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INVESTIGATIONS OF SOME LOW GRADE SOLAR DEVICES

by

M.K. Kashiramka

SYNOPSIS

The thesis entitled "Investigations of Some Low Grade
Solar Devices" presents the results of the investigations

done on various low grade solar thermal devices,(by the

I -
1 fr‘r\"lr.'-(';f'_"‘

~ s .
author.; .In Chapter I, anm overview of solar thermal devices
?wr“ w7 I Ll PR e g

ls -presented. This includes recent trends in the global

~
energy profile and the resulting awareness in the field of
‘nonconventional energy Ssources (in terms of increased R&D
activities. It also discuéses how all the countries of the
world are affected by the energy crises in one way or the
other. The developing countries are concerned because an
increase in the price of oil has become a major constraint on
their development. The oil producing and exporting countries
are concerned by the ever-increasing rate of depletion of
their o0il resources. On the other hand, the industrialized
countrieg are anxious about the security of supplies and the

changed international relationships. A projection of energy

requirements upto the year 2010 is also presented.>

. t S,
Ermitioe s Chm b oy

The /&ndian energy scenario and the nationﬁlltenergy
oAt
FA RV NS

Policy (%ofmulated way back in 1976)are discusse@jﬁn Sec. 1.#.

7 .
(EE algso discusses the environmental impact of the energy
o Vol

Projects and the rate at which demand of the energy is

vii



increasing, as a result of increasing population as well as

because of increase in the standard of living.

(h brief discussion about the nature of the incoming
solar radiation is given in Sec. 1.3. A detailed discussion
regarding various methods of harnessing solar energy 1i.e.,
photovoltaic conversion, thermal conversion, wind energy
conversion, ocean thermal gradient conversion, photogalvanic
conversion and photosynthetic conversion is given in Sec.

e A S SPu R P IR SN
1.4;%/?arious problems are encountered in harnessing and
Popularising nonconventional energy devices in general, and

solar energy devices in particular.{These are discussed in

Sec, 1.5.3

(&he description of solar energy programme in India for
both the rural and the urban sectors is given in Sec. 1.6. A
Comprehensive 1list of institutions and laboratories in the
country, where solar energy research is being carried out, is
given in Appendix I. A review of low grade thermal devices
€.9., flat plate collector, solar concentrator, solar pond,
Solar water heater, solar cooker, solar still and solar dryer

Y

is Presented in Sec. 1.7.)

( Performance study of variogfs lc;W{grade solar devices is

(Lh__i"-: L cletay
Presented in Chapter II, which/starts with a brief discussion
about the apparent motion of the sun at Pilani where all

these jnvestigations have been carried out. The design,

viii



fabrication and performance of the drum solar water heater -
cum - storage system, both finned and unfinned types are
discussed in Sec. 2.1. Both these varieties show about 30°C
rise in the temperature of water, the finned variety giving a
slightly better performance (2% higher) than the unfinned
one. The design considerations of the coil type solar
collector are discussed in detail in Sec. 2.2, showing how
the number of turns n of the coil can be determined from the
tube radius R, initial coil radius a, and centre to centre
digstance between adjacent turns of the coil d, using the
equation:

n3d3 + 3[11/2)pR + a]n2d2+3a (pR+a)nd+a?(a+pR) =0 ...(1)
where p is a rational number and has been determined to be

-23 for obtaining optimum value of liquid bulk temperature

!

T in the coil. The maximum instantaneous efficiency of this
b
Lype of water heater comes out to be as high as 78%.

The details of solar water heating system
installed in BITS to provide continuocus supply of hot water
to all the hostels, messes and guest house are described in
Appendix 1II. The system gives an output of 53,800 litres of
hot water per day. Various methods of maintaining such a hot
water system are discuésed in some detail in Sec. 2.3. An
inexpensive method of maintenance, as adopted in BITS, is
discussed in sufficient detail in this section. Annual cost

°f maintaining this system comes out to be only Rs.



1,25,000/- which 1is nearly 3% of the total cost (i.e., Rs.
38.17 lacs) and is much less as compared to the usual annual
maintenance charges i.e.,around 8% of the cost. In Sec. 2.4,
starting with the discussions of desirable features of a
solar cooker and its utility, in urban as well as rural
sectors, a number of new designs are presented. Design-I is a
non-imaging type device and concentrates a divergent beam of
light by maximum amount allowed by the phase space
conservation rule. The specific model, which has been
constructed, has an operating period of four hours and has a
height of the concentrating mirrors as 0.6 m for 0.45 m base
cooker. This decrease in mirror height from the full height
of 1.2 m results in decreasing the concentration only by
8.5%, but makes it much more manageable to operate. Design-II
gives a modified version of Design-I in that the height of
the box hags been decreased and a mirror is put on the back of
the box. Investigations are carried out using this model in
both the tracking and nontracking modes and with/without
Parabolic reflectors. As expected, best performance was
Obtained in the tracking mode using parabolic reflectors and
the worst performance was got in the nontracking mode without
Parabolic reflectors, the average heating time being 57
Minutes and 128 minutes, respectively. Design~III uses mirror
Strips instead of aluminium foil in the construction of the
Parabolic reflectors and has a drawer type of arrangement for

keeping and taking out utensils for cooking. These



modifications result in achieving better reflectivity and
also minimise the heat losses while taking out/keeping the

cooking utensils.

The fabrication and performances of a paraboloid solar
cooker and sun baskets are presented in Sec. 2.5 and 2.6,
respectively. These models are very cheap and can be made out
of locally available materials but do not give high

efficiencies.

The design of the solar oven is described in Sec. 2.7.
Expressions have been derived for the determination of the
ratio of target B to the aperture A for nontracking mode as:

A sin(3a +§) cos (2a + §)

—_— = . ... (2)
B sin(® + §) cos (o + &)

where o is the angle made by the reflector surface with the
normal and §. is the half-agceptance angle of the oven.

Putting § = 0 we get the following simplified version of the

above equation for the tracking mode:

A/B = 2 8in 3 a.cot 2 o A )
from which we can determine A/B for a given a or vice versa.
Thug, taking A = 2B we getlai= 209457. The efficiency of the
oven was found to be 21.6%, which is reasonable. In Sec. 2.8
two types of solar stills have peen discussed. The yield of
distilled water from the first was found to be 2.31 l/mz/day

(peak efficiency being 29.9%) and the second still produced

Xi



2
about 5-6 1/m / day of distilled water and has an efficiency

of 40-50%. The details of solar dryer are given in Sec. 2.9,
while the investigations done on space heating and cooling
are discussed in Sec. 2.10. Investigations presented in Sec.
2.10 are of preliminary nature and more work has to be done

before any field trial can be done for the same.

Chapter III; presentsédetzjled economic analysis of
ro VO ;_,1 lf."

various solar thermal dev1ce%( In this chapter we first 1list

U po'i{ 1/.--31'3"' sf

farlous) ‘factors _which should be taken into account for
A e

carrying out - any meaningful economlc analysis® \These factors

include, among othersi)rate of interest, inflation rate,

discount rate to take care of depreciation, subsidies
available e.g., on purchase of solar cooker, prices
admlnlstereq; by hq?Yefnme?t e.g. LPG pf}ﬁfrhbgle?tr1c1ty
tarlff, etc ?ﬁ b?lef)descrlptlon is alsocrglven of) varlous

A

-

methods of economic analysis e.g., life-cycle costing method
C;hiCh calculates the total present value of the life-—time
Yupee costs associated with each alternative energy system
under con31derat10q)and the payback method<;h1ch calculates
Lhe period over which a device pays for itsel /(h case ié
made that life-cycle costing method is the most appropriate
tO' carry out the economic analysis even though the payback
- Method is more appealing to a wider range of audience. In

View of this,) économic analysis of various solar energy
~

devices has been carried out using the life-cycle costing

Xii



method{Eaking uniformly an interest rate of 8%, averaged out
inflation rate of 8% and discount rate of 10%. Impact of
subsidies and administered prices has also been taken in
account, if applicable, on a case by case basis. A simpler

formula has been suggested for calculating the payback period

Yr

E aj = I/8 ..o (4

j=1
where I is the total first-time cost of the device,
g is the rate of annual saving taken to be constant
and a = (1+i)/(1+d), i and d being the interest rate and

the discount rate. respectively. )

The payback period has also been calculated for all the
devices along with the above analysig(éo that those who are
more familiar with the payback period find the  same

7 e C‘-“{!\l’"‘l’ fheo '“IS‘{\—TﬁJ ("f‘; ~oeu v
information for various devices;)gnlbverall conclusion from

this economic analysis is that most of the solar thermal

devices are highly cost effective and should be used more

widely.

(Chapter IV presents briefly the discussions and.)

c ; e vt 2 Conte i Cluppt, ¢ TV
ki
fonclusions of the work done/ on low grade solar thermal
- _7..{"‘_ ey .’_’l.( y ! 3 (_!'{c w7 A LS

devices reported in the thesis.) It is ObviousZthat to meet
the energy needs, Wwe should make increasing use of
nonconventional energy sources(’which are renewable in
character 1like the solar energy. This is imperative) because

ever increasing energy demands can only be met from these

xiii



resources without damaging the environment which is very
essential for us in the long run. After all we should
remember that we have not inherited this planet (the earth).
We have only got it from our forefathers for passing on to
the next generations in as wmuch environmentally and
ecologically balanced condition as possible. " The author
hopes that with time, various solar thermal devices will find
wider acceptability as a result of the increased awareness of

the energy problem we are facing.)
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CHAPTER - I
SOLAR THERMAL DEVICES: AN OVERVIEW

1.1 GLOBAL ENERGY PROFILE AND RESULTING AWARENESS IN TERMS OF
R & D ACTIVITY

It is generally recognized that the state of

development of a country goes hand in hand with the per

capita consumption of energy. In fact, the modern way of life

is called ’'Energy-Intensive’ because of rapidly increasing

dependence of all human activities on energy.

One of the major effects of the Industrial Revolution
two centuries ago, was the creation of two distinct
categories of countries, namely the manufacturing ox
industrially developed countries, and the producers of only
raw materials i.e., the underdeveloped or so called developing
countries. This distinction continues in somewhat modified
form even today, so that the developing countries, which
make up the Third World and which contain three-quartexrs of
the world population, produce about one-third of global
energy supplies but consume only about 15 per cent of total
world commercial energy. Yet the U.S.A. with only about 5 per
cent of the world population, consumes about 30 per cent of

the total energy output.



During last 40 years, the developing countries doubled
their o©il and electricity consumption every 10 and 7 years,
respectively, whereas for the advanced countries the

corresponding periods are 13 and 12 years, respectively.

The developing countries must therefore give urgent
attention not only to the husbanding of present resources,
but also to the short and long-term development of future
energy resources. As long as o0il prices remained cheap, and
their consumption of commercial energy severely limited by
their slow rate of economic growth, the o0il importing and
developing countries did not feel the need to assess their
medium and long term energy problems, or to take cognizance
of the opportunities for developing their domestic sources of
energy. Traditional development strategies and the assistance
supporting these strategies have emphasized the adoption of
economic and technological practices similar to those
employed by the advanced industrial societies. We are now
beginning to understand that such strategies implicitly
assume the continued availability of cheap energy resources.
Based on this belated, but greatly desired awareness, we have
to recognize that the countries of the Third World have a
common fundamental interest in facing their energy needs and
developmental problems on a collective and regional basis.
In this regard, there is no basic difference between the oil

exporting and oil importing developing countries.



2 ol
< L
L 1ot
- ) .
z CANADA
-~ 10.0 |
<L
> ,
S 9.0
[11]
< 8.0 F
O
O
L 70
W
§ 60 F HOLLAND .
Z GERMANY
z 5.0}
2 o
-
& 4.0 F FRANCE
= e AUSTRIA
g 3.0 | S.AFRICA .lTA&JAPAN
© ISRAEL
o=
b 2.0 ARGENTINA
2
Z 1.0
EGYP.

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
INCOME $/ CAPITA

FIG.1.1 ENERGY CONSUMPTION VERSUS PER CAPITA
INCOME FOR VARIOUS COUNTRIES.

4



accelerated the pace of their development to attain a high
standard of living before their oil reserves are dried up.
All this has led to increased interest in the development of
new and renewable sources of energy and nuclear power. It is
widely recognized that the world cannot do without
alternative sources of energy to meet the ever growing
reguirement, as the conventional fossil fuels may not last

for more than 20 to 30 years.

To sum up, the developing countries are concerned
because the price of oil has become a major constraint on
development. On the other hand, industrialised countries are
worried anxiously about the security of supplies, the effect
of high energy prices on inflation and above all about the

2
changed international relationships .

Sources of energy

Let us understand where energy comes from. Almost all
available energy can be traced back to the sun (fossil fuels,
biomass, wind and incoming solar radiation) or to the
Processes of cosmic evolution preceeding the origin of the
solar system (nuclear power). Smaller amounts are drived from
lunar motion ( tidal power) and from the earth’s core
(geothermal power). The total solar radiation that strikes
the earth’s surface every year 1s equivalent to 178,000 TWY
about 12,000 times the world’'s present energy supply.

i.e

Of this, however, 30% is reflected back to space and S0% is



absorbed, converted to heat and reradiated. However, the

[+

remaining 20% 1s also 2400 times the present total enerqgy
supply.

Primary energy demand 1is expected to vary from one part
of the world to another. According to a recent study of the
U.S. Department of energy, the worldwide demand for oil is
projected to rise from about 67 million barrels a day in 1993
to about 85 million in 2005 and to about 100 million in 2015.
The price per barrel is expected to rise from about $ 16 a
barrel in 1995 to about $§ 25. Most of the increase will
probably occur in the developing world, where population
growth rates are high and industrialization and urbanization
are under way. In contrast, demand is expected to remain more
Oor less stable 1in the indugtrialized countries, where
population growth rates are low (Fig. 1.2).

Energy policies greatly vary from one country to
another. For some governments, energy is a source of revenue,
while for others it is an opportunity to provide relief for

the poor by delivering subsidized energy. As time passes,

most governments will 1like to control the impact on
environment of all aspects - from installation to
decommissioning of a power plant. 1In doing S0, all

governments should strive to provide its people with an
adequate, safe economical and equitable power supply. Our

demand on energy will persist, but it must be met keeping
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ecological aspects in mind so that our planet earth remains
ecologically sound.
1.2 INDIAN ENERGY SCENARIO

India’s energy requirements are met from age o0ld
traditional as well as from modern sources of energy, the per
capita energy consumption in India being only one tenth of
the world average4. The consumption of modern commercial
forms of energy has been continuously growing during the last
four decades and consequently the fractional share of
traditional forms of energy has been diminishing. Presently
both are consumed more or less equally. 0il and electricity
have been the most preferred form of energy and consumption
has grown at an average rate of 7.5% and 10% annually during
this period. Table 1.1 gives these trends in consumption of

5
commercial energy

Table 1.1 Trends in consumption of commercial energy.

YOAY o o o o e e e e meemon el
Coal Lignite 0il Nat- Hydro Nuc- Coal O0il Electri-
ural lear city
3
MT MT MT MM TWH TWH MT MT TWH

It I e o . o e e e e . = B e e . = e = = = = — A

1960-61  49.90 0.05 6.70 - 7.80 - 40.4 6.7 16.9
1970-71 71 .23 37 14.97 704 25.25 2.42 54.1 12.5 48.5
1980-81 109.42 4.99 26.01 1566 46.53  3.00 70.3 22.2 89.7
1990-91+ 220.00 50 50.00 3000 90.00 4.00 85.0 40.0 210.0

- -
-

Provisional

e e e e e e e e = = — = e = === e e e o a e e e w wm e — — — mA -



Rural electrification has been given very high priority
during the last four decades. Initially the emphasis was on
electrification of wvillages and rural areas, but later on
greater need was felt for rapid exploitation of ground water
for irrigation purposes. By now about 2/3rd of the wvillages
are electrified, more than S million pump sets have been
energized and about 3/4th of the rural population has access

to electricity.

A comprehensive national energy policy was formulated
in 1976. This policy wunderlines the importance of coal as
the principal source of energy and the need for reducing
reliance on imported oil by increasing indigenous oil
production. Priority has also given to substitution of oil,
wherever it is technically and economically feasible, and to

develop new and renewable sources of energy.

The environmental impacts, resulting from the execution
of energy projects and their operation, manifest themselves
in several ways.Also , indiscriminate use of firewood has led
to deforestation and soil erosion. Thermal power projects
have 1led to atmospheric and water pollution. Hydro projects
lead to several complex ecological implications and are
therefore resisted e.g. Narmada & Tehri Dam projects have
attracted organised protests from groups of

environmentalists. Nuclear power plants are riddled with



safety problems of alarming proportions, Chernobyl disaster
of April 26, 1986 being a case 1in point. These days there is
growing awareness regarding environmental impact of
production and using various forms of energy. In fact, all
power projects should go through an environment appraisal and
should incorporate necessary safeguards to protect, 1f not
improve, the environment. We should set up an inter-agency
task force under the aegis of the energy ministry to monitor
and assess political, economic and strategic developments
relating to energy security and to assess all energy projects
from ecological and environmental points of view throughly at

the very initial stage.

Forecasting the energy demand is a hazardous task as it
must be based on projected economic growth profile and on
possible substitution trends in energy consumption. If we
project the energy demand based on past trend assuming that
no measures would be taken to monitor or restrict the demand,
it is expected that in the year 2000 the energy demand would
increase to 531 MT of coal, 93 MT of oil and 552 TWH of
electricity. However, if vigorous efforts are made to wmanage
the energy demand, it may increase to the level of 427 MT of
coal, 69 MT of oil and 458 TWH of electricity. 1In the
ultimate analysis it would be necessary to evolve a coherent
energy policy taking into account the country’s resources,

more efficient utilisation of energy and development of new

10



energy technolcgies appropriate to Indian conditions. The
biggest constraint is likely to be the financial resources to
sustain the required development. Already it has led to our

seeking investment from abroad in setting up power projects
in the country. Foreign investors are quite willing to come
in the power sector but they want guarantees of a minimum
return on their investments. This may require a delicate
balancing between our desire to have more power and our

Capacity to pay for it.

1.3 HARNESSING SOLAR ENERGY
Attempts for the utilization of solar energy date back

to ancient times. Archimedes destroyed the enemy armada by a
battery of mirrors on the shores, concentrating sunlight on
the ships. Egyptians are reported to have built a printing
Press and irrigation pump working on solar energy. Though
solar energy is abundantly available, its exploitation
pPresents certain technological problems. This is obvious from
the fact that even after almost 20 years of efforts, use of
Solar energy has been rather limited. In this section we
briefly discuss the nature of solar radiation and the

Problems faced in harnessing and popularising the use of the

solar energy.

Nature of Solar Radiation
Energy is created in the interior regions of the sun as

a result of a continuous fusion reaction. Sun with its radius

11



5 30
R =6.96 x 10 km and mass M = 1.99 x 10 kg is almost an

inexhaustible source of energy. Only a small portion ( 4 x
~10
10 th) of this reaches the earth because of the large earth

to sun distance as compared to the radius of the earth. The

intensity of the solar radiation, known as the solar constant
6-8

G , has been determined to be :
s
2 2
G = 1353 W/m = 4871 KJ /m hr oo (1.1)

s
This is the incident solar radiation on a plane normal

to the sun’s rays, Jjust outside the earth’s atmosphere when
the earth is at its mean distance from the sun. As the
earth has elliptical orbit around the sun, the actual value

of G varies approximately + 3.4% around the mean value i.e.,

S
2 2
from 1399 W/m on December 22 to 1307 W/m on June 21. Then

the solar energy G , incident normal to the outer surface of
o

the earth’s atmosphere becomes.
2

G =G cos® W/m e {(1.2)

o s . . . .
where @ is called the extraterrestrial solar irradiation,

. (&)
Fig. 1.3.

The solar radiation reaching the earth’s surface must
have propagated through the atmosphere, approximately 99% of
which is contained within 30 km from the earth’s surface.

Fig. 1.4 shows the effect of atmospheric attenuation on the
9
spectral distribution of the solar radiation , G which
SA
when summed up over all possible wavelengths gives back G

*

S

12
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Gs:J‘”G-“ldl o (1.3)

The several dips in the solar spectrum on ground are
due to the absorption of the solar radiation by 0 , 0 , O
and H O at various wavelengths. Also the solar radiatign getg
scattgred by air molecules, water droplets and dust particles
during its passage through the atmosphere. The part of the
solar radiation that ultimately reaches the earth’s surface
is called the direct solar radiation. The earth’'s surface
also receives the diffused solar radiation from all

directions from the sky. The diffused part varies from 10% of

the total on a clear day to almost 100% on a cloudy day.

