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SUMMARY

This thes i s  presents the in v e s t i g a t i o n s  o f  t rans i en t  

thermal processes in so lar  c o l l e c t o r/ s t o ra g e  and d i s t i l l a t i o n  

systemsj the t h e o r e t i c a l  analyses are va l idated by 

experiments performed by the author.  The i n v e s t i g a t i o n  on 

a s ing l e  basin-type so l a r  s t i l l  u i th  constant mass o f  water 

prov ides a t h e o r e t i c a l  basis f o r  two well-known experimental  

r e s u l t s ,  v i z .

i )  The da i l y  y i e l d  of the d i s t i l l a t e  i s  -independent 

of  the in su la t i on  in a ground s t i l l .

i i )  The da i l y  y i e l d  of d i s t i l l a t e  f o r  l arge  mass in the 

water basin i s  independent o f  the water mass.

Uith a view to increas ing the e f f i c i e n c y  of  water 

d i s t i l l a t i o n  in basin- type s t i l l ,  a simple double-basin 

s t i l l  has been proposed. The da i l y  d i s t i l l a t e  production 

o f  such a s t i l l  i s  on the average 36% higher than that  of 

a s in g l e  basin s t i l l .  Two novel so la r  water heaters ,  which 

combine both c o l l e c t i o n  and s t o - r a - g e - b - e - e ' h  d iscussed.  

These heaters can s tore  substant ia l  amount of heat,  i f  

these are insulated adequately during of f -sunshine hours, 

to prov ide hot water in the next day morning. Performance 

eva luat ion  and opt imisa t ion  of  system parameters f o r  these 

water heaters have a l so  been ca r r i ed  out .  Transient  

ana lys i s  f o r  r i se  o f  p la te  temperature in a f l a t - p l a t e  solar  

c o l l e c t o r  due to the acc identa l  stoppage of f l u i d  f low has 

been presented.  I t  i s  found that  under condi t i ons of  high



atmospheric temperature and intense so la r  i n s o la t i o n ,  the 

stoppage of  f l u i d  f low may resul t  in the r i se  of p la te  

temperature to a value large  enough to  exceed the maximum 

serv i ce  temperature of  inexpensive insu la t i on  when used 

below the plate and as a r esul t  such insu la t i on  may get  

damaged. Also the performance studies  o f  Trombe wa l l s  and 

roo f  pond systems have been discussed.  I t  i s  found that  a 

thermal storage mass u a l l  i s  p r e f e rab le  f o r  l a rg e r  heat 

storage duration whi le  a water wa l l  i s  sui table  f o r  rapid 

heat d i ss ipa t i on  in to  the l i v i n g  space,  ft r oo f  pond system 

comprising of  wate r~concrete - insula t i on  in ascending order 

o f  thicknesses in summer season and in descending order 

o f  thicknesses in winter  season i s  found to be most 

des i rab l e  f o r  Delhi  c l imate ;  whi le the combination with 

ascending order of  thicknesses i s  most appropriate f o r  

t y p i c a l  cold c l imate l i k e  Boulder, Colorado.
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PREFACE

Solar energy i s  an inexhaust ible  and v iabl e  a l t e rn a t i v e  

source o f  energy.  Despi te  i t s  highly decent ra l i sed,  i n t e r -  

mittant as we l l  as d i f f us ed  nature, i t  i s  capable of  meeting 

a s i g n i f i c a n t  port ion of  human energy needs uith a minimum 

adverse e f f e c t  on the environment. Amongst the various 

modes of  so lar  energy u t i l i s a t i o n ,  the low temperature 

thermal conversion systems have rece ived widest a t t e n t i o n .  

