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INTRDDUC T IO~ 

SOLAR ENERGY UTILIZATION RESEARCH 
at 

Central Arid Zone Research Institute,Jodhpur 
By 

H. !I. GARG , 

The ne~d for research in utilising solar energy in the 
wake of oil crisis hardly be emphasized. 

India's per capita energy consumption is very 
low and stands 113th in ladder of per capita energy 
consumption of about 100 Krill •. Th~ ratio£ of energies 
consumption from commercial sources such as coal, oil 
etc. to non-commercial sources such as animal waste, 
firewood etc. is a measure of the industrialization 
of the country. According to planning commission 
(1970-71), in India 45 per cent o:f the energy consumed 
comes from non-commercial sources while 5 per cent of 
the energy consumed in U.S. comes from non-commercial 
sources. 

India is essentially an agricultural country :-vi th 
60 to 70 per cent of the population lives in villages and 
60 per cent of the gross national product coming from the 
agricultural sector. According to NeST report on fuel 
and pm'Ter, out of the totaJ. population of 560 million 
in India, 250 million live in small villages with a . 
population less than 1000 and 9nother 200 million live 
in villages with a popUlation bet"t'1een 1000 and 5000. 
Only 6 per cent of the population live in big cities 
consuming about 50 per cent of the energy produced. 

It is estimated that the daily enorgy requirement 
of a small village tlith a population of less than 500 
persons is about 250 Kil/H i. e. 100 In'/H for cooking, 100 
KWH for irrigation and 50 KV1H for lighting and entertainment. 
Most of these villages still do not have basic 
:;meni ti GS such as drinking l'la tar, electriC pOl-I;er for 
~rrigation, lighting arrangements etc. ThesG villages 
are so largely dispersed and are inaccessible that it is 
uneconomical to serve them vdth electric powor. The 
energy needs ofsuch vill:tges arc limi tod 8l1d thoir 
requirements nre for (1) getting ~r.inking wuter, (2) 
fuel for cookin~, (3) elcctr.ic~ty for lift irrigation 
purposes and (4) eloctrici ty for lighting their huts. 
Anima]. wnst.e and firc1'lOod nO,'1 provide the anergy needs 
:for cooking in villages. Bu-'v ~ncreasing use of firm·rood 
will lead to tho dcnletion of forost areas 1'Ji t~ thoir 
conseqUont de.lot>GriollS results on tho ecosystom. 



~e Ga~th owes its or1gin to the sun and direct1y or 
in d:i.rect1.y, , StUl is the u1.timate energy source of' nearly 0.11. 
of our cne:r\:;-y. As a matter o:f :fact, the sun god, surya­
bhagvan, h?,s been regarded in our scriptures as the giver 
of al.l. l.ii',e and energy. It has been estimated that the 
earth is receiv:in,g energy :froe the sun at n rate of' 1.73 x 
1011 I:1eg-n.wn,tts. Taking the land orea into consideration, 
this may roughly 'Work out to be about 7 mill.:i.on KWH per acre 
per yenr. Evon a 15-minute solar insolation can equal the 
total. ~loctric po'W~r consumpti.on. This energy of'fers to many 
tropi.cnl countries ne"" opportuni.ti.es for developing their 
agricu1. ture and a1so to uti1ize various natural resources -
eff'iciontly and econcmical1Y. Econocic npplication of' solar 
energy nre 1icited to lOcalities in which there i.s a high 
proportion of' c1 ear sun shin e during the 'Win t er as wel.l as 
during the summer. The most favourable areas are I:1 ain.ly 
sitUated betwaen latitudes 40 0 and 20 0 north o;nd south of 
the equator; eXcessive ht.unidity in the tropica1~ ,equatorial' 
zone is a handicap. As India is si tUated' ideally, the scope 
for eXp1.oiting this natural resource is treoend6us. 

2. SOLAR RADIATION 

2.1 SQlar radiption outside the eArth's otmospher_e : 

Before making any a.ttempt to harness solar energy 
as a source of power it is necessary to have an accurnte 
know1edge of: its aVai.labili ty at the place and its ch araC­
teristics li.ke in tensity, spectral di.stribution, diurnal 
and season al var:i.at ion s. The amoun t of: solar radi etion 
incident on a surface normal to the solar raYS at the outer 
bormdary of the earth's atmosphere is tenned as solar constant 
and its latest value is 1.94 cal per sq. co. per minute or 
13.58 watts por Sq.D. at the Dean distance between the S1.Ul 

and the earth. 

If' I is tho solar radi~tion intensity, i~cidell t upon 
a surface oXpressed in call em hr, thon 

I = Ion r cos&----------------------~--- (1) 

where Ion i.s solar constePt expressed in cal. per sq. em. 
per hour, r is the sqUare of the ratio of' the mean di.stance 
between earth and sun to the actual C;i stc;nce between earth 
and sun, n qunntity varying with the tice of the.__year and 
ranges :f'roo"a t:1a'timum value 0 f 1.034 in J anunry to a miniI:lum 
'Va1ue of 0_967 in July and \\lis the anelo of inCidence, i. e. 
the angle Dett"3en the Bun's rays and i·~).c ncrmoJ_ to the 
surface under consideration .. When the ~'..lrf'cce is horizontal, 
the incident angle becoces the comp.ler::E.nt of' the sol.ar a.1ti­
tUde, D( , al"ld then : 



- _, -
In = Ion r Sin 0(. ---~---------------( 2) 

If' a surface is til ted at an angle fJ £rom the hori­
zontal. plane, the inci.dent ang1e, &t, can be cal.cul.ated 
from the equation, 

Cos &t :: (Cos ~ Sin L - Sin (3 cos Leos c:p ) sinb 

? (Cos P 005 L ...... Sin f3 Sin Leos c:f ) cos b cos w 
-. Sin (3 Sin~ Cos S Si.n w ...:_- ---- ~.---(3) 

'Where L is the latitude of the place, b is the solar decli.­
bation, 4> is the azimuth angl.e of' sun with respect to south 
direction and w is the hour a.I?-gle. 

" For a surface :facing the equator as is the case ,.,d, th 
:flat-plate co.ll.ectors, the:. eq'uation(3) is'reduced to : 

Cos&t:: Cos (L-~) cos S COB W ...... Sin (L-fS) Sip& --------(4) 
.J 

If the sur£ace is horizontal, th~ equation (41 is 
:t-educed to : 

Cos &.h :: Cos Leos j cos W' ...... Sin L Sin S ----.. ,;----- ._-_._--(.5) , 

From the above ~quation the sunset hour angl.e, lis, can 
be obtained as 

Cos Ws = - tan L tan h -------------------. -----------~ '(6) 

It Can be seen that possible slUlsh:lne hours is given 

as Sp :: 2 19" sfl.5 ----------- -- ---..--------- (7) 

Thus the daily extraterrestrial. 'radiation on a 
~orozonta2 surface Ho, is given as 

lio = 24 Ion Sin L Sin h (Ws - tan Ws ) -----~----------- (8) 
IT 

The stmset hour ",.ngle~ W'~ , for the ti~ ted surface is 
~iven as. 

Cos Wst = -tan (L_") tan S --------------------------- (9) 

The dai1y extrQterristria~ radiat~cn on the ti~ted 
!:Surface, Hot, is given as , 

Hot = 24 Ion [cos (L_ ~) cos b Sin f.1s -I- lIs Sin (L_ P) SinS] 
IT --------(10) 
W'nen lis =6. i'lst cPd Hot = ~ Ion [Cos (L_ ~) can 5 
Sin list + 1'lst Sin (1.- P) Sin b --_ .. -- ----.. (11) 
~.~" '-"'!ill" ~ "\.-''S 



} 

Thus the conversion :factor RD. for converting direct 
solar radiation from a horizontal surface to a til ted surface, 
useful :for ~lat-plate oollectors, outside the earthls atmos­
phere is given as : 

Rn = Hot 
Ho 

and R.D = !!ct. 
Ho 

= li.o __ t__ = 
i-Io 

f_ Sin y.ls 

LSin vIs 

Cos 
Cos L 

Ws cos wst] When rls ~ 
Ws cos Ws 

_____ -------(12) 

[

Sin 'Vlst - Wet cos list 1 
Sin l-lst - 'Ws cos fls .J 

ltJhen "fs t :3fi We 

--------------- (13) 

vTst 

By using the above equationa, the ·va1.ues of dai.l.y 
~traterristri.al rc.diation, Ho, the possiblo sunshine 'hours, 
~. ~d the dai1y conversion faotors, Rn. for Ji1ts which 
are generally used for :flat-plate collectors for the Indian 
lati-cude ,statJ.ons are com.pu.te~ and are eho'WO in tables 1, 2 
ond :3 rospectivoly. e_ 

'- The kno"Wledga of, al.l. the above fQ.ctora are reqUired 
:for u~iliZing solar energy. For oxdIlpl.e the optimum til t 
:for rhe flat plate col.leQtor Can be saen from table 3. A 

,_ 'cQl1octor incl.in ed a.t e.n ~gl e 0 f 45 0 from hori.zon ta.l. at 30° 
north Inti tude will have the ratio of Hot/Ho equQ]. to 1.98 
in ~Gcomber. Thl.s rctio increases to as m,uch os 2.85 fOr n 
surfncG at 400 north latitude and tilted at 55° from tha 
ho~i2ontal surfaco. Although these ratios ara ~orkod out 
for GEtrQterristricl radiation only, the conclusion draw.n 
will still ho1d g.ood whon the offoct ~ the Garth's ntmos-
pharo j,s token in to consideration. ~ver, the Q.ctunl ~ 
qUalltito.tive values lDoY ba dif'f'arent. 

The intensity o-r the boom ro.dilltion o.t the top of 
. the a.tmosphere i. s known to c hi gh degree o,f accuro.cy Wld 
remoins son sibly t.m.iform :frOIl! sunrisG to sunset tl1roughout 
the yeQI"', the on.ly V'o.rintion being d~ to the slight ollip­
ticity o£ tho oorthJ s orbit. The so1Qr enGrgy ranChing' ~ho 
ea.rth, however, vo.ri~s progressively with lc.titudO. sanson, 
nnd timo of dey c.r.d -may c~'1.Dge rapid1y nne. discontinuously 
wi th changas in 10'co1 "rttG""t~eoroIogical . cohdi ti'6n s. During' . 
the pnssnge dO"lrJnwc.,rds t~ough tho o:bnosphere tho so~a.r boo.m 
is ap.1it up in to four parts. One part is refl.octed beck into 
spaCo !:la.in~y by 01ouds, another is scattered in nIl ciroctions 
,9'y~~·dry ..ni-r. \woter .vopour ond dust particl.es, SOJ;DG 
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is absorbed. by curbon dioXide, ozcne, wnter vapour, "Jhilo 
the remainder is trnnsmitted through th0 atnospu0ro being 
received at the ground as bor:,m or direct ra.dic..tio:n. Some 
of tho reflected end scattered radiation also roQ.cho s tho 
earth us diffuso or sky radiation, Id, with its i~tansity 
foak at 0.45 microns in the ~lue ~ortion of tho spectrum 
,henco the blue colour of tho sky). Tae total radiation 
roaching a oarth surface, IT' is the sum of tho direct, 
1m a,nd diffuse coop on en t: . , . 

IT = In-T Cos (9.. + Id -----_____ - _____ ·_, __ ~ _____ (14) 
, 

'When ~he surface is horizontal, the incident nng1o, 
bocoe qs the compl om on t of' the so1.ar 0.1. ti tude ~ 0( 

&, 
and 

we ha:V~ : 
': 

'!Th. = Im Sin c( + Idh -----------------.-~---(l.5r 
~ 

Usuo.llr,·tota1. a:nd diffuse components of solar ra.dintion 
on hodzont al surfaces nre mensurod 'Wi th an tm shndod dl d 
shack.d Fyra;nomoters, then tho direct intensity c'an be 
f'otmd as : 

, 
1m = (ITh - Idh)/Sin~ ________________ (16) 

2~.Q.J...lir r ,. di 0 ti gn_Ill e [' sur omQlli_ J 
t, 

$.m shin 0 is D.,.."1 irr:por tC']1 t elQr.len. t of' clioot 0 ctn d 
hus beoI1' roceiving considorc..ble attention in rocont years 
all OVOl- the 'world, c;nd specially in the c..rid nnd semi-
arid ropons, sinco this climatic par[l1!letor is responsible 
for tho/photosy.nthesis of plants and is also importo;nt :for 
Bolar onor€;y appli,ca:tions. The simplest and tho cost robust 
rocord3r :for hours of' stmshine 1:s the c2Ppboll- stokes StL."1.­

shi:py'recorder .. This can sists of a glasS spher~ which focusses 
~c{ 'burn s tho track of' su.'1 moveDcn t on a strip of' pap~r. The 
s-.;rip clearly shol-IS in torval s of' cloud cover loJhore tho paper 
~omains unburnt. Sunshine data ure being col1octod by about 
J 00 stations in India by India Meteorological Dopartmm t • 

.... / 

,Central Arid Zono Research Ins-'cituto, Jodhpur is 
l:laintaining a rruaber of sunshine recording stnticns in 
western R n,jasth8,1-:J. nnd theso obsoJ:.'vations are being tc..ken 
rogulnrly c.t Jodhpur, Pali , Bik~ J', Cl1.[\l~dc..J. n,..'"1d Ja.isalmor. 
The Institute ha.s also collected sunshine data for n few 
Yoars at ,Ohuru, Jhrmjhunu end Ga.dra Roac~. In ordor to 
CODputo r{oro accurntely tho sola.r insola.tion, statistica.l 
relationship s botwoon tho to tal solo.r radi c. tion a.t hori­
zontal ~f"aco o.,.."1.d sunshine ·hours ha.ve bOG'") ;;'lOrked out at 
tho In:d;itute c..-"1d these arc being appliec! to sunsh:L'"'1o data 
of' tho nbovo I:.1ontioned stations in order to cOQputo dotailed 
r-. ... .w.:Ln.:t:ion statistics for the arid zono 0:'"' 1-Jestorn Rajasthan. 
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f'irstj c.cc-..!.~::"c_to ~(: ?:r'i:::a.r:l i~::otrl~o...-:.t :.:soc.: -::or t::.e con .. · 
s.;,;x c.."":; on t 0:: c:::' :r..-c;c Jc r c..cia. t i:- ~ n t ~ -: :":~:c..~- i~:.. c i .::e:-: C 3 0 ,£;.1. €,S tr-::-.: 
?:.r:r'~'2Glior::GtQr UC~S t't~lO tl:..j~ ~lcc;_:~oc:' stri~s of r::'o..::.::;n;:ir.. 
c?r:r!GctoC: cloct::,ica.:'ly so t::ct 0i.t:-:3J:' co:':..::'..c: bo :-:eQt~c: by 
D. cu:t'G:f'l:.l:::;.r L:ec"sLToC olectric curre:::t H:-:i2.o t:-:o -::;:~en:::c-
~o:.!?:o ju:: ctic:~ s cC'~:-.! octoc ::'::1 C?::.""C s=- ti::.: tt:.rot.::. 6 ::. Q. g~ ... l va .. 
hcr:.:Gtcr. T::.::'::; in5tr'L-:r::a...~t ::E!.S T.)O'3~ :.:scc. as a s-tc.~c~arc: ':Zo:r 
cn.l':':::;r~ti::G c~:1.or i~strtx.la.?J.ts. 

~::is _?crtc.b10 instr~:.:n. t l11as c:e7(31c?~ ;:,:;r Sl:1ith .... 
so:r:ie,n :i.':1stituto, 11c.s:-::.LJ.g-to::l. In t::.is i~struwcmt tho 
so Inr rfYs :1.0nt tho :'l'_ckc:? oc: sil-v-0r c~iq·c 1 oeat ed c.t 
t:1.e ::ot"i:o.::: of t:-"!o long tube. The silver c:isc , co~tui.:.:s 
n sQ.!_"si~=-YG t:-:Gr.:l~r:;1etor. The so:'..2_I' i:::-::~:sity is obt~L.""1ec 
:fro::.: t7:lt; ra-t 0 of' 3.~ise of: tenperat1..D:' o. 

T~1.~ soco:: c1ary :?yrhelio;:-_: etor s {1.:.sed for cec.sl.:.r:!n g 
c:irect rc.cia.tic::l at nCI!:!al inciC:G::ce~ 2,,---:C: :::yr~--:ot1eters 
(used. ::'0::-' c::oC'.st:.ring total or c:i-:J::ft.,-sG rD.,c:ic__ticn; rcco­

r..::-_:o-,,"c.ec: j:- ~.:;:"-o 1-JorlC! !:!ctooroloG'ien.l or&~c.isntio:::l are of 
t:-: erco-,ilo c:o t Getor type nne: t:1.0 no st cor.::.'C;:on.ly nre Epp 1 e-.{ s 
Linl:0-:'"euS5::1er c:::1c: 14011 - G-orczy::sl:i ::-;yrcr-.~:::Gtor. T:-:ey 
::_,-,-~J(3 r.lat t:-:e=--.:::o-,i:es eit:'-:Gr ::'lc.de of' silve=~Disr.~ut:"l 
ju.--:cticns 0::' ;:..:!a;.:Gc;nj_n-ccnstanti::n jur:.c::ic::s "t-l:l:ie:"1 nrc 
con::! octoc: to recording ,-:il:.'__i~vol tmet(?Ts. Generc:.lly 
LL""lkc- Foussr: o:r pyrhelicc at ors ;::,r.d Eo 1::"'- G-orezy:: s::i 
:?yro::or.1o~o:rs ere used :?or cGasurinf,' cireet raGintion 
at n('rcn3. i::.cic:c::ce ~d total rc_c:intic:: C::i ::orizc::1tul 
s'!.:.Z'i'C'..ces ros:JoctivG.:Y. T:-:e _;yra-"'1oL:G~Grs ca:: ~e usee: 
:for the ::1COS:..Iro:::.;m ~ of c.if'f';.:sc reciati':!l ::-..1 so ~y u.skg 
s::aclc ri:::~~ or s?J.~cc cisc. 

