption, lack of energy recovery system, existence of worn-out industries
and factories, dependence of the econamies of countries with energy benefits on
oil revenues and highenergy costsin the production cycle and itsnegative impact. -
on the world economy. ;
It has forced energy policymakers to think of a way to meet the
above challenges : -
Matching consumption with needs : The first and most
important step in finding opportunities to save and optimize energy
consumption is to match what is consumed with what is needed.
Duration of use and time of use are key parameters.
Maximize energy efficiency : The next step in optimizing energy
consumption is to ensure that system components operate as gfﬁmently
as possible. At this stage, the effects of operating conditions, maintenance
of facilities and equipment with the use of appropriate chemicals, major
repairs, methods and technology are considered.
Improving energy supply conditions : The first two steps reduce
the need of energy. At this stage, the search for a suitable source or
resources to meet energy needs is desired. The final stepin determining
savings opportunitiesis to consider how energyis supplied andto evaluate
energy saving and management opportunities in this sector, which can
be achieved by optimizing energy supply-
Section-C 10aE 10
Attempt any one following question : e
E"’P’lfin i};:l detail abilql t quantum. Also explain the
methﬂdt!lngical process of energy qumltlmhﬂﬂ-
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Ay Quantum :

1.

L

&

—

B

——

cular pocket of substance or energy. It

to the minimal amount of energy needed for a transition or the Minimum
value of any physical resource in an interaction as used in operation, The
singular form of the term is quantum. :

A potential value of a quantu m_ﬂyﬂtem s energy, t.e., a system made
up of micro-particles and obeying the Iqw_s of quantum mechanicg,
Micro-particles, as well as atomic nuclei, ions, or molecules, can he
electrons proton, or other elementary particles.

Energy quantization : .

The process of restricting the possible "r'.El.]‘l.‘lE..": of a physical quantity
to a set of discrete values is called quantization.

Energy of an electron is quantized. This is so because the electrons
can possess only specific individually separated values example
particle trapped in one dimensional well: Mg
A particle is trapped in a box with infinitely hard walls. The motion
of particle is specific along the x-axis betweenx=0and x = L.
The potential energy of the particle is infinite on both side of the
box while V is constant say 0 for convenience on the inside.

Quantum refers to aparti

V=«
V=zao
P i g 0 1

dps e el Fig. 1. it
The particle cannot have infinite amount o
function v is zero for x < 0 and o
To find y between x = 0 and x =L W ¥

energy. Hence, wave

Schruc!ing_gr equation for the coﬁ@ijiign satisﬁed (x=0andx=L)is

'y 2m ; ;
it

&'y 2m . ;

g Be=0 weg -
Pu@entia] Well

This equation hag solution (general)

"I";‘"“U!- describe the p;rfi:lﬂ i& nd for X =L, cos = 1, the second term
Ut willbe O at x = . only :l‘ﬂcaug,u it does not vanishat x =0
iﬁj‘—_-n—g e N en
Thig Blluw;th | o i i

Slhat eney i
OW as eigen '.ru]uef}r'rp'}:f the particle can have only certain values

levelg of
E‘VL]E nf L]lﬂ H}'Btﬂln pn :uﬂes Blgﬂn “rallles cnnstitut-ing the energy‘
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y S n*n*n?
O 2ml? _ g A3)
Wave fimction of a particle in a box whoge energy is F_is
Jn Py
vedain X 2mE, %
h (4)

Putting the value of E, we get

v, = A sin 'E’I

Here v, is Eigen Function corresponding to the energy eigen-valves
For each quantum number n, v _is single valued function of =, alén

A5)

y, and % are continuous. The integral of |v, |2over all space is finite.
Describe in detail about photo, thermal and electrical aspects,

Solid state photodetectors like PIN photodiode. It catches photons
of light with greater effect than that of a PN photodiode; it has a
huge surface for collecting as well as converting light photons. This
can be used for various energy generation purposes.

Properties of materials such as electrical conduction and heat

capacity are investigated by solid state physics. By assuming that
the material contains immobile positive ions and an “electron gas”
of classical, non-interacting electrons, the Drude model was able to
explain electrical and thermal conductivity and the Hall Effect in
metals, which are useful in the field of energy science.

The free electron model gave improved predictions for the heat
capacity of metals, (E = 1/2 kT), where % is Boltzmann constant. By
introducing the idea of electronic bands, the theory explains the
existence of conductors, semiconductors and insulators.

Attempt any one following question: (10x1=10)
Define nuclear force and binding energy process happening
in nuclear fission. Explain the working of fission with the

suitable example. -

Nuelear force : Refer Concept outline, Part-2, Page 2-3G, Unit-2.
Binding energy : Refer Q. 2.6, Page 2-5G, Unit-2.

Nuclear fission : Refer Q. 2.14, Page 2-12G, Unit-2.

State chain reaction. Explain the process happening in
reaction with suitable sketch.
Refer Q. 2.8, Page 2-7G, Unit-2.
Attempt any one following question :

Define solar radiation and expla
Plant process mechanism with suitabl

(10x 1=10)
in solar thermal power
e diagram.