The extent of absorption and scattering of radiation by
the atmosphere depends on the length of the atmospheric path
traversed and the composition of the atmosphere. To take into
account the effect of inclination on the length of the path

traversed, a dimensionless quantity, m, called the air mass

ratio is defined as:

Mass of the atmosphere in the actual path of the beam

m = X
Mass of the atmosphere which would exist if the sun
were directly overhead. coa(1.4)
Obviously m = 0 refers to IO atmosphere and m = 1

refers to when sun is directly overhead. The average amount

14



of solar energy reaching the ground could be around 20% of
the solar constant. Even this is a large quantity 1if the
economics of its harnessing becomes attractive.
1.4 BRIEF REVIEW OF VARIOUS METHODS FOR HARNESSING SOLAR

ENERGY

Various methods are used to convert solar energy into

useful form. A brief discussion of these methods 1is given
below:
(i) Photovoltaic conversion

The photovoltaic (PV} effect is the process by which
the photovoltage (emf) is produced at the junction of two
dissimilar materials by the incident photon flux. The
junction can be a metal-semiconductor or a p-n junction. When
a photon of energy hV enters the p-region, it is absorbed
by an electron in the valance band. If hv is greater than
the energy gap E of the p-region, the electron will be able

g - . .
to the n-region. Similarly, if hwv is greater

to migrate
than E in the n-region, the photon will be absorbed by a
hole wgich will migrate to the p-region. This results in a
net positive charge in the p-region and a net negative charge
in the n-region, a lowering of the initial potential barrier
between n- and p-regions. If the external circuit connecting

the p- and n-region is closed, the electrical current will

flow through the external load.
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(11) Thermal conversion

When a body is exposed to the sun, it absorbs radiation
and 1s raised to an excited state 1.e., 1its temperature
increases. The way in which it gains and 1loses energy is
quite complicated. For understanding the behaviour we
simplify the problem by assuming that the body does not lose
heat by convection and conduction. Let I be the intensity of
solar radiation and a be the absorption coefficient of the
body. If the body is exposed to sun, its temperature will
rise wuntil it reaches a temperature called the equilibrium
temperature T . At this temperature, the rate of emission
of radiation will be equal to the rate of absorption. So we
have

aI:eo(T“—Tof) ... (1.5)

where ¢ is the emissivity of the body and o is the Stephen-

Boltzman constant and ﬁm is the ambient temperature. Now from

Eq. (1.5) we get,

od
T4=T4 + — {(1.6)
& g0

This rise in temperature of the body can be used as a

source of heat to any working fluid.

(iii) wind energy conversion

The wind blows because the temperature of the air at

various locations on the earth are different. If an area is
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heated by solar radiation, the air that comes in contact

with it is also heated and is raised up, cooler & heavier air
from the surroundings rushes under the warm lighter air. This
movement of air along the surface of the earth 1is called
wind. So any project to harness the wind is a project to

harness indirectly the solar energy.

(iv) Ocean thermal gradient conversion

Due to the incoming solar radiation, the upper layers
of the sea are much warmer than those deep down. The warm
water is evaporated rapidly at a low temperature under
vacuum. The evaporated water, now a vapour, passes through a
turbine that 1is connected to an electric generator.
This conversion of heat energy in sea water into electricity
can be attempted only along tropical coasts where the surface
temperature of the water is about 28q3; where the temperature
difference is sharp near shore and where storms are not

frequent. There are very few places which satisfy all these

requirements.

(v) Photogalvanic conversion

In photogalvanic conversion the light impinges on an
electrode and electrons are emitted. These drive the cell
from which power can be drawn. For semiconductor electrodes,
holes can be activated to be available as acceptors of

electrons at the anode. This conversion process is less
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understood than photovoltaic one. In this conversion, it is
not required to have the pure single crystals in the
collectors as in photovoltaic conversion and hence this is
cheaper. However, the efficiency of conversion is 0.04%
which 1is very 1low compared to photovoltaic conversion

efficiency (£10%).

(vi) Photosynthetic conversion

Solar energy 1is used when the plants grow. These plants
can be burnt directly to work a heat engine. Similarly, algae
could be force grown, collected and decomposed by heat to
form hydrocarbons. The photosynthetic conversion is less
attractive since the average efficiency of solar energy

conversion this way is only, about 1%.

1.5 PROBLEMS IN HARNESSING & POPULARISING SOLAR ENERGY
Solar energy is available in plenty in India as we have
about 300 days of sunshine in a year. However, there are
certain problems which come in the way of harnessing and
pPopularizing it. These are the following:
(1} Solar energy is available only in rather diffused form
i.e., unless the incoming solar radiation is either
concentrated or converted to electrical energy by

photovoltaic conversion or to thermal energy using low

grade thermal devices, it is difficult to be used.
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{11)

(iii)

Solar energy 1s intermittently available i.e., it is
available only for 8 - 10 hours in a day and that also
only on sunny days, whereas we would like to use power
at all times. This means that the energy has to be
stored for use during nights and during cloudy/rainy
days. This 1implies that storage capacity has to be
sufficiently big to last even for a few days at a
stretch. In case we cannot achieve this, we have to be
satisfied using the solar energy as an add-on to the

regular sources of energy.

The most important constraint in the wider utilization
of renewable energy systems is the high initial capital
cost. The cost of a solar device is considerably
higher than that of the product based on conventional
fuels. This factor is all the wore important for
photovoltaic use of solar energy. Though PV electricity

costs have down by a factor of 3-4 since 1980, still

these costs are prohibitive even now e.g., in America a

of electricity from coal costs 4-8 cent and from
10
PV cells it is about 25 cents . Here it will be

unit

desirable to add that even the cases where the
technology is already well developed, e.g., hydropower,
larger initial investments are required to  fully
exploit the potential, besides a long gestation period

for hydroelectric projects. However, the capital
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(iv)

{v)

investment in conventional energy systems is born by
the state or by the energy supply agencies, e.g., state
electricity boards, whereas for renewable energy
utilization, the wuser has to 1incur this initial
investment. In our country where capital 1is really
scarce, this indeed is a big deterrent. It is therefore
very much desired that government gives sufficient
subsidies and incentives so that the renewable energy
systems become economically competitive.

In using a renewable energy device, the user does not
get any return on his investment (which he would have
got by alternative use of the capital} but may be
getting convenience for him and his family. Now it is
well known that the valuation of convenience is much
lower for the poor than for the rich. This factor
restricts the use of new energy devices by the poor

people who are much larger in number.

There exists a wide gap between the individual and
social preception regarding the utilisation of
alternative sources of energy. For example, an
individual may not attach much importance to
maintaining ecological balance but for the society as

a whole it is very important so that it can sustain

. itself over a long pericd.This necessitates concerted

effort to make people aware of their social
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responsibilities so that they are able to wuse the

alternative energy sources in a proper perspective.

(vi) Certain habits and practices may have to change if
renewable energy devices are to be used more widely.
Thus, use of solar cookers require certain changes in
cooking schedules and methodeclogy. In fact, any attempt
of popularising such devices should be associated with
an awareness building programmes showing the advantages
and applicability of these devices that can be realised
by way of changing/modifying certain outmoded

traditions.

(vii) There is a great need for standarizing various energy
devices without which we have serious problems in
getting replacement of parts off the shelf. Also repair
and maintenance services are not readily available at
most of the places. Unless adequate support sexvices
are provided, it will be difficult to gain wider social
acceptability of these devices.

All these issues have to be sorted out before solar

energy is accepted much more widely by the people.

1.6 SOLAR ENERGY PROGRAMME IN INDIA

Realising the importance of the utilisation of solar
energy, the Government of India has established a seperate

department of new energy sSources, the Department of Non-
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convensional Energy Sources (DNES), which looks after all the
research, development and utilization of alternate energy
sources. Formulation of energy policy and programmes for the
development of new and renewable sources of energy is done by
the Commission for Additional Sources of Energy (CASE), the
Government of India. The national solar energy programmes
which has been formulated consists of (i)} development of
solar thermal energy hardware and systems, (ii) development
of direct energy conversion devices like photovoltaic solar
cells and (iii) establishment of solar energy data collection
observatories, data processing and information transfer to

solar research scientists.

It is recognised that an early, smooth and successful
transition from fossil fuels to new and renewable sources of
energy depends on a strong, integrated and purposeful R&D
programme. Accordingly, a comprehensive R&D programme in
different areas of alternative sources of energy has been
undertaken. Initially a coordinated R & D programme was
initiated in several existing research and academic
institutions. This is being followed by creating research
centreg for various forms of energy to promote research and
Product developmént and later popularising them through

education and demonstration programmes.
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Studies have been carried out on the spatial
distribution, seasonal variation and frequency distribution
of incident solar radiation. Annual range of bright hours of
sunshine at various meteorological stations in the country
are . also recorded. From these sl:uciiesll_13 the annual
distribution of incident solar radiation in India can be
summarized as given in Table 1.2.

The energy requirements of a typical Indian village is
of the order of 20 KW which is very less compared to the
requirement of urban sector. Therefore the research and
development projects have been divided into two categories:
(a) For rural sector

(i) Irrigation pump of 2.5 horse power.
{ii) Solar convective dryers of one ton capacity.

(iii) Distillation plants for conversion of brackish
water into potable water.

Characteristics Percentage of Surface area Area covered by
total surface in sq. kms.
Areas recai;;;;;soo Saurashtra, Kutch,
2
€al/cm /day 8.7 2,85,035 Gujarat, West Raj-
asthan
Areas receiving 450- Peninsula and Central
2
500 cal/em /day 38.5 12,56,640 India, East Rajasthan
Areag receiving 400- Punjab, Haryana,Uttar
2
450 cal/cm /day 32.2 10,50,370 Pradesh, Bihar,Orissa
and West Bengal
Areag receiving<400 North Eastern parts
2
Cal/cm /day 20.6 6,73,555 of the country.



(iv) Solar refrigeration devices for food preservation
in rural areas.
(v) Electric supply through solar cells for domestic

lighting, radio and television sets.

(vi}) Minielectric stations and prime movers delivering

about 10 KW to 20 KW of power in remote areas.

(b) For urban/industrial sector
(1) Solar water heater of about 150 1litres for

domestic water heating.

(ii) Large scale water heating systems for
installations in hotels, hospitals, hostels,

factories etc.
(iii) Dryer for tea, tobacco, milk and paper industry.

(iv) Desalination plants for supply of water to coastal

industries.

(v) .Refrigeration and cold storage facilities of 1-5

tons capacity working on vapour absorption cycles.

Since the electricity can be used most conveniently for
most of the energy requirements, major emphasis has been
given on the utilisation of solar energy through direct
conversion to electricity.The Central Electronics Limited,

has been entrusted with the overall responsibility of
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research, development and production of economically viable
photovoltaic system in cooperation with national
laboratories and institutes of higher learning. The programme

consists of the following:

{1) To conduct research on various types of low cost solar
cells.

(1i) To identify the most promising type of solar cell,

(iii) Setting up of plant for production of low cost
photoveoltaic energy systems.
Solar energy research activities in India are going on
in many laboratories/ Institutions as given in

Appendix-I.

1.7 LOW GRADE THERMAL DEVICES: A REVIEW
In harnessing the solar power the various stages are
(1) collection, (ii) wusage, and (iii) storage. The
collection of solar energy is one of the most important
technology. Hence collectors are the nerve centres of the

solar energy devices. Various low grade thermal devices are

reviewed here briefly.

(i} flat plate collector

Flat plate collectors are most widely used for
collecting solar energy. A flat plate collector consists of a
blackened absorbing metal (copper or aluminium or steel) with

Parallel pipes in the form of a grid attached to it (Fig.
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1.5). The whole assembly is kept in a box insulated from the
back. Glass cover on top allows the sunlight in and protects
the collector from dust etc. The glass cover also acts as a
heat trap. Mostly the incident radiation in the range of 250
nm to 500 nm enters through the glass cover since the
transmissivity of glass i1s maximum in this range. The re-
emitted radiation will have longer wavelength and hence
lesser transmissivity . Therefore, it gets trapped partially
by the glass cover. Commercially available flat plate
collectors have efficiency ranging from 50% to 67% depending
on the number of glass covers and the extent of air gap
between the absorber and the glass cover14

In a sheet and tube arrangement, the distance between
the tubes is W and the diameter of the tube is D and the
sheet is of thickness § (Fig. 1.6}. The sheet above the bond
is at temperature T , say. Neglecting the temperature

b
gradient in the sheet, we get the energy balance equation as

2
i_g' =TT (7

Where U = Overall loss coefficient for the collector,
L
Tq = Ambient temperatures,

K = Conductivity of the sheet,

S = (T o) I,
eff ] )
(To) - The effective trxansmittance absoroptance

eff s
product of the cover system for solar radiation,
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Fig.1.5 CROSS -SECTION OF A FLAT PLATE
COLLECTOR.

FIG.1.6 DETAILS OF SHEET AND TUBE

ARRANGEMENT.
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and I = the rate of incidence of solar radiation on a unit
area of surface of any orientation.

The boundary conditions are:

aT
— = 0 e (1.8a)
dx x=0
T = T {1.8b)
b
and p'e = (W-D}/2

The solution of Eq. (1.7) is given by

bx -bx
T = A e + A e + (8/U) + T  ..... (1.9)
1 2 L a
1/2
where b = (U /K§) ,
L
A - A = 0 -.--(1.103-)
1 2 .
and A , A are solutions of the equations
1 2
b (W-D) /2 -b{(W-D} /2
and T =A e + A e +(8/U )+T
b 1 2 L a

+...(1.10b)
got by using the boundary conditions as given by Eq. (1.8).

This gives us the following expression for the standard fin

efficiency &)

tanh [b(W-D)/2]
— oo (1011

7 T w2
If we include the energy collected above the tube region, we

get ' the collector efficiency factor which is essentially a
14

constant for any collector design and fluid flow rate

Evaluation of the overall loss coefficient for many different

designs of flat plate collectors are given by Duffie and
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Beckman . Temperature distributions in the flow direction
16

and across the plate have been studied by Charters both in

17

the steady state as well as in the transient state. Garg
has carried out investigations to study the effect of dirt,
accumulated on the transparent cover of the flat plate
collectors, the efficiency of the collector and has concluded
that the correction factor due to dirt is more for plastic
Covers as compared to that for the glass covers.
{ii) Solar Concentrator

The solar energy received on the earth 'surface is
diffused and should be concentrated before it can be used in
quite a few applications. This can be achieved using

concentrators. The concentrators are broadly classified as

nontracking and tracking types.

In case of nontracking concentrators (NTC) no tracking
is done for diurnal motion of the sun. However,the tilt of
the concentrator is adjusted periodically i.e.,once a week or
80. In tracking concentrators one uses a tracking mechanism

18

€.g., electronic sensors or clockwork mechiglsm . Recently a

Passive tracking system has been reported which gives 20-

30% increase in efficiency. Pioneering work in the field of
: 20
Nontracking concentrators was done by Tabor in 1958. He

showed that one could obtain concentration ratio (CR) of the

order of three for an operating period of 8 hours or so per
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day. This could be increased to about 4 using second stage

concentrator. The next breakthrough came in 1974 when Winston
21
invented a new design called compound parabolic

concentrator (CPC}). CPC acts as a radiation funnel and is a
nonimaging device. Calculations of the surface of CPC for

various types of absorbers was done by Winston and
22 23
Hinterberger and by Rabl . To improve its performance
24

various modifications have been made in this design . Gupta
25
et al have developed a new type of concentrator called the

uniform illuminating nontracking concentrator (UINTC) which
makes optimal use of solar cells for photovoltaic conversion
of solar energy by avoiding shadow formation on the area
covered by the solar cell panel by obtaining more uniform
illumination of the base area. Three models of the UINTC type

were fabricated and were found to have uniform illumination
25

within 10 - 12% during the operating period . Some wmore

26-30
models of NTC have been developed by  various

investigators, which have been discussed and compared by

14
Gupta

Concentrators, capable of giving medium to high

roughly 20 and above necessarily requiie diurnal

tracking . There are several ways of achieving this as

CR i.e

A

briefly described below:
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@) One-axis tracking concentrators

These concentrators are generally linear or
cylindrical in shape and are often called as ’‘line focus’
devices. The most common concentrator of this type is
‘parabolic trough’ type which can have CR upto 200 due to
finite size of the sun. Other reported concentrator designs
include segmented plane mirrors arranged to form the
parabolic trough, circular, cylindrical and Fresnel

reflector.

The axis about which the above concentrators are
tracked could have any of several possible orientations. Most
commonly used is the axis parallel to the cylindrical axis of
the concentrator which may be horizontal or vertical, the
later being specially suited for photovoltaic systems. All
one-axis tracking systems suffer end losses,the extent of
which depends upon the concentrator focal length to

longitudinal length ratio and upon the orientation of the

tracking axis.
(b) Two-axis tracking concentrators

These concentrators have always normal to their
aperture pointed at the sun. such models yield higher energy
collection and higher'efficiency but not necessarily higher
CR which is more controlled by the optical design of the

concentrator and not so much by the tracking meode. Two axis

Systemg are of point - focussing type.
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Two-axis tracking works best i1f the two axes are

mutually perpendicular. Two commonly used configurations are:
{(a) one axis vertical and the other horizontal and (b} One

axis  parallel to the earth’s axis and the one
horizontal. Overall performance of concentrating collectors
depends on a number of parameters and detailed economic
analysis is necessary in order to assess various designs.
Obviously, the best system is the one that involves the
lowest cost for delivered energy over a period of time for a
particular application. Any attempt to maximise the useful
energy gain will imply minimising both optical and thermal

losses.

(iii) solar Pond
14,32,33

Solar ponds are simple type of flat plate
collectors, combining both collection and storage. When the

incident radiation is incident on the surface of a pond, the

infrared component of the radiation gets absorbed with in a

few centimeters, near the surface. The visible and

ultraviolet components penetrate clear water to a depth of

several meters. This radiation can be absorbed at the bottom

of the pond if the bottom gurface is blackened.This makes the

lowermost layer of the water hottest. This hot layer tries to

90 up unless the bottom layer is made heavier than the upper
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layers by dissolving salt in the water. This type of pond is
called non-convecting solar pond in which salt concentration
gradually decreases as we go from the bottom layer to the
top layer. Since the stationary water is quite an effective
insulator, it is also possible for the lowest layer of water
to boil which may result in destroying the stable
concentration gradient. To avoid this, an efficient
arrangement for heat removal is necessary. The hot layer of
water can be removed without disturbing the gradient in the
main body of water. The removed layer of the pond 1is then
passed through a heat exchanger for removal of useful heat
and then the water is returned to the bottom of the pond.
Since the returned fluid is cooler than the main body, the
concentration gradient in the pond remains undisturbed.
However, the horizontal flow of the bottom layer may disturb
toc some extent the concentration gradient of the main body by

creating a mixed layer at the bottom in which convection can

occur.

Solar ponds allow collection as well as partial storage
with negligible energy transport losses over large areas but
show diurnal and seasonal fluctuations of output. However,
due to existence of salinity gradient, the diffusion of salt
starts from regions of high concentration to low

concentration. Therefore, salt is added to the bottom of the

pond and the surface is washed with a weak brine solution.
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Water 1is also added to the top to replace that evaporated
from the bottom layer. Therefore, the net flow of watexr is
downward whereas that of salt is upward. Nielson and Rabl33
have proposed to use a plastic cover over the solar ponds for
maintaining the concentration gradient and for not letting
winds, waves, rain affect the concentration gradient.

Salts like NH NO or KNO , whose solutions are as
Lransparent as watei aid whose 3solubility increases with
temperature, are best suited to be used in solar ponds. On
the other hand, salt like Na SO is unsuitable since it has
opposite solubility character?stics.

One method to extract heat from the pond is to decant
the hot bottom layer from opening at one end of the

pond.This hot brine is flashed in a chamber maintained at

sub-atmospheric pressure,the vapour either driving a heat

engine or passing over a heat exchanger. The brine which is

left is more dense and is returned to the other end of the
pond resulting in a reduction of pond mass. Alternatively, a
heat exchanger can be placed at the bottom of the pond. This
requires a large quantity of tubing and repairing of a

damaged element of the heat exchanger cannot be easily done.

The heat extraction efficiency'ﬂw of a pond is defined

a8
Heat extracted
—_ .. (1.12)

'Ro - Solar input
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whereas the collection efficiency of the pondfq is given by:

Heat stored

= co.(1.13)
i Solar input

where heat stored is the accumulated heat in the no-heat
extraction condition and is calculated from the temperatures

of all layers. A typical solar pond is shown in Fig. 1.7.

(iv) Solar Water Heater

Heating of water for bathing, washing and commercial
purposes 1is one of the oldest and cost effective uses of
solar energy. The combination of moderate temperature
requirements and more or less uniform annual demand makes the
solar water heater particularly attractive. Such systems have
been in use since 1920 and were installed at increasing rate
until 1941 after which for about 30 years the sale of such
systems decreased sharply. This decrease can be mainly
attributed to the decrease in the cost of electrical energy
making solar water heating less attractive, increase in the
cost of solar water heating systems, development of leaks in
the steel storage tanks in the existing systems and the
reluctance of builders to add the cost of a solar heating

system to the cost of the building. This trend continued till

19708 when concern was expressed about the long term

availability of fossil fuels.
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Solar water heating systems normally consists of 1m X 2m
flat plate collectors connected to a vertical cylindrical
tank. Various system configurations used for the purpose
are:

(a} Thermosiphon system

(b) Forced circulation system
{1) Direckt
(i1) Indirect
(c) combined collector-storage system

(d) Heat pipe system.
A proper choice of storage material is very important.
In doing so we must first decide which of the following
Storage is to be used:
(a) Sensible heat storage
Heat stored Q in a material can be expressed as
Q = mSAT onie [2:0T4)
Where m and S are the mass and the specific heat of the
material and A T is the change in its temperature. If the
material is in a container having volume V and density of
material is A then
Q / V = PSAT so's AL:18)
Thus the ability to store sensible heat is dependent on
the value of the product £S. Whereas quite a few other
Materials have FPS within a factor of 2 of that of water, (see
Table 31.3), water is cheap and good but the container for

water should be better quality than that for solid.
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(b) Latent heat Storage
it is more practicable to have phase change from solid
to liquid as the heat storage mechanism rather than from

34
Table 1.3 volume heat storage capacities

Material Water 1iron Marble Concrete Brick Dry Wet
{(cast) earth earth

Volume heat
Sgpacity 1.00 0.84 0.57 0.54 0.34 0.24 0.86

ligquid to gas. Although storage is less in the former case
than in the later case, yet it is to be preferred because
liquid to gas change requires proper container e.g., storing
steam at gigantic pressures can be extremely dangerous. The
temperature at which the phase change occurs is very
important and this should preferably match with the

t£emperature of the system. For solar energy applications

LiOH, NaOH, B O , KNO and Al Cl are found to be suitable
2 3 3 2 6

materials, (see Table 1.4).