Extensive in ve s t i ga t i ons ,  s c i e n t i f i c  as we l l  as t e ch no lo g i ­

ca l ,  aimed at e f f i c i e n t  use of  these systems, have been 

made. The thermal-conversion devices e s s e n t i a l l y  cons i s t  

o f  a black absorbing surface,  fac ing the sun, which t ra ns f e r s  

part of  the absorbed energy to a working f l u id  in contact  

with i t .  To reduce heat losses  to the surrounding env i ron­

ment, one or two sheets of  glass are usual ly  placed over 

the absorber surface;  whi le  the bottom and side surfaces 

are adequately insulated ,  ftmongst the various app l i c a t i ons  

of  these devices' , the simplest  and most successful  u t i l i s a ­

t i on  have been made in so lar  d i s t i l l a t i o n  and water hea t ing ,

Solar  d i s t i l l a t i o n ,  f o r  the production of  potable 

water from sal ine water,  has been in prac t i c e  f o r  many 

years.  The basin-type s t i l l  dates back to 1872, when a 

large s t i l l  was in s t a l l e d  to meet the needs of  a n i t r a t e  

mining community in Ch i l e .  Later l a r g e - s c a l e  basin-type 

solar s t i l l s  were i n s t a l l e d  in d i f f e r e n t  parts of  the wor ld;  

however, at that time i t  was rea l i sed that  the basin- type



s t i l l s  could not compete economical ly ui th other methods o f  

de sa l ina t i on  f o r  producing fresh water .  But phenomenal 

increase in the cost  of  energy and other energy in tens i v e  

modes of  ge t t in g  f resh uate r  has t r i g g e r e d  renewed i n t e r e s t  

in so lar  d i s t i l l a t i o n .  Recent ly ,  s ev e r a l  community scale  

so lar  s t i l l s  have been b u i l t  and many advancements have 

been reported in the understanding and use o f  so lar  d i s t i l l a ­

t i on .  In order to reduce the cost  o f  the d i s t i l l a t e ,  

d i f f e r e n t  types of mate r ia ls  f o r  t ransparent  covers,  basin 

l i n e r s  and sealants have been t r i e d  out .  Uaste heat,  in 

the form o f  warm water obtained from a v a r i e t y  o f  sources,  

have been used to augment the output of  so lar  s t i l l .  Apart 

from the convent ional  s t i l l s ,  d i f f e r e n t  geometr ical  c o n f i ­

gurat ions have been t r i e d  out (Ach i l ov  et  a l . ,  1972}

Co f fey ,  1975° Frick and Sommerfeld, 1973; Houe and Tl e imat ,  

1974; Ta lber t  et  a l .^1970 ) ;  attempts have also been made to 

ex p l o i t  the m u l t i - e f f e c t  concept (Ounkle, 1961; Ginnings,

1948; Hodges et  a l . ,  1 966.” Selcuks 1 964; Telkes,  1 956) in 

solar d i s t i l l a t i o n .  However, i t  has been noted that in 

these cases the higher produc t i v i t y  i s  not des i rabl e because 

of  increased cost per Kg o f  f resh water (Howe and T l e imat,  

1974; Ta lbe r t  et a l . ,  1970) ,  Hence a t t en t i on  has been again 

focussed on basin-type s t i l l s  with a view to improving 

the performance o f  so lar  d i s t i l l a t i o n .  Small scale 

( f ami ly  s i z e )  solar  s t i l l s  o f  th i s  t ype ,  f o r  small i s o l a t e d  

group of  peopls? can produce potable uater at costs that  are
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compet i t i ve  uith any other currently ava i l ab l e  desal inat i on  

processes (li ,N.Publ i ca t i on,  1970), '