Solar radiation : Refer Q. 3.3, Page 3-4G, Unit-3.
lar thermal power plant :
Sﬂlﬁ.lr thermal power plant is po
Yadiations and without any use of 'V cells. 6. operation.
his kind of power plant requires a Very large flra?_ 0 ey and
Olar thermal power plant is combination of solar €

€rmal energy.

1 : s th ar
wer generation system by tlie sol
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Water
X Turhine
_ Codd

a. Itisthe fluid used in

h. W

iv,

V.

Solar DDD Fvapata
energy | CJOJC] | beiler

callector DDD
- -

Solnr || Pond
<
Condenser Cooling towss

Fig. 2. Solar thermal power plant.
The sun radiations used as fuel in the power plant. Solar energy is
converted into the heat or thermal energy which further use ag
mechanical energy to operate the turbine and generators,
The cycle operation and different components of the solar thermal
power plant are given as follow :
Solar pond :
The solar energy coming from the sun firstly absorbed by the solar
pond. Solar pond is a reservoir of water where sun rays directly
focus by using solar energy collectors.
After that su?ar energy increases the internal erergy and raises
the temperature of solar pond.
The fluid in the solar pond may be directly used as the working flmd
if its temperature reaches up to evaporating temperature or other
way 18 to use secondary fluid known as working fluid. The fluid
from the solar pond goes into the cyclic process.

. Solar energy collectors :

Sulqr energy collectors are the device used for collecting the solar
radiations and focus the solar radiations at particular location to
transfer the heat energy into the solar ponds or fluid.

Generally, two types of collectors are used first is non-concentrating
or flat plate type solar collector which is used for low temperature

eycleand second one is concentrating or focusing type solar collector
which are used for medj d hi ications.
Working fluid: o0 1A temperature applicati

the eyclie operation. We use some other fluid
tause sometimes solar energy is not capable to

as a working fluid be
evaporate the water

& use Wurking n]_]]d wh' B - nd a_[!d
evaporate easily or ich gains energy from the solar po

aving eva i s As compare
fo watar: E Evaporation temperature le

Generally, brine or Some organic fluids are used as the working

fluid. After evaporation ing fluid o welic operations
in turbine and the working fluid goes through cyclic ope

N through condenser vain into the
evaporator hoiler. Bh condenser it goes ag

ﬁ:ﬁfﬂﬂfl{'ﬂ-‘"’"m‘-: In thig device, working fluid is kept gl gm::i&
orki H EJj ¥ Aporization from the s radiations or by selar Pﬁ']’er'
T“rhillllge l:;fﬂll; circulating throughout the cycle by evaporating bf:ti .
f ) Un“ruuﬂ" ITI.;Irhim_g 10 peners . rsare the pasl
the cyeliy LoVEL Bencrution systom Worbiag fuid goes throuh
YEIIC operation rupg the turbine which is connected t0

Benerator, wnerator pe N\ . : fi !'l'ed to
the required location 0" 4tes electricity which is transfe
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Condenser and cooling tower :_Aﬂer turbine working fluid goes into

the condenser, condenser and cooling tower condense the working fluid

and send back to the evaporator hoiler with the help of pump.

Working: , ,

The working is very simple almost similar to any thermal power
]ant. Solar power plant also works on Rankine cycle and Brayton

cycle as per the requirements.

++ With the help of construction part, we can easily predict the cycle of

operation and working.

< Working fluid gains latent heat of vaporization from the direct

<olar radiations or by means of solar ponds in the evaporator boiling
and converts it into vapour form.

_ After that it runs the turbine which is connected to the generator. After

turbine working fluid goes into the condenser and loses heat and again
sends back to the evaporator boiler with the help of pump.

This whole cycle repcated continuously until the sun remains in
the sky and radiation falls on the earth surface.

Define semiconductors. State intrinsic and extrinsic
semiconductors along with carrier concentration.

Semiconductors : Refer Concept outline, Part-3, Page 3-10G, Unit-3.
Intrinsic and extrinsic semiconductor : Refer Q. 3.9,
Page 3-10G, Unit-3.

Carrier concentration : Refer Q. 3.14, Page 3-14G, Unit-3.
Attempt any one following question : (10x1=10)
Describe in detail about wind turbine and its major
components for the production of electricity.

