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After s‘u“cc‘essful completion of the course, students will be

able to:

1. Acquire knowledge on solar radiation principles with respect
to solar energy estimation.

2. Get familiarized with various collecting techniques of solar
energy and its storage.

3. Learn the solar photovoltaic technology prinéiples and dif-
ferent types of solar cells for energy conversmn and differ-
ent photovoltaic applications.

4. Understand the working prmcrples of several solar appla—
ances like Solar cookers, Solar hot water systems, Solar dry-
ers, Solar DlStI“atIOH Solar greenhouses |

Sun as a source of energy, Solar radiation, Solar radlatlon
at the Earth’s surface Measurement of Solar radratlon Pyroheho—
meter, Pyranometer, Sunshnne recorder Prediction of available

solar radiation, Solar energy-lmportance Storage of solar energy,
| Solar pond |

Principle of conversion of solar radiation into heat, Collectors
used for solar thermal conversion: Flat plate collectors and Con-
centrating collectors, Solar Thermal Power Plant, Solar cookers,

Solar hot water systems, Solar dryers, Solar Distillation, Solar
greenhouses.
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Ans : The sun is the last source of energy. Every morning the sun
raises, and gives lights and heat to the earth and every evening
when sun sets, plants convert light 'energy from the sun into the
chemical energy (food) by the process of photosynthesis. Animals
by eating life plants and use the same chemical energy for all their
life activities.

" One of the most sources of energy, is the Sun Energy. We get
solar heat energy from the sun and the sunlight can also be used to
produce electricity from Solar (Photo Voltaic) when the cells of
the sun heats, the earth’s surface and earth heats the all.

Yet without sun, we wouldn’t exist. Deep the core of our |
local start (the Sun) hydrogen atoms react by nuclear fusion, they
produce massive amount of that streams in all directions at the
speed of light. In just eight minutes, that energy travels 93 million
miles to earth.

" Unit-1 = R
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We use many different forms of energy here on earth, by

here is the thing almost all of them originates with sun. Sun not just

light and heat (thousand) energy the law of conservation of energy

says that energy can’t be created or destroyed. But can change it

forms. And that is what happens with energy from the sun. It

changes into lots of different forms.

L.

Heat energ'y from the sun causes changing weather pastures

 that produce wind, Wmd turblnes then convert wmd power

into electrlcal energy

, Hydroelectrlcrty IS electrlcal energy produced from movmg

water and water ﬂows because heat energy from the sun cause

- evaporatron that keeps water movmg through water cycle.

.,.Rrght now, much human actrvrtles was energy from fossﬂ
fuels. Such as coal ol, natural gas, these energy sources on
f]created over very long perrods of tlme from decayed and

 fossilized hvmg matter (ammals & plants) and the energy in

that living matter Orrglnally came from the sun through photo

- synthesis.

“T.h,e Sun sends more energy to the earth in one hour than the
whole planet needs in 4 year.

Ans : Solar Radiatioy Solar radiation also called as the solar

resource or Sunllght Isa general term of electromagnetlc radlatron

Unit I
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Temperature : The amount of insolation received as wel] as

absorbed by earth (Land surface and at atmosphere) creates heat
which is measure in terms of temperature. Temperature ig degree
of hotness or coldness of a place. It 1s measured in Degree, Celsiyg
or Fahrenheit. But insolation it is the heat energy which make things
hot. It is the cause, it is measured in calories. Temperature distriby.
tion is shown with the help of isotherms. Isotherms are line Joining

places with equal temperature. Close space between isotherms

indicate rapid change where wide spacing means slow change.

Ans : The Solar radiation that reaches the Key earth’s surface with

out being drﬁ'used is called direct beam of solar radiation the same
of the diffuse and direct solar radiation i 1s called global solar
radiation. Atmospheric condrtlons can reduce dlrect beam radratron
by 10% nuclear, day, days and 100% daily thick, peak days

Solar radratlon is radrant (electromagnetrc) energy from theﬁ 3
sun, of the hght that reaches Earth S surface infrared radiation makes

up 49.4%, white visible light prowdes 42.3% and U.V. radiation

makes up just 8% of told solar radiation. Each of these buds has a
different impact on the envrronment

Main effects of Solar Radlatwn at Earth’s surface :
Atmospheric effects, 1nclud1ng absorption and scattering,

Lose variations in the atmosphere, such as watervapor, cloud,
and pollution, ’

- Unit -1
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3 Latltude of the location.

4. The season of the year at the time of the day.

These are four main effects of solar on earth. These changes
include variation in the overall power received the special content
of the lights and the angle from which light is incident in the surface.
In addition, a key change is that the variability of solar radiation at
a particular location increases dramatically The variability is due
to both local effects such as clouds and seasonal variations, as well
as other effects such an lights of the day asa partlcular latitude. Desert
regions tend to have low Variations due to local atmospheric pheno-
mena, such as cloud Equatonal reglons have how var1ab111ty bet-

L
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WhICh convens heat to an electrical signal that can be recorded

the signal voltage is converted via formula to measure watts per
square meter.

The extefnal structure of Pyrheliometer instrument tools like
a telescope because it is lengthy tube. By using this tube, we can
spot the lens toward the sun to calculate the radiance the pyrhelio-
meter basic structure is shown above. Here the lens can be pointed
in the direction of the sun and solar radiation will flow throughout
the lens, after that tube and finally at the last part includes a black

object at the bottom.

The irradiance of solar enters into this device to the crystal
quartz windows and dxrectly reaches out a thermoplle So, this

energy can be changed from heat to an electrlcal s1gna1 that can be

recorded.

