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Solar or Short-wave Rad'iation. It is the radiation originating from the sun, at a source
temperature of about 6000°K and in the wavelength range of 0.3 to 3.0 um.

Long-wave Radiation. Radiation originating from sources at temperatures near ordinary
ambient temperatures and thus substantially all at wavelength greater than 3 um.

Declination. It is the angular position of the sun at solar noon with respect to the plane of
the equator (north positive).

Solar Energy—Introduction

The surface of the earth receives from the sun about 101 kW of solar energy which is approxi-
mately five order of magnitude greater than currently being consumed from all resources. It is
evident that sun will last for 1011 years. Even though the sun light is filtered by the atmosphere one
square metre of the land exposed to direct sun light-receives the energy equivalent of about 1 H.P or

1 kW, However, this vast amount of solar energy reaching earth is not easily convertible and cer-
tainly is not “free”

There are two obvious obstacles to harnessing solar energy. Firstly it is not constantly avail-

able on earth, Thus some form of storage is needed to sustain a solar power system through t}?e

“?ght and during periods when local weather conditions obscure the sun. Second the sola.r energy is

diffuseq, Although the total amount of energy is enormous, the collection and conservation qf solar

:;?ergy into useful forms must be carried out over a large area which entails a large capital invest-
ent for th

€ conversion apparatus.

Solar energy, therefore, most likely will be developed not because %t is'cheaper thanta(lite(r-r_l)ax\irlti-
i SOurces but because these alternative sources sooner or later (i) will be exhausted, (ii
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Solar energry has some good advantages 1n comparison tu_ the other Sources o - L
radiation does not contaminate environment or gndanger ecological balance, |t avojdg mv?r' %
lems ke exploration, extraction and transportation. ajop Drr;;:

10.4.2, Collectors in Various Ranges and Applications

Following list gives the thermal applications of solar energy and Possibla to

ranges

l. Long temperature
(t =100°C)
(2) Water heating
(t1) Space heating ... Flat plate
(1) Space cooling
(tv) Drying

2. Medium temperature
(100 to 200°C)
() Vapour engines and turbines
(ti) Process heating ... Cylindrical Parabola
(zit) Refrigeration
(tv) Cooking

3. High temperature
(> 200°C)
() Steam engines and turbines
(11) Stirling engine ... Parabolloid Mirror arrays
(2i1) ‘I'hermo-electric generator

The above classification of low, medium and high temperature ranges is some what arb;.
trary. Heating water for domestic applications, space heating and cooling and drying of agricultury]
products (and industrial products) is generally at temperature below 100°C, achieved using flat
plate collectors with one or two glass plate covers. Refrigeration for preservation of food products,
heating for certain industrial processes, and operation of engines and turbines using low boiling
organic vapours is possible at some what higher temperature of 100 to 200°C and may be achieved
using focusing collectors with cylindrical-parabola reflectors requiring only one directional diurnal
tracking. Conventional steam engines and turbines, stirling hot air engines, and thermoelectric
generators require the solar collectors to operate at high temperatures. Solar collectors operatingat
temperature above 200°C generally consist of parabolloid reflector as an array of mirrors reflecting
to a central target, and requiring two directional diurnal tracking.

The concentrators or focusing type collectors can give high temperatures than flat plate
collectors, but they entail the following shortcomings/limitations. _

1. Non-availability and high cost of materials required. These materials must be easily
shapeable, yet have a long life ; they must be light weight and capable of retaining their brightness

in tropical weather. Anodised aluminium and stainless steel are two such materials but they ar
expensive and not readily available in sufficient quantities,
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ge e Little or no anti-freeze ts required to protect the absorber in a concentrator system whereas

s entire solar energy collection surface requires anti-freeze protection in a flat-plate collector
t .

6. Out of the beam and diffuse sglar radiation components, only beam component is collected
in case of focusing collectors because diffuse component cannot be reflected and is thus lost.

7. Costly orienting systems have to be used to track the sun.
8. Non-uniform flux on the absorber whereas flux in flat-plate collectors is uniform.

10.4.3. Flat Plate Collectors

10.4.3.1. Description

Fig. 10.14 shows a Flat Plate Collector which consists of four essential components :

1. An absorber plate. It intercepts and absorbs solar radiation. This plate is usually metallic
(Copper, aluminium or steel), although plastics have been used in some low temperature applications.
In most cases it is coated with a material to enhance the absorption of solar radiation. The coating
may also be tailored to minimise the amount of infrared radiation emitted.

Akeat transport fluid (usually air or water) is used to extract the energy collected and passes
over, under or through passages which form an integral part of the plate.

