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ABSTRACT

This investigation was carried out to compare performahces between two Collector
cum-storage Type Solar Water Heaters one having flat absorber plate (Csw~) ..aJ1[1
the other havmg corrugaterl absorber plate (CSWHCI. Both the collectors ~4
litres ~ capacity. 1.25 m2 of collector projected surface area and 9.2 cm .in average
depth ~1eostudied at Dhaka during months of November, 1994 to March. HJ95. In
one hour starting at 8 AM to 6 PM, the Collector-cum-Storage Flat Plate Type Solar
Water Heater (CSWHF) can heat 114 litres of water to a temperature of 32°C
absorbing 0.212 1<W/m2in November, 25°C absorbing 0.106 1<W/m2in December, 25°C
absorbing 0.212 1<W/m2in January, 32°C absorbing 0.318 kW/m2 in Febnlary and to
41°C absorbing 0.371 kW/m2 in March.

The Collector-cum-Storage Corrugated Type Solar Water Heater (CSWHC) can heat
114 litres of water to a temperature of 32.5°C absorbing 0.318 kW/m2 in November.
25°C absorbing 0.212 kW/m2 in December. 27°C absorhing 0.318 kW/m2 in .January,
33°C absorbing 0.424 kW/m2 in February, am! to 42°C absorbing 0.477kW/m2 in
March.

From February to March the energy is increased by .17 percent Imt the water
temperature is increflsec! by 28 percent in Flat Plate collector. From February to
March the energy is increased by 13 percent but the water temperatme is increased
by 27 percent in corrugated plate collector.

The monthly average heat energy absorbed by CSWHF is 0.204 I\W/m2 with 51
percent efficiency in November. 0.144 kW/m2 with 50 percent efficiency in Decembel',
0.2038 kW/m2 with 53 percent effieJency in January 0.:178 kW/mZ with 46 percent
efficiency in Febnlary, 0.208 kW/m2 with 54 percent efficient in MarcIl.

The monthly average heat energy absorbed by CSWHC is 0.302 J\w/m2 wit11 89
percent efficiency in November, 0.201 kW/mZwith 70 percent efficiency in December,
0.312 kW/m2 with 95 percent efficient in .January 0.305 kW/mZ with 72 percent
efficiency in February and 0.2991 kW/m2 witl1 78 percent effici;nCy in March.

The efficiency of CSWHCis more than that of CSWHF, by 45 percent in November,
40 percent in December, 50 percent in January. 56 percent in February and 44
petcent ih Marcl1.
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NOMENCLATURE

A Projected Area

Symbols Defini bans

Cp Coefficient of Specific Heat of Water

I Solar Insolation

k.T/J\g.k

I\W/m!

M Mass

N Day Length of Bright Sun Shine hr

Q Rate of Heat Energy W

T Temperature .C

IiT Change of Temperature .C

X Solar Insolation

Y Heat Energy Langley Imin

T\ Effiei ency %

.CTWr Mean Temperature of Water for Flat Plate

Twc Mea.n Temperature of Water for Corrugated Plate

TWr-TWj Temperature Difference Between Water Mean and
Initial for Flat Plate K

%

%

q. Heat Energy Absorbed

qwf Heat Energy Absorbed by Flat Plate

qwc . Heat Energy Absorbed by .CoITugated Plate

Effrr Efficiency Flat Plate

Effl:jl Efficiency Corrugated Plate

Twc-TWj Temperature Difference Between Water Mean and
Initi al for Corrugated PIate K

W/m!

W/m!

Wlm!
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SUBSCRIPTION

Wi Initial Wat.er Temperat.ure

W Wat.er

P Pressure

m Maximum

ac Accumulat.ed Value

av Average Vnlue
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C.HAPTER :t
INTRODUCTION

1.1 GENERAL

Solar energy will' be existing as long the earth exists. There can not be any loss
using solar energy. This is a renewable energy and one should look into the use
of solar energy. Throughout the history of human race, major advances in the
civilization have accompanied by an increased consumption of energy. Today energy
consumption appears to be directly related to the poplil ace and the degree of

industrialization of the country.

Energy is an indispensable input to develop activities leading to increase in the
gross national product and ultimately for quality of life. Explicitly, status of

energy consumption is an indicator of the socioeconomic pattern of' a c01mtry. The
availability of the SOllrces of energy seems preconditions to sustain development
process, skills and techniques for utilizing the energy are also equally important
to attain sustainable development (Marsh 1994). For instance, the oil rich Arab

countries were not technologically developed even in the mid twentieth country;

now the life style there, has been improved with the sale proceeds of fossil fllels.

Some European countries had however successfully innova.ted techniques matching

the potential sources available to .them; generation of hydro-electric power plant

with water from the mountains or even electricity out of wind mills in the coast
of the North Sea might be worth mentioning. Apparently both availability of energy

and matching .technology are in.ter linked for sustainable' deve]opmen.t and qunli.ty

of life.

The ra.te of exploitation of any non-renewable sources. of energy increases wi.th

time, reaches a maximum, ancl .then ultimately reduces to zero. According to various

estimates, world's production of fossil fuels and other exhaustible energy bases will

last only for a LimIted time. For example, in Bangladesh oil wiJI last for another

32 years, ancl gas 58 years (Hamid 1994>' From environmen.tal point, todny's use

of conventional exhaustible energy sources is leacling the' worlcl to its uHimate

destruc.tion. Hence it is a matter of concern, no.t only for better living standard but
also for very survival of .the worlcl. .to clevice, develop, and clip]oy aU possible
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t.echniques t.o ext.ract. energy from renewable energy sources. It is essentjal t.o
develop met.hods of diversificat.ion of energy sources, reduct.ion of energy
consumption and increasing t.he efficiency in the utilization of energy ot.herwise,

there will he world wide economic and political chaos.

Fortunately. t.he sun is an everlasting source of renewahle energy. It is emitting
energy at t.he rat.e of about. 3.8 x 1023 kW of which only a t.iny fract.ion of .1.73 x

1014 kW is int.ercept.ed by the Earth. Ignoring all areas of seas. t.he amount. of solar.
energy received by the rest. of the land area of the earth is 2.0275 x 1013 kW (or

.162.2 x 1012 kWh/day. assuming eight hours of sunshine a day, or approximately 60

x .1oJ~ kWh year) lRai 1984 J.

Solar energy is clean and safe with no significant polluting effects. It exists in
abundance all over t.he world. To utilise this energy for pract.ical purposes it is
essential to know how much of the energy is available and how much' of this

availahle energy can be collected and stored for use. Hence both theoretical and

experiment.al data of solar radiation intensities at various locat.ions of concern

must. be known.

The sources of inf1ormat.ion on solar energy are wide spread. But. for Bangladesh

year round pract.ical dat.a on sol ar radiat.ion int.ercept.ed and convert.ed into useful
energy by various means are not 'available yet.. Under this circumstances. it is

necessary t.o record relevant. dat.a on solar radiation for scient.ists, engineers and

for t.hose who, are int.erest.ed in solar energy research and development. work t.o

enhance further st.udies.

Wit.h rising fuel prices and increasing development. of solar co]]ect.ors. solar water
heat.ers operat.ing at. temperat.ure below 90.C may convenient.ly be served hy flat.

plat.e colI ectors.

1.2 SOLAR ENERGYCOLLECTIONS

The cont.inuous radiat.ion of t.he sun int.ercept.ed hy t.he Eart.h is caLled solar

energy. According to solar energy panel of NSF/NASA, t.here are two collect.ion

systems of solar energy. These are:
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i. Natural Collections of Solar Energy such ~s Wind, Waves etc. and

ii. Technological Collections of Solar Energy such as Photovoltaic, Thermal

Conversions etc.

1.3 MAN AND ORIGIN OF ENERGY

There are three important problems of the world now-a-days, they are (i) shortage
of energy (ii) depletion of the fuel sources and (jii) increasing poll1ltion. People of
the world, with their increasing demand of energy for their better standard of

living, need energy source which should overcome the ab6ve problems. Fossil f1lels
are finite in quantity and have adverse effect on environment, causing air

pollution. Producing hydrogen for storing and transmitting solar energy seems the
proper solution to these difficulties. Hydrogen can be used as a fuel, can be used
to produce electricity, can be transmitted over long distances econom.ically, and is

a clean form of secondary energy.

Strictly spealling, all forms of energy on the earth are derived from the sun.
"

However, the more conventional forms of energy, the fossil fuels received their

solar energy input E!0ns ago and possess the energy in a greatly concentrated form.

These highly c.oncentrated solar energy sources are being used at such a rapid rate
that they will be depleted in not too distant future.

There are four primary sources of conventional energy viz., petroleum, nat.ural gas

and natural-gas-liquids, coal and wood. Excepting wood, all these common sources

have finite supplies, The life-t.ime is estimated to range from 15 years for a
natural gas to nearly 300 years for coal. Therefore, as these non-renewable sourses

are consumed, the mankind must turn its attention to longer-term, permanent. type

of energy sources. The two most sil>'llificant such sources are nuclear and solar
, .

energy.

Nuclear energy requires advanced technology and costly means for its safe and

reliahle utilization and may have undeE;irable side effects. Solar energy on t.he

other hand, shows promise of becoming a dependable energy source without new
requirements of a highly technical and specialised 'nature for its wide spread

utilization. In addition, there appears to he no significant poJl11ting effects from
its 11se.



Modern scientific research in the utilization of solar energy commenced in lR55
when G. Guntur, an Austrian, invented a solar hoiler using mirrors. In 1876 an

American inventor, .fohn Ericssion who invented several types of hot air engines

prior to this clate, visualizeo that at some time in the near future, a chain of solar
power stations across North Africa, the Middle East India, Australia and Central
America would be set up. In the later half of the last century and during the first
half of this century, progress in the field of energy research was fairly slow. This

was mainly oue to availability of cheap fossil fuels.

The Waning solar energy research was revived in 1940 when Godfray cobot left a
large sum of money for research projects at the Massacl11lssetts Institute of

Technology. During the recent energy panic research in the utilization of solar
energy has gathered consioerable momentum, especiaUy in inoustrialized countries
such as USA, CIS (Former USSR)France, Australia and Canada. The near futme wj]]

certainly show some major break through in solar energy technology.