'::r:c:ic.. ::e.s at -:;roSO!1t Co :J.at W0:'''':~ c"!: 3.:: racic.ticz: 
statio::::s o~ i,:2:id: 15 nrG rocordi:-:lg t-:;-:::a2. sclnr rf'-.c:iati:::: 
"lith Hol2.-C-orcz'lLs!d ::qre.--:.:;,::ctor, tue ,/::-:;:: ::1::;:::l07 ?yrn:-:o-­
ecter C'):c 7 1J=-t~'"l Q~-::otnllic ::':-7r~~:JGTc.~C_S. Dif':~L:SC sb/ 
rc_c:ic..tic:: io :::;oing roccrc:oC at 13 statiC::1s 1-Jit:-: Lol2-
Gorc~7I':s:.:.i :::r~aI::or_ctor ":'Ji t:: ~::.c t.:!dC:i ti.:.~ o::_" a z~,,:!:.ci...J::; rine;. 
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Tho Con tral Arid.' Zen e Ro sccrc:"! I::1 sti-tut c, J och::_:"'u:t" 
is e.J_so recording cO:1tinuously total solar rcc:iatio!1. with 
th~ hel.p o~ I·~oll-C-orczyns:::i. =:;.yrr'P-c::~otor nlonGVJit:"! the. Eo:::oy­
"I"le':l pot0l:::.t.iOI:10teri.c recorder. :Iot:rly as l-loll e.S cni1y 
t4t al. solar rc..ciation valuos avcilc.::~lo on :c.orizo!:: to'!. surface 
fpr Jodh::')'LT is aYaila'Jlo at this I~stituto since 1>72. Direct 
~c.diation valt.!os at nerr..:al i!:!cidence 'Hi thout c,.T'J.d 't-Ji th rcd~ 
gr-oe;.1. :?!1c. yello1-i f'ilters are €lIse roc-::rcec. with Linkc-Fet:s-,,:er 
qrhclio:=eter al~g lvit~~ tho nillivolt cster. 

f~ ~ .E.g_t..Q;;~t_:i,,£...2. __ 0L ,.s.Q~l_ar_,,~_e.r_gy: _U_t_i_l.i_~_C'-1:.i..o1:'L_:i,p,. In c~i..a : 
, 
, Ir.ci.c_ ~ec2..use of its f'avourabl.e geo€,-raphical locati:::~:~, 
7to 37 c..OSTees !2orth ~atitucle, :-:as large potential for solar 
porgy uti.lizatio:::. T~'le measured total solar rac1i.ation 
\ceJ../ cnr2 c:'e.y) 0::::' ~1.orizon t2.l surface :':or 22 India;:! station s 
;s she ;..i±~ i:1 Tn~Jle 4. It iss een fro!:! th:" s tn.:''')l e th.a t for 
;!pst of' t~"-e stations excopt :few hilly staticnq total solar 
,a,tiatior.. ::':0:::'13 t:-:~'1 558 call sq. cn. day are red-Gived in t::.e 
lllOllth 0:: l,:ay. In Jw.""!uary typical of' -"".inter season values 
iC:~ t:'la.."'1 J 50 c2.1/ sq. CI!2. daY- are rec eiv,?c for all the 
',;¥$ior.. 5, 

, ! BreI''': t::''1is data it has been cstir..lated t::-kat on an 
Gtlual. av~ra.;e India receives about 5.6 l:::~ .. J of' _.~olar er..err:;-J 
cJ1y on O1;le square r::::etre hcrizo!1tal surface (G~rg, 1:;) 
~~ch is a trec8TICOUS ~OQ~t of energf. Re.jast~~"'1 State 

I 

abr..e receives, on an average about .511 cal/sq.cr.:. day of 
filar energy. This, W~J.en coz::.-.-uted ::or t:'lG whole area of 
~jasth~ S-=ite over a "jeriod of' one :/,e2.r coces to arotL.'"1c1 
;':;1151 x ;01 Kcal 2,nc. in terms of' coal equivalent, approa­
;-hes >1131 :::.:i.':_lion ton::J.es 'Hhi.c~'l is nore t:'la,."1 the total 
~ erg-/ :;O!: su~::> tion of' the worl d in a ye2-=- (Garg and 
.xishneJ\, 12/. T:1.is is at'"'1 indiCation oi' the sun I s boun'bJ 
'GCGive::i in ju.st one of the ::1any desert:s of' the world. 
;'::'''lose fiG'...::.res clearly incicate t~l.e ?ossi,1:tilities of large 
~2.le }lse of solar energy utilization =-.:n::1i'EU}_ces in our 
,cunt:"J. In ord.er to find out the ef':':eciiveness of' various 
?=>la:'" encrl5J a:??liu::ccs, ::.:>crcentage nt."r..:'J~r of' days :for 9:::,C-::: 
;.ontr. wher- :::ea,!.'"l dQily radiation eXceaced JCC ccl/ sq. Co. de:r 

:;n i'lor:.zo:r:: t 0:_ su=face were cclcula tee end season £1.1 D ew.'"1 s 
I(er~ vorl:ee ou. t for di:fferent statio:: s. I -6 ';las ob served 
~ha¢ the ~:1e~ -:::crcenta.ge of occasio~s eXceeds ~C for all 
~oafons ElXcept- I:1CnsOC~ ir. North Inc.ian stations 2,>.'"1.d 1:101':.SOO:: 
anc;;'?OS~ ::-10:-:-;S001'1 seaSons in tI~o :.::-eninst:.lar stations. The 
':'Ilcor ca."'1 ~e cX:;:>lai.."1ed :,y ti::e fact t:::at t:'10 yer..il-:!sul2. is 
$f;ectec: ~o t~'!. ::JY t-;:~c sout~ ·'t·Jest ",;-Ie: nort~:. east r.:o:'J.soon s. 
Aowf'f'-er, it :Ls i::J.tcrcsting to nc-tc that il1 no saason t~::e 

'ooa'l val.t:,e goes ;:'Glo~' G':, vcrcent. In n::.~ecial :1.i1.1 sta-tio:L.s 
l-l;J-e shillor.g i:: As sa;::: , t~'le values are lower in Viel'1 of' 
9'eQuent c2..oud occurrences during various SGC'.SO!:S of' the year. 
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Solar radiation is generally r::!9asurec. or: :'::orizo:::ltal 
surfaces. HO~lever, from the point o-x.~ via"J 0:::' uti':::"isatior.:, 
the Imowledge 0,£ solar radiation O:i.'! t:'le ir..c2.i::ec. sur:face 
is core i:::;:;,ol?te..:nt si:::J.ce the' flat-plate oo':lec-!:;o='s are ger:0-­
rally kept at opti:wu:_: tilt so as to receive r.::.e..xir_:t.~il sole.r 
radiation during the des,ired see.son of' -:'::'se. :Ec::.ce it is 

11 ecassary to convert t~~e 1..eas'J.red radiatior.: va.lues on hcri, 
zan tal s~rf'ace on to the til ted surface so as to ~3e t::sed 
for predict.:L""-1g collector per.f'on::~ ceo 

Based on the Reasured data, isoJlet~s of total 
so:'ar racliatio::1 (cal/ sq. cc. day) on horizon tal. surf'ace 
end ccnpu tee total solar re.diatien or.. in clin ed surface 
t,}:ept c-;.t o-:Jtim'tX1 tilt i. e., latitude of the place plus 
15 degref?s) facing south for winter use we.s deterr::lined 
at C.A. Z.R.I. I Jodh:pur by Garg (14) fOT January wonth, 
typical of wir..ter season and are dravJn :L_;_ Fig.1. It is 
seen fret:! this figure that total solar radiation en 
:1orizontal svr:face' in the Donth of JD,l."'1uary inO:Ceases 
~roc 200 at Gulr:::.arg, to 3L~1 at Uew Dell~, 357 t:!.t Calcutta., 
395 at Jodhpur, 420 at Nagpur, 445 at Poor!e.., 441 at 1-1adrns 
z.nd .50C at Kodaikanal. The values at cptinn .. 1Dl tilts (GQrg,16) 
;.:;.:_crease fro:::: 404 at Calcutta to 502 at Delhi, 580 at Nagpltt' 
and .,510 at 11 a dras. Eroo this it can be conclUded that :flat­
plate col.lec::ors kept at opti::::cr:: tilts collect nearly pl:a-te-

-aolleo-toFs lEOpt at ept:i131:ml irilts GQl:~et _~eaF~ .50 percent 
~ore radiation thar- what a horizontal surface receives at 
northeU"! sta.tions like Jodhpur and Del:1.i e,:ld 35 percent 
tz!ore radiation in the interior peni..""lsula.r sto.tic~s like 
U~gpur G;."1d Poena, eve:;.} for otIJ.(3r sta.tic:::s this i:i."?crease 
'-c:ries :f'ro=:: 20 to 25 percent. This i::::port.::::.J1 t i'indir..g' 
:'s Yecy ouc:"l t.:seful as sho"m by Garg (7) for using flat-plate 
;::<!..ato col~ectors for '\-Jater heatir..g. crop dry:L"lg, space 
nee ti..""1 g, c..ircor.: di tior.: ing etc. 

" Distributior.. of' total soln,r radiation( cell crrt"" dey) 
on norizcr.: te_l surf'ace in the r::on th of' l-!:ay, Vypical of' 
sum:::er seaso:c., i:r: t2.e country is sho'l-l!l i:;:e. fig.2. It is 
SGo..."J. here t:-:2,t t-::-~o radic.ti8:::! in thG J:1o;:::tl-: of I-'lr-.y dec­
roases £'rOi:': 65.5 Qt Bhavnagar and 6,.51 nt JodJ.1:~ur to 627 
at N e", lli 2.::i ;o:!1d 6 20 at Po O!le., 579 at :;:~derabad a,..""1d 559 
at lIIadras, 542 at Calcutta oPd .510 at =':odaikn,.."'J.:=:tl to 
4>3 at S:-:il':'on g and 470 at TriVaUdrun • 

.Annur-...1 disJeribution of total solar ra.diation 
(cal/cm2 day) 0::';' !'lorizonta..l surface in the country is 
shown iL fig.3. It is soen :-:.ere t'hct total solar 
radiation ra:.-:ges from 377 i:"'l Sr:i.i1e..gar area to .511 in 
JOdhpur. I::. the latitudinc.l bolt of lGo to 2C~ IT the 2 
daily tot al sol aT rc_dia tiol1 Ta.:.g es :fro::: 470 to 500 caJ../ CI::! 

or 5.46 ktJ to ,.r;__8 1 klol ~er ff\'l •. D-etrG. 
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Fig. 1. Total solar radiation on horizontal 
surface and on o;:>timum tilt over India during 
the month of January. 
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Fig. 2. Total solar radiation on horizontal 
surface over India during the month of May. 

Fig 3. Annual total solar radiation on 
horizontal surface over 'India. 
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Becauso of tho into~ittcnt nature of tho rc..dint.:lc!: 
end high ,cL....,y to dqy var5-ation due to cloudinoss the soler 
rudiation values -which are eXceeded on 10 porce.."': t1 ,5C 
vorcont 2"Dcl9G -:-e:rcent have beon con·Jutod :;:or Joc.:"1::_:Jur r-..:r:d 
SlOVl D31hi, (Garg 2..nd KrishnnPs 1 & 2). Tnb1e.5 :'olovJ ShO,\lS 

"the avernge, 90 ~erccmt, .so "9erconYfctr-d 10 ~erco:;'lt oXcoo-­
c.ePco values ot: total soinr radi.ntic:!:! or.. !1.orizon tnl surl'ncG 
(H) US '1-/01.1., QS or.! inc1.ir.od at optimm!l ti1.t (:;:-!;tt) (nt nn 
olevutioD ot: lo.ti tude .;- 15°) in respect of' J odbpur aP d 

NOl'I 1)3111.i for the typicc..l winte.I."" I:!onth of Ja,PuQ..ry. 

Tab1.o showing tho nverc.ge nnd various exceedoPce't' 
volues of tot 0.1. so1.nr rndic.tion (cc..l/ sq. cn. da.Y') 
9D horizonto.l. (H) end incli...'1.ed stlrf'nce (li'" ) 
in the I:1onth of Jcnunry. 
I 

_.:; , 
-~ 

?.1o.ce 
:......A.verog~ _90 .P o:;r:c en :t 5C ;tl aI:Q~n t 1Q II Ql:'C QD t. 
1 1-i Ht H Ht H :at .H Ht i 

._ 

,It.- I 
I 

? ,~e'W Dalhi 341 540 233 349 364 550 455 700 

'1odhpur 399 6.39 3.37 496 .390 635 .501 740 

,. 
oj. 

~ It is interesting to note froo the nbove tc_ble thc.t 
I 
j.n qnsc of' .Jodh:pur the 90 percent o--"'tceodcnce vn.lue in res-
pO.1"v of inclf-noc. surf'c.co is n1.r:!ost the SCJ .. :~e e.s the 10 per-= 
~t oXcoedQl.'Co vn1.uc f'or rc.dintion over the herizontnl 
~f'QeG. It is also seen ihc.t though thif avera.ge radintion 
'\ . J 

o'J horizon tql surf'nce ovor odhpur c;nd N Cvl Delhi in the 
r.pnth of J,n,..-iuQ.ry nrc only 341 c..nd 35S, cc.l/ sq. en. dey, tho 
d,~tUQ1. utilizQble energy on inclinod sur:fnco a.t optit:n.lr~l 
tilt nrc 540 c).1.d 639 cnl/sq.cr:1. daY rcsD0ctivoly. 

I ~ // ~ f 

I Dotnilec. nna.1.ysr s of' tota1. soler- r::.dinticn or.. various 
~nclinoC. :?1c·nos (OC, ;°,1-0°, 1.5°, 20c,; 30° -a,nd 40° fro!:! 
':lorizontc.l) fecing th3 _.equc.tor are cc..rriod out in respect 
9:1"' .._Tod11.:?ul_~ ~Ld Hc.dro.s 0 higl"1 latitudo (26.3°) end 10vl 

j.otitudc ~ 13.06") station rospoctively~ . This date. in 
~,3Spoct of Joc1h,?ur CJ1d Ncdrc.s is shc-wn j_._-:t tn.b1.os 6 ~c1 7 
respectively. Fror::; table 6 it is c~Ocr tl:c.t in cnse 0:[' 

,.1odh:ou:r ma,Xi::lu;-w rndio.:ticn CC)1 bo col2.ectoc~ during l'Jin tor 
~cns-~m/ (Jc..:nunry, February, Noveobor nnd D~coD.bor) if the 
$ur:-:'c.co is inc.li...'"lod o.t nn Q.o-'"1.g.1o of' 40 r f'rct".: horizonta.l. 
"E'or tho post y ocr rounc per:?:) :tr.:'n_n. co \ the st:1.rf'ucG r.:ay ';:)0 
:l.n__9li.nec nt c.,..~ dng1.e of' 20c ,or 300 :!'roc the horizcn ta.l. , __ 

" 



-14-

Table 6 . Total solar radiation(Ca1/cm2day) on . 
ho'rizontal and vari ous inclined planes 
facing equator for various months at Jodhpur. 

~sTTIf:r 00 _5:0 _ . ___ 10 0 --150 20 0 30 0 400 

January 399 422 470 503 529 575 604 
February 469 487 513 534 557 582 596 
March 552 576 592 609 619 627 621 
April 627 630 635 635 632 615 ,585 
MaY 651 643 638 630 619 585 538 
June 619 598 592 582 568 535 490· 
July 513 523 508 500 491 465 434 
August 485 486 485 480 475 456 420 
September 520 518 525 530 535 536 507 
October . 497 512 530 546 559 568 573 
November 421 460 497 525 550 588 612 
December 375 411 444 476 505 516·- _.--- 586 

AVe rag§.._. 5g __ 52L__.- 52.6 _546 ____2$) 554 547 
i 

Table 7 : Total solar radiation( Cal/c'm2day) on horizontal 
and various inclined planes facing equator 
for various mont hs at rJfadras. . 

v 

MonthsZT~if 00 5° 100 15° 20 0 :200 4Qo 

January 441 461 4.79 495 516 522 526 
February 539 556 572 584 595 601 594 
~rarch 584 590 596 599 597 585 560 
April 581 575 572 563 553 522 479 
~1ay 559 549 538 524 508 463 .r~420 

June 498 487 478 465 450 415 372 
July 449 495 481 473 460 421 382 
August 474 469 463 456 446 420 387 
September 482 475 475 478 471 453 426 
October 425 431 436 437 438 434 420 
November 367 378 388 395 402 419 404 
December 376 370 413 417 426 tlr 37 432 ----. 
AVerage 481 486 491 499 489 t'r 74 450 
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, 
'{tITule in CQSO ot l1Cc.rc_s for '!:Jest vl~:.tor :por:f:::r::_~c;::co t1'-0 
c.:::~.LO shGt:2.e ::'0 JC e c..nd for bast yoc_r ':"~;)Ul1c1 pori': ::£.:.:[')::CO 

it sl"lculc 'be ~~~~ut 15c :frc:r:: tl~o :-:orizc:::t c .. l. T'~:is i:-_ ..... ,:)~­
tC";:t f'inc:i:n;Z is vorJ cucl:. useful :::'cr t.:,siI:.:s :f~c_t-I;lQte 
co':'loctorr; :;cr vlc..tOr bOc..tll1€ Qr.c~ c.ircc::c~tic:r:i::&, otc. 
2):1c1 sc,lnr stills fo-:: getting distillGc. 'Hnter. 

lr:.:'e::l sol ar rc.cic.tic;,n f'~lls en a su.rf'c.co, i t6 ter:~ 
rc.tut'G ::-isos 'UJ."'1i:il Q,l.~ GCJ.u.ili::'rit::;:~ is ostc.blis1:.GC! lJ:''-G:;:~ tl::.e 
!:'Gctt J,oss :;::'0[,: tho b·oc.'y oqunls its heat gain. T:_G l':.eat 
loss tr:.::os ::,:>1.c..co by r:::.Cic_tic.r: ns it is a ::.entec. ":lccy, by 
cc::.voctio::. ·0::.:"c1:. is bec::::.use of' Qir novGCGr.. t ~:::J.G ~y cc!:.­
C:L~cti::::: i2 -:::'_is :1.eat0c. body is ir. cor .. tact 1d th nny 0 tIl. or 
::-..:aterial. ~::.o ar-;.cu."1 t of l:.eo.t g::-..inec J<J -:;I::.e ::,ccy cepcmcs 
o:n t~:.o into:.:.sity of solar rac.iatic::.'! e.s 1-13il us or: t:1.e 
c.7:lsor:? tivi ty 0 f' tl:e surfe,ce. So Inr 0!J. or:5Y Cn..'"1 ~e coll~tc.K! 
oi t~:.er t:1rol:f;h :.:~l nt-plate co 1.1ector ..: r 'by fc cussin b co.1:'oc.­
tors. F:at-?:; .. o.te collGctars e.re of lO .. , cost» ~:..:::: .. ~le irt 
CGsi~, Qbsor~s direct ~ld dif~use radic_tic::., nee~ no~ to 
follaH t~:o S1:..0 a:.::t CC'.)..l sUy:;,Jly loll' §;:rac:e :-:eut i. G., be\clJ 
1 0 c,c' c. ;::'0 c,,: ss in 6' co 11 ector s 1]::' i c:: l.~oq -:::.i.r e se: tr c.ckin g 
nrr~ge::lc:r: t CC;.l, ";lcrk wi th cirec t rndi.n-c:Lo:r: c::::.. :-7 [';1d CnlJ. 
?roc~uco to.'::::; orntt:ros t!::_J to 4c ~~: ': C. 

, 
Sot.cG of: tl1.G Q.::_:)})J,ice, tiol1 s of' sol aX" onerg-y vl:'lioh axe 

tried at Co..~ trc..2.. Arid ZO~G .Re::icc~rci~ _:L-:j_g.·~-,i tu'to, JorP"pur are 
e.s :follows : 

1 Sola.r 't.]~to:."" 
~..... .....~ ... 

• t"'oo.,~.:..c:, 

2. Sole) .. -"" c:i still.a;t..ic.!':, 

J. SC lo}._~ C::'~T ; ":1 ~ .. 
' , 

c".lJ.o. 

I: Sclc..r coo::::.Ll€ .. 
Tl:'G ~Gs:'g:l c::etnils 2.~G ti:::.o st:: .. c:'ios carr{oc:. out, c:;;: 

t~:"G ebove 4''':0::.:' tionec. solar o!!orgy n?IJli~ces are dicuSs ed 
7.J Gl0 l'l : 

O!!G ·of the ~ost successful c..z:d ,,;]L::':Gly 'LZsec appli .. 
c~ti~~ of seIer en~rgy is sclD_r vater ::"GQ.ting. I!! t::.is 
c,.::,Jr_:licaticI'! t~G ir-tEtlTU?tior:s :::. ..... !/J to 'One vle['_-::her cay be 
tolorntoc.. Solal.~ .,,'t:'_ter i:!Gc_J':;ers i)..:;_~G il: -:"':S0 for r..~ore t2a;!.~ 

c c.ecc_c.a :.:~ cou::tJ'ies lil~3 JC'..pn:r.:'~ Is:::..~a.el, J..ustra.l.i2, ~d 
-' 1. • , ~ • "",. .. ~l • c1 ...,... 