Wind turbine :
A wind turbine turns wind energy into electricity using the
aerodynamic force from the rotor blades, which work like an
airplane wing or helicopter rotor blade.
When wind flows across the blade, the air pressure on one side of
t%‘le blade decreases. The difference in air pressure across the two
gides of the blade creates both lift and drag.
The force of the lift is stronger than the drag and this causes the
rotor to spin.
The rotor connects to the generator, either directly (if it's a direct drive
turbine) or through a shaft and a series of gears (a gearbox) that speed up
the rotation and allow for a physically smaller generator.
This translation of aerodynamic force to rotation of a generator
creates electricity.
Components of wind turbine : A wind turbine consists of five
Mmajor parts. The main components are :
ind turbine foundation :

Th(. foundation isin the ground for onshore turbines, it isinvisible because
1tis covered with dirt. Tt is a large, heavy structural block of conerete that
Mmust support the entire turbine and the forees acting on it.

n offshore turbines, the foundation is underwater and not visible.

or offshore turbines far from the sea, the base floats but has

enough mags Lo support and sustain the weight of the turbine and
any forces exerted on it.
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2. Wind energy tower: .
I ‘1“{1‘0 towers of modern turbines are made of round sbee:l tubes, A
Mule of thumb for a turbine tower 18 that it is the same height 44 the

circle's diameter its blades make as they spin.

ii. Generally, the taller the turbine, the more susceptible t,
high-speed winds. Because the farther we are from the ground
the stronger the wind (the wind does not have the same speaq 4

different heights).
3. Wind turbine rotor and hub : o _
The rotor is the rotating part of the turbine; it consists of threa

ades and a central part connecting the blades, the hub,
’?’I];lg function of the Eub is to hold the blades and allow them to
rotate relative to the rest of the turbine body.
4. Wind turbine Nacelle : i o
i. The nacelle of a wind turbine is a complex electromechanical system
with quite a few components that function correctly with precision.
ii. Significant turbine parts are the generator and the turbine shaft
that transfers the harvested power from wind to the generator

Energy Science & figiheering

through a gearbox. g
iii, The gearbox is an essential part of the wind turbine; it’s on the
cable car. S
5. Wind energy generator : A generator is a component that converts
the mechamcﬁnergy of the rotor (obtained from the wind) into

electrical energy. i

b. Describe in detail about ncenn thefmnl energy conversion
and its classification. = Ve
Ocean Thermal Energy Conversion (OTEC) : Refer Q. 4.19,
Page 4-20G, Unit-4.
. Classification of OTEC : Refer Q. 4.20, Page 4-21G, Unit-4.

Attempt any one following question: ! (10x1=10)
Deseribe in detail about concept of green building and green
architecture. S,

Green architecture : Refer Q. 5.15, Page 5-14G; Unit-5.

A
B
%
a.
I.c. - ‘ . - S .
éi. Green building : Refer Q. 5.13 and 5.14, Page 5-13G; Unit-5.
b. Exlglain about energy audit by mentioning its types ai d
~ action plan for maintaining Energy management system-
A. Energy audit and it 5.2,
s t . . 5.21 and Q. 2
4 ;;?ge 519G: Unite. vpes : Refer Q. 5
- Plan for energy mang
o : gement system : T
. c.h:u' YEY review : Analyze your energy data, identify the sigt i
e BY USes, and prioritize the organization’s opportunitié
” F{iug}w pl:rfm'nhmrwu improvement. o
' C:m,rg?: haseline : Defing a period of time to serve as a basis
4 Tmparison of energy performance. Sures
h ui'n:;:lﬁ?;fg?(;rh;'”"u""” indicators : Develop quantitative megsUres
2 erformunce l
4. le e It
iﬁrﬁﬂ ll;,{lfl.*_’”li“"““l uirements : ldentify and keep up to ‘h"w.thfﬁb
5. l-e'_{.' requirements applicable to the organization’s enersy }L,ﬁnub’
jI']I{r‘TvéVuu and targets ; Decide on the energy P""tm“
ment goals to be pursued by the organtaation.

©0©
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1. Attempt all sections. If require any missing data

suitably. then choose

Secti un-A

Attempt all questionsin bnef & - v (10 x 2= 20)
How heat energy can be cunverted into mechanical energy ?

Heat energy can be cunverted into mechanical energy through a
process known as thermodynamws

Define term entrnpy
Refer Q. 1.10, 2 Mai-“ié”s" Questmns Page SQ-2G, Umt~1
l]lustrate the term nuclear fission. . e
Refer Q. 2. 11 2 Marks Questions, Page SQFSG Umt 2.
Wnte duwn the advantages of nucle;fr energy
Advantages of nuclear energy ar& as folluws
High Energy Density.
Low Greenhouse Gas Emissions:
Large-Scale Power GEﬂﬂrﬂtlﬂﬂ” i
Reliability and Resilience.

