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The world' a populationis increasing rapidly and 
the per capita d*inds for p►srr are increasing stiff 
acre rapidly. Themajority or the varld•s population 
Which has been lagging behind are an the wove towardi 
vapid tndustrtaltsatton. Consequantly the rsqut rants 
for fu.i have tncrarnd rro au4y. *rudy s 
s ntrtes are beginning to fad the pinch of disiniahing  
supplies of eases a able coal. It is also being 
realised that it is the time to start Intensive research b 
for fuel substitutes to cope with the futuse den s. 
The tuts gencattons say face a *rrtons energy crisis 
du* to the rapid rats of dalstthg the saergy resources es 
if n.y souross of energy are not brought Into large scale 
Us** 

d sus Is on. of the greatest assets that the 
earth has over known and intaCt is a real source of all 
fossil full. Sys the beginning of an history, can 
has tried to use solar sneer to laprova his life. Tat, 
because of the difftculttss iw Iv d in the fftctont 
Collection and offeatty. storage of solar energy and 
sorso'er because of the ease and afftctenoy of fossil 
fall utflisatton, not such + ffo t has been devoted to 
the s ciantitic utllia.tton of solar energy. 



Modern oivlisatton is coupletely dependent on 
chap and ahmdant energy. The etcnaatc wealth and the 
material s sndards of living of a country are deter 
sired by the teodogtss and fuels which are available. 
sable 1.1 gives the per capita Ames and energy  con- 
mapttc*t frau oa errotol sources Ccoalq oil, gas and 
tea) in )95 and also the per capita consapttons 

d non cairctsl fu*ls (wood* bagasse, dung. ram 
others) • in the Past  f iv dioadas, large, scale, sausuni-
Gation systs has tharoassd the oontait between the 
people of the world. This *cutest has stisuisted the 
populations of under4sveloped areas to struggle for 
t t*tcal d.veloeflt. most of these areas are in arid 
or sat-arid regions where sunshine to giant and the 
aspen as of fossil ` el, and hydroelectric power Is pro-
bibittul.y high. 'Here the sftsettve utilisation at 
solar energy is most attractive» 

In most of the anderwd velop.d count rica,  solar 
snag is more or lass a part and parcel or their life. 
In und.r.derdop.d countries the utilization of solar 
energy is most likely to oversoul the mental barriers 
which often  resist the introdiactIntroduction of advanced t ratno- 
.oiihsf 

An important fact regarding the utilization of 
solar _*erg to that It is th-e host abundant source 
of energy oim to * # and is likely to last as far as 
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min can corprsh *d. 

A 010s s+Z 1nttion Of asssrsb and dsvelepa t 
activities, the world over indicates tes that the greatest 
advanerns have been or are likaLy to be *ads in the mitt.- 
satin of solar .n rgy in relatively assn s It. This 
factor is particularly important for sag the needs of 
the under-developed mss#  and. fits Into the pattern of 
their rural conosias. 	all nits can be tailc red to 
the needs of indIvidual coscurittes and the aveilabilitias 
of aur1us manpower will la• ly obviate any need for 

Availability, Intarsittance and storage as the 
most iapertsnt consideration In the uttitsattan of solar 
energy. 

Solar snar r art ilisatia► say not be practicable in 
all the locations or to all allust*s. The fiber of 
bright sr►sh e karst solar radIation and the height of 
the sun in the 1k7 are all factors which suet be sonsidsrsd. 
Arid regions near to sotstor and which are actually short 
of cheap fuels have greatest possibilities for Its use. 
P2so.s situated. bets 'lam and OSS  lit ituds would be 
more suitable. 

Within the yaat two decades, several international 
sy*posi+s have led to an active and rapidly .gassing 
interest an the part of scientists and engineers, and of 
the general, public as well,, in the direct ass of the 



mm's Wer"o A syep►siur on space, besting vttb solar' 
mirgt( `) vs bold in 1950 at M.I.T., U.B.A• Ojapoita 
on solar energy wore organised by they *erican Academy 
of Arts and 	and Ohio Widow of 8a1snors(3), 

si r 

at Univsrsity', of Wisconsin in 19. In ]95 UU8CO 
And the Indian do versant sponsored a gaposi 	OR 

solar energy and wind power in which various tedinical 
ssibilities# social and litical Implications in 

the use of solar energy were discussed. 

At the canterenc. hold at flfliversity of krona# 
at ' +son 63 in 19559 acre stress was laid on basic 
r ►s+~srab in. smear energy. Another i ►tsrnstisnai cone 
ference in the some roar 195 was held in Phoantzt 
under the asic of World syaposMa on applied solar  
*fora* 

In 1958 Professor ?.tronb r ordaniZed an Inter-, 
national ayapostna in ens• ) srbusirring the thersal  
aspects or solar energy in research and ind%%stry. 

In April 1961% a ayaposiru was organised by the 
National Acadaey of Gdlnau in Wssbthgtoni in 
ascna*is restriction, in the use of solar moray were 
disregarded said en attempt was red* to bring out now 
Ness and enco%arags research on solar energy that fight 
find practIcal application In the future. 

A OOnta`sna* was hold In 	in most 1961 

and It attracted 500 scientists from crew 10 +retries. 

5 

This conference was organised by the dooist and foanosia 
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iteton of the Vatted Nations* AU phases of applied 
solar energy except agrtc*1ture were considered. za 
the se ar 19610 ether tnsr on solar and uoli 
energy was hold at 8ountcn in Orasc.(11  • The taiga topics 
or discusaton were generation of electricity, the large 
aaale use opt solar water heaters, and the production of 
power tree methane obtained tram the formation of 4 aa* 

An Int 	tion*l solar energy soctd7 conference 
was held In March 2. 6, l9  O at Xa b+ 	+r 2), *tatraliao 
R.oent2r an another Znts at or*il solar energy"sposit 
was hall in i4&sbtngtonU3), May lO-1%, 1971. 	ter. 
national solar anery society vu tamed in 19 and 
brings out the Journal of solar energy which to a form 
for scientists working on solar energy applications. 

A good Baal of efforts bare been devoted towards 
the uttlisatton of solar energy in various arras of 
man activities for the last Iwo decades. Several 
thoretieal nd practical studios on various applications 
have brought out the feasibility of sftsctiva and=i 
utiltaaaIon of solar energy. Some of the direct eppitcaa 
trion of solar energy are beating water, beating and cool- 
I 	d a, refrigeration, d*dratton, cock Li, and 
baking, dtst Is$ water from sea or brackish #mrc*a. 
Solar energy can be converted into mechanical power 
through best engine, or directly into electricity through 
tb.rta .otrictty end cboto&voltstc eonvarson. (* the 
btoiogic l Adssuccessful experiments have b done on 

103 



growing algae In solar pods. 

It can be said that whale aziiereus applications 
bays been d+s onstretsd, very little c ercisj use is 
being made of the scare energy. ' psi anew_ Is the 
free gift of hat . and more so in the hot and *rtd  
regions of the world ths in the colder northern climates 
where this bounty of nature in not so ,plant ice.. 

4 

The type of applications on Bch a country focusses 
its attention wm ld depend mostlyits stags '' tesbzso]a-
gloat .dvanaeent, economic stedards,, imbalances In energy 
resources sto* Zn the conteit of our special requirements 
and the availability of solar energy In abundance in most 
parts of the country, the Problem appears to be the dsysiop-
wont of such deices which are cheap enough to find *co pta 
bility ou a wide scale. 

Tb. 1s`v grad. best, that is#  at * temperature below 
the normal boiling point of water#  Can be accomplished 
with relatively staple .qutp*entt, and with a collection 
off totenay of the order of 60 per cent. This low gdi 
best *rte be used for 	*stio hot water supply, house 
testing and cooling and dtsttllatton to provide drinking 
water from salt water, which would be of thmeEtfte ap is** 
bion in tropical countries like Indio*  

Solar nergy colleotor is one of the most important 
item whICh is used In eU solar energy utilisation devices. 
These collector's are generally of two types-the flat-plate 



type and foeusstng type. Various designs and their pr 
tormsnc.s a e discussed in a umber of rs 'arse + s(142349  
36,17,18„19),*  fhs fiat*pats cot teatsrs are most suited 
for temgsrstures below boiling point at water t,..10000. 

These collectors do not follow the any, absorbers direct 
as va .. as diffused solar radiation and are absspar than  
touasthg type of aafectors. So these ccfl►autors are 
preferred for vatsr:aend space b►ating eppitcetions. 

The prest is an szperimsnts1 study of the pars 
f sacs of the flat"Plats collectors and their ass for 
water beating end house beating. The results obtained not 
only show that solar energy utilization is feasible but 
also that It is masical for tinder.dev.topsd eomtrtes 
to adopt  them 

Methods have also been developed or estimating the 
hourly total s sr radiation on any inclined suCacss at 
any orientation for those plasss where only sunshine ors 
data is awsilabte. This is essential for the oorrsct 
designing of solar snsr systems or any en►vtrii enta1 can-,  
trot systems. 

Variauscliantlo, operating aM design paraseters 
which tnfbieea the per$orenoe of fist**; ►late collectors 
are studied in detail and trig sambined and opttatsed so 
that the collector works at optist p+ "e *near at low 
cost« Various design factors are *xpsrimentally deter* 
mined. A formula tar the opts tilt taking into account 
the variation of glass transmittance With the angle of 
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c dence of sun's rays and th difftisid solar radiation 
has been drtvad. Simple curves for obtaining 4pttat m 
tilt, at any place faranytias of the months are presented. 

Simple design carves for arriving at optimum can*,, 
otor area for + give land are developed, based on measured 
and ccputod solar radiation data and other climatic 
factors. Vurtber, eiaple amperical linear relations are  
gig which arC very uaatul for a quick sisesasant of the 
absorber area for any given situation.  

2..4.1 	► _ ► r~r,,.HIMIa 

A sethematical modal for predicting the p `orranos 
of solar w .tor heating systems to developed which has b 
validated for clear &a well as Cloudy sky conditions. This 
=04 el is used for undying the effect of a maber of design 
perseters St a *52 height to diamet+t ratio of storage 
tank,, stagnant water sftsct, circulation pip* diameter, 
height to width ratio of absorber, type of absorber,# 
height or storage tam above the absc~rhar's top etc. This 
model an be conveniently used for predicting the system 
temperatures,  awe, the clastic and design conditions are 
given. eased on the above findings  a dameottc solar Mater' 

beater capable of 'heater hiD litres of water upto 5 '*O 
to the winter s dnga at Roorkee is developed end studied  

In a variety. of ways so as to s ate the goal + calk 
usage conditions. The insulation used around the storage 
tank has been optiatsed to give an ac =.ta thickness. 



A large alas solar water beater for the industrial 

use have a number of other problems in addition to the probli 
encountered in dcoestie sins. These problems are, Inter-
connuntior or absorber bank;,, flow rats effect, control 
for the pump operation*  storage also and absorber size 
effect on each other.. The effect of Inter-connection of 
large aber of absorbers such as in cascade, serise,, 
series parallel and true parallel on the Overall per 
for anc• is expariaentaliy studied* It Is observed that 
true parallel arrangement gives maximum of f ici ncy and 
econ . This study is very useful and is directly help.. 
.ice, for places where large number of beating panels or 
radiators are used for heating the spats. 

The affect of flow rats on the overall , performance 
has been experimentally observed and found that the flow 
rate has practically negligible effect on the performance 
in a closed circuit. This experimental fact goes against 
the theoretical findings where a number of assumptions and 
simplifications were cads for predicting the effect at 
flow rats on the performance. 

The effect of various controls, such as set tea-» 
psrat , s+ t radiation, t itess lob and d "ter tial 
temperature, which are generally used for the control of 
pip operation, on the overall pert ore anos of the system, 
are experimentally studied. Such a eceperative study has 
been made for the first tire. It is observed that diffor*-
tisi control as developed by the author gives maximum  
efficiency and minimum operating costs* 

The effect of storage site on the performance ►ce for 



a fixed absorber area and the o`faot of absorber area 
on the perforaince ror a Pized storage wise ie tbaorati-
oally studied, and axperlirentally proved* It is observed 
that for a fixed storage ■ia* there it an opt 1au absorber 
area at a gtvsn locality. 

Bated Ofl the above studies a large *is* solar water 
beater of 600 litres capacity was designed and installed 
at a local hospital to study its ,parforeance. 	immersion 
beater (3.0 lei) 10 fitted in the storage tank and connected 
in series with a safety tberrsostat and solar Switch 
develop d by a author. T s the systee becomes automatic 
and gives hot water for 2 hours either orate, by sun if 
present or by electricity of sun it not shining* This unit 
is tested for a auaber of years under varying climatic 
and operating conditions, 

A low cost solar water beater which is a built 
In storage typo where a tank performs the dual function 
of absorbing and storing beat is also developed* This 
beater is mainly moat for day time use and does not 
store hot water for overnight. A theoretical model based 
on unsteady brat flow conditions is developed which can 
predict the mean storage temperature within an accuracy 
of l C. The model is used for optistitug the ratio of 
absorbing area to Its capacity which deirsines the final 
temperature reached in the tank. 