(v} Solar Cooker

There are a number of basic types of solar cookers. A

brief review shows that in the developed countries most

attention is paid to small production units. These units are

either of the collapsible umbrella reflector types or hot box

types and are designed to be portable and compact. There are

three different types of solar cookers:
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{a) Hot box type
Insulated solar cooker with double glazing, generally in
the form of a box is set out in the sun and oriented manually

Table 1.4 Heat of Phase change for solid to 1liquid

phase.
Material Transition Heat of change
temperature cal/g
C
BeCl 547 310
2
NaF 992 168
NaCl 803 123
LiOH 462 103
LiNO 264 88
3
KCl 776 82
B O 449 76
23
Al C1 190 63
2 6
FeCl 306 62
3
NaOH 318 40
H PO 26 35
3 2
KNO 337 28
3 -
Na SO .{oH O 32 6
2 4 2
CaCl .6H O 30 41>
2 2

* These are congruent melting materials, so the value of heat

Of change depends on the degree of "aging" of the solid -

SOlution mixture.
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at intervals. To increase the efficiency, reflectors are
often added to obtain higher temperatures in the interior
cooking chamber. By its very nature, this type of coocker
requires cooking to be done in the open, which makes it 1less

acceptable particularly during summer.

{b) Reflector type

Solar rays are concentrated onto a focal point or area
on which is placed a cooking pot or frying pan. This also
requires cooking to be done in the open. These units are less
efficient in areas where there 1is higher percentage of
diffuse radiation.
(c}) Detached solar collection and cooking chamber type

In this type of cooker the heat transfer fluid (water
Or o0il) heated in a separate collector. The heated fluid is
transferred to a separate insulated cooking chamber which can

be 1located inside the house at any convenient place. Thus

this type of cooker can be used from inside the house itself.

A study undertaken by the Brace Research Institute for
the United Nations Environment Program has concluded that

solar coocking with a smokeless wood stove as a backup (i.e.,

during about 25% of the time when climatic conditions do not

permit use of solar cooker) is the least expensive

alternative compared to LPG or charcoal. Following technical

considerations should be kept in mind in designining solar

Cockers:
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(a) Calculations should be made to determine the amount of
solar energy available for cooking and how does it vary

with time of the day and with change of seasons.

(b) Thermodynamic analysis should be undertaken around the
cooking pot to determine the rate of heat transfer to
the pot after accounting for heat 1losses in the
collection system and in the transmission system. In
the case of hot box cooker the two are effectively

combined in one system.

{(vi) solar still

This 1is a device in which solar distillation is done
for the production of fresh (potable) water from saline water.
Economically, the initial cost of the stills are 1less than
any other method to obtain fresh water. The price of fresh
water produced by the still comes out to be less than the
cost of transporting it. The common type of solar still is
the roof type still. As the solar radiation reaches the
glass cover, the long wavelength portion is absorbed by the
9lass, but a part of the radiation reaches the saline water

and the remaining reaches the bottom of the trough. The

thermal performance of the still can be analysed by solving
the heat balance equations for the glass cover and for the

bottom of the trough simultaneously. From this we can
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calculate the tray and glass cover temperatures. Thermal
14

efficiency of a still is defined as

Energy used in saline water
m = ...{(1.16)

Incident solar radiation

In the steady state the glass resistance c¢an be
neglected and the water temperature is taken to be equal to
the tray temperature. Air leakage is a damaging factor to the
good performance of the still. The thermal efficiency of a
still is 1limited by the heat of vaporization of water and
solar insolation.

Two different types of solar stills which are discussed
here:

a} Commercial Stills

The essential features of a typical commercial solar

still are:

1. Concrete side walls,

2, Internal lining of 0.76 mm butyl rubber.

3. Saline water basins insulated with 25 mm polystyrene.
4. Glass roof structure thoroughly vapour sealed.

The normal mode of operation consists of supplying the
2

saline water continuously at a rate of about 1.7 1/m /hr.

which is about twice the maximum distillation rate. In this -

way, water is provided continuously to make up for the loss

and the rate of deposition of salts from the saline solution

18 reduced.
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A reduction 1in output of up to 50% can result from

allowing the unchecked formation of reflecting layers of salt
. . o . o

on the basin liner. A cover slope of 10 is the minimum for

drainage while a slope of 18° has been used to given

increased structural stability against high winds. For
eéconomic reasons, the cover slope should be as 1low as
Possible. In practice no more than 80% of incident solar

radiation will be absorbed in a solar still. For proper

performance, it is necessary to keep the cover free of dust.

(b) Domestic Stills

Domestic stills are small units for distilling water
for household purposes. These are made from 25 mm thick
Polyurethane foam to form a box of internal plan dimensions
of 74.3 cm x69.2 cm with a single glass cover of slope 100
supplied through a float valve which wmaintains the depth

between 6 mm and 12 mm. They have a life of about 10 years.

(vii) solar Dryerxr

One of the oldest uses of solar energy has been the

drying and preservation of agricultural surpluses. The

Process is labour intensive and little capital is required.

The solar drying has been practised in almost all the

Countries for diverse products such as fruits, vegetables,

Cereals, grains, skins, hides, meat , fish and tobacco etc.
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There are two principal aspects of the crop drying process:
the solar heating of the working fluid ( usually air) and the
drying chamber where in the heated air extracts moisture from
the material to be dried. The solar heating consists of (a)
Separate solar air heater collectors or (b) heating of air
directly over the produce. Solar dryers are classified
according to their heating modes, or the manner inthich the

heat derived from the solar radiation is utilized :

(a) Passive systems

Dryers using only solar or wind energy for their

Operations.
(b) Sun or natural dryers
Dryers using solar radiation, ambient air,
teﬁperature, relative humidity and wind speed.
(c) Direct Solar dryers
Dryers in which material to be dried is placed in a

enclosure, with a transparent cover or side panels. Solar

radiation is absorbed by the material itself as well as by

the internal surfaces of the drying chamber. This heat

e@vaporates the moisture from the product being dried. Also,

it gerves to heat and expand the air in the enclosure,

Causing the removal of this moisture by the circulation of

air,
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{d) Indirect solar dryer

Dryers in which solar radiation is not directly
incident on the material to be dried. Air is heated in a
solar collector and then ducted to the drying chamber,to

dehydrate the product.

(e) Solar lumber dryer
Dryers 1in which forced ventilation is used as proper

circulation of air helps to control the drying rate so as to

avoid case hardening

(f) Chamber dryer

ere in which the material to be dried is kept in an

Dry
enclosure.
(@) Rack or tray dryer

One in which material to be dried is placed on wire

mash or racks.

for household applications has been
36
4 tested in BITS . It consists of a

A small dryer

designed, fabricated an

packed bed collector and a storage cabinet. The drying air is

heated in the collector and goes past the vegetables, being

kept in the cabinet. ThHe collectoXr box size is 191 cm x 94.8

cm x 28.4 cm having wooden walls and glass glazing of 3 mm

thick ordinary glass on che top. TO increase the surface area
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SO as to heat uniformly the incoming air, black painted scrap
material is kept in the box. Inside surface of the box is
painted black. There is a provision in it to accommodate a
blower at the lower end and a polythene ducting at the upper
end.

The storage cabinet is essentially of glass having
Necessary wooden frame. The panel of the cabinet facing north
is of wood and is the access door to the cabinet.the panels
facing east and west are made of glass. The cabinet glass

roof is kept slanting at an angle of 285° with the

horizontal, 28.52N being the latitude of Pilani.The cabinet

has arrangements to accommodate multiple trays and an
adjustable ventilator opening is provided in the upper
pPortion of the side panel. The flow of air through the system

can be natural or forced, the latter being achieved by using
a blower.

The performance of the dryer has been studied by

varying the
(a) Flow rate of heating air,
(b) Area of heating surface,

{(¢c) Natural draft effect.

1.8 PLAN OF PRESENTATION

The main results of the work done on low grade thermal

devices by the author are presented in Chapter II of this
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thesis. A number of students have done their Master’s theses
in this area under the supervision of the author. The work
done has been presented37_42 in various workshops/ symposia.
Sec 2.1 gives the investigations carried out on the drum
water heater (DWH),whereas Sec 2.2 gives the details of the
work done on the coil type solar collector. Sec 2.3 presents
the details of the work done for maintaining the solar water
heater (SWH) system installed for BITS hostels, messes and
guest house. Secs 2.4 - 2.7 give the results of the studies
carried out on different designs of solar cookers, sun basket

and solar oven. The investigations on solar still are

presented in Sec 2.8 while Sec 2.9 gives the work done on the

solar dryer. Space cooling and refrigeration studies are

Presented in Sec 2.10.

The detailed economic analysis of the various low grade
solar devices is given in Chapter III alongwith certain case

studies while Chapter IV gives discussion and conclusions.
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CHAPTER I

PERFORMANCE STUDY OF
LOW GRADE SOLAR DEVICES



CHAPTER - II
PERFORMANCE STUDY OF LOW GRADE SOLAR DEVICES

The results of our investigations carried out on
various low grade solar devices are presented 1in this
chapter. We take up various devices one by one and present

the work done on each of them.

Before doing that we shall put a word about Pilani in
respect of receiving solar energy as all these studies are
carried out here. Pilani is situated at 28}° N latitude(?).The
local noon time is 12380 hrs. At local noon position Zenith
angle of the sun varies from 5° to SZZS, Fig. 2.1. The total

solar insolation is around 450 cal/cm /day. This intensity of

solar radiation is measured using solarimeter.

2.1 DRUM TYPE SOLAR WATER HEATER-CUM STORAGE SYSTEM

this section we present a novel drum water heater-
40,43
cum-storage system

In

which has been found to be efficient
as well as cost effective. This solar water heater consists
of a drum enclosed in a double - walled casing with glass
cover to give green house effect. The external casing is made
of wood, 3.5 cm thick and window glass, 3 mm thick, is
fitted as cover, Fig. 2.2 and Fig. 2.3. The glass cover is

used as glazing. Glass wool is used as insulating material in

between. the two walls. The outer surface of the drum is

Painted plack with Japan black paint so as to act as

absorber.
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The two types of drum water heaters that have been
developed are:
{a) Finned

{b) Unfinned.

In finned type water heater, mild steel fins are
attached in transverse direction on the exposed surface of
the drum. All other features of finned heater are same as

that of the unfinned one.

Experiments show that the best results are obtained
when the drum axis is kept horizontal.The drum is provided
with a suitable inlet, outlet, drain and a thermowell for
Measuring temperatures. It should be noted that the water
circuit inside the drum is of displacement type.

Specifications of the water heater are given below:

Drum - cCapacity 80 litre,length 72 cm, diameter 37.5 cm.

Fins - Semicircular shape with 1inner radius 18.75 cm,

outer radius 21.3 cm, thickness 3 mm.

Glass cover - Horizontal 81.3 cm X 25.4 cm. and

inclined 81.3 cm X 82.8 cm

The whole system is oriented such that the inclined

glass cover faces the south. This system acts both as

collector as well as storage and hence reduces the

Possibilities of loss of energy through pipe 1lines. This
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System requires very less maintenance and suits the needs of
both rural as well as urban areas. It attains fairly good
. . 0 o
temperature, which varies between 20 C to 30 C above ambient

depending upon the intensity of solar radiations.

Theory

The energy balance equation on the surface of the

Cylindrical vessel may be given as,

IA(lTg) =m S (AT /dt) +m C (dT /dt) + A U (T -T )
W P P P P L p a
(2.1)

Effective surface area over which

solar radiations are incident
A Surface area through which heat is lost 2.60 m

P o
§ Specific heat of water 4.179 KJ/Kg C

: o
C  Specific heat of plate material 0.486 KJ/Kg C

° 2

I  Total beam radiation 700 watt/m

M  magss of vessel 26.3 Kg

P
m  Mass of water 314.0 Kg

o
T Ambient Temperature 30 C
N 6]
T Initial surface temperature 30 C
pi
T Temperature of surface at any
P

instant (OC)

i stant(oc
T Temperature of water at any in )
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t- Initial time (Sec)
tl Any instant of time (Sec)
UL Overall heat transfer coefficient 8W/m2°C
2
from surface to ambient (watt/m 9¢)
U Overall heat transfer coefficient from water to ambient

Assuming that for a short duration the ambient

temperature T remains steady, and also that surface of the
a

vessel attains quasi-steady state condition so that, the heat

loss by the water to ambient is equal to that by plate to

ambient, i.e.,

U A (T -T)=U A (T -7T) .. (2.2)
Hence Eq. (2.1) may be modified as,
IA(XTg)+U A T = (m & (U /U )+ m C) (dT /dt)
L p a L < P P p
+U A T c..(2.3)
L p p

On solving Eq (2.3) , following expressions for surface

temperature of the vessel and water temperature are

Obtained
T {t) = (IA(D(’EQ)/U A ) + T + {T -'T -IA (O(’I"g)/(U A )}
p L p a PL a L p
exp {(t' - t) Y} ve.(2.4)
1
Where
! (U /U ) +m C })) ... (2.5)
v = (UA }/(m 5 A 5 S (

L p
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and

1/Y being the time constant;

Also

T (t) (U /U Y(T - T ) + T ...{2.86)
w L o0 p a a

After sunset the expression for the surface temperature

T 1is given as,

T =T + (T -T) {exp (£ -t} Y} ... (2.7)
P a pi a i

Results and Discussions

Results of some typical numerical calculations made on
the basis of the analysis are shown in the graphical form in

Fig. 2.4. The graph shows the variation of T and T with
w
time both during sunshine hours as well as off - sunshine

hours. As expected the value of T is always greater than T
W

P
and both saturate after sometime during the sunshine hours.

However, after sunshine hours these temperatures start

decaying and reach the ambient after certain period of time.

The theoretical time constant 1/Y can be compared with actual

decay or recovery time . The time constant is calculated

theoretically as 14 hours.

Comparisons of finned and unfinned type solar water

heaters are presented in Fig. 2.5, where,

Curve A : water temperature in unfinned heater.

Curve B : water temperature in finned heater.

Curve C : insolation on horizontal surface.
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Fig.2.4 VARIATION OF SURFACE AND WATER TEMPERATURE
WITH TIME .
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Curve D : insolation on titled surface 36.44°) .
Curve E : the ambient temperature.

From Fig. 2.5 the period efficiency of the system is

obtained. Period efficiency ;, is defined as:
P
ol = 100 (¢ /€ ) c... (2.8)
out in
where, £ - mean input energy for the period
in
- mean output energy for the period
eout
€ is given by
in
é = I + I ...(2.9)
in H T
where,
I = (area under curve C) x Horizontal glass area
H .
I = (area under curve D) x Tilted glass area
T 4
€ is determined from the relation,
out
Q=mSAT ...(2.10)

where, AT is the rise in temperature of the water during
!

of the time for which the insolation curves are plotted.

S - the specific heat of water ( 1 kcal /kg°cC)
and m - mass of water.

One should remember that the period efficiency will be

Meaningful only when the corresponding data within the period

are within reasonable 1imiFS-
The best and worst performance of the two types of drum
e

Water heaters are tabulated (Table 2.1} .
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TARLE 2.1 Performance of drum water heaters

Type Highest Temp. Ambient
of water { ) Temp.(OC)
Best : oot U 6.1
uUnfinned 64 36.5
Worst : Finned 56 24.5
ynfinned 54 24.5

Pay-off period 1is just about 1 year for both types of

heaters, cost being RS. 1100/- and Rs. 1150/-, respectively.

To enhance the life of the drum, the inside surface should be

coated with red oxide before welding its 1lid. From the

e finned heater is only marginally
43
s compared to the unfinned one . Both types

results it follows that th

more efficient a

are quite useful specially in rural areas.

2.2 COIL TYPE SOLAR COLLECTOR y

The coil type solar collector consists of a collector

box, coil collector and a constant head tank. The details of

various components are describped below:

The collector bOX

The collector pox is @& double - walled wooden box with

7.5 cms. of glass wool separating them. The top of the box

has a glass panel tO allow the solar radiation to fall inside
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the  box. Two truncated Winston'’s compound  parabolic
concentrators are mounted on the east and west sides of the
box. The parabolic concentrators are made of strips of glass
mirrors, so arranged as to form parabolas. The focii of these
concentrators are kept such that the rays reflected by these,
cover the entire glass panels. The northern side of the box

has a single plane mirror hinged to it. The southern side 1is

kept free (Fig. 2.6).

The Collector

The coil collector is fixed on a plate made up of

aluminium with @ collecting area of 45 cm X 45 cm. The

thickness of the plate 18 10 mm.

Since the driving force in a thermosiphon system is

only a small density aifference and not a pump, larger than

normal plumbing fixtures must pe used to reduce pipe friction

losses. Under no conditions should piping smaller than %iiHCh

be used. Hence the collector rubing used is 1.25 cm diameter
copper tubing of 1.5 mm sheeb thickness, wound in a flat coil
of 4.7 turns. MAXORB foil covers the entire collector area.
The coil collector is kept at an angle of 285? which is the
latitude of Pilani. The water is circulated through the coil
by thermosiphoning and stored in & constant head water tank.
For the purposes of temperatur® measurement, iron-constantan
o fixed to the coil inlet and outlet.

thermocouples ar

The Constant Head Tank
This tank has a capacity of 12 litres. The tank is
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double - walled with the inner wall made of copper and the
Outer wall made of mild steel. Insulation of 4 cm thick
glass wool separates the two walls of the tank. An inlet leg
and outlet leg are provided at the sides of the tank. These
legs are made of copper tubing of the same diameter as that
of the coil. The inlet and outlet legs are connected to the
two ends of the coil by means of flaring nuts which
facilitate easy separation of the tank from the coil. A half-
inch diameter tap, stop-cock type, is fixed to the side of
the tank. The tank is complete with an inlet for filling
fresh water, a drain and a thermo-well. The tank is mounted

on a mild - steel stand fitted with 2 rollers.

For proper functioning of the solar water-heater,

Certain points have to be kept in mind:

(a) The cold water leg has to be located below the hot water

leg in the tank. This is to enhance the stratification

of the fluid in the tank. The specimen water heater has

the hot water inlet 3 cm below the top and the c¢old

water outlet 3 cm from the bottom of the tank.

(b) The fresh water inlet should open into the bottom of the

tank.

(¢) The tap for drawing out hot water should have its leg

commencing from the top of the tank.

(d}  After sunset, a thermosiphon system can reverse its flow

direction and lose heat to the environment during the
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night. To avoid reverse flow, the top header of the
absorber should be at least 30 ¢m below the cold leg

fitting on the storage tank, as shown in Fig. 2.7.

Hot water removal from the tank is effected by opening
the tap and pouring in fresh water through the fresh water
inlet. This ensures that the tank has a constant head. Two

different views of the coil type solar collector are given in

Fig, 2.8.

Problem formulation

For a flat plate collector, the energybalance equation
45
is given by

IA (T®) = m S (T ~T )} + AU (T -~ T ) L {2.11)
o i c a
where
2

A = Collector area, m
S = specific heat, KJ/kgq.g

I = Solar insolation, W/m
k = Liquid conductivity, W/mPK
m = Mass flow rate of liquid, kg/s

O

T = Ambient temperature, C

a
T = Coil wall  temperature, Qc

C : 4 .
T - Temperature of liquid at inlet, Q¢

1 | Lqui 0
T = Temperature of liguid at outlet, ©9C

° 2

. 0

U - overall heat 10SS coefficient, W/m ©9C
T = Transmittance absorbance product
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(b)

Fig. 2.8 Views ol Coil — Type Solar Water Heater.
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an ; ..
d the instantaneous EfflClenCY'n'Of the collector expressed

as:;
mS (T - T )
o i .
YL_ = Tl - (U/I) (T - T ) Lo (2.12)

c a

IA

Assuming laminar flow in thin circulary tubes with

constant wall flux Q, the gradient of bulk temperature of
46

the fluid along the direction of flow can be expressed as

dT, 20
_— = ... (2.13)
dz P S RV

av

where O is the incoming heat i.e., solar radiation falling on

the tube which makes dT /dz as positive.

b

Here

T = Liquid bulk temperature, Oc

b

Z = Measure of length of the coil from centre, m

P = Liquid density, kg/m

R = Tube radius, m

v = Liquid velocity, m/s-
Considering dT /dz to be constant and using other boundary

b
conditions we have,
T = T 4+ (11/24) (QR/k) = Tb + {Q/h) .. (2.14)
c b . ) .
where h = heat transfer coefficient in straight tubes,
2 5
w/m C.
From this we can define Nusselts number Nu as:
D
Nu < 2hR/k = (/T -T ) (2R/k) = (48/11) = 4.36
D C b
... (2.15)

and ig independent of all flow parameters as long as the flow

18 laminar.
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Now considering the case of a coil with n turns and

maximum diameter D , the above expression for straight tubes

c
, 44
1s modified as:
p
T = T + (11/24) (QR/k) [D /(D +D )] ...{2.16)
c b o] c t
where p is a rational number and D is the diameter of the
t
tube which is much smaller compared to the coil diameter D
C
45
The modified expression, as given by Saksena & Mani , 1is,
however, of the form:
P
T =T + 11/24 (QR/k) (D /D ) ... (2.17)
t

C b c

Out of these two modified expressions we work with the first

one because in the limit D =>> D it reduces to the straight
C t

tube case as: .