SOD G part s of' J. O. A. .1..Ke c c . ..!...1...:. or::.l.. c c]:: c... 1< _ or.l.. c.. ..L~ 

Israel. ako s-:~ Gl-O::·Y I:ct!sG l:c.s 'sQt scla.r lic.ter I:on ter r-...:r:.d 
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in J C'.p8P r.::oro t~1.a..""1 2.6 r.:o:illion 5010.::' 't'lc:.tor hoc.tors C'.,re i:i 
use nt presG-'!1 t. 3ecnU5e of the 0..."':. Gl~37 c:;:i sis c.::d t:-:e ::.:"g::. 
cost of fuel, tho Hiro::1i t firn of' I sl.~cGl ::'-5 recei voc. no: 
order at: lC:C:::CO UI:i t5 of' solnr l-lator ::'oc_tor i'ror:. QcrOnc 
't'!hich will 7::>0 l..~sed lli :fnc-torios, ~"}_o syi tnls t c_ct 01 s c.:: C 
:;>rivc.te hocos.· The irccrecsec1 use of solnr llC'.tor :-:ea.ting 
il~ Ir: di c. ""il: ~1.e19 in SQv:L"'1g fuel like covICu..."1g s woods 
I:erosine oil c]:1d olectric pOl-Ier w:1.ic:: nre gGllernlly used 
i'O'r vlD. tor ::.oQ. ti...""1 g. 

The cior::estic solar l-later I:.eater (14c litros cn:pnci~.{) 
or.:ploying Lcturnl circulnticn of we.tor c]ld Inrge size solar 
wa,tor ~:.ea ter (60C Ii tros ca:pnci ty) e1::!1) loyi!!g :forcec. circu1a·­
tio:1 of l-lcter as cevelo~;)ed by G-nrg in I::-_c~in are cOL"pnrn-.::le 
in off'icio::cy ,,d th nPY of the solar wnter heaters develo:_:>ed 
a~roc_c ~ut t:-:ese nre of' high cost c.nc:' t::nsuitn-:::le in rural 
arons whero t~ere are no cains supply o~. wnter. ~eeping 
t:-:is in c:'nd Co si~:':)le, e:f:ficiGr~. t nnd of' low cost solar 
wnter heater is designed, fD.~ricatec 2~C testeG at Ca'!1tral 
J~id Zono RoseC'..rch I~stitute, Joc.h~~. T~o t~nter plate of 
built in s-~ora.ge type so-=-ar l-Jater 11.eater pcrf'::.n-.:s the dual 
fUI!ction oi' absorbing the hec.t ane storing t::"e :1.eated l-/a-:;er. 
Tho cesiF cetails of' this solar mo~ter ~-:cQter as c.evel0::led 
by Gc.rg 19) is as :follows: -

The 301m-- l-later l-:oc.tor cOl-::sists of e G.I. rectan­
gt.!lnr to;n.!,:: 0:2 2C g2.uge c~C: of dir::o!:siOl-:S 112xCoxlC CLl ~~ 
lJith a ca:;_:>acity of' 90 litres in n h. S. ~ox -.;.Jith :5 cc:: laYer 
of f'ibre G2.nss insu1c_tion below it c_::c: c::o glnss cover (3 L' .. r.:) 
on the top. 3ulging of' taPk LIDCer wnter ?ressure is rGd~ced 
by using D:gle iron flets wbicl:. are 7.Jolted on the sice s 0:2 
t"i.-:e :;,0;:. rJ.'~:e :front face of t1:.0 tank is -:::12..c::_:e~0d by lanp 
:'2 acl: ::_:) ai:'! t. 'l':20 ho t water i 5 to.l:er: cut :fror:: t!1.e l-:ea ter J s 
cutlet :?i:?G a-c t:1.0 tOy !)y o:penins t"1::e ga·;;e Valve f'ror::. tl-:o 
1111et -o:.;i-::o side cf' t~-:e ::ectcr :-:::x.ec~ at ti:.o bcttoc. The 
~-:entor- i~ i:::.clined at LI-3 degrees :fror_: ::crizoz:tu1 0]:c is 
orio..Jtec c: __ :e sot::tl: to col10ct l=nXir::.t;u:: solnI" rac:inticz: 
c~"llril'lg vlintor season at Joc~l-:::_~ur. A r:<-:ctog.:.~apl: of' t'tlO 
solar water 2ea.ters instnlloG sica 0y side i~ t~e so:ar 
01: ergy "7 nrc! of t! .. o In sti tu te for S tuctrir..g t1-_1.(0) e::~fecti ve-
noss of: r..::'.:;:,-t ::':;_sulatior.. covor &'"C c-.:=: .L--:su':a-coC: dr-:.E:. is 
s:l.Ol-ln in :fiS.L~. For rural use, "'tk.:.ere t;:_ore is no cai:r.'}s 
vlntor su::!:?ly, a ::,ig £u:''''1!"_ol of the sizo of t~1.0 buc1:et can 
be fixeC n.t -GL:'O tOy of' tho :1.enter nr:: c.1 t:_O:.':1 cOl1:::ectG(~ to 
thG inlot t:::7Jo QS sho"t<.G-l in :fig.!) (Gars c,.":!C::::~ris~-:r"1C;l, 3). 
:-:ot l-mtor co_...'- be tc-.ken out iLJ.::!oGintely :'::y :;_:utting.the 
snr.:o nr.:otmt of cold water in tee i'u..-:l:i.e.:i... 1~ nuober of' sueI-: 
solar "tvntor ::ec-.ters are instnllec in o,..""1c: around Jocl1.pLT Q,.'1.d 
nIl arG r~corb;_g good seryicG. 



Fig. 4. Two buiit in storage type solar water heaters 
suitable for urban use developed at C. A. Z. R. I., Jodhpur 

Fig. 5. Rural model of built in storage 
type solar water heater developed at 
C. A. Z. R. I., Jodhpur 
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4.2 fertqnnence o:f' the heoter 

This solar water heater is tested eXtensively for 
ooo.ploto two years (1973-74) a.t Jodhpur by Gnrg (lOs 13, 20). 
The data. of f'ortnighty mecn s of' mQXinum wc.ter tOClpero.tures 
(i.o. recorded o.t 4.p.m.) along with tho total solar ra­
diation on horizontal ourfaoe is sho'W11 in table 8. It 
shows that in winter months (i. e. D9coobor, January and 
February) hot wa:tor at 50c C to 60 0 c o;nd in other SUI:lmer 

ClPd con soon 0. on ths at 60° C to 75° C can be 0 btained. !:I 

Table l3 : Fortnightly neaP s of' rno,Xioum wa.ter tempera turo 
ranched in tho buil t in storo.go typ e solo.r 
water hoater and toto.l solar radio.tion on 
horizont nl surf nCo o.t Jodhpur. 

I 

(A) Perf'ormanco during the yea,r 1973 • 

... ··--------',__----------·--:--::I=-=I;:I"n-d~':=F-o .... r"":'tn~i-g~h-:t-------
Month I Ist Fortnight 

.JoPuary 

February 

Maroh 

April 

MoY 

June 

July 

August 

SeptEClber 

October 

Novecber 

December 

i Tempera- :Total solnr f Tcmpera- : Total solar 
lture :rndiation I turo ;radiati~n 
I (Oc) ; (cal/cr:12 daY) I (Oc) : (co.l/cm doY) 

51.9 
59.7 
62.2 

6.5.9 
67.5 

56 .1 

61.6 

55.7 
57.5 
69.7 

66 •. 4 

58.4 

356 
422 
465 
506 
490 
467 

437 
299 

319 
4!59 

I 

~75 
_j21 

5.5.6 
.60 • .5 

65.7 

96.7 
65.3 
56.3 
48.0 

..52.4 

68.6 
.72.0 

68.4 
60.2 

383 
436 
501 
594 
551 

327 
413 
;51 

440 
459 
358 
365 



- 18 -

(B)· Por:fornonco during tho yoar 1974. 

Month 
I 1st :cortn~gri't; 1 I TGClpOrll- Total solar I turo ruc1iut:lon t 

• (Oc) ( call crn2 doy) ~ 

...;r o.nUltry 61.6 '94 56 • .3 , 

rcbru~ 60.3 439 .62 •. 7 
J1or~l:l 64.5 486 .64.6 

)pril. 64.4 52; 92 • 1 

loy 6S.Q 6M 64.2 , 
~uno 61.9 567 57.0 
.. I.. 
1.-uly 62 • .3 510 55~6 .. 

60.3 46)' 68.1 lu~st . 
l;op t oc b or 72.B 512 ·77.2 
; , 

466 (etober 75.' 73.1 
tovecbor 76.4 427 60.7 
If , , 

;e camber 62.2 312 60.9 . 
, 

j 

(, For getting the ho £ water for corning usc, 
'JJJ.is hantor is oither to be covered l-lith 5.0 eo 
<hick in'suln-11:i.on loYor :f'OT overnight period or the 

396 

41fJ 
51' 

I 

512 

622 

.550 
,,10 

474 
.t,l;.1 

4,38 

.380 

.371 . 

!lot wn.tor should be ~tored in a. sopero.to doubl0 wn1.led 
s~orngo t~11... Thoso tl-lO'POBSibilitios 'Woro studied in 
~ toil on two idon tical sol.ri.r water heat~rs for the 

~ 

iCfur win tel' con the at 1974 nt Jodhpur. Tho fortniehtly 
).'id ccnthly t:loa;ns of averago wa.tor tGopora.ture obta.ined 
Yor 90 li tros a i' 'Wotor at 8.0 A.M. bra t,""'i ven in table 9. 
At :is seen froo this table that by us:ing tho insulation 
(lOVer or doublo wn11ed storago drum. hot wa.tor a.t about 
~6o 0 end 40 0 C respoctive1y Coll hn obta.ined in oarly 
;taming. For compnriaon _.purposos tho tap loin-tor tocpo­
":r-turo hus o.lso beon ShO~l in the saoo to.olcr. 



Table 9 I 

.. "-
E:tf'.ot O£ :D1ght in.u1.tS,on e%lc! .~~a8. t_k 
on the mean ,,_tar telllpera~UI'. (00) at 8.0 ~~ 
.in bu:Ut in storage type soler vatOX' h.at_ 
dur:in&, the ye~ 1974. 

I'~on th 
: ~. nd • i ht EODttiIi'B"e. 'l'lOnthl;' 
J Stol'age,InsU- : Storageilns\Po : Sio.rage:Insu.. mean t. 
,tank : l atiOQ II taPk J1at,onltank :lationlwat~ r ,oover, cover, I cover, temp. 

• ~Z4 I J .,.... co • au os. W.s •• 

JaXlUary 

J'obruary 

trovember 

41.1 ,6., 
,8.4 ,2.4 

* .. 

J6.8 31., 

37.8 ,2.2 

43.2 41.8 

.39.0 

38 , , 

z,.'~2 

'9.1 

".9 17.0 

32.3 17.5 

41.8 24.2 

3.5.5 16.8 :Oecember 39.' 34.9 
'V' • e. .. i.a u b .. -~ .. ••• '41 
A.verage 

_ OJ • 
._ 

... Data oou1d not b. takm. 

4., ~vel0R!!en.t. 01; p'ex:form!Jll~. Rre.d~ttt'o~ eql.uatiop 
'CU:= aol.l£ "n;pt' Ww. 

The matheu:at:f.aal model for precii,ting the p.rf'on:L~ •• 
o-r bui.lt iD sterage t-jp. solar vater h.ater Ut'!$r var:l.ou. 
olima tie aJld. op erating con di. t10n a 'Va.. dey.lop ed (Garg ") 
aPd i. disoues ed h.re in short. 

Ti:ut instantaneous heat balance equation f'or bui1"t 111 
.toras. type solar wate~ heater may be wr~tten •• : 

(Inao1.t1on absorbed 
by th. absoJ>ber) 

l'~~s eac be 14" ott." as I 

• fHeat _"sorbed by ,water) .:. 
Heai absorbed b7 ocmtainer) ·r _ 
H.at loss from the aosorbe:r) 

l:1't'P""2 • .A.o " Ww (!::.t1.~ +WO( dtal-r.(Ult+l1B}.Ao [<to...ta) ... ..r:=.:l:) 
c!S- de 2 

---.. _ ...... (1) 
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where 

LTt = total radiation on the glass (Kcal/m2 hr), 

( T'o( ) 

= 
e 

= ef'f'ective tran. soi ttance absorp tan ce produc t, 

~posed area of' storage tank (m
2

) = 0.9 m2' 

11[ = Weight of 'Water in storage tank (kgm) = 90 :rgms. 
,\,1 

1'1 = water equiva1_ent of' tank (kgr.!s) 2.28 Kgms. c 

overall heat loss coefficient from the a~sorber 
to outside z.ir, 

2 c = 6.0 Kca1/m }:-Ix c 

dt = rate of rise of' average l-Jater temperature( c /m~.) _.....lL-
d&· .~ c 

ct = rate of' rise of' average absorber temperature(°clhr) ...::_:..g_ 
dE)) 

C).1d dt ( / ' _...a.._ = ·rate of' rise of' aJnbient temperature ° (j hr) 
d1S, 

For practical purposes 
steady state conditions) that 
equal to absorber tenp erature 

This maY be rSl-Jri tten as 

it can be 
the water 
:t.e. t :: 

'W 

asst.mled (under 
temperature is 
t eJl d _c;, -t_yj = ..d:.t9... 

c c:(9 d& 

(UL+U...,)A t 
..:J c 'W 

------'------ ( 2) 

-~----~------------------------- (,) 

1:l11. er e x = v'''J -;. lV' c·:' (uL i'UB) ~ 
2. 

------------------ (4) 
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Y = (UL +UB) Ac ---------------~---.. ------.-- .... --( 5) 

z - I Tt (1""o{)e Ac .;. ~UL -:- U:a)_Ac_ r-(.~~·:·2tal-·--(6) 
2 l 0\3 J 

The solution 01' equation (:3) can be lJri tter.. e.s 

t 
vi -----_. ------------- ( 7) 

l-Jhere the boundary condi tion is that at tir::le <Q" the 
-Water temperature is t 1 

1-} • 

heater 
corded 

The total solar radiation (If) .:L."'1 the plane o£ 
and the aPioie:-:t tec:perature ::g) are hourly re-. a 
anc, 1.:. sed in the above rna de 1. . 

The equation (7) nOloJ can be u'sed for predicting 
the average storage t~perature at any time of J-Qe day 
u..""1 de r given clioa ti 0 con di tioD s. 

Zt'ficie..'":!cy of collector: 

The ool.lection efficiency of' the heater is 
de fin ad as ~" 

Daily col1~tion-= 
.af':.:~ c.i.e.n c/" 

c 
i!:1.Sre qu = rate>' 0"2 :"leat colI ection ( Xcal/hr), 

e-~ d &.:; Period o:f test. 

The t:boVe eqt:e.:tio~s are used :for predicting the 
Qourly st~~ge water ~Grnperatures. A close a£Teacent 
7Jet"l-leen l~e ;:~east!.red and predicted t.3Wperatures C'.re 
o".:>servoo. 

;]a sign opt:! :_':'zatio:: 

':"':-:'0 r~;_,.the!l1E':'ciCe.l :::odel develo~ed :?:::ove Can ~e 
nol'! usod :for resi,~;l::: optkizatio!1 o:f thifl "l7'7::-e 0::':" solar 
'V.z2 t.e.--:,._b.P-C"l:t,~..-
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For the same a'0sorbing area (0.9 rn2 ), if' th e dei)t:,-
( i. e. distance bet".reen upper an d 10"t"er plate o:f.' s to r2.g~ tank) 
increases the "later cC'.pacity also increasec e.::'c: ::'G.."lce t~:.e 
r.:aximun: storage water ter.1perature rec:.ched decreases ar..d vice 
versa. It 'lilas 00 SGrved that as the depth of' sto rage ta:.:.!: 
i::1 creases from 2.5 C1".15 to 20 cms the n:aximum storage \~ater 
teo~erat~re decreases ~irst at a faster rate say up to a 
depth' of' 10.0 an C'J.'-c1 t::en at a slower rate. 

, From the above temperature curve, tl:'e collection 
et':ficiGncy as defined in equation (8) is also calculated 
~or all dep ths. It is in torGsting to see t!:.at as the 
dep th .i:l creases, the col1ec tioD ef'f'i ciency ir.. creases 
since t~'!o t:-:te::rmal ':osses to tt.e O':.1tside air d.ecreases. 

Fron the ef'~iciGnC7 i'igJres it c~~ be saic t:~t 
,-1?t'Q a ceptl:. of' 10.0 cn:s, the rise in efficie.t"lc:,r is very 
i'as'4, :'ut at'tGr 10.\) cr::s dGpth, the risG in oi'~cie:r.!cy is 
ver;· SI:! aLI... Thus it c a;l be con c 1 udG d tl:.at 10 CD. s de p th 
gi va·s. the 0:;> tirnu'T.. :p eri'ormeJ1C e. V , 

5. ,SOLAR J~JSTILLATIOH 

In the arid 2or-e of' India th0TO are l:l:a,.."'lY villages in 
i'lhich U!1Ce l:'groi"md '!later from 'tolell sis higl1.17 salin G wi th 
t:"le ros:l:tt the vil2.e..se::'s are GX:_:lerienc;ng cO!lsidar2.ol~ 
hards:"lips tor getting ?ottablo irlC'..ter :for dri!:i-;-r::;. T'.1.ey 
::'C'..V0 to go to z::1iles together :for obtaining svlOGt vlatGr. 
I:::l I41anV ;::'2J..:ilies at least onG or t~lO ;-.:em;:'ers :2'::'0 l:ent 
en tirely ~J:"':sy in bri.:.""lgi.."1g l-/ater in t:"lis mam1 G';. Eor;over, 
~istilled ~ater is rGquired L' health c~tr0s, la~oratoriGs 
er.<i e_utocobile ''Hcrl:~ops. AI t1:oug:1., co~ sicera-:lo amoun t 
ot "ilOrl: h.as bOG!1 dO:r:10 in Ind.ia a;1d :L'I1 ot~er cO':.Zltrie s lil:e 
Australia, V. S. A., C:::.i10 Gtc. on largG sol~ stills f'or 
coC'.cunity '<2se, :10 si..'I1cGre ef'f'orts are mene to 0:pti~1ize tb,e 
size of' solar stil: i:"1 order to get maximum. c.i,stilled. "t'later 
output :for il:¢'J.vic.:.:::,l. f'~;nilies i1'1 isolated 'Villages. KGeping 
all these i:: mind a.""1d ilie high in tor. si t7 en c. sui ta::>ili ty of' 
sol aI' ra.cie.tioz:: for vic.. tor dis tillation, stuc:ie's 0:: small 
fa.":? ily siz~ solar stills, s:u:,zle sloped an c dot:_'!Jle s].op ec., 
::.ave oGG::n 1m. 0.G rta::en at C. A. Z. R. I o , J odh::H,U:'. Ti'lG p erfor­
:::2_nC0 of' the:: solar still depends on a nunber of design 
uareJ11sters, Gt:cn as waterial o£ construction 2;."ld t'i.'leir 
~:'-GTmop:1.ysical :::>ro:_Jerties, '!:lase instI.latio:1, lla·cor dept:1., 
c:.::'s0r:?tance-.,.;ransr.:i.ttc-.::::.ce propertiGs of' t::.e glasS a:J-c. 
::'asin, glass ePg1e, oriontation etc., climatic P2.raP,etors 
s',:,c:"1 as solar L'"1so1ation, eF-::>iont air teI:1?Ol:'aturG, 'Hind 
spoed ~t-c.ospheric :-:ur::ric.i'b.1, sky conditions etc., and on 
tho 0'0 erational ';J ara=e tors. Tli0 offect of' 50r.:o 0 f t::e u ara­
r..:ot'or~ aPd ·the ce.d.~ ·c:.etails of' tho- SO;'etr stills cievoioped .­
at cAZR1, ~odapur ~re ~iscussed below ~ 
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In solar stil':"s; saline water is :leatecl in a bla.cl:ened 
flat basi..'"l oovered 'Hi. t:1. a s~aled glass C~?,}OiJY. 'I';.:.e glass sur­
f'ace c~ be :;n a single siope, a tent li!:.e ~tr,-:ctL:re as i:-: 
con'v~tional stills or i.:."'l V-form. T:'l9 t~~perett.Te di:ff'er~:ce 
~etYleen the wat er cr. d the glass sur i'a.ce, becau.se of t:-:e a::"'" 
scrption of' solar e..."'lerg-;r, results in evaporated va::;Jour con-· 
<:lensing on t!'le underside of' the glass. Tnis VaUou.r is collected 

~ . 
as the distillate. 