Elaborate the principle nf solar cell.
Refer Q. 3.16, 2 Marks Questions, Page SQ-8G, Unit-3.

i t
On what factors does the collector efficiency of a solar fla

plate collector depend ? "
The collector efficiency of a solar flat plate collector depends upo

following factors :

: ‘ "
Incident solar radiation. 9. Number of wve:‘ ::tltllrti -
Dust on cover plate. 4. Collector temper

Describe various geothermal energy wsgﬁri::-t-‘l-
Refer Q. 4.11, 2 Marks Questions, Page SQ-104,

Describe various biological energy sources:
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i.\What are the alternatives to deal with energy crisig 9
Afi#  To address an energy crisis following alternatives ang
can be implemented :

1. Renewable Energy Sources.

2. Energy Efficiency and Conservation.

3. Energy Storage Technologies.

4. Nuclear Power.

5. Smart Grids and Grid Modernization.

6. Distributed Generation and Microgrids.

Ang. Refglﬁ*@ 4.1, Page 4-2G, Unit-4,

Strategia

j» Discuss the terms energy cﬂnser}rati'a:ﬁ_;mdiéimrgy audit,
AHE Energy Conservation : Refer Q. 5.6, 2 Marks Questiong
S e T r

Page SQ-12G, Unit-5. . W
Energy Audit ; Refer Q. 5:15 *M&iﬂ;g“ﬂﬂ:estiunﬂ, Page SQ-13G
Unit-s.- o ::"3’ sl 2

A

3

2. Attempt any thqeaﬁfgh“é?”i'ilawmg ; {3;1{; =30)

describe how

‘u E 'lti LT
on reactor design with
of !js‘sion reactor.

o

A. NuclearFission Reactor's Refer Q9. 15; Page 2-13G, Unit-2.

B. QPWﬁFlssion Reactorg Refgpﬂgﬁj?f?fage 2-17G, Unit-2.

¢. Classify different typeﬁ"of solmiziharmal collector and show
the constructional details'of aflat plate collector. What are
its main advantages ?
Ang
A. Classification of Solar Thermal Collector : Solar collectors
_ are classified in two types :
i Nqn-Cnncentrating Collector :
1. Ttis also known as flat plate solar collector.
2. In these collectors, the area of collector to grasp the solar radiation
.. '8equal Lo the absorber plate and has concentration ratio of 1.
il C?ncentrnting Collector ;
;. {t is ahjtu known as focusing type solar collector.
- In these collectors, the area of the collector is kept less than o
aperture through which the radiation passes, to concentrate e
solar flux and hag high concentration ratio.
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g. Flat Plate (olléctor !
1. Flat p‘lntd&‘g;"i'\llﬂ"tﬁr is simplest in design and it is most important part
of anasokdr thermal energy system,

‘ e collector both direct and diffuse radiations are absorbed and
converted into useful heat.

"Components of Flat Plate Collector :

Absorber Plate :
Absorber plate is used to grasp and absorb solar radiation.

The plate is usually metallic (copper, aluminum or steel), sometimes
plastics have been used in some low temperature applications.

Transparent Covers :
These are one or more sheets made of glass for trapping the heat

received by the absorber plate.
9 It helpsin reducing the convective and radiative heat losses.
jii. Insulation : It minimizes the heat losses by conduction.
Box : It contains the above components and keep them into desired

iv.
position.

2

19 O

- B

B ' Transparent cover

| Absorber plate

Series of tubes

Thermal __ &
insulation B 1
: - "\ Housing

Fig. 1. Schematic diagram of a flat platé solar collector.

D. Advantages of Flat Plate Collector: =

1. It absorbs both direct and diffuse radiations. -

9 Thereisno need of tracking:

3. Ttis low cost and requires less maintenance.

R

d. Discuss the process of production of biogas from biomass.
. Describe Deenbandhu biogas plant.
A. The Process of Production of Biogas from Biomass :
1. The process of production of biogas from biomass is an anaerobic
digestion process.
?' Anaerobic digestion process consists of three stages.
3. Aflow chart showing these stages 18 given below :

Biranﬁ_H Soluble . X

(Fs ""FH Hydrolysis i Acidification *—"_"‘ﬁmm ang.| Methane ____-EUIDEM

and :m, Proteins Y 'Nutrients j prapanic  |furmation
arbohydrates) Btage J " Btage 2 acid Stage 3

Fig. 2. Anserobic digestion process,

S'_'“Ee 1 : Hydrolysis : In this slage, the complex compounds (such
48 fats, proteins carbohydrates) are broken into small size
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\}:&ﬂnepjmmds through the influence of water enzymes eafjoq

O

[

2.

[

- Deenbandhu mode] wyg developed by the Action For

vdrolyeis. ;
The reaction of hydrolysis i given below :

(CeH,00;), 4 nH,0 By ”{“-‘:”Iﬁ!”ﬁ}

Stage 2 : Acidifieation : In this stage, the soluble glucoae and
nutrients are converted in simpler volatile fatty acid and aeetjc arid
as by-produet that aceounts for 70 % of methane by-produet with
the help of acid forming bacteria.
The reaction of acidification is given below :
CeH, 0, —Modmduine_y 9CH, CH,OH + 2C0,

+ fatty acid + H, + other products
Stage 3 : Methane Formation : In this stage, the methane
producing bacteria converts the organic acids into biogas having its
main constituents as methane.
The reaction of methane formation is given below :

2CH,CH,0H + CO, —hmpmucoe , 3CH,COOH + CH,

CH,COOH— CH, + CO,
Deenbandhu Biogas Plant : \

- Deenbandhu plants are made entirely of brick masenry work

with a spherical shaped gas holder at the top and a concave bottom
as shown in Fig, 3.

