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SUTPARY

This thesis presents the investigations of transient
thermal processes in solar collector/storage and distillation
systems; the theoretical anpalyses are validated by
experiments performed by the author. The investigation on
a single basin-type solar still with constant mass of water
provides a theoretical basis for two well-knoun experimental
results, viz,

i) The daily yield of the distillate is.independent
of the insulation in a ground still,

1i) The daily yield of distillate for large mass in the

water basin is independent of the water mass.

With a vieuw to increasing the efficiency of water
distillation in basin-type still, a ;imple double~basin
still has been proposed., The dailyfdistillaﬁe production
of such a still is on the average 36% higher than that of
a single basin still. Two nqyelzsolar watgg.heaters, which
combine both collection and étefédeyiﬁézglbegﬁ discussed,
These heaters can store substantial amount of heat, if
these are insulated adequately during off-sunshine hours,
to provide hot water in the next day morning. Performance
evaluation and optimisation of system parameters Ffor these
water heaters have also been carried out. Transient
analysis for rise of plate temperature in a flat-plate solar
collector due to the éccidental stoppage of fluid flow has

been presented, It is found that under conditions af high



atmospheric temperature and intense solar ingolation, the
stoppage of fluid flow may result in the rise of plate
temperature to a value large enough to exceed the maximum
service temperature of inexpensive insulation when used
below the plate and as a result such insulation may get
damaged, Also the performance studies of Trombe walls and
roof pond systems have been discussed., It is found that a
thermal storage mass wall is preferable for larger heat
storage duration while a water wall is suitable for rapid
heat dissipation into the living space. A roof pond system
comprising of water-concrete-insulation in ascending order
of thicknesses in summer season and in descending order
of thicknesses in winter season is found to be most
desirable for Delhi climate; while the cohbination with
ascending order of thicknesses is most appropriate for

typical cold climate like Boulder, Colorado.
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Solar energy is an inexhaustible and viable alternative
source of energy. Despite its highly decentralised, inter-
mittant as well as diffused nature, it is capable of meeting
a significant portion of human energy needs with a minimum
adverse effect on the environment., Amongst the various
modes of solar energy utilisation, the low temperature
thermal conversion systems have received widest attention.
Extensive investigations, scientific as well as technologi~
‘cal, aimed at efficient use of these systems, have been
made, The thermal-conversion devices essentially consist
of a black absorbing surface, facing the sun, which transfers
part of the absorbed ehergy to a working fluid in contact
with it, To reduce heat losses to the surrounding environ-
ment, one or two sheets of glass are usually placed over
the absorber surface; while the bottém and side surfaces
are adequately insulated. Amongst the various applications
of these devices, the simplest and most successful utilisa-
tion have been made in solar distillation and water heating.

Solar distillation, for the production of potable
water from saline water, has been in practice for many
years. The basin~type still dates back to 1872, when a
large still was installed to meet the needs of a nitrate
mining commynity in Chile. Later large-scale basin-type
solar stills were installed in different parts of the world;

however, at that time it was realised that the basin-type



stills could not compete economically with other methods of
desalination for producing fresh water. But phenomenal
increase in the cost of energy and other energy intensive
modes of getting fresh water has triggered renewed interest
in solar distillation. Recently, several community scale
solar stills have been built and many advancements have

been reported in fhe understanding and use of solar distilla-
tion. In order to reduce the cost of the distillate,
different types of materials for transparent covers, basin
liners and sealants have been tried out. Waste heat, in

the form of warm water obtained from a variety of sources,
have been used to augment the output of solar still, Apart
from the conventional stills, different geometrical confi=~
gurations have been tried out (Achilov et al., 1972;

Coffey, 19755 Frick and Sommerfeld, 1973: Houwe and Tleimat,
1974; Talbert et al.,1970); attempts have alsoc been made to
exploit the multi-effect concept (Dunkle, 1961 Ginnings,
19485 Hodges et al., 19665 Selcuk, 1964; Telkes, 1956) in
solar distillation., However, it has been noted that in
these cases the higher productivity is not desirable because
of increased cost per Kg of fresh water (Howe and Tleimat,
19743 Talbert et al., 1970). Hence attention has been again
focussed on basin-type stills with a view to improving

the performance of solar distillation., Small scale

(family size) solar stills of this type, for small isolated

group of paéople, can produce patable water a% crsts thet are



competitive with any other currently available desalination
processes (U.N.Publication, 1970),