AU countries in the world receive some solar energy. This amount varies from a
few hundred hours per year as in the northern countries and the lower part of

South America, to four thousandj hours per year as in the case in most of the
Arabian Peninsula and the Sahara Desert. In estimating the amount of solar energy
falling on the eart.h, let us consider first of aU the nat.ural deserts of the world.
This area is'about 20 x 106 kml with average solar insolation of 583.30 w/ml/day.
Anot.her 30 x 106 kml receive about 291.65 w/ml/day. Let us ignore aU the areas

of sea and the rest of the land. Therefore, the amount of solar energy received by

this 50 x 106 kml is 162.2 x loll kWh/day assuming eight hours of sunsine, or

approximately 60 x 1015 kWh/year. Using 5%, this energy will result. in 300 x :1013

.Kwh and comparing this with the estimated world energy demand in the year 2000
(50 x 10l! KWh/year), it can be seen that it is 60 times what the world wj]j require

t.hen. Solar energy, which is the ultimate source of most forms of energy used now.
is clean, safe and exists in viable quantities in many countries. The drawbacl,s in
using solar radiation' as energy. as have heen point.ed out, are t.hat .it cannot be

stored and it is a low grade energy. This is however, an outdated argument since

the energy can be stored by producing hydrogen, or by storing in other mechanical

or electrical storage devices, the energy can be concentrated in solar furnaces for

example, which can achieve temperatures in the region of 5000.C,

4



1.4 SOLAR THERMAL COLLECTORS

Depending on t.he met.hods of collect.or t.echnology, all solar collect.ors can be

classified into t.hree classes, namely,

i. Flat plat.e collect.ors
ii. Concent.rat.ing or focusing collect.ors and
iii,' Int.ermittently t.urned concent.rat.ing collect.ors,

1.4.1 Flat. Plat.e Collectors

Flat. plat.e collect.ors operate without. concent.rat.ion. It. is simple, t.eclmicaJly feasible
am) economically viable for obt.aining t.emperat.ure helow lDD.C, The basic

t.echnology involved is t.o place a dark surface in sunshine to absorb sol ar energy

t.o.heat up t.he plat.e and t.o t.ransfer t.his energy int.o fluid in cont.act. wit.h it. To
reduce t.he reflect.ed and convected heat. loss from t.he absorber pI at.e, to t.he
atmosphere, one or t.wo sheet.s of glass or polyt.hene are placed over the ahosrber.

This t.ype of collect.ors may furt.her be subdivided int.o t.hree classes. These are

i. The plain sheet collect.ors,
Ii. The plain' sheet. and t.ube collect.ors,

a. Tubes bonded above absorber plat.e collect.ors

b, Tubes in-line wit.h absorber plat.e collect.ors

iii. The corrugated sheet collectors.

The storage t.anl, may be combined with t.he collect.or in a single unit.
Alternatively, t.he st.orage tank and t.he coJlector may be built. separately as t.wo

different. tinit.s.

I.n the plain sheet and tube collectors, if the tube and sheet are not welded
toget.her or poorly welded, t.he t.hermal resist.ance bet.ween t.he tl1be and tlw sheet.
would increase leading to poor performance. lWhiller 19641. In the plain sJleet and

corrugat.ed sheet. collectors, absorbed solar energy is t.ransfered as .fluid sensible

heat t.hrough direct. cont.act and hence, from the view point of beat t.ransfer, t.he

advantage is evident..

5
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A typical liquid heating flat-plate collector in its simplest form comprises the

following five components.
i. Collector plate ano st.orage tank

ii. Surface covering

iii. Flilid

iv. Insulat.ion and

v. Casing

These collectors have heen extensively studied by Garg et. a!. [1973. 68. 72. 671.

Gupta 119671. Desa 119641. Morse 119611. Bliss [19591. and Hottel et.. al. 119421.

Domestic solar water heater using natural circulation is gaining 'popularity in

different countries like Australia IMorse. 19701. Israel [Yellet. et. a!. 19641. and USA
[Hawkin. 1947J. Large size solar water heaters. designed for community. have heen

oeveloped by Garg 11973J and Morse 119701.

The materials us eo for collectors in decreasing order of cost and thermal

conductivity are copper. aluminium and steeL Willier et. a!. 119641 have found t.hat

steel pipes are as good as copper pipes. If the temperature difference between the
collector and the ambient air exceeds 6.5°C. one layer of glass cover is justifieo.

Two layers of glass covers are requested when it exceeds 30°C and t.hree layers if

it. temperature exceeds 75°C [Eggers et. a!. 1979 I.

Glass wool is most widely used in collectors as insulation materials because of its

]aw thermal conductivity and moderate cost. Plastic foam may be used and can add

to structural st.rength when moulded int.egrally between. the collect.or and th.e

collector case lEggers et. a!. 19791.

Glass fibre reinforced plastics are used as cases instead of steel sheet.s, because
they are strong. lighter. water proof. weather resistent. and do not corrode [Eggers

et. a!. 19791.

Prior to 1955. black paint was the coating that was usually employed for solar

collectors. It is possible to produce highly efficient bIacl, coatings for solar

collect.ors by electrolytic and chemical treatments like Nickel-blaeI, and copper

oxide [Eggers et. a1.. 19791.
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These coatings possess high values of solar radiation ahsorptance and low value

at longwave emmitance.

Built-in-Storage type' solar water heater, proposed hy Tanishita 11961I. is

considered to he an improvement over conventional collectors hecause of its

reduced overall size, cost, loss of heat, etc. It is given in detail in chapter-2.

An experimental study of corrugated steel sheet solar water heater was proposed

by' WANGSHING-An. He concluded that the flat plate solar collectors are simple

solar utilization equipments which transfer solar radiant energy to the flu.id. They
have the advantages of using direct and diffuse solar radiations, not requiring

orientation toward the sun, and requiring little maintenance.

They are mechanically simpler than the concentrating collectors and of low cost.
Therefore, wide application of the flat plate solar collectors is found in solar water

heating system, and their potential uses. including building heating, air

conditioning and power production are under study.

In the design. and use of the solar collector, it is very important to determine the

thermal performance. In this field. a number of investigators have made a lot of
contributions towards the analysis of the therinal performance [H.C. Hottel and B.B.
Wortz (1942), B.B. Hetyxob (1957) and Wiley (1974)1 Whiller 1111651.Simon 119761 and

others have also presented some indoor test procedures. In recent years, the

ASHRAE'S approach to the solar collector test standard was presented IJ.J. Yellott-

19761 and the test procedme proposed by Shanghai Mechanical Engineering lnstitute

was also presented in by China Wang-Shing-An (978).

Wang-shing-An (978) proposed in his paper. a study of heat halance and heat

transfer process in corrugated steel sheet solar water heater ahd a simplified
testing procedme for determining the collector efficiency equations was presented.

In the tube and sheet collector, solar ehergy is absorhed mainly by the sheet. It

the tuhe and sheet are welded together, the thermal resistance between tube and

sheet would be increased, and the performance would sharply decline as proved by

Whiller 119651.

7
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In the corrugated sheet collector, the corrugated black sol ar energy absorbing
surface transfers the absorbed energy to a fluid by direct contact. Therefore from

the view point of heat transfer the advantage is evident.

1.4.2 Concentrating or Focussing Collector

This type of c.ollector is designed to produce very high energy density and high
temperature at the receiver (f(bsorber) by means of accurate focusing devices and
continuous tracking of the sun's motion. In fact it. is a special type of flat plate

co1Jector modified by introducing a reflector or refracting surface between sol ar

radiation and the absorber which increases the energy density by a factor of 1.5
to 10000 or over. The absorber may be convex, flat or concave and may be

convered or unconvered. French solar furnace at OdeilJo, Tromble (1973), has

achieved temperature over 3000.C. The operating and collector cost has restricted

the. utility of concentrating collectors. However. new materials and better

engineering technology may make them of practical importance.

1.4.3. Tracking Type Concentrating Collectors

Between the above two extreme groups, with energy density increasing by a factor
of 1.5 to la, is the third group, called intermittently turned concentrating

collectors. They are either fixed or occasionally turning to track the sun and have

no sharp focussing devices.

1.5 PROSPECT OF HARNESSINGSOLAR THERMALENERGYIN BANGIJADESH

Bangladesh with an area of .150000 km2 and a population of about 120 million
people is one of the most populous countries in the world. But its position is the

lowest interms of commercial fuel use.

Industrialization and mechanization of agriculture with increasing demand of
electricity would continuously aggravate the energy scene creating seriOlls problem

in the energy sector and the future economic development of the nation. with the

rise of demand of energy, the research and development related with new energy

sources are primary requirement. Bangladesh is more vulnerable than a.ny other
country. Hence it is vital to explore alternative energy sources liI\e solar energy,

8



Statistical review of world energy (Rapp 1991) estimated that only 19 percent of

the world energy is consumed by the developing countries and rest by the
developed world. Obviously. the consumption of energy in Bangladesh is very low.
Wofld BanI, predicted in 1991 that energy consumption per capita U\ilogram of oil

equivalent) in Bangladesh stood at 57. India's was 337, Pakistan's 243 and Sri

Lanka's 177 (Shahjahan 19931. This indicated the weak socioeconomic structure of
Bangladesh. Strengthening of such structure may require the utilization of available

energy resources in the country.

In Bangladesh about two million tons of crude oil and petroleum products are

imported in each year and it accounts for around 9 percent of the tot.al imports

and.15 percent of the export earnings. Diesel. is widely used in the IC engines in

rural Bangladesh for the irrigation pumps. Diesel is also burnt in the engines used
for rice husking machines. power tillers and country boats. Abdve all. most of the
river crafts (Launches) and road transports require huge amount of diesel.
Incidentally most of the diesel engines used for these applications are smaller in
capacity «100 kW) but are very important in national development. activities.