The performance, of the boater is studied ecperi enba-
ley sieulat g various domestic usage conditions. 
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The . 'feet of dirt deposition an the glass cover 
and plastic cover at various inclinations from the horiaonta 
on the overall transmittance has been experimentally studied 
and correction factors for the dirt or* determined both 
for glass and plastic covers* It is observed that more 
dust gets deposited on plastic as compared to glass sheet 
bsoause of its electrostatic nature, 

The economics of solar water heating as compared 
to water heating by electric geyser has been worked out 
for various power rates and various life expectancies of 
solar water heater* It is shown that solar water heating 
is economical as compared to electric jesting of water 
for most of the Indian cities.. 

l. .2 	 t u 

The temperature required for hest ing houses is leer*  
so it is not necessary to use the more expensive focussing 
and movable solar collectors. All solar spa** beating is 
done with flat-plate collectors mounted horizontally on a 
flaturoof , tilted toward the equator on a roof or placed 
vertically along the aid* of a building facing the equator. 

Keeping this in mind four dUfsrent types of solar 
air boaters such as corrugated type and Matrix type are 
developed and their performances are experimentally studied. 
Various design constants such as plate efficteney factor, 
beat removal efficiency factor, overall hest loss coeffi-
cient end effective transsissivtty absorpttvity product 
are experimentally determined. These values were not 
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available in the literature and are very helpful For 
designing these devices. 

Flow friction characteristics of these air beaters 
responsible for their efficiencies as well as for circulat-

trig coat is optimized for maximum efftctsnep. The air 
gap or duct size between the rear and exposed absorber 
surface is also optimized. 

Space beating by use of solar heated air frfrom 
root mounted collectors has been tested at the laboratory 
without any provision of storing beat. This system to 
found to be more econc ical and advantageous for buildings 
which are generally occupied during daytime and sunup 
hours uhb as office buildings. This st*i is further 
tested for two winter seasons in an experimental roam 
without having any insulation, on the walls and rosy'. The 
performance data such as resulting rise in indoor air 
tamper . ure, air circulating rage and cost, solar insola-
tton rate and ambient air temperatures are measured and 
discussed* 

Another type of a simple solar roam beater suitable 
for single roams has been developed and tested for two 
winter seasons once in an experimental room and then in 

an actual occupied off .ce roam. This system can be used 
even at those places where there is no electricity, as 
thermousyphonaction can be mad* use of for circulation of 
water. The system uses a number of -collectors placed at 
a convenient location and storages- s-r i t panels 
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placid near the wall inside the roam. There panels were 
specially designed to have More heat transfer area within 
a limited specs. Radiative and  convective heat loss tram 
the panels which is a function of room air and surface tMS-
peratures is utilized in heating the roam space. Curves 
for predicting the panel area and its water capacity for 
a given heat load requirement are developed,, Linear 
curves for arrid rig at optinum collector area at different 
places which to a function of alimat to, operating and 
design conditions for any required heating load are 
discussed. 

The economic design and operation of space heating 
•systsd is inter-linked with the type of Construction and. 
of building concerned. The effect of providing insulat ion 
limn; on the Inner side of the room, on the heating load 
and thereby on the solar heating syetem has been studied. 
The results show that for an insulated structure the 
solar space heating can be proved to be 1eon ieally 
feasible* 
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of sunshine, it is usual to resort to simple empirical 
relatbns, worked out on statistical basis from which the 
rates of total insolation on horizontal surfaces may be 
predicted. A correlation between the total radiation 
received on a horizontal surface during cloudy periods with 
the degree of cloudiness was first made by Kimball(t)in  
1919.   Later Angstrom(2)  proposed the relations 

Q = Qa (a+bs) 

where Q total radiation received on a horizontal surface 
on an average cloudy day. 

Qc= total radiation recdved on a horizontal surface 
on a cloar day. 

a & b = carp' ter is 
8 = Ratio of actual to possible sunshine hours. 

The constants a & b varies with the locality t  prevailing 
cloud formation and the time of the year. 

cloud cover as estimated at weather stations(3  can 
be used for estimating solar radiation on average days09  `) ► 

go method is presently available by which one can 
calculate from theory alone the solar energy available during 
hazy or partly, cloudy days. Theoretical, methods developed 
for calculating solar radiation are primarily for cloudless 
skies only and are based on the amounts of dusts  moisture. 
and Ozone present in the atmosphero. The standard clear 
sky soloi' radiation curves given by Moon 6)  (1940) Klein 7> 
(1948) and Pleijol(8  (1964) have found 4de application. 
The atmospheric transmission curves given by Threlkeld and 
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00, NO 011 16 604 4.7 1007 11.8 1,2,1 14.44 Del 740 306 6,1 4.0 
901, 4.0 Oil 3.0 7,1 0.0 1148 1301 134 11.6 840 7,1 0,0 0,1 0,0 



Ooa ~ ica~ cr abao 3 rm a O I tt9 7- iii oP ,"WrIv PMnr17 t3t11 
iad1^&.ton Oil Po cc~n i Our cb (L) f 	Q3 ((tRt1Qj(/I t ) 

UVN11I Jl } 	: 	; 	 I 	I 	{ 	t 	I 	, 	1 	► 

7 	: 	 f 3.? 

	

1, 	40 N 0 0 	1.8 13. 	344 	 P.4 69,7 07.9 68.3 69#4 4,6 31,0 10.1 	2#0 	0#0 

C01P. 0.0 	2.0 IS.4 34+2 40.2 G9,3 004 054 89'0 €11 .2 34#3 15.4 " 0#2 	0«0 

I O 

 

01. 0.0 	'.4 2.4 40.? 53,2 70#0 77,4 7?.3 72,3 61,6 41.7 03.1 4.0 	0.0 

'G1PI ONO 	4*2 20,2 42.1 Oil 08,3 75.1 70#1 .65,1 Al Oil 00.0 	4.3 	0,0 

0311, 0.0 	0*3 08,2 47,3 64.3 748 83,0 &1,0 77.0 C ,7 47#4 24.? 7.2 	0,0 

c'T', 4.0 	06? 24.7 44,9 61,1 12.1 78,7 '3,7 IM C34 44,9 34,,? 6,7 	NO 

	

;v'j1 	fl0",)r 0,0 	04 99#0 484 65,0 74#6 02.2 01.00 00.9 6,8 	,3 23,1 10,0 	0,0. 

ti .4.4.4 	4.3 2346 4047 0513 74.4 73O0 ' )oo 74.0 043 007 2846 003 	000 

	

1,3 12,9 31,4 33,9 0740 7«0 82#0 77,0 74#0 37,3 477,2 31.0 13,3 	4.9 

Corr 800 	10.0 00,0 44.2 03,9 73,9 7094 74.4 14.2 03.0 44.2 24.0 10,0 	1.6 

	

003. its 1040 2306 4111 6700 6540 8707 7040 0360 64.8 3316 2300 93 	1#4 

C0:"-Te 1,0 	2,0 2407 40,4 84.8 000 44.1 634 04.3 0%is 4004 14,7 9,0 	ISO 

17 03111 	006 1.6 1000 Se,8 35.9 h0 80,8 940 4X4 83,0 44,0 1410 0*0 0,0 

C3 .1,0 617 104 29,6 3600 010 43,0 4040 43.0 "6,2 29,6 18.1 007 1#0 

t1 	u 0a. 	4.3 4. 13,0  :4 13  0 00.3 ),? 44 to",i 26,7 1 ,3 0, 

C0UP, 010 6,2 1803 31.1 4044 44.9 80.1 6041 44.0 14044 31.1 14.3 041 040 

G*T? 08. 	4.0 5.4 1003 34.8 '19,3 55.1 6603 04.0 all: 10,3 2005 1.0 , 4.6 0,#0 
001P, 0,0 3.5 1903 34,4 43,5 53,4 6000 01100 50.4 540 3404 1 eJ 0,6 000 

00:0 	000 3,3 0444 36422 6147 Ol e 5213 0500 05,1 63,3 ),2 32.0 11,0 345 0#0 
COO 000 4.5 h2 30. 4`)4 000 03.4 G.4 400 4M NO 104 NO 0,0 

CJ'17o- 4J.°.o 	0,0 1.3 1005 TOO 307 6300 9114 Colo 04.0 44.? 9104 15.0 1.0 040 
C, 040 24 15.3 31.0 46.4 . 0.0 04.3 2747 44.4 31.3 16,3 4.1 040 

i 	;0« 433. 	000 4 1200 30,3 44.4 67.2 00.6 34.0 ' 57.0 074 31.0 13.0 1,1 0.0 
C i s 0.9 1.5 13.3 04.7 44,1 53.? 68,9 63.3 03,? 444 2007 13.0 1.0 0,0 



Tar 	s C 	1cøn of oD o nc3 ray; : it c 1! ;; 4r nm no 317 
d tf c riitt on b icnta1  

1 	1 	I 	P 	1 	I 
6. 1 G•? 7 	00 0'10 ' lOsl , 42 '124 P 10 	33 	3* 1 4.3 , 30 1 	3.7 

3!i1'w 033, 000 1►2 boa 9,0 003 1103 114 1100 12.0 1000 0,1 604 103 0,0 3j, 0,0 0.9 443 7,6 0►5 10.11 11.8 11.2 10,3 0,8 700 4►0 0,88 060 
230 2,  040 0,0 6.4 6,7 0,6 0,0 DOD 003 2.0 0,2 0+1 6,3 0,0 000 

CC 11 0#0 100 3#7 7,0 9.3 10►1 $,0#9 10«0 1311 0►3 7►9 $17 1,0 0,0 
'12a 03a► 0,0 3,7 CIO 11+1 Use 13►u 13.0 13.6 144 ]3,(1 3.1.9 003 44 0,0 

CC:1. 04 2.3 74 10«0 134 110 14#3 14.3 13,9 124 10,8 741 3,0 0,0 

Gas 03. 0#0 0#3 1103 1440 1703 1706 1004 20.8 20,0 1.8,0 1203 12.1 408 0,0 
001. 060 348 1000 1364 13.1 10,0 30.2 1003 13.3 164 13#4 1040 300 000 

MY 3,  1,2 743 14.2 10*3 14„0 20►6 21►0 314 20.5 1007 1006 1403 846 Ito 
c4'111 0,7 6►3 11►e 1.6.3 12.7 18, 1009 194 1.0.9 10*7 16.3 1163 6,0 Ow7 

ro (3C► 34 4►4 144 10.3 0.i 04►1 20,0 27.0 334 82.0 1004 1303 600 1111 
CC:, 191 7033 ,303 3169 20.9 30►0 333,6 2910 2613 03►0 21.0 18.0 7.0 1.1 

JOLT 05" 3,6 763 14►7 3j,0 07►1 .>$,S 2►7 37,1 4.3 07,2 30#3 1.4.3 NO 0#8 
001. 063 002 1307 2860 85.3 3163 0206 3343 3143 03#3 8304 15477 0,3 3,0 

AUG. 08:, 0,3 3.3 1840 3360 3144 374 324 +30,8 3641 31►0 33#2 1364 603 0,4 
C0~1s 0►5 6.0 1503 3400 23,3 32.5 33#I, 3540 •3205 8303 24,0 16.00 0►0 060 

0J i► 000 4.3 1111 10,? . 20,2 3363 2408 &1,1 0004 23,3 1700 1101 ;;!►'. 000 
CCI, 0*0 13.3 10►0 24►6 8.9 3107 31. a),3 111,406 10,012.0 4.3 000 

0Cs, 03"r 0,0 "►3 74 11,2 14. 1263 18,8 0,%0 IPA 1?, 32,0 0► O 243 0,0 
6►0 2►8 7,0 1142 1364 L8.J 10,0 16,0 1303 13.4 11,3 740 2,8 NO 

21. 031i► 000 103 6,0 0►4 10►0 13,3 10,5 1461 10,0 13,1 300 603 12 000 
00.1. 0.0 1,2 313 10.3 10.2 14.3 1.4,3 12,0 1.013 4►0 8.J 1,0 0.0 

020, 082, CPO 0,9 4►1 Oil 7.2 Oil 0,3 O►l 7,0 7► 8.1 3►0 3,? 0.4 
CC i► 0►0 0►3 4►6 9►0 0►0 0►6 10.2 10►2 NO 0,0 7#0 4,3 0►0 0#0 



CuptQd volti n o atro ttt1 gat ~8 a ~~~; Sttc0 (I) 
ddi t on of b !ntr1 ^of"01 	:  rro (Ern~ off/ ) 