The experimental  performance studies  o f  basin-type 

solar s t i l l s ,  under d i f f e r e n t  c l imat i c  condi t i ons,  have 

been made ex tens ive l y  (Baum and Bairamov, 1964, Bloemer 

et  a l , ,  1 965  ̂ Cooper, 1 969; Cooper and Read, 1974; Dunkle, 

1961j E ib l ing  et a l , ,1971 ;  Garg and Mann, 1 976 ? Houe and 

Tleimat,  1 974, Sayigh and El-Salam,1 977).  Graphical (Horse 

and Read, 1968) as u e l l  as d i g i t a l  s imula t i on . (Cooper,

1969; Cooper, 1973) methods have been formulated to study 

the t rans i en t  performance of the s t i l l .  Theoret i ca l  model 

(Malik and Tran, 1973) has also been developed to analyse 

the nocturnal performance of the s t i l l .  However, f o r  

est imat ing the da i ly  as u e l l  as hourly production of  a 

s t i l l ,  per i od i c  solut ions are des i rab l e .  Such solut ion 

has indeed been attempted by Hirschmann and Roe f l e r  (1 970) 

and Baum et  a l .  (1970).  But in a l l  these analyses, the N 

solar in so la t i on  and ambient temperature have been expressed 

as a sine function ( s i n g l e  harmonic) o f  t ime.  This i s ,  

however, very inaccurate,  since solar inso la t i on  and 

ambient temperature va r i a t i ons  cannot be reproduced uith 

one harmonic term alone.  In the present thes is ,  a per i od i c  

analys i s of  the basin-type s t i l l  has been presented; i t  

considers the l inear i sed  Dunkle’ s r e l a t i o n  (Dunkle, 1961 ) 

f o r  heat and mass t ra ns f e r  and the so lu t i on  of heat 

conduction equation in the insulat i on.  I t  i s  seen that  the
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f i r s t  s ix  harmonics are adequate f o r  a good representat ion 

o f  the observed per iod ic  var ia t i on  of temperatures and so lar  

i n t e n s i t y .  The resul t s  o f  the analys is  have been found to 

be in good agreement u i th the experiments o f  the author 

and that  of  Cooper (1973) .

The conventional  s t i l l  suf fe rs  from the disadvantage 

of  a l a rg e  area requirement per unit mass of  uater d i s t i l l e d .  

Also,  part  of  the so lar  energy,  absorbed in i t ,  i s  used in 

solar d i s t i l l a t i o n ,  uh i l e  the r es t  i s  l o s t  through the 

insu lat i on  (by conduct ion) ,  belou the basin l i n e r  and 

glass cover  (by convect ion and r a d i a t i o n ) .  Hence, f o r  

e f f i c i e n t  so lar  d i s t i l l a t i o n ,  improvement in the performance 

of  convent ional  s t i l l s  have been made re c en t l y .  Uith a 

vieu to minimising the convect ive  and r ad ia t i v e  l osses  . 

through the cover,  a tuo~ le v e l  double-basin solar s t i l l  

has been designed and t es ted  (Lobo and Araujo, 1977).

However, th i s  s t i l l  i s  d i f f i c u l t  to f a b r i c a t e ,  operate and 

maintain. This thes i s  proposes a simple double basin s t i l l ,  

uhich on the one hand, minimises the convect ive  and r a d i a ­

t i ve  l osses  occurring in convent ional  s t i l l s  and, on the 

other,  has a smaller area requirement per unit  mass of  

uater d i s t i l l e d .  The experimental  performance as u e l l  as 

the t h e o r e t i c a l  analys i s o f  th i s  s t i l l  are also repor ted in 

the t h e s i s .

The second part of  the thes is  i s  devoted to the 

study of  so lar  uater hea t ing .  A l l  types of solar uater



heaters in serv ice  t o -d a te  can be ca tegor i s ed  in to  tuo 

groups!

a)  c o l l e c t i o n  and storage in separate units

b) c o l l e c t i o n  and storage in a s ing l e  unit

The convent ional  type of  so lar  uater heaters  accomplish 

c o l l e c t i o n  and storage in separate uni ts  and cons is t  

e s s e n t i a l l y  of  two elements v i z .  the so l a r  c o l l e c t o r  and the 

storage tank.  Domestic models of  t h i s  type employ natural  

c i r cu la t i on  of  uater and have gained popular i ty  in I s r a e l ,  

Aus t ra l i a ,  Japan, South A f r i c a  and Neu Zealand. Large-  

s i ze  so lar  uater heaters employ booster  pumps f o r  accompl ish­

ing c i r c u l a t i o n  of  uater  and ace used f o r  l arge  scale  

i n s t a l l a t i o n s  in places such as hoste l s  and hosp i ta l s .  