The conventional energies are getting exhausted alarmingly and the world is to
face a massive fuel crisis in the near future. The current projected demand in

energy supply may not. be sufficient to support the desired level of economic
growth needed by the developing countries as well as for large consumpt.ion of

energy by the industrial world in the years ahead. This becomes evident in Niebaus
and Willians' illustration (Wohlmeyer 1987) that fossil fuels are to get. declined

rapidly and the excessive dependency on non-fossil energy sources are to occur.
Rapid decline of fossil fuels is to cause it price to rise; as a consequence

sustain ability of energy technology is to experience a great shock. Most of the

third world countries including Bangladesh may not have their purchasing power for

importing these fuels. Sudden increase in oil price in the 1970's resulted in a
perceptible fall in economic growth inindustrial Countries (Wohlmeyer 1987). At the

same time development of the oil importing countries of the third world came t.o an

abrupt halt resulting virtually in the stagnation of the economic growth. Apart. from

economic stress, use of diesel pollutes the environment by emitting carbon dioxi(le,

carbon mono-oxide, etc. which help producing green house effect, acid rains and

so forth; thus diesel substitution is further emphasized.
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Bangladesh, located between 24° 26' and 26° 20' latitude and 80°01' amI 92°24'
longitude, is endowed with an abundance of sunshine during most of the year and
blessed with sufficient amount of indigenous non-deplectable resources of solar

energy. The average incident rate of solar energy in Bangladesh was about 3000

times .its consumption rate lHossain, 19801.

The mean monthly average daily t.otal solar radiation in Dhaka is 0.376 kW/m2 and

in Bangladesh 0.365 kw/m2• The maximum and monthly average daily radiation in
Ba,ngladesh are found to be 0.373 kw/m1 and 0.292 kW/m1during months of Apri] in

Dhaka and January in ,Tessore respectively lHelali. 19851.

The yearly total diffused radiat.ion in Dhaka is considerable. It is about 72 percent

of t.he total radiation IHelali. 1985 I. This aspect shouId be taken into consideration
at the time of focusing co.11ect.ors. It. is obvious that. the known resources of fossil
fueIs in the world are depIeting very fast. and by t.he t.urn of t.he cont.ury, man will

have t.o increasingly depend upon renewable resources of energy. Apart from its
free availablity in nature of such forms of energy, t.hey are also pollution free and

can be used in a decentralised manner, reducing the cost of transmission and
distribution of power.

Sun is a primary sources of energy, and all forms of energy on< the earth are

derived from it.

The solar energy can be harnessed either by deriving energy directly or from

sunlight or by indirect methods. The solar energy can be harnessed directIy by:

L Solar thermal technology, Le. harnessing of solar heat into usefuI energy

using collect.ors.

10
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ii. Photovoltaic energy conversion technology. This is the most useful way of
harnessing solar energy by directly converting it. into electricity by means
of solar photovoltaic cells. When sunshine is incident Oll solar ceUs, they

generate D.c.electr~ity without the involvement of any mechanical
generators. the electrical energy output from solar P.V. cells (lepends upon

the intensity of sunlight incident on it, its conversion efficiency and
temperature of operation. It is a highly versatile approach, since the

generated electrical power can be used conversantly for various diverse

purposes at the site of use.

iii. Solar hydrogen gas production technology. It. is stilJ at an emhryonic stage.

The indirect method is in the form of wind. Biomass and hio-gas and through

tides.
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CHAPTER 2

LITERA TURE SURVEY

2.1 REVIEW o.F SOLAR TH!'~RMALENERGY

Not much is known about the first practical application of solar energy. However.
in prehistoric times. in lraq. polished golden' vessels were used to ignite fire by

means of the slm. Around 1455 B.C.. in Egypt. 'Sounding Status' were found. t.he
sound being caused by escaping air which had been heated by t.he rising sun
faJJing on them. ln china. the Han-dynasty (202 B.C) used concave mirrors t.o light

torches for sacrifices:

Modern application of solar energy started probably in 1855. A.D.C. Gunt.nr. an
Australian. invented a solar boner using mirrors'. The first major solar energy

instaHation is probably the water distilJation plant in Chili, built in 1872. covering
at area of 4800 m! producing 2300 litres of distilled water a day. Shuman et. aJ..

in 1912-13. built. the world's largest solar water pump of 37 to 40 kW to pump

water from t.he Nile for irrigation. In Oct.ober 1973. the Arab members of OPEC
temporarily stopped t.he export of oil which led to severe energy panic anel

subsequent. realization of the importance of research and development. of alternative

energy SOllrces without delay.

Indllstrialized countries, such as CIS (Former USSR).. lapan. France,' Germany and

Canada are very advanced in solar energy t.echnology and offer higher level
teaching at their llniversities. 'Allstralia and Isreal have contribllted notabIy t.o

solar science and technology with thousands of apartments enjoying solar water
heaters. Brace Research Institlltion in Canada has done ext.ensive research works

covering almost aH fields of solar energy.

Although. solar energy has been successfllHy ut.ilized on space crafts. heat.ing or

cooling of buildings, solar water heaters. driers. cookers. pumps. refJ;jgerators.

furnaces. amI photovoltaic conversions. the current developments in solar energy ,

represents a mile' stone on the way to large-scale uBeof this inexhil11stable source

of energy in the future.

12



2.2 COLLECTOR-CUM-STORAGE TYPE SOLAR WATER HEATERS HAVING FLAT

ABSORBERPLATE (CSWHF)

The Built-in-storage type solar water heater is the one in which the collector and

storage tank are combined in one unit where water is heated and stored. The

advantages of a built-in-storage type of. solar water heater are absence of
intricate mechanism to follow the sun and the ability to absorb both beam and

diffuse components of solar radiation.

A comparative evaluation of the performances of three built-in-storage type water

heaters of equal volume was carried out by Ecevit et. aJ. l19901. They found that

the triangular heater without baffle plate was most efficient (46 percent). The
rectangular and the triangular one with baffle plate heaters were 43 percent and
40 percent efficient, respectively. EceviL et:; :aJ. [19891 studied three bllilt-in-

. '1., -,.,:'"t!,.:,' .

storage type solar water heaters with different volumes and found that the rate
.' .f, ... ,,', ;:'.1"' ,

of heating rises as the heater tube diameter decreases, producing enhanced natural

convection and thus resulting in bette~'p~~f~~iD~nce during heating period. Vaxman
. , :. ..' -11;,-:-

et. aJ. 119851 found the maximum bulk, efficiency of triangular heater with baffle
1.1 ,..•. ,,:..

plate to be 53 percent from 9 to 11'AMand 15 percent at the end of 24 hours
cycle due to no radiation. Sokolov et.:.:R1.11~ibl also showed that the perfOl'mance

. ': .';" '. ,.,' .-~:' .

of the rectangular and triangular ,one':With: baffle plates was same. Garg 119751

carried out year round performance test on rectangular heater of capacity 90 litres
and showed that it can supply 90 litres of water at a mean temperature of 50 to
6boc in winter and 60 to 75°C in summer. Chinnappa et. al.I19731 studied

pressurized built-in-storage type heater and found that 30-50 gal of water could

be supplied a day at 120°F (48.89°C) and the efficiency was 46 percent, The,
pioneer works on this type of heater were done by many researchers like Chauhan

119761. Tanishita 11970], Close et. aJ. 11967J. Richards et. aJ. 119671 and Tanishita
[19641. Hamid 119931 developed a Built~in-Storage Type Solar Water Heater (BSWHl,

115 litres in capacity 1.25 ml of coll~ctor ~urface area, and 92 mm in depth and
studied. at Dhaka. during the months of J~~{lary, February and March 1992 .

.'I ~
i'l
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2.3 COLLECTOR-CUM-STORAGETYPE SOLARWATERHEATERSHAVINGCORRUGATED

ABSORBERPLATE (CSWHC)

In this type colJector-cum-storage-type solar water heater corrugated absorber

plate is used instead of flat plate. A sandwich type collector construction has been
descrihed by Khanna (1982). It consists of blacl,ened corrugated G.!. Sheet with a

plain GI sheet to form para]lel water channel running the entire length of the
corrugated sheet. The sheets were held together at many points hy riveterl joints.

The edges were .Tointed hy welding.

Another solar water heater combining collection and storage was tested in Srilanka

. by Chinnappa and Gnanalingam <1973>. The heater consists of a coil of square cross
section pipe painted black to absorb solar energy (equivalent dia. 7.5 cm), 13.5 m
in length fixed in a wooden box with two glass covers and insulation at the'

bottom. The pipe in addition to being costlier than plain metal, sheet has to he in
. 'many sections, joined together by Welding or elbow connections to provide 90°

bends. The colJection efficiency, based on glazed area was ascertained tobe about

46 percent at water temperature of about 50°C.
(

IIi Al1habacl, Inclia, a colJector was, made from, corrugated GI sheet (Bhilrdwaj,
1967). Another heater was constructed in USA by Klensch where at different flows
the temperature of the water obtained was higher than 170°F it being ilveraged

over eight haul' period (Sides, 1905). Here a box of sheet metal the top of which

was corrugated to present a series convex of surfaces, is used as solar heat

absorber. Water is circulated at the bottom of the box absorbing heat.

Experiments were carried out at Dhaka in Bangladesh by Desa (1964>' In these
experiments, corrugated ::;heet, flat plate collector was found to he inexpensive a.nd

::;atisfactory solar water heater.

Arrangement for heating water with solar energy for supplying the domestic needs

for a small family in Delhi, using easily available and inexpensive construction

materials (Galvanize iron) was constructed by Mathur (1959). Trial indicated that

the domestic unit would recover initial cost in less than one yeilr .. The

conventional flilt plilte construction using a copper ::;heet with il copper pipe

14
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soldered on it was replacerl by comparatively inexpensive arrangement consisting
of a corrugated, galvanized iron sheet to form compact sandwich in which water
W011lclflow between the plain sheet ancl corrugation, Mathur (1%]). AnoUler water
heater was constructed where a storage tanl, is connected to a flat plate collector
exposed to the sun in a vertical or inclihecl position, the col1ector having of two

corrugated plate in a .box covered with glass or plastic; provided with an air space

by Thomson (1928).

