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SOLAR ENERGY UTILIZATION RESEARCH

at
Central Arid Zone Research Institute,Jodhpur
‘ By
' H. P. GARG

INTRODUCTION

The need for research in utilising solar energy in the
wake of ail 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 KWH. The ratiof of energies
consumption from commercial sources such as coal, oil
etec, 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 of 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 with
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 NCST report on fuel
and power, out of the total population of 560 million
in India, 250 million live in small villages with a
population less than 1000 and znothexr 200 million live
in villages with a population between 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 energy requirement
of a small village with a population of less than 500
persons is about 250 KWH i,e. 100 KWH for cooking, 100
KWH for irrighation and 50 KWH for lighting and entertainment.
Most of these villages still do not have basic
amenitices such as drinking water, electric power for
irrigation, lighting arrangements etc. These villages
are so largcly dispersced and arc inaccessible that it is
uneconomical to serve them with clectric power. The
energy necds ofsuch villages arce limited and thelr
requirements are for (1) getting drinking watexr, (2)
fuel for cooking, (3) electricity for 1ift irrigation
burposes and (4) clectricity for lighting their huts.
Animal waste and firewood now providec the cnergy needs
fpr cooking in villagese. Butv increasing use of firewood
will lcad to the depletion of forest arcas with their
congsequent deleterious results on the ccosystom.
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The ea>th owes its origin to the sun and directly er
indirectly, Sun is the ultimate energy source of nearly all
of our cnerzgy, As a magtter of fact, the sun god, surya-
bhagvan, lias been regarded in our scriptures as the giver
of all 1ife and energy. It has been estimated that the
earth is receiving energy from the sun at g rate of 1.73 x
1011 negawatts, Taking the land area into consideration,
this moy roughly work out to be about 7 million KWH per acre
per year., Bvon a 15-minute sclar insolation can equal the
total electric power consumption, This cnergy offers tc maeny
tropical counitries new opportunities for developing their
agriculture and also to utilize various natural resources
efficiently and econcmically, Economic gpplication of solgr
cnergy are limited to localities in which there is a high
proportion of clear sunshine during the winter as well gs
during the summer, The most favourable areas are nlainly
situated between latitudes 40° and 20° north and south of
the equator; excessive humidity in the tropical .equatorial
gone 1s a handicap. As India is situateq ideally, the scope
for exploiting this natural resource is tremendous.

2. SOLAR RADIATION
2.1 int tside th th' o :

Before making any attempt to harness solar energy
as a source of power it is necessary to have an accurate
knowledge of dits availability at the place and its charac~
teristies like intensity, spectral distribution, diurnal
and segasongl variations. The amount of solar radiation
incident on a surface normal to the solar rays at the ocuter
boundary of the earth's atmosphere is termed as solar constant
and its latest value is 1,94 cal per sq,cm, per minute or
1358 watts poer sq.m., at the nean distance between the sun
and the earth,

If I is the solar radigtion intensity incident upon
a surface expressed in cal/cm~ hr, than

I = Ion T cosQmmmmmm o e e (1)

where I, is solar constant expressed in cal per sq.cm,

per hour, r is the square of the ratio of the mean distance
between earth and sun to the actual distance between earth
and sun, a Quantity varying with the time of the_year and
ranges from g maXimm value of 1.034 in January to a minimum
value of 0,967 in July and ®Qis the angle of incidence, i. e,
the angle betveen the sun's rays and *he ncrmal to the
surf?ce under consideration, When the surfgce is horigzontal,
the incident angle becomes the conpleriecnt of the solar alti-
tude, { , and then :
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If a surface is tilted at sn angle f from the hori-
zontal plane, the incident angile, &b, can be calculated

from the equation,

Cos Ot = (CosP Sin L - Sin® cos Lcos $ ) sin%®
+ (Cos@ Cos L + SinP Sin Lcos ) cos § cos W
Sin Sind Cos & Sin w =ev —mee cmee (3)

Where L is the latitude of the place, § is the solar decli-
nation, g is the azimuth angle of sun with respect to south
directior and w is the hour angle, -

For a surface facing the equator as is the case i th
flat-plate collectors, the equation(3) is'reduced to :

Cos®t = Cos (L-B ) cos § cow w + Sin (L-§) ijs e ( 4)

If the surface is horizontal, the® equation (4) is
reduced to :

CosQn = Cos L cos Qcos W+ Sin L Sin& o= SR — (5)

From the above equaticn the sunset hour angle, Wg, can
be obtained as :

Cos Wg = = tan L tan® eommm e ~ (6)

It cgn be seen that possible sunshine hours is given
as Sp = 2 165/15 o 4 o —— e e e e o e e e (7)

Thus the daily extraterrestrial fradiation on a
horozental surface Ho, is given as ‘

He = 24 Ton Sin L Sin § (Wg = tan Wg) ~——-- commmmenmme (8)

T‘ne sunset hour azngle; Wsa , for the t::.lted surface is
given as.

The daily extraterristrial radiaticn on the tilted
surface, Hot, is given as ¢

Hot = 24 Ion ECOQ (L-P) coss Sin Wy + Wg Sin (1-B ) SinSJ

— T Gt W e oo

When Vs & Vst and Hot = 24 Ig | cos (z-p) conﬁ

Sin Wgt + Wst Sin (L_P) Sin § i e (11)
Y avy Vise £ s )
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ThL;.S the conversion fgector RD, for converting direct
solar radiation from a horizontal surface to a tilted surface,
useful for flat-plate cdollectors, outside the earth!s atmos-

phere is glven as @

“ =1 = .4.a i - T
RD = Hot anoﬁ";l'”i, ) Sin Vs Ws cos Wst ] When Ve ﬂ Vet

Ho
Sin Ws - Ws cosg Ws
and RD = Hot _ Zot_ . Cos (1-8 ) Sin Wst - Wst cos ¥Wst
Ho rlo Cos L

'Sin Wst - ws cos Ws
Vher Vst % Ws

B e ey & &)
By using the above equations, the values of dally
e!traterristrial rediation, Ho, the possible sumshine hours,
¢ and the daily conversion factors, Rp, for Jilts which
are generally used for flat-plate collectors for the Indian
latitude stations are computed and are shown in tables 1 2

and 3 rospectivoly,

" The knowledge of. all the above factors are required
for uy(ilizing solar cnergy. For oxgmple the optimum tilt
for ;Ze flat plate collector can be seen from table 3, A
~collpetor inclined at en angle of 45° from horizmontal at 30°
north latitude will have the ratio of Hot/Ho equal to 1,98
in decomber. This ratic increases to as much as 2.85 for a
surface at 40° north latitude and tilted at 55° from the
horizontal surfacc, Although these ratios are worked out
for extraterristrial radiation only, the econclusion drewn
will still hold good whan the of foct ey tho carth!'s atmos-
phero is taken into consideragtion, Hmﬁwer, the actual N
quantitative values mgy be different.

7

Tho intensity of the bogm radiation at the top of
~the atmosphoero is kmown to o high dogree of accuracy und
romaing sonsibly uniform from sumrise to sunset tlroughout
tho yogr, the only variation being due to thoe slight &llip-
ticity of the ocarth’s orbit., The solar cnorgy reaching the
carth, however, varices progressively with latitude, season ,
ond timo of doy onnd may change rapidly apcd c;x.scontinuonsly
with changes in loecal fietedrological conditions., During -
the passago downwards through tho atmosphere the solar beom
is split up into four parits, One part is refloctod back into
spacc nainly by clouds, another is scattered in all dirocctiorns
bv_moloecules of-dry air, Jwater vagpour and dust particles, some

= 3

- - R
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is absorboed by carbon dioxide, ozcne, water vaopour, while
the remginder is transmitted through the atmespheoro being
received at the ground as beam or direct radistion. Some
of theo reflected and scattered radiation also rcaches tho
carth as diffusc or sky radiption, Id, with its intonsity
cak at 0.45 microns in the blue portion of the spectrum
hence the blue colour of the sky). The total radiption
reaching a carth surface, I, is the sum of thoe diroect,
Ipy and diffuse componant: '

N _ .
It = Iy Cos (L + ITg =~meecem ———————— (14%)
Whon the surfaco is hofizontal, the inecident angle, .,
becomés the comploment of the solar agltitude; o , and

“:'-Th = Iy Sin o + Igp =——eommmneee ~-------—-~‘-"(152

Usually total and diffuse components of solar radiaticn
on horizontal surfaces aroc measured with an wumshaded znd
shaded pyraonomoters, thon the direcct intensity can be
found as

Iw = Iy - Tan)/Sinet - e (16)

2.9 Solar rodintion messurcment
' cdunshine is on important elament of clingte and
has beer rocciving considersble gttenticon in recent years
all over the werld, ancd speciplly in the arid and somie
arid rcogions, since this climatic parameter is roesponsible
for the/photosynthesis of plants and is also important for
solar cnorgy applications, The simplest and the most robust
recorder for hours cf sunshine is the campbell-stokes sun-
shi recorder, This consists of a glass spherc which focusses
and burns the track of sun movement on a strip of paper. The
strip clcarly shows intervals of cloud cover where the paper
remains unburnt, Sunshine data are beirng collocted by about
100 staticns in India by India Meteorological Department, '
'

Central Arid Zone Research Institute, Jodhpur is
maintaining o nuiber of sumshince recording sitaticns in
western Rajasthan and those obserwvations are being tzken
regularly af Jodhpur, Poli, Bika P, Chandon and Joisplmer,
The Institute has also collected sunshine data for a few
years at fhuru, Jhunjhunu znd Gadra Road. In order to
ccnpute rorce accurately the scolar insoloticn, statistical
rolationships betwoen the total solar radiation at hord -
Zzental strface and sunshine hours have bean worked out at
the Institute ond those are being applied to sunshine data
of the above mentioned stations in cocrder to compute dotailed
radiation statisties for the arid zono oFf westorn Rajoasthan.
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rocording in the obsorvational zrogr~mme of most of tho

Y
0

commtrics oz
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s¥mheliometer us two thizm SGlacizenod siriss of mongemin
gonneeted clactr

o
icalily so thant eitioer could e Zeatad by
a carefullyy mon
= .

vred clectric curyezt wiile t2
sounio Juncticns conmected inm conresitizn thr

w
hcmeter, Tis instrunat Tas bheen usoed as a s
calibrating othor instruments,

. ok
H o
)
B
r’d
'd
3
1.
i
0
’j

[ Wby
ver GITL O

.2 a galve

g al
anderd foxr

l'ﬂ

"

Toe Abbot silv

ver Disc Tyrheliocnater

Tiis »ortoble instrumemt was devaics by smith~
scnisn dAnstitute, Wa s.zlnﬂt on., In this instrumont t’le
solar Trzrs Zeat the Dlgcecitomed silver disc located ot
tae Dotiom of the long tube, The silver disc, coxmtpins
a sensiiive thermcmeter. The solar intoisity is obitained
fro= the rato of rise of temperature,

Ths sceondary onyrheliometors (wsed for measuring

direct radigticn at nermal inci ce"*ce, end —yran oueuers
{used Ffor measuring total or diffuse racﬁcticn) rcco-
mmended ‘33' tie world moeteorological corgznisaticn are of
thormoniic detector type and the most commonly oare Eppley,
Linke~cussner ond Moll ~ CGorezymsii syravometer, They
mavae fiat therumosniles elitler made of siiver-~biscuth
juncticns or nanganin-constant ticn Junecticns which are
ccnnected to Trecordinmgy milli-voltmeters, Gererally
Linlke-Feoussnor vyrhelicmoeters and loll.Gorezynsizi
syrenonieters are used for measwring dircet radiaticn

at nermal incidexce ~and total reodiaticn o Zordizental
strfaces rosnectively The zyranometers cal De usel
for the measurezant of diffuse rediagticn oalso Dy using
shade ring or shezde disc.