" 

lfter surver/L,s the literature it is found that no 
tlieoret:ical or eXperir::.ental study has been r:lade :for orien­
:ing the solar stills to €;et Ir.ax:imum solar radiation. Some 
"x"Jer;'mental studies ~"ere carried out at IJPL, 1J el1 1)91 bi for 
~p tim.izing the orientatio:::l but no def'ini tp conclusion cou.td 
b~ <iral".':!l. The orientation, is usually ,,,ith the long side 
s-:o:rtg the !lorth- so~t::. aXis. I t is therefore, necessary to 
coo"Jute total solar radiation on a surface oriE")1ted diffe­
.ten-~l'y and in clin ad ~y .20 degrees from horizon tal. The 
ine28~ted total and diffuse radiation on horizon tal surface 
:fot ';odh:9ur and N adras, a high latitude aJld ~ Ole1 latitude 
s{~tlon, has :'een used for the above cOill:;_:)uta:.tfon. This 
n.,c::?u tatj,on was made 3</ Garg a.'"ld Kri slm an (6 ). 
'. ,~ 
, $e'e,so!:al me~s of' total solar radiatici.1 (caJlom'" day) 
~nciden"t on -:;:1.e glass of' cC:J.ven t:ional double slOped solar 
pUlls placed ",ith long axis in East-·yest and South-North 
c;.rec~ion :-for JOdhptx and Madras are give:::. in '.i:'eble 10. it 
~s :;Iedr.,. :froL.1 this ta:::le that taking year as a 1'1:-:ole, the 
~asi'_:"1frest orien tation rec eives more ra<iiation t:1.a,."1. the 
~ou~h-north orien tation in case of Jodhpur epd aloost equal 
r'adtation for both the orientation in case of l,1adras. It 
CaF therefore be cO::1cluded that for the conv9J.-:!tior:al double 
si~ped solar stil2. s, t:2e East-West orien ta tion receives 
n"re radiation t:1.a;:J. ti.'4e South-North orie::1t ad still in case 
ot higher latitude stations like Jodh::_:lur. 

Four eX';)eri::len tal solar stills 92,ch ~'lavi:15 basin 
di~en sion s 2 L!'!5"-:;::: 1 25 x 15 cm i. e. ..,i th a basin area of' 
,),,0' sq.r.!. 'l'lere developed s.nd the same are sho'!rJl1 i:~ fig.6. 
'7""i~ f'loor of' the solar still H 0.1 i. e., in t:'4e axtre.'!le 
:),cht ir. £'i:,::,.6 does not contain a,,'17 inst:lab_on l.:1.i1.e the 
..L >0 .-

;'loor of' still Hos. 2,3 and 4 cor..tains 2.5 em layer of' 
~aw dus t in si..!la tion. TIus layer of i::-~ si:latic:!:l is ob tail1ed 
oy miXing 4. :parts "0y volll!1e of Sa1-l dust ~d 1 part of c~r.:.dm.t 
an <;L_.-tban. rai.xA-:: l-Jith ~later. A concrete, la:;~er of abot!t 2.5 em 
/' 
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thick is mad~ over the insulation layer by n:i..'"Cll"!g 3 parts 
of sand by vol urns to 1 ;;:>art of: CeLl em t. After r::al:.in g a 1Jel~ 
levelled floor 'lAth tl-:e L1.elp of rcctaJ:1gu1.ar vl00C~3!.1 frC'j.":;.e s 
tl:.e walls of the bas:L.--:, .5,0 o."L thick 2..nd 1.5 c."J. ::.e':"cht 1:'.re 

1=>oured using retai::d_n~; frc.mes of' 'Wocd. The top of' each lQng 
'ualls are V-grooved end slOped for collecti...'1g -/:;~'le f'res~'l 'l'l1ater. 
'1:";10 allurninium tt.'!!:>e, 9 wr:1 diameter, one on 0it:'ler side of t:10 
collecting channels c:.re fiXed. These stills are r":;;:.de or. a 
r2_i~ed platfor;:: made of' stones and cemo::1.t. 

Two G.I. pipes, 19 I!lI:1 didDeter one at a l:.eight of 
12..5 CCl in the basin for :L"1let of saline water and another 
l1ear the bOttOr..1 i.."'1 ti.1.e basin for outlet ot' the saline we.ter 
e.re fitted. All the four basins were painted blacl:: "t-dth 
::'lack bo ard pain t. 

'r'he l3'lass 2.n.c-les :for still No.1, .~, 3 a;t!d 1.:, starting 
frOffi GXtrGme right (fig.6) from horizontal are 20°, 20°, 30° 
:;:.nd 10° ::-espectivel'jT. Thus the di.f'ference in ot:.tputs of' 
<ii stilled wc:.ter betvleen still no s. 1 an d 2 'Wil'i sl'loW th e 
ef'fect 01 base ~in sula tion, ,\-]hile the di:fferen ces in outputs 
of' disti':led water oet't.]een still lIos. 2, 3 C'.nd 1.:, 'Will show 
the effect of' glass inclination t'rorn hori2ont al.. The glasS es 
of' the stlll ~-Jere sealed l-lith tar plastic. 

Each of' the f'ot=r stills was filled ,,,ith a;:,out 5 em 
layer of vlat~r d~til:T in the morning and hourly values of 
c:istilla-ce 'l'laS collected in bottles a;nd then measured fro!:! 
each OheP110~S of' t:,-e .:four stills with the help of' meaS"..lr;ng 
flask. l!'"'ro~~ the hour 17 f.1e a,.?J. s of' di s ti11ate t::.o daily dis ti­
~la te 2,11 d then th. e :::ee,.-: mon thly distillate (r.11/ sq.o. day) 
~la8 de termin 3Cl for all the tl-lelve mon ths for the year 1974 
(1st JanUa:.:7 to 31st 1)3cember, 1974) for both the c:1.e;nnels 
i .. e. glacs facing sot::.th as vlell as of faci..."'1g north for all 
tee above men tioneci. :rour solar stills and the resUl ts are 
sl1.ovJIl in ta 'J1 e 11. 

f 

Table 10 Seasonal meC1,l"'1S of total solar radiationCcal/c:r::.2day). 
incident or.. the glasS of cov.ven tio:c:al. double sloned 
solar stills p~acod l;7ith long aXis i:::: East-West -
a;tld Soc-::;:1.-lJorth directions. 

Place ,'Direction :Winterlnot v]o;:F~onsoon:Post l.(on-:A.n:Jual 
f 0:':'" lar.g 1 D : thor : J : soon l' 
r I ec.- ,'fool. ' I une- I 0 .J.. I J 

_l aXis IF - ,.I.1E.',.rc.1.- I I cu.-'lov, an.-Ibc .. 
________ ..... _________ 0_,_=>_. __ ' __ E eY. t Sep t. , , 

f "dh:pur East- vTost 33L~ 514 448 376 418 
So 1.: +.ll-N or th 31.:-0 489 41 4 377 40.5 

Madras Eas-~West 3.57 L~.58 397 318 382 
__ -------s-·Q~k-"tl~~~~t~h--~3-5~4~-----4r~6~0~ ___ _J9~ ______ 1=2Q_ ______ 3~8~2 ___ _ 



Fig. 6. Experimental solar stills at C. A Z. R I., Jodhpur 

I 

Fig. 7. Solar cabniet dryer developed at C. A. Z. R. I., Jodhpur 

Fig. 8. Simple solar hot box type cooker 
developed at C. A. Z. R. I., Jodhpur 
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At'ter compnrJ..ng the distillate output of' still No.1 and 2 
:in table 1°;, it is seen that the still havDlg base in su ... 
lation i.o. still No.2 gives higher output. The average 
increas;;! in distillate output in Case of' insulated still 
is seVG~ prTcant over the uninsulatod solar still. By 
COQparing the distillate output of' still Nos.2, 3 and 4, 
it i_s cl("\~1.y seEm that still having lo-wor glass aPgle 
giVes hi;:""!er output. This may be bocat.~se of' low air 
ca;->acit.y ai-"ld lower dif'f'usion spaco. The still having 10 
degre().':; gla3s angle a1ld with base in sUlation i. e. still 
No.4 gives highest output i.e. 2447.rnl/sq.m.day. By 
camp nri.n:~· the distilla to output 0 f' still No.1 an d 3 tit 
is obso:;,~ved t:lat still No.1 wi th 20 degrees glass in cli­
nation a,..""!d wi ':::hout bas.e in sulation performs better tha..'"I 
still No.3 "With 30 degrees glasS inclination and with 
base insulat~on. By comparing the distillate output of' 
oach of' tho two channels i.e. glass faOi!l€, south and 
north f'or eaoh of' the solar stills, it is observed that 
eaoh chnnnels coll.oct alr.Iost equal aJIlot.tnts (Garg, 18). 
This is true f'or all the f'our solar stills. It means 
that tho u3ual assumption made that in C2se of' double 
slOped solar still, one of' the glasS side remains at 
lowor temperature and thus collects cora distillate may 
no t be cor-':'oct. 

5.4 Ef'fect of' eJ.·imfltic p arnmG~ 

The object of' this study is to study the behaviour 
of the single sloped solar still in -various seasons in the 
nrid zan 0 of' In die. and to f'ind out the oon tribution made by 
tho various climatic parameters an the distillation output. 

For this purpose two small singlo sloped solar 
stills e~ch having basin area equal to 0.58 sq.m. were 
built and th0ir performances studied (Garg. 15) for onG 
complete yc~:r in the solar energy Yard of Cen tral Ari.d 
Zone Rcsearc:1. Institute, Jodhpur. Each o:f the still 
consists o£ a blackened galv~ized :iron traY of' dimen­
sion 92 x 6:; x 7 ans plnced insid3 a WOOdOll box of' 25 mn 
thick haying a glass cover (3 mm) at tho top with an 
inclination of' 20 degree :from tho horizontaJ.. For 
colloctirJ.g tho distillate, an aluminiuw r.~1.annel of' 
12 x 12 mm j-s f'ittod. A known amount of' saline water 
can be fillod inside the traY with t:"le holp of small 
aluminiu.::l pipe :fitted at the top of' t~~e troy. The 
so lar 5til~ has been made vapour proof' l:~. r.J oan s 0 f' 
tar :plastic. Ono still was with base msulntion(2.5 em 
saW dust) and t~e anothor was without 0nse insulation. 
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T:-:o t",O sti11.s 'WOT0 :lnstallac si.dJ 'b"r.r sido a.t a site 
with good o.."":posure ~c1 l1GTe :facing oot.:t"l"-_ :~o'l.<I'ly ~sti.J_l.ate 
o:f each -still was ooll-ectad in '00 t-;;1 as r>..nd r::: easc.rad by !:l 32,:."'1 S 

oi' me ~o::::-i.:.: 2; zlass. Thus d~ly val.t.:as o:f' eli stillat a was- dater­
t.:..ined :t:::-om ::=::'0 1-:01.::::-1.y val.ues e-Jlc e;.:alysed -:for ena oomp.le-!;e 
year. To-!;al solar rad:tatio:.: on :"lorlzo::,tal suzof'aoe .for -t:-:l& 
a::.;ove pex.:!..oC: "'as reCOrd3G 1::r;r me~s of' Z:ipp pyra..~omGter al.ar..g­
"(,;.T:!.. t:1. a ;:-:0:: G:r-l'H~11 po tan tior:: e trio rae order. De.i17 m sa:."" aP7;)i. en t 
t8!:1::H"re.J~T_TOS :for the a~ov3 =,e:::-iod l1sre ob'cai:!ea :';r aV9:.t'aging 
t~:'.o d.e.il~r r:;:aXi!::ut:l E'_nd ci::.imt:m temp eTa-';:lrOs measu red_ i:l s:ide 
t::.e StQVO:!130~ soreen. The d~:ily da:rtiw9 wind speeds liere 
r:;:lcordec1 at 7.30 A.I-1. C'"I."'"ld 2_.30 P J:. :::y a cup ootz:!ter a,..~ar..!o­
:-.::eter ~d 'Hara averaged f'or seVS1-:: l~ot.:rs. TTne vapour prellSt.!re 
v2_!.ues l1er'3 computed ~r the val.t.:es o:f 'Wet eJ:ld dr;r bul.b ":;::ar­
c.cmetors. Deil.y nlGanS of' t:i.e same 119:.:'e obtai::tGd J--J avera­
gi.ng tl:.e values cor::-esponding to t1:.0 spoces of meXimum e;:d 

r.: :L"1 i.::: t:~~ "!;cX1:? or a tt!t' e s. 

, Tl:..:; dei1y c.istil1ac. ~lat~r ot.:t!_:>t!t (Ii tres/trl- <Utv')" 
tote.1 Bo:ar b solation (Call em day). day tics a.@iant 
teclparatu:t"e ( OC), day ti~e 'Wind speed (lan/1:.r) and dey~~ 
ti..:.!e V'apOL'.:::- pressure of' t'J-r (mm of' :!g) wGre determined 
and r.:ea::s of 52 star.de;r-d 'Weaks 'Were :found out. It is seGn 
t~at in case of' uninaul.ated st:111 the r::aXir.L1UtIl (5.27 1i treat 

m G.aY) :;-;: c~ cinimum (0.89 Ii tres/m2 day) disti.lled vater 
is obta:L""led in the 19th a,..-:.d 49th 'Week :fallL"1g in tb.e ,O::.or..t:1. 
of' lc?_y z-.nd Dececber ::'aving solar bso~a-tiO!! of' 6.58 '~d;337 
call cm2 da::;" in theso weeks respective1.~". Ta:;19 12 sholiS 
t~:.e mo~ t:: ui se vc>_riation of' di.s til1.ec. vE'.ter ot:tput in pasa 
o~ in su1.a::GC and c.nir. sul.ataC: solar s-:ill alon61:d t!-: tI-:g 
total Bola::' ~solation. It is S3e:.:: :f'rOr..l t:u.s tacle "t::'at 
or. E':P- e,veraG9 7:J.f providing oheap sa-w C:.: st i::ls~1.ation 
(2.5 cn t::.:io!: laYer) at neglisi.'bla cost i~ tee base,- ~ 

'ir:::.:::rovs:.~'~-:t o~ aOout 8 percent i.:., '!;:'lG yiald over t1':e 
'Ui:'!i::,:sulatad ~:d;ill ca.'"! ;:,e obtai..'"led. I:e=G ~lso t:-:3 JZ:a,."'Cir:u.-:: 
and. 'I:".i.::lic·_:1l,:' asti.llec1 l-'ater o~tput is o"':-tainec! in t:'le ~O::t:l 
0:: l!le.y C'.:::':: Deoambor respactively. 

T:c.9 e:f~:lciency of tb.a solar stil..l 'Wl:ic2 is de:Ti.":1od 
as tha ratio o~ t:-:.e I-:eat utilized ~ e-.raporatior: to so;.e.I" 
i.z:so.la't..io!: 'Vas al.so 'Worked out for al-l. t:-:.s twalve nor.:t~s 
for both t::'3 st:l.l.:s.. It is f'our..d t~:-at tl:..e ei':?ici9.l"'lC-.r 
varies ;?:ro:.:: 15. 6 percent in DeceIl".":Jer -00 .51.2 percent i.."1 
t:'!.o 00:: t:'l o:Z Ju.ly. B-,i' providing B2.1:" c-: st .i:''l sula tio:! aP 
.i::creaaa o:? a:;.o.l,.:i':---i;wo,-;,'to five pero.sot- oi"£iciez:cy ::..as 
?-e~-" o:'~s-e=ve&. 
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A scatter diagrac of t~e' Cisti~late co11ected 
(i:: liJv::'~83/day' sq.m.) for 52 sta::1dard wael::s :for var:lo~s 
sola.J.. ... i.:,:. GO lati.on value s :for 'Ll!:.L'"lsulatGC so~ar sti.ll vIaS 

c:;;:-avm.. A. regT'Gssio:l line vIaS f'it~ec. to these scatter 
pair.. ts "",,):r r.1ea:ls of' the 1.east square r.:Gthod (G~_rg & Ha;;:.::.,1 '{} 
T::'3 linea:;..'" rSo--r~ssion eClt:a-tion oet'V1ge:n st:lll ouotput v "'£.f :i.::; 

lit:."'9S/C:C::;r sq.r.:. gpd the total solar radiat.:ton, ,XII in 
Cal) c:.~,.. oq • c..-:.~. is 

.. ~ ............. _ (1) 

TI~.e I;:)o:::,:::.~e'::_a~c:-~ coefficient vJorked out- to be 0.84 inc.ioat:!.n€ 
~;::at' t::'3 ::-t.:ll: of' t:::e c.if':ferer:c-as :L.. -tl:.e distillat:a va1.uas 
v±z.. 70 p aroe::l t of' tI"-G sa.~e can be eXp laiJ:: ed ~y mean S 0 l' 
• ( ~ ... ..t. tal. eli.t.i .• t - . .L. -, cu-x:.:a:;;:'G:::!oas J..n '-'0 . ra a" 0::' rGoe~yee. a nor:LzO:::' ... ~ Gur-
face en :L~c:ivia.u2.l days. T:1.e Value 01' t:-:.e distillate 
inCreaS3c. ~0!:1 1.76 21. tr esl day at.l.r:::.. e. J_:: -th e reodia:!;lon 
in -5G!1si -:7 0-;: 400 cal/ daY sq .... CCl" -to 5.11 litrGs/ dey sq~. 
at -b'b.e r2.c"'..ia-tion i.:.,_te..""lsit-'.:r of' 6 50 Ca3./day stl.~ 

\ . 
~ J .. so.~tter dia~am o~ the c.is"';i.2late col~ected 

(L:. l;i.-::;:::-9sjcaY. sq.m.) :for 52 sta;.'2dard 1-}'eGks ).<:>Oor vario"J.S 
veJ.'"..!GS of' c~r temperatures fO.r ll!:ir:sL:1.atec: sol.~· still 
"tias e1-so droavJ!1. A regresaior.. l.in~ __ vas fi. tt ed. 3-:1 least 
square r.: 8-'.;~:6<l. I t is seen. ::"I3T~ t:-:at -I.:;';::e proch.:cti vi t1 of' 
t:'le soln.::- ~>.:;lll. inQr9ases as the af-lbier..-: air telllp erat~r$ 
i.!lc_reas-~g(· '~~e i::lfJrease i~ p:::-od",.lOtiv::.ty:La a~out 0.8t· .-.,. 
'litres/d~"C7 sq.r..~. :f'or e~c1: 5°C rise in ar.].O;i..3!l:!;o·~erat~:l:'G. 
The ~i.:n e;;>_:t' :::'I.ll tip2e r9gres~jA.1:' .equ~...rd-E- '.;)et1-Jsen st:lll ot.:t­
pu:" -r, ~P~~~_~~ rraclieddon, X1 a.."'1d:naen aJ;.!~.ierr!; terr..pa-
E,~l.<ure~ -;(~~ ~ C ~8 

Y ~ ;0.,0103 Xz -!- O~0852 X;z -4.3882 •••••••• (2) 

Th~ multi-:>J..a cor:!:'elatio:1 coe:f'f'icie!!-t 't.ro;_~ks out to ;e 
C.89 t~:..eZ'~-Jy i:1dicat ing tl"-at 79 peroent of' t::.a verif\l.-:oa 
_..l-> _L....:: -:=t t---no_~ .... '; "_"I '-. l' ...., _ -1_ ' '-. -I-T_ 

Q.:!. y.::l.e ..... ap '$"',y:r::r ,,~, ....... .e.;.J..L.B=_.~a&, D.Q9.:l. .. G .... p ...... a .. L..I.l-ec. _ -JY •. .,;.:-..e.,s;a 

hro ,_:_va.x::La:"l~~ , 
J-
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Table 1.2 : l~eeJ."l tnronthly c:.ai.ly water ci.still.ate obtained 
v,i th. a,..' in Gula ted an d uni:::-l3ulutad solar stil.l. 