A calibration factor can beapplied__onee‘bhizing_es the mv signal
toa corresponding radial energy flame, and it is calculated 14 watts/
‘mt ; this kind of informatidn can be used increase insolation maps.
It is a solar energy measurement that is received on a specified
time to change around the globe the isolation factor for a specific

area is very useful once settmg up solar panels

erhelwmeter Circuit Diagram : The circuit dlagram of the
Pyrheliometer is shown below, It includes two equal strips specified
with two strips S, and Sz with equal. Here a thermocouple is used
its one junction can be connected to S,. Whereas the other is con-
nected to S,. A re-positive galvanometer can be connected to see

thermocouple. The strip is connected to an exterior electrical circuit.
§ Unit -1 |
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g a type of Actinometer used for .

es surface. This word come from the &
roe
are means above in sky. Ag the be k
ADOy4

s instrument. Therefore, it i
4 nOW
n

A Pyranometer i

irradiance on a plan

solar

word Pyr means five and

measured through thi
eter. the working principle of the Pyranometer is by :
e

ctric detection.
ch is Radiometer with a glass dome t4
at

f the whole sky. Pyranometer do n

are designed for long life service

heat 18
as Pyranom
on thermo ele

Pyranometer whi
has hemispherical view O

e much maintenance and

ter is used for measuring the d

Pyranome
radiations which varies with the cosine of angle of incidence

0°angle of incidence =

- requit
iffused radiation and bean

Full response
60° angle of incidence = 50% response

00° angle of incidence = - Zero response.

The incident angle 9’ is the angle between a norms do the

PV rnodule face and the mcommg solar beam 1rrad1ance

n in wb/m’. Solar
pressed in
ectrum

A Pyranometer measures solar radiatio
radiation is the source of energy, the energy flux 1s ex
whb/m?. It includes visible as well as non—vrsrble part of the sp
Solar radiation can reach us directly or in other Ways filtered b}

clouds Scattered by the atmosphere and reflected by grou” n
cause the)

surface. Spectrally flat Pyranometer is often preferred be
sing

can be
used in horizontal, invented and tilted orientations

sam
e instrument with the same cahbratmn Pyran

available with digital OUtputs Eh s case of the cal
- Unit-1I T
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performed mSlde the instrument. It is designed to measure the solar

radiation flux density (w/m?) from the hemisphere. It measures the

wavelength in the range of 0.3 um to 3um.

Classification of Pyranometer : There are two types of tech-
nologies of Pyranometer used with the help of which it can mea-
sures the temperature.

Thermopile Technology (Thermoelectric Pyranometer) :
This type of Pyranometer used collection of thermo-couples which
are connected in series where the top surface is exposed to heat
flux that is the radiation from the sun and the bottom surface is
insulted when there are thermal resistance layers due to which heat,
which heat will not be transfer from the top-layer to bottom layer.

Thermal | | . ': — Heat
Resistance ’ F]ux q
Layer i

TRl Rl

i e

The bottom surface will be cold surface and reference tempe-
rature will be there. The fop surface will be heated by the solar
radiation due to difference in temperature and voltage will be gene-
rated to the voltage can be measured Av represents change in voltage
and may be measured based on the temperature difference which

18 represented by or hrgher will be the voltage dlﬁ"erence on Av.
Unit I W%g&f ,’,» % / e ",5’/'(: i : & f).,’ R S N SRR
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” .- ine Recorder? Explain 17—
| io the Sunshine Recorder pPlain it
| [(6 Whatis the Suns

Ans : Sunshine recorder is a tool that records the amoyp |,
ns :

‘ Sup,
shine at a given location or region at any time the regy|, Provig,

information about the weather and climate as wel] 5 the tep,

-

- rature of a geographical area. This instrument ig useful in MeteQ

-

rology, Science, Agriculture, Tourism and other fields It hag alsg

been called heliograph.

There are two basic types of sunshine recorders.One
uses the sun itself as time-scale for the sunshine readings, the
'type uses some from of clock for the time scale.

type
Other

The popular types of Sunshine Recorders are :
1) Campbell Stokes Recorder
i1) Blake - Larsen Rebbrder '
The Campbell-
It was invented by John to Franks

Stokes recorder is a kind of sunshine recorder

Campbell in 1853 and modified
okes. The original designed by
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Spherical
Lens
J' Paper Strip
& Support for
Paper Strip
1 I—> Supporting
Base

The main advantage of 3unshjne recorder is that it is in expen-
stive. However, it is less accurate as well. Also it is not sophisticated
as Parameter and Pyrhellometer

11) The Bla.ke—Larsen Sun Recorder isa smple and umque sensor
to determine sunshine durat1on as the human eye would do by its |
des1gn and measurmg pr1nc1p1e = ' '
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NN

In contrast with present methods, it even determines sunship

duration with dusk and dawn. The Blake-Larsen Sun Recorde; ;
unique. Sunshine 18 determined by mimicking the way a humap,
would determine whether the sun shines. Light, reflected by

dome, passes through a spécial filter onto the LUX-sensor.
[ 7. Write about \t_l“te“\importqm_;e of Solar Energy - :

Ans : It 1s the most important source of energy for life form, It ig

renewable source of energy, unlike non-renewable sources such as

fossil fuels. Solar energy technologies use the son’s energy to light

homes, produce hot water heat homes as shown in solar tankless

water heater reviews and electricity.

Solar energy - A Clean Source : No greenhouse- gas emis-
sions are released into the atmosphere, When you use solar panels
to create electricity. And because the son prov1des more energy
than we will even need, electrlclty from Solar Power | 1S a very

important energy source in the move to clean energy production.