Transparent

covers Direct solar

Diffuse radiation
solar radiation

Insulation

Absorbing Fluid tube

surface

14. Flat plate solar collector.
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2 'I'ransparent covers. These are one or more sheets of solar radiﬂti(,n
e and are placed above the absorber plate. They allow solar energy tg
wlile redueiy conveetion, conduction and re-radiation heat losses,

4 Insulation beneath the absorber plate. It minimises ang Protectg the .

db"-; 5
fice trom heat losses, “"“n-,,
4. Box like structure. It contains the above components and keeps then, in
. ) el T(» 2 a1l . DO,“
Various types of flat plate collectors have been f](.blgngd {Jnd Studieq, Thages .wmun.
plate, corrugated type, spiral wound type ete. Other criteria is single €Xposure, de

exposure and reflector type. The co]lcc?()r utilizes sheets of any of the highly Candy, ey,
vz, copper, aluminium, or galvanized iron. The sheets are painted dead black for in]
absorbtivity. The sheets are provided with one or more glass or plastic covers iy o
tween o reduce the heat transfer losses. The sides which are not exposed tg solar Tadi'lt Bay, i,
msulated. The whole assembly is fixed in air tight wooden box which ig mounted g Si;: llon )
pve the desired angle of inclination. The dimensions of collectors should be Such g top cdehcq
handling easy. The collector will absorb the sun energy (direct as well ag diffuseq) ey trmak(- ”"_:
the fluid Gur, water or oil) flowing within the collector. Basically, a flat plate colle
most of time, reliable for good many years and also inexpensive.

Use of flat mirrors in the flat plate collectors improves the ou
peratures of operation. Side mirrors are used either at north and so
cdpes of the collector or a combination of both. The
type.

8
Ctor jg e f’z"
tput, permitt;
uth edges or 4
mirrors may be of reversible ¢

ng hjé’her e
t east and &
" OnTeveryy,
10.4.3.2. Analysis

Consider an object exposed to sun radiations of intensity P, per unit are
body. These radiations, will partly be absorbed by the body, while the rem
transmntted and rest reflected. If we take the incident radiations equal to unity, then, the absorp
reflected, and transmitted parts of energy will add up to unity. There parts are called absorptio, ([

ctlicient, reflection co-efficient and transmission co-efficient and represented by the symbols g, p gy;
Trespectively,

a at the surface ofy,
amning wil] pe Parth

Using the above symbols we can write
O+p+1=1

The absorbed part of the solar radiations, which is equal to a is responsible for increasing the
temperature of the body. However, the body also loses energy by conduction, convection and radiz
tion. The equilibrium temperature of the body will be that at which the heat loses from the body are
¢qual to the absorbed radiations, For analysis purposes, if we represent the body by a flat plate and
assume that the convection and conduction loses are negligible to begin with, then at equilibrin
temperature, the absorbed solar radiations should be equal to the radiation losses from the it
plate. The radiation losses are equal to €674, where ¢ and T are the emission co-efficient and absr
lute temperature respectively of flat plate and g is the Boltzman’s constant.

Therefore, at equilibrium,

W

1

oP = goT¢ ol
(IP 1l

or —=oT* A

A R ill be
From equation (iii), it is evident that comparatively higher equilibrium temperature ¥

the
obtiained where the quantity % L.e., the ratio of .

. . o ient
absorption co-efficient to emission co-efficie
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o, Hawever, this has been demonstraled by an equation obtained under idealised
o is M Lonhslic conditions oo, its nalure will remain the same, but it will get modified by

flat ! ane In the {actors

and! e . . e .

L for which ratio1s equal to unity are called ‘Neutral collectors’ and those for

lll‘! a welors X .
o e colle! ; greater than unity are called ‘Selective collectors’,
h al .

. o i . (1 : .
l moun! of energy collected, however, does not depend on 3 ratio. It primarily depends
The ¢ :

Cealue of o So to oblain llightl‘r energy collection, one should use such flat plate where
 hghe! ',”,t-l‘i'u-ium is as high as possible.
"bmwu].: Jate painted black is placed on a well insulated base. If it is exposed to solar radiations
a ?‘;010 W/m?, a typical summer value for a tropical region, we obtain from equation (iii) the
§ | femperature as 70°C. Inspite of the simplifications here, it is a fair estimate of the
ached by a black plate left for a time in the tropical sun.

)
wher¢ } :
squitbr?
rature ¢ ) . ‘ . -
This method can be refined by including the convection losses and the energy gain as a result

pption of diffused radiations by the flat plate.

fempt

[ abso . o o . o
f I P’ is the intensity of the diffused radiations and «’ the absorption co-efficient, then equa-

yon (1) hecomes

af +’P =h(T-T )+eoT? iv)
This 15 valid, where the base is insulated, hence conduction losses are neglected. Here T, is

(he atmospheric temperature and /i is the convection heat transfer co-etficient.