---.------~-~.----------------
11 o!.! t l'l s Distillate To tal sol ar

2 
in solati.on 

ll;J-j_~~ __ ---- Kcal/m day 
I:! sula ted Un in aula J.;eG. ----____ ._ 

Janv.ary 1578 1392 3967 

February 2020 1758 4604 

Harch 3488 3163 5095 

April 4369 4124 5067 

r'i~ 5217 4981 6468 

June 4838 4645 5630 
July 4184 4059 446& 

Aut§;ust 1 956 1871 3643 

September 2005 165.5 4.207 

October 1777 1323 4432 

November 112 -' 1109 3600 

De cember 1049 986 3545 
- ....... ---~~ --..._.. .............. ...,__......,_.... 

Average 2800 2588 4560 

--
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. A sc ~:- i:;~ ~ 2 i. '"'I.. 1''-'j, 0 f' still 0::' (.1J.;, .: V '"'.1..1-':;3 10 r 5-:3 
S{':'jt._'_'f""r,~· ,.;' :~.~ "'Ur' V'-'Y';"""';c~ v-l" .' 0-:' ':IV I"" ., r1o:l\i .,-~ -

.,~' .' - - --. L_· . .F_l _: ~ ::-,,- .... -. _ -. -:::_.::t ....... -,,,, L.,L' .. ,.,-:._· 

i;/" ,.~i ·~n:.::. '-f'-. l~ ~'" ~ '[; r .; , c V J_- .- - ,(. , ..... 'I ,.., Yo • "-; 1) •. -, - ,·j" ..... O .: 'r. ~"'j.' 
_ ..... k '.:0 .... _, ........ ~-~., .. '-... .._ •• ~ .... """'-.lI ....... .L..:~·-'_I_ .. '.:-~ """:_"..!..-''.'Il-0 

Here ~J.~ it is S9~ii th."t ~s tho wi.l.lc ~'p6l..d iilc.re~s6.!>the 
produ ct1vi ty 0 f tbd :'ti11 irlcrB~ses p-;,rTiwl ~rly in tbe 
sUiJ4L r mor.thsc Thi~ l.a~y be b6Ct'USS 0 f tbe f'='lc't th~.t i,[lcre~S$ 
iii wine sped! OVe.r gl~:::2 ccv::.r if.i.Cr6"=lSES the r9t.;: of 
con('~.a~~'t1or.i. i(lS1d~ tb:::- 8 1:1110 l:U't if 1.~i1(;!r·l; is ~ sul:::lll 
holE or cr:Rck iIi th~ still -then ti18 incr2".:1sed wind sps8j 
will d~cr"":'=Is.e "l~be pr~ductivityo 101' uni~sul!')ted sol~r 
still thE:- lins~r ;,.ultipl.2 .rcgra~·!'iion sQuo::;tion bdtw.J0!l 
s'<;:ill outrut, Y, ~o+,:,l SJl:::lr r~i~l}_\)!!,~ AI, iJ8~!1 ~;.1bi~nt 
t.elJp •. ?,r'=l't\J re, X2, e>,(.!d ths ii.lc.<::I.1:'! d ~y tiQ-e "'i.crr 5P~OO, Xa, 
io KNPH i~ giVB,C PS 

The i4ul t1pls corrc·l:!:ltion ooeffici<;.;!l t \'lforks au t to be 
0 0 90, tb e.r<$by i.c.i('J iC!:l ting 'i..h~t 81 p..'Jr ce'::lt. 0 f tho V ~ri ~.uce 
of thE tJS'lJ2neent v,,;'ri~blc h~s besn >2.xpl':::lin8Ci by thesd 
th rse v ~l'i ~blc;)so 

I':· w~~ :::100 found ou't t.h;,y V~POUl' ;;Jrs-:-~re of ~i.r h~s 
go t no rel':::ltion wi't,h the pr06uctivi ~:y af 'rh8 sol!'1r stil10 

A fte r co IJ.lO'=" riGg tb -2 CO 1lllJ.l tea '!Inc 0 b s€. rv Erl v ,!:Ilu e So 1 t 
is S'=''=''ll th~t tb:;- V:q]ubS cQ..Jwted by t.1-1'· r-?-bovt;; pr':.Odiction 
eq1J-:::-tion :':-gr62 closely wa.th th,,:;~ ob~~~.l:'v,'::ij :still out;p.lt v!:llueso 

• 
5 0 5 0 128 tar..tli.!131io!', .Q1_jl,~Q_ll.s....he'"l·~ !JJl.1V s in '~b \3 rol ':11: s.t.i.l1: 

b'y ~[l f. e.g Y Q'" ,],./1 [J C i;:L_=kctHi1 QIJ fig 

H~~t tl"!:In::;f,-'-r ~(I~lysis of si.Ggl<.: ~lopgj .still w~s 
c~.rridl out ~t. CAZRI, JodhPJ.r by G~l<g (21)0 The he~t 
~.I.1d lJ~ss :·_tr!.lilsfer rBl~"tion~l11T)S u~'-:c iL our ..JutholJ '!Ire 
si;'dl~r 'it,) thos<:~ giIJ2D by Dunk12 !'1tlO r'Drs2 '!:!nd R8~o 
'Ih e h '2~t b~l ~!'.lce 8qU ':I tioel Q.(L w?tar ii', ';:00 rol-:-r s eill 
eMl be wri tte.c. ~.s l 

I , 
S&~= qw + qt + qb + qo + qr + qe 000000000000(1) 

where qa is' th8, r~1~tion ~bsorbod by ;-h~? W'::l'~'7r In. the tr~y, 
q ~nrj qt ~rcl the hourly enth~.lpy ris:;; of W~;,8r ~nd.t.r~y 
r~ep~ct1velY, qb.is ~th,,= ha~t. It;'5? fro"} ~t';;'1 @P.s~ of ~1~5 still 
to tb:3 3±1 o~ t sic d ~l. r qc' qr o:!Ina q ~ rt ,1.10 ~= Cu,(! V ~c ~l.O fl, 
.r~1~tio{, 'o.U· ;;v~por~"t,io[i los~~s w1~bi!J \.-t:ls sT111 
reSfJdc'.tivslyo 



still 
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T':;:. h 2 ",t b~l -::Inc,:: equ :::,tiorl OL' tl1 d gl~ss 00 V ar 0 f th.a 

c ~.!j_ b'? W ri t·j-srI ~ s 

qg = q 1'0 + Q 00 0 a 0 0 0 0 0 (; C. C. a ~, 0 (> G ~ ,",' > •• ,. Q a a 0 0 C 2) 

wh ere Qg 1 8 '(11 2 to t ~ 1 h e ~ 't 10 S s fro.:il til; g 1~. s s CX) V 05 r 
.~"O th~_ Qutsid-e, Q,oo. Md grO !=lre t.h.e C:J!lV0c-tio..:. ~1.1d r~t1~tio.n 
cc oi~oon;?<n ts c: f th1 s h>!'~t 10:<8 to the au i:sideo 

Th . ..ttth.=.:l~tic~l 0xar~s.::icu$ by 1Ilb1ch v"!'r1ous h€l~t 
flew eOl-l'"}:)';'1w!lts wer,;; OOw:-:U t:so ~r<:::? giv' fi o.3low : 

, 

qw = (H-;J) Cp ~o (,) 000 0 0 " '" '.' G, " ~ () 0 _ v ~.; ~ ':I .'J ,_ v __ ? .. V :> -:; • .> , t. 0 (4) 
dQ . 

q t = iJl~ Aw d..:t!t£ (J 0 000 ' :. .; • . . __ ~ • -:- J',';" '. '. :.. ~ • (.. :c ,) " _ '-i ._ '- 0(5) 
DQ 

qb = U (1,1<1 - t~.)oOO()<"'J·.'C.OU0(;(;0c..v'_ ".' ••• ·.::.:..,c;,o{.jcco~(;o.a'61 
d . 

qc = ~~76S4 1M r tw-tg + tPw-PWg J 'tw+273;1i (xw-tg;.oo(7) 
, L (2690-PW ) • J 

qe = ~216 X 10-3 lM[tvI-.tg + ~:w ~":~g 1 (UV"'273Y (Pw-Pg)~(8) 
" (2690-Pw ) J 

q,r = O~90Aw ~w + 273)4_ C't'g+2'73)4] •••• oo •• ooo ••• ooo,(9) 

q co-=h c .Ag (~ta) 0 0 0 0 ':I 0 0 0 0 " 0 (, '" ~ 0 coo !) 0 ' oJ ~ 0 Q ' .. i) C j r; '0 :J 0 0 :J 0 0 0 , 1 0) 

qi() = .Y~' ~ O.l.O+O~9(} It ) [('tg'273~~'-(.:ta+2'73) ~34+0 • .o63sa~.!ll.l 
M1 6J'\i " ' 

Cp 

K 

_/ 

, 
= Product of t.r43r.slid.~~ivi t.y 0 f gl!:!ss '4i~d ~bsorptivity 

o f w~ tsr (Oo80ro 

= i'V '=':1)) r~tion ~.G~ ~Oo58iJ2) 
= gl'!ls: condBL1sir:g 9re~ (Oo62oJ.2_;· 

) 

1= iJ~s~ 0 f w~td1 iii th,;;~ tr~Y :,.SoO Kg.J) 

~ CLl,J • .ul'=lt1VG ~SS 0 f d1~":-1il~l. (Kgu1) 

~ sp,~cific h~..,t w~·r.:.r (KpC!i!I(~iu OC) 

= f'b:{~\~;~f~~ ;~1 c01'~duc tivi ty 0 f wood 
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d = tiJi ck£css 0 f b!:ls.:.l {Oo025 >J) 

i"w, t g , ta. :-.: w~t:?r, gl~s:i ~nd ~u1bi:.::D l' ':;.,.JlJ 'I'!:!,(U 1'(:'5 1'0epcc'civ9 (OC) 

p"." Pg 

n 

N 

9 

he 

= 7),:"r-(i~l Or;:.sfU fe" 0 f w:;:.t;<;;_·r V'='.?0L1 r '.:I', tw ~U~ tg 
i"") ~lP C ~ i V ~31y Lab) 

= st<:'f~.f. - .c01tz...ipf;. co.r.st<"3nt (409xlO~c~1IiJ2hr K4) 

= '2u.1j.8S'iv:i;::y c f gl!3sS (0095), 

= ~c1u ~l Slnsb1.i.:e hou rs, 

= n-. ~cri bl'~' sur. c:.nl.·l""' r"I IJ .... U r-&'(.) ..._ ,...~_ ( .... ; J......... ... ~.. L _ ~, 

= w~t.:H' V~D0ur pr~s~r6 of th6 :!liJbis.rlt ~ir ~t ~cbe 12v61 
u f 8';'i11 (,,141 0 f Hg) 

= Go.r~v.:;c 'iV0 hePl't tr;:t.(Jsf",r CJeffici,:.::nt if. KCl:':1/l"l2 
hI' OC C",>l1r:t1 t2-d by tL1..:: followi!,g '::.Xprss.sio{~ ~s 
sug g2S :~atl by MeA6 !3jjs 

= 5 0 370 + 0 0 908 VOOCOOOGj_c.;Ct,cc,.,,(12) 

Ti'U -:;xprEssi.,)Il for ~ 0' thE [!<: ': qj"I'FlY lost by r:::1di~tiSo!! 
fru .:a t.he gl ~~ <:. ~ r f~ce tl.:.1 .fE.=, ::Ic"'OJ. ~l ~ky t '::11 ... Ulg iLl"lb :=l.CCQU.f ... 't 
tha lOLg W::'lV'3 l"":Id i ~tiDr. 8xclJ ...,; .. g.~ b.··::-W·._ .u -th tw~~ w~~ C):J\Xl ·t35 
by .3qU;:)tivll 110 Tr,,-)ugh t111s 2qU-=l"ti.:..!~ is si,,,,ilqr 'W lh~.> .t.:r.J 
~Ubg :?sted by BlUl1-f which W<;:lS •.•. ~·t:'ifi~·c :Jy }-I.)lc·;D ::::t.~ i£.clir.· .. d 
sU r r",cs s, c U!' t3qU ';:I ~ ic!' 'r -::k.3:= in t;:> ;."cc.. U -~'. tb.-;;j cloUD ir-u;; ss it. 
·rb .. ! sky "lsI.) ~s 9ltgas~eJ by peLIJ.I~.{J.::; 

Wirh tb,- h,,:-lp of \';1. pbOV~l qU .... _i..;:.!L::-, v':Iri,)us 
o:ob SO !'lJit.iol-. ~ne lOSf: cCh:ffici . .,:·.Q."l.'S WSI ... cc...;.':U·~;:.J6 for 
3.ro S<2'ptc,..lb,r '!'II!rl rr-..Jw Tl1'_;;.J thi: hcur1y ~;isTil1",t.-:.; v~lui:s 
th-:l'1 C~!! b .. (bt~ir;,-'.c' w.:'r,-. work.:il JU t fr •. );..1 '~h'_:\)l'::,'r:icel 
c.:"r.~irt"r<;oti._·i'; (G'='lrg ~[la Krishn!:'.r:)o 

't~1...:; h'::UIly V!:liU~.'S 0 f ~1f-'Cill~':;_0'( • .r~lt:;;. ~C·i.u~lly 
;:'Lj"~rec.. ~s well ~s IUO;::;:; prij[.icc2C fy_; .. i I'r~-::- .,b\.JVG 
..:::qu,,:.r·i'){!!'" "1!U ,'·~.l.Ip;"'r,..:3C:. Th: d~y 81..:·1 c· '5:' C_r 1)1i8 s'tUe'Y w~s 
~i1 1.1::t _Ii.!i ~·t~.c .:-ly clou~y d <:Iy wi Vi q ,._j~:x:::", •• u...1 :l..,u L-i~,:1 W (: f 
840 K c<::'1/.:l2 h r ~t 1300 h r ~ I BTo To ,j i = iL- ~ "Ji:){. il. , .. ,..)1 "'1' 
~till OOw ..... t:L!C~~ f.rc~LJ. 9 ~".Jo wi::L ;_-:, .~"!,i?:::r- :ur·.: cif';:, ~ .... i.cIC28 
b. tW'-'Cl!. w~ '1' ~.r;d gl~.:::,::; Q)V· r is ,?b.,-,u "e Err.... -=-rlJ is ..l,="x~;;..u1-4 
~.~- 2 p,,j]~ '.',': :J. tl:':' t~ .J..lp·.r~··ur ~if£ r ·.!:.C :;_~ 100Co ~t 2 Po..uo 
th.~ W<:l~':-l .). ") . .r-:l~ur:~· i~ ,::,1~:0 -(b .... ~ hi§):,-·, '-' TOe t,Q',-"l 1!l-'1.sur.::Ci 
f;is"1-ill':d'~' ~r -.:11' 0'='<Y w!:>~ 2090 1in,_=/ ~y liThilc i·,~ __ . OI,_c.ic't.:'J 
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~[lt)unt 0 f st111!:lta 'WAS 20 92 li tres/d as Slowing VEley good 
a~ reamen t~ Howev €I r th e co [jJp~r1 SJn 0 f meaSl red and 
pred10ted hou rly dist111Rt1on values 1nd1c~tes a lot 
o,t nuc~t1onso ' -

i T~ble 13 shows bou rly v ~lues 0 f vBr10u s ha~t tr~sf6r 
ooeff1cionts pert~in1ng 1n the SJlp,l' st111~ Tho pel'centJ:tge 
10 sses 0 f tho to t~l rqd iRt10n reca1voo on til e inclin.ed 
fl!!\sS Slrfnce 0 f the still ~re ~s follows, 

The 16 ss du €I tb rGtloc't1on fro IJ gl~ss 'Sl rf~c3 
and Abso!'ption wi thin tho gl~ss qt1d the loss due to • 
{mptirfcct ~bsorpt1on 0 f r~id~tlon by the w~ter ~ trBY 
l S A.bou t 20 per con to '!be oonvaction 10 ss with the still 
~,Qroun ts .to ". 3 0 5 per cent while th (3 r!J:! 1~,tlon 10 ss from 
w;~tcr to glASS A.inoun ts to 11 per can to 1h €I he~t lo ss 
thr:)ugn tho b~se of the SJl~r still 1s A.bout 26 pel' cent of the , to tel incid ont r,:il i t'lti()no :js seer.. fr:) Ii! tho t'C!ble, the 
hel3t ~b'sorboo by the wA.tor and tr~ is 90 5 P£l' cent, 
v.':tils the hel~t u soo in l!i ~ctu,!!U ev,qpo,r~tion of s~1ine ~ 
~r.tter iP tile still works out to bo 33 per canto However, 
tha sum'of these two CObllXJnents by 9.lbstr~ctionoof other 
JOS'S0S should ,have been 29g 5 POl' conto ,The difforOnCG (;;J~ 
~e due to SOillG over~A.pping between these 2 COwIX)nantso 
\ " ' , ' 

\ ,As reg suo s the he!:\t 1ossos occurring fro jjl gl~ss 
p rf~c~ of the S)l~r still, to the ~mbient ~.r, the 
~pnvaction Accounts for 63 per cant while the rqai~t1on 
eaooun~s 1b r 37 pel' ce.r..t wlai..l:5x.ihmx~JtIi:b.UQ(~lPC 
;!llu strAt1ng imro rt~co c f ~\)rodyn::\m1c~1 f~cto rs in 
}1e~t dissipqtj.:m under Arid 2Ono cond1~n_sGt I 

1, -" ' 
,,) It would ba SCell frau the ~,bove worAtioned one:rgy 
b~~ncG con sid ol'~tions th~t the effic1(~Lcy 0 f S)l~r still 
vnich is defined AS the l'l='tio of the he~t ut111soo in 
/~V-qpo'~tion ip g)l~r r~i~tlon works out 8S follows_( 

, \ ::. Wa t 1Q st in QV am l'sJ;iQ n--::; 
t,:U inc1a or. t enorgy " ' 

I 
::: 33 per cent 

" '\' 



T~blo 13 I V~r1ou s hoqt tr~nsfor cooff1c10Dts. (Kc~m.2 hr)"-
for the day of testo . 

0-0 -0 -0 -0 -0 -0 -0 -0 ~o -0 -0 -0 -0 -0 -0 -0 -0 -0 .. " -0 -0 -0 -0 -0 -0 -0 -0 - a -0"0-

Tioo H g q q q q 
(h) a w t r a qa Qb goo q...n OU rs . J..-oJ 
0"'0 -0"'0 -0·0 -0 -0 -0 ~o -0"0 -0 "0- Q -0"'0 -0 -0 "'0 -0 -.-0"'0-0 -0 ....... 0 .... -0 ... -0 .. 0 _ 

, 
0700 126 lOl 0 0 10 2 5 20 30 51 0800 32.1. 257 22 2 15 3 9 20 19 45 0900 447 357 112 '5 27 8 37 67 116 75 
1000 630 504 84 5 34 10 63 98 193 93 1100 546 437 74 3 38 12 10 125 264 125 1200 675 540 21 2 38 12 157 131 280 133 1300 839 6i1 34 '2 45 14 182 143 298 143 1400 767 6 4105 5 70 22 300 186 387 177 1500 505 404 - 76 26 280 169 325 158 1600 140 112 - 39 12170 133 280 148 1700 10 8 .. 62 19 160 112 182 114 l800. (' 0 67 ~ - 24 138 70 38 71 1900 0 0 - 3l 10 40 34 13 67 
2000 0 0 .. - - .. 