Important Points about Solar Energy :

1. Solar energy is completely free source of energy, and it is
found abundance, through the sun is 90 million miles from
the earth it takes 8 rmlhon a for light to travel from that much
distance.

2,

Solar energy which compriges of radiant heat and light from

the sun can be harassed with some modern technology like
- Unit -1
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For a sensible heat storage system, energy is stored by healj g

a liquid or a solid. Materials that are used in such a Systen,

include liquids like water. Inorganic molten salts and solidg

like rock, gravel and refractories.

The choice of the material used depends on the temperatyse

evel of its utilization. Water is used for temperature beloy,

B)

- Uni

100°C whereas refractory bricks can be used for temperature
upto 1,000°C.

Latent Heat Storage (phas_e changé heat stdrage)ﬁ S

All pure substances in nature are able to change their state.
Solids can become liquids (ice to water) and liquids can be-

come gases (water to vapors) but changes such as these require
the addition or removal of heat. '

In this system, heat is stored in a matéﬁal Whe_ﬁ it melts, and
heat is extracted from the material when it Jfreezés.' =

Heat can also be stored when a liquid Changes‘ to gaseous

state, but as the volume change is large such a system is not
economic.

Latent heat arises from the work required to overcome the
forces that hold together atoms of molecules in a material,
the regular structure of a crystalline solid is maintained by
forces of attraction among its individual atoms; which oscil-

late slightly about their average positions in this-crystal lattice.
t-1 0 e
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5. Formula,
Q=ML
M = Mass,

L = Individual latent heat
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C)=G hermo Chemical St'oragé

1. Witha thermo chemical sto‘ragé system, solar heat energy can
start an endo-thermic chemical reaction and new products
of reactions remain intact. =

2. To extract energy, a reverse exothermic reaction is allowed
to take place.

3. Actually, thermo-chemical, thermo energy is the binding energy
of rei/ersible chemical reactions.

5 s s e e e o e R -
* Unit -1 Sees s s e s I 19
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[ 9 Discuss in detail about Hot Water Tank,

Ans. Stratified Storage : \

1. A hot water storage tank (also called a hot water tank ¢

storage tanks hot water, thermalstorage which heat g

erm al

Org
tanks and hot water cylinder) is a water tank ugeq for st g

hot water for space heating or domestic use,

2. An efficient insulated tank can retain stared heat o, days

e - ; Relief valves Te?;igng
——
_ : ToTa
sl ps
Preheat : s
Storage Auxiliary
& Tank - W —
ater
t | Heater
Collector-storage : Water
heat exchanger supply

= _ Solar Power Plant (Hot Water Only)

3. Hot water tanks may have a buﬂt-m gas or oil burner systef:
electric immersion heaters, an external heat exchanges, such
as a central heating system, or heated water from anoit®
energy source such as a wood burning store.

Ans.

1. ASolar pond s a pool of salt water which collects and stor®

xﬂ
Solar thel'mal energy the Salt W rl i

ve
e ater naturally forms &
- Unit-1I ﬁ// /7"/;/%
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Turbine Heat

Generator

e

LLosses
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&

/ 7 7 >
o~
Bt '

Heat

Fresh (20-35)°C

_@_\\
g exchang& g Pu mp
Pump ;
—-—@——

Salty

evaporator Condencer

Pump

Very Salty (70-90)°C

- Ans. Both 1nstruments hke pyrhehometer and pyranometer a.

used to calculate Solar 1rrad1ance These are related in their inter,

tion, but there are some dlﬁ'erenees in their construction and won-l
ing principle. ' |

1. Ttis one kind of aceto-

meter mainly used to mea-

sure the solar irradiance

over a plane surface

1. This instmment 18 used l
measure direct ray sold!

irradiance.

It was thermoelectric

detection principle.

o
2. In this, the thefmoel

1“

detection P”‘nmpl

S
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Pyranomete .

Pyrhehomete

In this, the measurement

3. 3. In thls, increasing tempe-
of increase temperature rature can be calculated
can be done through through thermocycles that
thermocouples that are allied in series / series,
which are linked in series. parallel to create
Otherwise series-parallel thermopile.
to build thermopile. .

4. This is frequently used in | 4. This also used in meteoro-
meteorological research logical research stations.
stations. = '_ -

S This instrument calculé;,-f Th1s lnstrument calcula-

tion global solar radiation.

, tlon dlrect solar radlatlon

[ns. Pyranometer, Pyrheliometer are radiometers designed for
1easuring the irradiance on a plane surface, normally from solar

adiation and lamps and some mstruments are

1.

Unit I /////%%//‘%%/ i
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Sun trackers

Alb_edomelous '

UVRadio meters

Net Radio meters
Horticultural sensors
Sunshine Recorder

Pyrgeometer etc.
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13 \ How can you Emmate the ava"“”l‘? *S"l“" R“dmh "

Ans. The irradiance can be predicted using statistica] Wi l_ )u
as Artificial Neural Networks (ANN), Support Vector Mach; neg (g G
or Auto Regressive Moving Average (ARMA). However, the enh(:
look accuracy because they cannot capture long-term depeng, &

or cannot be used with big data because of scalability,

Solar irradiance fore castmg system based on reg] time 4,
Historical Meteorological Data Combmatlon Method and dlfferen g
Metals are used to predict the solar radiation multilayereq ¢,

A
forward network 1s also using the predlctlon of Solar Radiatigy

= S

Ans. It is the most 1mportant source of energy for life forms. It
renewable source of energy, unlike non-renewable sources suchz
fossil, fuels, solar energy technologles use the sun’s energy to ligh

homes, produce hot water, heat homes as shown in tankless wat
heated reviews and electnmty

1. Reduce Air pollutlon fossﬂ fuels create a lot pollutants.

2. Reduce water usage. If+ your energy source does not use o
fuels to power itself 1t probably uses some sort of water®
its resource. g

3. Reduce dependence on Non-renewable energy sources: <

4.