%

t

Incip 228 at prosont g nmet worls =F 30 radict
staticns ¢F wyiich 15 are rocording tolial 4
with ho* - Cor cz;ns 1 syrgncmetor, twe uwitl Ieo
meter ond T oul 8

r:-_c.l ticn ds boding
Gorczyz.sb:[. - I



- The Cantral Arid-Zcnme Reseorch Inmstitute, Jodhrur
zﬂs 2l so recording centinuocusly total solar radigticn wit?
the help of Holl-Gorczynsizi nyrancmoter alongwith the Fonoy-
w~..1_1 notextioneteric recorder, ourly as well zs daily

dtal sclar roligtion values availadble on Zzorizo:tql surface
t”;\r Jodhnur is avalladle at this Instituie since 1872, Direev
racdiation valuoes at ncrmal imcidence without ond with red,
ZFeer =2nd weliow filters are alsc rTocrsrded withh Linke-Feus:er
‘—igrhello:eter along with the millivolt meter,

‘.3 Potentia’l o wolar nergy Utilisztion in Indig :

1
i Incis Deczuse of its favouradble geographical locationm,
7to 37 cdegrees north latitude, has large potential f‘or soclar
horgy utilization., The measured total solar radiatic

~ \ . ~
\cc,l/c Cay, on Lorizonizl surfagce Zor 2" Indian statlo s
3 showh in Tabdle 4, It is seen from this table that Tor
wmst of the Suaulor:ls a2 cept few hilly staticng total sclar

sstiation —ore than 550 cel/sq.cm. day are redeived in tlie
sorth of Kay, In January typical of winter season values
icre then 350 cal/sq.em. day are received for all the
jnation s,

From this data it has been estimated that or an
afual averaze India receives about 8,8 kw of polar energy
cl on cne square metre herizontal surface (Garg, 15)
‘.,p_cn. is a trecendous amount of energy. Rejastzan State
abne receives, on an average about 511 cal/sq.cm. day of
slar energy. This, when com-uted Tor the wvhole area of

Hjasthan é_te over a —meriod of one year ccries to around
L J

141161 x 70'*Hcal and in terms of coal equivalent, approa-
des €113] —illion tonmes whichk is more than the total

nergy 3o su---otlnn of the world in a year (Garg and
yismat, 12;. Tais is an incdication of the sun's bounty
weceived in just one of the many deserts of the worlid,
fiese figures clearly indicate the sossikilities of large
cale ,lse of solar energy utilization gopliamdes in our
owntry, In order to find out the efTeciiveness of variou
_;ola:*' energy anzliances, nercentage number of days for eack
sonth when =ean daily radiation exceeded 3CC cal/sq. om.deor
sn horizontal surface were cplculated =nd segsonal means
yere vorlked ocut for different stations, I? was observed
tai the mean torcentage of cccasions eXceeds ¢C for all
toasons axcept mensoon in Nerth Indian staticns and momsoon
and DOST mIcscon asons in tho -~eninsular staticns, The
ater can De cx-glan_nec? by the Ffact that the neninsulz is
affected Toth by tue south west snd north east wonsoons,
Fowgrer, it ig interesting to note that in no season ihZe
nes? valte goes below OO percent. In sreciagl 2ill staticns
lare shillong iz Assaz, thas values are lower in view of
gpeauent cloud cccurrences during Varic:as seesons of the vear,
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Solar radiation is generally measured on Zorizontal
surfaces. However, f‘rom the point of wview of uiilizsatiorn,
the Imowledge of sol rodigtion onm the inclirned surface
is more im-ort pt since the flat-plate ccllecltors are ger o
rally lept ot optimu: tilt sc as to receive maxioum sclar
radiaticn durlzzg the desired seascn of useae, Leazce it is
necessary to convert the measured radiation values on heri.
zontal surface on to the tilted surface sc zs to be used
for predieting collector performance.

Based on the measured data, iscsleths of total

solar radiation (cal/sq.cn:.day} on heorizomtal surface
gnd ccimputed total sclar radiaticn on inclined surface
‘lzopt at optimum tilt i,e., latitude of the place plus
15 degre,es) facing south for winter use was determined
g C.A.Z.R.I., Jodhpur by Garg (14) for January month,
trpical of winter season z2nd are drawn in Fig,1, It is
seenn from this figure tuat total solar radiagtion on
fhorizontal surface in the month of January increases
‘rom: 200 at Gulrmarg, to 341 at New Delhi, 357 at Calcutta,
96 at Jodhpur, 420 at Nagpur, 445 at Poorna, 441 at Madras
md 508 at Xodaikanal., The values at optimum tilts (Garsg,16)
imerease frox 484 at Calcutta to 502 at Delki, 580 at Hagpur
and 510 at Madras. From this it can be concluded that flat-
plate ccllecvors kept at optimur tilts collect nearly satase
M—Wmmwso percent
aore radiation than what a horizontal surface receives at
northerr stations like Jodhpur and Dellhi gnd 35 percent
mere radiation in the interior peninsular stgticns lilke
Hagpur =and Pocna, ovenn for other staticms this increase
varies from 20 to 23 pexrcent, This importont finding
:'.s very niucia useful as shown by Garsg (7, for using flat-plate

te collecters for water heating, cyxop drying, space
ting, sircornditioning etec.

o
Distripbution of total sclar radiation(cal/cm‘ day )
on horizZental swurface in the month of May, typical of -
summer season, ir the country is shown in fig,2, It is
secn here that the radistion in the month of Moy dec-
reases from 655 at Bhavnagar and 651 at Jodanur to 627
at Mew De1lhi zand 62C a2t Poona, 57¢ =t _i'yaerabc,d and 559
at Madras, 542 at Calcutta and 310 at lodaikanal to
4S3 at Shillong and 470 at Trivendrun,

inunl distribution of total sclar radiation
(Cal/cm day) on heorizontal surface in the co*mtry is
shown in fig.3. It is scen here that total sola
Tadiation ranges from 377 ir Srinagar area to 511 in
Jodhzur In the latitudinzal bDelt of 136° to 2ECT IT the 2
daily total solear radiation razges from 470 te 500 cal/em
or 5,46 ku to B.81 kw per sg. Gotre.
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the month of January.

Total solar radiation on horizontal
India during

Fig. 2. Total solar radiation on horizontal

700 :'T:T ] ad! os1 so os
J ’\1:2 ] rrT ' ) TOTAL RADWATION 4
(':l inagor { Cat/ con® doy)
"‘1-;. , {, 300 350 400 430 300 330
AL HHHA
b Ty B 1
1
T gywi 00 |
[
72 i
=3 K7 E::;:Il
= BHH
p TR
A 1y
Ol :” ‘
¢ No 1]
o 07 TN
j2¢ @Emh:, ) -
Hydorabad 10
3 L 1]
E '5.
M ! ® Madros
Rr3asasi)
F Tri W : i
Lo | 7s°) 'LOD 83') 901 Msd]

Fig 3. Annual total solar radiation on

horizontal surface over 'India.

surface over India during the month of May.



=13-17%

Becauso of the intormittant nature of thic radiaticn:
end high day to day variation dQue to cloudincss thie solar
radiagtion values which are cxceeded on 10 percaent, 5C
porcont and €0 —exrcent have been cemphuted for Jodhpur ond
Yow Delhi, (Gar and Xrishnagn, 1 & 2 Table 5 bolecw shous
<hie average, 90 percent, 30 ?JGrCGntf'\I‘.d 10 nercent oXcoe-
cdance values of total solar radiaticr on -‘OrJ..ZOT"te_l surfacae
(H) as well as or inclired ot Opti...;L.r.J tilt (Zx ) {at on
slovation of latltude + 15°) in respcet of Jodhpur and
Now Delhi for the typical winter month of January.

Table 5 : Tablc showing the average and various excoedance’
' values of total solar radintion (Ce_l/sq.cm.c‘:oy')
on horizontal {H) aznd inclined surface (H=*
g in the month of Jeanuary.

¢

Al - N
Slaco ’uAvg_agg,_ <Q_pﬁm;£Q£__*5_;Q§££gnt 1C percont
Fee | = Ht 2t . H Ht

7 _ = ;
Yew Delhi 341 540 233 345 364 55C k55 700
“{odhpur 299 639 337 496 390 635 501 710

y L - '
u i

;,] It is intercesting to note from the above table that
in ¢ase of Jodhpur the 90 poercent oXcecdance value in res-
post of inc¢iined surface is almost the scme as the 10 per
st oXcoodance value for radintion over the horizontal
xerface. It is also scen that though the average radistion
o1 horizontal surface over Jodhpur ,_,ng How Delhi in the
,»c-zth of Jpruary arec only 341 and 35S cal/sq.cm.day, the
devtual utilizoble onorgy on inclinod surface at optimum
1211t are 540 ond 639 cal/sq.cm. day respoctively.