Considerable uork has been carr ied out on the design,  

f ab r i c a t i on  and t es t in g  of  these systems by numerous uorkers 

(Buckles e t  a l . ,  1979; Close,  1962; Czarnecki ,  1958; Garg, 

1970; Garg, 1973; Gupta and Garg, 1968; Harr i s et  a l , ,  1965; 

Klein e t  a l . ,  1976; Mal ik,  1969; Morse, 1955; Shi tzer  e t  a l . ,  

1979; U h i l l i e r  and Saluja,  1965; Y e l l o t  and Sabotka, 1964; 

Zv i r in  et  a l . ,  1977). Houever, separate insulated overhead- 

tank f o r  storage of  hot uater in these uater  heaters places 

severe cons tra ints  on t h e i r  use in the sense that

i )  separate tank demands extra cos t ,

i i )  the connecting pipe uork adds to the thermal and 
f r i c t i o n a l  losses(Chauhan and Kadambi, 1 976),

5



i i i )  overhead tank may cast  i t s  shadow on the
c o l l e c t o r  surface e s p e c i a l l y  at l o c a l i t i e s  o f  
low l a t i tu d e s ,  i . e .  the t r o p i c s ,  where the sun 
at cer ta in  t imes of  the year moves north or 
south o f  overhead (Satcunanathan, 1973).

Also,  f o r  c o l l e c t o r s ,  the f i n  e f f e c t  has to be improved

and a good bond between the plate  and the tube has to be

ensured. In view of  these disadvantages,  so lar  water

heaters with c o l l e c t i o n  and storage in a s ing l e  unit  have

been proposed, developed and tested (Bar-Cohen, 1978;

Chauhan and Kadambi, 1976; Garg, 1975; Satcunanathan, 1973).

In order to cod i f y  these wide range o f  experimental  r e su l t s

under d i f f e r e n t  c l imat i c  condi t ions and hence to evaluate

the performance of such co l l ec to r -cum-s torage  water heaters ,

t h e o r e t i c a l  studies are o f  s i g n i f i c a n t  importance. Such

attempts have indeed been made by Garg (1975) and Chauhan

and Kadambi (1976),  However, the former analys is  su f f e r s

from an approximation o f  doubtful  meri t  in the so lut i on of

the key d i f f e r e n t i a l  equation,  whi le the l a t t e r  ana lys i s

deals with steady state so lu t i on .  Hence, in order to

predi ct  the performance of  such systems from a knowledge o f

meteoro log i ca l  parameters, a t h e o r e t i c a l  model has been

discussed in th i s  t h e s i s .  The t h e o r e t i c a l  r esul t s  are

borne out by tha experiments o f  ths author and by those

of  Garg (1975) .

Another type of  co l l ec to r -cum-s torage  solar  water 

heater has recent ly  r e ce i ved  wide a t t e n t i o n .  I t  d i f f e r s  

from the type discussed e a r l i e r  in having a water container

6
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uith transparent top and black bottom. Experimental 

performance o f  such uater  heaters have been carr i ed  out 

ex tens i ve l y  by various workers (Gopf for th et  a l , ,  1968; 

Khanna, 1973; Kudish and Wol f ,  1979), The pr inc ip l e  o f  th i s  

type of  so lar  water heater  has recent l y  been appl ied to 

large sca l e systems (Casamajor and Parsons, 1979; Dickinson 

et  a l . ,  1976), commonly known as shallow solar  ponds>where 

uater depth i s  small enough to rule out s i g n i f i c a n t  

temperature s t r a t i f i c a t i o n .  However, none of these i n v e s t i ­

gat ions include an ana lys i s  of  the performance and consequent 

predi c t i on of r i se  of  water temperature uith time from a 

knowledge o f  meteoro log ica l  parameters. This thes i s  

presents a model to  p r ed i c t  the performance of the shallow 

solar pond water heate r .  An experiment has been ca r r i ed  

out with such type of  water heater;  the t h e o r e t i c a l  r e s u l t s  

are found to be in good agreement with the observat ions of  

experiment performed and also with those of  Kudish and 

Wolf ( 1979) .

