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INTRODUCTION

The development of a country in the social, economic

and i1Ldustrial fronts is closely related to the quantum of

input power available. Energy has been widely accepted as the

key to human progress since the very dawn of civilisation.

Future demands for energy are likely to go up on account of

increasing population aoo due to gradual and steady

improvement in living standards allover the world. This is

particularly true with respect to the agricultural sector of

our country because of its large rural population and the

agro-economy base.

Today man relies on five main sources of energy. The

fos si 1 fuels- coal,oil and natural gas account for no less

than 95% of the world wide consumption, the remainder coming

depleting- by the present level of production and consumption,

coal will last for 120 years, over 80% of the oil reserves

would be consumed by AD 2020 and natural gas, would last only

as long as the crude oil reserves exist. (Sukhatme, 1984) .

It has been est:Lwat:edt:hat: Ind1Ll'S reserves of .crode nil --and

- -.-

from hydroelect ri c and nuclear power station (3'70 and 2%

respectively) (Garg, 1982). The fossil fuels, which are

unaffordably expensive for the third world, are fast



natural may last for a few dacades more.gas

the of will lastcoalhand, reserves

centuries. (Sunavala,1993) .

Our environment have been constantly

polluted by the emissions of conventional power

plants have been subjected to continuous attackcoal burning

as the source of acid rain and increasing

Leafing through the

main

carbon di oxide in the atmosphere.

of last 10 years, it is evident that carbon di oxide

in the This is mainlyatmosphere has doubled.

excessive burning of coal, oil and gas which

corbon di oxide respectively per kg of

emit

and 37%

(WREN Congress,1992).

On the

degraded

plants.

levels

due

67%,

fuel

amount of waste heat causing thermal pollution in

Thermal power stations discharge

lakes

rivers and plant and animal life.endangering

frequent downs of nuclear reactorsshut due

There

other

a few

and

The

of

data

emission

to the

54%

burnt

large

and

are

to accidents,

the environment. Some of the few remaining

causing the release of highly toxic radioactive materials into

freepollution

places on the earth have already become dumping

the radioactive from nuclearwastes reactors.

grounds

population from their villages resulting

hydroelectric projects like the Sardar Sarovar displace

for

Large

large

to them, huge financial burden the

in immense hardship

causing on

concerned to rehabilitate them.

government



Against this background, mankind has started turning his

attention towards long-term permanent type alte rna ti ve or

renewable energy sources like solar energy, wind energy, wave

ene rgy , geothermal enery, etc. Renewable energy is always

extracted from a flow of energy occuring in the environment.

The energy is then returned to the environment, so no thermal

pollution can occur on anything but a small scale.

Solar energy is a very large, inexhaustible, non-

polluting primary source of energy, available in plenty for

longer duration in developing countries like India. Research

and development activities are going on in different parts of

the world to harness solar energy for different applica tions

like electric power production, space heating, refrigeration,

drying, cooking, desalination etc. Solar energy can now be

stored by producing hydrogen, or by storing in other

mechanical or elect rical storage devi ces and can be

concentrated in solar furnaces, to produce high temperatures.

But, large scale production of solar elect ric ity and its

viable utilisation from an economic point of view have not yet

succeeded.

Several technologies for converting solar energy

into electricity have been developed. One of the most recent

concepts proposed in this field is the production of

electricity using the Helio-Aero-GravityEffect or the Solar
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Chimney ef fect . This concept is still in its developmental

stage and much work has to be done on the theoretical and

practical aspects of this technology. A unique solar chimney

power plant based on thjs concept is already in operation at

Manzanares in Spain, producing an output of 50 KW of

elect ricity .

About 70-80% of solar radiation -- both direct and

diffuse falling on the land surface is converted into the rmal

energy. (Lodhi et ai, 1991). Part of this heat is conducted

into the lower layers of the soil, about one-third is released

into the surrounding air. and the rest is accounted for by

losses in the form of reflection, convection, etc.

Solar chimney power plants essentially consists of

blackened earth surface covered with transparent conopY5 a

centrally situated chimney and a wind turbine fixed inside the

chimney. Three well known physical principles are combined in

a solar chimney-- raising the air temperature using green

house effect, producing draft by central chimney and energy

conversion through wind turbine. Solar radiation falling

over the transparent cover and reaching the collector is

absorbed by the blackened ground surface and the air above it

is heated. The warm air flows to the chimney and rises

drawing fresh air into the canopy from the surrounding.

Temperature differencebetween the warm air and fresh air is



trasferred

air mass

rotate.

mechanical

to kinetic energy. This kinetic energy of moving

it tois imparted to the wind turbine causing

energy into electrical energy. The electrical

this

the power supply

A generator coupled to the turbine will convert

grid of the region or for other

A study was conducted in K.C.A.E.T Tavanur, to

chimney effect. prototype

to

power output from large solar chimney power plants can be fed

purposes.

useful

test

the solar

the feasibility of the concept of electric power production by

chimney

microscaleA

was set of study. The

objectives of the study are;

up as part this

(i)

(ii)

(iii)

solar

major

to verify, establish and demonstrate
operationalisation of the concept

to generate data correlating the physical
parameters of the system with the power produced

the

to determine the overall efficiency of solar
chimney power plant in terms of energy conversion.



REVIEW OF LITERATURE

The relevence of tapping solar radiations to meet

our day- to-day energy needs, methods used for quantifying

solar energy impending on earth's surface and different

technologies adopted for converting this undepletable abundant

energy source to electricity are reviewed in this chapter

giving special reference to solar chimney concept.

Solar energy can be defined to include all forms of

energy renewably derived from solar radiation and used for

human purposes. This definition includes not only "direct"

solar energy derived from solar radiation that is intercepted

by collectors deployed by humans (eg: solar cells, flat

plate collectors), but also "indirect" solar

intercepted by humans at sometime in a natural cycle

energy

after

solar radiation strikes the earth (eg: hydro power, wind,

ocean, thermal energy fuel from plants). Broadly construed,

this definition also includes the chemical energy stored in

food, fodder and non fuel plant products and even the energy

in air used to dry materials, to ventilate by natural

convection, or to heat space in warm climates.

The earth receives an annual energy from the sun

amounting to 1 x 1018 kWh. This is equivalent to more than

5,00,000 billion barrels of oil or about 1000 times the energy



of the known reserves of oil or more than 20,000 times the

present annual consumption of energy of the whole world

Garg,1982 ). In the earth's elliptical orbit around the sun,

out side the earth's atmosphere, the insolation on a surface

perpendicular to the sun's rays varies from a minimum of 1345

W/m2 on July 4th (when the earth is farthest from the sun) to

a maximum of 1438 W/m2 on January 2nd. The earth's atmosphere

reflects and absorbs some of the solar radia tion, so that

total insolation at noon on a clear summer day is perhaps 1300

W/m2 at the top of Mount Everest and is about 1000 W/m2 on the

desert at sea level. (Ford Foundation,1979).

In traversing the earth's atmosphere, solar energy

is diluted by attenuation, local weather phenomena, and air

pollution. Solar radiation - direct and diffuse is received

only intermittently at any point on the earth, that, on the

average, it is in the range of 100-800 W/m2. The amount of

solar energy incident on a horizontal surface ranges from

to 7 kWh/m2/day. The most favourable sites for collecting

3.5

and

exploiting solar energy are confined to areas between

latitudes 350N and S of the equator. These areas receive some

2000-3500 hrs of sunshine per year. (Garg, 1982).

2.1. Measurement of Solar Radiation

The measurement of solar radiation can either be



made by of several types of ins t rument s whichmeans

measure the heating radiationeffect of direct solar

diffuse solar radiation or by the use of empirical equations.

2.1.1. Pyranometer

Pyranometer Solarimeter is an instrumentor

measuring the solar irradiance from a solid angle of 2n-

horizontal surface.

will

and

for

on a

detection of dif ference

The most common pyranometers are based on

be twe en the t empe ra tur e of

surface and white surface by thermopiles.

black

These are primarily

designed for use in a horizontal position and are fitted

a large fromwhite disc to shade the instrument body

radia tion. The commonly used pyranometers at present are

Eppley and thePyranometer, Kipp Pyranometer

Solarimeter.

In India, a simple portable instrument

Suryamapi used for quick measurement of the totalis

radia tion.

2.1.2. Pyrheliometer

A pyrheliometer is an instrument for measuring

intensity of direct solar radiation at normal incidence.

pyrheliometers differ from pyranometers in that,

with

solar

the

Yellott

called

solar

the

Most

they

mechanically

must follow the sun to measure only direct sunlight and



avoid the diffuse component. Direct solar radia tion is

measured by attaching the instrument to an electrically driven

equatorial mount for tracking the sun. The pyrheliomete rs

widely used are (i) the Angstrom Pyrheliometer, (ii) the Abbot

Silver Disc Pyrheliometer and (iii) the Eppley Pyrheliometer.

2.1.3. Pyrradiometer

A pyrradiometer is an instrument for the measurement

of both solar and terrestrial radia tion, i.e. , for net

atmospheric radiation on a horizontal upward facing black

surface at the ambient air temperature.

2.1.4. Pyrgeometer

Pyrgeometer is an instrument for the measurement of

terrestrial radiation only.

2.1.5. Sunshine recorder

This instrument is used to measure the duration of

bright sunshine in a day. Campbell Stokes sunshine

recorders are commonly used for this purpose.

2.1.6. Empirical Equations:

2.1.6.1. Average Daily Global Radiation:

Angstrom (1924) and Page (1964) developed an



empirical relationship relating solar radiation and the amount

of sun shi ne .

where

H
g

Ho

s

Smax

a and b

2.1.6.2.

equa tio n

daily

H
---g---

Ho

a + b (S/S max)

monthly average of the daily global radiation on

a horizontal surface at a location ( KJ/m2-day )

monthly average of the daily extra-terrestrial

radiation at the top of the atmosphere (KJ/m2-day)

monthly average of the sunshine hours per day at

the location (h)

monthly average of the maximum possible sunshine

hours per day at the location (h)

constants obtained by filling data.