/ s

! Detailed apalys/is of total solpor radiation on various
inelined nimmes (0°, £, 10°, 15°, 20°, 30° -and 4C° from
"IOI‘iZOI‘t'\l> facing ths equator are carricd out in respect
of JodhHnur snd Madras o high latitude (26.30) chd low
iatltude '13.905) station respoctively.,  This data in
Faspoct of Jodhpur snd Madras is showr in tables 6 and 7
respectively, ¥ror: table 6 it is clesr that irn casce of
pod"mur moXimun radiation can be collected during winter
scasorr (JL,::uary February, November and D“cor_.bor) if the
gurscoe is inclinced at on angle of l!-o‘ freom horizental,

For’ the hest yeor round perfom sncotthe surface oy Do
inelined at on ;nnle of 20° or 30° from the horizcntal,
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Table 6 : Total solar radiation(Cal/cmZday) on

horizontal and various inclined planes
facing equator for various months at Jodhpur.

flonths/Tilt 0O 50 10° 150 200 300 7009
January 399 422 470 503 529 575 604
Februaxry 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 9598 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
iverage 5l1 522 h3b 546 553 554 547
Table 7 : Total solar radiation(Cal/cmzday) on horizontal
and various inclined planes facing equator
for various months at Madras.
Months/Til%t 0o° 5e 100 159 200 300 400
January 441 461 479 495 516 522 526
February 539 556 572 584 595 601 594
March 584 590 59 6 599 597 585 560
April 581 575 572 563 553 522 479
May 559 549 538 524 508 463 420
June 498 487 478 465 450 415 372
July 449 495 481 473 460 - 421 382
August 474 469 463 456 4456 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 376 370 413 417 426 437 432
. 481

Average

486 491 499 489 474 450
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’
While in casc of Mnlras for best winter »
-

or
ex5le shouwld bDe 3C° ond for best yocox ieund pe"f\n:a?ce
it shcould be adout 15° from the heorizcermvegl, Thisg dirox-
tart finding is vory much useful fcr uvsing flcot-nlate
cclloetors Tecr wat c i c

er hegting and
o

-
Cow'
and sclar stills r zetting Adisti

3. Utiligation of Solar Encrzy ~t CLZRT, Jodhhur
Wien solar reodiaticn falls cn a surfaco,; its temps
rovubre riges until ar oquilibrive ig established when the
Laeat loss Trorm thoe body cquals its heat gain., The heat
loss frizes nlace by radipgticn as it is a Zeated dcdy, by
ccavedtion yhleciz is because cf r movarent and by ccn-
ol

a1

cuetdicn 1f this heated bedy is in cerntact with any other
material, Yice amount of keat geoined by the body depends
cn tho intarsity of solar radiatic: as w3ll as or the

aogoromtivity of the surface. Sclar encrgy can —e ccllected
gither vhrough ZTiat-plate collect r by fccussing collaeec.-
tors, Flgit=niate collectcrs are of
Cesign, acsorzs direct and diffuse

T
fellcw the s dut can sunply low gr

1 cest, sftimle dn
adiatic:, need nol tc
a Zeat i.2,, belcw

10C0%¢c, Pocussing collectors wiich 1e1uire st tracking
arrongoanent con. yerk with direet radiagtion cly ond con

~roduce temsoraturcs unto LiTCFC,
Sorme of the anplications of solar energy walch are
i Cantral Arid Zone Researcah Insgtitute, Jod-pur are

G

L Sclar coolzing
k)
The Jesign details and $he stidies carricd out cm
the ghove muomtioned solar cnergy opplisnces are dicussed
Selow ¢ .

L, SC_pR TUATER AEi"‘*T."’

e

‘

Onoe -0of the nost successful ond videly used appli..

cation of séler ecnersy is sclar vater heating, In tzis
aprlicaticn 3he interrupticons Jup to Bad wesnlher may be
€ 1eratoc. Solar voter hecZers pire in use for more than
a decade In cou;*_';,”ies liks Jopar, Israel, fustralis =nd
sor2e parts of U, 8. 4. likoe colifer=in ~nd PFlorideo, in
Les ‘2ot sclar weoter Leater and

)
o

Isracl almoss every kcuse
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in Japan more than 2,6 million solgr wator hesters are in
use at present., 3Secause of the onerzgy crisis ond the Zigh:
cost of fuel, tho Mircmit firm of Isirzsel 1ns received an
order of 12CCCO units of solar water ect
vizich will Dec used in factories, hosoital
private homes, - The ircreased use of solar wotor Reating
in Indis will Zelrn in saving fuel like cowdung, wood,
Irerosine cil gnd olectric power wihiclh are generally used
for water Teating.

The domestic solar water Ieater {146 litres capacity)
azploying rnotural circulaticn of weter oind large size solar
water heater (60C litros capacity) emploving forced circula-
ticn of water as developed by Garg in Incdian are comparatle
in eofficicnecy with any of the solar water heaters develoned
adroesd But thaese arce of high cost and wmsuitatle in rural
aroas wherc there are no rains supply of water., Xeeping
this in mind o simmnle, efficient and of low cost solar
water heater is designed, fabricated zid tested at Central
Lrid Zone Resesrch Institute, Jocdhpur., The heater plate of
built in stornge type sclar water aeater perfirms the cdual
functicn of absorbing the hezt and storing the heated water,
Tho design details of this solar wegter heater as developed
by Gerg () is as follows :

L,1. Desizn of built-in-storaze tvoe solar water hester

The solar water hostor ceonmsists of a2 G,I. rectan~
gular tank of 20 gouge o2l of dimemsions 112x80x10 cnm %X
with a copacity of 90 litres in a I,S. “ox with 5 oz layer
of fibre glass insulation below it a=d cze glass cover {3 )
on the top, 3ulging of tank under water nressure is reduced
by using gnzle iron flaots which are bBolted on the sides of
tThe Do, Tre front face of the tanl is Tlzclzened by lamp
blaci saini, The hot water is tolkern cut from the kheaterts
cutlet —ine av the fton Ly opening the gave valve from the
inlet »inc side cof the Lester Fixed av tiie bottom., The
heator is imclined at 43 degrees from Lerizonital and is
oriaated die southr to collect maXirmum solar radiaticno
cduring wintor seasor at Jodi~ur, A plcitograpl of two
solar water Zeaters installed side by sicde in the solar
crnergy 7ard of the Ingtitute for studring the effeciive-
ness of nizixt Znsulation cover =nd cf insulated drim is
shown in Tig. For rural use, wiiere viere is nc rains
water susnly, a big funmel of the sise of the bucket can
he fixed at the ton of the Zeater and thon connected to
the inlet tube as shewa in fig, 5 {Garz mnd Zristnaon, 3).
Tot wator caon De tolten cut immediately =y zutting.the
saze grount of cold water in the funnel A number of such

.
solar water Zecters are insvalled in and around Jodhpur and
all are rondering good service,

X



Fig. 4. Two buiit in storage type solar water heaters
suitable for urban use developad 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 Perfommance of the hegter :

This solar water heater is tosted extensively for
comploto two years (1973-T74) at Jodhpur by Garg (10, 13, 20).
The data of fortnighty meons of maXinum water temporatures
(i, e, rocorded at 4.p.m.,) along with the total solar ra-
diation on horizmontal surface is shown in table &, It
shcws that in winter months (i.e. Decombor, January and
Fobruary) hot wator at 50°C to 60°C and in othoer summer
and monsoon months at 60°C to 75°C can be obtained. bt
Table 8 : Fortnightly neans of maxinum water temperature

roached in the built in storago type solar
wator hoateor and totpl solar radiaption on
horizontal surfaceo at Jodhpur,

(A) Performance during the year 1973.

—

' T T3 e
Month !Tgt Fortnight ' nd Fortnight

! Tampora (Total solar ! Tompera- ; Total solar
! tlzre lradigtion | ture ;radiatign
1 (0¢) ! (cal/ca® day)| (0g) i (cal/cm® day)
January " 51,9 356 55,6 383
Fobruary 59,7 422 60.5 436
March 62,2 46 5 65.7 501
April 65.9 506 66.7 594
Moy 67.5 ko0 65.3 551
June 5641 he7 56.3 327
July 61,6 b3y 48,0 413
August 557 295 52,4 351
Sop tember 57.5 379 68,6 4ho
October 69.7 59 72,0 459
November 68,4 375 68,4 358

Docanber 58, 4 321 60,2 365

”
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(B)  Porformanco during tho yoar 1974,

ST Iorﬁrnlgﬁf

TIrmd iOI"f"v 1she

Month s Teopera- tal solar Tompera~ HoXnl s-:
i turo radiation : turo radiatiih
i (0e) (cal/em? Qay)}! (0¢) (cor/ca™a
J anuary 61,6 394 56,3 396 ¥
Pobruary 0.3 439 62.7 - 478
Aerch 64.5 486 64,6 519
Ipril 64,4 523 62.1 512
Xay 65.0 61 64,2 622
huno 61.9 567 57.0 550
tuly 62,3 510 5576 310
ughst 60.3 n63 68.1 b7l
€op tembor 72,8 . 512 77,2 141
fetober 75.3 468 73.1 438
iovembar 76.? 427 68.7 380
e cambor 62.% 312 60.9 371.

*

A} [
§ ¢

{ For getting the hof water for morning uso,
Yhis hoator is cither tc be ccvored with 5.0 cn

hick insulafion layeor for overnight period or the

ict wator should be stored in a soperate double wazlled

5yoruge tanik,

Thosc two.possibilities were studied in

Wtail on ftwo idontical solar water heaters for the
4qur win ter months of 1974 at Jodhpur,
?,d ncecnthly nmeagns of mverage wator temperature obtained
or 90 litrés of wator at 8,0 AM. hre given in table 9,
At is seen from this tabloe that by using the insulation

(over or doublo walled storage drum,

The fortnightly

hot waotor at about

16°C ang Lo°C respectiveiy can bo obtained in early
For co“nquaonlpurposos the tap water tempe—
also beon shown: in thoe same table,

jomlng.

-

"""ut.II‘O hag
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Table 9 ¢ Effeot of night insulgtion and storage tenk
on the mean water temperatwre (0g) at 8,0 4
in built in storage type soler water heater
during the yeer 1974.

"It Zoximignt Lind forwmight Vonthly Mewn Jlion thiy
;storage,lnsu- {Storage}'Insu- :Storage{Insm'Imoan tap
ttapk Jlation]tapk lat}oni tank [lgtloniwater
{ }oover.‘ cover ; jcover !temp.

lonth

. L M
J enuary 41,1 96.5  36.8 31,3 39,0 33,9 17.0

Fgbruary 3801:' 3201} 37.8 32,2 38,1 32.3 17.5

November #* * 43,2 4y.8 h3,2 11,8 24,2
Decanber 40,1 36,1 39,3 34,9 39.7 35.5 16,8
& e o o 2 e o o
Average 39.9 35,0 3943 35.1 40,0 35,9 18,9
o Baamaa | o _aa h o ame A ameas ae -

# Date could ot be talken,

L,3 Development of performsnee predietion ecustion

The mathergtical model for predigting the perforuange
of built in sterage type solar water heater under various
glimqtie and operating conditions was developed (Garg 13)
and ig discussed Zere in ghort.

Tae instantaneous heat bplance equation for bullt in
storege type solar watexr hgater may be writtex as @

(Insolation absorbed = (Heat absorbed by water) =

by the absorber) Heat absorbed by gontainer) +
Heat loss from the adsoroer)

Tais een be written as @ ‘

Tro(@AYee = ¥, (:;%YL)‘ +W,(::,)*(UL+UB)A,[( tota) é@;m
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where

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

(Tﬁi)e = effective transmittance absorptance product,

2
A = exposed area of storage tank (mz) = 0,%m,

C

W = Weight of water in storage tank (kgm) = 90 ¥gns,
W, = Water equivalent of tank (kams) 2,28 Xgnms,
U; = overall heat loss coefficient from the absorber

to outside 2ir,

¢
= 6,0 Kcal/m2 hr ¢

fﬂh; = rate of rise of average water temperature(°c/hr.)
) ‘ *
fﬁg_ = rate of rise of average absorber temperature(°c/hr)
ae

and A%, = rate of rise of ambient temperature (°c/hr)
di ,

For practical purposes it can dDe aséumed (under

steady state conditions) that the water tempersture is

equal to absorber temperature i,e, t. = t znad gty = dtec_
v ¢ c®  d&

Thus equation (1) becomes ¢

ITt(Tc’()e A F [ﬁﬁ+wc(UL+UB{ﬁQ{l dt + (U +U_jA t
—

( 2 - Ta |

- U. +U A .