MJme mg Gas outlet
| === 4 > ;
J__*_;; Valve - CovEE ~Trree
- © Dis-
@ placement
lulet pipe Empty space chamber
Gas storage Outlet
Outlet opening Tank

i . Fig. 3.
d_h_:,- inlet pipe connects the mixing tank with digester where the
isplaced slurry sfier digestion moves Lo outside s there 18 BY
::I‘wplau:umm Bpace on inlet side
::fcﬁ:: ltsjuﬂheu the slurry downward till the level in the digeste!
> Lhe upper end of gyt 1
el opening. Food

Production (AFPRO), New Delhi,
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o Summarige the global warming feature and fo
mpncts'-'-ﬂf this phenomenon on the di!tul‘hancsl:_: ::2
mstﬁinnhi lity of environment.
ABE Refer Q. 7(a), Page SP-17G, Solved Paper (2021-22),
Section-C

1
g Attempt any one part of the following : (10x1=10)

a. Discuss the main features of various types of renewable

and non-renewable energy sources. Als6 explain the
importance of non-conventional enérgy sotrces in the

context of global warming. B

A¥iE T W
A Features of Renewable Energy Sources:
1. Solar Energy : Solar energy harnesses the power of sunlight
through photovoltaic cells or'solar thermal systems. Solar energy

systems produce electricity without emissions and can be installed
on rooftops or in large-scale. ﬁ“Tﬁﬁizﬁﬁ?ms,

9 Wind Energy : Wind turbines convert the kinetic energy of wind
into electricity. Onsho ‘and offshore wind farms can generate

significant amounts of power, making wind energy an imiportant
contributor to the . newable energy mix. y:

3. Hydroelectric Power : Hydroelectricipower is generated by

A vy of moving water. Hydroelectric power is a

offers large-scale electricity generation, and

& has the advantage of energy storage through reservoirs.
/4. Biomass Energy : Biomass encrgy is derived from organic matter

aste materials. Biomass can

" 'be used to'produce heat, electricity; or biofuels.

5. Geothermal Energy :Eeuthgrmaiemrgy utilizes heat from the
Earth's interior to generaté electricity or provide direct heating.
Geothermal power plants have low emissions and provide
continuous base load power.sl”

B. Features of Non-renewable Energy Sources :

L. Fossil Fuels : Fossil fuels include coal, oil, and natural gas. They
are hurned to produce energy, but their use contributes to pollution
and climate change. Fossil fuels are finite resources.

2. Nuclear Energy : Nuclear energy is generated by the fission of

uranium or plutonium. It produces 8 substantial amount of electricity
without direct greenhouse gas emissions. However, nuclear power
lisposal, safety, and publi¢

comes with challenges related to waste (
C perception.
+ Importance of Non-nonventiunul Energy Sources in
L Context of Global Warming : :
Carbon Emissions Reduction : Nnn—cunventmnul energy
Sources produce little to 1o greenhouse

operation, unlike fossil fuels.

such aswuod, agricultural crops ar

the

gas emissions during
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3.

Energy Transition : Shifting i-ﬂ“-'ﬂl'i!s HOH'CDnvEHtiuna.l energy
sources helps diversify the energy mix and reduces reliance on
finite fossil fuel resources. ‘

Renewable and Infinite : Nun-convc:ntmnal ENErgy sources are
renewable, meaning they can be replenished over time. Renewabe
sources such as solar, wind, and hydroelectric power can be
harnessed indefinitely.

Localized Power Generation : Non-conventional energy sources
offer the potential for decentralized power generation. This reduces

dependence on centralized grids and provides access to el ectricity

in remote or underserved areas. _ £, _
Green Job Creation : Investments in non-conventional energy

sources stimulate the growth of green iﬁdﬁatrifbﬁ, leading to job
creation in areas such as manufacturing, installation, maintenance,
and research and development. i

Define term radiation. Wn'.tedownthe difference between
direct radiation and diffuse radiation.

Radiation : Refer Q' 3.3, Page 3-4G, Unit-3. A
Difference between Direct and Diffuse Radiation :

Rl

Refer Q. 3.5, Page &iﬁq,‘_Uhit-& il

$f f’&a v SEe
Attempt any one part of the following: = = (10x 1=10)
JQllustrate the term nuclear fusion ? How does it differ from
nuclear fission ? & U
Refer Q. 2.13, Page 2-11G, Unit-2. ..~ P

Discuss the essential fe‘ﬁfuresi:p; ‘a hydrogen-oxygen cell.
ﬁng_a suitable diagram of t]ug-ueﬂand give the reactions

took place at the elecﬁvoqé_g‘. LN

Essential Features of ami'iydruﬁen-ﬂxy en Cell : Following
are the essential features of a;_hydrgogen-oxygen cell ;

Electrolyte 2. Anode
Cathode 4. Catalyst
Proton Exchange 6. Gas Diffusion Layers

Hyd_::ugen-ﬂxygen Cell Diagram :

f"i basic h.‘:{ drogen-oxygen fuel cell with phosphoric acid as electrolyte

is shown in Fig. 4,

In fuel cells, platinum coated special graphite plates are used as

Lhe emftfﬂde'ﬂ Separated by an electrolyte.