Average Daily Diffuse Radiation.

Sukhatme,S.P. (1984) , empiricaldescribed an

developed by Liu and Jordan (1960) thecorrelating

diffuse-to-global dailyradiation ratio against the

global-to extra- terrestrial radiation ratio.

__~~L-

Hg

= 1.390-4.027 (H /H ) + 5.531 (H /H )2-3.108 (H /H )3
g 0 g 0 g 0



where Hd = monthly average of the daily diffuse radiation

on a horizontal surface ( KJ/ m2- day)

Analysis of Indian data yielded the following linear equations.

H
---g-----

Hg

1.411 - 1.696 (H /H ),
g 0

(Modi et al,1979)

H
---g-----

Hg

1.354 - 1.570 (H /H ), (Gupta et aI, 1979)
g 0

2.1.6.3. Hourly Global and Diffuse Radiation

ASHRAE (1972), devised a method for estimating the

hourly variation of global and diffuse solar radiation falling

on a horizontal surface.

Ig = Ib + Id'
where

I = hourly global radiationg

Id = hourly diffuse radiation

Ib = hourly beam radiation

= Ibn cos
where

Ibn = beam radiation in the direction of the rays.

= angle of incidence on a horizontal surface.



2.2. SOLAR ELECTRIC CONVERSION TECHNOLOGIES

2.2.1. Direct Electricity Generation using

Solar Cells

Photo-voltaic

Photovoltaic cells consists of thin wafers

of silicon which are chemically treated to divide

two layers which possess different electric potential.

generatedthe cell receives sunlight an electric charge

which by the difference in potential between the two layers is

separated positive and negative. An externalinto

circuit then collects the electricity thus

them into

When

is

electric

generated.

simplicity of makesoperation, in principle,

cells an ideal solar energy technology.

It reported (WREN Congress,1992 )was

film efficiency of a Si is very stable at system

of 10.5%, while Cd Te cells achieved 17.5% in the

Further, silicon has achieved ancrystalline

poly-crystalline silicon has reached

250MW capacity are installedabout

high cost of PV systems hasdate,the

where mains connection is easily

present cost of an installed photovoltaic system

$5/Wp and the goal is to reduce this figure to $0.06

This

photovoltaic

that thin

efficiency

laboratory.

efficiency of

achievable.The

is about

by the

15.5% while

systems of

world. To

unattractive

13.5%. PV

around the

made them



year 2005,when about 10,000MW will be installed in various

parts of the world.

Shousha, A.H.M. (1988) reported a study conducted on

the performance characteristics of thin film metal/ insulator/

semiconductor solar cells in terms of their physical

parameters. It was shown .that conversion efficiencies

acceptable for terrestrial application could be achieved by

proper choice of cell parameters. The result s presented

indicated that for silicon MIS cells with black-surface field,

conversion efficiencies of 10 -15% could be obtained using

5-25 j( m thick cells with minority carrier diffusion lengths

of 10-100J<m and interfacial layer 15 A 0
thick.

Wolde-Ghiorgis (1989) detailed the performance of a

10.5 KW photovolt ai c system installation at a village in

Ethiopia. The pilot plant had been supplying electrical

energy to 390 house holds for night time 1 ighting .

The

system basically comprised of solar collector arrays in

conjunction

regulators

with storage ba tte ries ,
cont rol subsystems,

and inverter circuits. The study showed that only

about 6% of the available solar energy was fed to storage

batteries and the final energy utilization amounted to about

3.9% of the incident solar radiation.

Shaefer et al (1992) compared photovoltaic power



gene ra tio n and other renewable gene ra tion forms with

conventional generation forms in terms of some environmental

characteristics. A comparative analysis of the surface and

material requirements of different power stations was given.

The result of a detailed investigation about the accumulated

energy consumption in the manufacturing and the construction

of photovoltaic power plants and corresponding data about the

CO2 emmisions caused by photovoltaic power generation were

present ed.

Anonymous (1993) reported in The Times of India the

constructionof Asia's largest solar photovoltaic power plants

rated at 100 kW capacity at Kalyanpur village in Uttar

Pradesh. This power plant in addi tion to providing

electricity to the entire village, supplied electricity during

the day time to about 25 high efficiency solar photovoltaic

pumpingstations which would replace the current diesel driven

pumping set s.

2.2.2. Solar Thermal Power Generation.

Although there have been a number of reported

attempts over the last 100 years, to pLoduce mechanical ?OWeL

from solar energy by using steam engines, the production

of electricity by attaching a generator to the steam engine

came only after the 1973 energy crisis.



Communi ties,

Strub, of Europeanofthe theA.S. com mis sion

Brussels, reported the classification of solar

thermal power generation systems in to three -

a) Large (1-100 MW) plants using many hundreds of

heliostats directed onto a central receiver (tower)

steam

producing

has overall efficiency of 10 % and actual cost is

around 25,000 ECU per installed KW. (lECU = 1.2 U.S.$ )

b)

receiver

Medium distributedusing mirrorpower systems

cost =20 000 ECU/ KW.

fields (solar farms)- overall efficiency = 10 % and

c) Small sized systems based on high performance flat

plate collectors, evaporating a low boiling

low ove rall ef fic iency

drives a special turbine or piston engine.

a very

maintenance and too costly at 50 000 to 1 00 000 ECU/KW.

2.2.2.1.

of 1%,

Central Receiver Power Plant.

t ranspor t fluid and converted into electrical inenergy a

turbine generator.

point fluid which

Such systems have

need too much

In this system an array of heliostats reflect

solar radia tion onto a receiver mounted on top of a cent ral

tower, where it is removed as heat by means of a heat



Torralbo et al (1983) reported the construction of a

1.2 MW Spanish power tower solar system named Project CESA 1

in Almeria, Spain. The technical concept selected consisted

of a central receiver power plant with a wate r-ste am cooled

receiver, molten salt thermal storage and water-steam Rankine

Cycle. The collector system included three hundred heliostats

distributed in sixteen rows. The receiver system consisted of

a cavity-type water-steam cooled recervoir, and 80 m concrete

towe r and the auxiliary piping system. The turbo generator

was the main component of the power conversion system. The

storage system contained two tanks- hot and cold- and two

molten salt loops with conventional shell and tube type heat

exchangers" and vertical centrifugal pumps.

Radosevich et al (1988) report ed in detail the

operation of the 10 MWe Solar One Central Receiver Pilot PLant

near Batstow, California. 1818 computer controlled heliostats

reflected the solar energy on to the receiver consisting of

tubes welded onto twenty four panels mounted on a cent ral

tower. Water was used as the heat transfer medium. Solar One

generated a peak output of 11.7 MWe. The plant achieved a

maximum monthly system efficiency of about 8.7 percent.

Anonymous (1993) reported in 'Global Technoscan' ,

the proposed construction of a Solar Two Plant, at the same

site as Solar One, using its 1818 heliostats and 300 foot



tower. This plant will use a nitrate salt that melts at

F, as the heat transfer medium.

Sukhatme, S.P (1992) discussed the technologies

4500

and

systems developed for the generation of electricity from solar

thermal The author reported seventhatenergy.

receiver plants had been built in the eighties.power

these plants were pilot plants and had outputs ranging

0.5 to 10 MWe. (Table 1).

Although all the central receiver plants had

operated succesfully, the data in table 1 indicated that

were very costly.

central

All

from

been

they



Table 1. Solar Central Receiver Power Plants. (Sukhatme, 1992)

----------------------------------------------------------------

Plant
name

Location Output
(MWe)

Receiver Receiver Start Construction
type fluid of cost per KW

operation in U.S.$
----------------------------------------------------------------

SSPS

EURELIOS

CESA1

SUNSHINE

THEMIS

CES 5

SOLARONE

Spain

Italy

Spain

Japan

France

USSR

USA

0.5

1.0

1.0

1.0

2.0

5.0

10.0

Cavity

Cavity

Cavity

Cavity

Cavity

Sodium

Steam

Steam

Steam

Molten
salt

Exte rnal Ste am

External Steam

1981

1981

41 000

1981 11 000

33 0001981

1983 15 000

1985

1982

-

14 000
----------------------------------------------------------------



Zvirin et al (1993) reported the installation of an

expe riment al 250 KW Ormat gas turbine at the Weizmann

Institute Solar Tower in Israel. A ceramic receiver was used

to heat pressurized air to about 10000 C. The hot air was

expanded through a gas turbine driving the generator.

2.2.2.2. Distributed Receiver System

Large number of collectors ( flat plate, parabolic

troughs or parabolic dishes) with its own absorber, is

distributed over a large area. Each collector is connected to

the forward flow tubes and the return flow tubes of the

central thermal power machine. The transfer of energy from

t~ absorber is achieved by a heat transfer fluid.

Boy-Marcotte et al (1982) described the construction

of a 100 KW solar thermal- electric expe riment al plant in

Corsica, France. The plant consisted of a field of 71 flat

reflecting concent ra tors producing heat at 250oC, a

stratification thermal energy storage of about 1250 kWh, two

power conve rsion units of 45 kWe each, with a supe rsonic

turbine and two cooling towers of 200 kW each.

Schlaich et~~ (1992) reported the construction of

three systems of stretched membrane concentrators with

stirling engines in Almeria, Spain. The system consisted of a

parabolically curved concentrator. It tracks the sun and



concent rates the radiation to a receiver positioned

focal point where a gas is heated. The radiation energy

convert ed heat is conducted tointo a s ti rl ing

in its

thus

engine heat

engine.The

thermo dynamic transforms thepower

mechanical energy and, with a generator directly attached,

into electrical energy. The diameter of the concentrator

7.5m and the electrical output 9kW. The authors also

into

was

50kW

reported

the installation and working of two concentrators in

Riyadh, with a diameter of 17m each, as well as a 7.5 kW / 7.5

m prototypal view ofinstallation in Stuttgart. A

concentrators in Almeria is shown in fig. 1.