Improves humanity health in the long run. 1

5. Helps fight climate change

ri
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No greenhouse gas emissions are released into the atmosphere

when we use solar panels to create electricity. And because
the sun provides more energy than we will ever need, electri-
city from Solar Power is a very important energy source in

the move to clean energy production.

Solar is the cheapest and most abundant energy source n
the world.

AN v AW

The initial cost of purchasing a solar system 1S fairly high.

Weather dependent, although Solar Energy can still be colle-
cted during cloudy and ra1ny drops the eﬁ'lcnency of solar
system drops.

Solar Energy Storage is expensi\_z'e..
Uses of lot of space.
Associated with Pollution.

Location and Sunlight availability. Latitude is one of the main

factors in determining efficiency of solar power.

Ans. 7a) Solar Radiation : The erlergy received by the earth is known

as incoming solar radiation, which in short is termed as insolation.

Solar radiation, often called the solar resource of | Just sunhght is a

a Unit -1 °
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Ans. The basic principl_e_fcf' ;Sc,I;ar. thermal utilization of shortwave
solar radiation into heat Photo thermal coﬁversiOn-prOC'essing If
radiation incidences on matenal a certam part of the radlatlon 1S
- absorbed. = =

The first is by coﬁd,ucti«on through solid materials in the pre-
sence of a temperature diﬁ“efence..;ln[a moving fluid, the fluid mole-
cules gain heat or lose it by 'induction or radiation and carry it by

their movement from one place to another they process the third
mechanism is called correction.

Heat transfer occurs mainly three mechanisms. The first is
by conduction through solid materials in the presence of a tem-
perature difference. The second mechanism is radiation in whlch
energy moves in space by electromagnetic waves. In a moving fluid

the fluid molecules gam heat or lose at by conductlon or radlatlon
(: Unit (g 7 5 G & & EERR W r
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and carry it by their movement from one place tq anOthef h
th
§

process. The third mechanism is called connection, th heat trang
: o

may be accompanied by othel‘ physical phenomeng Such g ik

generation with medium. Vapor condensation, liquid e

Vap()rati()n
ElC.,

1. Conduction : The phenomenon of heat conduction i aprg

cess of propagation of energy between the particles of g body which

are indirect contacts and have different temperatures.

The basic equation for steady State heat conduction j knowy,
as Fourier’s equation. According to this quantity of hegt (d, Q
passing through an iso thermal surface (dt), per time interval (
is proportional to the temperature gradient

matically calling expreSsedas,

),
dt)
(6t/5n) and can mathe.

dQ = —K(—Ei] -dA dt
- \(On /) = _
Where the Proportionality factor ‘K’ i the physical property
of the substance, which derives the ability of a substance to conduct

heat and is called thousand conducti\}ity, the heatflue g, derivesas

the rate of heat flow Per unit area of the isothermal surface is give!
by

ot
=-K A-_
: N

q = The rate of heat trangfer

) v e - '.‘ 1 ectioﬂ
5= To thermalconductmty of the material in the dif
[ Unit-0 g
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Types of Thermal Power Plants

1) Parabolic Ti‘ough Systems : .:‘ - ‘ e
LA Parabohc trough consists of a hnear parabohc reﬂector |

' ,that concentrates hght onto a recelve posmoned along the

reﬂectlv S faced time

2.: The recelver is tube posmoned dlrectly above the mlddleA
of the parabohc mirror and filled with workingfluid.

% The reflector follows the sun during the day light hours

| by trackmg along a single axis.

4 A walking fluid (es molten salt) is heated to 150-350°C
asit ﬂoWs through the receiver and is then used as a heat.

Source for a power generatlon System.
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I) Solar Power Tower System -
ers (also known as ‘Central tower’ aa :
l ‘aﬂt

1. Power tow!
at power plant

ture and focus the sun’s thousang .

king mirrors (called hellOst

or heliost

2. These designs cap
gf

to with thousands of trac

¢ is roughly a two square ‘mile field

3 A town resides in the center of heliostat field. The
10,

stats focus concentrated sun light on, on areceiver yj,
, < : ic}

sitson a top of the town
4. Wlthm the rece1ve and concentrated sunlight heats mOlten
salt to over 1000 E (53 8°C)

5 The heated molten Salt then ﬂour into thousandstoragc
tank, when it s stored malntalmng 98% thermal efficiens

and evenatlcally pumpedf to a steam generator

‘ 6 ‘ ¥
The stream dnves a standard urbme to generate electriciy
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II1) SolarDish/ Engine system :

1. The system consists of a stand-alone parabolic reflectors
that concentrates light onto a receiver positioned at the
reflectors fired point.

2. The working fluid in the receive is heated to 250-700°C
and then used by a sterling engine to generate power.

3. Parabolic dish system have the highest efficiency of all
solar technologies provide solar to electric efficiency bet-

ween 31-32%

~ IV) Enclosed Parabolic Trough : <3,
1. The enclosed parabolic trough solar thermal system encap- |
~ sulates to the components within a greenhouse like glass-

< house, :
2. The glass house protects the components from the elements
that can negatiVely impact system reliability and efficiency.