10.4.4. Focusing (or Concentrating) Collectors

The main types of focusing or concentrating collectors are as follows :
1. Parabolic trough collector

2. Mirror strip collector

3. Fresnel less collector

4. Flat plate collector with adjustable mirrors

5. Compound parabolic concentrator.

Fig. 10.15 (a) shows the principle of the parabolic trough collector which is often used in
focusing collectors. Solar radiation coming from the particular direction is collected over the area of

o\

a
|

A —

A

\

wiow \_/
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——

A

Focus

A
Sun rays

F 3

A

~

Parabolic reflector

Fig. 10.15. (a) Cross-section of parabolic trough collector.
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820

reflecting surface and 1 o
trough with parabolic cross-section,

1 inw
parabolic concentrators are used

Shield

Stay rods

Mirror slrips Chain drive

Jack shall

Glass shield
on absorber tube

Fig. 10.15. (b) Cylindrical parabolic system.

10.4.5. Solar Pond Technology

Refer to Fig. 10.16.

The vertical configuration of salt-gradient solar pond normally consists of following three
zones :

1. Adjacent the surface there is a homogencous convective zone that serves as a buffer zone
between environmental fluctuations at the surface and conductive heat transport from the layer
below. This is the upper convective zone (UCZ).

2. At the bottom of the pond there is another convective zone, the lower convective zone of
LCZ. This is the layer with the highest salt concentration and where the high temperatures are built
up.

3. For given salinites and temperatures in the upper and lower convective zones, there exists
a stable intermediate gradient zone. This zone keeps the two convective zones apart and gives the
solar pond its unique thermal performance. This intermediate zone provides excellent insulation for
the storage layer, while simultaneously transmitting the solar radiation. To maintain a solar pond
in this non-equilibrium stationary state, it is necessary to replace the amount of salt that is trans
pufted by molecular diffusion from the LCZ to the UCZ. This means that salt must be added to the
t&ira::df;:?:} (::}azz]]‘:: ;ll;:nlljafz whilst-brine is removed. The brine can be recycled, divided int0

ion) and returned to the pond.

Y T};e major heat loss occurs from the surface of the solar pond. This heat loss can be pr evente!
' S 5 1 - ’ 1

- “preading a plastic grid over the pond’s surface to prevent disturbance by the wind. Disturbe
water tends to lose heat transfer faster than when calm

> |
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Fig. 10.16. Principle of solar pond.

Due to the excessively high salt concentration of the LCZ, a plastic liner or impermeable soil
must be used to prevent infiltration into the nearby ground water or soil. The liner is a factor that

increases the cost of a solar pond. A site where the soil is naturally impermeable, such as the base of

a natural pond or lake, or can be made impermeable by compaction or other means, will allow

considerably lower power costs.
The optical transmission properties and related collection efficiency vary greatly and depend

on the following :

(£) Salt concentration.

(ii) The quantity of suspended dust or other particles.
\ (it) Surface impurities like leaves or debris, biological material like bacteria and algae.

(iv) The type of salt.
"tilizqtl't becomes obvious that much higher efficiencies and stqrage can be achieved through the
ton of refined or pure salt whenever possible, as this maximizes optical transmission.
usefy] : he solar pond is an effective collector of diffuse, as wclal-l as direct radiation, and will g.'fzther
tan rea:}?t;zen 0!_1 cloudy or overcast days. Under ideal condltmn.s, tkfe pond’s absorption efficiency
€at logge 0% of incoming solar radiation, although actual efficiencies average about 20% due to
rough ai Once the lower layer of the pond reaches over 60°C the heat generated can be drawn_ off
i8 hary eat exchanger and used to drive a low temperature organic Rankine cycle (ORC) turbmfz.
boileg by ;SSES the pressure differentials created when a low boiling point organic fluid (or gfis) is
erate e]eat fmm the pond via a heat exchanger and Cf)oled by a condensex: to dr.xv_e a turbine t.o
Renery or ieﬂnc‘tY- The conversion efficiency of an organic Rankine cycle turbine driving an electric
8 5~8% (which mean 1—3% from insolation to electricity output).