;thH}:’UEI is hydrogen gas which is supplied at the anode side where
e hydrogen molecules are effectively reduced to hydrogen ions

which move to the electrolyte.

H, (gas)— 2H* (ion) + 20~

. Electrons liberated at the anode build up a negative potential and

travel towards the cathode through an externally connected circuit.
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S
5. Oxygen gas”is supplied at the cathode where it is reduced hy
hydrogen ions to produce water.
_ 4H* + O, + 4e-— 2H,0
62 Blectrochemical reactions coupled with movement of hydrogen
ions through the electrolyte generate an electric potential, which
causes electric current to flow through the load.

2H, + 0, —Fueleell , 91,0 + Electric energy generated
+ Heat energy released
H, fuel

ode
(-)
Cathode [T T
f.l.} iy b il i SEemioe
0, +j’ﬂ-H" +48° - 2H,0
! xjdm Elf"" ¥ e
P .

7. A streamof air is circulated on the cathode'side of ¢
/abserbs enough heat to maintain outlet air and steam at 180 °C
which is optimum for best performance of the cell.

i .
e

bt o

' 5. Attempt any one part of the fnﬂuﬂi’%’ﬁgﬁ?
a. Write short note on solar cell arr N
1. A solar cell array is a collectio

(10x1=10)

llection of interconnected solar cells that
work together to convert sunlight directly into electricity.

2. Solar cells are strung in series’and thus form a solar module or
array.,

3. They may be tracking arrays or fixed arrays.

4. Atracking array is defined as one which is always kept mechanically
perpendicular to the sun-array line so that all times it intercepts
the maximum isolation.

5. Such arrays must be physically movable by a suitable prime-mover
and are considerably more complex than fixed arrays.

6. Afixed array is usually oriented east-west and tilted up at an angle

approximately equal to the latitude of the site.

Fixed arrays are mechanically simpler than tracking arrays.

The types of solar cell array are as follows :

Flat-Plate Arrays : Wherein solar cells are attached with a suitable

adhesive to some kind of substrate structure usually semi-rigid to

Prevent cells being cracked.

-I_Em:lﬂ'
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ii. Coficentrating Arrays : Wherein suitable optics, ¢, Fresne|
: 1";#!&0& parabolic mirrors, compound parabolic concentratopg (CPey

and others are combined with photovoltaic cells in array fashion

b. Describe the mechanism of photoconduction in a py cell.,
“T_ In p-n junction after the photons are abs?rbcd, the free electrong
of the n-side will tend to flow to thn: p-side, and the holeg of the
p-side will tend to flow to the n-side to compensate for thej,
respective deficiencies. _ e
2. This diffusion will create an electric field from
3. This field will increase until it reaches equilibrium'of V., the gum
of the diffusion potentials for holes and electrons.

%

the n-region to the

e

o
|

b aliEa
N wi‘%

. n-region

Y

e p-region
*  Base material
L e

Metal cundu‘:tur *'>x
Fig. 6.

4. If electrical contacts are made with the two semiconductor
materials and the contacts are connected through an external
electrical conductor, the free electrons will flow from the n-type
material through the conduc Lor to the p-type material.

b. The flow of electrons through the external conductor constitutes
an electric current which will continue as long as more free
ele!::tlr'uns and holes are being formed by the solar radiation.

6. This is the hasig uf'phutu{:unductiun mechanism.

6. Attempt any one part of the followi 1=10)
; : ollowing : (10 x
a. Describe the ‘Single Basin’ and ‘T:ru Basin’ systems of tida!

Power harnessing, pij ik %
limitations, B. Discuss their advantag




sp-36G (ESC-Sem-3 & 4) Solved Paper (Sem-3) (2022-23)

s
ARE. ;

Page 423G, Unit-4.

Advantages of Single Basin System :

Stmple design and operation.

Cost-effective

Limitations of Single Basin System :

Can disrupt aquatic ecosystems.

Limited locations for electricity generation.

Limited generation time.

Advantages of Two Basin System :

. Extended generation time.

Less environmental impact. r

Utilization of a broader range of locations.:

Limitations of Two Basin S}'qtalﬁ?' ;

L

ol S o

0 o

Requires sophisticated engineering
Higher costs. Qng O
Limited suitable sites.