Sukhatme,S.P. (1992) reported the development

line focus sing parabolic collector and paraboloidal

collector technologies. The first commercial line

the

of

dish

parabolic having a capacity of 14

focussing

collector plant

commissioned in 1984. Since then 6 plants of 30 MW capacity

each followed by two plants of 80 MW each had been

MW was

inst ailed.

All these plants were located in California. The author

report ed that the Indian experience with the line focussing

also

parabolic collector technology was restricted to a small 50 kW

capac i ty expe riment al Solarplant installed at the

Cent re of the DNES. A 30 kW power station near Hyderabad

Energy

utE izing

reported

four paraboloidal dish collector modules

by the author as the only one of its kind

were

in the
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country. Due to limitations in size, a paraboloidal dish

collector could at best generate power in kW and it was

difficult to achieve economy with large scale gene ra tio n by

linking up a number of modules.

2.2.2.3. Solar Bowl Concept.

Lodhi et al (1989) reported the succesful

demonstration of 600-rim angle spherical bowl on a small scale

at the Texas Technical University. A 20 m diameter spherical

bowl consisting of 438 spherically -curved glass mirror panels

focussed the sun onto a movable 5.5m long receiver. A

compute r is fed with a program for the receiver to track the

sun. Water supplied into the receiver turned into

superheated steam to about a temperature of 8100 K working at

a measured peak efficiency of 63% providing a power output of

250 kWth.This was constructed as an experimental plant to

develop a 5 MW solar hybrid electric power plant to serve a

small town. The authors also dealt with the design parameters

of

The

a shallow bowl of rim radius 16 m and rim angle of 400.

steam developed at a temperature of 7500F, assuming an

insolation of 850W/m2 normal to the surface for 6 hours, .could

be used to operate a 150 kW power plant. The schematic

representation of the concept is shown in fig.2.
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2.2.2.4. Solar Pond Power Plant

Solar pond is a device which combines the

of both collection and storage of solar energy.

of an expanse of water about a metre or two metres

which salts like sodium chloride or magnesuim chloride

to lower layers of the water prevents the loss of

these layers.

functions

It consists

deep in

added

heat from

The heat in the salt water can be used to drive

steam turbines.

of

Bronicki etal (1989) reported the construction and

working a 5 MWe solar pond power plant at the

shore. brine from the solar pondHot was pumped

evapora tor of the organic vapour - turbo-generator

vaporised the organic liquid. The vapour flowed

evapora tor and expanded in the turbine driving the

Dead Sea

to the

where it

from the

gene ra tor

technological feasibility.

Sukhatme,S.P(1992) described the power

working in the principle of solar ponds. The first two

pond plants having capacities of 6 andpower 150

const ructed in Israel about 15 years ago. The

plants

solar

KWe were

working of

these plants had firmly established the technical viability of

and producing electrical power. The project showed the

capabi1 ity of a solar pond to act as large collector,

including its own bui1t-in-storage, and demonstrated the



se ri ous

be collected on large areas away from population centres.

adverse environmental consequences and would have to

The

loss in collection, conversion, transmission, and distribution

on earth would be large.

2.2.5.

beginning

continuing,

The cost would also be immense.

STATUS OF RESEARCH ON SOLAR CHIMNEYS

This concept is relatively young,introduced in

of 80's. Researches co nduct ed andwere

mainly in the U.S., Germany and Spain,

the

is

and installation of large power plants

regarding

the feasibility

andbrief

fea tur es

review of the limited work done in this field

of 50 power plantsolar chimneykWa

Manzanares,Spain is dealt with.

gene ra tion

.A

the

at

Kulunk (1985) undertook a study for electric power

on prototype solar chimney of area and

chimney height of 2m in Izmit, Turkey. A generator rotor of 8

wings

Generator

power

potential

day, the

predicted

9m2a

made up of aluminium plate of 0.005m thick was

started to work at air velocity of lm/s and

produced calculated as 0.14W via currentwas

used.

the

and

pressure difference measurements along 2m

particular

chimney

difference across the generator. On a

a maximum of 200Pa and a temperature difference

40C was detected in the air flow between entrance and exit

the chimney.

of

of



Scesa (1985) conceptualised that large hyperbolic

cool ing towers of abandoned nuclear power plants could serve

the function of solar chimneys, with transparent cover several

feet above the ground surrounding the tower base as solar

collector and a turbine inside the tower. A theoretical

analysis for estimating the power available as a function of

tower configuration and solar collector area was conducted. A

typical hyperbolic cooling tower configuration along with five

configura tion. The cyl inde r cone shape with the turbine

located at the exit plane provided the highest output. The

annual energy output for the cylindrical conical configuration

and a collector diameter of 1600m was estimated. The author

found that efficiency will be equal to 1/6 if it was

40% of the solar energy available is gained by

assumed

that the air

flowing under the collector area with the remaining 60% gained

by the ground.This value along with the air flow attained

during night with an assumed efficiency of 1/10, generated an

energy output of 64 million KWh per year. The author also

suggested after obtaining preliminary data by extending the

cylindrical configuration by 30.5m that the available power

could be increased by about 10% .

modified internal configurations were examined. The results

showed that the power available increased as the collector

diameter increased and was very sensitive to the internal



Lodhi (1991) carriedal a systematicet out

merits of solar chimney system for large scale

to investigate the scientific and technicaltheoretical study

the

production, dealing with the heat transfer processes

system in quantitative manner. The authors area

opinion that economic and efficient power production from

power

in the

of the

the

helio-aero-gravityconcept can be achieved in isolated deserts

forwhere solar radiation is abundant. Model calculations

convective heat transfer were developed with some reasonable

assumptions, taking the helio-aero effect and chimney

includingseparately. Formula for calculating the rotor power

effect

the and /

both helio - aero and chimney effect was developed. Increasing

height or its radius increasedchimney the

when the~ficiency of the plant. The efficiency was reduced

areaof the collector and the canopy gap at the periphery were

maximised large values of surface temperature and

production

this

increased. The authors concluded that the power

at

required surface with co-ef fic ientlargea selective

absorption.

Schlaich et al (1992) with assistance from

of

the

and developed an experimental solar chimney power plant

designedGerman Federal Ministry for Research and Technology,

Manzanar es in Spain. (Fig.3) .The aim of the project

establishthe energy conversion principle and to evaluate

at

was to

the



>, ~... .,
c: .,
E fl:
:c
u'-
C

~
'E- 0

.<: c:
OIJ "
'<; E
:50
c: '

'OJ ~0..-
en ~.;'"
... ,-:J
'" ...
c: 0'" -
N 0
C ...
.., "

::>. E
~"""'-
::' ,

~]
('30

~ "Co
E0

'c ~..,,-0.."><'"... ...
... ~.<: "
.: E
c ..
.r:. r:
~V")
:or, .n
c ::J

o~.<: ...
0.. :"
0; ..,
'c' r:" E« j:-

~ co .:. ;~ Q.
0') 1= ...

I-;J :: <::>
w.. .;~, :=;



technical and economic potential of the system. The

details of the plant are reproduced in table 2. The

which of guyed tube of trapezoidalcomprised sheets,

1.25 mm, stood on a supporting ring 10 m above ground

A membrane of plastic-coated fabric, withprestressed

flow characteristics, formed the transition between the

and the chimney. The turbine was supported independently

the chimney on a steel frame work 9 m above ground level.

had four blades which were adjustable according to the

velocity of air inorder to achieve an optimal pressure

design

chimney

gauge

level.

good

roof

of

It

face

drop

across the turbine blades. Vertical wind velocity was 2.5 mls

on startup and could attain a maximum of 15 mIse



Table 2. Design details of the power

(Schlaich,1992)

plant at Manazanares

Height of chimney

--------------------------------------------------------------

Radius of chimney

Mean radius of collector

Height of collector roof

Numbe r of rotor blades

Diameter of the rotor

Speed of the rotor

Solar radiation

Hea ting in collector, AT

Updraught on release

Roof covered with plastic

Roof cover ed with glass

Design power output

--------------------------------------------------------------

Efficiency of collector

Ef fic iency of turbine

Updraught
- under load

194.60 m

5.08 m

122 .00 m

1.85 m

4

10.00 m

100 rpm

1 000 W/m2

20 oC

32'70

60'70

9 m/s

15 m/s

40000 m2

6000 m2

50 kW



A whole series of experiments were performed on the

plant, the results of which showed the dependable and highly

reliable operation of the components and the plant as a

whole. A thermo dynamic simulation program that describes the

individual components, their performance and their dynamic

~teraction was developed. Thermodynamic bahaviour of large

scale plants under given meteorological conditions could be

calculated in advance using this program.

Extrapolation of t~ results to larger plants

produced the results summarised in table 3. The authors

suggested substantial increase in the plant efficiency when

partial or total double glazing was used for the collector

and when IR coated glass was used. The specific electricity

comparablegenerating costs were calculated and found to be

with those of conventional power plants. The authors

estimatedthat solar chimney power plants rated at around 100

MW couldgenerate electricityat approximately$ 0.10/ KWh.



Table 3. Key Data for Plants of Various Sizes.
(Schlaich,1992)

--------------------------------------------------------------

Power Rating and Location

Parameters

--------------------------------------------------------------
50 kw

Manzanares
4 mw

Manzanares
5 mw

Barstow
200 mw
Barstow

--------------------------------------------------------------

Geographi cal
latitude (degrees)

Global radiation (W/m2)

Wind velocity (m/s)

Annual tot al glob2l
radiation (kWhr/m )

Chimney height (m)

Chimney radius (m)

Collector radius (m)

Type of turbine

No. of turbines

Rotor diameter (m)

No. of blades

Annual energy output
(MWhr)

Overall solar plant
ef fie iency ('70)

Mass flow rate

(tons/ see)

Total operating
time (hr)

Full-load operating
hours of syst em (h r)

39.05

200.7

4.0

1758.1

194.6

5.08

119

39.05

200.7

4.0

1758.1

445

28

555

34.05

292.3

3.5

2560.8

445

28

555

34.05

292.3

3.5

2560.8

1000

92

2500

Propeller type wind turbine

1

10

4

42

0.053

0.630

4860

1158

27

10

4

7170

0.43

24.00

8740

1811

31

10

4

11600

0.47

26.80

8740

2523

230

25

4

582140

1.10

426.50

8656

2526

---------------------------------------------------------------



MATERIALS AND METHODS

A general description of the microscale prototype

solar chimney plant, the materials used for the construction

of the plant, the construction stages and the test procedures

are presented in this chapter.