--~;t~;;o ;~;~-0 -4~O 5 0 - 452 -~ -2""4 -0 - °5;2-°174°;/4"2° -fjosO 24i~ -0 ;~ 
---- H~,nco in oroor to iw.pl'ove u!X)n tho thel'j4~ off1c1ooey 
of the still, efforts soould bl;;) iil~e to reauce the losses 
'ts i:juch' ~s possibloo In this conn0ct1on, 
l'amqrk~ ~rG relev '!In t : 

th e fa 110 wir~ g 
,. 

(l) 'tha ,JPXia:;u.:l h9~t 10's3 0 f 26 par cant occurs through 
tbe b~se-o-f' the SJl~r stillo This 1s a very serious beat 
loss sGrvir.g r.o useful rurpoS9 g This he~t loss c~ be 
rooucec] by using Sl1tqble 1nsul~ting u~ter181s Slch as 
fibre gl~ss ver.Jiculito, therwocole, sq.w oust etcl) By , 
providing s6..ee iIlsul~,tifig iJ~t0r1~1 this h8~t loss c~ 
pro bqbly bo roou coo t::> 5 to 10 per cen to Ie ss 0 f 20 PQr 
cent of inc100nt r~iRti~)n occurs duo to rof1ection frow 
the g,lqs2 Slrf1iQo ~.l1a l1,bSJrp'tior. within the gl~ss ~ClC 
au e to i JJPer fact, tl~ck.erling 0 f the ~v ~po r~to ro This 
ho~t 10 ss eM be ·~oou coo by u sir.g 61 th~;l' thin gl~ss (0 f low iron 
con tor. t) CO!!\too wi th low reflective 00 ~tir.lg or by using 
wott!!!.ble ~nc dur~.ble pl~stic filu o 'lhe absorption o'f 
he.A.t by bl~dt ev~,porqtor p~ c~ be incl'e~sed by using 
vAriou s dy'GS iJiXtl':l in w~tere 

'2) 'Iho convectior. Md r~~li~t1on 10~'Sus occur.ring within 
the 801'='1,1' still qi:lount tJ 140 5 pdr cer.to Thus.') ~re 
un~voiCl ~b1e he~t losses which ~.re i.r.h0rL:r~t 1C1 the opur~,tion 
of ' the solqr stillo . 

I " 

, . In the act.r~l 8xpcri.:J.ont, the thel'..l~ cfficio{~cy 0 f 
the ,still c~n ql'S') be dofinw f:!S the r"tio of qCWAl w~tor 
profjucErl tc". tnt,.- t!1~:~ri3tic~,lly :,:osslble w"Iter yieldo This 
r::,tio in our Q.XperiwEmt worlcs out to b,_, 32 pl2r cant ir:..a1c~ting 
good ~gr8o..:.:te4t with tha therorotic~lly Q)(., .. [Utoo offi.cioncyo 



!J.5 

6 0 aJLAR D&ING 

The> trP.di tio.(l~l ~nd wid Gspre~d t.achniqu as 
for dryir:g ~.gricultur~l produ.cts like p~ddy, corn, 
ccpr~, grouncirllts, 9hillil)s, fruits:::lna v8get~bles, 
ti.:lbdr, teq lo~v8s hAY, fish 0tco fur p1'esBrv!=1t1orl 
A.£'ld til ehy rl=!. t1:;n 1.[; inC! 1a ~nd in 0 the r d ev alo p1ng 
couf.i'trios ~r~\P.Y~.Br~~ ing th0 p~Jdu ce i[l thirl 1!:lY Brs 
or~ thG gltlund~ r;irect sl.u.ish~rleo This .....Ietfnd '. 
'of drying f~.ri..r. PIDouce r-:nd vaget9.bles etco is unl1yg~Jdc, 
tlu8 COf.lSl Wi[lg ~nd is gerlerl=!.lly 0 f poo r cp ~li ty 0 In 
WGst Ber.g ~l and T~i..d..l N MU in Indi~, con sidarable 
~]our.. t 0 f p~cy is g lOWL ~nd is jU st thrown 011 t..fJe 
pl~tfor~s fur drying, with tb.;;l l'osult .::ore th~ 25 
p'2rCtiL t 0 f the p~ddy is spoiled bec!:U sa 0 f excessi ve 
hu Clid1 ty 0 Ttu s th era ~.pp.:lprs to be Ql ch 10 ss ~d 
sPUil~a 0 f r1.grlcultur~l crops which Wight bG s::Woo 
by tJ::e usa af cffoactive ~d eoor..o .... icql sQl~r drYiug 
f~scili tioso Est1w~tes 0 f these 1.0 sses would be 
o! interest qna v~.1ue in ~r. !:!,pp1'~S81 a f the 6~gfli tude 
o! the problewo ThB1'o is Go doubt, bowovar, thA.t 
tH~ cy cles 0 f 1!\buGC ::tnce !:!!lcl st~rv Fltior.. CQula bi;) 

. !':\i:l~11or~ted by ~!JPlic~tion of ~equ~te 561.'.:11' dryirlg 
usth::>d s in the ur.der-':1evelopEd rountrtes G In ff.ict? 
an lup.lO ved, d spend ~b1e ar..a cl1e~p ool~r drying i:l8thod s 
is long overoueo SJl~r d1'Yif!g sy stOQS 1''1!".ging froo 
OJ tt~gl3 produced suRll c~p~c1 ty c~b1r!et d mfices 
to very lp.rga c~PBcity,. dryir:i.g p1.~LtS c~ ba .aeveJopooo 
tbl~r dryel's C'!ll1 be bro~ly clA-ssifl..:d intJ two 
groups (1) r~'ia~ticr~ type dryers, ~Ld (2) cCJ!lvectivo 
type of dl'Yorso 

,6010 ROO :t..atjQP n.Q.Q_Q2Q1.r.et d r:is~r : 
I" 

'. Rad i~t1on ty pe 0 f c~b1r..et a ry ers h ~vir.g 
'CO •. u.J:)D sp~cC for smr'\ge ~nd collectlr.g sol"ll' er.ergy 
09r. bo ~~r.ll f~.ci:uroo on ~ cott!=lt,B scp.le ~nd h~we 
been used ib1' a rying en p rq 1r~ fugi, gx:=\pes ir.. U SEN 
~a rx~~ce, 0) Xu ~nd y ~rr.. ir. U rd t€..n S~~t9s l!)na WDst 
lna ies ·l=Il.d v ~flou s 0 thGr produ cts in 'fu rkey Ar.a 
the r.dcnls·easto :A siwplo S)l~ c~bir.et '3ryer , 
suit~ble frJr dry1.Gg sw,!:!.11 f~ru prcduco hp.s buen des1gDoo, 
r!=lbricRt&:1 'lrld tcsted for drying chillios ~t Gu.ntr~l 
)tria Zone Res8A-rch Institut~, Jo5h;ur {G~,1'gqnd 
K:rishn~n 11)0 The oes1gn ddt~.ils ~.nd the tosts 
cor..du cte1 a.re reescr1b~ b0low.: 



~ 
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, , 

- 'Ihe principle of ho,t tax has be.;)f'l u'sed in 
designing the S)lAr cabinet dryer which' is o~e of 

,wood er~ pI ?n[t s (25 fltJo thi ck) b av ing ~ b:;t S9 ar~8 0 f 
lo3~ sqo Clo 8!ld, ~ volu we 0 f 0,,324 cu ~ The dry er ,1~ '. 
providoo ,witn a glf.\sS mof w~~e 0 f cle~l' wic.ldow gl~ss 
(5 w.~ tticlty A.t a fixed inclinqtion'of'23° fr.Jw the . 
horizcr.lt~l g,,,as to receive ..:JaxiUlQ rol''1r radiation 
y e~r roun~ I=\t Jodb1ll ro 1h e to ttb·w 0 f the dryer '1s . 
insulAted wi th 5 COo thlclr-~~w du st ir~sul'3.tiono "4 ' 
'flU ab .. '0 f' hole's are d 1'11160. in th'a base ,~s w.eil '~S 
on t l. sid as 0 f the a ry:er·ro th~t the, hu ;do' w~ro 
~1r c!')n esc~pe through' the upp8r side holes' thereby cre~ti.Lg, 
:i pa!"ti.~ 'V'r.}cuu iJ ,~ril indu ciug fresh ~ir fro w the 
holes in the bA.sGo Tho irA sid e w~ls A.S w~ll' ~s bqse 
of. the, d,ry er is PR.W tad wi th w.~tt. black' p-:~ir~t, fo r 
abgjrblng SJl"r he!3to The drying uate.rial c~ be 
plqcoo on the parfo1'g,tEd rcoov~ble screen uq(JG of . 
wire oesh which c~fl, be kept in the dryf;?:r,thmugh' an ,.' 

. o'pen~ble avor 'pro'vider orJ thH re~r side 0 f the d 1'':1-01'0 

" 

~~ cryer Wt=lS inst~l.loo in'th8 ~l8'l' ent'irgy yCl..r9' of. ttl. a , 
,Centrql Arid Zone Re5e~rch Ir4sti tute on ~ cewerl t , 
'pl ~ to fb roo The dryer w~s k,apt fA-eing f:Ju e ,rou th at ~ 
c.1e~.r s1 teo The pho 1lJ grAph 0 f the dryer 1's pr~sen.ted 
in ·F.1g rl 70 

': ' . ~Two field tri::W.s of clry1ng chillies 1n the rolq,r 
cRbipet dl'Yer one'~n the COnth ot JRlll~ry,. 1974 ~a 
,~qthe'r in ,tho !:both of ,Febl'U~ry, 1974 were c.:;nductoo Q 

E_qu~ qU!:1ntities of chillies. were kopt inside ~s'well 
as outsid·e. the dryer keep1ng the ~.r(l~ of \3Jq:~oSlre 
const~~ The ~bedo 0 f the fresbly picked up 1'00 
chil1.1es w~s w82Slroo by :J.CqLS 0 f. qlbedoQotero '1b tql 
bUlk weights '0£ the ch11l1eswere lJer-tSlroo a8ily in 
. the. corning ~t'8 AM and ill. the evening ~ ~t 6 PMo 
,t.~o1sbrl3 cont~mts o't chillies during o~ch daY were" 
rowr:utoo fro.:1 the di'fferE!Lces' in tbese.waightso Obviou.sly.,~: .. 

.. DO ism 1'e oon ten ts 0 bt8ined frow tulk d iffcl'ences 0.£. . 
weights '\..ou ld be· we re ;:lCCU rA te th~n' by estiwt!\ting the 
'SA-ue by 9~Qpling' t,ecbc1queQ The air teuper~tu res inside 
the c'=lbir.at. dryer we,r€) CIe~s..l roo hou l'ly by oe::U1S 0 f a 

,cal1brr:\too beo::-,c type of th,er.:.d.storC) , 
, , 

, The' .~t::fbient lrlr teI:lpor~tu res woro 1'eoo.ro 00 in 
. 8 1:b.ar-L:O--hy~apt---1n _steve,c...so!r-.scr~en 0 f , th e Ag ro -', 
tlSt observ!:l .... )ry r..ep.·r the rol'.:lr er~ergy y~.roo Tot~·'ool~r 

_:r~i~ti,Jn [.Jr. roriz;')nt!!\l sul'f~c(-j WQS qutowqtic~lY . 
reO"),rdoo with a ~ipp & ZorH)n Pyr~noCl\..'tar ~11ongw1th 
8 HOD.eyweLL .r:otent1ouatric recoroere It wns obs.::lr·Joo' 
tbA"t'rth, e 0 ry if.g 0 f chilli esc ~l . b c 00 w pI ';l too wi thin 
1 d V's in SJl~.r .cRb1net d ry(;Jr wlaera .. as the S9,ue will 
, . . I ' 

" 
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take 15 to 1 6 d %' s in the 'open d ry1ng method I) lhu s 
solar ct:l,binetdryer reduces thed.rying tiraB to 
less than hq,lfo The pattern 0 f d rylng was s1r.all~r 
in both the testso In the 001::).1' dryer, the drying 
curve b80)I1lBS steeper 9fter 3 '00 4 dpss from CDi:lmence-· 
wsnt whS!rl 'misttlre contont fqlls to 6() per cent or 9:>0 
Simil~l' ft!~:tu.re occur in reSPEct of curve for open 
drying l=llro roughly 3t the same rroisture pe1'cont::lgso 

D$t::=dltCI cliill~tic observ'!:l..tlons sllch !3.S total 
solar r~ai :=\tion on ho rimn t~.l ;iU rf~c~ (Kcal/m~ d 8Y) 
~ver~1.J f Po_Y time temper.qtud'0s (0C)) as WE:ll 8S m~..xlillUm 
nnd winim @ t~mper~ ill res ( G) a f the d!1Y were recb ro eel 
during th') whole period of Test Noo 20 Hourly vAlues· 
of tilo ~ir tempcrRill1'6S irlslae the drye~ sr.d the 
mo1siul'G 'contents of chillins during [it)rning R!ld 
evor.ing \vere MOO Gle~u:J!.lrea during e::tch oRYo Those 
d~.t"1 are presented in T~ble 140 

Tho fl''tl.ct"ion 0 f tho 'b:>t~l rndip-tion th~t was 
be:r.g l'efl.ectEd by the freshlY p1ckoo chillies Wr:lS 
l:1eRsured on the first d ~y 0 f the experiLJant by we~ns 
o f ~n ~booa Glatero Thi s v ~Ju fJ co Utes au t tJ be abou t 
35 percent o Thi s high v ~.Ju e i:U~..Y bo due to the shiny 
s.:i rf~.co 0 r tho freshly picked chll1ieso It is seen 
trorJ TAb1.;) 14 thqt tho !:l.l1l:r·9ge tewperRiure of ~1r 
it! the g)l~r dryer (Juring 7th t:> 13tbo Febl'UR.ry ,_ 1974 . 
when chillies wers-kQpt in i t'is 4002 C which is 
22osOG l:lJ.re thM tile Q1=1y-ti;Je ~.verage·tt3;Jp'3r:::).tureo 
HowevGr, the ~W>2rpge 0 f the jJ~xiw iJ tc~m rntu re 
in the rolp,r'drycr works out to be 53c;,gOC cOU1p~rod 
to ~Vi?rqgo wAAiclU W R,obion t towIB r~ 1ll re 0 f 210 e:> Co 

'. .. .' . .. ~. 

Since au ring th 0 psrioo fro.:J 14th to 21st . 
Feb.ru. !:try, the ;Je~ ~ubient tOi:Jp,J r8.tu 1'e 1'0 se to 24 0 2oC 
the roa:::roeCl air tOwPGrr-ltures inside the dryer 1:\.lso 
incroAsod to 52osOCo Tho corl'~spor .. dirlg V~lu8S Qf 
Fl.VE' r8ge ,jmcicu u towporeill rOg ~ra 290 0 Md 690 5'''C 
resuectively 0 . 

'!he tot~l rulpr r~diqtion 0:: bor120Lt~ 
surf PIce E)Xceroee 4350 KC.'-11/sqwo GI3j1 e~copt on lsth 
Feb].U!"l,ry, 1974 when the lowest v~lu~' of 3700 Kcal/sqo 
cuo-a FlY W ~ S reoo.ro ro 0 Tb e high e r r~d i P. ti.:)n v '9lu e W A.S 
4810 Kc~l!sqQ ~iJo d ~y on 11th Fob.IU~rYI 19740 The 
ini ti~l lJ:)istu'r~ content ;:) f chillies n rl3spf::ot vf th8 
two tests woro ~.tou t 85 ~n4 79 pEr cen t rospocti vely 0 

It 1s S'Jen th~t the u.lism r0 ;)V~po!'~td.! per d Py 
g er.erqlly fu1lows the p~t.tt.::rl:1 0 f SJ1 ~r rAd i !:ltiOflo ThG 
aV8r~ge 8ffic1eDcy of utilisqtion of g)l~~ GIJorgy 
10 00 tb..e--r~o 0 f he~t U Sl"il in the ev !-\p,)r~ tiOl" 0 f 
r.:t>i.sUt!'e frow ttl e- cbill~es to th e iLCid ent totAl 
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T'1ble 14 I Rt&lHs d Chillies Dryi£g tBstso 

o • 0 ·0 "0 II 0 ·0 .') • 'J ."/ • C lito 0 • C • C ·0 l1li0 • Q • G .) ·0 ·0 til 0 .'/ ·0 ·c • :, "0 ·v" o~., • ~ "'r; -0 • ~ III (.I ·0 ·c .u .). !. ~~ • G l1li J .! • j • c, ·0 'Iff (J () • o· 0 -I) II 0 ·0 ·0 • 

D~te Tot~l,~)~~r AV~r~~€ Tb1r r!l'~J2 of Air t~IJ~~r~~rt1 Av~r~go ~ob'tur,; ~i9'~re dV~.· Effiei~ncy 
F2bo r~1~n\1!. d~ ~llJe -l.aLlJ.L.,_ tLQly.U' .(Q.~~ ~[.J(~J .. (nr.Q~4±1 gJa:~iti(J\l~L __ ~_ 
1974 Kc~1(00~y (tSijP'oUC) ~jqxo Hirlo Avo l~!.1Xc $)br Outsi~0 rui'T Outside a11"r Outsirie 
0·0 ·0 • o· 0" 0 • 0 ·0 • 0 ·0 ·0 • ~ ·0 ·u .'J "0 • 0 .~ "0"0 • 0 .. 0 "0 ·0 "0" 0 ·0 ·0 ·0 ·0 " , ·0 ·0 "0 • ~. 0" 0 ·0 "0 .~ M ~. v ·0 ·0 "c ·0 "a" 0 • J "I) ·0 ·0 ·0 ·0" 

7 4760 1604 1906 
, 

4406 5400 7709 7906 2050 0090 22 8 UoO 

~ 4680 1407 1800 006 3305 440 ( 7303 7802 2010 10 05 18 9 

il 
4400 1601 2005 001 2901 3905 6706 7604 1060 0085 15 8 

" 1801 23 05 ' 806. 3803 540 0 6104 7407 10 90 L05 • '" 
4810 1806 2303 600 4404 5700 5000 7203 20(0 10 05 17 9 

g 4360 19(,0 2300 1004 4301 61 00 27Q3 690
11 lulO 0)80 10 8 

4500 1904 23 J8 ~lo 0 48 08 67 0l 300 ii 66 05 O~10 1020 .. 11 
l~ 4670 2000 2404 1104 4608 5805 .. 61 05 .. 10 00 .. 9 
15 3700 2201 26 07 1200 41 08 58 05 .. 5508 • OQ80 9 
16 .. 2505 31 00 1501 5007 7200 .. 5000 .. Oa80 .. • 

17 4450 2500 2908 :205 5706 770 0 • 4203 '" 0080 '" 7 
'18' • 23 06 2802 15Q2 4802 6300 .. 31 08 .. 0050 .. II 

19 4780 2402 2901 1502 5409 7600 .. 23 00 • 0040 .. 3 
20 '" 26 03 3l~0 1705 59 06 7600 .. 1408 .. 00 30 .. .. 
21 4780 26 07 3202 1404 60~3 7500 .. 602 .. 0020 "" ''''\ 2 