The appl icat ion of  f l a t - p l a t e  so la r  c o l l e c t o r s  to 

water heat ing and r e s i d e n t i a l  heating and coo l ing  systems 

has been ex tens i ve l y  in ve s t i g a t ed .  Numerous models have 

been formulated to study the performance, to opt imise the 

design and to evaluate the economics o f  those systems 

(Balcomb et  a l , ,  1975; Close ,  1962; C o l l i e r ,  1978; Gupta 

and Garg, 1 968; Kle in e t  a l , ,  1 976 ; Lof  and Tybout, 1 973 ; 

Nakahara e t  a l . ,  1977; Ward and Lof ,  1975; Woodman, 1977) ,



The present work includes a discussion o f  t ransient  r i s e  

o f  plate  temperature of  a f l a t - p l a t e  so la r  c o l l e c t o r  due 

to the stoppage of  f l u i d  f low (uhich could occur a c c i d e n t a l l y ) .

A simulated experiment has been carr i ed  out and observat ions 

are seen to be in good agreement uith the t h e o r e t i c a l  

r e s u l t s .

In addi t ion to the above in v e s t i g a t i o n s ,  th i s  the s i s  

presents an ana ly t i c a l  study of passive heating and coo l i ng  

of  bu i ld ings .  Amongst passive systems (Balcomb et  a l . ,

1977; Balcomb, 1979),Trombe ua l l s  and ro o f  ponds o f f e r  simple 

and inexpensive means of  heating and coo l i ng  of  bu i l d ings .  

Houever, the time dependent analysis  of  such systems does 

not appear to have been car r i ed  out.  In the present uork, 

the performance of thermal storage ( s o l i d  mass and ua te r )  

ua l l s  and roo f  pond systems has been analysed taking the 

p e r i o d i c i t y  of  solar rad ia t i on  and atmospheric temperature into  

account. Per i od i c heat t rans fe r  through ua l l s/roo f  pond 

systems, exposed to per i od i c  solar rad ia t i on  and atmospheric 

a i r  on one side and in contact  uith a i r  at constant 

temperature (corresponding to a i r - cond i t i oned  rooms) on the 

other s ide ,  have been der i ved .  Numerical ca l cu la t i ons  

f o r  the heat f lux into  the room have been made f o r  t y p i c a l  

( a )  hot summer and (b)  cold winter days in Delhi  and 

( c )  cold winter  day at Boulder,  Colorado.

8



A chapteruise summary of the the s i s  i s  as f o l l o u s l -  

£b,a!£jve.r.~ l• P.eriodic Theory of  Solar St i l l

Since no s a t i s f a c t o r y  per i od i c ana lys is  of the heat 

and mass t rans fe r  processes of a s ing le  basin-type s t i l l  

has been made so f a r ? the author has analysed the 

performance of  the s t i l l  taking appropr iate  heat and mass 

t rans fe r  r e l a t i o n s .  Solar  in tens i t y  and ambient temperature 

have been considered to be per i od ic  and hence expanded as 

Fourier  se r i e s  in t ime;  the f i r s t  s ix harmonics are found 

to be adequate for  a good representat i on of the observed 

per iod ic  v a r i a t i on  of  temperatures and so lar  i n t e n s i t y .

The Four ier  equation of the heat conduction has been solved 

taking account of the per i od i c  heat f l u x  through the 

insulat i on  to the ground or ambient a i r ;  in e a r l i e r  t r e a t ­

ments t h i s  uas done rather  a r b i t r a r i l y ,  i f  at a l l .  The 

resul t s  o f  the analys is  are found to be in good agreement 

uith the experiments of the author and that  of Cooper (1 973). 