3.1. General description of the Plant

The microscale prototype solar chimney plant consisted of

a solar chimney placed at the centre of a transparent canopy

spread at a height above a painted black surface. The height

of the canopy was maximum at the centre, where it was

aU ached to the chimney. At the periphery of the collector,

the canopy could be kept raised at three separate heights

from the ground surface. The design details of the solar

chimneyplant is given in table 4.



Table. 4
Design details of the microscale prototype solar

chimney plant at Tavanur

--------------------------------------------------------------

Size of collector : 6m x 6m

Height of chimney

Diameter of chimney

: 6 m

: 25 cm

Canopy gap at periphery

Canopy gap at centre

: 17, 32, 47 cm

: 80 cm

--------------------------------------------------------------



The selection of site for installing the plant and

the materials required for the study were decided keeping in

view the main objective of testing the feasibilty of the

concept.

3.1.1. Site selected

A large open area adjacent to the F p M E

depar tment and the college library was chosen for inst all ing

the solar chimney plant. Two factors favoured the selection

of the sit e.

1.

2.

Large open area receiving good insolation

Minimum obstructions near the site

A 6m x 6m plot inside this area was selected as

the exact location of the solar chimney plant.

3.1.2. Collector surface

Readily available materials like sand, stone and

cement were used to prepare a cemented collector surface

about 2 to 3 em thick on the ground. Cement surface was

chosen to get a higher surface t empe ra ture than can be

produced by natural ground. The collector surface was given

thre e coatings of ordinary black paint to increa se the

absorptivity of the surface to solar radiations. (Plate 1).



3.1. 3. Canopy

Strips of transparent clear plastic

medium strength and durability was hot pressed into a

squa r e cross section of size 7m x 7m. This sheet was

sheet of

single

placed

at varying height above the collector surface, supported on GI

wires, with centre andthe maximum height at the

height at the periphery. Eight angle iron pieces ( 1

and 1/4" ) 1m each formed the supportsof length

four corners of the plot and at the mid points of the

About 45 length of these angle ironscm were

concrete in the ground inclined at a small angle

vertical Three 5/8" holes weretowards the outside.

buried

minimum

& 1/4"

theat

sides.

in

to the

drilled

from for guiding and fixing

on the protruding portion at heights of 17 cm, 32 cm and 47 cm

ground the boltsthe

tightening device. 14 gauge GI wires connecting the bolts

the hooks on the middle support for the chimney,

main support for the transparent sheet. GI wires

from the centre

also

connected laterally at 0.5 m, 1.5 m and 2 m

to prevent the transparent sheet from sagging too much.

3.1.4. Solar Chimney

formed

were

A PVC pipe of height 6 m and inside diameter 25

was used as the chimney.Three MS rods of 18 cm diamete r

of the

and

the

cm

and

120 cm length were used to fabricate the support for the solar



chimney. MS flats of one inch and one and a halfTwo

width respectively were used one above the other to form

base support of the solar chimney.

The rods were welded on toMS the bottom

inch

the

flat

rods coincided with the top of the bottom MS flat.Eight

piece from the side at equal spacing so that the top of the MS

each having inside diameter of one inch, made out of

rods were welded at equal spacing onto the side bottom of

bottom MS flat.

The radial GI wires connected between the bolts

hooks

1/8 MS

the

and

oooks had to be tightened to a very high degree to prevent the

sagging of the transparent sheet. deviceThe tightening

each of the angle irons consisted of a grooved bolt and

with a key to guide the bolt without turning, and a collar for

fixing the device on to the angle iron.

The chimney was guyed at about 2/3rd height

on

nut,

from

the bottom along three directions at 450 to the vertical using

14 gauge GI wire.

3.2. Installation procedure

The 6 m x 6 m square area was fixed on comparitively

lesserrocky terrain for the purpose of easy installation

levelling of the ground. The whole area was covered with

and

2-3



application of black paint to the surface. Black colour has a

high

high

degree of absorptivity for solar radiations as well as

emissivity for thermal radiations. Selective black

coa tings like cobalt black and black chrome are recommended

but due to the highly expensive nature of these coatings,

ordinary black paint was applied in three coa tings on the

surf ace.

The support to the transparent plastic sheet was

then laid by connecting the GI wires between the cent ral

chimney support and the bolts placed in the middle hole of the

angle iron and also crosswise between the radial wires. The

wires were tightened by turning the nuts. The transparent

sheet was then laid over the wire support. Keeping one half

of the sheet rolled upto the centre, the PVC pipe, on which

the stay wires had already been clamped, was guided through

the hole in the sheet to its seat and erected vertically

tightening the stay wires to outside hooks clamped

by

theto

ground. The sheet was fixed at the centre to the pipe using

cellot apes and tied around to prevent det achment from the

pipe. At the periphery, the excess width of the sheet was

cm thick cement plaster and a thin coating of grout with

ml ni mum degree of roughness was also applied. The setting of

cement surface was followed in the next stage by the



folded and fixed using cellotapes to allow gap for the entry

of air into the plant. (Plate 2).

3.3.

3.3.1.

instrument

solar

global

Instrumentation

Suryamapi

The intensity of solar radiation is read from the

named , Suryamapi'. It is a hand held portable

intensity used for t,he of totalmeter, measurement

solar radia tion. The meter is calibrated against AMI

radiation for both mW/cm2 and langleys/hr. (Plate 3).

which

mete r .

meter.

Suryamapi uses a specially fabricated silicon cell

is connected through a suitable circuit to a current

The sensing solar cell is 'mounted at the top of the

The response of the sensing element is linear over a

Suryamapi is kept perpendicular to

the

wide range of intensities.

incident radiation and the corresponding deflection on

The intensity is measuredthe scale indicates the intensity.

in mW/cm2 W/m2. Thetablerecorded theand inis as

specificationof the instrument is given in Appendix I

3.3.2. Thermometer

Temperature measurements are taken using two types

of thermometers.



3.3.2.1. Mercury thermometer.

This thermometer gives the direct readings of

tempe ra tur es in degree celcius corresponding to the level of

mercury column. Specification of the instrument is given in

Appendix 1.

3.3.2.2. Digital thermometer

The digital thermometer consists of a LCD display

t empe ra tur e indi ca tor and thermocouple sensors for use at

various places. Thermocouples are widely used for solar

collector t es ting .
A the rmoc oup le is formed by joining

togethertwo wires made of dissimilar metals. Suitable pairs

of thermocouple mate rials are Copper/Constantin,

Iron/Constantin and Chromel/Alumel. The temperature indicator

is fitted with standard K probe socket and can match any

standard type K (NiCr-NiAl) sensor. The circuit used in the

inst rumenta tion provides high accuracy and wide measurement

range. Power is suplied from a DC 9V battery. Sensors for

taking temperature measurements from flat surface as well as

from air are provided. The specification of the instrument is

given in Appendix I. (Plate 4).

3.3.3. Anemometer

Anemometer is an instrument to measure wind



velocity. Measurements are taken using two types of

anemometers.

3.3.3.1. Vane Anemometer

A vane anemometer consists of a number of vanes

support ed on short radial arms and mounted on a spindle. It

is a directional transducer which measures the air speed in

the direction of spindle axis. A dial attached to the spindle

gives the cumulative readings of the distance measurement for

a particular time pe riod. Mechanical freeze facility to stop

the rotation of the needle is also provided. The

spec ifi ca tion of the instrument is given in Appendix 1.

(Plate 5).

3.3.3.2. Electronic anemometer digital

It consists of a vane type wind sensor connected to

a suitcase-mounted instrumentation with a LED display (Plate

6) . The instrument can be operated on mains or batteries.

Provision for taking the output in a recorded form is also

given. The instrument performs accurately to wind velocities

of upto 30 m /s .

Appendix I.

The specification of the instrument is given

3.4. Testing methodology

The test was performed in the prototype plant during



the days when it was felt that the insolation

conducive of

somewhatwas

reliable data. The modeto give

mea sur ement s from tes ting phaseplant during thethe

concent ra ted towards obtaining the maximum values of

power and mass flow rate of air. This method was adopted

some days because the sky was overcast most of the time

taking

was

output

for

and

was also tested radiation

good sunshine was received only for 1-2 hours daily. The plant

continuosly when the solar

received without break.

was

inc1 uded ofin sola tion, ambientsolar t empe ra tur e

temperature of air at the bottom of the chimney, velocity

air inside the chimney and the temperature of the collector

surf ace. used forthermometer measuringMercury was

ambient air temperature. All other t empe ra tur e

air,

of

the

were made digital temperature indicator

measurements

withtheusing

the rmoc oup le temperature sensing units. The velocity

inside the chimney was sensed using the electronic anemometer.

The wind velocity was measured using the vaneout side

anemometer. A suryamapi was used to thedetermine

insolation.

of air

type

solar

The datas which will help in understanding the

characteristics of air inside the canopy enclosure and the

chimneyand also outside the plant were obtained.These datas



height was kept at 17 cm from the ground level, which was the

lowestadjustment possible in the plant set up. The elevation

and plan of the plant set up are shown in fig. 4 and fig. 5.

The datas obtained from the tests conducted were

utilisedto determine the various air related characteristics,

power output and efficiency of the prototype solar chimney

plant.

3.4.1. Mass flow rate of air

The mass flow rate of air entered at the periphery

which continues to travel through the space under the canopy

until it reaches the chimney and finally exits from the top of

the chimney is given by the continuity equation.