P .
D /(D +D ) ~1 =1 ... (2.18)
t

c c
whereas the second expression diverges to
(D /D )P — 20 | ... (2.19)

c t

under these conditions.
Taking D >> D Wwe can simplify Eq. (2.16) to the form
. - ¢

. (11/24) (QR/K) (1-p(Dt/D ) ...{(2.20)

T =T
c b c

5
} and higher order terms. This gives

by neglecting (P /D
t C
7))y - 11 (D /D) cL L (2.21)

P = [(11/24) (OR/K) (I/(T =75 Rt

To find a suitable value for p, data from Table (2.2)
i 45
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Table 2.2 Coil Collector Performance Data*

Water Flow Insolation (W/m },I T (7C) Q({W/m )

R
ate (Kg/s) 9am 12.30pm 4 pm 9am 12.30pm 4pm Sam 12.30pm 4 pm

0.
002 300 900 400 45.3 70 51.6 142.3 427 189.8

* . B .
This data is for a 1.25 cm diameter copper coil of S5 turns.

o

Inlet temperature T = 257C.
2 1
For I = 400 W/m , we have
-3
11 189.8 x 6.25 X 10 1 0.3
p ] st - 1
24 0.65 20.6 1.25x10°%
... {2.22)
where we have taken
k = 0.65 W/mPK
2
Q = 189.8 W/m
-2
D =1.25 x 10 m
t
D =0.3m
C
T = 31°%
b
p = -23.025 ... (2.23)
2 2

Similarly, for I = 300W/m and I = 900W/m , the corresponding

-23.104 and -22.75. Thus, a suitable value for

Values of p are
P is -23.

For a pancake coil the basic equation is

r =a+ (e/2m d ce..(2.24)
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where

r = radius of the coil

a = initial coil radius

© = angle swept by the coil tube, radians

d = centre to centre distance between adjacent turns

Now
Q=qmD 1 ... (2.25)

t

where q wall heat flux / unit surface area

tube length of coil,

=
I

The tube length 1 can be calculated from the expression

2nA 2ntl
1 = f rd @ = f (a+{B6/21m)d} do = (2a+nd)T n
(o) &) » e (2.26)

number of turns of coil

qAD x { 2a+nd)7t x n ... (2.27)

t
0 =nx22m

where n =
From Eq. (2.25), Q =

Now for n turns of coil,

From eqn. (2.24), ¥ = & * nd
p =2r = 2(at+ nd)
c
D a + nd
© 2.28
—— - ——r——— -..{ . )
D R
To maxgmize T in EQ. (2.21) with respect to the number of
& b
Urns n,
dTb daQ X
— X -
2. cu/ze WL T aveo /o)
t ¢
a 1
+Q — —_— = 0 --.(2.29)
t ¢

70



dQ i

Now 2q 7D ( a + nd) s {230
dn &

d 1 d 1
And — _—

dn 1+p(D /D dn 1+p (R/{a+nd))

Rpd
{(2.31)
2

{asnd + PRI

Substituting Egs {2.30) and (2.31) in Eg. (2.29) and

simplifying, ,

Rnpd (2a+nd) + 2 (a+nd+pR) (a+nd)
- vws (2:32)

2
(a + nd + pPR)

That is

2 2
a pRnd + 5 Rp 7 d2 +2(§ + nd + PR)

(a +n 4 +2 and) = 0

or

3 3 2 & o 2( o ;
+ 4a -
nd + 3 {]1/2) pR + a] nag +#3alfa+p n a+p

i o [ 2..33)

From this equation jc is seen that n depends only on the
Parameters R a2 and d. Using the above equations, the coil

Collector is designed.

Pplication

The mple given pelow 18 the design based on which
example ¢

r has been made. Suppose &

Ko Specimen sola

.25 cm. tube

51n - 17 = 0 ... (2.34)
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For n 4, fin}) = e

&5 B

1

5, fi(n)

=3
1}

By trial and error, the value of n is found to be

4.69. From Eq. (2.26) and (2.28) we get

D . 42.7 cmy; X = 3.7 m ] & s )

Thus for various values of R, 2 and 4, the optimal value of

n, the number of rurns of the coil, can be determined.

Performance Characteristics

To obtaln the efficilency. the solar water heater Wwas

kept in the open and its position was altered three times

during the day s© &% ro allow maximum solar radiation to fall

on The system was tested from 10:30 AM to 4:45
the collector. Y 2 =

PM, when solar radiation varied from 640 W/m to 880 w/m ,

ambient temperature £rom 36‘% to 44‘%, and wind speed from 1
m/s tec 5 m/s. The yariation of solar insolation with respect
to time. and the rise in temperature with time are plotted in
i .« data we find that for the
Flg 5.9 : 5.10. m this
. .9 and Fi9- .

nd 1:00 pPM the average intensity
interval between 12:00 noon a o | |
of golar radiation ijg 830 w/m . and the 1rise 1R water

O
Lemperature is g.5 C.
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Fig.2.10 RISE IN TEMPERATURE Vs TIME .
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2
Area of the collector = 45 cm x 45 cm = 0.2 m

Vol. of water in tank + Veol. of water in

Volume of water

7.92 m of tube.

3 3
= 0.012 m + 0.000988 m
3
= 0.013 m
Mass of this water = 1000 x 0.013 = 13 Kg

mass of water X S xX AT
... (2.36)

1

Efficiency 7|
I xAx¢t

3
4.2x10 J/kg%

n

where S = specific heat of water

rise in temperature of water in time t.

AT z

13 x 4.2 x 10 x 8.5

Il

= = 0.78
M 830 x 0.2 X 60 x 60

So |
78% e (2.37)

Conclusions

This design procedure is based on simple geometry and

heat transfer equations and it gives the number of turns of

- - . The limitati :
coil required for optimum value of Tb he limitation of this

Procedure is that the value of p is based on the set of

obtained from & gingle specimen coil collector. A

Yeadings
be obtained by experimenting on coils

better value of p might
of different tube diameters.

jmum instantaneous efficiency of the solar water

The maX
mmer day ig 78%. Heat loss occurs in

heater for a typical sY

1et legs of the tank, and through the glass

the jnlet and out

75



panel. To reduce this, the two legs are insulated with a
glass wool covering layer. it is also recommended that a
double glass cover should be used over the collector for
better retention of heat. Air bleed can be provided on top

of the tank to avoid building up of air pressure within the

tank.

2.3 SOLAR WATER HEATING SYSTEM AT BITS

A massive project has been undertaken at BITS to

supply hot water to the hostels, to the guest house and to

the students’ messes using solar energy. The system consists

of 85 solar water heaters (SWH) of the type shown 1in Fig.

h SwH has six flat plate collectors of 2.11 m X
2

effective collector area of 1.94 m and an

2.11. Eac

1.014m size having

insulated storage rank connected to the collector. It is a

thermosyphon system 2nd thus has no pump sets or controls.
stem Wwas installed by the Rajasthan Energy

and the details are given in

The entire 8Y

Development Agency

Appendix-II. Here Wwe present the following investigations
the system was installed in order to

Carried out after
g and solar water heating

maintain the flat plate collector

Systems.

e Collectors

Maintenance of Flat pPlat
al/municipal/domestic water

industri

Generally every
4 or dissolved winerals,

suspende

organic

SYstem contains
Matters and qissolved gases acquired from contact with earth,
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atmo : . i s
sphere and industrial/municipal waste. As the temperat
ature

of - -
water increases, the solubility of some salts redu
cesy

th : : o
ereby resulting in the beginning of precipitation with

sedi - i
edimentation forming a layer deposited in FHe

collectors/tanks surface. These solid deposits 1in the

pipelines are rermed as scales.

The formation of scales results 1n

. Flow of water being restricted

_Heat transfer being hindered

. Wastage of enexgy

. Increased corrosion

. Efficiency of equipment being reduced
pacteria and micro-

or growth of

. Increased habitat f

organism
Increased maintenance costs and

f the gystemn

. Shortened life ©
nigues for the descaling

There are three€ distinct rech

Of the system:

61 . ' :
l Using electromagnetlc devices

¢ romagneti
manufactured by

« devices (like gcaletxron

Many different elec
different

peind

e installed either in the S

are

an
d  golavite etc:)
ystem OT in

Com .
Panies which can b

1 alloy device 1in which

An electrolytit action



ch ) ]
anges the supersaturation ratio of the water and ensu
res

that deposits of lime occur only as microscopic particles and

do not form hard scales.

Solavite 1is an electromagnetic device which consists of

a catalytic cell that causes neutralization of the bonding

Process. With this change in their bonding characteristics

the scale producing elements, can no longexr adhere to one

another or to system’s surface:

The following 1is CO be kept in mind while using these

devices.
a) These devices do not change the chemistry of the water

no addition/ removal of elements or

i.e., there 158

compounds from rhe water.

n be installed in the main water line.

(b) These devices €&

ement there is a benefit for the entire

In this arrangd

rhan it being ] the solar

ust a part of
house rather -

b will mean a sed capital outlay for

. n increa
system, whicC

user.
‘e) It i t iceable that this device would result in
is noti
e S spdmti B soft white deposits/sludge in the
umulatil £
_ there must be regular draining of
storage tank. hence
the tank.
(14 :
1) Chemical Descalind
caling chemicals available

There are
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these days. The most suited chemicals for copper flow

passages with descaling capability are as given below:

Scalgun Saf’' which removes 80% scale and dissolves 1.5% base

metal in 24 hours.

a\°

'Seanil 506’ which removes 99% scale and dissolves 2

base metal in 24 hours.

General Method of Chemical Cleaning

Two methods of chemical cleaning are possible:

(a) Circulation method

In this method, after £illing the unit, the sclvent is
to be recirculated until cleaning is complete. Samples of the

vent are tested periodically during cleaning.

‘complete’ when the acid strength

return of sol

The process is considered
reaches equilibrium, indicating that

Of the returned solvent

with the deposits is taking place.

method, since

No  further reaction
a solvent of lower

Compared with the soaking
rhe solvent is drained from the unit

Strength may be used and

is less. As the concentration

the ossibilit of
48 soon as the reac B Y

aned aurface

damage to the cle
soaking method, the cost may also

is half of that used £OF

Pe similarly low.

ical is somewhat less because of the

The cogt of chel
strength. However, this process

of solvent

Controlled testingd
handling and transport.

Will involve cost of pump:
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(b) Soaking method

Soaking method can be sdvantageous i€ only soft scale

1n cleaning py the spaking

like carbonate scale 18 formed.

with the solvent the unit 1is a1lowed tO

method, after £i111ing

soak for a period of about rwelve hours depending upoen the

To ensure complete removal of

corditicn of the deposit:

f the golvent should be somewhat

deposits, the acid strength o

d by the actual condition. Unlike

greater than chat require

the circulation method, restind during the course ©Of the

ples of solvent drawn from

c : . 2 =
1eanlng is not COﬂClUSlVe as sam

co . . airions 3
nvenient 1ocathﬂS conditacns i1l

all parts of the unit.

The soaking method s not
Maintenance 1in case of SWH syscems. gither the SWH gystems
ally of ¢ hermosiphon

are small in siz€ and cherefor®
type or these SWH systems ar of 1larg® size having
irculatlo gystem In either case;:

Pressurised water

Circulati
ation method
¢ and transportation

Needs more chemicals,i avoids pump coSs
and handling chard®®’

tn both the processes goda wash 18 necessary at the
end, vr 38 GEaalEY found ghat choked collectors are
impossible £ o gescale’ Accempc made T° descale such
Collectors using the C1rcu1atlon methods mightf jjéU1t ti&
dama , o use £ soaklng method of 111ing e
alagvi T . cal w3Y pe MOYE effectiVve

Co
llector with cthe €



Descaling of thermosiphon systems should wusually be

unde
rtaken every vear as they are more prone to scale

deposition due to low fluid velocity.

(iii) Mechanical descaling
This method has been developed and has been used by the

author and his group for ensuring proper maintenance of SWH

system at BITS. The maintenance of SWH system includes the

following:

(a) Weekly clearing of glass cover of the flat plate
collectors.

(b) periodic checking of leakage through joints.

(c) Descaling of the system once a year.

This cleaning method is briefly described here:

of a collector are risers and headers as

Main parts
shown in Fig. 2.12. The path through which water circulates

choked partially or completely due to scale

generally 1is
The path 18 opened
(hammering of risers

( cleaned) through mechanical

formation.
at various

drilling and vibrations
rrying out this process first time holes are

Places). While ca
g a drill bit of 1/32". A drill

drilled through headers usin

s welded to 4 steel rod 6 mm diameter and

bit of 1/4" (6mm) 1
otates through the riser through

This rod ¥

length 2.25 meter.
of riser is done

by repeating the

Ccleaning

and through.
illed holes at header end are

drilling and hammering. The dr
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COVERED wiTH COPPER SHEET
Y~ 0.2 tmm THICK

AREA =1.94 n‘\2

&

M

DRILLING

PLATE COLLECTOR.



closed i
by brazing the copper sheet pieces. Next time whenever

cleani i . .
ng is required it becomes easier to remove braged piece

of i
copper by heating. Thus, there is no need of drilling

ho : . X
les in header again. This method is cheaper as chemicals or

el . .
ectromagnet1cC devices are not required.

It has been observed that the t hermosyphoning system

w
orks well through one way valves. Taking a SWH with a

c A 3
apacity of 1000 1itres/day @S an example, it has been

ystem needs 5 persons working for 8

observed that such & 8
days for fitting and clearing work and therefore the annual

ystem works out to be:

maintenance cost of this 8
50 = RS. 2000/—

Labour cost = 5 x 8 X
(@ Rs. 50/- per day per person)
Material cost = RS. 300/~ (approx)
(Nuts. bolts, gascuts & welding rod)
= 2300/-

Maintenance cost =
1 SWH gystem = 53,800 litres

Capacity of the tot2
_ 54,000 litres (approx.)

Total Maintenance cost = 2300 X 54 .00
l.l(2.38)

= Rs. 124200/—

annual maintenance cost is RS.

T
herefore, the gotal
1
r25,000/- approximately.
2.
4 SOLAR COOKER _
i f energy- It can

Cooking in indi
so that the

done by

effe i solar cooker,
> ffectively using
tional fuels is reduced to the extent

Co
nsumption ©of conven

o
f nearly one chird.
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Solar cookers can be broadly classified into two types:

(a) Tracking

(b) Nontracking

Tracking type cookers follow the motion of the sun to

giv : 5 _
€ maximum efficiency. Under this type come the cookers

usi 3 : ;
Ng plain mirrors for concentration of energy.

Nontracking type cookers need not follow the motion of

t
he sun, thereby eliminating the need for tracking
reflectors for

e : :
Chanisms. These cookers use parabolic

C
ONcentration.

basic methods of transfering the

There are three
concentration onto utensil

energy to the food (a) direct

(b) concentrating energy into

(c) heating a carrier fluid

COontaining food a blackened

containing the utensil and
a high enough

bC)x

(031 Sr waber) O temperature and then

CirC‘ulating it around the utensil containing food.

Of these the second tYPE method has been found to be

ecause of 1its simpl construction and

Mogt: Bépular B icity in
handling A solar cooker, iR general should meet  the

L
*®llowing requirements:
manufacture it with local

agible tO

» It should be POS
easily

materials S© that it is cheap and

labour and

available.
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« It should require 1little or no maintenance except

cleaning.

- Its operation should be easy and convenient so that a

rural house - wife can use it.

+ It should have good insulation and head losses should be

minimized.

. It must be rugged, safe and dependable.

It should achieve a temperature of about 100°C within an

hour with food inside.

. It must be able to cook a variety of food stuffs and in
a reascnable time.
. It should be as air tight as possible.
, It should have provision for storing heat.
. It should have efficiency preferably in the range of
15 - 20%.
The warioilis: Existing ways of cooking involve (a)
Boiling, (b) Roasting, (c) Frying and, (d) Baking.
i £ eratures
Boiling and paking Pprocesses require emp
: i oostin require
between 1009 to 110% while frying and T g q
0
O g (S
temperatures petween 150°C tO 20
energy

timated that Ethe utilization of
n es

It has bee
e losses and vaporization of water

for heating food, convectiV
ows :
dUring cooking is roughly a8 foll

g food tO boiling temp. -

(a) Heatin
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45%

(b) Convection losses from vessel

0\

(¢c) Vaporization of 1/4th water 35
So with cookers at medium OY low efficiency (10 - 15%)

the . : ;
cooking time will be long (1.5 - 3 hrs). The higher

gffiai
iciency cookers, t hough cook faster, tend not only to be

Cos ;
tly but also require frequent attention during cooking.

Bo
X type solar cooker

f box type solar cookers have been designed

studies of these devices have

A number ©

a :
nd fabricated. The performance
47-49 _
describe three gifferent

be
€n carried out . Here we

degj . .
signs in some detail.

47

ker with boosters has been

ype solar €OO

A hot box t
s a flexible mod

el to determine the

deg:
Slgned and fabricated a

of

the glass cover and

the tilt for
appropriately

a
PPropriate angles
glass cover 1is

ref
lectors. The tilt
and two reflecC

ady,
justed for seasonal mo
Placeq in the cast-west girection in guch a WwWay that the
®Ntrance aperture of the pox CcOOKET is at their absorber
Pogity polic reflectors was pased
tio : the para O -
n. The designh of et
was placed

on w; " A plain mirror
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cn | & o 1
he back surface of the inside of the box (Fig 2.13)

The advantages of this design are:

a :
. T .
here is no need for diurnal tracking; only seasonal

adjustments are reqguired.

b. D i
The efficiency for accepting diffuse light is much

larger than for focussing type of collectors.

of the reflector can be explained in the

The design

IOlleing way:

The ideal 1light collector is a non-imaging reflector

t .

hat concentrates a divergent peam of light by the max imum
a .

mount allowed by phase space conservation. If half-angle of

is 8, the maximum permissible

m : .
aximum beam divergence

Concentration, ratio of entrance aperture CD to exit aperture

shown to be {CD/AB) = (1/sin®) . The

AB (Fig. 2.14) may be
parabola with focus at the opposite edge of

x1is inclined at an

r
eflector is =
angle © with

£ ;
he exit aperture, and a
its termination, the

jcal axis OA. AL

Yespect to the opt
optic axis. It

tangent to the parabolad ijg parallel to the

follows from phase space conserva:ion that the length of the

Collector is given as 1, =42 (RB * cp) . cot ©. In this cooker
unlike

laced in the east-west direction

r
he reflectors are P
in the north-south

the Winston CPC which are

Qirection.
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SOMETRIC VIEW OF THE
SOLAR COOKER.

Fig- 2.13

oPTIC
AXIS

£ WINSTON’S CPC”




The operating period of the solar cooker depends on the

half-angle of the maxifmum beam divergence, 6. Each degree

shi ]
hift, increases or decreases the operational time by 8

m : .
lnutes. An operating period of 4 hours corresponds to half-

dCCeptance angle of 30°.

The full CPC height of the reflector for 30° half-

was found to be about 1.2 m for a 0.45 m

ACCeptance angle

base cooker. As this was not convenient for operating, it was

truncated to about half this height. The concentration factor

for full cpc was 2.00, while for the truncated CPC it was

about 1,83, resulting in loss of concentration by 8.5% only.

half-

Similar calculations can be easily done for any other

dcceptance angle © corresponding to another operating period.

The reflectors are of detachable type, which are

to cooker box with the help of butterfly bolts and

SCrewed
Nutg . By means of +his arrangement one can easily handle it

and ghift it from one place to another. The unique feature of

this bosw scoker is that it has & variable tilt double glazing

At the top of the box to collect the maximum solar insulation
noon position of the sun at
tical during the whole year.

Pilani varies
S€asonally. The

betWEEH 595 and 52°%g from the ver

the collector cover surface is made

Hence the inclination of
= ble the collector cover to
to v 5% and 52, TG 8BS
ary between
Vary, th wall ©8 designed to move up and down by means
, e rear
wall also carries &

ment . The rear

°f nuts and bolts arrang€
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Plain glass mirror, which reflects the sun rays on the tray.
The box is made air tight by providing felt lining between

the cover and the box.

The triangular portion along the breadth of the box is

made to slide with the collector cover for  absorbing the

Normal rays of the sun. The triangular portions are also

Provided with aluminium foil on the inside to enable any

Stray rays to be reflected into the tray.

The solar cooker was set-up in the east-west direction

with the back mirror wall facing south. The inclination of

the collector cover was kept at 5 with respect to the

horizontal. One thermometer was placed in the cocoker tray and

the initial temperature noted at about 10.00 AM. Another
thermometer was placed in a vessel, outside the cooker box,

which contained water. The initial temperature i.e. the

ambient temperature was noted. Within half an hour the

temperature had increased from 26% to 62% inside the
Cooker. By 12 noon it had reached a temperature of about
840C which was maintained till about 2.00 PM. After this

7

there
1t lmost 28  from
. tion of the sun was &
in March, the noon posl
i 28o with respect to the
Vertical; sco the collector tilt was
| at it could receive the

‘ - th
horiZOntal and was facing south so

. 7 n time.
Normal solar radiation at nec
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The temperature steadily increased, in this case, and
reached a peak at about 1.30 PM (Fig. 2.15). Between 12.15 PM
and  2.45 PM a high temperature above 80°% centigrade was
Maintained. The peak temperature reached was 90°. The

ambi :
bient temperature remained a constant of 36°% in the period
between 12.15 PM and 2.45 PM.

Similar experiments were conducted using rice as the

of rice was added to the

Cooking media. About half a kg.

w - :
ater in the tray, at about 11.30 AM, and rice was cooked 1n

about an hour.