An analysis of the heat transfer processes in a corrugated steel plate soJaI' water

heater and a simplified test procedure for determi~ing the collector efficiency

equations were represented hy Wang-Shing-An (1979) of Shanghi Mechanical
Engineering Institute China. The efficiency of the collector was over 94% and tile
space temperature was higller than the collector temperature by 7°. Tile corrugated
plate soJar collectors are widely used in China. In the corrugated plate solar energy

absorbing surface transfers the absorbed energy to a fluid by direct contact.

Therefore, from tbe point of view of heat transfer, the advantage is evident.

2.4 SCOPE OF PRESENT WORK

The present work provides a 'systematic investigation of the performance

characteristics of two collector-cum-storage type solar water heater having a flnt
absorber plate (CSWHF) and a corrugated absorber plate (CSWI-IC).The test was
carried out in Dhaka during tile months of November, 1994 to March, 199". The

results of the experimental study were compared with available Information in the

literature.

Technologies are available for harnessing solar energy as indicated In the preceding

literature survey. This wor.l<.is an exception in tile sense that corrugated slleet is

used as absorber plate of the collector. Corrugated sheet has got good heat transfer
charactieristics and available everywhere in our country. This can reduce the
overall cost to a great amount since the corrugated sheet acts as an absorber as

well as channels for the water to flow.

A lot of research works have been carried out all over the world on flat plate

collectors. Sufficient information and experiment.al dat.a have been provided for
analysing the performance characteristics. But. t.he worl, on corrugated co1lector-
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cum-storage type solar water heater and CSWHFstjIJ is in its inf;mcy. Researchers

of this country have carried out only limited worl, on solar collector and the
experimental data available are quite inadequate for analysing the performance

characteristics. Whereas, the geographical position of this country shows that this
country is blessed with sufficient amount of solar energy through01lt the year, as

mentioned in Chapter-I.

It is expected that the major part of energy requirements in this country in the

future may he met from solar energy source. This suggests the scope to study and

work on a cornlgated collector-cum~storage type solar water heater and CSWHFat
Dhaka. It was thus decided to study corrugated colJector~cum-",torage type solar

water heater and CSWHFhere to show the performance characteristics. Accordingly,

an extensive performance test of a corrugated collector-cum-storage type solar
water heater and CSWHFwas canied out in months of November-December, 1994,

..January-March, 1995. Both final mean water temperat1lre' and initial water

temperature were recorded on hourly basis from 8 AM to 6 r.M everyday. Solar
insol ations at Dhaka were taken from the work of Hel ali (1985), Heat energy and

efficiency of the collector were calculated. The results were compared with the

available information in the literature.
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CHAPTER 3

EXPERIMENTAL APPARATUS AND

TEST PROCEDURES

3.1 GENERAL DESCRIPTION OF THE APPARATUS

The experimental apparatus and measuring devices are shown diagramatically in Fig.

3.1(a) and 3.l(b). It consists of two coJlector-cum-storage type solar water Heaters

in which one absorber plate is flat and the other one is corrugated and measuring
equipment.s (Digital Milivoltmeter and Selection switch), and cold junction (Ice Box).
Solar energy in the form of heat is absorbed by the absorber' plates of colJectors

and is transferred to the water of the coJlector-cum-storage tanl, of collectors and
CSWHF. Five 36 SWG Chromel-Alumel thermocouples per-heater installed in the

storage tank at different depths are used to measure water temperature. The

thermocouple setting measurements of both heaters from top to bottom are 0.725
em, 1.75 em, 1.75 cm, 1.75 em, 1.75 cm and 0.725 em. The larger pipe diameter is

1.905 cm and smaller pipe diameter is 4 mm. These thermocouples are connected to

the Digital. Milivoltmeter (DVM) through the selector switch. The Digital

Milivoltmeter (DVM) is iJsed to measure water temperature in terms of e.m.f.
generated in the thermocouples. Finally these e.m.fs. were converted into

temperature with the help of K type New Reference Tables.

3.2 FABRICATION OF A COLLECTOR-CUM-STORAGE TYPE CORRUGATED SOLAR

WATER HEATER AND CSWHF

ThecoJlector-cum-storage type solar water heater .. using corrugaterl plate as

absorber and CSWHF are illustrated schematically in detail in Figs.3.J(a.) to 3.5
respectively. The details and of the corrugated type solar water heater and CSWHF

fflbrication are given below:

17
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3.2.1 CorI1lgated Absorber Plate Solar Collector and Flat Absorber Plate Solar

Collector

The storage tank and the solar collector were combined. and IJ1lilt as one unit. Its

external dimensions are 137.16 cm x 91.44 cm x 9.21 cm witb a capacity of 114

litres. It consists of two 16 Gauge GI Sheets. one at the bottom which is plain and
the other at the top which is corrugated. For CSWHFboth 16 Gauge Gl sheets are
plain. The top surface of the absorber plate was blackened with a du]] paint in

order to increase the absorptance of shortwa've solar radiation. The wooden frame
mafIe, by 'Gorjon Wood', supports the plate and. to avoid Jeal,age of water, rnhher

gasket was used in between the frame and the G.!. Sheet, secmely tightelwd with

1l11ts and bolts alJaround. as illustrated in Fig. 3.3(a). For .measnrement of
temperature of water at different depths. 5 Chromel-AlnmeJ thermocouple probes

were inserted per heater inside the tank as illustrated in Fig. 3.3(b) and 3.4. Two
G.!. pipes of diameter 19.05 mm and length 45.72 cm were fitted on\' for cold water

inlet at the front and the other one for hot water outlet at the bac!, -side of the

colJector per unit.

ColJector is the heart of solar water heater and is shown in fig. 3.2. The design

of collector needs much more care. The performance of the collector indicates the

performance of the solar water heater. A solar coJledor absorbs the solar radiation
falling on it amI uses this energy to heat water flowing through collector which

is a flat plate type absorber plate and corrugated type absorber plate.

3.2.2 Absorber Plate

Absorber plate as shown in fig. 3.2 absorbs the incoming solar radiation and

transfers this resulting heat to the working fluid. Factors that determined the

choice of absorber materials are:

i.

ii.

iii.

iv.

Thermal conductivity (since heat is transferred to the fluid mainly by

conduction);

Durability;

Ease of handling;

Availability; amI

V. Cost.

18



Thermal conductivities of various materials are investigated. Comlgated iron sheet
and GI sheet has thermal conductivity of 62.72 W/moCwhich is lower than those
of copper' and aluminium. But this is compensated by the good heat transfer
characteristics of corrugated sheet (Wang Shing-an, 1979). Moreover, the thermal
expansion of iron is much more lower than commonly used copper and aluminium.
This property of the iron will prevent the bulging of corrugated sheet from the
absorber plate at high temperature. The corrugated iron sheet is less costlier than
that of commonly used materials. Since for household purposes, corrugated sheet
serves as an important element of roofing, it is available in our country. Its price

is too low where as cost of copper is high. So comlgated sheet is used in the
absorber plate and its utility is briefly discussed in review of literature. This
corrugated sheet is placed over plain GI Sheet. Comlgation may increase losses
caused by natural convection between the absorber plate and glass cover. but it
increases the effective ligbt absorption of the surfaces by bouncing the light more
than once as it enters the grooves. So the net effect of corrugated absorber plate

is to increase efficiency (Anderson). The two sheets are held together by some
Nut-Bolt joints and wood. As far as possible use of Nut-Bolt joints was avoided
to prevent leakage tendencies. Two pipes (inlet and outlet) were fitted to the

opposite sides of tank by thread, gasket and glue.

The top portion of the absorber plate facing the sun is painted black since black
body is the best absorber as well as the best emitter. The good quality paint.
Berger/Elite is used, special surfaces called selective surfaces have been developed
which are good absorbers of solar radiation and yet poor radiation of heat. This
surfaces are prepared by chemically treating the plate. But they are more expensive
than black paint surfaces and are generally only used when high temperatures are
required from the collector Le., when it is important to keep the heat losses as low
as possible. Since this is not for high temperature application, Berger/Elite paint

can serve well.

3.2.3 Glass Cover Plate (Glazing)

A transparent cover plate (glazing), as shown in fig. 3.3, is usually used on solar

collector to reduce the rate of heat loss from the absorber plate to the
environment and thus tb increase collector output. The glazing produces Green

House effect. This must be highly transparent to the wavelengths of the incoming

19



sunlight; and it is best if it also is opaque to the longer heat wave lengths that
are being reradiated by the absorber plate. The functions of the glazing is to trap
heat. This is always better t.o use low iron content glass to reduce the absorption
of solar radiation. One sheet of 0.32 cm glass transmits from about 82-90 percent.
of the vi.sible light st.riking it. Locally made glass has high iron cont.ent and this

leads to significant absorption of solar radiation. For this reasons a 3mm sheet of
local window glass may only transmits 80-84 percent of the radiation falling on
it. Low iron glass can be import.ed and used on flat plate collectors. With this glass
upto 92 percent of the solar radiation may be transmitted. Cost reason generally
favours the use of local window glass with its high absorption of solar radiation.

Here 4 mm window glass is used.

The air gap between the absorber plate and the glass cover is an important factor.
The small ajr gap 1 to 4 cm between plate and glazing suppresses direct convective

losses due to wind. and the glazing opacities to infrared radiation traps heat inside
the collector box for low temperature application. a spacing of 2.50 cm is about the
optimum IRaj, G.D., Solar Energy Utilization. 19891. Here mentioned the air gap of

2.50 cm was kept in solar water heater for obtaining better performance.

The question may arise that why plastic sheet was not used although it is a cheap

material. The following Table 3.1 gives the answer.

Table 3.1: Transmissivity of Glass and Plastic Sheet.