IiI= A .u. fa
p

A .v. 1mc

where IiI= mass flow rate of air (Kg/s)

A = Area at the periphery ofp
the canopy

through which air enters the plant

where L

= 4.L.H
P

= Length of the side of the collector (m)

= Height of the canopy at the periphery (m)H
P

It was clear after installing the plant, that the

canopy gap at the periphery will have to be kept 1 imit ed to

prevent the effect of side winds. Keeping this in view this
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u Incoming velocity of the air at the

collector periphery (m/s)

fa. = Ambient density of air (Kg/m3)

fm Air density at the maximum 3
temperature (Kg/m )

v Velocity of air ente ring the chimney (m/s)

Ac Cross-section area of the chimney

1tr2 , where

r = radius of the chimney (m)

3.4.2. Pressure difference
(

The solar chimney is placed in the centre of

the canopy area to generate the "sink effect" so that heated

air may rise into it and escape from the top. The pressure

difference between the pressure at the bottom and the top of

the chimney is given by

where

P = ( fa - 1m ) g Hc

P = Pressure difference between the bottom and top

of the chimney (Pa)

g = Acceleration due to gravity (m/s2)

H = Height of the chimney (m)c

3.4.3. Rotor power

The rising air imparts kinetic energy to a

rotor placed in the chimney, causing it to rotate.



where

3
p =1'1. . (l/Z) f v A

r r m c

p r Power the air turbine fromextracts

rising air (W)

Tlr = power coefficient

3.4.4. Average output of a solar chimney power plant

at the site,

Taking the physical parameters and the insolation

the average output of the solar chimney

plant could be estimated using the formula,

where ,

pa

(i-f)

Gp
Fc

"1c

~

1'1.c.'1t. (i-f) .Z.g.H .~-
3.G .T

P a

F . Ic

p a Average electrical output of solarthe

power plant (W)

Efficiency of the collector

Efficiency of turbine and generator

Friction loss factor

Specific heat capacity of air (J/KgoK)

Area of the collector (mZ)

I Solar Insolation at the site (W/mZ)

the

powe r

chimney



3.4.5. Overall Efficiency of the Solar Chimney Power Plant

The overall efficiency of the solar chimney power

plant is estimated as the ratio of the average output of the

plant and the total solar insolation at the site.

Efficiency with which thermal power was converted to

wind power is given by

~w
A . v.Ap
~----------

m .C .(T -T)
P m a

Ap-------------------

m.C .(T -T)
P m a

The effect of side winds at the site was found to

greatly influence the measured values of temperature and

velocity.Provisions were made and the height at the periphery

of the collector area was reduced to 10 cm. Some of the other

defect s like sagging of the transparent canopy, and tearing

of certain spots in the canopy, were rectified.



Plate 1 Collector surface of the prototype

SCPP at Tavanur
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Plate :z A view IIDfthe prototype SC PP

at Tavanur



Plate 3 Suryamapi
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Plate 5 Vane anemometer
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Plate Electronic anemometer digital6



RESULTS AND DISCUSSION

The microscale prototype solar chimney plant was

tested for six days and variations in ambient t empe ra tur e,

surface temperature and temperature of air at the inlet to the

solar chimney with time was observed. Solar insolation and

wind velocity at the entrance to the chimney,were also

measured with reference to the time interval. Average output

of the solar chimney power plant using Schlaich's equation was

comput ed and compared with the actual power obse rved. The

thermal power was converted to wind power and overall

efficiency of the solar chimney plant were also obtained.

These results are discussed in detail below.

4.1. Variation of temperature with time

The variations in ambient temperature, surface

t empe ra ture and maximum temperature at the inlet to the

I chimneyare displayedin tables 5 to 10 and in figures 6 to 11I

irespectively. On the first daY9 a maximum surface temperature0

lof 56 C was attainedand the temperatureof air at the inlet
I.

characteris tics like mass flow rate of air and pressure

difference between the top and bottom of the chimney were

calcula ted from the data obtained from the plant. The

mechani cal ef fic iency of the plant, ef fic iency with which



to the chimney reached a maximum of 47~C. The

values and

corresponding

50°C,for the second to the sixth day were 66,oC

58~C and 49°C, 61°C and 48°C, 56°C and 47°C and 61°C and

respectively. The average difference between the different

parameters such as surface and ambient temperature,

and ambient temperature and surface and maximum temperature

thewere 'obtained. These val ues were 18 °C ~ 8.5 °C and 9. 5,OC on

first day, 21°C, 13°C and 12°C on the second day and

11°C and 9.3°C on the third day, with the remaining

showing almost the same trend. On a particular day the

of dif ference obt ained fromtemperature the Manzanares

experimental station were 46°C, 21°C and 25°C

45°C

maximum

20°C,

days

values

the

respectively.

The shady na tur e of the loca tion where plant

constructed and the constraints which presented themselves

the of tests could have caused this reductiontime

values.

4.2. Variation of insolation and air velocity with time

The varia tion s insola tion and measuredin

velocity with time are displayed in tables 11 to 16

figures 12 to 17 respectively. A maximum air velocity at

chimney entrance of 2.47 m/s was obtained at the insolation

level of 650 W/m2 on the first day.The effect of outside

at the site was very high on the first day and this affected

wind

was

at

in the

air

and in

the



Table S. VariAtion oE temperAture with time

Ta Ambient temperature

Tm Temperature of air at the inlet to the chimney

Ts Surface temperature

Date Time (h)
07/10/'93

12.00 12.30 13.00 13.30

Ta (OC) 35 36 33 32

Tm (OC) 46 47 39 38

Ts (OC) 54 56 50 48
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Table 6. Variation of temperature with time

Ta Ambient temperature

Tm Temperature of air at the inlet to the chimney

Ts Surface temperature

Date Time (h)
14/10/'93

13.30 13.45 14.00 14.15 14,.30

Ta (OC) 33 33 35 37 36

-

Tm (OC) 47 45 48 50 48

-

Ts (OC) 60 53 62 66 57
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Fig.l Graph showing variation of temperature with time
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Table 7. Variation of temperature with time

Ta - Aebient temperature

Tm - Teaperature of air at the inlet to the chianey

Ts - Surface teasperature

Date Tile (h)
16/10/'93

10.3011.0&11.3012.0012.3013.0013.3014.0014.3015.00- - - - - - - -
Ta (tC) 33 34 35 36 35 34 33 33 32 32

- - - - -

T. (tC) 40 42 47 49 48 47 45 44 41 41

- - - - -

Ts (tC) 45 49 56 58 56 56 55 55 54 53
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Table8. Variationof telperatureMithtime

Ta - Ambient temperature

Tm - Temperatureof air at the inlet to the chimney

Ts - Surface temperature

Date Time(hI
31/10//93

10.3011.0011.3012.0012.3013.0013.3014.0014.3015.00- - - - - - - -
Ta (IC) 33 33 33 35 34 33 33 33 33i 33

- - - - 1-

Tm(IC) 43 45 46 4B 46 46 45 47 45 44

- - - - i-

Ts (IC) 49 52 52 61 57 55 56 55 ""
.J.J
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Table 9. Variation of tetlperature Mith tilll!

Ta - Albient tetlperature

TII - Temperatureof air at the inlet to the chilney

Ts - Surface tetlperature

Date Tile (h)
4/11/'93

10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00- - - - - - - -
Ta (IC) 32 32 32 32 33 34 34 34 33 33

- - - - 1-

TII (IC) 3S 34 36 39 44 45 47 47 43 41

- - - - i-

Ts (IC) 48 44 47 51 55 55 56 56 55 54
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TableIe. Variation of tetllperaturewith till!

Ta - Ambienttemperature

T. - Te;perature of air at the inlet to the chimney

Ts - Surface temperature

Date Till! (h)
5/11/'93

12.0012.3013.0013.3014.0014.3015.0015.3016.0016.3017.0017.30- - - - - - - - - -
Ta (IC) 34 34 34 34 34 33 33 33 33 32 32 30

- - - - - - 1-

T. (IC) 43 44 43 42 43 45 43 42 43 41 39 31

- - - - - - i-

Ts (IC) 57 61 58 54 56 56 55 53 55 51 47 42
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the velocity of flow insideair the chimney.During

remaining days,the maximum air velocity observed was 2.45

. insidethe chimney at an insolationlevel of 1000 W/m2 on

second day. . It was seen that in the initial stages a

correlation observed between velocity andwas

insolation. After the point corresponding to

insolation, the velocity did not decrease at the same rate

insolation did. Out of the solar radiations impending on

earth surface percentageduring the day time, a small

absorbed into the lower layers of the soil. During the

the

m/s

the

close

solar

maximum

as

the

is

periods when the ambient and surface temperature are low, this

shady

heat energy stored in the ground will be released. This

be the for the reduced decrease in the measuredreason

velocity of air. One of the major advantages of the

chimney system, projected by Schlaich in his experiments

Almeria, Spain was the possibility of developing power

shady periods - even during the night. The results observed

during

at Manzanares facility wereand Tavanur prototype

matching in this regard.

4.3. Variation of theoretical and observed power

insolation and time

~ The observedof theoreticalvariation and

output with insolation and time are displayed in tables 17

22 and in figures 18 to 23 respectively.

could

solar

at

found

with

power

to

The average expected



Table 1~ Variation of velocity and insolation with time

Date Time (h)
07/10/'93

12.00 12.30 13.00 13.30

Velocity 2.32 2.47 1.89 2.33
(m/s)

Insolation 500 650 500 400
2

(W/m )
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Date Time (h)
14/10/'93

13.30 13.45 14.00 14.15 14.30

Velocity 2.33 2.06 2.17 2.45 1.80
(m/s)

Insolation 960 900 960 1000 880
2

(W/m )



1200 3

1000 2.5

.
~800

200

--InsolatIon + Vefoclty

0

13:30 13:46 14:00 14:1Ci
0

14:30

Time (h)

Fig.l3 Graph showing variation of velocity and insolation

with time

2
......

.,
.....
E

1.6 ......

>-
....

U

1
0

G,)
>

0.6

,..,
N

e
......