0 	00? ;?.O  + e 	0.0 ilO.0 U12 v"1 : 1°" + s°0 : 3•l : 	66 ! 	G• 
..r.a 

t~l0► IT,h 0,0 W► 17,93 37►M 6145 55%% 05.14 05►74 0 4aw Ja► 	1 31►23 3.?, 8,73  0►0 
1 4►0 2,G1 ?,6 12#38 AN 10. 37 11060 17►04 100 1 HH►CM b'?►OO 7#03 2.01 0,4 

llsrtl~ ITh 0►0 c45 229. {479 6 #3 60.8? 04191 owl 01087 0437 46,72 22.91 0,16 0.0 

dab 070 uam 7417 11113 13.14 10163 16461 13,61 4.0) ,3444 01,16 2143 2,33 0,0 

fi40* lTh 000 7640 28#00 47448 03,4 72,10 ' 	,Ao 77#CO 74.10 63,24 47►20 26.00 	47,00 0,4 
1~0 NO 2a03 uaZ LIe?a 1!~03 16►20 17+23 17,3 10,00 14.68 1?,?6 0.) 2.03 0«0 

pao z7~ 1a'," LI 157 ia7 7 a 3 a► 0 ?G 71.4 fl 02,47 47,00 21,2? 0,02 14  
I 0130 449 10,20 loonn 10,05 10*01 23,31 20? IDAOA 16~95 15,23 10.03 4,10 0430 

~ Y 1,04 0.93 26,21 677►63 60410 0101 17h 

 

68,26 63.26 0444 53.700 43.03 03,21 0,03 1.006 
Idb 0404 6.32 11.71 17004 18,E 20,80 22,10 20.16 0.03 V3 17►0M U7l 6.22 0 

J I 12~ 1.0? 041 08063 41107 13.G1 CO►G? 64,x0 O'!► 33 0067 a"Mo7 41404 x,03 o, 1,077 
lak 0.71 5.12 12058 10,03 10064 22.63 ,24 24.24 28403 10.64 10003 12,30 6410 0.71 

a 	~ , 0007 6.0 12.0 17,E 10060 21,8? 23.30 23,32 814 33 ,3? 
 ~► 7,04 1n«38 0.3  

12b 

 0;67 
k 	0e 0,64 5067 10.04 33►70 0000 0,79 58.1783.1? 69,1 0,89 33476 10►04 5,477 0604 

040 3553 12,203 20,06 22,34 23,20 2,144 23.24 20►05 10123 12,33 0,33 	00,40 

5" aO I7b 0050 7,4 01"11 '!0.24 02►01 3,300 04.3 04,03 C0,6 CE31 40,24 23,14 7,70 0►C0 
I dh 0►43 5.04 10.00 18.31 20,70 22450 24,46 24,49 20.20 2C,70 10,31 12.36 6t@M 0► 

007. &h 000 4.43 13,60 20.50 39,40 48.32 40.71 46.71 65,30 3M3 20,52 15,03 4,43 0400 
lab NO 3097 4027 14.1? 1404? 11#07 19043 10.3 10.07 16,0414,1? 0,21 3.3? 000 f 

I10V't Y7h 0000 3,73 14.92 29► 0? 40►28 46.02 31.73 51.73 43.02 70.20 2447 24.32 31,73 0,00 

ldb 0000 IIN 10.23 1542 15,78 20.76 25034 22+34 20,73 16.70 10,C0 10,83 340 0,00 

of f,M 111) 0000 3.10 13►03 415 3,27 .42 {t o?U 5,14 i o,4 4,2? 31433 16,09 0.13 0,0 

lab 090 .33  7002 1.23 10.0 17,50 10#00 10.00 17,23 16,07 1346'8 7.72 2133 0600 



b°DL1't~Q Voiu  
on bV111W ct uco for Oc1c it (kaw10 f/tr) 

, 	F 	, 
7~3 # ~*fl  4~~~0  1 ~ ~ l w' J g 	l" t 2, 3 S , 413 , 0 	07 

I 	17 	1ta 010 1#30 10401 25,3 37,9 r 5,CC 	,03 0' 003 00403 	AT 251-9 10031 1,W0 	000 
040 1.07 0.02 12A00 1u$3 17400 10,10 i.15 17,03 13400 32405 3,C6 1.07 0,0 

FQD 	± 	►' R~ 0.0 3q15 14.97 4?S 43403 60,4 @ 77 ^!A77 60,43 42,% 00.73 :i~,07 3.16 0,0 
I 0,0 1,00 ?,3 1,20 14A03 17,07 17,67 10,44 14,0 12.2 7,6 1400 000 

! 	e 1~0 r07 1A 39,12 h3 )l10 61455 6445 0048 &„32 .39412 21.03 5,3? 0,0 
lab 000 3.23 0,09 13.00 1.01 17400 13.$2 loin 17 16,91 13080 0,00 3.25 000 

r r tth 144 rA09 23,78 it 5(.02 0A71 0~3M76 0I,7G 3A7d 50,,G2 40,43 23.70 0,00 100 
0C i.41 1"36 B0~ 00,1 11,03 16.69 M 4193 0.0  

24? .0,04 37/10 1A03 Oi,74 5u443 3741"1 07011, 20..13 04,74 .43+30 0740 10.06 1.017 
tab 0473 5.10 10400 14.30 13.40 17453 10,70 LM070 17.30 15.00 14.00 10,30 340 0073 

u 2,23 13 04.0 37. '17.0 3434 A 	l 

 

t 	A04 41.04 54 4741 37.25 04.0710,06  2,26 

F~, ?A47J i71U~ 051 mA ~ A ~ ry~t6 23.00 22.03 hiGAit 02.31 21.23 1.50 3,03 144 

	

Jtiy 	!t,. 2.27 10,44 23,15 3543? 45.40 31#30 04.21 2  M 51.30 45,40 38,07 3340 10,44 	2.27 
t 

	

14 741" 15.33 13,23 13,7"1+ 20.40 2337 23,3? 2.40 10473 13433 136C 7013 	1119 
344 2 6? 30.63 49000 06479 polo FIXXG 33.70 40,00 33,40 TO 0,16 1.03 

	

0.09 0,03 13.06 11000 20.00 22.30 24,03 w'^.003 17403 21,03 V' ,G6 13.030,03 	0, 

c E qtr x~ 	0,85 (4 ,43 19.04 34,16 44.33 61.24 64.60 004400 31.24 40,03 34,10 10,06 0.,40 	0,05 

	

3,44 ' 841 11,30 17,76 13,70 21,20 9.3470 23473 02,33 140700 17076 11,03  541 	0,44 

	

Oct 	1 	NO 3,G 10,24 3148 42.77 49, 0 03400 534010 43,53 42,77 31160 16.24 3,03 	000 
Idh 010 3.0? ii.00 17,00 20427 22443 23404 23,04 9 	20,27 17,20 11+00 3► 	0,0 

11 	ep 	Ito NNO 0036 13.76 3046 0104 51#09 65#01 55901 0400 6144 30,10 ?3.76 2t36 	0,0 

	

Idh 0,0 1406 343. 136622 10188 10442 3.0,00 10400 1004' 10,00 13162 0,11 10033 	060 

;bC ov 	$th 010 1045 10.00 26.36 0033 40,06 37126 57.5 	,261 33.03 20,50 j3,3 ItM 	0#0 

	

Idh Oro 010 0.21 10,013 14.0? 3.5,30 16,36 10453 10.53 14407 10,53 6.93. 0,83 	o. 
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cities of ".ustrd t , 11 b ac- wistred the diffused 
p&itrtin *a a pnrt Q ' tb dir'oot raliat o-h- an 1 ppliod 
to ► forzaii, cent for direct ra1tin. 2 as assumption 
ie: zit Justlfi€ 4. i?o ,u~ b date, Oar tilted otn t coA 
takilic. Into Accouft t  c ttuzed rn1it Lion ":o We , 

Nl1oiPrflt to th + i.Utu utrcA toy eo1r r ieViaOa* to evotlnbie 
E3:) t^'a 

b r1yanvrXon t:ctr fox, (Uret 
ra t:., on ~(a forat11tel s f" o 4tip noy gc,ncr3. orlon' 
Cation ttx ro erence to r~.wwnni r l.n1d n intencity in 
teii s ` 	 i' ivar by the tt tion* 

Cos 9t 	 . .-(2,28)  

vho?c Z 	Latin:' t irGet i►lor ra tion on tilted 
suttcep 

holy nar i nI olr.r raLtation. 
anti Cot 	(^os (~ 3An L3inGow L Co 4) in 

(Cos p 03L • , °fin ~ - n L Oo 4) Coss 0o 
s - 	.fly   
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a Tf 	u iolnr hoar nnclo frz 	3.r moat 
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t^ . 	fee,which crs be trted 
~xxc a cpoeial co of a 01 t r 	Iv of iricidonco to i 

C o(5 A 0 coj L .Co ̂  SCv s:;&A L itn S .-(329) 

The direct radiation on art ontal aurfneo 
(I,) tcnwouldbo 

From eqUrtti.on (2.27) t nd (O), :io got 

' h 	?* 	sw"1 vraie 	"tf'! 'n~a ~. £'oi diroot r 	r'tton,, 

I8$% 'n t 	isotropy 1.1 q'-; rjt1 x a, t 
ruri7 raver ► .p m facto? :"oa 3i ' U 3Oc1 i'ar1i r-tion ldt is 

g1+rGr by 
OO-V 	2.3 L) 

~soii U ► ens rte + ti. t ally ttE11 r i t3 ► 
rn b 	 intit ed :urf .eoo re poottvely,, the 
r tly cnvergon Vector., 	i4U then bo 

tt 1 o t O' ation I n .din n1i mouva viym (7 Lila) 10 positive 
r l v 	Ith r r Ih err th iouriy totzza1 	Ui.t n on 
tt1to( 	 euzrrc 	etive1 r. It r 4ii en 

!s ltm1 in !P1ef! jf tf n Cth oCplatctg 



of diroet rtior f'rorr, tho nun rzi tho coattoro'1 

raaL"tion ft'e tIX" OIVT v6u1t• 

1h 1& -",)b d b tdh 	 .~.~.._ ► ~ 33 

icth = ftaurI7 ifA i cd r siIc,tlon o ho►r3 ►nt*i t urf. co, 

icy U1A1P XI1 1620 oputer tai vrauo 61 ax to 
m utod for vt riou:3 uofui tilts* ti3in tho roauro1 

:4 djffuoij -,-41xo c of colter rt'Jiation for  
1el 	kc wi . oorm 	d ho oput vr1uo ii3i' i4*3rafj and 

Ca.1c kUnt tbo : onrly anv*rs ,3,x factotc ve boon obto1ne3 
frr t tr.i, 1ir ct -i ji fuet r dl tion , n d tho doll 
crtvorsion f~utor fir tot^1 o ►3Kr raiition on ti1tot 
xr 'acesw he tUtu con;-i, re cre (.l50), (L.t °) a i 

O.OL for ozior tc tion due a ith . -Vnv rsjun fo toz'o Lot' 
three ztutto (0, 3O0 , 	) vit ropeot to a utt 

s9 ~►:~ ;~ 1q~ £w * Leis t .t eorrespon3in ', to 0,9 tea the 
lttit.o are tl co cn.1ctiin " for :)cl hb , n 	.:8.2roe. 

2.15, 

Vet (247 2fS,,' .lO) ab*w t a-utb by month 
ris+ "A Of the thti .y envoion factors tot the varlouo 

.1t8 fox' orith OriPZt ti a for t .o r,bouo zvntia. 4 of . g. 
It can biz seen that from raer h to oct bcr the t It ( -3!50) 
t ivos tho 	00,a eior2 ' ctor ibich i:,ei1ut equal 

to unity t) ►urhoc t the period. On th3 other h 	r Onto* 
t~ono 3g tb' % $ ( ." .# 	five 	. i:s 	Ct3U C I 	tt#iOf 
factor d those occur ~3rtunrtoiy in the collod rant Of 
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Docchor era_i t' nu ' w7 u . I t t d .31i f&2, 1tion an 
r i ri on E r., oneir" 	a 	ou Valais. s} io 	zatr 

uov tmcr. Ana? * vc rio c to th t ltitiio cn3 A a f3 tt nna - 
I` h C4r with i t r l t1t 1oo,, t:ho rc z a b LnG oz j,2 
f tlac rac to 1. : 96r )oihl 	e*az'von o' tho tilt 
(0,D L) az" In tti nt 210 f t cnrvoa of th, obovo 't i, 

h , o9zoets of rte! tho o Io it tton from 

bUt n cftn in rtg t ('O#.U) ant (2.13) for tho hihosib 
end 1oot 1c tt tuJ o 1corao p tin r tt► Dolht rr i i r os 
for tixt ofro &. i t on he cioon timt Once.£ fooveir 

d . coO .' In )altI a d r 4tto:a off" ca th ohttt of 
450 ,fro s3uth o ' c uoot 10 nit only pO i m0I-blo but 
to bonk7 	c.t c1 R  ov 	 L? V 	+.iM  	 n cc 	oz, h 	re 

to 0 po; ue 	oa t• t ► 6 sor nt 	r a !:rift of 	Qu 	npt~ 
10 percont for a odit Of 	%øt. 

vort.co Qn. ,7 rc uattoA for avortical of fcco 
' J w mr too ttalthoa Alum tho otontl cfl 

facing aomth i r CO ► 	t►lj the t olvo ,ra h i'or  
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Th ui t ism radiation oa a tiltod ourtroo  
le givon no 

utzoR A* Albodo or tho Onou. 
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Ib1 in it asap tnttnn tho vn1 *f 11 In mccur d 
no 3#329  tbz SU!'i LiCotiGf of a ►pd oh i s c iseua od in nrfii c10 
g* E 	Ian abivo on .aulado la mado for *no imttivo 
+day 1*m4 18th of enoh  	t 

,Zb3 v .u10 of 2iiy totni m41iotion it Dahl for 
P oq 1 to t °, 4S0  trnd * azo oun in - 'i (2.3). it  
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FrG.2 .13 MONTHLY MEAN VALUE OF TOTAL SOLAR RADIATION ON 
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2 r 6 .ASUREsIR OR ZMs QLR ADAO  

Ueasurom^.nt of direct and diffused solar radiation 

on sloped surfaces of any orientation has not been no far 

attempted is the tropics. The total radiation received on 

any day, by an inclined plane is dependent on the cloudiness, 

the atmospheric turbidity and the albedo of the (round. 