Cover Materi al Short Wave Transmissivity Transmittance to

from Solar Radiation Long Wave

Transparent Glass 0.88 0.03

Transparent Plastic 0.89 0.80

Source: Raj, G.D. (Solar Energy Utilization, 1989l.
Plastics are affected by continuous exposure to solar radiation. Effects such as
crazing. discolouring and brittleness may he produced which reduces both the life

of the cover and the fraction of solar radiation transmitted and degrade quicl,ly

in sunlight unless treated with. ultra violet inhibitors.
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So, in order t.o admit as much solar radiation as possible as well as t.o reduce heat
losses from t.he co1Ject.or by re-radiat.ion and convect.ion to a minimum value, a
glass cover of 142,24 em x 101.60 em x 4 mm, with optimum air gap of 25.4 mm

lEggers, 19801, is used, The glass rest.s on a wooden frame, made of 'Gorjon' .of

142.24 em x .101.60 em x 24.11 em and. is secured by wooden batten of 2.54 em x

156 em. screwed wit.h t.he wooden box, as shown in Fig. 3.4(b).

3.2.4 Insulation

lnsulator is used on the baCK and all side of the absorber plate t.o prevent t.he

heat loss by conduct.ion from the absorber plate.

The glass-wool because of its low thermal conductivit.y of 0.04.1 W/mK.' and of

moderate cost, was used as insulation having thickness of 2.86 em at the bottom

surface and 25.4 mm at sides.

3.2.5 Casing (Wooden Box)

The wooden box is made of Pine wood. This is low cost compared to other woods.

Weight. of this wood is less which provides minimum physical effort to shift Ow

collector from one place to other place. The 'Pine' wood is not easily attac],ed by
the wood cutting worms. The lower portion (Fig. 3.5) contains space for inHllatiilg
material. The box Jq so designed t.hat. collect.or assembly can easily be detached.

The external dimensions of t.he box,are .147.32 em x .106.68 em x 29.21 em.

3.2.6 Steel Stand and StruCture

The support.ing st.eel structure for t.he heat.ers consist.s of a frame made of angle

iron bar 152.40 em x.l07.70 em. Another st.eel structure of dimensions 167.64 em
x 108.92 cm was made. on which the corrugat.ed collector-cum-':storage type solai'
water and CSWHFare held rigidly and it has the provision of setting the coJlectQr

at any desired inclirmt.ion between O. and 40. manually. as shown in the fig. 3.2.
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3.3 TEST PROCEDURESANDMEASUREMENTS

Calibration of thermocouples was carried out in a hot water bath for t.emperatures
upt.o 100°C and in a muffle furnace up to a t.emperature of 200.C. The readins were
compared with a precision thermometer. The indicated e.m.f. was compared with t.he
t.abulat.ed values for Chromel-Alumel thermocouples of British Standard No. 4938,

Part 4:1973 & ASTM E 230-72.

Before starting experiment, the storage tank of t.he solar water heater was filled
with fresh wat.er through the gat.e valve attached to the collector's inlet pipe. Care

was taken so t.hat. no air bubbles were trapped in the tank.

The t.emperature dist.ribution along the depth of t.he t.ank was measured using 36
SWGChromel-Alumel t.hermocouples. As mentioned earlier, a t.otal of 5 thermocouples
(Fig. 3.1 and 3.4) were used to obt.ain temperat.ure distribut.ion. These t.emperatures

and the initial wat.er temperature were recorded every hom from 8 AM to 6 PM,
everyday. The results obtained had a maximum error of :t O. zoC .at. a maximum

operat.ing t.emperature of 60°C.

3.4 REDUCTIONOF DATA

The relevant. parameters were calculat.ed from the dat.a and graphs were plotted
using the computer in the Mechanical Engineering Department, BUET. The results
were checked using t.he Desk calculator. The results and discuss~ are presented
in Chapt.er-4. The working formulas and sample calculat.ions are provided in

Appendix-B.
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CHAPTER 4

PERFORMA.NCE ANALYSIS OF
THE COLLECTORS

Daily average of the total radiation for the month of November. 1984 to March,

1985 was taken from the tabulated data of Helali 119851.

The test was done over one hour interval. Fresh water was introduced in to the
collectors, at everyone hour interval from 8 AM to 6 PM. Inlet water temperature
and water temperature at different section were measured and final mean
<
temperature of the water in the collector was taken for calculations.

The coJ1ector was placed horizontally to compare their performance. But there have
been provisions to placed at any angle between 0 to 23.5° because the constant

Iltitude angle for Bangladesh is 23.5°.

Sample calculation of the collectors is given in the Appendix.
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CHAPTER 5

RESULTS AND DISCUSSIONS

An experiment.al investigat.ion was carried out for studying performance

charact.erisitcs of two collector-cum-storage-type solar water henters, one having
corrugated absorher plate (CSWHC) and the other having flat one (CSWHF) in Dhal,a

during months of November, 1994 to March. 1995, Both heaters were filled with
fresh water nt atmospheric temperature at every houl' starting from n .A.M. amI
readings were taken on hourly basis until 6 P.M. Results are presented graphically

from figures 4.1 to 4.45 interms of initial water temperature. final mean water

temperature and heat energy absorbed.,

Figures 4,1 to 4:31 show typical temperature distrihutions of water in the heaters
during day time (8 A.M, to 6 P.M.) in the months of Novemher, 1994 to Marell. 199,),
H is ohserved from these figures that. as the initial water temperature increases,

the final mean water temperatures for both heaters also increase and final mean

water temperatures reach maximum values at around noon every day as expected.
In the afternoon hoth the initial and the final mean water temperatures decrease
at .almost the same rate, but the rise of water temperat.ures in the coJlect.orf is

more in the forenoon than in the afternoon. This mtty be due t.o t.he fact. that. the

heat energy absorbed by water during this period is fast.er t.han t.hat. absorhed by

water in the afternoon and may also he due to solar path. From 8 A.M. to 6 P.M.

the average init.ial water t.emperat.ure varies from 16 t.o 28.5°C in Novemher. J 5 t.o
240C in December, 14 to 24°C in January, 16 to 29°C in February and] 9 to 36°C

in March.

Typical results in t.erms of energy absorbed per hour at every bour are given in

figures 4.32 t.o 4.45. His evident from these figures that ener~'Y absorhed by water

increases in both heat.ers upto 10 A.M., then remains almost constant upt.o 4 P.M.

and then decreases every day. Theoretically heat absorbed in a heat.er would have

increased even after 10 A.M. if we could supply .inlet water at tIle same initial
temperature as in the morning hours (Le. 8 A.M.l. H is also found that. heat. energy

absorbed by CSWHCis higher than that. of CSWHFby 43 percellt.. This is due to the

fact that CSWHC absorbecl more diffuse radiation than that. absorbed by CSWHF
everyday. This may also be due to multiple reflection and more surface area. In
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one hour. starting from 8 A.M.. the heat energy absorbed by horizontallY placed
corrugated type solar water heater (CSWHC)is considerably high varying from 0.159
to 0.371 kw/ml ~(by CSWHF0.106 to 0.223 kw/ml)in November. 0.106 to 0.318

kW/ml ana-(by CSWHF0.053 to 0.212 kw/ml)in December ...0.371 to 0.212 kW/m
l
~

(bY CSWBF0.106 to 0.265 kw/m?in January. 0.106 to 0.424 kw/ml ~(by CSWHF
0.053 to 0.212 kw/m9in February and 0.212 to 0.477 kW/ml Ml'l'lQJYCSWHF0.106 to

. 0.212 kw/m~in March.

During this period the Collector-cum-storage Type Solar Water Heater having flat
absorber plate (CSWHF)can heat 114 litres of water to a final mean temperatures

of 32°C absorbing 0.212 kw/ml in November. 25°C absorbing 0.106 kw/m
l

in
December. 26°C absorbing 0.212 kw/ml in January. 32°C absorbing 0.318 kw/m

l
in

February and 41°C absorbing 0.371 Itw/ml in March. The Collector-cum-storage Type
Solar Water Heater having corrugated absorber .plate (CSWHC)can heat 114 litres
of water to a final mean temperatures of 32.5°C absorbing 0.318 kw/ml in November.
260C absorbing 0.212 kw/ml in December. 27°C absorbing 0.318 kw/ml in January.
330C absorbing 0.424 kw/ml in February and 42°C absorbing 0.477 kw/ml in March.
The average temperature differenceS between final mean water temperature and
initial mean water temperature of the above five months are 2°C in CSWHFand 3°C
in CSWHC.With the increasing of initial water temperature the heat energy
absorbed by the collectors also increases but at a faster rate and then almost
remains constant. Both the final mean. water and initial water temperatures then
decrease; at almost the .same rate. Due to clouds some time the energy vs time
curves are not similar (the curve drops down but goes up when clouds clear up).
In case of corrugated plate some time there might have remained air bubbles in the
collector while filling up the collector with water on hourly basis. This air
obstructed the absorption of solar heat. So the values for final water temperature.
quantity of energy absorbed and efficiency must have fallen in these cases.

Figures 4.46 to 4.50 show daily efficiencies for both collectors in the months of
November. 1994 to March. 1995. It is evident from these figures that the efficiency
of corrugated type collector (CSWHC) is more than that of flat plate collector

(CHWHF).
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This may be due to the fact that corrugated collector absorhed total radiation more
than that absorbed by the flat plate collector (CSWHF). This may also be due to
mUltiple reflection of diffuse radiation and more surface area. The tot.al surface
area of corrugated collect.or is 1.28 t.imes t.han t.hat. of flat. collect.or Le. CSWHChas
28 percent more surface area tha.n t.hat. in the flat. plate collector. So on area basis

init.ial capital cost is more but gain in energy is 43 percent more in CSWHCthan

the CSWHF.

From table II. it. is found t.hat. the efficiency of CSWHCis more t.han that of CSWHF.
by 46 percent in November. 40 percent. in Decemher. 50 percent. in ,January. 56

percent in Fahruary and 44 percent. in March. '

Ta.ble-II

S1.
No.

1._ .•.._ .

Mont.h

Novemher

................fIa tJ'la t.e

qavKY>'(JJl~ ./riav %

0.204 61. ....•.........•.*..•...••...

...c::9ITll[1!tegP1atl? .

...qav.KY>'lllll ......l]La~~O
0.302 89

2 Dgt::l?lllher

3 }1!I11~1!J:Y

.~.............._XE'.lll'~I'Ll:Y

5 March

.Q,144

0.2038
, .. , , .." " .