Design - 11

A modified version of the above was fabricated

ilcorporating certain changes like decreasing the height of
the pox, keeping the inclination of glass cover £fixed,
mirror at the back top edge of the box

Placing a plain

instead of inside, Fig. 2.16:
48 _ |
This cooker has its front side at a height lower
g cm. This difference in front and

than the black side bY

o that the glass is perpendicular ¢to

back heights is kept @
the golar radiation during summeXr palistive. Ik has @ single
9lass cover. The box igs made of 1 cm thick wood. The glass
thick 18 provided between wooden

cm
contains

“0ol ingulation of 32
d the galvani
d Che food- B

sed 1ron tray which
oth the tray and
blackboard

¥allg of the box &b .

tw to
D #H ini poxeSsS :
luminium sing

aluminium boxes
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paint. The twin r ic reflector re fix u
twin parabolic reflectors a ixed usi
| ing fly nuts
to the side T ] m
s of the box. There is also a plain glas
S irror

attache g 2
d to the top back edge with hinges (see Table )
g I

Tabl L f 5
e 2.3 : Specifications of solar cooker
Box |
Base - 32 cm. X 46 cm.
= 12 cm.

Front height

20 cm.

i

Back height
= 1376 sg. cm.

o
ga0 J/Kg “C.

Glass cover area

Specific heat of glass S

' 8
Transmittance of glass T ~ 0.88
) g
Thickness of wood = 1 cm
tion 1.5 cm.

Thickness of insula
- 3012 sg. cm.

collection area

Approx.

Céncentration facker = 1.4
fray Base . 24 cm x 39 cm

Height = 6 cm

Thickness = g. 845 em

_ 500 J/Kg Oc

Specific heat of tray 8
LY

absorbitivity of tray & © 0.95
F LY
%od Roxes
Number of boxes = =
Diameter = 17 cm
Height = 5.5 cm
400 gm-

Total weight of boxes =
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The following experiments were conducted to evaluate

the performance of the cooker:

il  For cooling time constant evaluation, the cooker was

placed outside in the sun £11l it attained the maximum

temperature. Then 1t was carried inside a room and the

fall at inside temperature against time was noted.

Ambient temperature was also noted.

(b)  For heat ryansfer coefficient determination, the
temperature of glass surface, tray temperature, water
temperature and the wood surface temperature was noted
against time with cocker placed in the Sun.

Thermocouples were used to measure the temperature. The

ature was noted using a thermometer.

ambient temper
+ime constant, rhe cooker was placed in the

'€} For heating
de temperature was noted

sun and the variatgion of insi
The ambient temperature was also noted.

against time.
rabolic reflectors on

bl ror studying the effect of pd
i its ity.
the cooker therebY justifying 3F utility

rhe effect of reflectors would be

The best indicator of

f the cooker. The tray shd anbient
O

the heating time constant
cases {Table

d for the following

Lemperatures were note

2.4);

g8



Case TYE Average heating
time (mln)
Al Tracking with parabolic reflectors 57
A2 Tracking without parabolic reflectors g2
B1 Nontracking with parabolic
reflectors 85
B2 Nont racking without parabolic
reflectors 128

From the time constants above it 1s quite evident that

¢ parabolic reflectors reduce the heating time very much.

I ] ; g
L is also evident that a slight amount of tracking does

Ye : .
duce the heating time.

The efficiency of the cooker is quite a good
in 3 P s
dicator of its performance. The efficiency is

W\ rRate of heat gailn by food
) - v s (2,39

Rate of heat input

ar
d Comes out to be:

'q= 11.2% ...{2.40)

This gives us a cheap and easy-to-handle model with

>
Feag
Onable efficiency.

To get an idea of the heat storage capability of the

€r, the cooling time constant was determined. For this

Yhe
Cooker was allowed to attain the maximum temperature and

bha
N was brought inside a room. The fall of temperature
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ce of solar cookers.

T :
able 2.4. Relative performan
CaSe = —_- eSS - -
Al A2 Bl
D B
ate 14/9 153 12/10 ?;2/
Tl 15/10
Ti A o SE A Sl eeses s Sae e
e Amb. Tray- Amb. Tray- Amb . Tray- Amb Tray-
(h Temp  Amb. Temp Amb. Temp  Amb. Temp  Amb
rs.) Temp o0 Temp o¢ Temp F
3; ' Or o¢ OEmp
S w - C
oo e RS : ) o @ e T T T T T SRR
30 34.0 4.0 29.0 11.0 25.2 a.8  22.6 2
10
oe 34.4 39.6 31.0 25.0 26.2 11:8 24.0 8.0
1
0.30 35.0 49.0 31.4 44.6 27.0 29.0 970 8.6
1
e B 35. 8 60.2% 33.2 50.8 27.2 52.8 28.8 15.2
1
1.30 37 .3 50.8 35.2 56.8 28.0 64.0 29.0 590
12.09 38.0 46.0 35.6 58.4 28.4 71.6 * 28.4 35.6%
13-00 38 2 47.8 36 0 56.0 28.8 T3 ol 28.8 £5 5
13-30 38 ¢ i 4 16.4 57.6 29.0 71.0 28.8 65.2%
]4.00 5 o 54 0 37.2 56 .8 30 .2 57.8 30.0 64.0
14.30 oy L5 - 54.0 30.0 46.0 30.0 60.0
15 ' 37.8 29.8 52.2
-0 28 .2 .
0  38.2 5.8 36.0 500
1 .8 30.0 46 .0
5.30 37 4 % .6 35.8 44_2 28,2 33
1 ' : 0 29.6 40.4
00 39 4 5,0 o5 @02 260 2
1s ' , pxB  28.F 36.2
30 36,0 4.0 a5.8 36-2 28
% Q“- __________ o g SR
Taxyi e - s T phient
mum difference £rom g 5) From thiS data the
AQga ] - nted (Table 2
inst time was ne
3 rmined
00ling time constant was dete
o, 0 (2 a1
= &b min -

T (cooling’
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Table 2.5.

Date: 30/8

T

hr min

1.2k

1.2,

132

12,

12,

12

12,

12

12

12

12,

01.

01
01

01

ME

20

.24

26

29

232

36

.42

48

52

58

08

. 17

. 25

s 37

1.0.1

Cooling time constant.

324

32.

96
S0
86
82
78
74
70
68
64
60
56
52

50



quite satisf
actory and can be 1
e improved i
if the

This 1is
back
plain mirr )
. irror is brought down so as to cl
N close on to the
capability

With i
an i 1
idea of improving the heat storage

an
Cxperi
1ment was i
carried out usin
g blackened st
ones to s
erve

In this experiment small ston
es

ag
a
heat storage element.
ran :
9ing f
rom 0.5 em, to 4
.S cm, cm. diameter were bl
ackened |usi
ing
were then packed properly 1in

bla
ck

board paint. These stones
The heating and cooling time

the
t
ray around the food boxes.

ficatien were determined (Table

a
nt for the above modl

2:6)to be:
.. (2.42)

90 min.

Heating time constant
140 min. i o (2543 )

time constant

Cooling
is not much

n though there

seen that eve
the cooling time

It can be
e constant,

heating tim
dously -

in
Crease in the

Sta :
at has 1ncreased tremen

E‘f

“ie

Ct of tracking

ing t1ime constants for both tracking and
not

dent rhat the difference 15

From the heat
time can be

flo
nt ;
m racking modes it jg evi
uc - .
h (about 20 min. only! This small jncrease 10
for the advantage gained in terms of

-~
Lol
erat
ed, because

102



Tabl ( .
e 2.6la) Heataind Time Constant with plackened stones

18/11
TIME TEMP. C

?f Wi AMB TRAY ENERGY (MW/cmz)
w og | 08.8 S eniints - SO S S
10.15 23.8 46 o
10.30 . 50 86
10.45 27 0 58 90
11.00 27.6 62 24
11.15 28.2 68 94
11.30 59.4 74 100
11.45 306 80 100
12.00 31.0 84 102
12.15 40 .6 88 100
12.30 31,2 92 100
12.45 32.8 94 100

- oy 5 96 100
5% . 2 96 e

1.30 32.4 & ’°
L.45 332 2 = 7
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Table 2.6 (b). Cooling Time Constant with blackened stones

TEMP. “C
TIME AMB TRAY
hr min
1.46 26 .4 92
1.48 88
18 84
1.57 80
2.04 8
5. o 73
8

2.21 .

64
2,32

60
2.44 26.4

56
2.58

52
304

48
3.30

44
3.55

42
4.20 26-4

-

—______..-...—----—

kept 1t regquires

nce =
Nontracking 219 much MOTE © rime 1S jmportant One
i
£ se where

no f on. O cout :
urther arrenti i 1d

while. It Wl

’ ance a
ca ple of pracking = : .
n take the trov ~hanges in orientations
hree

not require MO

during the whole day -
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“n= pasic energy balance sguaticons, the

(v

expression for tray temperature is obtained. The basic energy

balance equations are:

For tray
dT
1
m s -‘—“=ICA’[’A A U Lo =~ T )
Sl g g tr g 1 tr g
dt
s+ (2.44)
For glass
U dT
L g
. - - AU (T =-T) -UA (T -T)
gl tr g 2g g a
e U dt ... (2.45)
2
whare [ = U U /(U +UYis the overall heat transfer
T 1 2 1 2

Coefficient and
(heat transfer coeff. from tray to glass)

Y = h + h
U1 R e b r(heat rransfer coeff. from glass to ambient)
- +

2 : |

n - h:at transfer coeff. for convection
c E wind
B = heat transfer coeff. Lfor

w B : ]

B = heat transfer coeff, for radiation
r
! - Temp. of tray and glass

% lass

S = specific heatl of tray and g

;.r .
I¥ g= Insolation incident on the glassco

lass

™ m = Specific heat of tray and g

tr, g
" = area of glass,

g

€ - concentration fFactor,

T = Transmittance of glass

g 3
% = Absorbitivity of tray.

tr
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Starting from those equat10ons it can be shown that the

£

ray temperature equatlon COMES out to be:
Y
=%

r (T . ts/ty) - {s/u ) &

LY amb Ls L

wheve o &« 1IC A T @
A g Ut
nd the time constant ig

sro = [m 5 L9l s |/AU .. (2.48)
g g 2 vy CEE G L
ficients U and U
1
ratures of water, tray.

In order to evaluaté the heat transfer coef

an experiment was conducted. The cempe

of the outside wood gsurtface

emperature

a of the losses

glass were noted. The €
through the

W
as also noted &°
4 to sense

si
des. ThermocoOupP
r was used to

a Honeywell

o3
the temperatures and
his data and

(see rable BT

read the temperature: From t
£ the heat rransfer €O~

the values ©

using standard methods,
efficients h n and nh were determined 45 follows:
c Y
2
i e 1.9 W/m °K
c
2
hw = 54 .9 W/m °x i )
as compared to an
and  h came out pe very very small -
r
hw and so was neglected.
g 2
o y -1.9wm K
1
20
U 54 .9 W/m X
2
2 5
and y = 1.765 W/m O F



Table 2.7. Evaluation of heat transfer cofficient

15

20

30

40

50

70

15/8

31.4

3B
32.0
22.0
33.0
34.0
34.2
34.4
35450
35 .4
36.0
36.4
35.0
38.4
37.2

37.2

31.4
4., Z
52.6
58.0
67.0
78.0
85.0
86.2
86.4
89.0
95.4
89.0
30.4
93.0
87.4
70.2
702

60.2

47.5
50.6
58.0
61.0
73 0
80.0
100.2
106..%
108.0
108.4
111.0
118.4
112.90
107 -4
103.2
101.2

99.2

107

GLASS

51

55!

58.

63

73.

84 .

85

86 .

88.

90.

92.

88.

88 .

89.

83.

76 .

71.

WOOD

5.

58

58.

63.

T35

77

79.

79

80°

82.

62

62.

74.

82.

67«

67.

ENERGY (mW/cm )

74
80
80
80
82
86
88
88
90
90
96
96
100
52
98
88
88

80



Design - III

Another pox LYP® solar cooker Was designed and
49

fabri . ,
ricated incorporatind the following modifications

(1 : g :
) To achieve bettel reflectivity: nirror strips Were put

on the twO parabolic reflectors:

11) . 1 ]
For keeping OT taking out the utensil there was drawer
and this was causing enormous heat

type ot dxrangemenL

losses so the drawer CYPE of
ment tO keep ©T remove rhe cooking

flapping door arrange

utensils.

With theseé modifications. opservations have been taken
in - box type solar cookex This pox tYPE golar cooker with
acking. sirst the

rk for £ witciout tY

re
flectors can WO
h a way that the

SO
lar cooker 1S rept £
un peal is symmetrical with respect to

T
Ndicator shows rhat S
to

perature of the cooker TY1ses

n the tem
(black coated aluminium

t
wo reflectors. whe

g vessels

9p o
c - 1009 & thE
K Dependlng upon the food

b
oxes) are Kept
in Table 2 .4

m :
aterial the cookind ti
The general

f various
is srudied bY

93 " «
ives cooking E3iM® o

Performance ©f the box typPe

108



Table '
2.8. Food material cooked and the corresponding cooking

time

___________ {hrs.)
Rice T . pemesaSERRERET
1

Mascor Ki dal 1
Pot

atoe 11
Mung Ki dal 1
Palak 1
Brinjal :
Tinda ¥
Khichari 1

ar bOX in the sun t hroughout the day S©

falls directly

only three independent

k .
eeping solar cook
~n the the glass

that the solar radlations

requires

Surface and the
Dositions throughout the day. Th€ inside temperature of the
solar cooker, the atmospheric remperature as well as the
recorded r hroughout the

radition are

intensity of so0lar
data observed are

Cperating period of the cooker - ThR
recorded in rable 2.9. The variation of above data for &
4 is shown in Pig. Z2ad%s

typical day is give

109



Table 2.9.

Date 11/2 .20/2
.......... TEMRL € it
Time Amb F-Tray* amb. Tray- Amb.
(hrs ) Amb. Amb
R W R R
10.00 26.2 11.8 24.0 16.0 30.0
10.30  27.0 29.0 s5.2 36.8  30.5
11.00 27.2 s52.8 ,¢.2 49.8  31.0
11.30  28.0 64.0 26.8 7.2  33.5
2.00 28.4 71.6 27.6 64.4 33.5
12.30 B ) . 35.0
13.00 28.8 73.2* 28.6 71-4 s
13.30 29,4 71.0 58,2 TL1.8% -
14.00 30.2 57.8 ,7.4 66.6  34.5
l4.30  30.0 46.0 26.8 49:2 i
15.00 28.2 37.8 26.4 37.6 34.5
.30 28.0 33.8 0.4 356 34.0
16.00 28.0 28.0 26.2 33.9 320
16.30 2g.2 21.8 26.2 298 i
R e S ciom ambient

110

41.5
60.5

65.0 *

Tray-

Amb.
0 27.0
5 56.5
0 68.0%
.0 47.0
L B30
8 56.0
.0 66.0
85 8570
40 83,9
.0 48.0
5 D8.5
J B5:9
B QR o8



Table 2.10.

9.30
9.45
10.0
10.15
10.3p
10.45
11.00
11.15
11.3¢
11 .45

12.00

To get an

t
he cooling t3M€

C
ooker was

brough

Coolln

Y 5

33 B

33.5

31.5

35 .5

35. 0

idea of the

L11owed ©° 8

¢ insid®

g + ime constant

TYXay

60
70
78
82
g8
96
98
98
100
100
100
76
62
56
46

36

a room-

60

)

Energy {(mW/CM )

64
68
70
68
74
74
80
82
82
88
80
84
85
86

88



FEMP. %)

TIME(HrS)
£ v/S TIME CURVE.

Fig- 2.17 TEMPERATUR

L Ji2



Lime
was noted ( see Table 2.10/ From this data the cooling

55 §
me constant was determined
-tY

T - ;
=T e where T 18 the maximum temperature (see Fig.
o o
255 .
}). Here T is 100°C. Wwhen t = 1/Y where 1/Y’ls the time
con & 3
shant HHep © =T 8 % 36.9 ~ 37°F

(8] . . .
1 cooling time constant 15

steorage capability of the

fo
und to be 75 minutes-

The heating time constant

Cco . ; . L E
oker is quité gatisfa
de : 2

spends upon the armospheri e and 11 general ©%

w .
eather conditions- The temperature rise of the empty cooker
ollow exponential

b . : . :
ox is linear with time 1.

Curve as that of cooling process: 1t has been observed
eXperimentally that the heating time constant varies from

half an hour to On€ nour (S€€ Table 2.9)-

The cookind efficiencY 2

firviaes
ndicator of its

t
he solar cooker can b€

apacity of

(thermal Cc
-y pemp-

%x rise in

F
rom the experim

Calculated t©

113



-

Piiie -y
?rs.min. IEEEEQ Tz Energy (mw/cmg)
10.00 ——TT
30 =

10.30 30 i 50
1210 55 oo 60
11.30 - Ny 70
12.00 - . 60
12.30 - . ZO

0
13.00 5% i N
4.00 - e .
14 .30 o o .
o 2 7> 60
%%-%9__ 29 74 5
S
T
Hrs. Min e rempaC . Energy (mW/Cmg)
e ey e
14 4% - . y
23430 34 - .
oA 36 97 104
12.00 36 57 -
e 36 92 108
— 36 84 110



Date: 27/2 TABLE 2.11

Time
Hrs .Min o Temp °C L SREvEy (mw/cmgl
10.00 5g 5 o -
10.30 30 - Ny
oo 24 90 70
11,30 30 n o
12.00 59 - .
12.30 59 S o
13.80 59 - o
.00 29 75 o
14.30 29 74 -
il 29 75 -
+5.30 29 74 £
Date: 5/4
B8y BIA e nn ST TSR é---
Time Amb " Tray Energy (mW/cm )
Hrs. Min EEEE*Q
1.00 aa "'*#-;é---' 96
11.15 34 59 28
11.30 34 87 88
B R 16 97 104
12.00 s 97 104
12.15 36 92 Lo
12.30 36 84 _—— _,%%?---- -----



Date: 29/3

Time amb I“mLoﬁ Tray Energy (mW/Cmg)
ol il

230 3; - 43- -------------- éé ________

9.45 35 70 60

10.00 16 87 ca
10.30 40 89 74
11.00 43 65 78
.30 43 97 82
12.00 44 96 92
12.30 a4 104 100
14.00 43 82 72
14.30 43 90 82
15.00 - 74 58

158206 42 67 45

16.00 40 €0 40

16.30 56 6 amana __#_%? ______________
2.5 paRABOLOID SOLAR COOKER

o faces of paraboloid cooker are made

The rerLectlng . The diameter of

ig 22

100 cm
the paraboloid jg chosel to B¢ to convenient numpeXl
jvided P
Cm meter jg @
The upper ril pert Lo be 16 here Thus 16
psen
ch The shape€ of



the ab 68 o o ]
Ove strip is calculated in the following way

= 1 o 25 . g Fig -
-3

.

(ii) p :
rom Fig. 2.18(a) at each value of x, curve length 1
as

Wle p ter b l.e.p ) X 2“}" X 1/16 ]

Calculated.
(i.. .
1i) The shape of the strip of aluminium is found out By

plotting 1 verses b for each value of x (Fig. 2.18(b)

First the paraboloid is placed facing the sun in such a
The

wa : : )
Y that it gives the maximum temperature at the focus.

Utenas ; :
Ns1l is painted black and it is kept with an air tight

COV . .
€r. The utensil is then kept at the focus, Fig 2428 (@),
Inji+ws

itial temperature 1is noted. It takes one hour to one and a
ha

1f hours to cook the food. The final temperature is also
DQted.

and

this coocker the temperature rises very quickly

In
cooling time

the heating and

Also  falls very quickly i.e.
solar

“Onstants are appreciably less as compared to box type
problem of this design 1is 1in

rime to focus it

C ‘ .
Ooker, But the main its

it takes some

properly and

fo : :
Cusing .
temperature

Once it is focussed properly it gives sufficient
of the solar cooker, the

The rise in temperature
of solar

for cooking.
' it
Atmospheric temperature as well as intensity
' i ariod Of
Yadiations are recorded through out the operating per
jous food materials using

Cooking time for var

’.
he  cooker.
le 2.12,

this cocker is given in Tab

117
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Table 2.12 Observation Table

Food Cooked Time Taken
""""" Rice 1 hour
Dal 1 hour
Potato 1 hour

Tea 20 minutes

2.6 SUNBASKET COCOKER

This coocker has a parabolic reflector which

concentrates solar rays at the focus of the parabocla. The

cooking pot is kept in the basket at its hottest point which

is the focus. The parabolic surface is made of papier mache

reinforced by a layer of jute fabric.
2
Equation of parabola is y = 4ax where a is the

of the focus from the bottom of parabola. Thus a =

distance

10 gives y2 = 40x. The paraboloid framework consists of 12
wooden pieces and a ring at the bottom, Fig. 2.19 . It is
then completely covered from outside to form a mould. 1Inside

1ining is of silver paper which are pasted to the shell. The
ker surface tends to be rough and hence the inner 1lining
coo

Uniform basket surface would improve the

is not smooth.

block of 10 cm. height is placed at the

efficiency. A wooden | .
e and the vessel is kept over it, Fig.

bottom of the

220

1714



3.6 ¢cms.

~———— 90 ¢ms.

1/
TH 120 ems. 4,.1‘

FRONT VIEW
Fig.2.19 WOODEN FRAME WORK.
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COOKER

COOKING VESSEL

-/
WOODEN BLOCK
(10 em HEIGHT)
| TRACKING SYSTEM
[]
7
1 ON THE
9.2 7ING OF THE
20 SET e



Design of tracking system

The design of a manually

this cooker has been completed.

4 wooden frame and it requires

The tracking 1is achieved by

Supports for different legs

advantages of this kind of tracking system are its low

ease of fabrication,

With the above listed modifications

taken with one

black.