The experimental performance studies of basin~type
solar stills, under different climatic conditions, have
been made extensively (Baum and Bairamov, 19643 Bloemer
et al., 1965; Cooper, 1969; Cooper and Read, 19743 Dunkle,
1961; Eibling et al,,;1971; Garg and Mann, 1976; Houe and
Tleimat, 19745 Sayigh and El-Salam,1977). Graphical (Morse
and Read, 1968) as uell as digital simulation. (Cooper,
1969; Cooper, 1973) methods have been formulated to study
the transient performance of the still. Theoretical model
(Malik and Tran, 1973) has also been developed to analyse
the nocturnal performance of the still, However, for
estimating the daily as well as hourly production of a
still, periodic solutions are desirable. Such solution
has indeed been attempted by Hirschmann and Roefler (1970)
and Baum et al, (1970), But in all these analyses, the _
solar insclation and ambient temperature have been expressed
as a sine function (single harmonic) of time., This is,
however, very inaccurate, since solar insolation and
ambient temperature variations cannot be reproduced with
one harmonic term alone. In the present thesis, a periodic
analysis of the basin-type still has been presented; it
considers the linearised Dunkle's relation (Dunkle, 1961)
for heat and mass transfer and the solution of heat

conduction eguation in the insulation, It is seen that the



first six harmonics are adeguate for a good representation
of the observed periodic variation of temperatures and solar
intensity, The results of the analysis have been found to
be in good agreement with the sxperiments of the authorx

and that of Cooper (1973).

The conventional still suffers from the disadvantage
of a large area requirement per unit mass of water distilled,
Also, part of the solar energy, absorbed in it, is used in
solar distillation, while the rest is lost through the
insulation (by conduction), below the basin liner and
glass cover (by convection and radiation). Hence, for
efficient solar distillation, improvement in the performance
of conventional stills have been made recently. With a
view to minimising the convective and radiative losses
through the cover, a two-level double-basin solar still
has been designed and tested (Lobo and Arayjo, 1977).
Houever, this still is difficult to fabricate, operate and
maintain, This thesis proposes a simple double basin still,
which on the one hand, minimises the convective and radia-
tive losses occurring in conventional stills and, on the
other, has @ smaller area requirement per unit mass of
water distilled, The experimental performance as well as
the theoretical analysis of this still are also reported in
the thesis.

The second part of the thesis is devoted to the

study of solar water heating. All types of solar water



heaters in service to-date can be categorised into tuo
groups:

a) collection and storage in separate units

b) collection and storage in a single unit
The conventional type of solar water heaters accomplish
collection and storage in separate units and consist
essentially of two elements viz. the solar collector and the
storage tank. Oomestic models of this type employ natural
circulation of vater and have geined popularity in Israel,
Australia, Japan, South Africa and New Zealand., lLarge~
JSize solar water heaters employ booster pumps for accomplish-
ing circulation of water and ape used for large scale
installations in places such as hostels and hogpitals,
Considerable work has been carried out on the design,
fabrication and testing of these systems by numerous workers
(Buckles et al., 1979; Close, 1962; Czarnecki, 1958; Garg,
1970; Garg, 1973; Gupta and Garg, 1968; Harris et al,, 1965;
Klein et al., 1976; Malik, 1969; lMorse, 1955; Shitzer et al,,
1979; Whillier and Saluja, 1965; Yellot and Sabotka, 1964;
Zvirin et al.,, 1977). Houever, separate insulated overhead~
tank for storage of hot water in these water heaters places
severe constraints on their use in the sense that

i) separate tank demands extra cost,

ii) the connecting pipe work adds to the thermal and
frictional losses(Chauhan and Kadambi, 1976,,
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1ii) overhead tank may cast its shadow on the

collector surface especially at localities of

low latitudes, i.e. the tropics, where the sun

at cartain times of the year moves north or

south of overhead (Satcunanathan, 1973).
Also, for collectors, the fin effect has to be improved
and a good bond betueen the plate and the tube has to be
ensured, In view of these disadvantages, solar water
heaters uith collection and storage in a single unit have
been proposed, developed and tested (Bar-Cohen, 1978;
Chauhan and Kadambi, 1976; Garg, 1975; Satcunanathan, 1973),
In order to codify these wide range of experimental results
under different climatic conditions and hence to evaluate
the performance of such collector-cum-storage water heaters,
theoretical studies are of significant importance, Such
attempts have indeed been made by Garg (1975) and Chauhan
and Kadambi (1976), Houever, the former analysis suffers
from an approximation of doubtful merit in the solution of
the key differential equation, while the latter analysis
deals with steady state solution, Hence, in order to
predict the performance of such systems from a knowledge of
meteorological parameters, a theoretical model has been
discussed in this thesis. The theoretical results are
borne out by tha experiments of the author and by those
of Garg (1975).