• • .... ,.._ .. ......... f/"..._ "'~ """''-OT~·\OI.'''''' '1..,. ""'vI,..(I, .... 4"·.,. ....... ."f"~).oow- ~'*''''\l; • .,1 
O~O.O.G.O.O.O"O .. O.O .. O.O .. O .. O .. O .. Q .. O~Q~O ~·o·~ Q 0 0 0 .~~ 'I • ,. r~" • 0 • • " " 
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l',:>;~:i'"'lti~~. ~-,'.L ti:, r:,_;riz._.~-.t'l ~rf~c.) ,""vrks vut t.:) be 
14 p. r C ... ::_ t 11. cr.:-s.:. .:: f g_.l';Jr c~bifi..:t; ~ ry:...-1' "1::') 7 p_·r 
C.::Lt 1fl C~S.j V f 0P~'L to ryL.~g ..J. .. ~lthu;-;-:o 

A LU ,jb,:;r c' f ,:.; '.Jsigi.-: ·v ~ri~b18s, suct: qs leGgth 
by wi. til r~t10, r.u.:!b2r ~l.r siz~ of VI;:,Lt [101;::5 
typ .. .-:"IJ..r t.[11ck.L.~ss of 1J.,::-ul'"'~,i.>~<, r .. u-LbSir cf gIAziL:.gS, 
"(11 t ;"'.;..c 0 r1dL< -tn ,("1::.t., -;:. :.c o ~h4 th·:_:; cli -!~t1c p-:,r~'_ldtBrs, 
suet:: ~s s: ... l!'ll' iLrolC'ltiJ':'" q .... bidj,"t nir tlS...Jp2r-:- rUre, 
'=\i1' tU ... !ir:i117, WiLr-: SP'7_~-:', cl,_)u~i[.:;::ss ~f the ~,t;;_t0sph,=,ro 
t;? i:co !:')l":'J the DP<;_ ,[,'3tL,g P~I'~...J;_.-t<.:.rs such rlS type v f 
pro su c t t, b.;;;: ..: ri 00, iLi ";i ~.l ,-!~)1 stu r;;! v ~lu c s, 0 ~ti,_lU .. i 
·;::d.:.:qJ·::1' =l tu 1"3 fo r '-:: ry i.:~ g, ~; .•. ::JU!~ t 0 f d I'Y ill g . ..! <:l taxi ~l 
t,::. b;:_' i' 1'1 f/, ,3 tco , (;' ff::-~ c ': .~!-. t3 P r fl.) r .. i -:'it. Cc v f 'th <6 sol!l l' 
r~.": j_ ~ ;'i~L c~bi.r.....:::t i-I ry ro All r:11~$.B f:':!c 10 rs -;"Ld its 
-Gcch_,:>::-Q::!.· .. o ..• ic fs~sibili -;-y ~r8 ur.r: '.:'1' "l ~:t~ilEt5 
i{.v~s tig:!:l ·~i,'~·. ~"C C2L'cr~1 Ari i ; 2o[,.~ Ret:L~~rcl1 II.sti tu tel, 
J G r: ;-; Txi .r 0 

C.:.:!.v scti V 8 ty P<:-o c f ro 1 '='r r:1 ryers 1-: "=IV:_:; s,:::pR,r~ ~s 
~re"s !(. r collecti..:il ,) f a: l"='r s;:."l'gy P{~ij f') r GryiLg 
tr-!3 prD':'ucto Ttis typp,J f cry :,rs' h~ve 1~rg8 Q,{teI."ti~l 
iLl Irduet.r:t,.-,s ~s wsll ~~ i1. vill~g;;-JS ~s t.h~H2 '=l.r,_~ v:5ry 
u ssful fvr r:. ryi~!g l~rge pJO'";u C1:E! like; pr-v::!fy, gl"Junc;,!u ts, 
't.:;~'=I, ] '; ~v,:;:" flUi tE, vcgv'("lbl;::~, gr·~ii .. s 8'CCe IoU this 
forc.~ cc£.v6ctiol. tY"1:" ~)f r:::ry ..... 'rs, ,'!')uxili~ry h8~ti.:.g 

.r g . ." I- c ... ·- ..... 1 C'(~. '0" .... ,.;1. ~'- rl -'-llU -, '<;ltr .. .].·c'"'" ""y t~ ~. r ~l '_ -> ,.ICl.l.... -,,_- --;;;:v _~ __ 1- 1 ,tj ,-l.~, I " ::: ... '-<lo. e:: .i,. -.;:: ;:, S '.;;I'" 

wore: v0lrs~tila ~fl_'; C~L b,~ us:':rl Q;Lti!:.Juslyo 

In thi s ty p.,:; 0 f f ry ;;1'~, S.~ .... 2 k ir.~ (: f ~i r 
he""t.:::rs '!:Ir~ used whicb fu r[li~h b.")T, "'=!ir 'f.~) '"' -!::..:';!)~l'~te 
dryi1~g ur.1to Th .. :: ':Iir t,2?v:r ,_!~y c,).u~ist : i t;l,y':; 

fl~t ..l2t<:l1 pl~tBs wi'cl-: S:',w.G spAciLg ICJr ~ir flow 01' 0,(,,8 
fl:) t, pl ~ te \-1i th DIH? V 2G-g ro:)V a:! pI '"'l t\~, ~ S iL Au s tr~li ~ 
or "two corruE,,=,!,tro Eh\:"'ets with 80 ... 6 SP""CiLg in bt-twae!'"L 
v r ~l~trix ty PS o.r gl<:'<~,:- pl!:)~~s ty pe .. s in U. [:. A. 0 r 
Dillow of st<;-3f'l chips U1C"'lScd if .. ci:iclc:;r,;, I-J-7;sb "='Ie. if! 
C~l!~!~ ,=--cc o ThE ire',=! i.e. ~ll ·{b.::~'~, ~ir [1s"=':tr.:.rs bClS br::.·,s[! 
to iwprov<o thB fil:..t b~'CI': ';,!':11,sf:-r cusffici~r:t. without 
sff.-:;-ctiLg t~1;_; Orl:;"-~ r--: ~~, r:'}p .au ril,g d:<:. qj,r flow 0 

At C,2[1"rrs::'ll ,Arif' L.,()':.'2 R<7:·sv:'Ircb I!.:.:;,_i .... ut~3, J:Jdb~r, 
~ tl-',-'Or·:?'i'ic"41 ~rl;>lysi:=, 1':.:r gb-:yiilg tbe.:- to::· • .JP- r!:l-rur0 D1'of11.s 
iL :::- c")!iv,,~,cti~r,!3I sol'"'x ::1ir h::o:'l\.3r C;J"'l':;ll:.:l plq·l:.€') 
.:fbI' v~riju~ ~ssig[..:, 0,·:,!"".i.c.g -:'Ii.,':: cli,.l~-Lic c'-")[Jf.i"i.b.::~s 
i:"S b;:,:c_r; c"l'ri-:d out by G~rg (5)0 Th~ p: r.fOr .. I'=lnCe 
p,r<=.-:r:I1cti')[. 2qu~tiJ(l ~~ d:::v::;;lop,_·d L1E;;il'O iL t·cl'wS of 
·"3!.'TLr-'Ur6 1) f <:1ir t ~,' ~ cistA;~ce of x fr-JtLl the i1l1~lt 
d r.d .J ~ . h o;;_~ ., i l' h~;, ~ t e r is = 



t = Q2 
C1 + 
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( tl-.Q2 ) 
( C1) .15xPo (-Clx)o'ooooooooooo(l) 

wb aI'S C1 = WFp U L/GCpo " 0 0 coo 0000 (j , 0'1 oj v ':. J ) V'- _ V U ,,~ c, '- '"' c (2) 

where 

C2 = ~, r
L

. H ("....__" e + U'L t' j, (3) It..o'\J .. 000000000000000 

- GC 
..-. ~ hP .:tp .:.. _ g 

-~CU~L--+-h-c)- ;_ 0 00", It" 0 0 0 C -:. 'J Q U '" "" ,'; '. (. ~ 00000 (4) 

vi = Win, th ;) f ~i.r b e~,tal' (.J) 

L = LBllgth of <:>11' he?tar (~) 

H = Polp!, iero1~tion or: ·collscto.r (Kc~1!w2 hI') 

(,~= 3ffcc-~ivG -Cl'<:Inswi tttlnce "=lbSOrnt!:lilCe P.roduct, e 
\)L == OV0r:~~1 bc\~t loss OJ2ff1cieIlt fro..l colLctDr 

'pl~1',e tJ outs:ii\~ !:IiI' (Kc~11p.2 hrOC)o 
~ 

tp &' tl=l, 

be 

= Coll~c to r pI ~te :::'lad ~..J. bi2.(rt ~i r te w1)::: 1'::.'; tu 1'21 
resp'2ct1ve (OC) 

== f1ll-1 b~,~·t tr":lLsf·:-l' 00 ~ff1ci2:n~ fre .... qbro rb ... :l' 
pl ~,te to fluid ir.Lsid e (Kc'8.1!u h r 0 Cj, 

~ 
A-= t'2"'iP\-~ r~ ill re 0 f o:-ir iL th B 00118C to l' ~t dis Ceu:1ca 

frvO-i iJ..1dt sica (OC) , 

G == iJ~S~ flo \'1 l'!)te tl'::r0ugh ~b~rb21l' (Kg.J/hr), 
. 0 

= speci fi c h ~i) 't 0 f ~i r (Kc~l/K.g a..I C) . 
Using tbs FlboV8 eqU~tioL~/-~SI-1;J<;;.'r!:l"{ur8 Df !-?ir 

~t ~I!.y pOi,oJ t in ·;~h::. :=ol"=l,r Clir i12~-:-,t::rs under the give£. 
s1"tu -=:tiOi. S C~i .. be .:: i_' '!, ~r)"lii, c.C 0 ;'8 ~, C <2.sigr. ~id v ~.rivu s 
a 9sigrl CU rVEi's bl:ls2ii 011 th9 =I,to v.a aqu-!:'Itior.s Clrd d'rJ:lwD 
wi th thE l1elp of wi:.ic!1 :2ol~r :::IiI h~t,;:-,r [l; rtJr.J'¥'.:.CB c~{! 
b8 prfiJict€d o With tbe help of ~bcve equ~ti~){iS the 
g!:lp EXJtW~ d c'p th b, "<:W8e!" th..: twa p~r;:ll101 01 ~ ~es 0 f t.b 8 
~ir b~~'t~rs r,-,sP)~.Bible fer th;:, fil .... h,2"=1t tr~nsf or 
co 8 ffici ';;,!l t ~nd t11 ~ pr-:::s S1 r2 it 10 P 0 f ~i.r h <.:IS b >;3-2.(1 ti P ti....li zc:d 0 
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.l nuober of solar air'heaters with var.1ous 

d esign p~raoeters Sl cb as single or dOll ble expOSl.re 1:!Y pe, 
f~R.t-pl~te 0 r v-grooved 0 r matl'j.x ty pe, their IJ'ater181, 
sP9.cing, til t, 0 rient~tion etc. are to 'be s'b..ldied 
in gre~ter depth at this Inst11llte. The effect of air 
floN ra.ta, duct size, ~x1liq..ry heqting arrAllgel:i2oot 
Md the size of'drying OUfJ stor~e' bin nead l::t>.re· _.. 
~n V 0 st1.g A tiOD s ~ will be tAken' U P ~ t c.. "- L.. Rr~., J:odJlpU'~-~" 
• ~ll-_ flOOge:! rooo eype S)lql' d ,eyer with 1llt~g.rata1 
S)l~,r ro.r beaters ~lh1ch will we rlt :lS ftlD--.f-~ aloo be 
dr~~lOP€rl S')on ~t,.~~J'o,a.bPu..i. _ 

To lD~(?R OOOKING 
, l t." ""-.. ... ...... 

~j }~ the d ev.elDp1.ng, Q)ulltries, the ~ els wb4-ctl' 
~r~' gepel'~l~ u"S$l for cooking III rpo ses 'a.re wo9d1 
lie ~.ti1e, chsu-co 81" d .r1Erl ~iwal dung, agl'1cultu,ral 
re; ge ''3.[-l(] other cooru s~,ble Plater1~. 1b e :wid~"J , 
sp~e~, u ~e a f S) 1!1,r .cookers can serve two -ilJportan·t 
pu~poses l' roou~tion in ~acd.ly couk1ng costs pi' ;, 
d. e4reaw.ng the n~ :fo r pu 1'chA~e 01' Q:) ;Ll..ec-tio)l 0 f 7';;---

1\1 ,and oooseriktioo 0 t iUeJ.s for 0 :ther uses, <~' 
~ as fel't:U1z.er in" ,~e ,case( 0 r du,ng; ;to r~ ,,:~ 
pro' etion ~rj em ~on ,1'~uct1on in the· .f3gV~ q:( ,-

, 0, t:I.rtI qh,9.rcp alo lwb st oooking involving bS +.!~ng . 
's ngt--.£.eying ~d: -l-iqJ id tJ.egting in generA;l._ is by 
~' ~p 0;- direct heating fro jJ below 'which carl pe ~one­

,- p~ra.Po11c reneetors~wherea.s baking, 'ro ~sting' , 
(X)o\ting }~~. ·t>e perforce:! in g)l~r ovens" ~la.r 

ol:te~s·'~l'.e ll~ly of two types, one in 00 Iv ing' 
. ol ~~Sl g_j.~~-'Q)nc~ve Qirro',r e.tther sph~,ric~ or 
~r.b? ,oid the other' is 0,£ hot !:ox type ... t 
\ r ~,r1-d-;, 119 Iese~rch ,Inst11ll tel Jodh}Ui, we have a' 

ct on e develoPiJen,t of Sl1tab e S)lRl' ~oliel' .fbI' 
as weJ.l as' 1b r v111~a u·se. As -a reSll t' of. our ,.,j 'J we a.~ able'< to ,d ev ale p f1 v e ty pes ° t sOlal-

~okars which ere under fiold test and 1\ls descr).b~ 
pelow 1n rm.rt-, t 

.-\ - t_' 
~~'r~l~,r bot 003 tv De mQ~~&,t 
, i-C-~ 
~,' "s sol~r cooker though· not very aff1c1en 
)Jut ,ls. ople in d osign and 0 pel'ation 8lld 1 S 0 f 
(}d~~Ch a. solar oookerdeveloperl ~t.:.c... ; 
~od hIll r J. S f?hOwn ;in fig 0 8. It is b$\SOO on th e ( 
'-p'r pte 0 i_hot box. This Q)oKer ~s developErl bj '"qarg 
£94). cons1~ts of a couble w~le:! '!:ox 'Q~e 0 f te~ wood 
with f1b.rag~~ss 1nSll~tion in between." ~ .:lStru. bl~k, 

. ~~.ote1 lining was provid$:l on tile inner "side of th"'e .< IOk-~ &1,,0 (3 iJU tb1dt) covers Me fl.l'OVided at tbQ top 
1--!le 1aDX at ,~ sp8Cing of 5 etl. !ale slRlaes _'re 1ne~n~ 
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at ~.n Mgle of 26 c:egl'tlss frow the hori20nt~ Clati1ude 
of Jod hru 1') 0 'llii s ty pe 0 f counting is k:nown AS equ r:\to rial 
oaun ting o A ':/0 vd en co v·er C0.G t~.1r4ir4g a. Lli1'l'O r lirling on 
the inncll' side is ?ls:;> providro ib1' reflecting the solar 
rAdi~tions in1lJ the hot taxo This rover c~ ba ~justa:l 
to 8llY ~ngla with the help of two K~u~iso libur cAstor 
wheels ~re fi ttEd ir1 the: rox for orienting the cooker 
toWqrj s the Slno Direct ~nd di fib. sa r~ i !.lt10i1 pe!.i6trates 
t.hrough the two gl~ss oovers which is further ~g~entoo 
by the r~i~tion co...d.r.lg through the gl~ss sheets ~fter 
refiect10n frow the Ldrro1'o 

Tewpera"tu r~ ~s high ~s lScPC h~.s bean observed 
in this si..Jple cook::..!r under cle~r sky coooitionso So ... e 
of the dishes which are prep~red in this cooker 8t 
Jodhr:ur Are ~s .1bllows : 

Ona kilog r~.iJ 0 f p::l t~t:J as can be 'to i100 in atou t 
2 hou 1'8 tl~eo One kilogrA.o 0 f rice c~n be 'cooked in 
qbou t 2 hours tit.e bu t one kilogr~ 0 f ~rh~r D81 t~k.es 
Atout 4 hours for cook:1ng o The cost of this rooker COQes 
to be only RsolSO/-. lU rther CX)d i fi e~tions fo l' lJ'~ing 
the ooo-ker i:Ore efficient ~d f"ster in operFltion qre 
required Md ~rs una ,;;;1' cons1d erat1on. 

7020 §;;.llar OVt}Il , 

The Solfil' oven aevelopm at Centr<~l .Ario Zone 
Research Insti'b.tte, Jodhlllr (Garg, 23) wnsists of a we1l 
in Sllf!\too s~CJ1-cyl1Iil r1c~~ to rw, uqj e 0 f shaet alu ~niu Q 

~<nd wood o Two shells are waOC3 ~ the sp~ce between 
thell (7 0 5 CQ) is filloj wi th fibragl!!iSS l.r..sulationo The 
interior shell is p~1ntoo bla.cko J1 door 0 f the S8-ue 
insulating Q~teri~ is ~lS) u~o fur keeping and taking out 
th e food 0 1be window o! the OVGn consists 0 f two tr~sparent l¢t 
gl~ss Sleets (3 ow thick)). Eight reflecmrs, Qade of silvera:! 
gla.ss Wil'rol's, four 0 f sqU8.rC3 sht:\pe ~.nd ibu r 0 f triA!lgul~r 
sh ~pe, h~ve been u 500 0 '!tie stand ~d tb a 0 rian ting 
device is Qooe ou t of >.lild steel angle iron h~v1ng rolling 
wheels to follow ~zii:.U ti1~.1 COv9uent 0 f the Slno 1he 
81 t11ud c po s1 tioL 0 f th e sun is followed wi th th e h alp 
of slo ttea ''K~iJ~i 11 fixoo w1 th the 0 v 00 0 ft cr~ 10 like 
oooking pl~t:fo ru is wade in the OVSL which helps in -
keeping the vessel oont::tining jbolj ho rizofJtl::jl irrospective 
o t the iLol1n~t1l)n 0 r tha OVeD o T\.Q or t!1.rea vassals 
CX)lltR1ning Jbad Q~tcr1Rls lilts rice, d~ 'atoo C~ be 
kept on this pl~tet> l'w. A pho l.o€~Apn 0 t the s:>lf!tr 0 ven 
1 s shown in tJ.g. -9. 