Unfortunately in tropics not uch ,, eas+?od data i- available 

on any of the above factors. ' {:t such data based on measure-

menbs spread over long periods is available, the estimation 

of solar radiation on a horizontal surface can be made to 

a fair degree of accuracy. lawgiver, in case of vertical 

and inclined surfaces, a kknovied a of the distribution Of 

diffused radiation over the sky vault is also naco nary. 

Kondratyev and 4onolva (4  suggest that for an 

overcast sky on azimuthal isotropy can be assumed$  chile 

Igor and spencer, ffsetrood(  ) and parmeloe 49 constder 

that as in the ease of clear sky conditions, the oni sotropy 

of the sky radiation should be taken into adoounta 

9bservat'.ons made at loorkee for overcast sky 

condi Lions are pro s-ented here alonrt4i btu its measuring toch0 

niquoe  it has been shovn earlier in this cbnptor that in 

the tropical regions diffused radiation forms a high 

porcenta a and thus plays an important robe* 
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FIG.2.15: CLOSE UP VIEW SHOWING SOLARIMETER :JITH 
GROUND REFLECTION SCREEN MOUNTED ON STAND. 
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FrG.2.17 POLAR DIAGRAM SHOWING VARIATION OF TOTAL SOLAR RADIATION 
ON INCLINED SURFACE WITH AZIMUTHAL ORIENTATION 

UNDER OVERCAST SKY CONDITIONS 
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WALL SOLAR AZIMUTH ~~ 

FIG. 2.21 POLAR DIAGRAM SHOWING THE VARIATION OF DIFFUSED RADIATION 
ON VERTICAL SURFACE WITH AZIMUTHAL ORIENTATION UNDER 

CLEAR SKY CONDITIONS 
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FIG. 3•15 HEAT EXCHANGER WITH A STRAIGHT FIN. 
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This combination has the plate efficiency factor 
as 0.94. The eorrespondin values for this combination 
are ohoun in figure 4.2. It is aoea that cost/Officioncy 
(s/ s) decreases first rapidly with the increase in tube 
spacing and gives miniwi value at 10 ems and then slightly 
Increases, 

The experimental test set up developed is similar 
to ono suggested b7 vhhiiitar(9). Txro eollectois one consiat-
Ing of corrugated and of planc O.I. shoet and another of 
pipe in p1r to typo described earlier (4.2) are chosen for 
test, as they are basi oz=. ly 0.2 two different types of 
collectors. Eater was alloyed to flow In each absorber 
thrreugh a separate constant head tank. The floc rate was 
controlled using a rotamoter as an indicator and the actual 
fl  o, rate was determined by accurately measuring the water 
collected in graduated vessel for a i zu►wn time. - Copper 
con stantan thsrioeouplos (32 $1W. O.) •) trere used as temperature 
sensors and the corresponding thermal oaf' a were measured 
manually at regular inter 'als on a potentiometer having a 
least count of ten microvolts. Instantaneous total solar 
i'adiation incident on the collector surface was measured 
to .t;N a pyranometor placed in the plane of the collector, so 
that ground reflected ra .i1 ti^wt conpon nt is aleo included. 
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TUBE SPACING (CmS) 

FIG.4.2 OPTIMIZATION OF COLLECTOR CONFIGURATION 
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FIG.4.10: STRETCHED STRIP TYPE HONEYCOMB. 
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FIG.4.11: TEST SETUP USED FOR STUYDING THE EFFECT 
OF HONEYCOMB. 
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FIG.4.24:  PHOTOGRAPH OF DOMESTIC SOLAR WATER HATER (140 LITRES) 
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FIG.4.42:  PHOTO OF LARGE SIZE-  SOLAR WATER HEATER (600 LITRES) 
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For sou heating also low- grads beat can be 
sMplo7sd satistac brtr and hence flat-plate collectors 
can generally be used. The basic difference betvnsrt the 
flat•plato collectors used for water boating and those 
for air heating is the mod* of beat trawslrr between 
the absorber mate and the heated fluid. In cage of 
water heating the collectors are usually of fin-tube 
type and boat absorbed Is tranatersd to the triter by 
conduction. So high conductivity of the plat* and 
tubs of high resistan • to corrosion are this essential 
foatuu rs. Bat in cant of air boaters the conductinit7 
or the plate does not play Important role sines all the 
air rename in touch of the whale absorbing plate. 
Corrosion of the absorber plate is also a secondary 
consideration in solar air beaters. Thos solar air 
beater appears to have bean stringent reqpiraents than 
a water bestir. 

A design study to deter sin. the Important Factors 
thfluinothg air beater performance  perforcanc. has boa made In this 
chapter. m equation for the conventional solar air 
beater is presented from which the rate of useful heat 
collection at any operating condition can be computed. 



Thee. are sash designs of solar air beater's and a 
fey pour deigns are described to 1ttarataro(Iq 2*3  *k)  
and shown In Fig. 5.1. 

Zn conventional air beaters the air passes through 
a tap bitwom the absorbing plate and rarplats as 

' 	shown in Vic. 5.1(a) • Tb. ispoetant factors that 4f.ct 
the perforeence of the beater ens 

1) Heater configuration los. aspect ratio of 
airduet and its length. 

it) Hert transfer coefficient bstvesn the absorber 
plate and strstrs. 

iii) ' ' `ransmittance properties of the transparent 
cover. 

tv) Absorption and i tsioo properties of the 
absorbing sate. 

) Mr sass flow rate through the beater. 

vi) &lsr radiation intensity on the absorb r' 

vii) toai*t of thauletion provided on the roan 
side of the pate. 

It B and L represent,  width and length of the 
sir beater respectively teed the energy balance for the 
absorption plate and the fluid el..snt can be given by 



TRANSPARENT COVER 

STAGNANT Al R 

ABSORPTION PLATE 
REAR PLATE  

4. -INSULATION  

(a) Conventional solar •air heater. 

, 

 Matrix type solar air heater. 

L_ 	- -.TTh 
(c) Overlapped class solar air heater. 

ti 

,  FIG.5-l_ TYPICAL DESIGNS OF SOLAR AIR HEATER 
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►tton• 5(1) and 5(2) rsepiotivsiji 

VOp s (f~ )(ft)  

whirr 
13 a solar radiation Incident on collector (koa 	br) 
f • effective trantasintt7 absorptivit7 product. 

UL - ~41 beat loss co sf ttciant from collector 
lata to outride air (bad bar 'C) 

tp a collector lste t pees bps ('C) 

t* a mbiant air temperature (•C) 
a f best transfer c sfficiant from sbsorWr 

plat, to figid Inside, (kc&IM br'C) 
t a t psraturs of air in the collector at dish e* 

* try at side ('C)  
W a mass flax rats through absorber( 	) 

+Cp • specific beat of fir (tea 	'C) 

(a e3iadnatthg t ci .goons (5.1) and (5,2) 

we got the fofloving differantim equations 

1+cit * ca  

where C1 

k 

vhsr Pa 
L 

...c53) 

0 'S 	) 



The solution of qution (v.3) for bzndary aondi- 
tionsatz■O,tatZ isgi 	as 

02 t.r 	# (t .. c).'0'  00007) 

tics the above equation tp.raturo, t of fluid at My 

Qiatsnao * fTgs the Wet st can be acrp ted. The 
temperaturs rise throtaghthrough tb. beater or length L will then 
be 

(t -t)rJ ' 	+t 1  

low It Uo  is ddtn.d an the beat loss 000fficiw t 
Tics the fluid Inside the beater to the outside sir* than 
it can be proved an 

go 

 

a H 18 	 ...(5.0) 

'fb. u,tul e way (Q collected per unit of 
area will be 

a 	( 	3) 	 .*4C54 O) 

+moo G a orals few rata per unit of col l ator area 
(x'52  hr). 

After rutting the value of (t2_i1) as obtained from 
+ Cation (5*8) in. equation(5.10) 

% a Pj (af - U (t ti)) 	 000fx.31) 

where f? is now factor and is given by 
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IJ°fo 	 C .2) 
Thus we set  an expression for us era en rgy (j as 

u Pai Rt L(t1 ta)  J o C43) 

Wtsr+ 'R  a p opr M hest r+ oval efficiency factor. 

The collection esffiaiancy () of the heater 
which is deflued as the ratio of useful beat cau seted 
to the solar sradiatiou intensity incident on it.$  wiU be 

a 	 0* ' (145) 

Iron equation (5.13) the us.tul energy collected 
can be computed provided the f31* beat transfer cost ftot" 
.t b,, overall beat loss aosfflatent DL,, mass flow rata 
p.ralt area a, solar insoiation a, .ftecttv* traasalssi ity 

T 

absorptivi t r product t, Met air temperature t1 and 
aubl nt air temp rature ta, are known. Integration of 
this squab for all bourn, of the day would give  giv, the 
daily us.tul beat, eolla+st*I. 

.. 	 'y 	.t hr ii1. 

Staple design curves are drawn for getting the 
tmpsrature rise through the solar air beaten of con-
ventional type bared on performance Must tons developed 
in section (5.2) * The plate efficiency factor (P,) 
which is directly proportional to the useful energy 
collect - 1 to a fraction or run  beat transfer ca-
efficient b0  as can be seen train equation C.6) • The 
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values of B", for various vs2u.■ of h and for possible 
muss Of Uy :s computed by using quab (v„6) said 
are plotted in Pig. (c.2) • 'be ftgu indiastas that 

cr• si Ike value of h, increases the .fft.ivasy 
f or JP and therby thoreassathereby 	the value of ceflectimi 
~afficis oy, Tb s for getting higher .fttotanctee it 
is desirable to design the air flow passages in as to 
mm" that the numerical „ alt . of tUa beat transfer 
coefficient b0 exceeds 30 kc.l12 hr *C. 'Fare are 
several ways of increasing the des of to Such ass 

t) sung $atended susf*a.s (fine) beneath the 

ii) using roughnd plates. 

#,11) using ovr-lapped glass. plat era. 

IV) using *air , of various types. 

lftgher values of h would be b tt r,, provided that 
the frictional losses Which the &” wa4*i increase piap. 
ing cost ezeasstv.2y high. 

For a conventional air ti ter with ome gloss cover, 
the vebass of beat removal offialenc  factor Ia which is 
directly proportional to the collection efficiency are 

imputed end PUttsd in Fig,* (v.3) use equation _ . ) 
for various Vie. of sir Sass flow rates 6 and ete 

efficiency factors '  for a. fixed vl*o of *all brat 
lase coefficient 91 equal to 6.0 1 Cal hr *o* 
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The ratio of collection itfioi. cy to heat removal 
efficiency factor ('1 /VV) for di 'fsrent solar radiatton 
intensities (9) and dtffSrent tai t=paratsre irises or 
fatal air over 	btent air ten 	ai 	r (t 1.t) are + 	-0 
pit.d fro. equation (1921) end meted in tig. ( . ) . 

Vig, 5.2, 5.3 and 5,i now can be used for pdicting 
outlet iweratura of air beaters for a givenchaste and 
heater cantiguration. Air temperature rise through th• 

heater (t2 -t1) off` 1is for various anon flow rates and 
solar insolation ': i rates for heater having TV n 0.9 
are ccutMkt and plotted In 9.5.5). 

the use or Figs. 5.29 5.3 and 5.4 are further 
illustrated by the fo3]oring p?sot it al s* pl . 