Another type of collector-cum~-storage solar water

heater has recently received wide attention. It differs

from the type discussed earlier in having a water container



with transparent top and black bottom. Experimental
performance of such water heaters have been carried out
extensively by various workers (Gopfforth et al., 1968;
Khanna, 1973; Kudish and Wolf, 1979). The principle of this
type of solar water heater has recently been applied to
large scale systems (Casamajor and Parsons, 1979; Dickinson
et al., 1976), commonly knouwn as shallow solar pands,uhere
water depth is small enough to rule out significant
temperature stratification. However, none of these investi-
gations include an analysis of the performance and consequent
prediction of rise of water temperature with time from a
knowledge of meteorological parameters. This thesis
presents a model to predict the performance of the shallou
solar pond water heater. An experiment has been carried

out with such type of water heater; the theoretical results
are found to be in good agreement with the observations of
experiment performed and also with those of Kudish and

Wolf (1979).

The application of flat-plate solar collectors to
water heating and residential heating and cooling systems
has been extensively investigated, Numerous models have
been formulated to study the performance, to optimise the
design and to evaluate the economics of those systems
(Balcomb et al., 1975; Close, 1962; Collier, 1978; Gupta
and Garg, 1968; Klein et al., 19763 Lof and Tybout, 19733

Nakahara et al., 1977; Ward and Lof, 19753 Woodman, 1977).



The present work includes a discussion of transient rise

of plate temperature of a flat-plate solar collector due

to the stoppage of fluid flow (which could occur accidentally),
A simulated experiment has been carried out and ohservations
are seen to be in good agreement with the theoretical

results,

In addition to the above investigations, this thesis
presents an analytical study of passive heating and cooling
of buildings. ARAmongst passive systems (Balcomb et al,,

19773 Balcomb, 1979),Trombe walls and roof ponds offer simple
and inexpensive means of heating and cooling of buildings,
However, the time dependent analysis of such systems does

not appear to have been carried out. In the present work,
the performance of thermal storage (solid mass and water)
walls and roof pond systems has been analysed taking the
periodicity of solar radiation and atmospheric temperature into
account., Periodic heat transfer through walls/roof pond
systems, exposed to periocdic solar radiation and atmospheric
air on one side and in contact with air at constant
temperature (corresponding to air-conditioned rooms) on the
other side, have been derived. Numerical calculations

for the heat flux into the room have been made for typical
(a) hot summer and (b) cold winter days in Delhi and

(c) cold winter day at Boulder, Colorado.



A chapteruise summary of the thesis is as follous:=-
thapter-1: Periodic Theory of Solar Still

Since no satisfactory periodic analysis of the heat
and mass transfer processes of a single basin-type still
has been made so far, the author has analysed the
performance of the still taking appropriate heat and mass
transfer relations. Solar intensity and ambientvtemperature
have been considered to be periodic and hence expanded as
Fourier series in time; the first six harmonics are found
to be adeqguate for a good representation of the observed
periodic wvariation of temperatures and solar intensity.
The Fourier equation of the heat conduction hag been solved
taking account of the periodic heat flux through the
insulation to the ground or ambient air; in earlier treat-
ments this was done rather.arbitrarily, if at all. The
results of the analysis are found to be in good agreement
with the experiments of the author and that of Cooper (1973).
They also provide theoretical basis for two well known
experimental results viz.:

i) The daily yield of the distillate is independent
of the insulation in a ground still (Bloemer
et al., 1965).

ii) The daily yield of distillate for large mass
in the water basin is independent of the uwater

mass.,
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Chapter-2: Double Basin Solar StiL;