Table 2.13. These results

calculate efficiency

litre of water in mild
The solar insulation was recorded
are

the ambient

adjustable tracking system for
The parabola is supported by
adjustments after every hour.

varying the heights of the

of the tracking system. The

cost,

light weight and easy adjustments.

test readings were

steel pot painted

using solarimeter,

shown in Fig. 2.21. To

temperature, the inside

insulation readings are required
temper re and solar 1n .
water emp atu

After every hour th

with that of the solar rays.

defined as:

Thermal capacit

e direction of cooker has to

The efficiency of the

be aligned

cooker is

y of water X rise in temperature

above ambient

Efficiency =

OWS ¢
and is calculated &S foll

122

Intensity of sol

ar insolation x effective area

3 (2.48)
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T
_ able 2.13 Performance studies on sun basket coocker

Date-
: 2
N _{? _____________ 18/11
ime o e mmees T el geededleccor  pemecs g
Ambient Water Intensit baE WEEAT THEERSTEY GF
y of Ambient Wate i
-------------- solar rad ———-——-———-u_-f éSE:nSlty or
) 5 r ;ad
(i 4 temp{ C) (mW/cm ) temp ( %) (mW/cm )
10.00 28.5 29.5 67 24.0 28.5 68
11.00 30.5 40.0 659 26.0 40.0 69
12.00 33.0 £3.0 69 32.0 51.5 73
13.00 33.5 65.0 71 33:.5 60.0 70
14.00 33.5 68.5 70 33.5 68.0 68
15.00 33.5 73.5 69 33.0 76 .0 65
16.00 31.5 7Y .5 67 32.0 74.0 64
Mass of water = 1 Kg.

specific heat of water = 1.00 Kcal/kKg. %

Thermal Capacity of water =1 kcal/%c = 4186 3/ %

Rise in temperature above ambient = (76—33)°C‘= 43 °%C
2

= 0196 M

f reflecting surface , )

Area O
- 69.3mW/cm = 693J/m -s

£ golar radiation

Mean intensity ©%
& x 100
43 x. 418 = T.36% .. (2.49)
YL: —EQB w 5 % 3600 = 250
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2.
7 SOLAR OVEN

The ov
en desi '
e gn; Fig. 2.22 congists of a
oxX Wit 1 ] .
N h gaivanized iron as insid o
er casin e o
R ng and
ood. In between two layer -
s rice h
usk 1is

filled i
in as insul
ator. The top of box is cov d
ered by a
glass

eet t -

facin
g south 1
s smaller than the side faci
ng north ¢t
o have

the 1
glass surfa i i
ce inclined at an angle egual
ual to latit
ude of

the

receives
nearly perpendicular rays of
of the sun

place so that af
t
er constant tracking th
e glass s
urface

to make 1t
a tracki
ing type of solar oven th
3 e total c
ost

being abo
ut Rs. 500/- i
/-. A swing platform for th
e cookin
g9

vessel is desi
esigned so that the liquid food
stuff doe
8 not

spill when the oveR is tilted for tracki
cKlng.
Moderate concentration with flat sids, i
mirrors ¢
an be

o 1mprove collector performance without
trackin
g.

achieved €

While the incorporation of curved mirrors into th
e design

' . and

tracking can improve collector performance t
© a grea

ter

e many gituations where these

sophisticati

ions

degree, there at

are not required.

the reflectol
design

ncentration o)

her concentration

with stationary

Design of
associated

mirror
f n
early 2. However,

Flat

stments hid

collectors produ
can be

with periodic gile adju
Obtained.
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Ih.:‘ S [T L S 1 1
LS CHO 1TYrOors are requred to fUlfil the condit'on
that Ih ex 1 1
e extbtreme 1nerdent ray reaches the opposite corner of

the i
base. This ensures that all other rays incident at this

ang s g] S Will Stllke the base wit (@]
le or at Smallel an e i 1 h ne
or

‘ .
— y

Striking at the extreme corner S comes to the target d
an

Strikes at Q. Let the dimension of base be B and dimension of
aperture be A. Let R be the length of mirror. Let the ra
s ¥

makes an angle & to the normal, 2§ is acceptance angle d
an

the reflecting surface makes an angle < to the nor 5
¢ 7113

Therefore, we get:

R/B = cos (24 + 8) / si o
in (A + §) v (2.50)
R/D = 1/cos
f e (2. 519
R/A = cos (d+8)/sin (3L + b)) il e
From (2.50) and (2.52) we get
A sin (3& + §) cos (2¢ + §)
i . L e a2 B3
R sin (X + &) cos (s + ) )
Now assuming to be tracking § = 0
s 13X, cos2&
a2 = iif——— . |om— ¢ veoe (2.54)
B gind coe
and
R Cos 2% . s 12 4559
- ,—-—’_——-"
B Siflc<
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Therefore the ratio of base to the reflecting surface

can be calculated. For concentration = 2 we get:

Sin 3« Cos2

N
Sin<t Cos~ ... (2.56)
tan2< = sin3
Qr 5
O(: 20 45"
% ow (2% 55)

This gives A = 2.0B, R = 2.1B

In this way we obtain the design parameters of the

cooker for a given concentration factor.
observations made and the results

The principal

obtained are as follows:

Cooking Observations

Table 2.14.

-------------- E ouantity Time taken
Name of food stu (gm. ) (mts.)
1 Rice 10¢ -
2 250 P

. Potato
5 750 c

: Coffee
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Temperature inside the oven with aluminium foil,

These data are shown in Fig. 2.24-

Temperature inside the oven with plane

mirrors,

Ly

2.

13

shown in Fig-

00

0Q

.00

........

———————————————————— ;Ll’l Flg' 2-25'

are shown

2

.26.
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NMAX. WATER TEMP

85
MIN WATER TEMR 30c
100 r‘ MAX AMBIENT TEMPE 29%
sl MIN AMBIENT TEMP 21%
FOR 20™ 70 24% apy
80—
70—
60

INSIDE THE oven

AMBIEN T
20—
10—
e [ S N
10 1 12 ! 2 3 4 5
AM AM NOON PM. RPM.  BM. PM.  p#.

TIME ——»

Fig.2.24 AVERAGE TEMP-TIME CURVE

( WITH MIRRORS).

13]



TEMPLC) — »

MAX. WATER TEMFP 76 °¢C

100
MIN WATER TEMF 35%
ool— MAX. AMBIENT TEMP 1%
MIN. AMBIENT TEMFE 25%
gol— FOR 157 70 19" Nov.
701
60
INSIDE THE OVEN
501~
40
AMBIENT
201
/AN
2 3 4 5

TIME —*

. - VEWITH
VERAGE TEMP.~TIME CUrR
Fig.2.25 jwM/N/UM roi. REFLECTORS).
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EffiCiency calculations
2
Area of glass = 0.1¢ m
Concentration Facktor = 2

Amount of water = 10 Kg

Number of sguares under the curve = 33
Maximum rise in temperature inside the oven - 39,50
Area under the insolation curve = 33 X 0.2 x 30 = 198

Total incident insolation = 198 x 1600 X 2 x 4.1867

Energy used in heating water = 10 x 39.5 x 1000

X 4.186J
WI 38.5 x 10000
198 x 1600 x 2
= 62.3% s

2.8 SOLAR STILLS
50-54
A solar still consists of glass roof, basin to

hold impure water and channels to collect the distilled

o

The solar radiations are absorbed by a black plastic
e

water.
gh the glass cover to heat up the impure

covered basin throu
evaporation becomes considerable when it

water. The rate of

9] bove the ambient atmospheric temperature.
& “YC abo

reaches 5 - |
and air circulates

ixture of water vapour
m

Th sulting
- d the thin film of water condenses as
sure an

inSide he eneie surface
mes into contact

ondensation is given up

with the cooler inner

the vapour co o ne

The heat of ¢

d
che atmosphere by an

> “he  cover: radiation

; : ed LO
Cover and is dissipat
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Con'-fe< = ]’ ]Ll [ ch
) on. :
tO
a

sui
ltable storage system

Following th
e absorption of solar radiatl
lon in th
e

aline wa
ter ]
S and b351n liner, part Of th
e energy .IS

Lransf
erred ¢to th
e
cover by the simultaneous mechani
anism of

evaporatilo
n, radiati
on and convection and
partly by
Y

conduction of h
eat through the sides and base
; The loss

through
insulation which i
5 oy
ncreases initial cost but this i
is more than

a greater i
per cent 1increase in the out
put for a

offset by

given radiation level

gplar stills fabricated at BITS

Th ]

fabricated and studied:

Roof type solar still

(a)
(pb) Tent type solar
lar still

st1ll

(a) Roof type SO
type of still was a i
variation of
the

The design of this
50-51
with suitable modifications i
in

used 1in Australia
on of the glass plates

one
the sealing naterial and inclinati
Figr. 2. 2%

ter at pilani is at a depth of about

nderground wa
-r pumping, it is stored

The U
and aftce

from the gred
nd then pass

salt

nd 1evei
olar still. This

ed through the S
1000 ppm and 1its

Lol £k,

fivet in a Lank @

dissolved

content of

water has
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har ' i
dness 1is temporary. During the period of observation

a5 3 i ; .
line water was continuously flowing through the still 1in

- : ;
rder to maintain the total amount of water 1in the still

constant at 82065cc level. The flow of water in the overflow

tube is adjusted to a drop per 2 to 3 seconds, thus ensuring

that the guality of saline water in the still remaining un-

changed. A sample of the saline water was analyzed and 1its

composition was found to be as follows:

Total dissolved solids 1000 ppm

460 ppm as CacCoO

Total alkalinity :
Total h 3
a ardness .. 86 ppm as CaCoO
. 3
g hardness 63 ppm as MgCO
3
Sulphate .+«. 72 ppm as SO
4
Chloride 200 ppm as Cl
Hourly observations of solar intensity, ambient and

temperatures and distilled water temperatures

saline watel
swa  distilled waker yleld have been. mazrigd oUE durling Lhe
» as shown in Figs.

quantities with time of day on

2.28 and 2.29. The curves

month of octobe
ion of thesé

ing the variat
a remarkable similarity.

show

these days have
ambient remperature and saline

It was obserVed rhat the O
water temperature reach maximum of 35.79 and 59.39C,
r — _+ about 5 p.M whereas the yield of distilled

espectlve Y R .30 o, ‘GO 3,00 p.M., Fig. 2.28.
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time lag between the two is due to the time involved in

Lransfer of heat from the solar energy first by the

abSOrbing surface, then to the saline water and subseqguent

distillation. Distillation is seen to be a continuous process

on all the 24 hours a day, the maximum and

l.e. it goes
minimum rates being 818 c¢c and 220 ce per hour,
55

respectively (Fig. 2.29). As the volume of water is

increased in the still,the maximum rate of distillation

decreases and the minimum rate increases and the efficiency

goes up as the heat losses decrease.

Another interesting feature is that the saline water

temperature goes below the ambient temperature for an interval

of about 1.5 hours between 6 A.M. and 8 A.M. in the morning

whereas at all ether times, it is above the ambient
temperature.
. 1 vi f distilled water was
1 conductivity o
The electrilca

poeras ductivity bridge and was found to be
l1lips con
measured bY.Phl

-5 " which is sufficiently low. The quality of
mios

10
elid B - ood and it 1s wuseful for all
the distilled water 15 9
laboratory work. lar still 1is calculted ag
iency M, °f the 7
Efficien
2
follows: - 2.36 m
4d to saline water "
Area eXxpose : £ = 439.6 langleys
ergy ifestel
Total solar en . 5.454 1/day
led )

istil
Amount of watr dist
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Taking 50 °C as the mean temperature at which

distillation takes place, we have:
Latent -heat of vaporisation of water = 568.5 Cal

3

5.454 x 10 X 568.5
N - = 0.299 ...(2.59)

4
439.6 x 2.36 x 10

or
m = 29.9% ... (2.60)

Thus the efficiency of the still is 29.9% and its

production is 2.31 litres/sq.m/day of distilled water.

A separation plate type solar still gives about 15-20%
more distilled watexr than the one described above, the
atmospheric conditions and water depth remaining same. In
this still a separation plate, covered with small pebbles, is

placed in the middle of the water dividing the water into two

layers for suppressing the convectional movement of water.
This results in absorption of most of the heat in the upper
layer The separation plate also prevents loss of heat from

the bage, thus increasing the efficiency.

(b)  Tent-type Solar still
this still is 1.22m long and 1.07m wide,

The basin in
de up of channels of G.I.

Fig. 2.30. The main framework is ma
s of the still and held in place

Sheet 1ocated along both side
gle at interval of 0.61m.The Eframe

by inverted metal gheet an

platform with an inclination of 1:100

i
S placed on a wooden
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1N order to facilitate the flow of both saline and distilled

wWater,

The end faces of the still were also made of G.I. sheet

with the two top sides at an inclination of 15% to facilitate

the glass cover inclination at 15%. Both the side channels

were blinded with copper tubes to achieve the outflow of

distilled water. Window glass panes of 3 mm thickness have to

be mounted on the edges of the distilled water channels and

interlocked at the centre. The glass roof 1is made vapour

proof by a rubber lining on its four edges.

The effect of various atmospheric wvariables on the
working of the still is given below:

a) Solar insolation

Tt is obvious that the productivity of a solar still
depends mostly ©on the solar insclation. Therefore, solar
stills are usually Vvery advantageous in regions of the world

having a high average solar insolation.

b) wind velocity
over a solar still, heat is

d velocity increases

The win
onvection more rapidly. This
-he cover by ¢
removed from L
which may temporarily increase
temperature w
lowers the COVET
he still. However, as the

’ -
the rate of condensation inside

. seg, the rate of heat transfer from
decrea "

s ot radiation and

convection

cover
e cover by mean

: to th
the brine perature i1g reduced. As the rate

ine tem
also increases: The bril
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O% €vaporation decreases exponentially with the Cemperature
©% the brine, the net effect of increased wing velocity is a
Sllght decrease in productivity. If a still is well sealed to
Prevent vapour leakage, increased wind velocity has only

mi ; .
nor negative effects on productivity. However when 1
’ poorly

Sealed joints exist, the negative effects are Pronounced
S,

C) Ambient temperature

o ) : -
For each 5 = & 7C rise in ambient temperature the output
u

is about 5% .

The following design factors have an appreciable effect

on productivity of a still:

a) Effect of brine depth

The still depth should be as shallow as possible
80

that the still reaches high brine temperature with minj
Nimum

thermal lag resulting 1in exponential increase of th
-

If there is too much water, the thermal

evaporation rate.

inertia of the still increases, but if the amount of water jig

too 1little, then after evaporation has continued for

a layer of salt forms on the water surface and the

sometime,
from the water surface increases resulting in a

reflection
the still

of the efficiency. Periodic flushing of

decrease
ater can prevent the deposit of salt.

with fresh w

b) Effect of condensate leakage
11 holes Or cracks in collection channels
sma

Even very
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feduce Qutput because the flow rate in a single channel is so
Small that entire stream can be easily lost due to such
&
lEakage. Only completely corrosion - resistant one - '
Channels are found satisfactory. o

c) Effect of vapour leakage

Solar stills should be designed so that air and
vapour

can be kept to a minimum. Nearly every solar a5l
SE3

leakage
has shown some deterioration i
n productivjt
Y paxt of which
| I
1S due co vapour leaka e Si i
ge. llcon rubber js a ver
Y good

sealant except for its high cost

a) Effect of basin insulation

The bottom and sides of solar still basins have t
© be

well insulated to reduce heat 1
osses. Since heat ]
losses are

proportional to the perimeter, insulation benefitsg ij
sma er

stills more than bigger stills.

e) Effect of cover design
A symmetrical double sloped set at an angle of 10° -
20° with the horizontal 1is most suitable for large

to receive maximum solar radiations and might

installation
the moisture. Cover

£ilm condensation of

adequate
is found to be the most suitable

permit

glass sheet about 3 mm thick
n and least absorption.

choice for transmissio
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E
ffect of construction materials

Cconditio
ns and the effects of salt watexr can be 4
| use £
Commercia i b
1 purpose stills. For the absorbing black
surface,

OnCI_"et. i ] .

S ] ick
heet about mm thic may gjve better ]
results,

Th ' i

amount of heat ener i
gy required for the
evaporation of th
e

lquld to the total amo
unt of heat eney 1n
1 int h
gy troduced into the

system. The still produces about 5-6 1/m /day. The effici
: iciency

varies between 40 - 50%.

2.9 SOLAR DRYER

Drying means removal of moisture to a level acceptabl
eptable

for commercial use. While assessin i
g the price of th
e product

in the market, moisture content is an important factor
. For
tobacco should contain only 14%

example, market grade

moisture. Overdrying as well as underdrying are harmful

ontralled s6lar drying in the dryer permits early harvestina

product from storms and hot dusty

and reducing field loss of

he tobacco leaves. Hot blasts have to be

loo which scorches €

p the leaf in proper shape. However, open sun

avoided to kee
devoid of

is a big loss by w&y
s sold very cheaply in the market.

of flavour and aroma,

drying
Also

the tobacco 1

which
ity is a pig factor during sunshine. A solar

control of humid

11 these problems by ensuring optimum moisture,

dryer solves &
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Proper fl:
e avour

our, aroma and flat lustrous shape. It consist £
t | . ists o
he following components:

Alr Heater

Ad ;
ir heater is attached to the south wall of the d
ryer.

e Sl i 2

dimensio
ns of the heater are 0 i
.9 m. in length
and at the

entrance of the air th imension m
’ e d ensions are 0.6 m. Thi
. x 0.3 i i
. S 1S

covered with glass. The 1 i
i nside space is fill i
ed with mixt
ure

of black stone and iron
scrap. The heater i
is connected to
the

drying chambexr through an adjustable slit

Drying Chamber

n - m X

l . 5 X l - 8m, Flg . - - h 1 S' ure

which is available locally and is chea
p and strong. Thickness
of the wood is 7.5cm. East and west walls
are reflectors
ing to the i1ncident angle of th
e

which are adjustable accord
in the forencon and in the afternoon. Th
. e

solar radiation
en base having planks of thickness 2.5cm

reflectors have wood
gminium oxide to boost

ver it painted with al

and MS sheet ©
[n case there is need to close

nside the chamber.

the reflectoXrs act as

radiation i
r completely, lids. The north
ade of bamboo and

gstructure is a

the chambé
h walls are 0
on top of this

The chimney is mad
0.45m x 0.45m at the

and scut
chimney for

lation.
e of MS sheet.

for insu

outlet of air am
are

of the chimney

The dimensions
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Yase
and 0.15m x 0.15m at the Lop. The height of the chimney

1s 0 .75 m.

Roof

Roof is made of grid of bamboo sticks and the top has a

lining of unbaked bricks. The roof is thus semipermeable to

mMolisture .

Bamboo matrix
In order to suspend the tobacco plant inside the

champber for drying, a three dimensional bamboo network in the

form of matrix is made and put inside the chamber. The ripe

plants are suspended inside the whole volume of the matrix

This allows free air current throughout the volume

Wind mill structure for air stirrer

Air stirrer is to stir and ensure uniform distribution

of air inside the structure. The stirrer is connected to the
wind mill for this purpose. The wind mill rotors are made of
as

aluminium sheet with highest curvature towards the tip so

to obtain a higher torque. The sweep diameter is 0.9m and the
length of the rotor is 1.07m. The rotor torque is transferred

to the stirrer through belts.

Smoke pit
g a structure having dimensions 0.6m x 0.6m

Smoke pit 1
to the

. cal head. The smoke pit is attached
i :

X 0.6m with con
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nort ;

Orth side of the structure for curing of the tobacco
Tobacco having high <chlorine content sweats and unless
MOlsture is removed from the leaves they get bacterial growth

and get out of shape. Dense smoke is passed from the pit to

give uniform colour to the leaves.

Afrer 2-3 days of solar drying, curling of the leaves

at the edge begins which indicates overdrying and faster rate

of evaporation than needed. At this stage, the humidity in

the <c¢hamber 1is to be increased. To ensure this the

reflectors should be closed and water sprinkled over the roof
of the dryer. Ceiling gets moist since the roof is

semipermeable to moisture and stirrer also works injecting

more humidity inside. The dry leaves become tender and can be

packed.

In order to test the moisture content of leaves, a roll

a bamboo tube through which gases from

of leaves is put into

the tractor exhaust are passed. The temperature of the
paiges de 140%. IE Ghe leaves get dried in 6 minutes, the
exnau ;
' o 12 - 14%. If it takes more time, then
moisture content 1S
continued.

solar drying is to be

Solar cabinet dryer
hot box wherein vegetable matter can be
It 1is @
nsists of a rectangular container insulated
dehydrated. It ©© _
a vered with a double layer transparent TOOL.
cove
at its base and ==
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Solar radiati
iation passing throu ]
gh this rcof 1s abs
orbed on the

black
ened i i

interior surfaces and raises the i

inte

temperature. -

The ' '

principal components are transparent roof
00 of

plastic film or glass
sheets, framework
' , panels, etc. of w
' . ocod

o)
r metal for portable models and of brick, rock
’ or concrete

fok e i
permanent structures and insulation of wood havi
sntavings,

coconut fibre, glass wOOl, etc. The dr};er as
constxruct
> ed was

1.93m x 0.66m with a tray area of 1.1 m

(&) ro i i i

base ] e o
to induce fresh air into the box Outlet
. S ports are

located on the upper sectio
ns of the side and
rear panels of

the cabinet frame. As the cabinet temperature increases, warm
air passes out of these upper apertures by natural convection
creating a paxtial vacuum and inducing fresh air up through
the base. As & result, there is a constant perceptible flow
uct, which is placed on perforated

r the drying prod

of air ove
te air circulation.

drying trays to facilita

TING AND COOLING

2.10 SPACE HEA
jve system with a possibility of providing some

A pass
s has been studied. The experimental

1lage house€

comfort in vi
5.32) consists of an insulated

sSet up for Space heatlng (F1g
20 cm X 60 cm fitted with a water wall
chamber 120 ©M x 1
face. The water wall 18
. 120 cm X 120 cm
10cm. rhick on the
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€ncl
©sed 1n a mildsteel box. The heat collected by the water

wal » . o
1 during the day is dissipated into the chamber duri
ng

n .
1ght. Observations taken on a number of days in Qdiff v
eren

mo :
nths show that the night temperature in the chamber i
S

about 10°9% above the ambient temperature. A typical round th
e

data of temperature is shown in FPig. 2.33. & lot
* y more

clock

work 1is to be done to extend the results of this experi t
irmen

to space heating in houses.