1'100

c
0
...
co 400

0
III
C



'able j. Variation of velocity and insolation with time

Date 'lie (b)
16/18/'93

18.38 11.88 11.38 12.88 12.31 13.88 14.3e 14.88 14.38 15.ee
- - - - - -

eloclt1 1.66 1.7e I.Be 2.39 1.72 1.7' 2.e3 1.62 1.58 1.5e
(lis

JlS)laUOD 57e 788 868 1.1. 72e 630 460 44. 488 3M
2

(III )
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.
Table 14. Variation of velocity and insolation with tile

Date Ti/lie (h)
31/101'93

10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00

- - - - - - -

Velocity 1.% 2.02 2.10 2.34 .2.31 2.24 2.23 2.28 2.20 2.15
(rols) , ,

Insolation 940 1010 1020 1000 1060 %0 900 900 860 800
2

(WIlD)
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Table 15. Variation of velocity and insolation Nith tille

Date Tille (h)

41111'93

10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00

- - - - - -

Velocity 1.44 1.30 1.43 2.01 2.12 2.10 2.05 2.27 1.88 2.01
(ails)

Insolation 680 200 600 900 900 B00 BOO 760 400 200
2

(WI. )
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,....

: Table16. Variation of velocity and insolation with tilll!

Date TiM! (h)
51111'93

I .
12.00 12.3e 13.00 13.3e 14.84 14.30 15.00 15.30 16.9') 16.3". 17. 17.3".

- - - - - - 1-
Velocity 2.21 2.06 2.06 2.22 2.23 2.12 1.91 2.10 1.98 1.74 1. 1.69

(lis)

-I -
Insolation 940 94 900

IS%

600 530 420 600 I 4- 40'; 'l I.'
2

I , I
(WI, )

i .
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equation was found to closely match with insolation. This

Schlaich'spower output from the solar chimney plant using

.

Schlaich's

is

jus tified the most prominent variable in theas

equation was insolation. Similar to the velocity curve,

rotor power output curve was also showing a dif fer ent

after the point corresponding to maximum insolation. This

due the release of stored energy into the fromto air

the

trend

was

the

be twe en observed power and theoretical power output.

clearance

the

could be attributed to the fact that only a small

was provided between the canopy at the pe ri phe ry and

collector surface. might have resulted inThis

This

drastic

increase in friction forces, especially along the boundary

Thelayers. Hence the overall flow might have got retarded.

canopy gap could not be increased beyond the range of 10 -

em, as the side winds at the location pumped the heated

15

air

out of the plant instead of forcing it up through the chimney

at larger gap at the periphery. This aiscanopy

1 imita tion of plants having small dimensions. In the

major

power

plant at Almeria, Spain, the collector area was very large and

the height of the canopy above the ground surface was about

The friction losses will be much reduced in this case and2m.

ground during this period. However, the energy absorbing

capacity of the system was not explained by the Schlaich's

equation. It could be seen that there was high variation



TabIe 17. Variation of theoretical
insolation and time

and observed power with

Date Time (h)
07/10/'93

12 . <2)0 12 . 312) 1 3 . (012) 13 .312)

Rotor power(W) 0 . 1 712) 0.204 e).(!)94 0 . 1 762

Expected
Average output e). 776 1 .005 Q).781 0.627
of SCPP(W)

Insolation 50<2) 650 500 4Q)(!I
2

(W/m )
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Table 18,. Variation Of theoretical
insolation and time

ana observe<! power With

Date Time (h)
14/10/'93

13.30 13.45 14.00 14.15 14.30

Rotor power(W) 0.1713 0.1191 0.1379 0 .1973 0.0787

Expec ted

Average output 1.499 1.406 1.490 1.541 1.361
of SCpp (W)

InsolatiQn 960 900 960 1000 880
2

(W/m )
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Fig.19 Graph showing variation of theoretical and observed
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Tal>lo 19. variation Of theoretical
Insolation and time

and ol>.eerVed power with

Date Tile (b)
16/18/'93

18.38 11.88 11.31 12." 12.38 13." 13.31 H." H.3t 15."
- - - - - -

Rotorpower(I) 8.8633 8.8675 8.879 8.184 8.869 8.867 8.114 8.858 8.854 8.846

-
Expecteel
Averageoutput '.898 1.t8'1l 1.334 1.562 1.117 8.981 '.718 8.687 8.627 t.47'
of S(1)p(l)

In.solation 57. 788 86t 1818 728 638 46t 448 4ee 3ee
2

(III )
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Table 29. Variation of theoretical and observed poNer with insolation andtile

Date TillE! (h)
31/10/'93

10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00

- - - - - -

RotorpowerCW) 0.103 0.112 0.126 0.173 0.167 0.153 0.151 0.161 0.145 0.136

- -
Expected
Averageoutput 1.468 1.577 1.593 1.676 1.650 1.499 1.406 1.406 1.343 1.249
of SCPP(W)

Insolation 94i 1010 10 1080 106e %0 900 900 860 800
2

(WI. )
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Table 21. Variation of theoretka\ and observed pONer Mith insolation and tilDe

Date TilDe (h)

4/11/'93

10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00

- - - - - - -

Rotor power!W)0.0416 0.0310 0.0410 0.1128 0.1303 0.1263 0.1167 0.1585 0.0912 0.1119

- -.
Expected
Averageoutput 1.065 0.313 0.940 1.406 1.401 1.245 1.245 1.183 0.625 0.312

of SCPP(W)
-

Insolation b80 200 b00 900 900 800 800 760 400 200

2
(WI. )
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~ll! 22. Variation of theoretical and observed poNer with insolation andtille

DatI! Tille (h)
5/11/'93

12.00 12.30 13.00 13.30 14.00 14.30 15.00 15.30 16.00 16.30 17.00 17.30

- - - - - - - - -

tor power(If) 0.1481 0.1195 0.1199 0.1505 0.1521 0.1299 0.09Sb 0.1274 0.1065 0.0727 0.0810 0.0b88

- - - -
ected

erageoutput 1.463 1.463 1.401 1.276 1.245 0.937 0.828 0.656 0.937 0.843 0.6270 0.1580
5CPP(W)

- - -

lation 940 940 900 820 800 600 530 420 600 540 400 100
2

(W/III)



1000

-- Insolall
+ Pr

-* Pa

--+

Ion ~
~

-+---+---+ +--+
0

12:00 12:30 13:00 13:30 14:00 14:30 16:00

Fig.23

Time (h)

1.0

1.4 -

1.2

4- --+---,. +
16:30

0

17:3010:00 10:30 17:00

Graph showing variation of theoretical and

observed power with insolation and time

600

-
N

E-
3 600-
t:
0

..-1

C\! 400
.-I
0
tJ)

I t:
H

200

---
-...-

0.8 ...
CI)
:.
CI

0.6 a.

0.4

0.2



hence the higher average expected output of the solar chimney

power plant using Schlaich's equation.

.

4.4. Overall efficiency

The variation of the overall efficiency of the solar

chimney power plant with time are displayed in tables 23 to

28 and in figures 24 to 29 respectively. The overall

efficiency of the plant was very less to the tune of 0.004%.

It was seen that the same efficiency was maintained throughout

with some indication on the increase in the efficiency, though

only slightly, during the evenings, when insolation went down.

The o~rdl efficiency of the solar chimney power plant at

Manzanares, Spain, was 0.053%.

The mass flow rate of air in the plant, the pressure

difference attained between the top and bottom of the chimney,

and the efficiency with which thermal power was converted to

wind power were also calculated and the results are tabulated

in appendices III, IV, V, VI, VII & VIII.



Table 23. Variation of overall efficiency with time

.

Table 24. Variation of overall efficiency with time

Date Time (h)
07/10/'93

12.00 12.30 13.00 13.30

Overall 0.0043 0.0043 0.0043 0.0043

Efficiency
(%)

Date Time (h)
14/10/'93

13.30 13.45 14.00 14.15 14.30

Overall 0.0043 0.0043 0.0043 0.0043 0.0043

Efficiency
(%)
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Ie 25. Variation of overall efficiency with time

te
/10/93

Time (h)

10.30111.00111.30112.00112.30113.00113.30114.00114.30115.00

.00431 .00431 .00431 .00431 .00431 .00431 .00431 .00431 .00431 .0043

Table 26. Variation of overall efficiency with tile

I~t' ~ Hoe <hi ~:31/10/93 ! !' ! I! i'

/10.30111.0°/11.30112.00112.30113.19°113.30114.00114.30115.00

-1-1-1-1-1-1-1-

Overall 1.00431.00431.00431.00431.00431.00431.00431.00431.00431.0043
Effici-
ency (X)
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Table 27. Variationof overall efficiency with tiE

Table28. Variationof overall efficiency with tiE

Date Time (h)
4/11/93

10.30 11.00 11.30 12.00 12.30 13.00 13.30 14.00 14.30 15.00

- - - - - - - - -

Overall .0044 .0043 .0044 .0043 .0043 .0043 .0043 .0043 .0043 .0043
Effici-

ency (X)

Date Tifle (h)
5/11/93

12.0012.3013.0013.3014.0014.3015.0015.3016.0016.3017.0017.30

- - - - - - - - - -

Overa11 .0043 .0043 .0043 .0043 .0043 .0043 .0043 .0043 .0043 .0043 .0044 .0044
Effici-

ency (X)
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CONCLUSION

.

The feasibility study on electric power production

using the concept of solar chimneys consisted essentially in

determining the velocity of flow of air inside the chimney and

calculating the power output and other air related

characteristics of the plant. The following conclusions can be

drawn from the study conducted on the plant.

1. The electric power production by the helio aero

gravity- effect or solar chimney effect is firmly est abl ished

by this study.

2. The physical dimensional parameters of the system has

great bearing on the output from the plant. Large power plants

supply

which can improve the efficiency and power output from the

plant.