, cuwed solar reflecting ., uspe
' of the glass house by wire

n
pipes, also SUSpend, i,
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3. This concentrated energy is transferred through the absorber

into some thermal fluid

4. The fluid then goes to through a heat exchange to power
a steam generator.

Ans. F lat-Plate Collectors When no optlcal concentratlon 18 done :-
the device in which the collectlon is achleved is called a flat-plate
collector. Ex : Liquid based, air based, Evacuated tube.

For how temperature applications be below 100°C Flat plate
- collector is used the basic solar device is used for these systems
- arethe water heating collectors, namely the flat plate collector and
' the evacuated tube collector. These collectors are used for water

heatmg and most space heatmg appllcatlons
% Unit - I g '
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llector mainly consig
W?)rkmg The flat plate co y t of 4 2 cay i

df
passage tubes. The transparent cover of glass or plastic allows shor,

absorber plate, transparent glass cover, insulating Materia] 4y, %
(

wave solar radiation (Beam, diffuse radiation) to enter the born ,,

full on black plate, but its prevents the long wave (thermal) Tadlan :
emitted by black plate from being lost the radiation is absorbed%
absorber plate, which is coated with black absorber paint 14, fluig
tubes which are connect to connected to absorber plate, absorh the
heat and transferred as the water passing through tubes and gets heateg

The hot water collected from all tubes flow into a storage tank

Insulation ( Paddy husk,saw dust, glass wools) provided f
the absorber plate to avoid was of heat by connection less of hex
by low re-radiation is avoided by having good absorber coatiny

the convective loss is reduced by minimizing the air gap betweer
the glass covers.

thI' B oimey Flud passage
Absorber plote

cover

---.o----.-.iihhddtb ‘

/////////////////////,/////

Fi Iat Plate CoOHontsge
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Solar F lat Panel

Another kind of collector that can be used for water heatmg

1S the evacuated tube collector the collector contarns an array of

evacuated glass tubes. Each tube contams a long tlnck black ab sorber
plate thermally attached to a pipe 1nS1de the glass tube the vaccum
inside the tube prevent heat loss and Water temperatures up to lose

can be reached the hot water can be used for 1ndustr1al purposes

Concentratmg Collectors : Focusmg collector i1s a device to
_collect solar energy with highf intensity of solar radiation on the
energy absorbmg surface. Such collectors generally use optrcal

systems in the form of reﬂectors or refractor 8.

vaes (D Line focusmg (2) Pomt focusmg

e

]

Ina practrce lrne is a collector pipe and the pomt is a small

olume through whrch no ﬂurd ﬂows
Unit I i
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reached. High pressure steam is generated to produce electricity.

The power lower system with heliostats, is shown in the figure
given below.

@’ﬁum
Solar Chimney Tofv'vériplant |
Concentratmg collectors have large mmor systems to focus :
eam solar radiation onto a plpe contalmng water or onto a small
eceiver. The mirrors must be moved mechanically to the mirrors

wst be movement of the sun.thrcughout ;the'day." These collectors
roduce higher temperatures than flat plate collectors but they are

1ore and more expensive and more difficult to use. Small concen-

ating collectors may be used in bright. Sunlight for cooking food.

hs. -Solar Thermal Power Plants are electricity generation plants

1at utilize energy ﬁom the sun to heat a fluid to a high temperature
Unit-m&
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Thrs fluid then transfers its heat to water, which they bec

heated stream. This steam energy subsequently transfor Meq !

to n
{
hanical energy be thermal engine and then Converte ; into

lec ‘
energy by a generator. There are two types of Systems ¢

Callg
SYstg,

the

Solar radiation and store it. Passive systems and Actlve
solar thermal power plants are consrdered active SYStems

plants are designed to operate using only global energy,

Types of Plants : Desprte the fact that there are Several gig
rent types of solar thermal power plants they are all the sae ini
they utilize mirrors is reﬂect and concentrate sunlight on a poj,
At this points the solar energy 18 collected and converted to f

energy Whrch creates stearn and runs a generator This cres:
electrrc1ty ‘ =

1 Pambolzc Troughs These troughs also known as lin
focus collectors are composed ofa long parabolrc shaped reflecto
that concentrates 1nc1dent sunlrght on a pipe that runs down i
trough. The collectors some tlme utlhze a s1ngle and axis,sol
trackmg system to track the sun across the sky as it moves fio"
east to. west to ensure that there is always maximum solar enet¢
incident on the mirrors The receiver plpe'in the center can 1K'

temperature upward of 400°C as the trough focus. Sun get 301"
. ) " . l.
times its normal intensity. Gl

¢
‘ = ’
These troughs are lined up in rows on a solar field A

]
abo! ol
transfer fluid is heated as it run through the plpes in the‘ par .
- Unit -II . S .
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trough. This fluid then returns to heat exchangers at a central loca-

tiorr where the heat is transferred to water, generally high pressure
‘moves a turbine into a power a generator and produce electricity.

The heat fluid is then cooled and run back through the solar field.