1*U3) A | at 2ta] ~~~~~~~~~~~~ (2)
2 L3a

This may be rewritten gas

Ldt, s Yews=2 e e e e e (3)

as

vhere x = W+ W + (UpsUg) A, = =eemecmeemeeneaen (&)
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Y = (U +U3) A, ——vommmome mtmt e 5)
7 = ITt(To()e A, ¥ QU UB)iy (,ffa"'“a}" —-{6)
’ ' 2 ad

The solution of equation (3) can be written as

- o ( Pt Y - -+ s o et o 1 o e an
% =z, \twl-.{f..*)e-—: (@-@ ) (7)

W *

vhere the boundary condition dis that at tim e(Q1, the
water temperature is tw1 .

Tho total solar radiagtion (In,) in the piane of
heater and the gmbient temperature ?E ] are hourly re-
corded ancd used in the above model,

The equation (7) now can be used for predicting

the average storage temperature at any time of f:e day
mder given climatioc conditicns,

Efficiency of collectoxr

The collection efficiency of the heagter is
defined as |

Daily collection.= Jaily total heat collected
- 3

ffipciancy %slly total radietior inecident
é;. L AT
[}

viere q, = rate of 2eat collection (Xcal/hr),

~
an Q

L
(%]

Period of tes

The ghove ejguations are used for predicting the
hourly storzge water ltamperztures, A close asroement
hetween the measured and predicted tamperatures are
oMserved,

Dosign optiilzagtion 3

T-e miythematiczl model developed z-ove can ke
now usod for cesisn optimization of this tyoe of solar
o :‘.e::__!zaa .t-‘&f.a
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. . 2 \ . .
For the ssme absorbing area (C.9 m ), if the dentx

(i,e, distance between upper and lower plate of storage tank)
increases the water cespacity also increases g2d Zence the
maximun storage weater tamperature rezched decreases and vice
versa., Xt was observed that as the denth of storage tanlz

increases from 2,5 cmus to 20 cms the maXimum storage water
tenperature decreases first at a faster rate say up to a
depthy of 10,0 e =znd then at a slower rate.

From the above temperature curve, the collection
efficicency as defined in equation (8) is azlso calculated
for 31l depths., It is intoresting to see that as the
cepth increases, the collection efficiency increases
sincd the thoermal lLosses to the outside air decreases.

- 1 E NP 3
[T

From the efficicsncy fizures it can be szid +trat
nto a @epth of 1.0 ars, the rise in efficiency is very
fast dut after 10.0 cuis depth, the risc in efficiency is
very small, Thus it caa be concluded that 10 cus depth
gives the optimum performence. v

Y |

5., SOLAR DISTILLATION

v
.

In the arid zond of India therec are many villages in
vhichk wmderground vater from wells is highly sgaline with
tae result the villazers are cXoericencing comsiderable
hardships for getting nottable water For drinidng, They
Zave to zo to miles together for obiaining swest water.

In many fguilies at least one or two memders zre Lept
ertirely busy in Lringing water in this manmer, Moreover,
¢igtilloed water is required in health ca:tres, laboratorics
and automobile woriisihops., Altkougia, consicderap:le amoumt

of worli has been done in Indis gnd in other cowmtries 1lilze
Australia, J,8.4., Ciile etc, on lgrge solar stills for
cormunity use, no sincere elfforts are made to ontimizé the
size of solar still in order to get maximum cdigtilled water
output for indivicual fagmilies in isolated villages. Xeoping
all these irn mind and the Righ intensity and sudtahility of
solar radisticon for wabter distillation, stucdies on small
fTamwily sigze solar stvills, sinzle sloned and douhle slovned,
Zave been wmdertalzen at C.A.Z.R.I., Jodupur, The perfor-
menegce of the solar still depends on a nuzber of design
naramdters. such as material of comstruction gznd their
thermopitysical »roserties, Yase insulation, water depth,
zhsorntance. transuitiance properties of tite glass a=d
Dasin, glass angle, oricntation etec., climatic pzrameters
suck as solar insolation, zrDiont air temporaturs, win
speced aticogpheric mumidity, sky conditions ete., and om

the ovmerational pars-aters, The offect of some of t7® para-
mzetors gnd the desizn details of tho-soler stills devcloped ™
at CAZRL, Jodnpur are cdiscussed below ¢
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5,1 Optiwvum Orientation for conventional solav stills

In sclar stills; saline water is heated in a blaclzened
flat basin covered with a sealed glass Cznopy. The glass sur-
face cgn be in a single slore, a tent lilne structure as iz
conventional stills ox in Veform, The temperature differacce
hetween the water znd the glass surface, because of tZe ad-
scrption of solar emergy, results in evaporated vapour con-
Ggnsing on the uwmderside of the glass, Tais vapour is collected
as the distillgte,

; ifter surverying the literature it is found that no
theoretical or experimental study has been rnade for orien-
<ing the solar stills to get maximum solar radiation. Some
experimental studies were carried out at NPL, llew Delhi for
sptimizing the orientation but no definite conclusion could
e drawn, The orientation.is usually with the long side
giong the northe-southk axis, It is theroefore; nacessary to
sompute total solar radiation on a surface orignted diffe-
renzly and inclined -y 20 degrees from horizontal., The
measured total and diffuse radigtion on horizontal surface
£97 vodhzur and lMadras, a high latitude and low latitude
siation, has Deen used for the above computation, This
amsutation was made by Garg and Xrishnan (6 /s

{ Seesonal means of total solar radiation (ca;/cm'? day)
incident on tiae glasS of conventional doukle slopad solar
3tdlls placed with long exis in East-TVest and South-North
Zrection Ffor Jochpur and Madras are given in Table 10. i
:s eeéni irom this table that taking yvear as a wiole, the
Sast-Yest orientation receives more radiation thagn the
south-north orientation in case of Jodihpur =nd almost equal
radtation for both the orientation in case of Madras, It
ngr therefore be concluded that for the conventiocrnal double
sbped solar stiils, itihe East-West orientation receives
nsre radiatdion than the South~North oriented still in case
of higher latitude stations like Jodhpur,
7

5{2 Desian of exXpeximenual selar siills

) Four experimental solar stills each having basin
dizensions 245 z 125 x 15 cm i.e. with a basin area of
3,0 sq.;m. were developed snd the same are shown in fig.6.
me floor of the solar still Ho.,1 i,e,, in itZe eXtreme
ri“é‘ht in fiz.6 does not contain any insulation wkile the
A oor of still Wos, 2,3 and 4 corntains 2,5 cm layer of
aaw dust insulation, This layer of irnstlagticn is obtained
5y mixing L narts Dy volume of saw dust znd 1 part of cemdmt
an/d-"tban nixesd with water, A concrete, layer of about 2,5 am
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thick is made over the insulation layer by mixing parts

of sand by violume to 1 nart of cement, Afier rmaling a well
lovelled floor with tize help of rectangular woodan freme;

the walls of the basin, 5,0 ca thick and 15 o height zre
noured using retaining fremes of wocd, The top of each lommg
walls are V-grooved =nd sloped for collecting the fresh water,
Two alluminium tibe, § mm diameter, one on either side of the
collecting channels zre fixed. These stills are made on a
reised platfor:: made of stones and cemcnt,

Two G,I, pipes; 19 mm digneter one at a height of
12.5 ecm in the basin for inlet of saline water =nd grnother
nnear thae bottor: in the basin Tor outlet of the saline water
are fitted, A1l the four basins were painted black with
Dlack board paint,

The zlass sngles for still No, 1,2, 3 and 4 starting
from eXtreme right ?fig.é) from norizontal are 20°, 20°, 30°
and 10° respectively, Thus the difference in outputs of
distilled water between still nos, 1 and 2 will show the
effect of base insulation, while the cifferences in outputs
of distilled water between still Nos, 2, 3 =nd %4 will show
the effect of glass inclinagtion from horizontal, The glasses
of the s5till were sealed with tar plastic.

5,3 Desisgn studies on solar stills s

BEach of the fowr stills was filled with about 5 cm
layoer of water daily in the morning and hourly wvalues of
distillate was colloected in bottles and thon measured from ;
each thapnels of tie four stills with the help of measuring
flask, Irom the hourly mcans of distillate the daily disti-
llate zind than the meg: monthly distillate (ml/sq.m, day)
vas determinad for all the twelve months for thoe vear 1974
(1st Januazy to 31st December, 1974) for both the channels
i,e, glacs facing south as well as of facing north Tor all
the above mentioned four solar stills =nd the reosults are
shown in tavle 11,

7

Table 10 ¢ Secasonal means of total soliar radia'bion(cal/c:nzday)'
incident on the glass of conventioral double sloped
solar stills placed with long axis in East-West
and South~llorth directions.

Plzce iDirection IWinter{Kot wea-|llonsoon!Post Mon-] Annual
1o long 'D 'thor Vg ! socn !
D oxd s | 9€Ce= 1 i . | Yunc- £ T
iaz_:'..,- | Fob, I p;f;‘c’l- ! Sept. | OCu.—NOV',JaII.-mG.
Jodhnur East-Veost 334 514 LL8 376 418
Souti-North 340 489 L1k 377 Lo 5
Madras Tass~West 357 L 58 397 318 382

Sourth-North 354 450 309 320 382




Fig. 8. Simple solar hot box type cooker
developed at C. A. Z. R. |., Jodhpur

Fig. 7. Solar cabniet dryer developed at C. A. Z. R I., Jodhpur
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After compnxring the distillate output of still No.1 znd 2
in table 1i, it is secn that the still) having base insue
lation i,c. still No.2 gives higher output., The average
increasa in distillate output in casc of insulated still
is sevea prrcant over the wminsulated solar still, By
comparing the distillate output of still Nos,2, 3 and 4,
it is claarly scen that still having lower glass angle
gives hishexr output, This may be becatse of low air
capacity and lower diffusion space, The still having 10
degrecs glass angle and with base insulagtion i.e., still
No.,4 gives highest output i.e. 2447 ml/sq,m.day. By
comparin.r the distillate output of still No.1 and 3, it
is observed thagt still No,1 with 20 degroes glass inclie-
nation and wivshout base insulation performs better than
still Yo,3 with 30 degrces glass inclination and with
base insulation, By comparing the distillate output of
cach of the two channels i,e, g2lagss faecing south and
north for each of the solar stills, it is observed that
oach channels colloct almost equal amounts (Garg, 18).
This is true for zll the four solar stills, It means
that the usual assumption made that in case of double
sloped solar still, one of the glass side rcmains at
lowor tomperaturoc and thus collects more distillate may
not be corwvoct,

5,4 Effoct of climnotic parsmeoters

The object of this study is to study the behaviour
of the singlc slopod solar still in wvarious seasons in the
arid zore of India and to find out the contribution made by
the various climatic parameters on the distillation output,

For this purpose two small single sloped solar
stills e~ch having basin area equal to 0,58 sq.m, were
built =nd thoir performances studied {Garg. 15) for ona
complete year in the solar energy yard of Central Arid
Zone Reosearcia Institute, Jodhpur, Each of the still
consists of a blackened galvanized iron tray of dimen--
sion 92 x 67 X 7 cms placed insid a wooden box of 25 mnm
thick having a glass cover (3 mm) at the tcp with an
inclination of 20 degree from the horizontal, For
collecting the distillate, an aluminium channel of
12 x 12 i is fitted, A known amoumt of saline water
can be filled dinside the tray with the hclp of small
aluminiuws pipe fitted at the top of tae tray. The
solar still has been made vapour proof bt means of
tar plastic, One still was with basc insulation(2.5 cm
saw dust) and tihe another was without base insulation.