3. The height of canopy gap at the periphery of the

collector area has to be optimized to reduce the effect of

side winds, which otherwise will affect air flow inside the

plant.

spanning huge areas of land are essential to produce

reasonable power output that could be fed to the local power

grid. The chimney height is the largest single factor



4. The ground acts as a storage medium storing part of

heat energy from the radiations falling on the land surface
.

during the day time. During shady hours and also at night,

this heat will be released to warm the surrounding air which

in turn can rotate the turbine producing electric power,

though at a reduced rate.

5. Temperature differential of about 9 to 15 ~C attained

during the testing period is sufficient to operate a turbine

inside the chimney. The power output from the plant maximises

at large values of surface temperature. For experimental set

up, selective black coatings can be applied to increase the

. range of surface temperature that can be attained.

6. The velocity of air obtained at the chimney entrance

of about 2.5 mls is sufficient to start the operation of the

turbine under load. The feasibility of the concept of

electric power production by the helio-aero-gravity effect or

solar chimney effect is proved beyond doubt as it is already a

well esablished and proven technology to run an air turbine at

2.5 mls with generator connected to it at efficiency levels of

about 50 %.

7. This technology is economically feasible only in

areas where large tracks of land which cannot be put to any

other use is available.



8.

. envis ages

countries like India.

technology that is easily available

chimneyThe
.

construction of solar power

in

plant

developing



SUMMARY

Tapping energy from renewable sources is

inter est energy researchers, technologists, andto

of great

policy

makers due to the the fast depletion of fossil fuels and sharp

increa se in the global energy demand. Several attempt s

been made an inexhaustibleexploit solarto energy-

polluting sourse of energy- forand largeprimary

electricity generation. But large scale production

electricity and its viable utilisation from an economic

of view have not yet succeeded.

In this context the novel approach of utilising

helio- and chimney effects for elect ri csolaraero

conversion has significant It consistedimportance.

blackened surface covered with tr~nsparent canopy,

centrally situated chimney and a wind turbine fixed inside the

earth

chimney and combining three well known principles viz:-

house effect, Thiseffect and windchimney turbine.

conducted in K.C.A.E.T., Tavanur, to study the feasibility

the concept of solar chimney had the following objectives:

(i) to verify, establish and demonstrate the

operationalisation of the concept

have

non

scale

of solar

point

the

energy

of

a

green

test

of



(i i) to generate data correlating the physical parameters

of the system with the power produced and

(iii) to determine the overall efficiency of the solar

chimney power plant in terms of energy conversion.

canopy above the collector and a PVC pipe of 25cm diameter

formed the chimney. To reduce the effects of side winds, the

peripheral

ground.

height of the canopy was kept at 10 cm from the

Tests were conducted in the plant to measure the

velocity of air entering the chimney, surface tempe ra ture,

temperature of air at the inlet to the chimney and the ambient

air temperature. These were used to determine the power output

from the plant, the overall efficiency of the plant and other

plant and air related characteristics.

Test results proved beyond doubt the feasibility of

the concept of elect ric powe r production using solar

chimneys,even though a dynamo of frictionless type could not

be obt ained for fixing inside the chimney.A maximumvelocity

of air of 2.47 mls was obtained at the inlet to the chimney.

The temperature of the black collector surface attained a

A 6m x 6m are a was select ed , cement coating and

black paint were applied to increase the absorptivity to

sol ar radia tions. A transparent plastic sheet was used as the



f/ maximum of 66°C. The temperature differential obtained inside

the plant along with the sink effect produced by the chimney

was sufficient to generate enough velocity of air in the

chimney that the study could be concluded proving the

feasibility of the concept of solar chimneys.However the

overall efficiency of the experimental plant was only 0.004%.
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Instrumentation.

APPENDIX - I

a. Specification of the solar intensity meter

Name

Model Number:

Range

Supplied by

Suryamapi

SM 201

0 - 120 mW/cm2

Central Electronics Ltd.

b. Specification of digital thermometer:

Technical specification.

Sensor type

Resolution

Accuracy

Measurement

range

General Specification

Display

Power Supply:

Dimension

Weight

Impedence

Thermocouple K (NiCr-NiAl)

1 o,C

+ 1 %

-50 °:: to 800 °C

LCD, 0.5"

DC 9 V battery.

0.8 x 2.8 x 4.2 inch.

120 g including battery.

10 M Ohms.



c. Specification of Vane Anemometer.

d. Specification of Electronic Anemometer digital.

Name ACD electronic digital display

anemomete r .

Range

. PowerSupply:

upto 30 mls

230 V AC 50 Hz supply or 6 x 1.5 V type

UM - 2 V batteries.

Supplied by Electronics Instruments Co., Bombay.

Make : OTA KEIKI, Japan.

Se rial Numbe r . 232412.

Number of blades . 8.

Range
. 0 to 1 00 000 m.

Possible measuring
1 to 15 mlswind speed

.

.



APPENDIX - II

of the materials used for theSpecification prototype

Solar chimney plant at Tavanur.

Sl.No.

--------------------------------------------------------------

Item Spec ifi ca tion

1.

--------------------------------------------------------------

Canopy Material - Clear plastic.

2.

3.

4.

5.

6.

7 .

Size - 7 m x 7m square.

Solar Chimney Material - PVC pipe.

Gauge - 2.5 Kg/cm2.

Length - 6 m.

Diameter (inside) - 25 em.

Black Paint Quantity - 5 1

Quantity - 2.5 bags (125 Kg).Cement

Posts at corner
points & midpoints
of Collector side

Material - angle iron.

Number - 8.

Size - 1.25" and 0.25"

Stay Wire Material - GI wire

Gauge - 14

Length - 36 m

Canopy Support Mate rial GI wire.

Gauge - 14

Length - 110 m.

--------------------------------------------------------------



----------------------------------------------------------

8.

9.

10.

Bolts Material - mild steel

Numbe r - 8

Size - 5/8 "

length - 6".

Hook Material - mild steel

Number - 16.

Size - 1" inside diameter.

Chimney Support Material - MS rods

a) Size - 18 mm diameter.

Length - 120 em.

Number - 3.

b) Size - 5 mm diameter.

Length - 90 em

Number - 3.

e) Material - MS flat

Number - 2

Width - 1", 1.5"



APPEND IX II I

Test results of 07-10-93

.

I - Insolation
Ta- Ambient temperature

Tm -Maximumtemperature

Ts - Surface temperature
v - Measuredvelocity
fa - Density of air at ambient temperature
fm- Density of air at maximumtemperature
Cp- Specific heat of air
m - Massflow rate

AP - Pressure difference betweentop and bottom of chimney
Pa - Expectedaverage output of 5CPP
Pr -Rotor power
~w - Efficiency with whichthermal poweris converted to windpower
~o - Overall efficiency

51. Time I Ta Tm Ts v la 1m Cp m AP Pa Pr 1\1'1 '10
2 3 3

NO. (h) W/m °C °C °C (m/s) (kg/m (kg/m J/I<g°l( Kg/s (Pa) (W) (W) m <:4)
- - - - - - - -

1 12.00 500 35 46 54 2.32 1.146 1.107 1005 0.1261 2.325 0.776 0.170 0.0190 0.0043

- - - - - - - - - -

2 12.30 650 36 47 56 2.47 1.143 1.104 1005 0.1333 2.325 1.005 0.204 0.0191 0.0043

- - - - - - - -

3 13.00 500 33 39 50 1.89 1.154 1.132 1005 0.1050 1.307 0.781 0.094 0.0192 0.0043

- - - - - - -

4 13.30400 32 38 48 2.33 1.158 1.135 1005 0.1299 1.307 0.627 0.176 0.0191 0.0044



APPENDIXIV

Test results of 14-1&-93

.

I - Insolation
Ta - Ambient temperature

TID- Maximumtemperature

Ts - Surface temperature
v -Measured velocitv

fa - Densityof air at ambienttemperature
1111- Density of air at aaxi.um temperature
Cp - Specific heat of air
m - Massflow rate

AP - Pressure difference betNeen top and bottO4l of chimney
Pa - Expected average output of SCPP

Pr - Rotor power

~w - Efficiency with whichthermal poweris converted to windpower
'1.0- Overallefficiency

S1. Tillie I Ta T. Ts v fa f. Cp i AP Pa Pr 1.w 1.0
2 3 3

No. (hi WIllI IC IC IC (a/s) (kg/II (kg/III J/Kg'K Kg/s (Pal (WI (WI (%) (%)

- - - - - - - -

I 13.30 %0 33 47 60 2.33 1.15391.1035 1005 0.1262 2.%7 1.499 0.1713 0.0191 0.0043

- - - - - - - -

2 13.45 900 33 45 53 2.06 1.1539 1.1105 1005 0.1123 2.555 1.406 0.1191 0.0191 0.0043

- - - - - - - -

3 14.00960 35 48 62 2.17 1.14651.1000 1005 0.1172 2.737 1.490 0.1379 0.0190 0.0043

r-- - - - - - -

4 14.15 1000 37 50 66 2.45 1.1391 1.0<J?-A1005 0.1314 2.713 1.541 0.1973 0.0190 0.0043

- - - - - - -

5 14.30 BOO 36 48 57 1.80 1.1430 1.1000 1005 0.0972 2.531 1.361 0.0787 0.0190 0.0043



APPEND IX V

Test results of 16-1t-93

.