0.149................ _ .

0.208

.50.

63............... ' _ , .

46

54

Q.~QL 70

0.312 95
• ••••••••••••••••••••••• *, ••••••••••••••••••••••••• ,••••• ,

0.2383 72................... - .

0.2991 78

On November 25. t.he efficiency was 66 percent. in flat plate t.ype and 72 percent.
in corrugated plate type Le. t.he efficiency is increased by 6% in corrugat.ed plat.e
type. The efficiency has been calculated by using total surface area of the
absorber plat.e. So t.he increased efficiency of corrugat.ed plat.e collector is due t.o
absorption of excess diffuse radIation. The efficiencies in flat. plat.e collect.or and
in corrugat.ed plat.e collector are found t.o be 66 percent and 93 percent.
respect.ively when project.ed area was considered Le. t.he true % efficiency is

increased by 27 in corrugated t.ype collect.or.

Figure 4.51 shows maximum final mean water temperat.ure attained durIng day time
(8 A.M. t.o 6 P.M') every day in t.he mont.hs of Novemher. 1994 t.o March. 1995 in
CSWHF.It Is evident from this figure that. in CSWHF.this temperature varies from
29 t.o 36°C in Novemher, 21 t.o 29°C in December. 22 t.o 29°C In January. 22 t.o 33°C

in February and 28 t.o 41°C in March.
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Figure.4.52 shows maximum energy absorbed by water .in eSWHe 'during day time (8
A.M. to 6 P.M.) every day in the months of Novemher. 1994 to March, 1995. It is

found from this figure that. in CSWHC. this energy varies from 0.264 to 0.477 J<w/m
Z

in Novemher. 0.212 to 0.370 kw/mZ in December. 0.264 to 0.371 kW/m
Z in .Tanuary.

0.264 to 0.390 1,W/ml in February and 0.264 to 0.477 kw/mZ in Marc]l.

Figure 4.,.3 gives daily average energy absorhed in CSWHCduring day time (A J\.M.

to 6 P.M.) in the months of Novemher. 1994 to March, 1995. It is ohserved from this

figure that ilverage energy absorbed by w~ter varies from 0.238 to 0.30Rkw/m
Z

in
November, 0.164 to 0.285 kW/ml in December, 0.200 to 0.313 kW/m

Z in .TilTl1lary,

0.164 to 0.308 l,w/mZ in February and 0.164 to 0.3D kW/mZ in March.

Results, obtained in this worl, on February 11 and 19 are compared with tllose of
Hamiel 119921 and Chinnappa 119731 as shown in figures 4.54 to 4.57. (a) Hamid
119921 listed in Dhaka a colJector-cum-storage type solar water heater having flat

plate absorber, with surface area 1.25 ml, average depth of 9.2 cm and single glass
cover and a capacity of 114 litres, (b) ehinnappa tested a comhined collector anel

storage type solar water heater of colomho on Fehruary 11 and 19 in 1973. This
heater consisted of a square coil of 76,20 mm diameter pipe 13.50 m long. wit]) two
glass covers of 1.86 mZ in area (c) one corrugated type soJaI' water heater witll a

projected absorber area of 1.85 x 0.85 = 1.57 ml, transparent frontal area J .64 m
1

and two glass covers. having a capacity of 18.25 litres was tested in ellina (Wang-

Shing An-1979).

The differences in the results may be due to: (a) different types, (b) test

conducted at. three different geographically located stations and (c) different ypars
(1992 in Dhaka, 1995 in Dhaka, 1993 in Colomho and 1979 in China). Though the
time of the year is the same but the year as well as the weather conrlitions at

three different locations may have been' different. But similarIty of Hamid's )'('81J11

w.ith the present work may be noted in figure 4,55.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

From the investigations the following conclusions can be drawn:

i. The final mean water temperature increases with increasing of initial water
temperature at a faster rate and reaches a maximum value at the maximum
initial water temperature around noon. Both final mean and initial water
temperatures then decrease at almost the same rate.

ii. The initial water temperature increases. the final mean water temperatures

for hoth heaters also increase and final mean water temperatures reach
maximum values at around noon every day as expected. The rise of water
temperatures in the collectors is more in the forenoon than in the afternoon.

iii. In one hour time from 11 A.M. the flat plate solar heater can rajse the
temperature of water~a final mean water temperature of 32.C in November.
25.C in December. 26.C in January. 32.C in February and 41.C in Marchand

~!'1A..=~
in corrugated plate ioat 33.C in November. 26.C in December. 27.C in ,Tanuary.~
33.C in February and 42.C in March. The average temperature differences
between final mean water temJ;>erature and initial mean water temperature of
above five months are 2.C in CSWHFand 3.C in CSWHC.

iv. In one hour. starting from 8 A.M.. the heat energy absorbed by horizontally
placed cornlgated type solar water heater (CSWHC) is considerably high

varying from 0.159 to 0.371 kW/ml amt<!>y CSWHF0.106 to 0.223 kW/m':)in
November. 0.106 to 0.318 kW/ml ~ (by CSWHF 0.053 to 0.212 kW/m;> in

December. 0.371 to 0.212 kW/ml ~(by CSWHF 0.106 to 0.265 kW/m~ in
,Tanuary. 0.106 to 0.424 kW/ml a.JiItl (by CSWHF 0.053 to 0.212 kW/m':) in
February and .0.212 to 0.477 kW/ml ~(by CSWHF0.106 to 0.212 kW/m:>in
March.
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v. The monthly average heat energy absorbed by CSWHFis 0.204 kw/m2 with 61
percent efficiency in November. 0.144 kW/m2 with 50 percent efficiency in
December. 0.2038 kW/m2 with 63 percent efficiency in January. 0.149 kw/m2

with 46 percent efficiency in February and 0.20.8 kW/m2 with 54 percent
efficiency in March. The monthly average heat energy absorbed by CSWHCis .

0.302 kW/m2 with 89 percent efficiency in November. 0.201 kw/m2 with 70
percent efficiency in December. 0.312 kW/m2 with 95 percent efficiency in
January. 0.2383 kw/m2 with 72 percent efficiency in February and 0.2991
kw/m2 with 78 percent efficiency in March.

vi. On very clear bright sunny days. the maximum efficiency of 56 percent can

be obtained w.ith a final mean water temperature of 30.C in February and 49
percent efficiency with a final mean water temperature of 40.C in March for

CSWHFand 86 percent efficiency can be obtained with a final mean water
temperature of 31'C in February and 75 percent efficiency with a final mean
temperature of 42.C in March for CSWHC.

vii. The efficiency of corrugated type collector (CSWHC)is more than that of flat-plate collector (CSWHFl. The corrugated,<has a collector area ~ 1.28 times
th1.IfIthat of flat collector. So on area basis initial capital cost is more but
gain in energy is 43 percent more in CSWHCthan the CSWHF.The efficiency
is more in CSWHCthan that of CSWHF. and these values are 45 percent

increase,ll' in November. 40 percent increaseS'!' in December. 50 percent
increase! in .January. 56 percent increase;( in February and 44 percent
increasep'in march. So the corrugated plate collector-cum-storage type solar
water heater is better t.han flat. plate collect.or-cum-storage type solar wat.er
heat.er under t.he condit.ions t.est.ed.

29



6.2 RECOMMENDATIONS

Collector. the heart of the solar water heater being constnlcted by writer . The
following recommendations are put forward on the basis of the experience gained
out of this research and concerning solar heater are consider worth recording here
for subsequent investigations.

i. . The year round performance characteristics of the flat plate and corrugated
type solar water heater for varying inclination should be studied.

ii. According to Helall 11985], the yearly total diffuse radiation in Dhaka is

about 72% of the total radiation. As the diffuse radiation come from all
directions substantial amount of radiation can be captured by way of

exposing all the sides of the heater unit like the top surface with glass
cover. For designing the solar water heater to capture radiation from all
directions, the storage tank may be built separately so that the water may

be drawn off from the heater after achieving the desired water temperature,
and stored in a storage tank.,

iii. The fl at pIate and corrugated type solar water heater should be strong
enough to withstand severe winds, storms, hailstone. etc. They should be
water tight yet should have vent holes- located around the corner of the
upheader to prevent condensation and at the same time the collector may be
set at a desired angle of inclination without spill over of water.

iv. The performance of the heater at a predetermined constant water temperature
should be investigated.

v. The performance of the flat plate and corrugated type solar water heaters

for different shapes of surface area of the collector with constant volume
and varying inclination should be studied.
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APPE.NDIX A
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APPENDIX: A

A.I, FIGURES

Built-in-Storage Type Solar Water Heater

Selection Switch

I
I
I
!
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Steel Stand Structure.

The Clrrongement to set the CS\\'.HCnt finy
incJination manunlly.

C(lrrll,,~ted'l'~pe Solni- W~t.f1r Hent.ei'

_._--J
Water Inlet Pipe.

Fig_ 3,2(n) The Sdwmnt.i( flillf,r:Iln "f' C'oITlIl{nU'r1 TrJl" ~';(ll"r Watpr Hent,,,. 1l1,d
Slr'(.!l r'::'t.nnd Slnl('fllrl~.

\
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Steel Stand Structure.

The arrangement to set the ('SWHF at any
inclination tlmnuoJ1y.

Inlet

I.,',. ""'""~----------------_ ....._-_. __ .__ .._- "

j' .._.--'---, "

Fig. 3:2(bl The Schematic Dingyam of CSWIW nnd Steel Stanel Structure.

39



:8

I GD OD OD aD' OD OD OD CD GD ,I ---------- --- -- - - -- - - - - - - - - - -- - - - -- -- ------~8
8: ,, _

I ~J'-_.

: 'c,-" '''00..,:8
• I '1;::::;1. 'v' I

I ' " , " ,

8;, :8,,
Q, ,I -''-,.,'--' ...•."'1

W'"", ~ :0
A OJ ,"'"

I ,

,...•: : A', '-C" :,C
0, ,0: ,t:::;}- 0

~ ' •• -; l~ .. ':

~~m - a6' -, 6b--' 'O-D-. - -OD' --'OD . ~'gD-n- aD' _. 'aD - - - GDm jll
PLAN

'W
A

..._------ .-- -,~--_._-_.... ,.