-
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T-o two stdills weroe dnstalled sid® by side at g sito
with gococd oXposure gnd were faecing south, Hourly dlstillate
of each still was collected in botiles snd measured by mezns
of r—ees:.ri:_g Flassas Thus dz1ly vaJ. reag of disgtillate was deter-~
rined from e hourly wvalues ond analysed fox one couplete
vear, Tolal solaxr radiation on horizontal surface for %2
asove perilod was recorded Ty means of Iipp pyrauometexr alonge
with a domer-~well potentiometric recorder, Delly moean ambdient
tamnorgtixraes for ths above ~eriod were obitalined v averaging
thwo delliy maximum 2nd mix nimim temnergiures measured ingide ‘
tiie Stevengon soreenr, The deoily dartire wind speeds were
recorded at 7.30 A, and 2,30 Pdl, by a cup cownter anemo-
meter =znd wsre averaged for sever hours, The vepour pragsure
vzlues wers computed Ly the valves of wet gnd dry buldb Tisr-
rrcmoetors, Da;.'.l_,r means of the salie were obtained by avers-
ging tho walues corresponding to thoe apochs of meximum
minimue femperatures, ,

: Th2s dailly dis*'il"ecz trater output (1itres/m2 da:ri
total solar imsolation (Cal/cm~day), daytine ambzant
tempoerzvure °C), day time wind speed (lmz/ mr) and dey-
time vepour pressure of sir (mm of Iz} were determined
c,nd ea;: of 52 standard wesks were found out, I{ is seen
2. in cags of uningulated stil ;,;_e ::azin.wn (5.27 1i J‘es/
m day) on ¢ minimum (0,89 litres/m? dey) distilled water
is obtained in the 19th and L9th weelk Falling in the monin
of ¥av znd December having solar insolation of £58 and 337

ca_l/cm Geyr in these weeks respectively. Tatle 12 shows
tue montl: visae variation of distilled Waue- ontput in case
£ Insulgtel and wminsulated solar s5%till alongwli: the

uotal gsola> insolaticn, It is sasexn from thais tatle *that
o sn averase Yy providing cheap saw <ust insulation

(2 5 em t-ick layer) at nezlizitls cost in the base, an
"dmprovencat of agoout & percent in the jia.:.d over thae
tmingulated still can be obtained, Ileres 2lso the maximunm
and minicuu ddsgtilled water output is ot tained in {the mon®

of Mgy ond Decamboer respectively.

Targ efdciencoy of the solaer still whiclk is definoed
as *the ratic of the heat utilized in evaporatior *to =moler
irgelatiorn was also woried out for all the twalve months
Foxr Dotk tha gtills, It is found that the e.L_.:Lc.,_e.mrf

varies from 15,6 percent in Decenizer o 51,2 pexrcent
the month of July, By p"ov-a.d..r!g saw Cust iasulation an
inecrease of aout-two-to Tive percent officiency ~as

pean- ghservaed,

E



4 scatter diagram of the disitilliate collected
(iz 1ditroe Q/Qay gq.m.) for 52 stgndard weells for varlous
solar Ingsolation values for winsulatesd solar still was
crawr, 4 Traegression lins was £fitted to these scat+cr
points o7 means of the least square mothod ('--erg & 1o ,_,17)
Th2 linear ragression equation between still output, 7,
titres/cdery sqg.rm. and the totel solar radiation, Iy, in
Cal/<ay sqec, is :

Y = 0;01315' XI had 3!5969 .l..‘.Oa.‘. o8 va (1)

The vorrelailcn coefficient worked out to be O. 84 incigating
that tho Lulls of toe dlfferences in the distillate values
viz, 70 poeroent of the same can be eXplaired by means of
differcnoes in total rgdiation roceived at norigontal sur—
face cn individual dars, The valus of thp dighillate
ingreasad from 1,76 lltreo/daf sq.kh. e the rediation
infansity of 40C cal/day sQ.cme S0 5,11 litres/dey squme
at ﬂ_e ‘"ﬂc;‘x.aulo'l intensity of €50 Ca../da‘? 5Q .+ O3

VA Gf\'f:.,er Giggram 0F the cGisiillate coll scted
(:L. 11‘““es/r~ay' 850eMa, foxr 52 standard weelks Tor various
vc,l*“:s o nri. temperaturss for uninsulated soler still
was aiso drawn, A regression lina wyas fitted 7 least
sguars r.-e’::bc., It is seer 2ere that t:e productivity of

the solar gtill inordases as the arm:.ort air temperaturs
increa,sesf‘ 20 inerease ir productivity 1a about 0,87 -«
‘f:.t—-es/dfv ¥ e fOor ezcr 5°C rige in ":Jienﬁ- “bgtiperaturs.

The linear =tltiple rogressinan ~oquation beitween silll out-
put, T, uplal ;}-C:.la,» radigtlon, A1 end moan enbient terpo-
TatwuTe, in ¢C 18 -

2’ - . .
T 40,0103 X + 0,0852 X, ~5.3882 . .ve....(2)

no mult*g‘ correlation coefficien* war ks out 4 Ye
0,80} thereldy indicating that 79 percent of tho varis: ca
of he ggngmc,s:rt“‘“vdrlaoia_ﬁas Hasn SEplained by thess
Fra ,'..Y‘ ziahlabs '
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Table 12 ¢ Mean monthly daily water distillate obtained
with an ingsulated and wminsulated solar still,

lion ths Distillate Total solar.insolation
{1z1/02_ cav) {cal/m” day
Insulated Uninsulated

January 1578 1392 3967
February 2020 1758 Lhéok
March 3488 3163 5095
April 4369 124 5067
¥ oy 5217 L1981 6468
June 4838 L6 L5 5630
July 4184 4059 BL6 6
August 1956 1871 3643
Sep temb er 2005 1655 4207
October 1777 1323 Lh32
Hovember 11258 1109 3600
De cember 10k 086 3545

Average 2800 - 2588 L560




) A gcrTher Sl ol lill ou o s volnes lor 52
P e Tl N
SYACCor i Kz oy ¥oriode yeluo -z ol ‘»‘.V_ res s day Thoal
Wil o EMEs, s W VALl T mliecr il owosr cloo A regl g

Hera also it iz seci thet as the wind epsed incressesthe
Productivity of the #till increasss ps rl.iwlﬁrly in ths
saidia: v morthse Thie wmay be becauss of the fact that increass
i winé spsed over gloez cov:er incrs=sss the rats o
confanieation iaside thz s¥1l1l, But if vher: is o suxall
hole or crack in ths still then the iancre~sed wind spesd
will dweremnge the productivity, Brunicvaulated sol-ar
still the lins=r wmltiple rcgrc:swn squation batwsan
still outmut, ¥, "*~l sl=r raéi=tivn, XI, @s90 sublent
teuperasture, g, =68 the udesn day tlue wind speed, X3,

in KMPH ic givar =g

Y = 0,009 X1 + 0,0636 X9 + 0,0633 X3 =309246,,0(3)

The mltipls corrsl=tion cosfficiunt works ousv w bs
0090, ‘thereby indicating ih»t 81 pair csat of ths variaacs
of the 2zpenfent v-riabls kos besn xpl=inwd by thsse
thrse vorisbles, .

It wee =l found out theay vapvpour presurs of sir hns
got no rel-=tion wiwth the productivivy of vhe solsr still,

Aftey cowporing tha coumaied =nd obgsrvad valusse It
ig sesu thet th: values coumted by th- sbovs pr=diction
equotion =grez clo wly with the obssrven 21ill outmat valusse

till

5050, Detaruination Q_i:._l rious heny
by encrey bolAnes hzchalguea

Heet transfer anolysis of single slopsd still wes
carried out =% CAZRI, Jodhmur by GArg {21), The hsat
and uags - traasfer rel-tionshins usec is our auwthon ars
giailor W these given by Dunkle and mors2 =and Re=d,
The heoot bal=nce souation oa woier in tis sol-~r soill
cel: bz written as

! ’
%0.,:. Qw taqp t gp * qe¢ * ar + de cocoooaoooooll)

where gqa is the r=diation absorbed by ‘h: watzr in the trey,
qw 20 gt are the hourly enthalpy ric:c of waitar and trsy
resps cTivuly, gp 1s thes hs»t less froa the Basz of ths still
to th=z %¥x% ou“g ¢ 21r ger» Qp and are the GOGY s -ctiorn,
radistion =t avaporetios lossss wi%nin cthe still
resnaetivelyo
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Tz he~t balance equation ou the gless covar of the
still can b= written as

Qg =qm +Qwooooooooaoo;ocovd' :..r-ooococz)

whers Qg 1s the twial heat loss froa th: glass covsr
‘o ihe outside, Qoo A gpp Are the convectio:n aad ratiation
cc woonzntsg ¢ f this heat Ioss to the outside.

Th. wetheastical cxnrussiong by which v-ricus heat
flew ¢obmoaunts wers cowmi ted =re giv o bslow g

Qa = HTW Aw 000g0GC a3 ;'.,ooacozvu:coocﬂzmo:uoocoo(s)
qW = (\M-.’J) cp g..moooooooou:..-;-\'::oo.,v'.szow.'_u,,c.,o;:.;,-:.o(4)
qt=“]§‘ AW %_Qm ¢CB00O0 . L. IRV 3'.;'-.4‘.'4-;.p:,o.<_.u-_t.o(5)
db =w (tw - ta.)ooouou:auouoor_-uco'..-,'.<,'.:,uuocuccusoc_acsj

d :

‘T (py~D ) .
qc = 097684 Aw L‘tw-'tg +( W WE ) (m+27) (IW"tg)pa(‘?)

‘ (2690-P,, ) .