I - Insolation
Ta- Ambient temperature
Till- Maximumtemperature
Ts - Surface temperature
y - Measured velocitv

fa - Density of air at ambient temperature
t. - Density of air at maximumtemperature
Cp- Specific heat of air
. - Mass flow rate

AP - Pressure di fference between top and bottom of chimney
Pa - ~xpected average output of SCPP
Pr - Rotor power

~w - Efficienty with which thermal power is converted to windpower
"10 - Overall efficiency

51. Time I Ta TII Ts v fa f. Cp 1\ AP Pa Pr "'1w 10
2 3 3

No. (h) WIlli 'c 'c 'c (m/s) (kg/ill (kg/ill J/KgtK Kg/s (Pa) (W) (W) 00 (%)

- - - - - - -

1 10.30 570 33 iW 45 1.66 1.154 1.128 1005 0.0919 1.530 0.890 0.063 0.019 0.0043
- - - - - - -

2 11.00 700 34 42 49 1.70 1.150 1.121 1005 0.0935 1.707 1.0897 0.068 0.019 0.0043
- - - - - - -

3 11.30 860 35 47 56 1.80 1.147 1.104 1005 0.0975 2.531 1.3340 0.079 0.019 0.0043
- - - - - - -

4 12.001010 3b 49 58 2.39 1.143 1.097 1005 0.1287 2.707 1.562 0.184 0.019 0.0043
I-- - - - - - -

5 12.30 720 35 48 56 1.72 1.147 1.100 1005 0.0929 2.766 1.117 0.069 0.019 0.0043
f-- - - - - - -

6 13.00 630 34 47 56 1.70 1.150 1.104 1005 0.0921 2.707 0.981 0.067 0.019 0.0043
- - - - - - -

7 13.30460 33 45 55 2.03 1.154 1.111 10050.11072.531 0.718 0.114 0.019 0.0043
- - - - - - -

'8 ;14.00 440 33 44 55 1.62 1.154 1.114 1005 0.8t'E 2.354 0.687 0.058 0.021 0.0043
I- - - - - - - -

9 14.30400 32 41 54 1.58 1.158 1.123 10050.08712.060 0.627 0.0""A 0.020 0.0044
- - - - - - - -

10 15.00300 32 41 53 1.50 1.158 1.123 10050.08272.060 0.470 0.046 0.020 0.0044



~IX VI

Test results of 31-1&-93

I - Insolation
Ta - Ambient temperature
TIA- MaxilUl temperature
rs - Surface temperature
v - !'leisured velocity

1.1 - Density of air at ambient temperature
1JJ - Density of air at IllaXiRlURItemperature
Cp - Specific heat of air
i - Hass flow rate

AP - Pressure difference between top and bottoe of chimney
Pa - Expected average output of SCPP

Pr - Rotor power

1w - Efficiency with whichtheria I poweris converted to windpower
10 - Overall efficiency

Sl. Time I Ta Ta Ts. v fa fll Cp .11 AP Pa Pr 7lw '10
2 3 3

No. (h) WI. IC IC IC (II/S) (kg/II (kg/. J/Kg'K Kg/s (Pal (W) (W) m m
"-- - - - - - -

1 10.30940 33 43 49 1.% 1.154 1.118 1005 0.108 2.119 1.468 0.1103 0.0190 0.0043
- - - - - -

2 11.001010 33 45 52 2.02 1.154 1.111 1005 0.110 2.531 1.577 0.112 0.0190 10.0043
- - - - - - -

3 11.30 1020 33 46 52 2.1 1.154 1.107 1005 0.114 2.766 1.593 10.126 10.0191 10.0043
- - - - - - -

4 12.00 1080 35 48 61 2.34 1.147 1.100 1005 0.126 2.766 1.676 0.173 0.0192 0.0043
- - - - - - -

5 12.30 1060 34 46 57 2.31 1.150 1.107 1005 0.126 2.531 1.650 0.167 0.0190 10.0043
- - - - - - -

6 13.00 %0 33 46 56 2.24 1.154 1.107 1005 0.122 2.766 1.499 0.153 0.0191 0.0043
- - - - - - - -

7 13.30 900 33 45 55 2.23 1.154 1.111 1005 0.122 2.531 1.406 0.151 10.10190 0.0043
- - - - - - -

8 14.00 900 33 47 56 2.28 1.154 1.104 1005 0.124 2.943 1.406 0.161 0.0190 0.0043
--- - - - - - -

9 14.30 860 33 45 55 2.20 1.154 1.111 1005 0.120 2.531 1.343 0.145 0.0190 0.0043
- - - - - - - -I

10 15.00 800 33 44 55 2.15 1.154 1.114 1005 0.118 2.354 1.249 0.136 0.0191 0.0043



~IX VII

Test results of M-l1-93

I - Insolation
Ta - Ambienttemperature
T. - Haximuatemperature
Ts - Surface te.perature
v - Measuredvelocity

Ja - Density of air at aabient temperature
J. - Density of air at laximulltemperature
Cp - Specific heat of air
i-Mass flow rate

Ap - Pressure difference betweentop and bottom of chieney
Pa- Expectedaverage output of SCPP
Pr - Rotor power

'lw - Efficiency with whichtheria I pONeris converted to windpower
~ - Overall efficiency

51. Tile I Ta TII Ts v fa 1. Cp II AP Pa Pr '1" 10

2 3 'J"

No. (h) WI. IC 'C 'C (II/S) (kg/III (kg/III J/Kg'K Kg/s (Pa) (W) (W) m m
- - - - - - -
1 10.30680 32 38 48 1.44 1.158 1.135 1005 0.0802 1.354 1.0b5 0.0411>0.0198 0.0044

- - - - - - -
2 11.00 200 32 34 44 1.30 1.158 1.150 1005 0.0733 0.479 0.313 0.0310 0.0207 0.0043

- - - - - - -
3 11.30 b00 32 3b 47 1.43 1.158 1.143 1005 0.0802 0.883 0.940 0.0410 0.0192 0.0044

- - - - - - - -
4 12.00900 32 3'3 51 2.01 1.154 1.132 1005 0.1117 1.295 1.401> 0.1128 0.0190 0.0043

-- - - - - - - I -
5 12.30 900 33 44 55 2.12 1.150 1.114 1005 0.1159 2.119 1.401 0.1303 0.0190 0.0043

- - - - - - - -
I> 13.00 800 34 45 55 2.10 1.150 1.111 1005 0.1145 2.296 1.245 0.121>3 0.0205 0.0043

- - - - - - -
7 13.30 800 34 47 56 2.05 1.150 1.104 1005 0.1110 2.707 1.245 0.1167 0.0190 0.0043

- - - - - - -
8 14.00 760 34 47 56 2.27 1.150 1.104 1005 0.1230 2.707 1.1B3 0.1585 0.0190 0.0043- - - - - - - -
9 14.30 400 33 43 5.'5 1.88 1.154 1.118 1005 0.1032 2.119 0.625 0.0912 0.0190 0.0043

- - - - - - -
10 15.00 200 33 41 54 2.01 1.154 1.123 1005 0.1108 1.825 0.312 0.1119 0.0202 0.0043



I'imlJIX VIII

Test results of 05-11-93

I - Insolation
Ta- rdWient temperature

Tm -Maximumtemperature

Ts - Surface t~erature
v - Measured velocity

fa - Density of air at ambient temperature
! 1ft - Density of air at IllaxilllUlltempErature
Cp - Specific heat of air
m - Mass flow rate

Ar - Pressure di fference between top and bottom of chimney
Pa - Expected average output of SCPP
Pr - Rotor power
1101 - Efficiency with whichthermal poweris converted to ",ind power
"to - Overall efficiency

51. Time I Ta TII Ts v fa fm Cp Ii AP Pa Pr 1.", '10
2 3 3

No. (h) WIll 'C .C 'C (m/s) (kg/. (kg/II J/K.g.KKg/s (Pa) I (WI
(WI m (%)

- - - - - - - 1-- - -- --
I 12.00 940 34 43 57 2.21 1.150 1.118 1005 0.121 1.883 1.463 0.1481 0.0186 0.0043
--. - - - - - -
2 12.30 940 34 44 61 2.06 1.150 1.114 1005 0.113 2.119 1.463 0.1195 0.0188 0.0043
- - -- --, - - - -
3 13.00900 34 43 58 2.06 1.150 1.118 10050.113 1.883 1.401. 0.11990.01860.0043
- - - - - - - -
4 13.30820 34 42 54 2.22 1.150 1.121 10050.122 1.707 1.276 0.15050.01900.0043
- - -- - - - -
5 14.00 800 34 43 56 2.23 1.150 1.118 1005 0.122 1.883 1.245 0.1521 0.0186 0.0043
- - - - - - -
6 14.30 600 33 45 56 2.12 1.154 1.111 1005 0.116 2.531 0.937 0.1299 0.0188 0.0043
- -- - - - - -
7 15.09530 33 43 55 1.91 1.154 1.118 10050.105 2.119 0.828 0.09'"J>0.01890.0043
-- - - -- - - -
8 15.30420 33 42 53 2.10 1.154 1.121 10050.116 1.942 0.656 0.12740.01920.0043
- - - - - - - - -,.-
'3 16.00600 33 43 55 1.98 1.154 1.11S10050.109 2.119 0.937 0.10650.01890.0043
- - - - - - - --
10 16.30 540 32 41 51 1.74 1.158 1.125 10050.0% 1.942 0.843 0.0727 0.0192 0.%43

1--'- - - - - -
11 17.00 400 32 39 47 1.80 1.158 1.132 1005 0.100 1.530

0.627l0.0810 0.01<)'53._,

I-- - - -,,> - - -
12 17.30 100 30 31 42 1.69 1.1E.5 1.162 1005 0.0% 0.177

:.158 .06880.01580.
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ABSTRACT

The energy crisis that has gripped the world after

the 197 C 1.? .:-las led to the development of va ri ous technologies,

utilising renewable sources for povJer production. An

ec:1Homi cally viable technology for solar elect ri c energy

c~ ver:;ion is yet to be developed. In this context, the novel

r."C,H>=ptof solar chimney power plant, consisting of blackened

.c:-th ~.urf ace covered with transparent canopy, a centrally

situated chimney and a wind turbine fixed insidt:. the chimney

has significant relevance. A study was conducted in

K.C A.E.T., Tavanur, to test the feasibility of this concept.

A microscale prototype solar chimney plant was set up as part

of this 5tudy. The tests conducted in the plant proved b eyo nd

doubt the feasibility of the concept of solar chimneys.

Maximum air velocity of 2.47 mls was attained 3t the inlet to

the
.

chimney. The temperature of the black collector surface

reached a maximum of 66°C when the insolation was quite high.

The results pointed out the fact that large 8o1ar power pla~ts

can produce electric power which could be supplied to the

power supply grid of the region.
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