Fig 9. Solar oven developed at C. A. Z. R '., Jodhpur 

Fig. 10. Solar steam cooker deva'oped 
at C. A. Z. R. ,., Jodhpur 

Fig 11. Step reflector for so'ar energy 
concentration developed at C. A. Z R. I., 
Jodhpur 
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WhE!Il ~h -:.. ov Su i oS 0 rei·..,Ll (,EO tow~.rC ~ th. sun, 
aircc·j~ ..... rlO diffus::: .0:;01 01' ";L·.ergy i~ '.r-:-[I.::::..d.T~\,:.{" i.tJ~.u ... t:a 
OVL_ 'through L·;. tr'"l!1~p'=lJ".;.· o-:ub1, g1-s~ wi;"C~"V31 
~w:: is furl..t] ... .c ~Ug.,.H::=!~·;:Jc by tb e-if,t', fl-;-'("-r. iI, C' :.;1'$. 
Tho;:. ""uv.q,ilL<:)g,..Joi this ti01~r oV'.!. i~ "b~"G it is uf 
low co et, l';.qu.:. 1":3 h:~~ <::>t 6.(.tioL} fo:r .t.J11owL.g 'C[1( SH., 
no t ii . .rlu ... ·~!c.._~[1 by wL.c ooolil16, h0~t s:or~i:. .. c.,-vic·.;:;'~ 
c ~.!.: b€ q . .;;!<-Y)? .rr)0r:. p 'Jf~ .re uj"'in w ~.r.uJ .L) l' DOU r.s ~'V t.-.!l ,., f !: 
SU{.1 '!:ie t,o 

Th.: ;:Dl-::'.l' r~c·-:'"I·.iDi~ d.l,:?IS ciil'cc,ly tb.rough 
the 1.,LlC.OW -::I1V' 11.::.-0 ;'=If'I~'jr rBfl~c"tio:. frvJil t.,:;:; "lirrorsa 
The ~)l'oj2e~.ca ~~r_C)_ 0f 'tr..e u1irrurs i~ l.wic~ , wi;:~aov 
~ro!=lo 

On c1 ~r d~ys if \'i12 .r:l(jip':,i~)!l is "_s::::u..Jsd ;!If" 
1 0 3 C,u!sqo cal !ilin, 'then in~} tot'"ll r~i ~til.)i. -4bso,"'boo 
by 'vb tl 0 V t::Il co Ul.",:; s OU t to bE: ~bDU t 278 Kc ;:tl/h Xo So' 
t,fl i ~ a V 8,~' i s '~4u i V "len .~-. to 0 0 32 KW 0 f ,clec ~ric n8~' 
:Jl-!:l 'Geo. 'Ie ~ 0 V',:i ~l" ",B 'tGUl p::::1' ~ ',:_U r:.j Ie lcn e s "to 250 C 
qnd brings CJ:.:L-..... li\,r:.;- of w~.(.t.r "to boili!..g POi!.l~~ with 
in 45 to 60 4li.:.".tU ,-3 b Thi s OV ~fl i t'j ju st su f ficitL t fo r 
~eetiL§. tbu d · .... ily cookillg reOuirc.IJefl.:; fur <::\ fp..ui1y 0 f 
five ')A:rSO.C3o F::>1lowLGg CDokL.g fiburd~ -t Jodh;::Uf ~r6 
o::,,s!-:oT\'.jj u!Y:c:r c1,,:;,"'r sky coaai Liar.s ~ 

~o 

20 
..... 
';·c 

.fo 

.: 
\"/0 

DO 

OIlE::' 
Two 
One 
One 
c~n 

O.ne 
0.0 .;:-
45 

kgliJo ._:f _':0 ·r~~ ::Oi:S C8!1 be 10 ~~"~:~;j in 45 ~i!ll1 ":~So 
kgfilo vi (;i-:;ick~n c~n b~ ro'=ls't·,:JO i.e! 60 JJ.iiD,utes 
kgl7.lo 0 f rJ..cs C"'1~l bp co-)k~:d if. 6Q illir.u ":25 

kgi.1lo of .A.rh~r DoOl (so~kGG ill 1tl~t=r for 12 bOUT:::, 
06 Q)O k,->o in 75 ffiinu .\..'-, So 
kguio of br. ~d c~r~ bG b<:'lked iLl 30 Ulinu"t:.so 
liTr~ c.::: W'=' .. SX' C'='..[; b.ri.i~g to boili . .ug poiDt i.n 

.:ai .:lU t v ~: 0 

l·t is "P:Jl'oxiiii:-:'l'Lely s'.stiJJ~tec th":'t i:hz co!::t o:f cbs 
oven 0(1 1"1 ~L 61~' ULi! bnsis is !lot likely ic f~"{C,.>dJ ~o300(-o 

.A 81,"1 pL.: ·~i1d ~ fti Cit2fl';; sol-::r s-t,c~.JJ.l coo k<. r 
i.£i.vo1Ilir!f [:0 pri!·.cipl.::: ,)f fl?t-pl"te colldctor 1~~s 
b.~,~ ... ! t. 'Y·~lo')·{l "1l C.A.L.R.I., Joal1rur by G-:::rg (25)0 
I C CX:L-:-i~ts Jf 1,10 p~rt57 o:.:,,~ is tbe ~H:1;rll fl?,t-pl~;~f-? 
0011:.,(, nr h·vL'.g tW-J glr-!s~ COIl':2I' (tub,; ill plq"d '(,ypc) 
11 e ~.',~~a Jy '\ t:.", SU~l c""u sL.gL '[J.) bo i1 ~ri: p !o.:': U c~.o g s ~.2~.(il') L water 
mb .'. 1" I' h' h ,I. .: ::- C.J_,C J.5. Do J.D:=U ~t··~ ~·j.,S':)u.l C':::Or:~r7 J.11 WdJ.C 
the "'-.,_;'.'I',.J." cur" '''':_''<':'5 f).Jd i::: pl~c€6\) 'I'i1~: E:'1{l':t" -3J1 c,J ..... k·-r 
w hi eil J. ~ ,~"1 si 1J ';1) ·::>il ~ bl ~!.r W·"! S po ru l? r in 0 Id -='.I.~ 
(jl=lys;1f: us!;..c. i.- ~l::::,cb ul Ll1:., ~ .,e'iui cuo)-c.;"rQ The f11"_",pl:~'Le 
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collector h-':'lvii1g ~! .. ::,rs"" 0 f 100 sqo.:to C'JU (.,1 s cir .. g 0 f 
1=1 wire vmulc ::. L:~'""\l fill 0 f 28 g~E,(l wi th s cf'~l pip.;j 0 f 
19 W.IiOiniLl2t-:,I sp~c66 8t 25 Cult; c,:;,{~t.r2.:: b"'ls bJ-:)S,Ll U8~""CI .... 
Tbe si,J,lici'(J of -Cbs fl~t-pl'=ltd d0sign 1.L2~k,",)s i£ PO_:>5ibla 
';:0 f':lbr.ic"=1·C,·c the collJctor ever~ in q or .df:.f:, •• ic wl\rk.;:;hop 
wi~Ghou t :}flY :;:po. ci.~lised toolso 'Ihs 1811' ~,r~ oo~:k,:;r' ~L)OWn 
if! pho ,{J :0 is po i[~ C~'(j tow q r6 8 tn e !X)iL·1:. 0 f fUi. ri 3::;:~ 
pll worL1iL',g, : . .n6 the po1r.t of :SUllS~-"C '=111 "ft.::;l'.."joOD o 
fob re f r~qu €{~ 'c :-,0 ju S '(j.:W{( tis ,uv t, requ1 r e:i 'J 

The sol"'r oollector ~lw~y s c.;;.nt8i!1:::: w"\"~r, 
~bou t r.H18 cup u f w~''":~r C~,D be qdd 0d 8~cb 41Orl,iI'lg ~ 
replocd ti1,' W'=",-! t~]~t h~s t.oilad ~Wqy() 2t6i'!:iJ..l is 
p rDdu ced wi -:-h1£1 P.l! hou r u f SlL1 ri se <;jr~d will ~N:A;XmtlE. 
:ttaxi::2x~%mtS:u 1O~ ,~~~~h~.adxll1i3ci: 
co,ct.in~p +.0 be .PIoduc2>d for the rest of the cu~y ~s 
lon£ ':'ts the sun shines io Scq' Oll thB oollecto ro Thu s 
it is 1:;0 s ~i blE ~tb c.:Jok bo 'eh th 6 illiCtc 8Y ill€",l Q~!C: th <3 
ev~nirJg W8;::l,10 F00d 12ft; in thd cuok:=r will r.3m~in hot 
fo: S8ver~1 hours ~,fter suns:;;to 

Tbi8 ~l~r cook',:r is very .. uch suitBble for 
cooking or IJoiliL1g c8r;J~ls, rica, po 't8Xo :25, a 81, 
v eg8t~b12 s ': lC o It tPK es ~b0U t 2 hou r s fo r Q) ok:ing S1 ch 
things o Tois c )ok.':-or c~n b$ inst~lle6 in the opon l<;lwn 
r..r righ'" i(i ',jl..J Ch8jjl=l of th::, hOUSE; prLi 'l.ol1t.:rl OOtll"ECi.::,d'j 
wi 'Gh ~ pipe +0 '.::h8 5 t,,::.~uJ. oook~ l' (f'!\(l. 'k; sh cuuK<::r) pl~ca:i 
ir~ sid e ";1,1 k i\.ch d 10 

~h,;:~ co ~t 0 f the so18r stSC'l..1 cook,'3r 1s ~bou t 
.Rso 3001- "".1.16 i s .,~s'tijJ'":'t<20 to be cquiv ~lo,G t to 400 to 500 
Wqtts eli3ctric bot plq"(,cQ Tht:: S:=t418 roll=lI' cooker cl=ln 41so 
be u seC ~s s::> l~.r w:::.t·-::-r he~t~r wi th sligh t wod i fica tiono 

7 040 ~.lzL_.s~P_l:~~ fl~ ~L_j,;y_Q,~....o....! _cQQk £;J: 

The r.::, flucto I ty Prd 0 f cooker w~s fi rst (J.~ e 
in Indi'!l. by N.P.L., l~GW Delhi which consist.3d 0 f 
~noj iSE"d ~lu "li!~j_u..J p~.rBboloid 0 f ~bou t 1 0 0 Sqo iJo ~r-3~ 
h~virJg !'Ill 'bl''(L!g~ ~.ri2nti.Llg ~.rr"!lgewentso This type 
of cook.6,I' C~.L· bo..) usad ev~w for fryi[~g vur-;J..)s,-,so TrlOugh 
to i s cc 06. 0.r i, qu ita '..c, f fi ci en t bu t_ is 0 f (} ig h OJ st 
~nd i::: r ... ·ry tifficult to lU~ke in 8. dO(.1":lstic workshopo 
fo it \\~s tncught to dasit-fi ~ siupla r..;fl.::c i 1.)r which 
C~Ji. girt) ,l:} j"\Ji.G.t .focu~ ~nd cql.1 bt. fJPG.:: otl '='I co ct'-=ig,­
SC'413 with '-n,:;, h21p 0 f loc~l .J"=lt~ri81~ ":I.o.(} Stl{;~t UJdtql 
work,>,r o TL,~ r_fl. ClDr design",-d o::"I"t- C.A.L..R.I.~ Jo6bl=Ur by 
G'4rg (22) c.:)J4~i-=-t..s 0 f ;e) (iU .Jb,:·r v'f »',lu "li!liu ... l ~·tri.ps 0 f 
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705 c~ width ~l'rpIJ.E..3d in .such ~ f'tshion SJ ~~ to giv.J ~ 
sh;:\pe of sph"r:lio o ThE sp'='cir::g R, of the qluoJirduul s.Gl'ips 
":Icf:.ing qS r:~lfl .. ::ctn r is cqlcul~t('£! wi th the h),Jlp 0 f '(.[1-;:: 
9qU :;J_1.i')D 

R 0::;. F "l;;~.(" 2 D( , 

whsl'e R = SJ~CL-lg b<2'twesC! th'e two strips, 
F = fu c ~l d is t~J1ce fro ~ tb 5 C2fu...LJ I) r 'the Ecpcrojd 

~!ld c<= ~no18 0 f th..:' strl~ fro ~ the pl~l.a 0 f tb3 
sphel'oid 0 

ThE-> '::)r·tJ~ 0 f tll <3 sphe 1'0 id 1'2 flee to r d 3sigL12G is 
1048 Scoc.: o :::InS is ui~de au t of wooQe{i strips frf-l,(Jc ~nd 
~lUulir.it1iJ. stripso Th~ foc~l Cist';:1!.cc fr;)ul thE:' centra of 
th2 rsfl6cto r w~s chosen !1,t, 6Q Cj;} !1rrl this giv,-,s s::lJ} ilil!:lge 
o ~ t~c; SlIi. 0 f ~b.:JU t 15 Cl>lo di~~lataro A St8P .N:,flect'ul' 
dGsig.[J.:'-od !-,t C • .A.L_,.R.I., Jodhrur is shown in figo 110 
Jh2 .:cst of thE-' l'dflector COi.<lc;s to bil 8bout Rso 80/- ordyo 
Prel:iJ.Ji.n~ry obs,-rv -::-tio.(Js wo:::aB vii th tbis si;{lple bu'C Lovel 
rC'f1(ict01' h:W6 giv~i1 s!..ICOU.rPgiDg results qna ful'tbf1' 
t.a st$ ~re in pre g 1'e eso 

_ ':'he rur-:ll .JQodl ~nd urbAn 40del ,Jf built ill slor~ga 
tY;e ro':'~r 14;~"·2.r he.'~ter, CJ4p~cit;y 90 litres, dev<:::lopLod ~t 
C.,.,h 2.. 5..1 .. , JOCil"JU r v.Jill bc2; ill rth ~r ).od i fiEd qui ~ buil t­
iD ..(y;::':')ol...~. sy S ~.)..I will b·:;, (D!avelop-2d so th~t '~b;:, heqt'-O'r .... J"::!y 
g :'v e ho t w 1 c:1' f,) r ;;'.':Irly i..b rni!!g u S~O A ttelo1p'l swill be jl.jqd (:) 
to r£:.Quc,e til' CXJ st of ' .. hG be?:1te1' by sui'c':lbld l-odifice:tti.:.>DSo 
.\ r.u ... 1bcl of such s01':11' w~ter h5 C1 "CorS will be iDstallEd in 
~h~"1 cout:try for o Gwcnstr<::ltivn CUul t.;;st }l.lrpOSl:So 

.~ S::18C'liv8 cO:':lting which will r.>;;duce th-s r.!='di~t1or.. 
1085 fro I'} me qbs.Jxbdl' pl~td considarqbly SUitFlb1u for 
6 ~l V "lni~,_d 1 1'..)0 sh 8S ts 11"il1 be d ev dl.::: pad 0 By t.h e u 88 i) f 
this s j:. ... ctiv~ co~.ting, the- eif'ici<::[~cy of ttL- ~l~t-pl~te 
collec'b r 'lt/ill b>3 i!ICl'2~Sed ~nd will ':-121:-:'.;, 'u-: v flqt-p18"'~e 
.Jollec't(.Jt' E·l~i·.~l:'lt~ for ':') nU,.jb~r of ~pplic~·tiv[.s lik.J, w~t6.r 
h::~ting. ~1r hd~ti{.g, !!1ir cor.ditiU!lir.g ~tco 

, I 

lfter s·tudYicg ":hu long t(:;rjl.j ._;ffect 0 f ~11 the 
cliw'=li·i.:, Q::::sign ~ild o9·~r~·c.ior.~1 p~r8u.lc>t8!S :.)r. ·t.b3 distillGd 
v~t ...... r out'JUt of 5Ql'u stills q lJl~thelJqtic ~a'Jl will be 
dev.:~lop.=d for opcL .. dzir,g th.,; sizd of d0 ... i~St,ic solqr stillso 

7.aw·Cloi.a;' _ic oolqr stills,. will be i[Lst~lL:i\ in 5:.1 .... 16 
of the rill'='g,;s of vJestBrfl RnjAstl1rlD whcr:. there is ::'l pr0b18..J 
of gettlng 5vl, :'. w~t;;,ro Actu'31 us·:rs d!4t~ Ivil1 ~lso be 
co 11 ~ctcd fro 1;1 ib 088 still So 
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,A nUI~lb,".r of p~r-9rJetcrs Gffoc'tiGg tb_~ p;.;.rf01':...t;:"iI~Cb of 
r~oi~tiO[l >._yp:.. of sol"',!' c'!lb1.rl(t crY:3! will b.; dxp~.ri~_Lltqlly 
s'ill6ied ~n6 tb;;; c:ry~r will bs suit~bly ulw61fi~>do .1 nU,..1b..;r of 
6 rYing tri ~l!= wi tb V "l'iJU S v~gc t~bl .. s, fruit.s dtco will bod 
ev!.Lducted w:.th this c~bin~:;t d'!!yer, 

fbl;,1' '='11' boqtcrs sui t.!=lb12 fo1' d l'yillg l~.rgB 
<¥ '=Ill ti 'Gies (} f ~g1'icul tu 1''.:11 Pl'Odu cts ul~y b~ crups like 
p~ddy cJ: OO!!! ::tco fbr 5"=11'...-, stor~g~ rur:JJ!:';0sLbd d3v.:1op.sd Ll-lil1 
~r,d p.:> ' .. ' f:.J r w ~fi C f; d ~ 'j q will b d <XJ 11 :;.; c tee 0 A c ill ~ 1 fa r c cd 
CO!ili,Sc'i-i .. JD t.YP(' (;1' sol'""l1' drYer will be cf5velQP..:'d ~Ild test..rl 
in v~rious p~r L'S :) f 'the country for v~ri\jus croPSo 
EL1viron4~:,l1t!:"\1 o;"\t~o s-)l!:\r ory-::'l' p'7;'rf:)r;Jq,Lce d~7'~ will be 
':I.J.1 ~ly ~sd fa l' .J~k L.g 1'dCO ... .JdiO ~-ri0rl s .fu r drying 0 f !J i f f-;t l' ati t 
crO~Js in v~riOU S !'6gioDs of I.r..di~o _ 

~4 f~"W "{)1',) tgpesof rol~r cov~c:JI'S will b~ ciev~li.)p2d 
'=I[d 1,et-ted sl~~.q~:Vlith tne a~1~t.ir:.g CO~kcl'S ~t C.:~.L-.R.I., 
Jodh Pu 1'0 All . .[}'" cuck c:r S wlll be tB st..sd ~nd th &~r 
t.Bch'loI:iCCJr~o .. dc f'J~sibl1ity will bb stu''::isj ia g.r8'::1t t;',,'C:-dlQ 
/I .nu .. lb·-H' 0 f sU d: Cu ~'k ~ 1:' s will be in st RI1B':i ir.l v ill '=lges 
fol' coll~c·~,i.ng i-;bc- U S01'S v10wso ~ 

~ sui J0bl:~ ~nd efficient sol~1' OO:1C~f~\:1'!:Itor will 
b~ d,,)veloP€O whiCh c~n b8 user· fbI' g~nQr~t1.(~g ste~~ ~n6 
fin ~lly fa 1: -bd Pl'OGU C ti._J!~ 0 f elec trici ty u SiL.g tu rbir.eso 

V~riou~ sJl':'lr pu.aPS !:Ivqil~,ble in t..cz world will bu 
s':Udied ~rii p suitqble, s1jJ.jplB ~r.d aoo£io .. dcpl sol~1' pllwp 
which c...,n b3 vli i'bi;. th2 r~~ch (') f ?! f~r.J8r will ~1sQ ba 
d ev 610 Pi::C' ~·t c. ,4..2,. R. I., JOd 11 W 1'0 

~h J su i ~~\)bili ty of silicu!.s sul~r c.::11 \)1' cPd !i1iu w. 
sulphicv. sa1-'!' c~ll 1igh c1!lg kit will b-.;; studiGd ~.(.td 8ctu~1. 
fi ~~lo ,tri '=11 swill b.3 c.:..:nou COt,cd Q 

The ~u 'tho r i s g r '.':! t;~ fUl to Dr 0 H. s. H~!l'(.l, Di .r~c tJ r, 
Ce~r'=\l' Arid LJ,:·.Q'0 Rds2~rch,I~sti'illt~, .Jo~hpur for h81PfUl, 
gu~d~!lc,), ... ..:nc,)ur~g~ •.. kDt '=Ina J.L1G<..::.:r..;s"C OU.r~.(4g the QJur.::;o of 
fbif: stuqy p..::'{j 1':;1' ~ l .. U.LJb;:;x ..)f sugg .. ~3·;.i(.)r4S nuriJ.g 'die 
pr.3p~r'-\cLHl u f this bulleticlo Tc~nks ~r.J 8180 due tu 
01'0" Ao Krishil~.:.:? H~~d 0 f DivisiJr., Cer.tr~l H'id 2or.e RI;jS8~!'ch 
lr.stitute, J...;C;h"Ul' f()i1 st,i",ulqtil.g discu 5:::-i041S 8nd iLjt~.r-;:,st 
in til iss tu 0 Y 0 
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