Fig, 3,3(a) The Plan View of CSWHF,

~G,I.SHEET,

G I. PIPE-, ---~ '-;-,.-j
'","

II II -STAINLESS STEEL PIPE,
, I

.------;:~!J// THERMOCOUPLES,
I 2 3 45

SECTION. AA

r- WOODEN FRAME.

- --_.----._----'-_._-_.~---_ ..._.--

Fig, 3,3(b) X-Sectional View of CSWHF Illustrating the Set-lip of Thermocouples,

40



'W
A

Ih CD CD CD "CD CD CD OD aD CD _1~- - - - - - - -- - - }-- - - -- - Ie - --(3: .
I~~

;t':-:' =,
: L_.

'3: ",-, 'Cry,
"S'

.

:8, .,, .

QIl .. :A~-r- c ::, --- - --:-~,, ,
8' :8,, . ,, ,
,~' ,, ,

.
'Q
''-'!, ,

= ,
."-1 ' ,
~-~J :8~rr- - - - - - - - - - - - - - - - ~[)-- -

c _ - QI)- -- Jl~_QD aD aD aD aD aD aD ~
PLAN

r- v/OOOEN FRAME.

~ G I SHEET
\GI PIPE

II I. l-. -STAINLESS STEEL PIPE.

-----:.::!J/i« THERMOCOUPLES.
-- ",// /f
I 2 3 45

SECTION: AA

F'i,f. 3.3((1) X-S('ctionni V.i~w of CO!'I"1IlFll."c1Typn Soln!' We"',' IInnl "I' IlluRl.I';iI.irqf
l.Iw Snl-llp of T"~l'mocollpi('R,

41



Storarre Tarlk.

" !I
j~/I

~//II
1 2 3 45,

WATER INLET PIPE (19.05mm)
I

I

I WOODEN BATTEN
/j GLASS SHEET (4mm)

/ j r-- G.I. SHEET (1. 59mm~)--, __

/'/ 'i RUBBER GASKET C3.17mm)! '
i IBOLi I II' "

':;:,'~' .If i i? ~ tJ+-~---, ~~ ,.1_I \ " :iJ J 1 It --~ I J 0..':" "'\ r-=c:- -+ - : l-
I - I/--p--'=l--+ I I -; - , -'-,-I ' ~ -.J. --, ---'

. I

IJ' -:,11 ~e~I ~,~~\1!i,
I I I

',"UTJ i,',' TfjCRM'O ~ i~' II, ' L CuUPLE----
,WOOOEI'lPEG (2 Dia)-' STEEL PIP~(1.59mm1 I
HEIGHn12,7mm) STEEl_ PiPE (12. 7mml-_

Fig. 3.4(a) X-Sectional View of CSWHFIllustrating the Interior Set-lip,

42



Stora"e Tan!<.
(

~

I WOODENBATTEN WATERINLETPIPE(19.05011
// GLASS SHEET (4mm) I

/ / r-- G I. SHEET(1. 5901m+------, I
/
. / !r- RURBER GIl.SKU (3.1701m-l-.[ . I:r [BOli _ [ . i i \~ . I'

",. 111~ III\h ~ 1 i b- -1 ~/~V'!ld ': -1 0
r
'~l--f~.l. J l_ ,f;fff if -j

1('" . / . ~ I (0c::i ~-I \. h;5-\7' -)~

~
f.!'./.~:J;/Il$ 11I !i'l\r-I~n: I I rl~fy'/l
,.~ . \ I , \ ~II --- -tj . 1 r\ ;j,~II!
~:=::.J-=_ I I (,' . I 1/< l/_\ I-" _ =-Ti I ~ =---. . I II \ ~~=~- -~

. ; I
NUTJ I THERMOc.OUPLE---JJ' I

WOODENPEG[2Dia)_i STEELPIP~(1.59I11m-) !
HEIGHn12.7m01) STEU. PiPE(12. 701m).--._1

-----~- -------

FilS. ;).4(h)' The X-Seetiona! View of Corr\ll£atpd Type So);,r Water 11<,at£'r
J111lsLratil'll)' 1.1)[> InLer.ior Set-\lp.

43



W
A

I
, , , , : , ,

I

I. -' I I : ,.
i j i Ir : I I, I I 1 i, i I ,

I I
I I

I I , , , ,
I

t I
, , I : I I , I I-, I , I I I ,

- - - - - .. - .. ~- - , - -- "
, ,----1-'- - 1- - - - - 1-1- - - - - - -1- -- - - - - r-I , : , , ,

I I , I,
I
, : I , I

I , ,
I

I I
I .

I , ,
I

I , ,
, I I

, I I I
,
I

I , I I
,

I , I- - - - - - -I' .. - - - - ~ I - - -- - I -
,

T • .- - - - - -'- r - - -- - r~ - - - - - - -
I
, , I I I I ,, I

I , , ,
I I

,
I

,
I

, I
I I

I , I ,
I , , , , ,
I
I , , ,

I ,
- - - - - ,- ~ L _L ,

- - - - - - - 1-,- -- - - -- - - - - - - - - ~-, - - - - - - - -, , , , r
I I , ,

I I, I , I I,
I

, I , I I
, ,

I I
,

I I
,

LI I
I I

,
I

I , :
I I

,
1-- - - " - - ___ 1.._ ,- --- - -- L' - - .. - - ~-~-- - - .., ,

, ,
I
,

I I -~, .. - - - - c - - - - - - .
I
, ,

I I : ,
, I

,
I

,, , , I , ,
l- I 1 I , , , , ,, I ,
1=''''' I

,
I , , , , I , ,

.. - - .. , t----. .. , . > --' , I
, ,

," -r .. .'" - -,- _. -- - - -I'-r - -- - - - :- T - - - - - - .., , , , I ,
I, , I , : , , ,

I , , I ,, , , I , I, I , I I

:
"

I
I I I

I
I , I ,, , , , ,, , , I

PLAN

~>('CII~N' , \-'L,-- I .Ui . 1\;,).,----'-------
- ------_._---

W
A

Fig. 3.5 Woonen Casing of Corrugated Type Solar Water Heater and CSWHF.

44



35

33

27

--0-- l' .
11

-+- T"r
--*- Two

25 ~
8

I
10

I
12

I
14

I --~-_..J-----l
16 18

Fig. 4.1

Time (hr.)

The Initial and Final Mean Water Temperature on Novemher 01, J 994_

45



34 -

32

!
....•••••.i 30 -
0,r 26 -

~: 26
~

24

22 -

20 - I
6

I
10

I I
12 14

Time (hr.)

. I

---..-----

-+---L----t-
10 16

Fig. 4.2 The Initial aml Final Mean Water Temperature on Novemher 0", 1994.

46



34 '1'Ji
-1- Twf

32 --*- Twc

,....,
0° : 30

IJi 28

26

24

22
8 10 12 14 16 16

Time (hr.)

Fig. 4.3 The Initial and Final Mean Water Temperature on November 10. :1;]94.

47



30

1'ti

26 -+- Tw1

~:
-+- Twc

26

i
f-< 24

22

20
6 10 12 14

Time (hr.)
16 16

Fig. 44 The Initial and Final Mean Water Temperat.ure on NovemheJ' ] 5. J ~194.

48



10 12 14

Time (hr.)
16 18

Fig. 4.5 The Initial and Final Mean Water Temperature on November 20. Jnn4.

49



10 12 14

Time (hr.)
16 18

Fig. 4.6 The Initial and Final Mean Water Temperature on November 25, J 994.

50



29

27

--. 25
(,)
0

I 23

i 21

!-<
19

17

15
8 10 12 14

Time (hr.)
16

'1'.
Il

--+- Twf

-*- Twc

18

Fig. 4,7 The Initial and Final Mean Water Tempej'ature on N(lVember 30, 1994.

51



30

28

26
'0'.

I24

22~.20••••
18

16

14
8 10 12 14

Time (hr.)
16 18

Fig. 4.R The Initial amI Final Mean Water Temperature on Decemher 05. 1\)94.

52



35
33
31

,..... 290
0

I 27
e 25t 23

!-<

21
19
17
15

8

']'.
II

-f- Twf

-*- Twc

10 12 14 16 16
Time (hr. )

-----~--~~ ---'- .-., .., .

Fig. 4.9 The Initial and Final Mean Water Temperatllre on December 10, 1994.

53



33
31
29
27

'U'
0' ! 25'-'i 23
t.
~! 21

!-<' 19
17
15
13

8 10 12 14
Time (hr.)

16

~ 'J'1li

-I- Twt

4- Two

18

The InitiaT and Final Mean Water. Temperatme on December 1~, J 004,

54



1'.
II

--+- Twf

+ Tlrc

1816

*

12 14

Time (hr.)
10

35
33
31
29••.....

0
~ 27

j 25
23~.a> 21of-<
19
17
15
13
11

8

Fig, 4.11 The Initia.! and.Final Mean Water Temperature on December 20, .1994.

55



30
28
26

"""'<>
0 24'!S'.a 22

i 20
f-< 18

16
14
12
10

8 10 12 14
Time (hr.)

16 18

Fig. 4.13 The Initial and Final Mean Water Temperature on December 30. J ,194.

57



29

27

25
,-..
0
0 23

J 21

19f-<'
17

15

13
6 10 12 14

Time (hr.)

'1'.
11

.-+- Twf

-* Twc

16 16

Fig. 4.14 The Initial amI Final Mean Water Temperatur'e on ,January Ofi. 199fi.

58



30

28 - 1"i

* -+- Twf
26 -+- Twc

'0' 24~

I22

20
f-< 18

16

14

12

10
168 10 .12 14 16

Time (hr.)

Fig. 4.15 The Initial and Final Mean Water Temppratllre on .Tnnllnry 10 . .1995.