LT
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10.4.6. Low Temperature Thermal Power Generation
i lant
4.6.1. Solar pond electric power p _ |

10.4.6.1 P ¢ power production scheme using solar pong G
chematically in Fig. 10.17. The energy obtained from a sol?xr pond is used to drive 3 R.'mkin; ;r
lsl at engine. Hot water from the bottom Jevel of the pond 1s pllm_ped to the evaporator whe
o: zmjc%:'orl-u'ng fluid is vapourized. The vapour then flows under high pressure tﬂ.tbe turhine. w—}
itixpands and work thus obtained runs an electr'ic genprator producmg electricity. The exh
vapour is then condensed in a condenser and the liquid 1s pumped back to the evaporator E

cycle is repeated.

A low temperature thermal electri

-
n:re
a"._‘

dt}.;

Cooling tower

Hot water
Y
N
Condenser
Cold water
Evaporator/Boiler v
—------------Z-7Hotbrine Organic \F’ump
Solar pond fluid
Cold Y A
brine
/
L I
Turbine Generator

Electricd
output

Fig. 10.17. Solar pond electric power plant.
In Australia a 2000 sq. m. solar pond equipped with a 20 kW engine has been installed.
10.4.6.2. Low temperature solar Power Plant

i arraili.f:](ltlls)lzlzzv:s]i (S:f::sn'latm diagram of a low temperature solar power plant. In this S}'S[e:;ﬂ
butane in a heat exchanger Thles }‘11'5:1 to beat water to about 70°C and then this heat is used tol?ﬂe
which in tern operates a h .dr I 1gh pressure butane vapour thus obtained runs a butane turb]rn r
irrigation purposes. Th {-1 aulic pump. The pump pumps the water from well which is used i

€ exhaust butane vapour (from butane turbine) is condensed with the help

water which is pumped b
- t |
. p y the pump and the condensate is returned to the heat exchang®’ :

ol
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Fig. 10.18. Low temperature solar power plant.

10.4.7. Medium Temperature Systems Using Focusing Collectors
Aarcular or rectangular parabolic mirror can collect the radiation and focus 1t on to a small
re2, 2 mechanism for moving the collector to follow the sun being necessary. Such devices are used
brmetallurgical research where high purity and high temperatures are essential, an example being

Tilt
Adjustment

\ adiaion \ \'/
\”N\\\z\&\w\a\\ ‘

4---

Steam
out

TUN NN\  Boilen \ |
AN\ AN Y4
T Pivot

~ support

\

Feeq
water in

A

Fig. 10.19. Concave solar energy collector focuses sun’s rays on boiler at focal point.
et
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a 65 m diameter collector giving about 1 MW (th) at Mont Louis in Pyrenegg. Stmaj] By,
20 m diameter reflector can give temperatures of 300°C over an area of abgyt 50 mir Unitg
efficiency is about 50%. On a small scale, units about 1 m diameter giving tempera; The cone%i
300°C have been used for cooking purposes. Ureg of g QU;

ha\v’in

Iig. 10.19 shows a concave solar energy collector focusing sun’s rays on by

) . . iler
Generation of steam at 250°C could give turbine efficiencies up to 20-25 per cen taf

¢ 0ca) Doy
10.4.8. High Temperature Systems—Solar Farm and Solar Powep Plant

For o large scale production of process-heat the following two concepts are availapy, .

1. The solar farm. It consists of a whole field covered with parabolic trough CUnCent'rat
2. The solar tower. It consists of a central receiver on a tower and a whole field ¢ s,

ftracy;
| . 3
In case of a ‘solar farm’ temperature at the point of focus can reach severa] hundreq 4 king
. . , e

celsius. Fig. 10.20 shows a solar tower system. Brees

5 | 0y —
S

i

o

Fig. 10.20. Solar tower system.
In case of central receiver “solar tower” concentrators, temperature can reach thousands of
degrees celsius, since a field of reflectors (heliostats) are arranged separately on sun-tracking fram®
to reflect the sun on to a boiler mounted on a central tower (Fig. 10.21, 10.22).

: . : h
With both systems (‘solar farm’ and ‘solar tower’), a heat transfer fluid or gas is Passed thr;lﬁ
the point or line of insolation concentration to collect the heat and transfer it to the point of use.

: : = . : . g : ity P
heat can be used either directly in industrial or commercial processes or indirectly in electricity P
duction via. steam and a turbine.

Boiler

Incident
solar rays

) <+—Tower
Heliostat

AN ANNANNALY VNI

Fig. 10.21

R
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Receiver
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: Steam motor
\/rtanks Boiler Generator
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2
7
L A

Fig. 10.22. Diagram of solar tower power plant.

e two systems that produce very hot water or steam

Thg J - b A\Y .
e & alnploges BT SRLC D 1, these technologies are not cost competitive

, dre . .
. Arrently still under development and, in genera
tonventional power sources such as oil or gas.
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