Calculate the temps lure rise of air ste* 
thresh a. conventional typo solar sir heater with one 
glass c:ov r having beat transfer coefficient h as 
25 Itch hr ' C end sass flow rats Of air Is 200 kisf 

br 
solar Insolation rate H to 600 Eash12 hr. Air enters 
in the heater at a , temperature 10'C above .abtszat air 
temperatures 

ciu .n:_ Tram ?ig. (.2) with tic • 25 end '11, = 6.0,. 
the piato orlotonay factor a 0.80. 

?ron Pig. (5. 3) w th 0 a 200 and VP 0 0080, the 
beat removal efficiency factor U~ 0 om► 4. 
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V Pig. (%.$), with B a 600 and (ti-t=) n 1000, 
the ratio of collection s!'ttotancy to rR is 0.7% 

Thus coftaction afoot. qy a 0«7% x 0, ■ 0J%5 
or i..A4 sROrg r per unit areq s , = 0.555 x 60o 

a 333 Jtcal/$2hr. 
The rise of towpsrature through the heater 

(ta-t1) will be; (t2-ti) - 	" 6.9•c 

I► 	~`S 	. 	..` f 	.  

It is nov ci IOW that increasing the air vsloo ,tj' 
throub a heater, reds. in higher ,collection stfioi *aios. 
However,, this will also increase fan moaning costs. do 
the duct depth or the boater is to be optisised to give 
saxiru* +f otRtcy and athiaus fan running cost. 

The pressure drop for a fully dsviopsd turbulent 
flow of air is gIven by the noraal D' /raj forma 

dam" 	
~~ 	

M ~1 111116) 

shore ,i a (0,079/a,0.25) 	 ... .Z'~ 

3 i length of beater 
T a velocity of m~0 ) 

	

C = 0.c e.. &'.t tic 	(-"'' / °  ) 

c e 	1T►1*nt dlrmstsr of duct 

	

L 	 ,(a) pria.ter of drat 

Rq 0 f ~►].da amber  

a dsneity of air ( ,'a3) 
,u a uncosity of air (kdr/a ale) 
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The ping ow' P required will be 

P. V.0P  

This pimtng paver required for straight Mov even 
at high flow rates is not much high. The main bead loss 

d be due to resistance offered by bonds* toss and 
elbows *to. 

or amtai eoreiations(1'6'7'8 are now available 
for the ease of .a.trioaiiy heated rectangular ducts,, 
from which the prediction of het transfer is possible. 
The, general correlation fGr forced convscttvs i heat 
transfer taunt In literature is of the t s* 

a (j)* (P)7  

	

where , 0 	- iusselt mbar. 

	

Pr a 	a Prafdtl number. 

It a thermal conductivity of air (1tcsi/a hr •C) 
-~ a e~wstie viscosity. 
t U 

 
specific beat or air, 

at x and 7 are constants. 

For rectangular duct the !0 is given ass 

be n o.+fi(L)  

From squation1 (5.18) and (5.19) it appears that 
St to not possible to " apt isi ss in a dim way *twos with the 
increase the duct depth, both that velocity ity of sir tab duct 
and s* the beat transfer coefficient will incrssse, alms with 

0 
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the " 	cost. to the other hand for a fixed mass 
now rates  both the beat transfer coefficient and zaping 
power decreases as the duct depth increases. 

Sanvu emulation* show that for a loot depth of 
4.0 an and mass flow rate S0O kg./h, and file beat trans-
fer coefficient as 9.0 1 caZfa2  hr C,, the fan running 
costs are negligible compared to the capital cost of 
the heat#r. 

Bss.d ** equation (v.20) tits heat transfer co-
efficient he  for various sass flow rates and duct depths 
are 	past and plotted in Pigs. (S.6) and (i.?). Those 
figures sow could be used to find the value of be for 

any duct depth, and mass flow rota. 

The sass flow rata has also been optimizedfor 
various duct depths as can be soon h os Pig. (S.8) . It 

be soon that for a fixed duct depth as the mass flow 
rat* inurssseà the collection efficiency also Incrsas rs,, 
initially at a raster rata and then at a lower rate. 

It is seen above that for a fined, mass flow rot 
through the solar air beater, the best transfer coefficient 
n as the duct depth 'increases and hence the collect ion 
aft icisnoy dearsasts. In other words, the collection 
plate area rt gutr d to give a oonst ant beat output 
thorsases. This effect can clearly b• sun from g. (5.9) • 
Pray this it can be said that If the duet depth increases 
fro. 1...0 an to 1#.Q an the collector plate area required 
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to give the sr■e beat output increases f'ra i.o *2 to 
1.4   wbUs the thorsass in 	pthg cost is nsgligibli. 

It can be concluded on the basis of above findings, 
that Sower duct depths will give higher- efficiencies 
with negligible increase In oparatthg cost. 

Sass experirsatal study on overlapped glass plats, 
air heater by o ''l(2)  and g.lcuit 9)  corrugated shoat air 
beaters by Th olow ' ! Matrix type by Cbiou( 10 ) and Boned 
type by BavUl and Brandt' I1  ` has been oads.Aa*ior(12 ),, 

Wbi is 1  Qoss(  ) and SelouIc 9)  have analytically 
detersined the perfo lance equations and discussed tb 
role of diff rrat variable of design and operation on 
the performance characteristics of air beaters, The 
*a present study is made to sxpsrtasntally determine the 
valu, of design constants under Indian curates for di 
heaters d!vsloped by the authors 

' .3.i  ZE22A at . tUdIMA , T'sst& 

Two of the air heaters (types I and II) use two 
corrugated shoots and the other two types (XX! aM IV) 
eaploy pane corrugated sheet and a wire wesb matrix Type 
I air beater consisted of two corrugated gslgantssd iron 

shoats (24 gauge) placed transversely over each other 
and welded aloe the length. The exposed side was pointed 
black. Type 1I air beater was similar to type I except 
that two altalnis corrugated sheets (28 gauge) were 
used, This is shown along with the test rot-up in 
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Pig. #5 0). Typi III air" heater consisted of a sing%* 
0.1* Mire nosh screen held inclined between the glass 

cover and a Corrugated 0.1. sheet (2)s cause) below. The 
'dprn space of the wire sarsea was 	per cent and the 
hydraulic radius was 0.24 m so that noari r half the 
radiation was absorbed at the bottc* plate. Type XV 
air beater was similar to the type III except that

double layer of s1Hetm1tie expended metal screen was 
ee yed Lu place of Gal* wire scab. Each or the aj=InU r 
screen was 1.27 an thick with open space 69 per cent of 
the total for single layer* The unit is shown in 'ig. .11~ • 

The size of the absorber plate of all the units was 
123 cm by 76 Cos Each Of them was housed in a 0.!. bat 
3$ cm deep and bowing 3 as insolation of loose glass wool 
around the perIwatsr and 5 cm In the back, The bas was 
covered at the top with a 3am thick sthglar shoot of clear 
s dow glass. The orientation was kept due south at an 
inclinationof 45 dad, which happen to be an opts tilt 
for the latitpde of 30 des No (Boorkee). The inlet and 
Outlet headers were of uniformly converging type so as to 
anstire MIrOM ease flow rate along the entire width of 
the cdlleetor. Mt available $0 watt. electric fan was 
used to force In the air, 

It is clear Pram the to11ving performance equations; 

'~u ' Pr I t - tL,(t3-lba 	 ~.. 	.) 
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a p FHA' " 0L (tevi4s) J r t'i,. a 2 	6a.C5.22) 

ai ctrti) 	

...(23) 

derived in section 5.2 that if it is possible to ■easuri 
•iru'ltinsousl.r at any instant the tsrprrstnrss ta,t1 d 
t2,s the solar intensity incident on the collector S, and 
the crass flow rateG,o the Instantaneous efficiency or the 
air bier can be detemIn do Purther, U these expert-
ssdts ar* repeated at different values of t1 and H. it 
is ssible to calculate the values of groups of terms 
Ct fif) 0 (Vat) and faL use the equation. 5.21 to 5.23. once 

,quantitative values of those gawps are known it is easy 
to obtain the values of the rating puxa titers FV0 ' ~, UL' 
I separst • 

To realize the above objectives,, four site of 
aesaurs~ents were taken for each heater. 

(a) .ic.l4is.nalon.„” # It Jj!j l v Tba absorber area 
and cross-national area of outlet header is asssursd, the 
tat to of corrugated area to the amine] area (P') was 
eoap ated. 

(b) tjestttanoaOfthe alaas covert This factor 
was soasured as described in detail, in chapter 2. 

Cc) AAZ aUrortic.oths baorb.Dats4 This is 
censured by an tnstraient developed by the nut co►r(l ' . 
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Cd)  itdcol9rta.trict 	s The equipment for those 
,o3oria,trte tests,, is similar to, one suggested by 
Wbilliort'f) for water heaters and is slum in Ptg. (.1O) . 
In this case instead of a tied tank, a fan with thermo-
static srrsn went his bon used to fares,  the sir through 
a finned air heater. With this arrang+ment any desired 
inlet t..p.ratur s could be watntainsd. The shade . t.u-
poratures war* recorded in a small sten enson screw 
mounted nearly. Thirty tvo gauge copper constant th Tao- 
couples were used as temperature sensors and the correspond' 
its thermal a "'s were recorded svery half hour with a 
potentiometer having a minima count of ten microvolts. 
CaseUs air motor was u ed to neasu re the mean flow 
velocity at the outlet. Data on instantaneous total and 
d .tfe*sd solar radiation an a horizontal surface were, 
available from the ao.eriasters. 

A computer prograae was developed, to take the 
recorded observations as input data, to process them, 
and obtain the temperature rise# the sass and discharge 
flow rates per unit areal the intensity of solar radtt tton 
on the,  collector Ca) and the trsnsrrissivity# at►sorbttvity 
produe Ct) . The same progr s cos pat•*s= the V*1ue of 
(t1•t*)M an4 (t57"t5)/H  and the corresponding efficiency 
values. The measured results are shown in table t5.1) 
for all the tour types of betters tested at a fixed. 
was* flow rats. The overall efficiency has been found 
to va" with the time of day and tb diurnal variation 
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for a constant inlet t+ paratrira is girsn in Vig•5 • 

TXM* these observations the Tat ie$ Of tp' a'1i. etc. 
can be d.toYSias►d bra hic+ r as per the procedure 
described in an - uglier publieattOfl0 . Tb. r ssult s 

are sbor n in Table (.2). The required nertcal values 
of all the parametersthat appear in the generalised 
parforasnas equations for each of the heater are now 

known and the efficiency and outlet t psra turaa can 

be crs pUtsd for any not of operating conditions. 

It can be seen from Table (5.2) that though the 
air batter type' I has the highest plate affiotenai 
factor ( ) the boater type IX is ssrtIna ► better 

from performance point of 	- because of lesser friction 

and greater dtscbargs for the sere piap'ing cost. 

in case of matrix beaters, the typo III is not vor 
Inferior to types I and U and in view of its ease of 
fabrication Band possibly lover cost, it is likely to 
find a wide acoaptanos. Type IV is practically ruled 
out be cause of its low effioisnay and high cost. Lcw.ndf 17 

reported that the satrtx type sir hoator has a better 

efficiency than a paral.l+i plate type air boater. Tba. 
present studios indicate that a corrugated pulsating 
type air heater (types I or U) will have still higher 
efficiencies than those of matrix t pss. 

Keating studios f yr ofTias races which are occupied 
during day time (*m up hours) have been carried Out at 

M 
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Roorkee (29? 514  N latitude) . No provision of storing 
heat has been made in these studies*  but an eusultary  
electric hosting srrang nt was provided as a stand by 
to cope with the demsuds on cloudy or ratty days* The 
analysts of s -shine hours and solar radiation intensity 
at Roorkee shows that there are hardly test days for 
which bra electrical energy is required for beet 
Purposes* 

The experimental roam has the inner dim sions of 
3.50 z 2.89 x 3.19 metres. It has unobstructed wind and 
solar exposure. Vatrancse to the roam is through a door 
on the north partition vaU and a 1.22 metres wide anteroom. 
The anterocae serves to minimiss air infiltration. Three 
vane of the roam facing oast, south and west consists 
of 20 cm solid brick masonary with 1.0 cm plaster on 
either side. The root consists of 16.5 cm a.c.c. over 
which 10.0 cm nudphuska, 5.0 cm bricklile €tnd to 'felt at 
the top are laid. The rues is without any window or 
vent lators  except the door which opens Into the anteroom 
an the north partition wall of a 22.8 cm solid brick weli 
pestered on both sides. The structural spscUtcations 
of the rocs are given in Table (5.3) and the t ermo- 

physical properties(18)  of the materials used for cc 
put at ions of heating load are given in Table (5.1). The 
plan of tho-  test room is shown in Pig. 5.15. 
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1.a ' hhr opt'gd eat proper ti. s of materials used 
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(Keel/hr), we know 

Qy * QL,W  + QL,R + QL,V +► QL,G  * t L,$ 	.., (5.d*) 

where 	is through wallet  Q R  roof, QL V wor t  
QL, glass and Q 1  air infiltration. The climatic data 
required for the estimation of besting land are dry and wet 
bulb t perature rtnd solar radiation Intensity# Based on 

the racammendatlons mad + in ASHRAE Gu d.(l9), design 

dry-bulb and vst bulb ter peratures are am tad based 
on 10 years date for Roorkee and are, gig in Table . 
Design solar radiation tar a1 ,that orientations and for 
horizontal and vertical surfaces are also shown in 

Table ( j) • 
The calculation of heating load is based on the 

following usual *saupttoflsz 

(1) Uidirectional heat flow,. 
(2) the materiel properties are constant. 
(3) outside and inside surface coefficients i.*. 

b, and b1  are cont ant. 