59



Fig. 4.16 The Initia] and Final Mean Water Temperiltllre on .Janllilryl S. 1995.
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Fig. 4 ..18 The Initial and Final Mean Wat.er Temperature on Janllary 25 . .1995.
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fig. 4.47
The Average t~fficiencies of CSWHf and CSWHC DlIring the Month of
December. 1994.
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APPENDIX B

B.l Sample Caleulations

The working formulae for efficiency of solar flat and corrugated plate
collector:

Where, .

1)
f ~dt
fIdt

Q -
m =
Cp =
A =
AT =
I =
1) =

mC AT
ma~s flow rate = 114 kg/hr
4.18 k,T/kgOK l
Collector area in m
[For corrugated plate it is projectN! area I
Temperature difference lin OJ(

Solar insolation in W/m
Efficiency

For short period of time the above equation may be expressed approximntely
Marschal et. a!. [] 9781 as,

1) = (Q/A)/l
= q/l
= Q/AI = inCpATIAI

1) = mCpAT/AJ

Now,

q

q

=
=
=
=
=

mCpATIA
(114 kg X 4.18 K.J/~g"K)/(1.25 ml X 3600 sec) X AT OK
0.10589 X AT kW/ml0.10589 XAT kW{m
105.89 X AT W/m

Note: Since the change in density of water with the change of temperature
is negligible the mean value of the mass of water and tl1e Cp (specific
heat of water) value of water were assllmed constant within the
temperature range between 15°C to 65°C, performance was assumed
steady state. Temperature drops through covers, Bdge losses. and Heat
losses due to convection were negligible.
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J- ._.•

For November 25, 1994

q =

where AT =

105.89 X AT W/m1

Rise in temperature of water in one hour ..

Heat Energy accumulated for 10 hours in Flat Plate

q8-9 = 211. 78 W/m1

q9-10 = 211.78 W/m1

ql0-11 = 211. 78 W/m1

qlHl = 211.78 W/m1

qIl-13 = 211.78 W/m1

qI3-14 = 211. 78 W/m1

qlH5 . - 211. 78 W/m1

q15-IG = 211.78 W/m1

q1G-17 = 211. 78 W/m1

ql7-lG = 211. 78 W/m1

qac for 10 hours = 2011.91 W/m1

Now daily average hourly heat output.

qav = (2011.91/10) W/m1

= 201.191 W/m1

From Helali 119851

1 cal = 4.186 ,T

Now I = x cal/cIilday . I
x = 14.186 J x (100 x 100)1 11m .day]

= x (41860/m1.day) 1U/S) x (h/3600)
= x x 0.01163 kW/mrday

I = 0.01163 XIN kW/m

Where x = solar insulation in cal/cm1.day
N = day length of bright sun shine in hr.
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For Example, For November 25. 1994.

Here, x = 282 callcm2 day

N = 10.7

Iav = 0.01163 x/N kW/m2

= 0.01163 x (282//0.7) kW/ml

= 0.3065102 kW/m

Efficiency for Flat Plate.

=
=
=

q II x 100%
0~20~191/0.3065102 x 100%
65.64%

Heat Energy accumulated for 10 hours in Corrugated Plate

qs-o = 317.67 W/ml

qO-1O = 317.67 W/m2

qlO-ll = 370.615 W/m2

qll-12 = 264.725 W/m2

q12-13 = 264.725 W/m2

q13-14 = 264.725 W/ml

qlH5 = 264.725 W/m2

q15-16 = 317.67 W/ml

qIB-II = 317.67 W/m2

ql1-ls = 158.833 w/m2

qac for 10 hours = 2859 W/m2

Now daily average hourly heat output

=
=
=

2859/10 w{m2

285.9 W/m
0.2859 kW/m2

Efficiency for comlgated plate (in case of projected area)

=
=
=

q II x 100%
0~28~9/0.3065102
93.27%

x 100%
. ...:..
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Efficiency for corrugated plate (in case of total area)

Area of Flat Plate = AF = (137.16 em x 91.44 em) = 1.25 m2

Total area of corrugated plate = Ae = (176 em x 91.44 em) = 1.6m2

i.e. 1.28 times of Flat Plate area

qav = 0.2859/1.28 kW/r2
= 0.2233593 kW/m

Tle = q/I x 100%
= (8. 2~v33593/0. 3065102) x 100%
= 72.87%

1 Langley =
=
=
=

1 Langley/min =
=

Y Langley/min =

1 caVcm2
11 x 4.1862J x (100 x 100)/ / 1m2]SIS
4186 kW/m x 2 h/3600
0.01163 kWh/m .

0.01163 kWh{m2.min
0.6978 kW/m

Y 0.6978 kW/m2
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FJ'om Chinnappa [February] 9. 19691

where,

Cl

y

0.625 Langley/min !
0.625 x 0.6!978 kW/m
O.4~G kW/m

Heat Energy in Lnngley/min

I Lnngley = 1 caJ/m!.

For December 05, :[994.

Cl

where, ~T

105.89 x ~T W/m!

Rise in temperature of water in one 110nr

Heat Energy accumulated for ] 0 hours in Flat Plate

ClH = 211.78 W/m!

Cl9-1O = 211.78 W/m!

(110-11 = 211.78 W/m!

ClJJ_Jl = 211.78 W/m!

ClIH) = 211.78 W/m!

ClI3-11 = 2] 1.78 W/m!

qlH5 = 211.78 W/m!

. Cl15-16 = 211.78 W/m!

Cl16-17 = 211.78 W/m!

q17-18 = 105.89 W/m!

Clac for 10 how's = 2011.91 W/m!

Now cinDy average hOllrly heat output

.2011/10 W/m;
201.191 W/m
0.201191 kW/m!
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For Example. For Decemher 05, 1994.

Efficiency for Flat Pl ate,

:

:

:

(rr II ) x 100%
(Oa'!WfI91/0.3148877) x 100%
63.89%

Heat Energy accumulated for 10 hours in Corrugated Plate

q8-9 : 264.725 W/m2

(19,10 : 264.725 W/m2

([IO-lJ : 264.725 W/m2

rrlJ-ll : 317.67 W/m2

ql2-13 : 264.725 W/m2

fll3-14 : 264.725 W/m2

ql4-15 : 264.725 W/m2

fl15-16
: 264.725 W/m2

rrI6-17 : 2G4.725 W/m2

q17-18 : 158.833 W/m2

rrac for 10 hours: 2378 W/m2

Now daily average hourly heat output

([av : 2378/10 w{m2
: 237.8 W/m
: 0.2378 kW/m2

Efficiency for Corrugated Plate (in case of projected area)

:

:

(q II ) x 100%
(O~b~8/0.3148877J x 100%
75.52%
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Efficiency for Corrugated Plate (in case of total area)

Area of Flat Plate =
= 037.16 .ern x 91.44 em) = 1.25 rn

Z

Total area ofcorrugatecJ plate Ac

= (J 76 em x 91.44 ern) = 1.6 rn
l

i.e. 1.28 times of Flat Plate area

Cl
av
= (0.2378/1,28) kW/m1 = 0~1857812 kW/rn

l

lIe = (Cla/!av) x 100% =(0.185781210.3148877) x 100% = 58.99%
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Data

(> 0 0 0
~ ~;~. ~.1 1 7f.1 51 7 67
"' '.~' .(.~ . .
2 :~:. ~2.1 1. .71') :Sl "/ .67
2 :3 r.~ 2 .1.1.78 5"70 6 .1~..' . ..'
2 L~~ 2.1.1.7f.1 ~"?64 725..' .
2

,., ~J
.,.1.1 7f.1 :;~b4 7:;:~C\..::. . ••:* . .

2 2 t~ ::;~.1.1.7f3 :;;~64 72~t..' .
" " ~::'l r':, .1.1.78 :26'1 '7:25
,~ ..:: . ,'. . .
2

-:,. "') .11 .1(.3 ..". .17 67'-' ., '-'

2 :::;; ,*, 1 .1 7B 51 7 6. 7..:: . .
1 1. ~ .1.0~,.B9 .1~:IB B3~-='...' .

Time T. TW'f Twe, WI --

H 16 16 16
9 16 .IB 19
.1.0 19 •• OJ r"l~21 .,L.L

.I. .1. 21 ~ 2:3 •.5 25.•..

.c;:: ~24 26 26 .5
,I, :'; 2:::'~ 5 ,-..,r.:: 5 26. ~:.:.,..' .
J. 'I

~., ~~~5 25 C\.(-"-' .
1~) ""j "'\ ~ :Z4 <, 25..::..•..:. ..' ...'
16 ,...,,..., 24. 25...:.: ..•:.:.
I 7 I. 21 ~ '''1~;r 5 24 0'..' L. '_~. .
lfl' 21 ,"\r.., ~., 5..:.....:.. LL .

1wf •• T", T' m_. \-'/C.-i I Ii qvJC

Data .
, ,_.

Time Tyj TW'f Twe
, Twf ••, Tyj TvJc_: '1', q,.-r q"'JC::

, Yl

. _._-

E< 15 15 i5 0 (I 0 0

9 .1.~ .17 .17 5 2 2 :5 2.11 .78 264- "725.' . . .
J() 17 19 .19 5 2

.-'\ 5 211 .78 264 725. ..::. ... .
1..1. .1.f.1C\ 20 ~ 21 ~ '" 5 2.11 ."lEI 264 125. .. ..' ", .r.: . .
1:'::: 20 '"")'-.\ 23 2 .~~ 2.11 .Ifl :'U7 .67

~,~ , ,

.1, :"; 19. 5 21 5 ~~ 2
,"; 5 ~~ll.78 264 725. ~~ ~::... .

1.\:1 19 2.1 , 21 .5 2
,.~, ~ ~:1 :.I..7f.1 264 "72:5,...' .

.In .1B. 5 20 ~ '21 " '" ~ 211 .7B 26.4 T'i5.•.. '" '" ...' .

.1b 18 20 20. 5 ~ :2 .5 2J1 .7t3 :;::64 ."72~5
,~

.1.7 17 .1.9 20 , ~ ~:~ 2.1..1.78 c;17 .67
! '" ".*'

1fl 16 17 .17.5 I 1 .1.0' .1.0:~"H<:I J :",H .835
,

107


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116