%“,’,‘,e: =
Describe the process of gasifica

7

F oL

its heating value ? What are its applications
& i w-'g';;.-;:'

1
L
i
L]
-

rying zone
F O e

50 O RO UG

Fig. 6.
_ The process of gasification involves the
i. Drying : Biomass fuels usually contain 1

When biomass is heated to about 100 °C, the moisture is-conver

into steam.

is the general composition of the gas produced

Single Basin and Two Basin system : Refer Q. 4.29

gto) anné the water flow.

tion of solid biomass. What

and what is
?2 4 e

g

following four processes:

0 % — 356 % moisture.
ted
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i, Pyrolysis : After drying ns heating continues, the hiomagg
undergoes pyrolysis. It involves burning biomass completely
without supplying any oxygen.

iii. Reduction : At higher temperatures and under reducing
conditions that is when not enough oxygen is available, the
following reactions takes place forming carbon dioxide, hydrogen
and methane.

C+CO0,— 2CO

C+H,0— CO+H,
CO + H,0— CO, + H,

C+2H,—> CH, A

iv. Combustion : Air is introduced into ths gamfler after the

decomposition process. Dunngmndatmn which takes place at about
T700-1400 °C, charcoal or the suh&carbomzeﬁ fuel reacts with the

oxygen in the air to pruducé hn dioxide and heat.
C+0,—> Cagu he“é’%

B. Composition :

Carbon Monoxide '

Hydrogen .
Methanen,, %
Carbanaﬂi'oxgge
ggtmget;l e

s

S S O] ] M

Water vapour

Heating value :

The gas produced in the gasifier is a clean burning fuel having
heating value of about 950 - 1200 keal/m?.
Applieation :

In industrial oil fired boiler,

e §3

2. In gas turbine.

Attempl any one part of the following ; (10x 1=10)

Define term green énergy. What are the benefits of green
energy 7

Refer Q. 5.12, Page 6-12G, Unit-5,

Briefly explain the different types of storage systoms.
Refer Q. 5.8, Page 5-9¢ » Unit-B,

©0©

E B =2

£ -
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Attempt all Sections. If require any mlasmﬂ’ data then choose

Note: 1
suitably.

Attempt all questions in bne (2x10=20)

Give the examples of poten w

Water behind adam. . %’
An object at the top o{éa hm.eg &
Araised weight. . W

i E ; -:_@7'

What is enerﬁy q’tfanhzatmn 2
: Pag'e S%-?F.’G Solved Pap;x: (20213221;;:*'

é R =

Eap E P o !-E P

Electric energy = Electrical poﬁ'er x Time
1000 = 160 x Time"

= 6.25 hours

What are the two types of charge carriers In

d.
semiconductors 7 .

Ang Holes and electrons are the two types of charge carriers in
semiconductor,

How is energy generated from bio energy ?
There are following three ways to generate energy from bio energy -
Direct combustion (Burning),

!—‘Eﬂ
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2.

3, Con

f.
Ans.

g

Ang.

2
a.
Anil
1

2

. But

{évinl decay, and .
L er s or liquid fuel.

version Lo gns

t is the anticipated life of a wind farm ?

Wha
n wind farm is approximately 30 years,

The anticipated life of

Why is ocean thermal energy conversion a renewahlg

resource ?

Ocean thermal energy cumrc-rsmn is a renewable resource becauga
the temperature gradient is continuously mstomd

Write the characteristics of a green bullding

Refer Q. 5.13, Page 5-13G, Unit-5.

What is the criteria for LEED rating ?
Refer Q. 5.17, Page 5-15G, Umt :

How do you calculate tlm ‘mhnd:eii energy of material ?

The embadied energy of matena”hs calculated as the equivalency of
carbon emissions in kllugramﬂ per volume of material.

qu
ction-B
.,

ﬁ" o
at, &ave functionis y =y | e'“ﬁ' P
On dlﬁ'erEntmtmgw r.t. time, we get i

ff;‘?'ﬁ?ﬁi

e

dy i h]
B ek . 22
“ n [ g on
E Elp:._ﬁ.g"li
i ol
= E‘I’:lﬁ Q.Lp‘_ “.(2}
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_ Now time mdepen‘dent Schrodinger wave equation ; N En
tﬂ y o+ —T&E— Vy-=
P+ i’" (Ey - Vil =0

. Using eq. (2), we get,

This is required time dependent Schrodinger wave equation.

i

: :‘* "':M

> 1e k‘nqwn as Hamiltonian operatur

- --e-:-

ey
and, X % Ew . energy operator.

b. :_;Galculate the -limdmg energy per nucleon of | 7Cl35 nucleus.
Given mass of {;C1%° is 34.9800U, Mass of proton (,p h is
g GﬂsﬂﬁﬁU and mass of neutron (nn‘} 15 1 00'?82511

“:'Mliﬁ ; of :iieutren

Maﬂs of 17 pretanﬂ 17 x 1.007825 = 17 133025
Mass of 18 neutrons = 18 x 1. 008665 = 18.16597
Total mass of 35 nucleons = 35. 282995
Mass defect of };Cl = 34. 980000

Am = 35.288995 - 34. 980000

Am = 0.308995 amu

5. Total binding energy = Am x 931. 5 Mev
= 287.8288425

5 BE per nucleon = M;%M—z—ﬁ- = 8.22 Mev

B e
e
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dionctive decay follows exponentia] live
9 8G, Unit-2.
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c. Show fhat ra

Ang _ Refer Q. 2.10, Page

1 for measuring t}
, 'hat are the devices usec ing the 4q)
. ra:;:lﬂtinns 7 Explain with any one of them with neat ﬂket;,r
AnE Refer Q. 3.7, Page 3-7G, Unit-3. A
: in the concept of green build;
. With neat sketch explain : iiding o]
) write the factors which can made a building green 2 50
AnEk Refer Q. 5.13, Page 5-13G, Unit-5.