The heat flow equation can be written as, 

... ( .MM) 

where °l : K̀ C'e,  is the thermal diftusiviity of the roof 

or wall. 

The solution of equation (5.$$) for various boundary 

conditions are given by Alford, Ryan and Urb (20) • The 
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hourly heat flow through any building section is given 
ass 

N 
Q a 1J(tSm-tl) + hi. 	A n  ton  Coa(v - 	̀   ) 

nsl 

where 9 - overall heat transfer coefficient Kc ,/a2hr'C) 
t,e a.arn solar air temperature $ 3. 
ti  a roos air temperature which is to be as tathed 

(SC). 

hi  a Inside surface coefrictent (Kea a2hr°C) 
ten#  j a enaputtude and phase of the col-air temperature 

ham onto c p ents4 

?i . c a. decrement factor and phase lag angles. 

The s-ol-air t 	ratua(t5) has boon expressed as 
fourier series as follows, 

K 
is aton +  £ toc(vne' 	...C5.27)  

n=1 r 

In the omputatton of sal-air temperature the low 
temperature radiation change between the outside 
surface and sky as suggested by Rao 1 ! has been include.. 

The inside . and Outside surface aoeffictinti are 
taken as 7,32 and 17.06 1sa1/a2hr*C. The value* of 
absorptivity of solar radiation for roof and wall$ 
are 0.7 and 0.5 respectively. The infiltration at air 
has been assumed to be negligible In the c ,potation. 
In winter, the indoor conditions for comfort are acauited 
as 21C air temperature and 50 per cent relative humidity 
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as roaømisnded In BRAE gad.. 

The equations for design sod air temperatures c=- 
putted as above for Roorkee are gig belowi 

t, a 13.76 + 10.90 cos (25O.207.6) . 5.25 co. 
(30Q'15,35) 4 1.75 aor (50-184.35) + 0.15 

' 	 COS (6 253.L) 

to  a 9.86 + 3.89 cos (156-230.47) + 1.89 ago 
3 RP1 

(3 249.00) + 363 coo (I 5O- . 1) 4 Acos 
(600 231.91) 

::r8uLt1s Wsll& 

to  a 13.t5 + 10.35 coo (15O-209.,17) + ►.6o coo 
(3C17.50) + 1.16 cos (458-186..91) + q,41 
cos (6o8)-202. e1) 

for. Nuut...a Us 

,o  a 11r.2O + 8.12 cos (i5S-231.$o) 4 3.5 cos 
(30&-63.52) + 1.3' cos (45Q281.3?)  + 0.86 
cos (6O180.26) 

For Uort b W U* 

to  a 10.0? + 6.09 cos (156- 1.80) • 1.92 cos 
(30!44025) + 0.55 cos (456 -209.51) + 031 
Co. (60S.0.00)  ®-0.00) 
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Using I( 1620 caputar the hourly beat losses 
through roof-, walls and floor, (QL,aa QL,v QL,G 
have been computed as described abova. The total 
estimated ho rrly heat loss tx the ezpertmental roam 

are shown in Fig .13 • 

It is seen that the integrated heating load for 
the experimental roam is 23690 Kaal/dp. But as the 
room is required to be heated during day time (office 
hours) only i.e. from 9.00 A.M. to 5.40 P.M., we are 
interested in the heating load for this period which 
cove es to 9,608 Kcal. 

As has been seen in Chapter (2) the tots` , solar 
radiation on the air }eater surface is given 

Ha 35►0z 1 x 1.6--~— -" 
rx c600 Kcal/day. 

If air heater of corrugated type is used for this 
study which has an overall eft"totency equal to 60 per 

cant then the total beat supplied to the roam by a air 

heater of 1 a2 collector area will be 

a 5600z 0.6x0.9 
a 3024 Kcal/day u2 

Thu the total area (A) of solar air heater required to 
a 

nateh the 4Erer se will be 

A Boat delivered 
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3..17.2  

So throe collectors each having an area of  *.o.2 
of type I described earlier are used. These absorbers 
inclined at 1*5• from horizontal,, be optimum angle for 
Roorka•, era connoted in cascade end then to the roam 
as shown in 8.(5.15). Hot air from the solar air 
beaters enter the room near the floor and is distributed 
in the roam along its entire length by a perforated duct. 
The outlet is taken from the roost near its ceiling forming 
a closed cycle of air circulation. If more air heaters 
are to be used on the roof then they should be mounted 
as shown in Fig. (5.16) so that there may not be any .bad** 
cost by any unit on other collectorsduring the 4 hours. 

A centrifugal fan of 0* 5 W.P. is used for the airoulai 
t ton of air through the collectors and room. The fen was 
in operation from 9.0 A.!4., to 5.00 P.14. daily and was 
controlledwith the help of time stitch. A number of 
32 gauge copper constanto thermocouples are used for 
the measurement of air temperature at various levels 
in the room and inlet and outlet of the air heaters and 
ambient air temperature. 

The hourly heat supplied to the root for a typical 
winter clay is shown in ?ig.(5,l3) along with the hourly 
beat loss from the roan. The resulting ; rise in rocs air 
temperatures with and without heating along with the 
ambient air temperature are shown in Fig. ( .1 ) + It can 
be aeon here that when the room was not heated the 
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temperature varies from 10 to 12.j•C, and where as with 
the beating aystam in operation the race air temperature 
rife*, from 9.00 £.,H. onwards reaching *a is= off' #40Cr 
at 13 basin. The temperature then f all slowly and even 
after the scan sot the indoor air temperatures are main- 
tamed at *bOUt ij to 2C as compared, The perfa. rean c a 
data of the system is gives belays 

U Heating load (9.0 A.M. to 1.O ,['.M.) u96CB Kcal. 
2* Solar radiation incident an absorber 

surface. 

3. Collector area 
. Total heat supplied to rroc, 

Including duct losses). 
5. latency of the system, 
6. Average mass Claw rata. 
7. Power consumed by fan. 
8. Master energy .eat ppi i ed . 

*5]88 KaaVa2 day. 
*3.0 ~t2 

0 Kcal/ 

=0.60 
=100 k f hr. 

'3.2 KWB. 

sil 

2MG Itgfl% 

From the foregoing the following conclusions can 
be drawn with regard to the performance and obaract.risttios 
of air beaters.. 	 , 

1. The solar air heaters described, can be con-
veniently used for hating office rooms with,- 
m it any Provision for the storage of energy. 

2. uxi1t*ry heating arrangement for. almidy or 
rainy dare would be more economical then to 



store the solar heat for such buildings, 

3. The power consurned by the fan *sent for otraula-
tion of air would be canon to anyr other type of 
ducted air boating system and hence is not a 

serial requirent for the solar air heaters. 

+. The fan operating cost can be reduced by using 
an on-off control type thermostat instead of a 
continuous operation. The thermostat say be set 
at a out t able temperature to that it would ensure 
the most eft ,oisnt roc heating* 

5. The method presented and the climatic date 
analysed can be confidently be used for the 
accurate estimation of heating loads for any 
type of building at a given place. 

6. The tolUector area can be considerably reduced 
by providing an insulation layer on the inner 
side of the roam as this will reduce the s€ at 
heating load.* The effect of insulation will be 
presented in the next section,* 

. solar room heater capable of heating single rooms 
to cum tab2. lea of has been designed and tested for two 
winter seasons at Woorkee. Water In used as a heat storage 
media and hot water Is stored in a n her of storage 
panels placed inside the room near the vail. Radiativ 
and oo tocttve heat bass. from the surface or panels 



heat the roar and thus the principle of panel beating to 
utilized. Storage panel heating is prefered since it has 
a amber or advantages over the cr aective type of besting# 

such as 

10 It is very Butt able for well sized rots and 
dote not require any extra heat storage tanks. 

2. The heat dissipating elements can be, Integrated 

with the interior surfaces. 

3 , Mr currents within a roam heated by panels have 
lower velocities eu tnatiud the problems of 

draught. 

.,! The same 'beating panals may also be used for 
radiant cooling panels in cliaete& wbre sa rer 
cooling is also a major requirement. 

`. It .annot be easily tempered* 

?+~ •~ _. em 	a s 

This itu4y is divided into the following biedsi' 

I • Heating load est lu t ion, 

2. Collector area estimation. 
3. Panel size estimation. 
4. Eperiental test set t, 
~. Observations* 

I. IQ1flC  

Heating load for various roof and wall •sot ion s, 

• 'F 
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insslattve and non-Insdlative type which are ea.wrnly 
used are computedand are givenn in. Tabis (5.6) and (5,7). 
The method used i• the saw* as dIsaussed. in section 5,4 
of this Chapter and is discussed in detail by Rao(29) ~► 
The inside and outside surface co of 1cleat are taken 
as 7.32 and l7.( Koai/a hr + C. be Ilues of absorpt' 
ivity to solar radiation have bow taken 0.4 for *alts 
and 0.? for roofs, in view of the relatively darker 
shades of roofs. Th. buldth8 materials is the C.S.R. X. 
Building Digest No. 52 and Dr. Ra.O1 sa.8) thesis. The 
beat gain or loss through glazing and du* to infftra- 
tion of air can be estimated according to the procedures 
given in H.V.A.Guid.(30), and be finally added to the 
structural beat losses. The U values and heat loss for 
various constructions are presented in table (5.7) for-%' 
cardinal orian tat ions. For seam of space, saxinus, 
total and average but losses only are tabulated. In 
all these ealeutations it has been assumed that the 
Inside air tperature is maintained at 2l' C, 

Tube in plate type collector as discussed in 

Chapter .4 Is used here for heating water, For a gib 

load and under specific climatic conditions the collector 
area can be faced, Design curves, for estimating the 
collector areas for few cities represents wide climatic 
conditions and for various heating load requirements, are 
d*v.loperd for a collector having an efficiency of 50 
per cant. "has• design curves are shown in fl g.(5.17). 
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These estimates will hold good for collectors* oriented 
towards south and Inclined at an angle of CL + l5•) fr. 
horizontal which is an opts tilt for winter use. For 

mple, if the heating load for any rooa at Roorkee is 
20000 cal/day then the collector area to give this such 
of beat evaluated from rig,. 5.17, as 7.1 w2. zppose 
the each collector area is 1.0 a2, then the nuaber of 
collectors required to dies 20,000 Xca /day will be& 

n ZA Le. "7 nuiebers. 

A heated panel transfers,to a roos by connection and 
radiation, The beat 10 .86 1 r conifeot ion and radiation are 
dealt iep rately and then ccabin~ed to get the overall 
offeffct. 

raonvacMIXI _ flint r n Fre i since It is always Convenient lent 
to put the storage hot water panels in a vertical position 
near the vail heat t ran "er calculation f on are wader only for 
this special case. Bore the heat transfer Is basically 
by natural or free convection, It has been shown by M,C. 
Ads s ' 

 
on the basis of experimental data that heat 

lour by free convection for, vertical platae or cylinders 
can ba cos, ted frog the following dimensionless equation. 

• 0.53 (Or.  ) '  ...(5.28) 

there I a Nusselt number a 9d 

	

L r a Grashat nutber a 	2 
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If Al  and, ars in the ratio of Ito 10 then 

T a 0.89 

80 
Qra0.892'4•9z10 *1 

or  4.36 5 00J 
Here Ta  is the area .waighted, aver ea t sup•ratura of 
unheated uflb•atid surfaces in room i.e. aeon radiant temperature 
(MM) of the room,#  which is given as 

MIS" 	cf-A  = t2 	 ...(5.32) 

where to, a surface t e*peratur'e. 

The beat output by radiation Is computed with the 
help of equation (.3l) f©r v►ariouti values of panel sur- 
face tsmperatur*a and mean radiant temperature and is 
shown to Pig. ( .19) 

The beat transfer from a 	el to a roam can be 

det erm ined by adding the convective heat transfer 
obtained from Pig. (.l8) to the radiant beat transfer 
obtained tram Pig. C.19) ,• Per staplictty it can be 
as ed that the mean radiant temperature, (MV) of the 
roam is equal to the air temperature r ich is to be 
santeinad in the roam. Hors this temperature has been 
fixed as 20•C. Now for various values of temperatures 
difference the convective heat ,loss and radiant heat 
loss are computed and then the combined surface beat 
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transfer coefficient was det•rftined by dividing the 

total heat loss by the temperature difference. The varia- 
tiori of the cosbinid surface co.eftteisnt with tempera-
ture d ff*rence sh wn in rig. (5.20) • It is seen here that 
after a temperature difference of lo9O the variation to 
film heat transfer with tisperature difference ie Est 
linear, and can be expressed by following linear oquation. 

bn6.1+ Q..O5nt 

This equation may be used for coaputing the rar- 
face coefttotente for t p raturs differences above ,fit 

V' u quick aura+ ssm t. 