2. Parabolic Dishes : If there are large parabolic dlshes that
use motor to track the sun. This ensures that they always receive
the highest p0351b1e amount of 1 1ncormng solar radiation that they
thin concentrat.e.at the food point of dish. These dishes can -
concentrate sunlight much bett'erlth"an parabol_ic troughs and the

ﬂurd run through then can reach temperature upwards 750°C

‘In these systems a sterhng englne convert heat to mechamcal :
energy by pressmg, worklng ﬂuld When cold and allowmg the
heated fluid to expand outward 1n a prston or more through a tur-_ '

bme A generator can convert thrs mechamcal Energy to Electrlcrty =

'4,\

<% Solar Towers Solar power towers are large towers that
act as a central recerver for solar energy, they stand on the middle
of a large gray of mirror that all concentrate sunlrght onaportina
tower These large number of flat, sun trackrng rnirrors are known |
as helrostat In the town then is mounted heat exchanges where the
heat exchange fluid is warmed. The heat concentrated to th1s port
can be 1,500 times as intense as incident sunlight. The hot fluid is

then used to create stream to run a turbine and generator.

L 43
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o Panel Types Cooker
(Multi reflector type)

o Parabolic Types Cooker

Common types of Solar Cookers

Solar Box Cooker : Tt is most common and in expensi
type of solar cooker, and emplroys greenhouse effect of is m
popular and easier to build. Typicalmodel 60 x 60 x20. Rea

temperature up to140-150°. Advantages of sloweven cooking
large quantities of food |

%rkmg It consists of an insulated box with a glass of
plastic window. The window acts as a solar energy tray by exploiti
the greenhouse effects the solar rays penetrate through a glass cov¢
and absorbed by a blackened metal they kept inside the solar b
to minimize the heating effect, the walls and outer side of f¢
should are painted black, the solar rays entering the box ar¢

short wavelength It degrades into thermal radiation which ar¢/
higher wavelength.

u
The higher wavelength radiation is not able to pass th® g

eets’
' glass sheet the upper cover of the cooker has two glaSS sh i
" Unit-N17 -_—
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par allel and they heat loss through re-radiation is minimizes from

the blackened surface. The loss due to connection is minimized by
making the box air tight by providing a rubber strip all round

between the upper lid and the box.

Parabolic Cooker :Parabolic type solar cooker developed
by National Physical Laboratory (NPL) of India at New Delhi as
early as 1955. Focus a lot of sun energy onto a very small space using
parabolic shape. From this we can get the temperature up to 450°C.
It works on the principle of that when 3D parabola is aimed at sun,
the rays are reflected onto the focus. 'I'_tconsists_of a large parabolic

and workingpotholder When the reﬂector surface is aimed at the

sun, the rays falhng on the parabohc surface converges to the focus
of the Parabola The cookrng pot is placed at the focus of the

reﬂector the pot surface are blackened to 1mprove absorptlon

Ans Solar water heatmg system is a device that uses solar energy
to heat water for domestlc commermal and 1ndustr1al needs Heat-
ing of water is the most common apphcatlon of solar energy inthe
world. A typical solar water heating system can save upto 1,500
units of electricity every year, for_every 100 liters per day of solar
~water heating capacity. | | :
Parts of Solar Water Heating System : A Solar water heatmg
system consists of a flat plate solar collector a storage tank kept at
helght behind the collector and connectlng the collector usually

: compnses copper tubes welded to copper sheets with toughened
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3. Saves cost on Power Generation : The use 100 SWH’S

100 liters capacity each can contribute to a peak load saving of

1 MW.
4. Environmental Benefits : A SWH of 100 liters capacity

can power emission of 1.5 tones of Carbon dioxide per year.

|
B
Bl
|
|

|

|
|

|

&
£
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- Ans. Solar dryersare devices that works on solar energy to dry

 substances, espe sially food, there are two general types of solar
 dryers. Direct and Indirect. |
 Unit-1I
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collection and drymg take aai‘i
buted solar dryer, this type o
plate air heater (11) a drylng ﬁ
heater placed on the roof of tﬁe |
from the air heater is cxrculated
of blower. These dxyers can of;
various conﬁguratlons depe ndir

flow rate, types of products to ob

Mixed mode Solar Dryers : A
energy collection takes place in both
drying takes place only in the d
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Working Procedure : Solar water distiljr,

usually used in remote areas. where there ig limite
water the basic principles of solar water d‘Stlllat :
€y
effective as a distillation replicates the Way natyre o] klmp
€3y

A Poratjg,
condensation, the salts and minerals donot eVaporate iy h
: k.
Ur untjj j

0es tak
amount of energy for water to turn into vapour. Wh;

amount of energy is needed to raise the temperatyre
water from 0°C to 100°C it takes five and half times

charge of from water at 100°C to water vapour at 100

solar still works on two scientific prmclples

For example, table salt does not turn into vapo

temperature over 1400°C. However, it sti]| d

ofakﬂ
that mue

°C Practi
all this energy, however is glven back, when the wales lj

condenser.

Most 8 liters are simple black bottomed vessels filled
water and topped with clear glass or plastic sunlight, i.e., abso
by the black material speeds the rate of evaporation. The ev
ration is then trapped by clean topping and funneled away.}
pollutants donot evaporation. So, they are left behind. Most!
need to be about Sm Square meters in size to produce enough
for a single person for a day, multiple solar distillation systet™

required to produce a large quantity of distilledwater.

> ftﬁ chi‘
heatmg a hothouse) 1sa Structure with walls and 100

=TSk
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ftranspa"e“t material, such as glass, in which plants requiring
-egulated climatic conditions are grown. These structure range in
size for small sheds to industrial sized buildings. Amihali green
house 1S known as a cold frame, the interior of the house exposed
+o sunlight becomes significantly warmer that the entered tempe-

rature, protecting its contents in cold weather.