They a l so  provide t h e o r e t i c a l  basis f o r  tuo u e l l  knoun 

experimental  r esu l t s  v i z . :

i )  The da i l y  y i e l d  of  the d i s t i l l a t e  i s  independent 

o f  the insu la t i on  in a ground s t i l l  (Bloemer 

e t  a l . ,  1965).

i i )  The da i l y  y i e l d  of  d i s t i l l a t e  f o r  large mass 

in the uater basin i s  independent of  the uater 

mass.

9
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Chapte r -2 ! Double  j ia s.in ^ aIar, Sti_ll_

Because of  the disadvantages of  a l arge  area 

requirement (per unit mass of uater d i s t i l l e d )  in convent ional  

s ing le  basin type s t i l l s ,  a double basin s t i l l  has been 

proposed* I t  d i f f e r s  from the convent ional  ones in having 

another sheet of  g lass f i x ed  in betuean the basin l i n e r  and 

glass cover ;  th i s  sheet serves as the base of an extra 

basin f o r  sa l ine uater .  The main advantage of th i s  s t i l l  

i s  that the l a t ent  heat of vapour condensing over the l ouer 

surface o f  the louer g lass  cover,  i s  u t i l i s e d  in heat ing 

the upper l aye r  of  uater ,  rather than being uasted to the 

atmosphere (as i s  the case in convent ional  s t i l l s ) .  On a 

t y p i c a l  u in te r  day in Delhi  the d i s t i l l a t e  output from 

such a s t i l l  i s  36?o higher than that corresponding to  a 

convent ional  s t i l l  of the same area,  A per iod ic  theory 

has been presented to p r ed i c t  the performance of such a 

s t i l l  and experiments have also been ca r r i e d  out uith th i s  

type of  s t i l l ;  the agreement betueen theory and experiment 

i s  f a i r .

Cha£ter-3:  Performance of  a C o l l e c t o r/ S to rage 
.S£la£_j^ t e r  Jjea,ter '

The b u i l t - i n - s t o r a g e  type of so la r  uater heaters  

have not been t h e o r e t i c a l l y  analysed proper l y .  This 

chapter presents t rans i en t  analysis  to  pred i c t  the v a r i a t i o n  

of  temperature of uater of  these uater heaters uith t ime;



the ana lys i s  takes into  account the appropr iate  heat 

t r  ans fer  processes during the day and the night (when 

the top g lass  i s  covered by an i n s u l a t i o n ) .  Experiments 

have been carr ied out uith such a uater heater ;  these 

experimental  observat ions as ue l l  as those of  Garg (1975) 

f o r  the va r i a t i o n  of  uater  temperature ui th time are 

found to be in good agreement uith the theory .

C_hap_ter--4. ; Performance of  a Shallou So l a r  Pond Uater Heater

This chapter presents an ana lys i s  and performance 

studies of  a shallou so la r  pond uater heater .  The system 

cons i sts  o f  an insulated meta l l i c  tray ui th black bottom 

and sides and a glass cover  at the top .  A f t e r  c o l l e c t i o n  

o f  so lar  energy during the day} the system stores subs tant ia l  

amount of  heat because the top glass i s  covered by adequate 

insulat i on  in the n ight .  The experimental  observat ion o f  

the author as u e l l  as those of  Kudish and Uo l f  (1979) f o r  

the v a r i a t i o n  of  uater temperature ui th time have been 

found to be in good agreement uith the r e su l t s  of  the 

theory presented,

: Xr,ansient P l a t e  Temperature^.JLn, _riat_e_-
P l ate Solar CoJULecjtor

In f l a t - p l a t e  so la r  c o l l e c t o r  the stoppage of  

uater f l ou  (uhich could happen a c c i d e n t a l l y )  uould r e s u l t  

in a t rans i en t  state uhen the temperature of the absorber 

may r i s e  sharply.  In th i s  chapter the author has presented

11
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a s t ra i ght - forward ana lys is  to f ind the t rans ient  