103 aw [ owotgs (L7 W8 s Yoo
= 8,216 x oW =g + = T -p 8)

Go 7 & ! [ (5650-P,, J} PuCe

. ~ .
ap = 0,967, | (tw + 2'73)4-(*cg+273)4Joooooouwoooo“cm(s?_)

quhc -ﬁg (t/g;ta)ooooaooooaobb:‘-ooooao,usoouﬂc‘Jr:-;aeouooo(lo)
ap0 = 4y (0.10+0.90 a ) »[(.-‘hgr*zm)ﬁ-c::a'*z?s) ‘?;Loosamoossﬁﬂ,aim

N

th;?,:'er"

‘ H = total sol>r r-ﬁé‘i1"-i‘ioﬂ on The gl=ags, Kco]}mz hro

j./o(w’- = Product of trensalcsliviy of gj.%ss 208 Aabsorptivity
of watar (0.80),

5’3« = eveporaticn arse §Oo58.:12)

,gé = gl=ss condan s/:fz:g ares (0o62:a°) .

AM' £ uags o f wotsy 1o ihy Ttroy 'LE'QO Kga)

l F awwaal~tive Ipass of di s?;il**—. (Kgua)

Cp # gpecific heoy warer (Kpni/iigm °C)

K = Coweficisnt of "ng%ﬂl corduc tivity o £ wood
(0,12 Kcal/Mhr ©
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| = mickness of bass (0,025 )
Ty tgy g ¥ woter, gless and aubizar czan retures respeecivs (°C)

Py Pg

LA

ar
rs

u.—l prosaure of water vanour as T, A 'tg
S vily (ab)

& = Stefan - soltzaen congtant (409x10~8Kc=\l/{.12hr K4)

€g = cudssiviiy of gless (0,95),

n = sctual sunshire hours,

N = Posxgible tehino hours,

3 = wator vanour pressurs of ths subient =ir at the lavel
of g1l (ua cof Hg)

te = Convieive heat transfor coefficisnt in Kc=1/M2
br ©C coaputed by th: following =Xpressics as
suggas el by MeAd sas

hc = 50370 + 00908 Voocoooq._'_;cL,c;»,r:(lz}

Where V is the wind velocity in Ku/hre

Trhnz <xnression 0y the o<y . .rgy lost by radiation
froa the glas: asrface tu dg asgtual sky T-oking ini accouint
tho long wav r~distion exchnngs b.-tw. & th iwo w=2e coam tzg
by 3quﬂion iles Though this zquaticn e sglwilar o The Lra
suggrsted by Brunt which weg wofifice oy Halden Cu :uacllra o
surfrces, cur equ=iice "skss inw sce U we cloucinsss it

]

the sky ~ise 93 uggasied by DPeuLwada,

With th- heslp of “h. sbovz
shbeornitics, a0t lose covificicat ST
3 Sentzubey =2 frow thea the heourly ciswillais velucs
the ¢on b. cbiainaC ware work:= out fra thiorzticesl
errslferoiiu (Gorg ond Krishnen),

Tha hrurly vrmaze o f alevill-zon rate rcinally
derauret g well 28 acse brocicoz f£rosxd s nbuvs
squetings ~re cdaprrat. The dey %l ¢ = for uhils sacy wes
ag int.oraivtoe fly clouﬁy doy wity 9 wnxi.ua aateissiy of
840 ¥ c¢=1/a2 hr =i 1300 nre I,.To Tn Ais il ~ddosy dn o ~ol-r
etill uucncze: froo @ acu, wit o 0. LLwRoryodurs 0ifl runces
b.tw=si w2 ¥ =and gless v . 1 is 9bou Sgb‘ 207 le deXxianw

3
a™ 2 p.is v oa tho ftiap-rawmy f3L8 roc s 10°C. AL 2 Pouo
the wats1 noroiur: iz slee ihe hign. . ¢ The tovel w-asurd
r‘isllllﬁ{‘: t:r th - Aay wes 2,90 litr.-/ =y while in. Dr.cice.n
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amount of stillate was 2,92 litres/day showing very good
ag reenent, However, the comparison of measured =ngd
predicted hourly distillation values indicates a lot

of flucations,

; Table 13 shows hourly values of various heat transfer
toofficients pertaining to the slar still, The percentage
losses of the total radistion received on the inclined

tlass surface of the still are as follows :

! The loss due t reflection froa glass surfacs

ad absorption within the glass and the loss due B
fmperfect sbsorption of raidation by the water and tray
is about 20 per cont, The convaection loss with the still
agcounts fop 3,5 per cent while ths radiation loss from
witoer to glass amounts to 11 per cent, The heat loss
bérough the bnse of the solar still is about 26 per cent of the
"~ *o%nl incident radiatiofi, #s seen froua the table, the
hest absorbed by the wateor and tray is 9,5 per cent,
viile the heat ugod in x actual evaporation of saline
yater ip the still works out t beo 33 per cent, However,
}he supf these two couponsents by substractiontof other
o gses should -have besn 29,5 per cente The differéuce asy
be due to soue overlapping betwean these 2 coaponefitse

i ) :
. ds regards the heat lossos occurring froa glass
prface of the solar still to the aublent air, the
donvection accounts for 63 psr cant while the radiation
sccounts for 37 per cent whitimxthexradintizmxnersuxiax
{1Instrating inportance ¢ f asrodynaimical factors in
hegit dissipation under arid zono conditions, )

-

.7 It would ba secen fron the sbove mentioned energy
balance congidorations that the efficierncy of solapr still
vnaich is defined as the ratic of ths heat utilised in
_avaporation to solar raiiation works ocut as follows ¢

",

=..I€.=_&_lo.sL‘l in_ovamration - 164
. tal incident energy %Ugé

i
= &3 par cent
.'»g:



Tqble 13 3 Various heat transfor coei.‘f.‘:i.c:ian'l'.s_(Kc:al/m2 hr)-
for the day of test, '

&;o "o -°-°I-i'° T0%0 707000 "0 "0 ~0~0™0 "0 "0 "0"a"0"0 "0"0 oo "o"og=0o ™0™
(bowrsy & % % 9% 9 9 4y @ G 4
20 "0™0 =0 0 "0 "0"0"0"c"0 "0 0o~5o™0 =0 "0 "o To ™0 ™0 "0™0 "0 "0 "e~0o™s"0"o -
10 2 5 20 30 51
15 3 2 20 19 45
27 8 37 67 116 75
34 10 63 . 98 193 93
12 10 125 264 125
38 12 157 131 280 133
45 14 182 143 298 143
70 22 300 186 387 177
76 26 280 169 325 158

0700 196 0L ©
0800 321 257 22
0900 447 357 112
1000 630 504 84
1100 546 437 74
1200 875 540 2l
1300 239 671 34
1400 767 614 105
1500 505 404 =

1111 1 0N OoIN o

1600 140 112 = 39 12170 - 133 280 148
1700 10 8 = 62 19160 112 182 114
1800 . ¢  ,0 = 67 24138 70 38 71
1200 0 0 - 31 10 40 34 13 67
2000 0 0 = - - - =

-
0 “0"0wo~g=c=o"0o~0~g"0 "s"0=0"0o~0" 0 ™0 g "0™g™o™p ™ aSo e ™y "o T~
Total: 5006 ° hoos hsz ° 2k " °sds 1 9n ¥k 1388°252% ° 1439
- HCIeG 1 oror o iaprove upen the thormsl officlonay
of the still, offorts should be made to reduce the lossos

48 such' as possible, In this connaction, the fllowing

remarks are relevant :

(1) The uaxima hest loss of 26 psr cont occurs th mugh
the bask-of the solor still, This is a very serious heat
loss scrying ro useful mirpose, This heat loss can be
raduced by using suitable insulating waterials sich as
fibre glass, veradculito, theriocole, saw dust etco By
providing sdge insulating aateorial this heat logs can
probably be roaduced o 5 to 10 per cent, Ioss of 20 per
coit of incident radiaticn oceurs due to roflection fron
the glas: surfage and absorption within the glass snd
due 1t laperfact btlackening of the cvaporator, This

heat loss can be rofuced by usging either thin glass (of low iron
contont) coated with low reflective coating or by using
wottable and durable plastic fila, The sbsorption of
heat by black evaporator pan can be incroased by using
various dyes adxed in watere -

(2 The convection and rediation lossos occurping within
the sol-ar still auocunt to 14,5 psr cert, Thess are
unavoidable heat losses which are irhercit in the operation
of ‘lthe solar still,

In the actral experiacnt, the therual efficiency of
thé still can als be dofined as the ratio of actual water
produced to the theorstically mossible woter yielde. This
ratio in our gxperiuent works cut to b 32 per cent indicating
goed agresaent with th: therrotically wumtod officicneye
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6. PLAR DR ING

. Tho traditionnl and widcespread techniqu es

for dryirg agricultirsl pmducts like paddy, corn,
ccpra, groundmts, chillivs, fruits and vegatables,
tiaber, tea leaves, hay, fish c¢te, for pressrvation
and dehyratisn i Ind ia and in other developilig
counitries qr%eaﬁimg the produce in thin layers
ot. the ground s direct surishine, This wethod °
of Arying fari produce =nd vegetables ete, is unhyganic,
tive consnadng and is gen=rally of poor guality. In
wost Bengal and Tauil Nadu in India, considarable
hiount of paddy is gwwh and is just thmown on the
plrtbras for drying, with the result ore than 25
pzreaht o f the paddy 1s spoilsd because of excessive
hudddty, Thus thaere appsars to be uch loss and
spoilaga of sgricultural crops which mght be saved

oy theusa of effaoctive and eovrouical solar drying
fascilities, Estiitintes of these losses would bs

of interest and value in 3 appraisal of the asgnitude
of the problsu, Thsre is no doubt, howevar, that

the cycles of abundance and starvation could bse

- ansliorated by applicotion of sdesquate sdlar drying
aethods in the urnder-feveloped ocountries, In fact

an iuprmoved, dependable and cheap solar drying me%bods
1s lorng overdue, $lar drying sy stens ranging froo

© ttage produccd sanall capacity cabinet dedices

% very large capacity, drying plants can bas developads
HOlar dryers coi be broadly classifiad into two

groups (1) radiaticr. type dryers, ard (2) cornvective
Wwpe of dryerse CC

€ole Radiation fvpe Cabicet drver :
%4

. Radiation type of cabilet drxryers havirg
‘co.sion gpace for storage and collecting solar cnergy
carn be asru factared on A cottace scele and have
been used LHr drying copra in Rigi, grapes in USSR
nid France, corhi and Yarn in United Stataes ang wost
Indies and various cther precducts in Tarkey ard
the niddls east, A siuple sular cabinst Aryer ,
suitable for drying swall forii prcduce has been designed,
fabricate’d srd tested for drying chillies at Coutral
" Arid Zone Research Institutz, Jodhmir (Gargand
Krishoan 11). The design details and the tests
corductel are &escribod below s .
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The principle of hot box has been used in
designirg the solar cablnat dryer which-is ande of
wooder planks (25 pu, thick) having a base arsaof
1,37 sqo and a voluias of 0,324 cuide The dryer is
pmvidaf" with 5 glass mof uafe of clear wiz,dow glasgs
(5 wa thicky at a fixed inclinstion of 23° fru the
horizchtsl 0 5 88 to recelve uaximua solar radiation
year round at Jodhmir, The ot®hi of the dryer-is -
lnsulated with 5 ¢, thick—saw dust irsulation, & -
miak =of-holes are d rllled in the base as well asg
- oh ¥ L sides of the dryer so that the huadd wara .
alr c'm esca% through the uppar side holes thereby creatic.g
a parti yacuud ard inducing fresh air fmwu the
holes in ‘Ehr.s base, The inside walls as well as base
of the dryer is paintsd with watt black point Hor
absirbing solar heat, The drying uaterial can be
plag¢ed on the perforated renovable screen oade of .
wire cesh which can be kept in the dryer through an |
. opanable door prmvided on the rear sids of the dryer.