Summer

_—Absorber

o T

Section-C

&Atmmgtmy one part of the following : (10x1=10)
2 Explaisi the Carnot vapour powe

Sxpla cycle with T-s diagram.
Also find out the effiﬁigq;;y:-="""f_:Qﬁfﬁ%{ccycle. o

h- E 1 i ";J
Ef:il::i::::ylgiﬁﬂm]:; :f]"’ cle ‘and obtained expression for
= Pressure and te tio.
Ank. Refer Q. 1,26, Page 1-28G, Unit-1 mperature rati
4. At ;
oy ﬁ?l:{-{;s:i::ne Part of the following ; (10x 1=10)
binding enep S hi“diﬂﬂ energy ? What is the total
Ang. Refer .9 ¢ EY per nucleon fop he 12 9
- 4.6, Page 2-5G, Unit.9 €4 nucleus :
b. With a neat g .
E EtC}I 0
~ highlights jig mer’ii’:m‘ﬁ“ Pressurized water reactor (PWR)

a
Refer Q.2 17, Page Z_Né‘dui?:;ﬁts‘
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5. Attempt any one partof the following :
a. Discuss p-n jlfﬁ__,ﬂﬁl‘ll‘l in forward bias and re

PE F.-Ja 3 '?’?-‘ ?w'i?g

N B

o

pebs

B e PO

Ll L .

. Schedule for implementation W

————

) ?'n?‘)--?'.'h

(101 2 49,

condition. versed hing

Refer QuA13, Page 3-17G, Unit-3,

Perive V-I and P-V characteristics of photo volatile devie

“Refer Q. 3.20, Page 3-20G, Unit-3.

Attempt any one part of the following : (10 %1 =10
Derive the continuity equation for 1-D fluid Now. Alsa d;r;-,.,.
the expression for wind power.

Continuity Equation : Refer Q. 4.4, Page 4-8G, Unit-4.
Expression for Wind Power : Refer Q. 4.6, Page 4-70, Unit-4.

Write down the principle of power generation in wind mills,
Derive an expression for maximum efficiency.
Refer Q. 4.7, Page 4-8G, Unit-4.

Attempt any one part of tﬁ'e_,fn'lluﬁng - (10x1=10)
Describe steps for methodology for energy audits List the
key instrument for energy audit.

Steps forﬂMé'i:hﬁ}dﬁﬁéy for Energy Audit : The energy audit
consists of three steps : L

AU ase focuses on the planning for audit process.

An epergy audit team is established at this stage to ensure
coordination during audit activities: =~

Details of facilities are idquiﬁed%:hpﬁughlj to be included in the
scope of audit process. " S -

Audit Phase : Following are the steps in audit phase :
Gathering primary data. =" .
Conduct site survey, monitoring and measuring.

Analysis of energy use.

Reporting and presentation.

Post Audit Phase : 0
In post audit phase, monitoring actions and measurements wi

take place Lo ensure action planis fulfilled. .
ill be recorded and reviewed

)

ekl

periodically.

Key Instrument for Energy Audit :
instrument for energy audit :

Digital pressure indicator.

Manometers.

Pitot tube.

Anemometer,

Following are the key

e




Energy Science & Engmeﬁrﬁlg SP-43 G (ESC-Sem-3 & 4)

—

. Tachanyeter.
. Pawer analyzer.
. ~Digital multimeter.

What is a nuclear fuel cycles ? What steps are involved in
nuclear fuel cycle ?

Unit-5.

. Steps Involved in Nuclear Fuel Cycle: Steps mvulvedm nuclear
fuel cycle are as follows :
Mining : fm . o

. Uranijum ore can be extracted through_ cnﬁ%ntmna] mining in
open pit and underground method. 3 --

: 1n-51tu leach mining methods are alsu

. Mined uranium ores normally. ;ire "
materials to a uniform partmia sizel " jr

. The milling process commonly dry ower form material consisting
of natural uranium, ye]luwfcake OE}

Uranium Conversmn H ﬁ most reactors, U,04 1&.?11511&113;

5
6
7
b.

AN ‘
A. Nuclear Fuel Cycles : Refer concept outline part-2, Page 5-3G,
B

i
1
2
11.
1
2
iii.

using in a raﬂctnrw
v. Fabrication: =

1. Itisthelast step of nuclear fuel cycle. @ .
2. Fnriched UF, is converted into pellet fu m,

" tubes calls fuel rods. ;