Many commercial glass green houses or hothouses are hi-
tech production facilities for vegetables, flowers or fruits, the glass
green houses are filled with equipment including screening installa-
tions, heating, cooling, lighting and may be controlled by a computer
to optimize conditions for plant growth. Different techniques are
then used to exoculateoptimality ﬂégrees and comfort ratios of green
houses, such as air, temperature, relative humidity and vapour
pressure deﬁéit, in older to reduce production with prior to

cultivation of a specific crop.




10. What are the Types of Solar Collectors ? 250 o

Ans. The different types of solar thermal pond collectors
1.

o

3.
4
Unit -1 =

- Evaluated type Solar thermal systems

- 27 Semester EEI» s, Eneng,
Applications :

Green houses allow for greater contro] gye, the
ronment of plants. Depending upon the techm

tion of a green house, key factors which may cong “:%
temperature, levels of light and shag e, lmgat

N8
applications, and atmospheric humidity,

Green houses are often used for growing flg OWers,

: Vegetah‘ .
fruits and transplants. Special -

greenhoyge Varietigg of g
crops, such as tomatoes, are generally used for €0 $
production. R

1._
Many vegetables and flowers can be grown in greenhou

in late winter and early spring, and then transplanted outs;c

as the weather warms seed tray racks can also be usedl

stack seed crops inside the greenhouse for later transplanlu,
out side.

Flat plate solar therma] systems

Thermodynamicplate ponds

Solar thermal air collectors







2 Concentrating ratio is

3. It uses both beam and
diffuse radlat{cm i F‘

temperature was sultalb‘l@ W ;
for all places its can work .’" 4

in clear and cl-o;lgly, days

5. Simple in maintenance _;.';'-A ;
6. Flat Plate Type ;.‘uéq ,C‘

Domestic purposes

 Unit-1I

Ans. Solar dryers are devices that use so a |
especially food, there are two general ty

and Indirect.






b) Producmg dlstilled water
c) Simplicity in des:gn
d) No making parts

Ans. ASolar Cooker or Solar Ovenis
of sunlight to heat food or drink ﬁﬁ o 'F' :
ing for example electric ovens

and have some advantages such ,s‘; e
Working : Instead of conver

glass oven drop hght Pamd&sum
- Unit-1I &







from solar energy. e ‘

Solar panels are made fmm n’i
to electrical energy, there mf
convert solar power to electnca]j,l nergy

We have to get cap solar pa'n' s att
maximum sunlight is available du ‘h‘f
types of solar panel array mountings, 4
solar panel mounts, We cap, close a‘ﬁ
to our requirements. Tl'aCkmg solae

as they can move in the d‘fectmu, i







Stages :

‘L'.

l “Sunli
ght falls §
| n gh
hght houxs. The solar
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3, when the solar energy system produces more electricity than

is needed during peak sun hours, excess electricity is auto-

matically sent to the utility company and electric mala actually
runs backwards.

4. Solar energy systems produce very high quality electrioity
that reduce the chance of power fluctuations that could
damage electric equipment.

5. Utility current is continuously provided of night and during
the day when demand exceeds, solar production.

2 What lS the P hﬂtOVOltalC effect 9 W m‘e abouii*: 7

; Prmczple .

ins. The photovoltaic effect, can be defined as being the appea-
ance of a potential difference (voltage) between the two layers of
Lsemlconductor slice in which the conductivities are opposite or
setween a semi conducted and metal, under the effect of a light
itream.
" The effect is invented by Edmond Becquerel in 1839. When
loing experiment involving weight calls he noted that the voltage
f the all increased when its silver plates where exposed. to the
unlight. = |
Description :
1. When photoé an absorbed boy photosensitizes, a voltage
difference across a junction is produced. .
. The voltage difference is caused by the entered drift of elec-
trons, which accepted the light energy and leaved the normal
position.

. Photovoltaic effect is the basic phys1cs process through Wthh
a solarcell convert sunhght into elcctnmty |
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1 Sertes Wiring : Series wiring is when the v1llage of <;01ar

array 18 increased by wiring positive of one solar module to the
qegalive of another solar module.

2. Series Circuits : This circuits have only one path for
current to travel along, therefore all current in the circuit must flow
through all th¢ loads. A series current is continuous closed loop
preading the circuit at any point stops the entire series from ope-
rating. An example of series circuit is a string of old Christmas
lights. If we bull breaks the whole stﬁng turn off. When wiring
panels in a series the voltage is additive but the current (ampere)

remains the same.

3. Parallel Circuits : This circuits have multiple paths for
the current to move along. If an item in the circuit is broken current
will continue to move along the other paths, while ignoring the
. broken one this type of current is used for most household electric
wiring. For example, when you turn off your TV, it does not also
turn of your lights. |

When wiring solar panels in parallel, the current is additive,
l\JIJt the roots the remains the same. Eg If you had a solar panels
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ob]ectwe - Our topic is around charging a ‘V’ Ah sealed battery

with solar pond. This buttery will supply power to led lights and a
mobile phone changing point. For charging (V) battery, the battery
will have the two inputs as solar (V) and AC(V). Automatic battery
cut off after voltage goes down certain limits to ensure long battery
life, the main object is to prevent the over charging battery.

As per the circuit diagram, the solar battery charger requires
a Solar panel or adapter, IC LM317, IC LM324 are battery
Solar Process :

1. The sun is a star and make up of hydrogen and helium gas
hence, it radiates an enormous amount of energy every second.

2. Solar cell works on the principle of “photo voltaic effect” as
a sunlight is composed of photons, or packets of energy.

3. These photos contain various amount of energy corres-
ponding to the different wavelength of light.

4. When a photon is absorbed, the energ& of photon 1s trans-
ferred to the election in an atom of the cell.

Battery : Battery is power storage device. It is internally
 interfaced directly to panel with necessary they generally use lithium
batteries for this purpose.