TR - - - e

Because of the disadvantages of a large area
requirement (per unit mass of water distilled) in conventional
single basin type stills, a double basin still has been
proposeds It differs from the conventional ones in having
another sheet of glass fixed in between the basin liner and
glass cover; this sheet serves as the base of an extra
basin for saline water. The main advantage of this still
is that the latent heat of vapour condensing over the loyer
surface of the lower glass cover, is utilised in heating
the upper layernof water, rather than being uwasted to the
atmosphere (as is the case in conventional stills)., 0On a
typical winter day in Delhi the distillate output from
such a still is 36% higher than that corresponding to a
conventional still of the same area. A periodic theory
has been presented to predict the performance of such a
still and experiments have alsc been carried out with this
type of still; the agreement between theory and experiment

is fair,

Chapter-3: Performance of a Collector/Storage
solar Water Heater

The built-in=-storage type of solar water heaters
have not been theoretically analysed properly. This
chapter presents transient analysis to predict the variation

of temperature of water of these water heaters with time;
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the analysis takes into account the appropriate heat
transfer processes during the day and the night (when
the top glass is covered by an insulationy, Experiments
have been carried out with such a water heater: these
experimental observations as well as those of Garg (1975)
for the variation of water temperature uith time are

found to be in good agreement with the theory,

apter-4: Performance of a Shallow Solar Pond Yater Heater

L T RN

This chapter presents an analysis and performance
studies of a shallou solar pond water heater, The system
consists of an insulated metallic tray with black bottom
and sides and a glass cover at the top. After collection
of solar energy during the day, the system stores substantial
amount of hesat because the top glass is covered by adequate
insulation in the night. The experimental observation of
the author as well as those of Kudish and Wolf (1979) for
the variation of water temperature with time have been
found to be in good agreement with the results of the

theory presented.

Chapter~5: Transient Plate Temperature in Flate-
Plate Solar Collector

In flat-plate solar collector the stoppage of
water flouw (which could happen accidentally) would result
in a transient state uhen the temperature of the absorber

may rise sharply. In this chapter the author has presented
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a straight-forward analysis to find the transient
temperature rise of the absorber plate as well as the
temperature distribution in the insulation. A simulated.
experiment has been performed; the results are seen to be
in good agreement with the theoretical results, It is
concluded that the stoppage of water flow in a solar
collector, under conditions of high atmospheric temperature
and intense solar insolation (which occurs frequently in
tropical deserts), may result in the rise of plate
temperature to a value large enough to exceed the maximum
service temperature of inexpensive insulation when used
below the plate and as a result,such insulation may get

damaged,

Chapter—6: Performance of Trombe Walls and
‘Roof__Pond Systems

This chapter presents an analysis of the periodic
heat transfer through thermal storage walls and roof pond
systems subjected to periodic solar radiation and atmospheric
air on one side and in contatt’ yith room air at constant
temperature (Corresponding to air~conditioned rooms) on
the other side, A one~dimensional heat conduction equation
for temperature distribution in wall/roof has been solved
using the appropriate boundary conditions at the surfaces;
explicit expressions for the periodic heat flux through

storage walls/roof have been derived. Numerical calculations
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for the periodic heat flux into the room have been made to
assess the relative thermal performance of storage walls
and roof pond systems in both winter and summer seasons.
It is found that a thermal storage mass wall is preferable
for lerger heat storage duration while a water wall is
suitable for rapid heat dissipation into the living space.
For Delhi, a roof pond system comprising of water-concrete-
insulation in ascending order of thicknesses in summer
season and in descending order of thicknesses in winter
season is found to be most desirable; while the combination
with ascending order of thicknesses is most appropriate for
typical cold climate like Boulder, Colorado.
The work discussed in the thesis has been reported
in the following publications/communicationsé-
1+ Periodic theory of solar still,
International Journal of Energy Research.
(In Press 1979),
2. Double basin solar still,Energy Conversion 20,No.%{1980)

3. Performance of a collector/storage solar water
heater, Energy Conversion 19, 41 (1979).

4, Physics of shallou solar pond water heater,
International Journal of Energy Research
(In Press, 1979).

5. Transient plate temperature in flat-~plate
solar oollectors,egevue International d'
Heliotechnique, 1°° Semestre, p=8 (1979),

6. Notes Transient plate temperature in flat-plate
Solar collectors, Ind.Jour. of Pure & Appl.Physics
(In Press, 1979),

7. Performance of southfacing thermal storage walls
and roof pond systems(Communicated, 1979

.
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