For space cooling the attempt is to take advantage of

the evaporative cooling in the night to keep the room ¢ 1
Q0

during the day. A set of experiments conducted show that the

temperature of water, in an open tray exposed to the night

sky, falls appreciably below the ambient temperature (Fig

experimental set up consists of a chamber and a

2:34). The
steel tray as shown in Fig. 2.35. The water in the tray is
the night sky and closed with an insulating 1id

exposed to
show

day. The recorded data on a number of days

during the
the ambient

chamber temperature tO b
A typical temperature data is

in its present form can be used as

the e about 100C below
shown 1in Fig.

temperature.
a cold

2.36. The set up

storage in village houses -
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CHAPTER i

ECONOMIC ANALYSIS



CHAPTER III
ECONOMIC ANALYSIS

In the economic analysis of solar energy, we seek ¢t
‘ o

minimize net costs of the energy component of a building
or

facility by optimizing the trade offs between the owning and
n

cperating costs of a solar energy system vis-a-vis

conventional enerxgy system. First we discuss the b i
asic

concepts and methods of economic analysis and then the maj
or

components of costs and savings associated with various solar

energy systems.

Bl METHODS OF ECONOMIC ANALYSIS

when investment costs are high and resulting benefits

are distributed and changing in amount overtime - as they are

for most applications of solar energy - it is reasonable to

.

make thorough comparisons of lifetime costs and savings

rtaking an investment. "Life-cycle costing" is a

before unde
of economic svaluation that is generally appropriate
went whose principal benefits

method
occur

evaluating an 1NVES

t savings- by measuring

for
This 18 done

in the form of coO8
gime, raking into account the time wvalue

period of
acquisition,

relevant
h summing of
: 3 means che
of money. This metho
v weplacanent and energy costs over the
repair, ¥eP
that has the

maintenance,
The investment

rhe investment.

~le cost while

lowest total 1ife-c¥" |
capg i8 the preferred investment.
nts

-y
Ias

the investor's

of
meeting

life =« time

Objectives and cOnST
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Another widely used method of evaluation, the payback

Method, doe - i
, does not take intec account costs and savings over th
e

ent i - :
ire life of an investment. Even though the payback method

giv : . , ,
es an incomplete evaluation, 1t is relevant because f
o

its widespread use. This method finds the period of time that

is expected to elapse before cumulative savings from an
investment in solar energy will offset the investment costs

cases, where a fast turnaround on an investment 1
=

In the
required, the payback method may provide useful information
(i) Life-Cycle Costing Method

This method calculates the total present value (PrV) or

the annual values of the life-time rupee costs associated
e

with each alternative energy system under consideration Th

s e
alternative with the lowest PrV is more economical provided
it meets other requirements and fulfils other constraints of

the investor.

wing 1is @ formula for calculating, the total life-

Follo
cycle costs sssociated with owning and operating any energy
system (in terms of present value rupee):
" H n
prv=1-(Van M+ Y al (Mj+R] wS Y Pioib! o
f=1 k=1 =1
associated

|fe-cycle costs,
Where PrV - total present value, 13ile cycle
exrgy gystem

A given en
with the energy

walth
1ated

i rotal initial costLs assoc

e . inst tion,

: neluding design: purchase. nstallati
C
S stem, 10 .
’ d'flcatlon: ﬁnd the yvalue of useful
i i moal
puilding
ost
building space 1



Vv - §
residual or salvage value at year n, the last year

n
: in the evaluation.

a = present value formula computed for a designated
year from j=1 Fo n, interest ratg r and discount
rate d; 1i.e., a] = [(1+x)/(1+d)]

M‘ = maintenance costs in j-th year

R? = repair and replacement costs in j-th year

pi = the initial price of the kth type of conventional
energy for energy types k = 1 to H

Ok A the required gquantity of the kth type of
conventional energy (taking equipment efficiencies

' into account).

b:j - present value of an amount in the jth vyear,
escalated at a rate ek, where k denotes the kth
type of energy, and discounted at a rate d i.e.
b] = [(1 + ek)/(l +d) ]

The l1ife-cycle costing method 1is effective for
determining whether @ solar emergy system 1s expected to
reduce the total 1ife-cycle costs of the egergy compenentp.

e cycle costs continue to decline as the size

As long as 1ir
s increased, it pays CO increase

r energy system 2

of the sola
other things being equal.

£ the system,

The life-

the size ©
i not always effective,
. thod, however, 18
cycle costing M€
chod does not lend itself to ranking
me

nts in terms

efficiency

because the . .
of their economic

. : me
competing invest
nvestment-

1
and return on the
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Payback Method

This evaluation
between T method measures the elapged
| - SE 55 Tt | =lapsec :
ML s 5o initial investment ang the p time
B¢ i o

fonts,  are otk ngs, net of POst-investment oo
= lclent Eo offset ‘the el 5 accumulated

nvestment . The

!‘.i‘(‘ ‘k b | 1 C p - < - p y
— Cdal
f p '
&3 by exX [esslu“ oI J e ”l“l“g dlSCOU”IEd a ha“ |s
k

th \ ’
e following:

2
a = I/S
seee (3.2)

3=1

where Y =
= number of
Years to pay back when cash
as flows
are

a5 r
1scounted,

S = net savings per vyear

- ,

The payback

v method has the Principal
advantagps
e of

being easy to understand and familiar to ;
appeal also lies in the fact that it all:w:lde e
' © :
given to the recovery of investment funds whic:p?aSl? wo be
if financial resources are available for only a s:o ;mportant
of time or if there is considerable doubt as to ther experiOd
life or resale value of the major components OfpeCted
| he
investment. O©Often however, too much emphasis input on :
length of the payback period, and not enough on ov "
era
investment. .

expected profitability of the
payback method is

disadvantage of the
prehensive evaluation of
include

A principal
fgt progids B ST i

t because it does not

Chat, it does
of 4an investmen

Profitability
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thOSe 5}[ o
cas i
z-‘ﬂj:’ | a aCk ib
Ch'ﬁ'd. S ]
I}ll Shortcomlng can be OUercome to sSome t )

“Omparing the 1
expected life of the major components of
an

lHUestment i t
with the estima
ed payback perjod
to dete :
ermine

the point

how i
long savings are expected to continue beyond

that costs are re
covered. On the whole
the payback
method

Overall eCco m

errormance i
f Vv v ecause an

i g
nvestment with a longer payback may be more profitabl
aple than

an investment with a shorter payback

(iii) Converting Cost
and Savings to
a Common Time and
Common

Measure

A necessary step i
P 1n the economsi
¢ evaluation
method 1isg

the adjustment of the various cost items to an '
equivalent
time basis This adjustment i
. S necessary beca
use an
energy results in expenditures ang

investment in solar

savings that occur both in the present and in the future d
, an
and

there is a difference between the value of a rupee today
value

its value at some future time. This time dependency of

inflation but also the real earning

reflects not only
of money. Removing inflation means measuring cash

potential

amounts in terms of the value of the rupee in a base vyear,

usually the time at which the investment decision 1is made.
ative ways of removing inflation from

There are geveral altern
these are the following:

Briefly.

cash flows.
outset by

from the analysis at the

inflation
all cash flows are fully and

(1) Exclude
evenly

assuming that
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in texrms of base-year.

Include expected price change in cash flow estimat d
es an

(2)
then remove inflation prior to discounting by the £
use o
a2 constant price deflator based on past inflation t
rates
or predicted ones,
(3) Include expected i
price changes in cash
flow estimat
es

and discount the cash flows with a discount rat h
e that

includes the expected rate of inflation in additi
, ition

to the investor’ '
r's real potential earning rate.

The choice depends in part on the expected patter 3
n o

price change. Future prices of goods and services relevant to
the investment may not respond fully and evenly to inflation
in such a way that they remain fixed in constant rupee value.
e value of an item may rise at a rate faster than

For

The futur
example, forces of demand and

eral price inflation

gen

supply are widely expected to inerease the priece of neon=

renewable energy gources faster than most other prices.
urrent levels, or for

re not expected to respond

[f future price
+hese prices &

some other yeason,
the second or the third
f o ] i should follow ir
fully to jnflacion, We
future annual payments with a
~ount the
approach and disc |
’ cludes irflation. 1f future prices are
q 1 o .
inflation, the

general price

discount T

expected L© rise e Y
is
! t L@ consrant rupees l e
n | a
i ch flows to equivalent V& ues
scount €4

approach. ¢



mon  time, an a 1 ]
PPropriate interest formula witch
r Properly

lSCOU i i

Unt 3
Ss.-

be
D recovered ]
on an i1nvestment over and ab
ove othe
xr

I‘Opriate (&}

use onl 1 : l [
Y 11 comblnatlon with cash flow which al i l
SO 1ncludes

inflation. '
Market rates of lnterest, such as th
€ mortgage

rate on building loans, are nominal rates

Energy ri 1
prices are w1dely expected to escalate f ter
aste

than the rate of j i
1nCrease in the general price 1 1
evel. Hence

energy rices
p are usually escalated in evaluati
ating the

economic
performance of solar energy Th
3 e economic

performance of the solar energy system tends to b
o € guite
sensitive to the choice of a fuel i
brice escalatio
n  rate.
of the considerable uncertainty about energy pri
rices

Because

the distant future, caution is advisable in specifyi
ing a

in
of price escalation.

long term rate
the economic performance and life

evaluating
a solar energy system there

h we can base our estimates of an uncertain

In
is 1little past

expectancy of

experience on whic
prégpiarencss of key assunpticns 18 .often

the ap

future, and
¢ the pesults of an econcmic evaluation are

questionable. Ye
dependent on the particular parameteric values s
assumptions specitied by the analyst. In many economic
e been made of solar energy, the simplifying
all

g and values of most or
that

studies that haVv

that the timin
18

assumption is made
with certainty,

flows

are known

Of the cash
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t.l deC' ]

are ba i
sed on single-value estimates of the parameters

Now we specify the parameters using which we h
ave

ene i :
rgy devices. Basically we have to specify the t}
1ree

parameter 3 i i X
ers .e., the inflation rate, the interest
rate and

the discount ra i
te. While specifying these p
arameters we

should ¢€r isti
y to be as realistic as possible and
should also

keep 1n' mind that any change in these parameters woul
result in suitable changes in the analysis meth uld
analysis remaining same. While fixing the inflation -
take the averaged out inflation rate for the last ri%i -
1rfteen

years. The wholesale price index for all commodi
odities {Base

1981 - 82 as 100) stood at 300.6 i
.6 during the we
ek ending Apri
pril

28, 96. This means & price increase by a factor of 3 i
17 15

or an aver
take the averaged out inflation %
rate to be 8% per

aged out inflation rate of 7.6%
g . We,

years

therefore,
e inflation rate obtained above The

annum by rounding off th
n to be 8%, which is the average value

interest rate 18 take
of ‘the interest rates corresponding to ‘Savings Account’ and
in a bank. The discount rate we take to be

to ' Term DepositS'
e these factors into account the

m. When we tak

10% per annu
100/- to be spent / received after

present value (PxV) of Rs.
n years will be
~ n
0.08
A | = LR -
1 + 0.10



This obvicusly implies that if we have to spend Rs

100/- every years for N years, PrV works out to be

N

n
100 :E: {(1+0.8) /(1+0.10)} .. (3.2)
n=1

As we need to do the economic analysis for a number of

devices and for different periods of time, it will be useful

to tabulate these factors for various values of n and N. This

Table 3.1 for per%ods upto 25 years. This table

J
also gives the coefficients a , Egq. (3.1).

is done 1in

Table 3.1. Factors used in economic analysis. Here

a = (1.08/1.10) = 0.9818
e S S SR o S
- = N N
In
— (yrs) }5 a
n=1
X 0.982 % 0.982
0. 964 3 1.946
> 0. 946 3 2.892
4 0.912 5 4,734
: olee 3
7 .
; 0.873 8 7.372
0.863 8.220
8 848 2 '
0.84E 9.053
9 0.832 s
g 0 11 9.870
10 0.8 2 12 10.672
0.80 13 11.460
ig 0;733 14 12.233
0.7 15 12993
14 0.752 16 13. 738
15 0.746 17 14.470
16 0_732 18 15.189
17 0.719 19 15.895
19 0.693 21 17'262
20 0.680 22 21 oy
21 0-668 23 12 235
23 0,644 25 e e
24 0,632-____ --------------
25 R RTETE



With this back ground we shall present the economic

Analysi :
¥Ysis of various low grade solar energy devices in the

€Maining sections of this chapter.

3.2 DRUM WATER HEATER

Drum Water heaters have been discussed in See 2.1 The

finned type costs Rs. 1100/- while the unfinned type costs

Rs. 1000/-. The installation cost is Rs. 150/-. As seen in

Table 2.1, both these varieties produce 80 litres per day of
hot water at a temperature which is nearly 3opc more than the

ambient temperature. In terms of energy this is equal to:

80,000 x 30 = 2400 Kcal (3.5)

which comes to 2.79 KWH per day and means an energy saving

of Rs. 1528/- per year. The economic analysis of the drum

water heater 1is presented in Table 3.2 taking the drum

water heater to be an add-on system resulting in 80% of

Table 3.2 Economic analysis of a finned drum water heater

(add-on) e
----------- :""""' Maint PrV of Salvage PrV of Net Pay
Sys. Insta gnergy CHEE Energy Value Salvage PrV back
i }lat— Xp . e EXp & after value period
‘ ion §ggr Eear Maint. 10 yrs (yrs)
cost Rs.) (Rs.) (Rs.) (Rs.)
Rs.) (s (Rs:) |
Erum _______________ 2500 2080 7393 1
,":ﬂ:Q 6 50 3223
@atr 6250 30
.:w.' er +
“THay
% 14059 2250 1872 17187
'}Sor 528 25
5000 1828 TS SEmam e ST

- - -e



€nergy i
Y savi i Y
ng, there being nearly 300 sunny da i
Ys 1in a y
ear

and th
e analys) ]
ysis is done over a period of 10 yea
rs, assumed

to b :
e the life of the drum water heater

3 B
SOLAR WATER HEATING SYSTEM AT BITS

The solar water h i
eating system 1in
stalled at B
ITSE to

supply hot wate
r to hostels, messes and the guest h
ocouse has

been isc i
een discussed earlier (See 2.3 and App IT)
: . In this secti
tion

we shall tak i
e up the economic analysis of thi
. S system i
will be done s o
eparately for the case of hostels h
o . where the
alone system and for the mess
es and guest

house where it 1
t is an add-on system. The system c ;
| onsists of
units >
at a total cost of Rs. 38,17,000/- and p d
rovides 53,800

hot water per day. The i
: malntenance c
ost of the

litres of

1,25,000/- per year and it results in
energy

system 1s Rs.
tune of Rs. 5,00,000/- per year and ha
s a

the
7,57,000/- after 15 years. For th
e

saving ¢to
of RS.

value
nalysis we prefer

salvage
using all these costs

e of economic &
w'.'-._'

purpos
eraged out basis 1

unit on an av

per
Total cost = Rs. 44,906/~
Maintenance
Expenditure - RS. 1,470/~ per year.
Energy Saving qs. 5,882/~ per year
Amount of hot -~ 06y
water produceo
galvage value Rs g 906/
after 15 year = .
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(a) A stand-alone SWH unit

“Jh ]
ere hot water 1is needed only for taking bath. Each 1t f
; uni O

the sw
H system serves on an average 30 students in two '
wings

o
f hostel. Normally, there are 3 bath rooms in each wi
wing and

h
ence we need 6 geysers, each costing Rs 5000/

approximately, to supply hot water in all the bath roo f
ms o

the two wings using electrici
icity. Table 3.3 i
.3 gives a comparison

between the two systems. From this analysis it follows th
at

in spite of the higher installation cost,the stand-alo S
- ne WH

pays from itself in 11 years and gives a net saving of

unit
Rs. 44,297/- (PrV) over an estimated 15 years life span
(b) An add-on SWH unit

Iin messes and in guest house the SWH unit can onl b
Y e

used as an add-on unit because at times we may not be able t
e Lo
r from SWH unit. Same is the situation in a house

get hot wate
to ensure regular supply of hot water for

want

where W€
Before

taking bath, cleanind utensils and washing clothes.
s we have to work out the

e economic analysi

carrying out th
Table 3.3 Economic Analysis of a stand alone SWH unit
------------------- Maint prv of Salvage PrV of Net Pay
” Tnsta- Energy cost  Energy value Salvage PrV back
33- }lat- EXp- per Exp & after value period
m ion per year Maint. 10 yrs (yxrs)
(Rs.) <
Sw&______-"---—" --°-"i;’“ 19,100 8,906 6,760 57246 11
5] 1
Unit 44,906 o 5,000 B.831 101,543  --
5 882 150 78’3 — L S maee SRS
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extent we have to depend on the geyser system for our hot

water needs. Here we do a typical calculation of this type.

Let us take a household of 4 members. It 1is assumed

that the need of hot water per day is

60 litres at 60°C
and 20 litres at 90°C

and that the average ambient temperature is

15 C for 6 months (Oct - Mar)
and 30°C for 6 months (Apr - Sept.)

Thus our energy requirement per day will be

60,000 x 45 + 20,000 x 75 = 4200 Kcal viss (3« 6)

Taking the efficiency of the process to be 0.8 we shall need

5250 Kcal/day, which is equal to 21,945 kJ or 6.1 KWH per day

during Cct Mar period and
60,000 X 30 + 20,00 x 60 = 3000 Kcal 3.
es LO 4.4 KWh per day during Aprs - Sept. oy

which com
ut energy requirement is 5.25 KWh per day

the averade ©
year which mean
e use the geyser system alone.

Thus,
s an annual bill of Rs. 2879/ -

throughout the

@ Rs. 1.50 per KWH o
‘b d-on to geyser it will Dbe
n we use an qwy unit as ad gey
Whe cnat 211 che requirement of water at
me
. e to assu g
reasonabl  ene o -hyoughout the year and during
A .11 be met ¥ 1
60~C wil s, 578 - get even the hot water supply
-~ t- perl A _ s -
the ApY. - Sep . However duraing Oct. - Mar, period
4 WH unit
m the =

at 90 C fro
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we : . v
shall, in all likelihood, need the geyser for 90 ¢ supply

l.e., we would use

k4

20,000 x 75 = 1500 Kecal

comes to only 2.17 KWH per day i.e. an €nergy bill of

2287/-

which

Rs. 592/- in an year. This results in a saving of Rs.

in the electricity bill per year due to the add-on SWH unit

Also in making a comparison, it will be proper to take

the installation cost to be notionally 1/6th of the one

Table 3.3 because we are presently talking of a

given in

single flat plate collector whereas there are 6 such
collectors 1in an SWH unit. The economic analysis for this
case 1s represented in Table 3.4.
3.4 BOX TYPE SOLAR COOKER
In this section we shall present the economic analysis
will be

of the box type solar cooker While doing this it

to take into account the subsidies extended by
in urban

the

relevant
who reside mainly

government to the LPG users,
i } ingful
areas, and to solar cooker users. Also it will be meaning
i i kerosene
to compare the box type cooker with fire wood OF
ovens for the rural user.
idised)
(a) Box type Solar Cooker Vs. LPG (Subsidl
tially spend about RS. 2000/~
which

iser has to ini

pald as

. OO/I' &= 11 Y
luaing t:.s . ) b I[e e I 11 |
('arr Sl =] vV on y-b '
] lIlL’CL . ’ e ] Lllti Y

_ per month.
costing RS- 105/-+ P
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: Table 3,4 Economic analysis of an add-or SWH unit.