Battery Status : Charges have LED to determine their battery
status.

| LED Deplicts : (1) Battery status (2) Charging status (3) dlS
charging status

The Indicators for the same could be momtored via the
: Connected colured LEDs.

The yellow LED associated with A, may be set for indicating
the low V°1tage cut off threshold. When the LEDS shuts off the
- et WO
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9, Versatility of solar is high

The most recommended solar mobile charge

4, Adaptability is high are X term, voltaic, XD, solurja.

( ;5_ What is the about Domestic Ughﬁng?zxpza;ay _. J

Ans. Lighting or illumination is the deliberate use of light to achieve
practical or aesthetic effects. Indoor lighting is usually accom-
plished using light filterers, and a is a key part of interior design.

Task light provides you with a specific amount of illumination

to adequately carry out certain tasks. Indeed, light solution which
are able to produce suitably bright illumination that is free of sha-
dows are integral to wide range of domestic solution, such as cook-
ing, reading, workshop time and grooming.

1;

Lighting : Lighting is form of energy without which there
can be no vision. When light strikes an object, it may be re-
flected, absorbed or allowed to pass through.

Types of li ght‘source based classification

3. Natural light : The bright radical energy of the sun, day light

is a major determine factor in design of hotel guestrooms,
and homes, especially where large wall areas have been deco-
rated with glass.

Artificial light :Well planned artificial illumination help us
to see contribution without strain and helps to prevent acci-

dents. It makes a vital contribution to the attractiveness of
homes and hotels

Incandescent / Filament : Here light is produced by heating
are usually metal to a temperature at which it glows. Typical
incandescent bulbs have tungsten filament in a sealed glass

' Unit - m e
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3. Rechargeable battery |

4. Controller

5. Pole

Working Principle :

L. In the street lighting we have the charge controller cireuit
which is charged the battery in the day time by solar pane
and by conventional power at night,

2. This switching between conventional and solar occurs throug!
the relaying action,

3.

The relaying action is done by two not logic operated transisto
through LDR.

4. photo conductive dey

ice LDR(Light Dependent Resistof
anges proportional to the extent of illum!
ltches ON or OFF the LED during day

also dusk to down operation is done.
In this four circuits

whose resistance ch
nation. Which SW

night and

and used with proper functioning
I. Charge controller clrcuit

Unit - Il
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Write down the photovoltai
Discuss the four main types
What is the Photovoltaic;Eff

(Answer any three questions. E h ansy

(At least 1 question shoulci be given |
1. How canyou prove that the “?., 1 |
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Ans. Ques ﬂm”\y o, 11, Unit
2. Write about disadvantages of Solar Ene

Ans. Question No, 15, U w ol
3. Write the hmoryo JM 7,

Ans. Question No, 11 Unit =11,

4. Explain bricfly about ma in ¢
plant and theirfarmtia 2

Ans. Questmn No. 14 Unit - ﬂlf!'

5. What are the typas o_..l-V Solar Collectors !
Ans. Question No, 10, Um%'_ g

6. What are the advahi‘i'; &d

a‘{’g”ﬁ.‘/h]',”a, LS O Inermdai

" Ans. Question No, 9, Unit - i,
7 What%;you mean by P. 0 g,a volt

Ans. .W 0. 11, Unrt— i
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MODEL PAPER -3
SOLAR ENERGY

Time : 1 %2 Hrs] (W.E.F. 2020 - 21) [Max, Mgrk‘\\\]"%
SECTION = A : (4 x5 =20 Marks)

(Answer any four questions. Each answer carries 5 markg, )
(At least 1 question should be given from each unit,)

1. Define the terms heat balance and temperature.

What are the Solar radiation instruments ?

Write about Solar distillation and its advantages.

e

Write the differences between Flat plate collectors and cop.

centrating collectors.

Explain briefly the disadvantages of Solar Collectors.

Write down the Photovoltaic applications.

What are the advantages & disadvantéges of Solar cell ?

WO I )

What do you mean by the Photovoltaic Effect ?

SECTION - B : (3 x 10 = 30 Marks)

(Answer any three questions. Each answer carries 10 marks)

(At least 1 question shoylg be given from each unit)

i
How is Solar radiation will be received earth’s Surface ’
Explain with negt diagram,

2. What are the Sunshine recorders? Explain with diagram-

3.

What is the P”“C1ple of Conversmn of Solar Radlatlon Umt
. Model Papers -
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D cuss in detail about the Collectors used for Solar thermal
ISCUS! 4

conversion with neat diagrams,
What are the solar drying systems? Explain,

Explain about the solar distillation system,

~ MODEL PAPER - 3 : Answers

Ans.

Ans.

Ans.

Ans,

Ans,

Mo

+ Question No. 10, Unit — 11,

del Papers Z

SECTION - A

Define the terms heat balance and temperature,
Question No. 16 (b), (c), Unit — 1.
What are the Solar radiation instruments ?

Question No. 12, Unit — L.

Write about Solar distillation and its advantages.

Question No. 15, Unit — II.

Write the differences between Flag plate collectors and con-
Centrating collectors,

Question No. 12, Unit - IT:

Explain briefly the disadvantages of Solar Collectors,
Question No. 17, Unit — 11,

Write down ¢, Photovoltaic applications.

What gy, the advantages & disadvantages of Solar cell ?

+ Question No. 9, Unit — 111




Juestion No. 6, Unit - I.
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Ans. Question No, 8, Unit — m |
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