AS has been seen in Chapter (4 that the *fftct ncy 
of water heater depends an s its oper&ttng temperature 
so it has been es$uaed here that the syste to capable 
of beating water upto 6o*c. it the water in the storage 
panels cool fro a 60*C to 30C in 24 hours, then 

Mean tpsrature of operat Ion 	panel . 	 • 

The root is asiutain d it 20C e* the &.gran twperature 

difterenc is (h5-.20) a 25C 

.: b a 7,,35 (from *(Patton 5.33) 

Total heat flow m 7.35 z 25 
2 183.75 l~vu1J'w2 hr.* 

Based on these o 	tatione a curve for arriving. 
at. pans, area for various heating loads (panel output) 
is platted and shown in Ftg.(5.21).  The mmomt of water 
required for various heating bads as a function Of roe 
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beat load is also shown in the svee`jg. (5.21) . 

The roam **Tooted for this study is the aw expert. 

mental roam used in section (5.I) for beating with solar 
air boaters. It has been seen that the beating load for 
this race is 23690 KeaVday. The collector area re uired 
to collect 23,690 Koa day beat from Vtg.(5.17) is $.146 a2. 
The panel radiating area required, to loose 23,690 heal/day 
fray Pig.(5• ) is 5.38 a2 and amount of water required 
to store this beat Is 790 litres. 

The absorber used has the dimension of 1.83 s 0*7% 
or an area of 1.37 ►2* Thus the number of absorbers area 

t*o* 6 numbers 

. A c7lil iericaal tank of capacity 7 fl0 litres and sur-
face area 4.67 s2  was used, for this study its dimensions 

and capaott3r is nearly the sass as required here. This 
storage tank which acts *s a hasting panel 1s placid on  

the floors on wooden battens near the south wall of the 

room as shown in Fig. ( x.22) . 

Hers all the six absorbers were placed on the 
roof f ac ng smith having a tilt of 15+C from the tort
zanta'l whhich is the opt tEum tilt for Roorkes. The circula- 
tton of water through the absorbers and storage del to 
mad* by a 1/6 H.P. booster pap. A reverse typo thermostat 

set at 55 ̀ C is fitted at the outlet of the absorbers 
which Is then connected in scrips with the pump. The 

i 
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power consumption by the pap is around 0.30 EWH per day. 

Where there is no .Thotricity, the priscipls of 
thereosyphaa action may be used for the dir+ latton of 
water. In this cases  the storag. panels should be placed 
at a higher level than the absorber for maintaining the 
pressure head uecossary fez' natural circulation of water. 
This Means that the absorbers are to be located d on the 
ground. This arrangement is shown in ?ig.5.23. 

0 

5. 
A number of copper aonstentsn thermocoup3es (32 CW ) 

are used In conjunction with an automatic sultipoint 
miUlvolt recorder for the measurement of temperature. 
Those thermocouples are used for measuring the inside 
walls, ostlin , and floor taapsrA%turss, storage panel 
water end surface temperatures. Three thermocouples are 
used for seasaring the room air temperature. One was 
fixed In the cintrs of the roam at 30 tai. above the 
floor, another at 100 cm above, the floor and the third 
at 30 oms below the ceiling. These were fixed to sae 
the t psraturs g'adisnt along the height of the room. 
Observations are math for 10 continuous winter days 
during January 1971 (coldest month) with and without 
heating the, room. The outside ambient temperature and 
total solar radiation on borisonta l surface are also 
recorded to see the similarity of the days for inter ,-
comparison of data. The total solar radiation on heri= 
sc ntal surface for all the dny s of observations are 



given in Table (5.$). It is semen that there is practically 
no variation in the solar radiation intensity in all the 
days. 

From the temperature asneurement in the absende of 
solar beating or the room It Is observed that there is no 
gradient of air temperature from floor to ceiling. Table 
(5.9) gives the room air temperature (0) without heating  
for n 'period of four days. It is seen from this table 
that coon air temperature varies from tl.00C to 13.6*C. 

The hourly row air temperatuPes (ueutr. of room)  
with hooting for .file continuous die as recorded are 
given in Table (5.10). The tobl, shows that at any hour 
the air temperature in the rocs is at a higher temperature 
than that at the corresponding hour on the previous day. 
This t o becausee of the storage effect of the etruoture. 
The mazium temperature reached in the roar on the 
fifth day was 22C which may further rise if heating  
is continued for more days till equtilibrius conditions 
ore res¢hed • The diurnal variation of air temperature in 
the room wIthGat heating (on• representative day) and 
with beating for five days  Is shown in Fig.(5, ). It 
can be,clee: ly that there is a build up of temperature 
in the room with days. 

The temperature distribution in the room has also 
been studio. It is observed that there is no variation 
of tep,rature along the width of the row. The variation 
of fl per tu i 9' 	V+7r the l rn 4. 	the roam (i.e. away 
from the panel,) is shown in . ta. (5.25) • It is seen that 
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04 21.7, 1108, 11.3 12.0 
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CD 11.0 2140 114. 21.1 
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the air tampsrature near the tank talcs very rapidly i.s. 
53.500 to 28C In I Ca distance only. After 40 to of 

distance from the tank there is no variation of tmpsra- 

tore along the 'whole length or room. The taa~ `'atul * 

along the height was also measuredand are shown in 
Ftg. (5.25). It is seen here that there is no gradient 
of room air is P*ratur, from floor to ceiling in this 
case too. 

5.5.2 fMI c22r2 

Further studies were made in a typical occupied 
office room in order to obtain taotuel erforsanc. data 
under aotual usage co editions. For this purpose an 
office roue having dissensions (6.? x 3. x 3.5) is 
selected. This room is on the ground floor of a two 
store s+ but34ing. The plan of the room, is shown in 
Fig. 5.26. Tho specift a ions aion3 with the themo- 
physical properties are given in Table 5.11. In this 

case only ,ono wall OW) 3a exposed to outside, that too 
shaded by adjacent wings of the building. An the other 
three va113 are Partition w li*. 

o maintain this room at 200 in the month of 
January, the total heating load comas +mt to be 28000 
KoalAnY. For this load the following d.estgn figures 
are obtained t 

Rom air temperature to be maintained a 20.0.0 

3 '1 

T otai beating 'oad 	 a 28000 Koaljda3 
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Collector area required 
(troy 	.5*3.?) 
Panel area required 
(trt VigJ. ) 

taunt of water required 
(from ?tg.5. ) 

25 

_ 10 a 2  

x6.302 

a 940 litres. 

Ton solar collectors each having an absorbing 
area or 1*0 a2  were used and inter-connected in true 
parallel arrangement on the root of the building parallel 
to the parapet wall. The collectors were not facing true 
south but were 30 degrees frog the south towards east. 
The root mounted collectors used are shown in lag. (548) 
Tks observations of total solar radiation an the absorber 
surface show that the ratio of total solar radiation an 'a 
south facing collector to 30 degrees .frcw south towards 
• t is roughly 1.25 t... eight collectors facing true 
south will receive the * e radiation as tan collectors 
racing 30 degrees fr sa south towards + ast. 

Three storage panels each having dimensions 
(2 x I z 0,4 a) are used and are kept near .W. wall 
below the window as can be seen fros Fig. x'.29. Thew 
panels are specially designed for this .purpose and the 
radiating area is effectively increased by vgroofhg the 
front side as shown in ?tg.(.27). Those panels are inter-
connected in parallel and are shown in photo P tg . (5 o ) 

in the roam used for solar beating. The rear 'l +. and 
sides of each panel was Insulated with 2.% 0* 0 thick 
tbsrmocole slabs. Thus the total exposed area of 3 panels 

is 7.2 a» The amount of Mater in the panels was about 
i004lE it rss o 



  

te. 



FIG.5.29 	PIIOTO(W1-T OF OLAR TrAD OFFICE ROOM 



A .pwrp Of 1 LP. was used for the adulation of 

eater through the absorbers andthe storage panels and is 

Controlled by s tine Svttcb vthicb keeps the . ectric 

cult an tram goo A.M. to ..0 P.M. 

Co n"Mori observations of roc air * peraturI 
Frith advtttOQt beets the room# eebtant air temperature 
end total eo.ar radiation on absorber rf ace to tad* for 

two months i.e. from std4.1e of pea+ mbar 1971 to ,i+ dle of 

February' 19920 The g+ *rci1 feeling of the *cie►tiet sitt 

ing in the roam and of the eta tO $ was also recordd 

daily* This rocrn iihicb was reported to be the coldest 

roams in the wools Of the building was made etf.otivell 
ttrough out the wint.r *•a . The a*&n roos ,  

air temperature neeiured in the a,d le or the roes for a 

number of days with and without heating is shoran in 

Table (5.12) 4 It is observedhere that when no beets 

to used the moan rocs air teep.rature is *boat 1i.# C 

In the month of JanUerj vhtch is the coldest sooty Of 

the year*  it can be expected the mean roan air tespiera- 

Lure to further drop by 2°C. When solar b.attUc is used 

was between 19°C to 2•C over a period of ere month. It 

s s 	that the diurnal variation Of the roos sir 

temperature is only at the order of 2°C. Fig. 5.30 sho* 
the hourly variation of rocs air temperature on a typical 

day.  
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-Solar heating systw will be scanrmical for those 
places where n ber of beating days are more and the 
*truotui'• is vC 	mated. Two structures one of cai - 
banal canat:iction i.e. 22.5 om Brick work and other of 
insulated type i.e.  11.25 om Brick. 2.5 cii thensocóls, 
are selected for this study. The est iast id beating load 
for these construction  cstnictton are gtvn in Table 5.6 and 5,7 
The dimensions of the room are the same as iven in 
section (.4) ,. The design features and initial and 
operating costs are compared in Table 5.13 for the two 
cases,* it is Interesting to note that while the con 
struct tonal cost fY  insulated and untnsuistd structure 
may not differ riuch, the cost of solar beating system 
in case of uninsulated truoture is practically double 
than that of insulated structure. Further,, the toper*-
tu ro rise in the case of insulated structure will be 
rapid as compared to that of the uninsulated stricture. 
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The dati nd notes provided for solar radiation 
•iti tion . and the de in n and d*mlopuen It detaili of 
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PROGRAMME NO.1 

C EXTRATERRESTRIAL SOLAR RAD. ON HOR.AND INC. SURFACE H P GARG Z 
DIMENSION DELTA(12),HOT(3),HOTH(3),SPT(3),B(5) 
FA.C=3.14159267/180. 
READ6,NT 
FORMAT(12) 
RrAD1, (DELTA (I),I=1,NT) 
FORMAT(6F10.4) 
D03I=1,NT 
CIN=DELTA(I)*FAC 
CD=COSF(CIN) 
SD=SINF(CIN) 
TD=SD/CD 
-D0 3  

- 
C2=C1*FAC  
SL=SINF(C2) 
CL=COSF(C2) 
TL=SL/CL 
CAWS =-TL *  TD 
SWS=SQRTF(1.-CWS'-CWS) 
TWS=5W5/CWS 
WS=ATANF(TWS) 
IF(WS)22,23,23 
WS=WS+3.14159265 
H0=2793.6*SL*SD*(WS-TWS)/3. 14159265 
SP=2.*WS/(15.*FAC) 
B(1)=(C1+15.)*FAC 
IF(L-15)90,91,91 
B(2)=0. 
GO TO 92 
B(2)=(C1-15.)*FAC 
B(3)=(0.9*Cl)*FAC 
DO4J=1,3 
SLB=SINF(C2-B(J)) 
CLB=COSF(C2-B(J)) 
CWST=-SLB*TD/CLB 
SWST=SORTF(l .-CWST*CWST ) 
TWST=SWST/CWST 
WST=ATANF(TWST) 
IF(WST)20,21,21 
WST=3.14159265+WST 
CONTINUE 
IF( WST-WS)101,101,102 
WST=WS 
CONTINUE 
HOT (J) =2793.6* (CLB*ECD*SWS+WST*SLB*SD) /3.141569265 
HOTH(J)=HOT(J)/HO 
SPT(J)=2.*WST/(15.*FAC)  
PUNCH5,Cl,DELTA(I) ,SP ,HO,(SPT(N) ,HOT (N),HOTH(N),N=1,3) 
FORMAT (1 OF? .2) 
CONTINUE 
END 
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PROGRAMME NO.2 