temperature r i se  of the absorber p late  as u e l l  as the 

temperature d i s t r ibu t i on  in the insu la t i on .  A simulated • 

experiment has been performed; the r e su l t s  are seen to be 

in good agreement uith the the o r e t i c a l  r e s u l t s .  I t  i s  

concluded that the stoppage of  uater f l ou  in a solar  

c o l l e c t o r ,  under condi t i ons  of  high atmospheric temperature 

and intense solar i n so l a t i on  (uhich occurs f requent ly  in 

t r o p i c a l  des er t s ) ,  may resu l t  in the r i s e  of  plate 

temperature to a value l a rge  enough to exceed the maximum 

serv i ce  temperature of inexpensive insu la t i on  uhen used 

belou the plate  and as a result ,such insu la t i on  may get  

damaged«

° . P Q £ . e,  ,o f  _Tramb_e^ U a  1 Is  ja n d  
R o o f  Pond Sy s t ems

This chapter presents an analys i s  of  the per i od i c  

heat t ra ns fe r  through thermal storage u a l l s  and roo f  pond 

systems subjected to per i od i c  solar rad ia t i on  and atmospheric 

a ir  on one side and in c o n t a c t '  uith room a i r  at constant 

temperature (corresponding to a i r - condi t ioned rooms) on 

the other s ide .  A one-dimensional heat conduction equation 

f o r  temperature d i s t r ib u t i on  in u a l l/ r o o f  has been solved 

using the appropriate boundary condi t ions at the sur faces ;  

e x p l i c i t  expressions f o r  the per iodic  heat f lux through 

storage ua l l s/roo f  have been der ived.  Numerical ca l cu la t i ons



13

f or  the per i od i c  heat f l ux  into  the room have been made to 

assess the r e l a t i v e  thermal performance of storage u a l l s  

and roo f  pond systems in both uinter  and summer seasons.

I t  i s  found that a thermal storage mass u a l l  i s  p r e f e r ab le  

f o r  l a r g e r  heat storage duration uhi le  a uater wal l  i s  

sui table f o r  rapid heat d i ss i pa t i on  in to  the l i v i n g  space.

For Delh i ,  a roof  pond system comprising of  ua te r - conc re t e -  

insu la t i on  in ascending order of thicknesses in summer 

season and in descending order of  thicknesses in u in te r  

season i s  found to be most des i rab l e ;  uh i l e  the combination 

uith ascending order of  thicknesses i s  most appropr iate  f o r  

t yp i c a l  cold cl imate l i k e  Boulder,  Colorado.

The uork discussed in the thes i s  has been reported 

in the f o l l ou in g  publ icat ions/communicat ions! -

1. Per iod ic  theory of  solar s t i l l ,
In te rnat i ona l  Journal of Energy Research 
( In  Press 1 979) .

2. Double basin so la r  s t i l l » Energy Conversion 20 ,No.1,(1 980)„

3. Performance of a c o l l e c t o r/ s t o ra ge  solar  uater  
heater,  Energy Conversion 1J9, 41 (1979).

4. Physics of  shal lou solar pond uater heater,  
In ternat i ona l  Journal o f  Energy Research 
( In  Press, 1979),

5. Transient p late  temperature in f l a t - p l a t e
so lar  c o l l e c t o r s ,  Revue In t e rna t i ona l  d ’

b r ' / \Hel iotechnique ? 1 Semestre, p-r8 (1979) ,

6. Notes Transient  plate  temperature in f l a t - p l a t e  
Solar c o l l e c t o r s ,  Ind.Jour,  o f  Pure & Appl .Phys i cs  
( In  Press, 1979),

7. Performance of  southfacing thermal storage u a l l s  
and roof  pond systems(Communicated, 1979).
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