The Aryer was installad in the lar energy yard of the -
" Central Arid Zons Ressarch Institute on a ceient .
‘platebra, The dryer was kept facing due south at a
glear site, The phomgraph of the dryer is Dreeenteﬂ.
in E‘igo 7o

' T Two fi'\ld trials of drying chillies in the snlar '
cabinet ‘dryer one in ths onth of Jamsry,. 1974 and .-
-sanother in .the mnth of February, 1974 were conducted,
Bqual quantities of chilliss were kept inslde as well .-

as outsids the dryer keeping the arca of exXposure

consuanto The albedo of the freshly picked up rad

¢hililes was neasured by Zeans of. albedodetere Total

hilk welghts of the chillies were msasured daily in

the corning 2t'8 AM and in. the evening & at 6 PM,

holstire contents of chillies during each day ware’ :
oamtad froa the differences in these waights. Obviously,.

foisture contants obtained froo bulk diffarences of ‘
welghts would be . tore acairats than by estiuating the

sade by gaupling technique, The air teaperaturss iaside

the cabirst. drymr were deasurad hourly by meansof g
calibra’ted be=d t.ype of th‘:)ruiStD To

2 The anbient air téhpsratures wore recorded in .
a tham-byMept -in Stevensomscroen of the agro--
met observaisry nesr the slar euergy yard, Total " solar
“padiation on horizontal surface was autoantically -
recorded with a Kipp & Zonen Py ranoacter alongwith
a Honeywell mo tentioastric recorder, It w=s obsorved
tba*fti"e drying of chillies cau be oo apleted within
days i solar cablnet dryer whera as the sate will
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take 15 to 16 days in the open drying methods Thus
solar cabinet dryer reduces the drying tius to
less than half, The patiern of drying was sicilar
in both the tssts, In the solar dryer, the drying
curve boomues stecper after 3 to 4 days from coimence=-
nent when moisture econtent falls to 60 pesr cent or soo
Simileyr featurs occur in respect of curve for open
drying also mughly at the same mpisturs percentagas,

Detailed climsatic observeations sich 95, total
sclar radl ation on horizontal surface (Kesl/m® day)
avorsgy ¢ay time teapsratures (°CP as well as maximm
and winimin temperaiures ("C) of the day were recbrded
during thae whole poriod of Test Noo, 2, Hourly values
of the alr teuperatures inside the dryer and the
oisture contents of chillios during mwrning and
ovaning wera also msagurad durlng each day., These
data are presented in Table 14,

The fraction of the total radiation that was
being reflectad by the freshly picked chillies was
ensured on the first day of the exporiusnt by wesns
of an albsdomater, This value couwes out to beg about
35 percent, This high value any be duc % the shiny
girface of the freshly picked chilliss., It is ssen
frcn Table 14 that the average touperature of air
in the swlar dryer during 7th t 13th, February, 1974 .
when chilliss were kept in 1t is 40,2 C which is
20,80C ibre than the day tiide sverage toapsrature,
However, the aversge of the maximmia teume rature
in the solardryer works out to be 53,9°C coapared
to aversge Jdaximma aobient toom raturs o f 21,6°Ce

3

- ~ Since Aduring the pcriocd froa 14th t© 21st 5
February, the uean aubient tenporature rose to 24,2°C
the reccrded alr teaperatures inside the dryer also
increased to 52,5°Ce The correspording values Qf
average daxima toupgratuirss ars 290 and 69,580
raspectivelyo N

The total sler rediation on horizontal
surface exceeded 4350 Kcal/squ.day esxcopt on 15th
Februsary, 1974 when the lowsst valul of 3700 Keal/sqo .
ciloday wag recorded, The higher radistion value was
4810 Keal/sqo -ido day on 1llth Fobruary, 1974, The
initisl moismre content o f chillies in respect of the
two toests weore about 85 =i 79 per cent respoctively,
It is scen that the wisturo avaporate!l peor day
gererally fllows the psitern of sular radiation, The
avarage efficlency of utiligation of wlar enorgy
1,00 We-pratio of hest usosd in the svapouration of
moilsture frod the-chillies to the incldaent total
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r+0i~ti_.. o %, horiz ool aarfre. works out to b
14 p-r co.t il c'-*s sf wler c“bm_t 2ry.xr =4 7 por
e:Lt i gose o f ops". mryiig aathed

~
o

_'ll

A iudber of Ausign -V"rl"bl‘s, such =s lecgth
by wi th rati\,, ruabar =i gize of vert holes
typ. = thickli.ess of insul~®iay ru-bsr cf giaziugs,
(ilt "-f cricnintica - ey 213 ths clia=atice p-wrmu-trrs,
auch ns solor ine0l-tisn, aubicnt oir teaderomre
alp buudiiw, wir? epei, clwufiness of the '%L,.uspn :re
giCo and the opecr°tiig Da2roa~fcers such as typs o f
pro'iuct e bw;: frieny inivial wodlstare valuesy, optidanu
toaparafure for 2rying, swount of drydlng asterial
’t_ bs cries ‘;“’:co, effeet e p rfrumnce o f the solor
rafi=iice. cabinegt Ary ro All thiese f=c*urs '—‘,n-c‘. its
‘tcc e nouic forsibilivy srs undor d:zt9ailsd
investigasion ov Centrol Apis Zone Re sarch I_ns'titui:a,

602, Cunvectivae Tywos of Sular Dryesrs o

Convactive type ©f stlar Adryers ha s=DAaratg
are=s fir wllecticn nf s l=y & IEY =0 fmr r'_ryj_qé
tha proructe This type of cry:srs heve largs nwlential
in Incuetrics ag wzsll ag i villagas =g These aps vary
usefl for aryisg l-orge pivcucte like paicy, ground:uis,
1ea l:awes, fraits, vegownbles, gr-aisls stce It this
forc . convectliow TyH. »I 0ry<srsy, suXxili-ry nextl.g
arra; goas. £ con 2l bs a¥le =24 thus wzxKkes the sy stsa
dore versatile ans can b. uss? cutiscusly.

3

Irn this type of frysrsy, sowe kind ¢f =1irp
heotere ars used whiech faranisnn ot =dr @ = sen=rate
drying urite The =ir heausr way cousist - 2
flat Jdatel plotes with suwag spaciig for =ir flow or ons
flat plete with one ves=groovad plate as i Ausirelia
or “wo corrmugatel sheeis with sows spreing i betwssn
or A-J.erlx Type or glogs plavss type rs in UsSeAw O
nillow of siszl chips cwicesed in ciickin wesh s in
Caniad 2 s‘i:.co The ifea 1. =11 th= air hz=tcers ios bean
to idprovs the filu h.o=v fr=anef cvsfficiant without
gff-cticg %The nDrecdar- nmp durieg the 2ir flowe

M

At Czuvrel Arif woo.@ Restoreh lisii*utey, Joschmar,
n tooretical enelysis EBr ogo¥ving e fedp rature profils
ir. = ernventiohiel solny »ir hoousr (poarsll:l ploatg)
for various J‘asign, coere L ing ~if eliaclic condiiions
hag b:zrii eorri-d out by Garg (8)s Th: p: ribru=ncs
preifctisn equation rs devslop.d hwre 1o temusof
cawn.reure of =ir t 30 2 2istrsice of X frowm the iglst
08 0f he ~ir hoatler ig s
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whare W = Width of =air heatar (J)

p]
j8
(o1
tay

i)
s

L = Length of ~ir heatar ()
HE = sol=r icwlaticn on cocllscior (Kcal/mg hr)

(Tot)é'- a2ffcevive tronsuittance abscrntancs pi'o-duct,_
\
U= 0yerall heot loss cwefficle 0t fma collecior
‘pl=te to outsife air (Keal/u® hr 9C)o
T L 4
Yp & ta = Collscior plaw 208 Aubient air Teqpe raturs
. regpective (°0)

he = filu he=t tronsf-r cogfficien§ 'fmm abs: rbar
pl-o%e o fluid ineife (Keal/u© fir 9C),

¥ = dsupsr~mre of ~ir in the collector at distance
frou iulet sids (CC), - i
G = n=ags flow r=te through sbsxrber (K'ga/hr),
and Cp = gpecific hent of air (Keal/Kgu ~O)

Using the above aqurtickg/<tswperawurs of alr
at any poiat in The s-wl"r oir heatars under the giveo
situ=%tioi g cai be Soicruinbe As o desglgrn =2id various
dasigh curves bagad on thg above gquetichis 2rs drawn
with the halp of which solar =2ir haster p rordance coa
be pradicted, With the help of accve .,qu-wtlons the
gop BxXwzxm S<pih b, vwees the two poreallsl nlatesof the
air hesters roepoisible for the fila heot tronsf.r
coafficisnt =nd the¢ pressure Amp of =2ir hes baen opoidizato
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4 muber of sdlar airtheaters with various
design parameters sich as single or doible exposure & pe,
flateplate or v-grooved or aatrix type, their waterial,
spacing, tilt, orientation etc, are to be studied
in greater depth at this Institute, The effect of air
flow rate, duct size, auxiliary heating arrangement
and the size of drying cunm storage bin nead vre :
lnvestigations and will be taken up At CeldsZeRels, Jodshp:u'.-v"
A Flluﬂe?]gedtemomhwr?e si::LLar ikryer with mtegglatedb
so'ar r neatars which wi WO aAs will o be

veloped soon at G;,%.Z.J:‘L..T,.,W,Icuihpl.u"n‘:kﬁ

o WLJR COOKING

i« In the developing countries, the fiels which
gel crally used for cooking purposes are woody
ke% fie, charcoal, driel animal dung, ﬂwlmfal
ge ard other conbu stible naterial, The wide
sp¥ead use ef o lar cookers can serve two- 1mpo
pufposes ¢ reducgion in famlly cooking costs by
%iagfreasing the 1t for purchage or cllectiont of