C SOLAR RADIATION ON INCLINED SURFACES FOR ANY ORIENTATION H P GARG 
DIMENSION.TIM(13),TH(13),DFH(13) 
READ 100, ALT ,DEC ,ALN ,EN T,RHO 
READ100,(TIM(N),N=1,13),(TH(N),N=1,13),(DFH(N),N=1,13) 
FORMAT (9F7.2) 
R=3.141592654/180. 
ALT=ALT*R 
CL=COSF(ALT) 
SL=SINF(ALT) 
D=C=DEC*R 
CD=COSF(DEC) 
SD=SINF(DEC) 
PH 1=0. 
DO 10 I=1,8 
BET=O. 
CF=COSF(PHI) 
SF=SINF(PHI) 
D020J=1.,7 
CB=COSF(BET) 
SB=SINF(BET) 
DO3ON=1,13 
SN=12.0-ENT-(ALN-82.5)/15. 
W=(SN-TIM(N))*15.*R 
CW=COSF(W) 
SW=SINF(W) 
CTT=(CB*SL-SB*CL*CF)*SD+(CB*CL+SB*SL*CF)*CD*CW+SB*SF*CD*SW 
CTH=CL*CD*CW+SL*SD 
TTT=ATANF((1.-CTT*CTT)* .5/CTT)/R 
THH=ATANF(. (1.-CTH*CTH) *-' . 5/CTH) /R 
DRT=CTT*(TH(N)-DFH(N))/CTH 
IF (DRT) 25,26,26 
DRT=0.0 
DFT=0.5*DFH(N'*(l.+CB) 
TRT=0.5*RHO*TH(N)*(1.-CB) 
TT=DRT+DFT+TRT 
PHR=PHI/R 
BER=BET/R 
PUNCH 100,TTT,THH,PHR,BER,TIM(N),TT,DRT,DFT,TRT 
BET=BET+15.*R 
PHI=PHI+45.*R 
STOP 
END 
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PROGRAMME NO.3 

SOLAR COLLECTOR SYSTEM DESIGN H P GARG 
DIMENSION 	TA(24),TG(24),HA(24),HB(24),T(64),H(64) 
DIMENSION TM(48),TD(48),TMC(48) 
READ 4,NH,NR 

4 FORMAT(2I2) 
D4 READ 11,K,L,M 
11 FORMAT(3I2) 

READ 3,TC,(TA(I),TG{I),I=1,NH) $ READ 3,HC,(HA(I),HB(I),I=1,NH) 
3 FORMAT(F10.4,6F10.4) 

READ 2,TR,A,UUP,ECZY,DEW 
13 READ 2,A0,H0,VT,HTT,R 

READ 2,DEI,SHI,AKI ,CI ,PI I,TT 
READ 2,DEB,SHB,AK3,CB,PB,TB 
READ 2,DET,SHT,AKT,TT,ZETA,AK,V 

D1 READ 2,DEP,SHP,AKP,DIP,PT 
D2 READ 2,F,DIC,DIH,S,SHC,WCE 

PI=3.1415926 
ECZY=ECZY3*PI /180. 
SINEC=SINF(ECZY) 
BC=AO/HO 	$ HOBC=HO/BC 
ANT=BC/5 	$ BC=BC+0.5 
tWIWC=(DEW*PI /4.)'*(AO'*DICi DIC/S+BC*DIH*DIH) 

03 READ 2,BETA,GAMA,DELT,TCK 
2 FORMAT(6F12.4) 

HP=HO+HTT-GAMA+BETA"*(1.+(1./SINEC)) 
HPE=H0*((DIP/DIC);f*5 )/ANT+BC*((DIP/DIH)**5 
HPP=HP+HPE 
FHP=HO*SINEC+2.*BFTA+(HTT-GAMMA) *(l.+GAMA/HTT) 
CONS=HPP*0.0353*5.65'5.65/ (64.*DIP)+(5.02*3.96 ) 
PROD=(DIP**4 )y(10.*x12)/CONS 
HTD=HTT+DELI+ZETA 
DSI=DEI*SHIS DSR=DEB*'SHB$ DST=DET*SHT 
DSP=DEP3*SHP$ WC=SHCFWCE+R*A0*(DSI*CI+DSB*CB) 
UC=1./(CI/AKI+CB/AKB+0.25)+UUP 
RIP=0.5*DIP$ REP=TRIP+PT+PII+PB 
WPD1=DSP*(2.*DRIP*PT+PT*PT ) 
WPD2=DSI*(2.*(RIP+PT)*PI I+PI ITPII ) 
WPD3=DSB*(2.*(REP-PB)*PB+PB*PB) 
WPD=HP*P I'* (WPD1+WPD2+WPD3 
ARGP=(RIP+PT+PII)/(RIP+PT)$ UPI=(LOGF(ARGP))/AKI 
UPD=(2.*PI)/((0.025+(PT/AKP))/RIP+UPI+((PB/AKB)+0.25)/REP) 
RITZ=VT/(HTT*PI)$ RIT=SQRTF(RIT2) $ RET=RIT+(TT+TI+TB) 
THDR=HTT/(2.*RIT) 
WTD1=HTD*DST* (2. *R I T**TT+TT*TT ) 
WTD2=HTD+2.*(TT+TI) 
WTD3=DSI*(2.*(RIT+TT)*TI+TI*TI) 
WTD4=DSB*- (2.'* (RET-TB) s*TB+TB's TB ) 
WTD=PI* (WTD1+WTD2*(WTD3+WTD4) ) 
WT=2.*PI*(RIT2*(TT*DST+TI**D5I )+RET' RET*TB*DSB+RIT2'*ZETA*=DEW*0.5) 
WTT=WT+WTD 
WWT=VT*DEW$ WS=WC+WTT+WPD+WWT 
ARGT=(RIT+TT+TI)/(RIT+TT) $ UTI=(LOGF(ARGT))/AKI 
UTD=(2.*PI)/((0.025+(TT/AKT))/RIT+UTI+((TB/AKB)+0.25)/RET) 
UT=1./(0.025+TT/AKT+TI/AKI+TB/AKB+0.25+0.5*ZETA/AKW) 



UTT=UT*2.*PI*RIT2+UTD*HTD$ US=UTT+R*AO*UC+UPD*HP 
PUNCH 2,UC,UT,UTT,UPD,US,HP $ PUNCH 2,WC,WT,WTD.',.'PD,WWT,WWC 
PUNCH 2,HPE,FHP,PROD,CONS,THDR ,HOBC 
FNR=NR$ W=2.*PI/FNR$ NRN=NR+K 
TK=K 	$ J=K 	S TCI=TCK 	GO TO 15 

16 TCI=TM(J) $ TK=J $ J=J+1 
15 UWS=US/WS 	$ LLK =1 	$ LLM=1 

FWS=F*AO*TR*A/WS 
17 THC=UWS*TC+FWS*HC 

IF (J-NRN) 24,24,19 
24 TQ=J $ TE=UWS*(TQ-TK)$ EX=1./EXPF(TE) 
10 SOM=(THC/UWS)*(1.-EX)+TCI*EX 

SAM=HC$ SIM=TC$ DO 7 I=1,NH 
FNH= I $ WH=W*FNH$ ARG=WH*TQ 
THA=UWS*TA(I)+FWS*HA{I) 
THB=UWS*TG(I)+FWS*HB(I )$ A.RGI=WH*TK 
COST=COSF(ARG) 
COSI=COSF(ARGI)*EX 
SINT=SINF(ARG)$ SINI=SINF(ARGI)* X 
FMUL T= 1 . / (U'rJS*UWS+WH*WH ) 
SIM=SIM+TA(I)*COST+TG(I)*SINT 
SAM=SAM+HA(I)*COST+HB(I)*SINT 
HX= (THA.*UWS-THB*WH) *FP1ULT 
HY=(THB*UWS+THA*WH)*FMULT 

7 SOM=SOM+HX*(COST-COSI)+HY*(SINT-SINI) 
GO TO (49,50,48),LLK 

49 TMC(J)=SOM 
48 H(J)=SAM$ T(J)=SIM 

TM(J)=SOM $ TD(J)=UWWWS*T(J)+FWS"H(J)-UWS*TM(J) 
EFD=TD(J )--*(tWWWT+WTT)+(TM(J)-T (J) )-"UTT 
FFT=-T0(J)/ (TM (U)-T(J)) 
HX=10. 
IF (H(J)-HX) 21,9,9 

21 PUNCH 6,TQ,TM(J),TD(J),TMC(J),EFT 
LLK=1 
GO TO (54,59),LLM 

54 TK=J $ TCI=TM(J) $ LLM=2 
59 UWS=(US-UTT)/(WS-WWT-WTT+I!WC)$ FWS=O.$ J=J+1 $ GO TO 18 
50 TMC(J)=SOM 

UWS=UTT/ (WWT+WTT) $ FWS=O. 
18 LLK=LLK+1 	$ GO TO 17 
9 EFM=?.*.000001.25*TM(J)-0.0000583 

EFC=EFD/(AO*H(J)) 	$ EFS=(TD(J)*W!WT)/(AO*H(J)) 
WFLX=0.5*PROD*FHP*EFD*EFM 	S AWFLX=ARSF(WFLX) 
WFL=AWFLX**0.3333333 
IF (WFLX) 31,32,32 

31 WFL=-WFL 	$ GO TO 32 
32 TFTS=EFD/WFL $ TF=0.5*TFTS+TM(J) S TS=TF-TFTS 
5 PUNCH 6,TQ,TM(J),TD(J),TS,TF,WFL,EFC,EFS 
GO TO 16 

19 PUNCH 6,(T(J),J=K,NRN) 
PUNCH 6,(H(J),J=K,NRN) 

6 FORMAT(8F9.2) 
STOP 
END 
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and Pr a Prandtl nuibar x 
Here 

tic a convective file beat transfer coef f ici t , 
a . length of panel, 

K a thermal conductivity of sorrounding ai r0 
a density of airs 
a acceleration do. to gravity, 

k a to mperatiare difference between panel and air, 
P a coefficient of visco ty's 

C' a specific  bout of air. 

now consider a panel of standard size say le a Ia 
then A n 1 $ . The physical properties of air do not 
change such. from 10°C to 80°C. If we assuas a mean two 
porature difference of 30°C, than 

. ► 	0 6 
K a 0.3 Kcal/a hr °C 

Pip a 0.701 
g a 9.81 t2/secw 

putting all these values in equation (98) s we get 

1 n 46•99 (ot) 

Thit beat lose by convent ton qc is given by 

q0 a ,6t 

and by substituting the value of 
~i~ 



we gat 

Q& at 1008 ( t)5' 	 990(5!!27) 

The heat autpnt by convectton for various t+rpera-

turn di ferences is shown in Vig, (x'.18) as coaputsd with 
the help of equation (5.29). 

A&Ian iqt.. Transters 

The radiation transfer can be evaluated by mums of 
the Stefan and Bottraann squat ion, 

qr a `S Cr 6A1 (T 	T2) 

where 
"a +~ conf igurat ion factor, 
C- * missivity of the surface, 

A, n area of radiating surface a 1 n2, 
- .&bsolut. temperature of source, 

T2 a absolut • temperature of sink 
a- - st a tan Bolt r snn constant * 4.9 x 1O Ko1112  

her ~It: 

Hotts1 7) has given a cob a configuration and 
estivtty factor for a room in which there 1.9 a unLfo1y 
heated ceiling* wall and floor with diffusing surfaces. 
The ezpresstono is given ass 

a 	__ 	

C L 	jLIII1) 
•.(.3o) 

A E2 

where 
E 1 and A, a sstssivity and area of sources 
F and A2 a esissivity and area of sink,, 

and 71-2 	a view factor a 1.0. 



A pump of 1/4 H.P. was used for the c rcu .ation of 
water through the absorbers and the storage panels and is 
controlled by a time switch which keeps the a1 	o oir 

cult on from 9.0 R.?i. to +.0 F.M. 

Continuous observations of room air t4ep.raturi 
with . without beating the room, ambient air temperature 
and total solar radiation on absorber dace is sad* for 
two months i.e. from m ,dd1e of Dec her 1971 to middle of 
February 1972. The general feeling of the scteati sitt-
tug in the room and of the visitors was also recorded 
daily* This room which was reported to be the coldest 
room in the whole of the building was made sffaoti,vely 
4amp eb&r ttrough out the wintcr sea son • The mean room 
air temperature measured in the middle or the roam for a 
number of days with and without beating it shown in 
Table (.12). it Is observed here that when no heating 
to used the moan rya air temperature is about 
In the month of January which to the coldest month of 
the year, It can be expected the Moan roam air tempera. 
tore to further drop by 2°C. When solar beating is used 
was between 19'C to 2200 over a period of one month. It 

,war observed that the diurnal variation of the ram air 
temperature is only of the order of a vtg. S.30 shows 
the hourly variation of room air temperature on a typical 
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