S Install- Energy Maint PrV of Salvage PrV of Net Pay
Ystem ation EXp - Cost Energy Value Salvage PrV back
cost per per Exp & after value period
year year Maint. 15 yrs {(yrs)
(Rs.) (Rs.) (Rs.) (Rs.} (Rs.) {Rs.) (Rs.)
Flae T e
Plate 12484 592 270 11200 2984 2265 21419 4
COllecﬂ
tor+
Jeyser
GeYSer 5000 2875 25 37680 1500 1139 41541 -
box type cooker as add-on he can certainly do so and hope
lunch cooking by the use of solar energy i.e.,

to do most of
one c¢an hope
cylinder last

solar cooker costs Rs.

offered by government.

analysis.
nalysis of box-type solar cooker & LPG

Table 3.5. Economic &

to save about 1/3rd of LPG usage making the gas
1.5 months. Now the cost of a typical box type
800/- making use of the subsidies

Table 3.5 gives this economic

(subsidised) el
e S S : ¢+ prv of Salvage Prv of Net Pay
Install- Energy 22;? Energy Value Salvage PrV back
System ation ExXp . . Exp & after value period
cost pex P ar Maint. 15 YIS (yrs)
year) ¥§s ) (Rs.) (Rs.) (Rs.) (Rs.)
S. T e s SRS R i i
: (Rs-) -f? ----------- 1400% 1063 13950 2-3
e i T 5 100 12213
Box * 84
2800
type
Solar
é°0ker
LPG
StOVe 16938 1200* 8911 18027 e
0 e
ug 2000%* 1260 ° e hligts ___%ﬁiénéééunt SEE
Stove -----"“""'securitY deposit &
ks SV Lt e B 353 é; pald as the
apC/s -

Includes RS-

interest:
nNot carry any in
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(b)  Box type Solar Cooker Vs LPG (unsubsidised)

Here we repeat the analysis given in Table 3.5 for the

tase when a solar cooker costs Rs. 1400/- and an LPG cylinder

Costs Rs. 175/- assuming that the government is neither
Providing an incentive ( of Rs. 600/-) to buy a cooker and is

also not subsiding the LPG cylinder purchase, other

conditions remaining same. This analysis is presented in

Table 3.6.
(c) Box type Solar Cooker Vs fire wood or Kerosene

In rural sector, people use eifher firewood or kerosene
for cooking. An average house hold uses about 10 litres of

kerosene every month on cooking which comes to about Rs.
500/- per vyear. As regards fire wood, sometimes it is
purchased and at other times it is ’'free’ in the sense that
it is cut from nearby trees. Thus, usage of firewood leads to

lazgs scale deforestation also which can be avoided by
solar cooker. However, we are not

switching over tO
considering this gepect 1f oux ECONGNLE analysis. Table 3.7
gives economic analysis of solar cooker Vs kerosene stove.
y x type scolar cooker & LPG
Tabl 3.6 Economic analysis gg box typ
able 3.% & subsidised) -xm?5 .
=T s e - T f Salvage PrV of Net Pay
.... " Majnt PrV © i
Install- gEnergy st Energy value Saivage Prv back 4
S/stpm ation EXp - Or EXP & after value E();};‘JS_;')
) € : 15 yrs
cost per ear Maint Rs.} (Rs.)
ear  vear, W el e (e
(Rs.) i TP el
B T o
X-tvne
] YpP i
Clar’ cooker 1400*% 1063 24100 3-4
LPG : 100 21763
StOVe 3400%* 1575 1200* 911 29024 _::,__
. 2100 50 2????---—""°'- =

ffﬁ Stove 2000%* Les e



lable
3.7 Ec i
cnomic i
analysis of box type solar cook
er Vs Keros
ene

- Stove,
> FStall . ERcwe METHE DT BE IS
Sys all- Ene HE PPV BE  SETvEGE
BEH  ahe Exprgy galnt PEV Gf Salvage PrV of Neb Baw
aco per. pgit Energy Value g;y = v W
ol ¢ Exp & after valvage il
. (Rs.) he)  fRen (Ren | (Rs) N e
_______________ ! s.)
goxﬁtype fRs) (Rs.) (Rs. ) S
+°iar s
Stoerosene
Ve 100 2
K 3 75 3694 250
o 208 4486 y
Stove 200 500 25 8
4753 50 42
4911 -

Tt should be noti
oticed here that a longer payback
ck period,

in fact moxre tha
n
double of the earlier valu
es, does n
ot

!lecessaril e i i
Y mea that it is less useful in ru 1 cont C
n ra O ex
. The

aybac ri i i Y = ru
pay k period is simply because of the 1
ra energy

longer
500/- -a. '
J= P i@ ) being much lesser than the urb
an needs

needs (Rs.

1275/~ p.a-)
is taken to be 1/3xd

and therefore the resultant savi
ngs are

lesser as '

_ s it of the total ener
gy

consumed for cock

5 SOLAR OVEN
the solar oven are essentially used

ing in each case.

3.5 SUNBASKET

sunbasket and

ence thelr economic analysis is similar

The

ing only and h
ype solar ¢©

except that we have to

to be Rs.

oker,

which works out

for cook
t+ of the box t

to tha

take the cost of theseé devices,

500/- and RS- 7004/~ respectlvely. jnstead of that of the

cooker which was R8- 800/ - (subsidised). All S her

considerations peing Samé: we shall aimply DTEBEHL the

€Conomic analysis of these devices in Table 3.8 on the lines
e 3.5 earlier

of that presente



-~ .8 O
en.

Salvage PrV of Net Pay

. I
System angtallA Energy Maint PrV of
tion EXD: Cost Ener
cost per per Exp gy g?é:i Sd vage Erv hack
— ¥§2r) year Maint. 15 yrs Ee peand
S-"“-—-—--——-————-;——--f??-) (Rs.) (Rs.) (Rs.) tyEs)
Lg(lgar basket + Tt T
rbasker + s 1a0ox w7 1sazs 12
ve 2600%* 840 100 12213 1300% 987
Eglar Oven + e
G Stove 2800* 840 100 12213 1300%
987 14026
2
*
2100 1250 50 16938 1200%* 911
18127 -

3.6 SOLAR STILL

yp solar Stlll, as described in Sec 2
. .8,

rod - ' isti
P uces 5 6 1lit of distilled water per squar
e meter of
surfice area per day. In ¢ase we w
. ant to use a sol i
ar still to

potab'e water for domestic use,it can b
y e easily done

produce
b havi 1 till of ab 2
Yy aving a S0iar st of about 6 m area as a
typical
need 30 - 35 1it of potable water per da
Y.

household will
meone 1is residing in an area where potabl
<

if &0

er is not aval
analysis need be done  in

Therefore,
a solar still is really useful

wat
this sort of

and no economic

situation-
4,if we consider the use of a solar

on the other han
.11ed water for medicinal purposes,

the solar

3t
still 1is extremely

costs Rs. 7/- or SO0

easily
11ed water

can be
produces distilled

area,

alar grill, ©
veryY day 145 et abOUt Rs.

year.

economical -
10,500/-

and therefo
rhe cost of solar

g 1n
per year takind 300 sunny day
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$till being very less, it pays for itself within a few

months.

No economic analysis 1is presented here for the coil type

solar collector, solar dryer and the arrangement for space

because in all these cases the set ups

heating and cooling,

have not gone through enocugh field trials and therefore there

is not enough basis for making such analysis.
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CHAPTER IV

DISCUSSIONS AND CONCLUSIONS



CHAPTER IV

DISCUSSIONS AND CONCLUSIONS

We
shall now attempt to draw certain conclusions havi
ng

various low grade thermal devices Perform
- ance

have been presented in Chapter 1T

discussed

studies of these devices

and the economic analysis for most of these has already b
een

Chapter III. First we shall have rather general

given 1in
discussicn on variocus factors affecting market pPenetrati £
on o

energy devices and then come to the specific devic
es

solar
dealt with in this thesis.

and more people agree that solar

boil the

As time passes, more

energy does not soil the atmosphere and does not

but they are anxious to know what it does to

hydrosphere,
Now the only way to find out in

a

their energy bill
decisive way is to try it and to build various solar
When one looks

systems

and see if these work to our advantage.
one realizes that though once in a while you do find
ater unit on the roof top of a house or a

yet these

around,

water he
s (@HEIRET in the lawn cf a house,

Some of the

a4 solar

or a gol

not got wide spread acceptance.

hotel

devices have
i ig are:

possible reasons pehind £hH1
ations we can use the solar energy

unit. In

: ik
(i) In gu stand-alone

A

add-on and not as &
tions this need arises because of

ica

ent storage of the energy. In

all days

device &S5

appl
in guffici

R 1ties
. 1cu‘c 1
the dift need arlses b

PhotoVOlLalc
ecause
be even a spell of

solar
n
ever sunny days a

are n



(1i)

fada)

(iv)

ClOUdy da
ys, whereas in s
olar cookin ;
g this need is
there

because food '
will have to be
prepared at time
s when

there 1is no
sun e.g. early i
mornlngs ni
‘ ght etc. Thi
. is

| | m l n iS
lnvolued ]
1) us Illg SOlar erner ].l ces most

times.

work habit is r i
equired before
we can have

A change 1in
more acceptability of solar devices

t
he courtyard or roof, where the

Thus, the housewife

will have to go to

cooki ' i
ng 1s 1in progress. This may be thOught to be rat r
Y e rathe

inconvenient.

Some modifications in the i :
existing buildin
gs may be
energy can be effectively

required SO that solar

utilized. The hous
tment needed for these modifications

eowners may be reluctant to make th
e

additional inves
about cont inued
are not taken seriously by

future availability of

The warnings

enexrgy gources

Yy tend to pelieve that these

conventional
people as the
In the

most of the
meanwhile large scale

exaggerated a lot.
0il and coal

and depletion of natural

are
deforescation
growing energy needs

s continues to meet the ever

reserve

of our gociety -

Many rimes economic viability of 2 solar device. is
;fied raking only the initial investment 1RO

juStlnc without rakind inflation rate and giscount Tate

accou

into consideration



(vi) p
eople generall
y tend to depend much
on the governm
ent

whereas i
this change can only come when peopl b
e ecome

mo aware i i i l

bringing out such a change.

out of the above facto
rs, we have tried i
to eliminate at

least on j i
e 1i.e. carrying out of economic anal
nalysis
properly in Chapter III £ i
cor specific set of
values of

interest rate,

the i
numerical calculations for different

easily do
inflation 1
on and discount rates by making tables simil
milar to

As regards the other factors, we can 1
] on.Ly

Table 3.1.

hope that with time more favourable circumstance 1
s will

created for better acceptability of solar
energy

be
we should remember that we have not inherit
ited

devices.
(the earth). We have only got it from o
uxr

this planet
sssing on to the next generations in as

forefathers for p
tally and acologically balanced condition

much environmen
and draw

Now Wwe shall try to discuss

possible.
t various solar energy devices

as
Specific conclusions abou
T and III.

ed in Chapter I

discuss
to

ment ioned garlier, BITS has gone in a big way
er heaters for constant supply of hot water

esses and EO

AS

11 solar wat
the Institute guest

insta
hostels,

m
p—II,

ystem are given in Ap

ification
~ced in Chapter 11 and

house. The spec
ce aspects were Giscus
at the gystem will pay pack

to students’
s of this S
in

maintenan

the

Tables



for itsg i
elf in a period
of about 11
years for add-on i
units and

in 4 years f
or stand-alone unit
s. Thereafter, th
‘ e system will

result in subst i
antial savings. Wha
. t makes the wh
ocle system

extrem y ert jn th
el Useful are a O €1 redasons as g i vern b I

(i) Using geysers in houses or guest houses or hotel
els may be
practicable, but not in h
ostels. There 1
s, on an

average, one bathroom for 5-6 students and therefo £
re oxr

about 2500 students we need nearly 400-450 geyser
s, one

for each bath rocom, which if used simultaneously will
load h i

the power lines to an extent for which these ar

e

not designed.

(ii) Another problem is how to ensure safety of the gey
sers
installed in hostel bathrooms which are open day a
an
night.

As a testimony to the above it may be mentioned that
were built abou and students
throoms only after the

it follows that the

t 40 years back

BITS hostels
SWH system

ot water in b2

could get h
g back. Therefore,

was installed some Yyear
comparison in Table 3.3 18 valid only when Dboth the
alt ative systems are feasible. prom this discussion ie A
ern
i lications the solar water
or certain app
concluded that £
rem 18 to be preferred over the geyser system as
heatin syste ’
° . .1 savings- However, 10 other
1t sults in substantxa-
' =S ) ynative ro it and we have to use
‘ ions LChere jg no alte
situatio i s i
if we want regular *

SWH system
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as

been '
established well beyond doubt in Chapter III th
rough
Tab - ! )
les 3.5 3.8. Inspite of this we really do not find
in
becoming increasingly popular. Rather there

solar cooker
se i 1
ems to be a decrease 1n 1Cs popularity. The reason for thi
is

he inconvenience resulting from the fact that
a

is Dbasically t
solar cooking 1is possible generally in the open PREE 3§ 1
. is also

compounded by t+he fact that with more and more women Jjoini
joining

there 1 ' i
is an increasing need for cooking to be

the workforce,

done rather quickly in the mornings and the poor sun tak
es a

beating in the process.

ig certainly very useful if we have no

golar still

and brackish water is to be made

around
1f we want distilled water

attractive alternative.

potable water
regularly, solar

ntable. AlsO

o)

a very viable and

etill presents
h these needs aris
es we get using this device.

e in a rather limited way and

bot

Howevelr,
limited advantad

hence the
normally will need

conditioning

Space and comfort
struccural changes in puildings- Hence if we design and
construct new puildings in a way sS© 45 to get maximum
advantages from golar energy: we can certainly decrease i

For rhis 1t is necessary that this
and

lot.

~ight Erom sol segy: SOLENELAEE

energy consumptlon a
ar en
t+ the new puildings can

3 o a
LA as energy effiC.'l.e..t but at t'.he Same tcime

he cheap€l as We
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List

Solar

S.No.

8.

16.
b s

125

13,

L
; he en
legend is given at t

APPENDIX

LIST OF INSTITUTIONS/RESEARCH LABORATORIES

of

Institutions/Research Laboratories in

India where

energy research 1is being carried out:

Institute/Lab.

Alagappa University, Karaikudi

Annamalai University,

Annamalal Nagar

Bangalore Inst. of Tech.,

Bangalore

Bengal Engg. College,
Howrah

B.H.E.L., Delhi

B.H.E.L., Hyderabad

B.I.T.S., Pilani

. I L Jodhpur

BT R
c. BB R: sy pilani
C.E.Lvwi Sahibabad
C.E,.R:T«y Karaikudi
Cch. Chararn .S:'Lngh;V o
Haryana Agri: Univ.
c.g.C.R.I.v Ccalcutta

4d of the
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Solar Devices *
COLL
CONCOL(N),PUMP,STILL

DRYER, HEATCOOL

SOLPOND

COLL, HEATCOOL, CELL
PUMP
CONCOL (N) HEATCOOL

CELL, CONCOL (N,T),
PUMP, STILL, DRYER, HEATCOOL,

WATHEAT

CELL, CONCOL (N)
HEATCOOL, STILL, DRYER,
WATHEAT COOKER, HEATCOOL,

WATHEAT

CELL
CELL

gTILL, COLL, COOKER

AIRHEAT

CELL

appendix.



S.No.

L5,

16

L

18.

19,

20.

21.,

22

23 .

24 .

25

26 .

27 .

28.

29

30.

Institute/Lab.
C.M.E.R.I., Durgapur

C.8.M.C.R.I., Bhavnagar

Hindustan Brown Bovery,
I.A.C.S., Calcutta
I.I.Sc., Bangalore.

I.I1.T., Bombay

T. I Tep DELRL

I.I.7T., Kanpur

I.I.T., Kharagpur

1.I.T., Madras

Inst. of Tech. B.H.U.,

varanasi

Jadavpur Univ.-. caleutta

Lal Nehru Agri.

har
gi;g. Univ., Jabalpur
Jyoti Titiel. ..z Baroda

&
Kakatly2 Tnst. of Tech.
Scl. Warrangal
..D. Engg- Ccollege.
Ahmedabad
raj univ.

Madura? fath
Madural
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Baroda

Solar Devices
PUMP, DRYER
STILL, COOKER, PUMP,
COLL
PUMP, WATHEAT
STILL, COOKER, CELL
FRELENS, WIMILL

CELL, COLL, CONCCL (N,T)
DRYER, HEATCOOL

CELL, CONCOL(N), PUMP,
STILL, FRELENS WATHEAT,

AIRHEAT, HEATCOOL, COOKER,
SIPH

CELL, PUMP, DRYER, HEAT
COOL

STILL, HEAT COCL, CELL

CELL, CONCOL(N), HEAT

COOL

CELL

CoLL, CELL,RBEAT COOL
DRYER, HEATCOOL

WATHEAT, HEAT COOL,
CONCOL (N, T)

INSOL, COLL

WATHEAT

COOKER, HEATCOOL
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34 .

38,

36~

3P

38

39 .

40.

41.

42.

43.

43,

44,

45,
46 .
47,

48.

49.

Institute/Lab.

Maland College of Engg.,
Hasan

Maharashtra Energy Dev.
Agency, Bombay

National Instruments Ltd.
Calcutta

N.P.L., Delhi

Punjab Agriculture Univ.,
Ludhiana

Rabindra Mahavidyalaya
Hooghly

Raj. Agri. Univ., Udaypur,

(Bikaner Campus)

Raja’s Govt. Arts College,
Pudukottai, (TN)

R.E.C., Warrangal

gah Industrial Research Inst,
Varanasi

S.P.R.E.R.I., Vidyanagar
Solar Energy Centre, DNES,

New Delhi
a.8.P.L.; Delhi
an

: chna Missi
s College,

gri Ramak :
vidyalaya Arts & SC-
Coimbatore

Sri venkateswara Univ.,
Tirupati
pondicharry

T.E.R.I.,
Kalyani

of kalyanl,
pune

Univ.

univ. of POONE;
; kee,

University of ROOL

Roorkee
Nagpur

5. Co
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Solar Devices
STILL, HEATCOOL
CELL

INSOL
CELL, COOKER

CONCOL (N) , COOKER,

HEATCCOL
CELL
CELL

COOKER

INSOL, COLL

CELL
STERIL, HEATCOOL

CONCOL {N) , FRELENS

CELL

CELL, COOKER

CELL
SOLPOND, HEATCOOL
CELL

CELL
WATHEAT, HEATCOOL,
AIRHEAT

HEATCOOL



Legend:
AIRHEAT
CELL

COLL

CONCOL (N) , (T) -

COOKER
DRYER
FRELENS

HEATCOOL

INSOL
PUMP
SIPH
SOLPOND
STILL
WATHEAT

WIMILL

Air Heater
Solar Cell (PV Applications)

Solar Thermal Collectors

Solar concentrators and Collectors
(Nontracking), (Tracking)

Solar Cooker

Solar Dryer

Fresnel’s Lens

Heating and Cooling (Including
Refrigeration) and Air Conditioning.

Solar Insclation Measurments

Solar Pump

golar industrial Process Heat

Solar Pond

gsolar Still

golar Water Heater

Wind Mills
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APPENDIX LI

SOLAR WATER HEATER SYSTEM AT BITS

A massive project was undertakes by BITS to install a

solar water heater system with an overall capacity to supply

litres of water at 60°C and 3300 litres of water at

50,500

90°C per day to BITS hostels, guest house and messes which
works out to be about 20 litres of hot water /student/day,
sec. 2.3. This system was preferred over the forced flow

system because it does not require any kind of fuel. However,

in such a gystem it is necessary to keep the cold water tank

At about g8’ height from the surface level. Table A-1 gives

Other technical specifications of such SWH units. The system

is found to give hot water having temperature in the range of

50 - 70°C during different months of the Yyear.

The economics of the system is given in Table A-2, the

the system being 15 years and
e system results in annual

life span of the pay back

period being 6 to 7 years only. Th

energy saving to the tune of Rs. 5,00,0007-. ErtiEET

maintenance cost of the system is only Rs. 1,25,000/-which
in

- mainly because of descaling, as discussed in See 2.3,
arises
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TABLE A-1

Technical Specification of the Solar Water Heating System

Collector Specifications

a)
b)

c)

d}

e)

g)
h)

1)

3)

o)

Overall collector dimensions
Ef fective absorber area

Collector housing (material &
rchickness

Glazing material & thickness

Transmitivity of glazing
Absorber material & thickness

Type of absorber & absorptivity

Absorber emmissivity

riser material, size, thickness

& Nos.

Header material, size & thickness
e

Method of bonding

Sealing of collector

g 1
Bottom/side snsulation materl

& thickness

Hydraulic test pressure

1al
CollectoXr support materlé

188

1.014m x 2.116m

L .24 Sep, M

FRP 3mm

Tempered Glass,
4mm

85%
Copper, 0.21mm
Selective, 95%
20%

Copper, 12.5mm,
26 SWG, 9 Nos.

Copper 25 mm,
228WG

Soldering

Neoprene Rubber
pasted

Resin Bonded
pads/Spintex
300/P.U. Foam

(Al .foil to cover

insulation)
3.5 Kg/Sgq. ecm.

M.S.



STORAGE TANK

a) Material of construction &
thickness
b) Details of corrosion protecticn

Insulation material & thickness

€)

d) cladding material & thickness
INSTRUMENTATION

a) Water meter

b) Strainer

c) Temperature gaugdes

d) Non-return valve

INTERNAL PIPING

a) Material
b) Insulation material & rhickness
= Cladding material & thickness

189

M.S. 3mm thick
(For mess where
systems to be used
for cooking purpo-
ses, S.S. tank of
19 to 12 SWG) .

Epoxy Coating in-
side the tank

100mm thick Resin
Bonded Pads/Spintex
300

28 SWG G.I. Sheet
upto 250 lpd & Al.24

SWG for more than
500 lpd systems.

Appropriate size
(Paramount Dashmesh)

Appropriate size
(Paramount Dashmesh)

One dial type

Appropriate size.

G.I.B Class as per
I8-1236%

P.U. Pipe Sections/
Resin bonded pads

Al., 26 SWG



BASIC

1)

2)

3

4)
5)
6)
7)
8)

9]

TABLE A-2

The economics of the SWH systems installed at RITS.

DATA

Lictres of hot water delivered per
day (average)

Average rise in temperature
Approximate no. of days of operation
(excluding vacation/monsoon days)
Total cost

Life of the systems

Salvage value after 15 years

Annual maintenance

Annual energy generation/saving

Interest rate of discounting the
cost of the project

ECONOMIC PARAMETERS

1)

2)

Pay back period

Net present value

190

1)
2)

50,500 at 60°C
3,300 at 9gQ°c

1) 35°¢C

2) 65°¢C

210 days/vear
Rs. 38,17,100/-
15 years

Rs. 7,57,000/-
Rs. 1,25,000/-

Rs. 5,00,000/-

10%

6-7 years

Rs, 25.8%,298/-
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