» and ongervhtion of Mels for other uses,

as foertilizer in tho casdof dung, Hr
rotectlon and ersion reduction in the sav or
o and charmale, Y st opoking involving bo:l.ling

frying anq. 14144 heating in general 1is by

'fdirsct hesting fron below which cad be done-
arabolic reflecto rs:whereas baking, roasting
woking can be perfornel in lAar ovens, Hlar
oke § arge ma:mly of two types, one inwlving

. ngt:y cncave drror élther spherical or
‘ ;,ré,ts;o the other is of hot box type, 4t
ari ne Research Institite, Jodhm K, we have a’
ect on s developisnt of suitabie solar ¢ooker Hor

as well as for village use, ds a result of our
dy we ard able to develop five typves of sola
okers which are under field test and are descrlhq:}

felow in gbort L '
: ‘éis salar cooker though hot very efficien
éut\ls ople in dosigh and operation and isof

¢h 8 solar cooker developed at ‘C.
fgshm s shown in fige 8¢ It is based on the ?
r ple o f hot box, This cooker as developed by ‘Garg
consi ts of a double walled box wade of teak wood
ﬁbreg ass insilation in between,’ A 2etal bl
}ainted 1ining was provided on the inner side of %:Qe

»

g aas {3 un thick) cvers arec provided at 1-.?4 top
at a epacing of § ¢ns The glassas are inciinad
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at an angle of 26 degress frou the horizontal (latitude
of Jodhmr), This type of wounting is known as equatorial
mounting, & wcoden cover contailning a wdrror lining on
the innsr sife is alsp provided for reflscting ths solar
rediations into the hot box, This cover can be sd justed
to any angle with the help of two Kauanis, Four castor
wheels are fitted in the box for orienting the cooker
towaris the sun, Direcct and diffiise rodiation pernectrates
through the two glass covers which is further auguented
by the raliation co.dng thrmugh the glass sheets after
reflection froa the wrror,

Teuperature as high as 150°PC has bean observed
in this siuple ccokzr under clear sky conditionse Sowe
of the dishes which are prepared in this cooker at
Jodhmr are as bllows :

One kilograi of potatoes can be iled in about
2 hours tiis, One kilograd of rice can be 'cooked in
about 2 hours tile but one kllograa o f arhar Dal takes
atout 4 hours for cookinge, The cost of this cooker coaes
to be only Rs150/«¢ FRarther wodifications for unking
the moker iore efficient and faster in operation ars
required and are under consideration,

7020 Lar Oven @

The Solar oven developal at Central Arid Zons
Research Institute, Jodhmr (Garg, 23) consists of g wsll
inailated seul-cylindrical foru, uads of sheet almudniun
and wood, Twe shells are iisde and the space between
them (7.5 cu) is fllled with fibroglass insulatlon, The
interior shell is painted black. 4 door of the saue
insulating uaterlal is sl usdo HOr keeping and taking out
the food, The window of the oven consists of two transparent g
glass sheets (3 i thickDe Eight reflectors, uadeof silvered
glass idrrorg, four of square shape and Pur of triangular
shape, have been usad, The stand and the orienting
device is nade out of 114 steel angle imn having mlling
wheels o follow sazimuthal wvewent of the sun, The
altitade posgitioni of the sun is followed with the help
of slotted "Kamani" Mxed with the oven, 4 cradle like
cooking plathoru is uade in the ovsen which helps in .
keeping the vessel cuontalning fHhoAd horizontal irrespective
of tho inclinaticn of tho ovene Two or thres vesgsels
containing bod aaterials liks rice, 4al etec, c¢an be
kept on this platefora, 4 pho‘bgrapﬁ of the solar oven
is shown in fige 9



Fig. 10. Solar steam cooker devaloped Fig 11. Step reflector for solar energy
at C. A. Z. R. |, Jodnpur concentration developed at C.A.Z R. |,
' Jodhpur
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When e ovan isorsi-ntes twwarks th. wn,
irect ~rg ¢ifflise solor snergy is repeowdonic 1w Lhs
ove.. tnnrough i Lropspare L oouple gl-oss wiic W By
aneg is furw.. =ugusn c by il edgh flot=r_ fl.c urs.
The ~vvauinge of this sel-=r ove 1s “h-3v it is of
low cost, riquors lecs =t sutilon Dr Lollowi.g thr sur,
o © drflu-qicon by wiie cooling, ha=t s'orsg. cevices
cai be usan, four pon rearin warw LOr dours wvea ~f r
sun saile

The spler racis.don =nyzrs 6irzc ly through
ths wiltow =i 3lso afver rsflscetios frow tos Adrrors,
The nrojscizn =r.a of the mlrrors is wice .1- winoov
ArE A :

On cl ~rdays if vhe radiation ig g=udsd =@’
1s3 Cal/sqe ci win, ‘then s Tot~l r=ai=tivs absorbed
by whe oven coia~s out to be =bout 278 Keal/hr, So
this over is =zquiv-leni to 0,32 KW of eclectric gt
pl=tec The ovizi pl-ug fe@psraurse reachas to 250°C
and brings on. livrs of wacer to boiliug point with
in 45 %o 60 witu .3y, This ovwn ig just suffici?znt for
asetilg the d~1ly cookiag requirsuaens for o fruily of
five D rsonze Mllowlag wokicg figures -% Jodhmur =rs
OCssIv Umner clanr sky condi ddons i

io Onme kgu, of dotaoes can be yYoagvsd in 45 i osse
So Two Kgho o chicksn coii b ro~grec in 60 winties
2. One kg, ¢f rics c91 be cookLd in 60 ainu e
4, One kg, of Arhar D=l (soskec in wetzp for 12 hoursy,

calr D8 oked in 75 mima . se
o Ofis kguly 0f br.=~d can be boked ia 30 ainu iese
Bo Omw litre ¢Z we .br co: bricg fo boiliug Dpoint in

45 ad s le o

It is -poroximmiely esiia-tec th~t the cost of uns

oven oo n si.gl- univ bosis is not likely 1o excesd 5,300/ =0

7630 £QLor S . il CopKar s

A cilwple 208 c¢fificiens sol=zr steaw cookir
involving he prirciplz of flat-plate collzcior hos
bove & velon-g¢ 0L Gvo.f.oR-on Jochmr by Garg (25)0
It conaists of wo pP=risy, owv ig the w:2tal flat=plane
coll=c or -visg twa glas. cover (Wb, ia pla.e Ypcg)
heased 2y ihe s cMaicgltw boil ard plocuc.ag gieni,
Th: ¢ w.o is . ns insulatsd gug2w ccob -r, i which
3

s

Phe "2 Tuw cenoo~noing fhod iz pleaces, Th. Soo
which 1¢ onelly ~v=il=2bl =17 was pooulsr in olde
gays 1 uswe i, dl=ce uf th: 3 .87 cookers The fl37=~plaig
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collector h=viing »L aren 0f 1,0 sqoile COedistitig of

s wirs woule siz=l finof 28 gmuge with sove=l pipsof

19 wia cinmetzr gbacet 2t 25 cus canires hog beed Usgat,
The si.aplici~y of ths fl-t-pl=ic dousign uskes 16 possibla
w fabrieave the collsctor even in a 6rass.ic workshop
without aay sp-cinlised doolse Ths =20 .r: coker soown
in phow 10 is pointad towarfg ithte poiih of fuarisze

all worning, =0 the point of sunget all aftoracon,

More frequent =0 justient is n.1t required,

Thz sol-r awlisclor slways cuntains wrigl,
about one cud of wowsy can be added s»ch uoreing o
replece the w» o-r 19t h=as boilad sway. Sterw lg
produced wivtnin au hour of sunrise =and will BSxXXrmxx
XEx kgxrroxrexx wixxixx axXRFrm oo sord eex ardxwi kX
costimie o be pDroduced fHr the rest of the day »=s
long os the sun shines 1,68, on the collector. Thus
it ie mvossible W crok both ths wictay weal =il tha
evening uweal, Fod l=ft in the cook:zr will r.usin hot
for seversl hours aflfer sunsete

Thie solsr cook:r ig very «uch suitables for
cooking or poiling cersalg, rice, pobtato s, G2l
vegetablss «XCo 1T trkes cbout 2 hours fcr cmokilng sich
things, This cookzr can be installed in ths open l=wn
rr righ+ ia =io chajjs of thz house 203 voen conuzcid
with = pipe Yo <he sbheosuw cwok:iy (Sauiosh cosker) pleced

inside ‘u. kiuchwt,

The st of the solar stesa cookar 1s sbout
2,300/~ ~nd 1s 28tiu~iz0 T be equivalact to 400 o 500
watts glectric hot ploate, The sauwe solar cooker can also
bg Uuget 9s Olor wotsr hestar with slight wodification,

7040 Saler stod roflector Wos of cookir

The reflector type of cooker wag first a~de
in Indin by NePeLe, New Delhi which consistad of
anodiscd aludiniud parsboloid of ~bout 1,0 sgoile 2r=2A
having =11 %2lvyi.g, orienting »rrongeuents, Clihis Wpoe
of cooksr cem. bo usad even for frying murvos.ss Though
thig ccogker i- quita wfficient bui is of nigh st
and is very cifficult to azke in s doassiic workshope
o it wos tncugnt t dssign o sluple reflocror which
can give a noinot focus oné con be wade on n co ctage
sc¢als with e help of loceal wat¢riale sag shoetv dghal
work-re The rofl . ciwor desighed =% ColeseRaley, Jochpur by
Garg (22) coficists 0f a muubor O'f alusdniva -trips of
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7,5 cia width »rreaead in such a fashion o as © give a
shape of sphoraid, Ths sp=cing Ry, of the alnwiniuw ssripg
acting as rofl:ctor is calcul=%t=a with the hulp of ths
gquation :

] = F tro 20K
where R = goscing betwsen the two strips,

F= fucrl distonce frow the cenvys of the spercid
and = angle of the strin frow the plane of ths

spheroid,

The =re= o f The spheroid reflsctor dasigned is
1o48 scolic > is winde out of woodsn strips fraue aad
aluuiniua sirips, The focel distance frow the cantre of
the reflsctor was chosen at €0 cia and this gives an iasge
of the sun of about 15 did, disuster, A stsp reflacior
desgiinizd »7 CoAszeReIs, Jodhour is shown in fig, 11,
The st of the reflecor ccies to be sbout B,80/- only,
Preljuinsry obscrv-ticns wxds with this siaple but rovel
reflsctor have given zncouregiang results =2nd further
teste Are in progresse

8. MIURE PLAN OF WOHK -

~The mr-l wlcl 2nd urban wodel Of built i siorage
type so-2r wa zr heatsr, capacily 90 liirss, devslopud =t
Coetelefalay Juociimur will bs further wodified and a built-
in sfo2% sYys =w will be mevelopzd so that “h: heater uay
give hot wa <r for =arly wroing use, Attewmpis will be wede
t reduce - cost of e heater by suitsbls wwdificationse
4 fuaber of such solar water heators will be iastalled in
vha couzrtry for demenstroation cus Tsst MUIDOSUS,

} g=lugciive coating which will re«duce tha re=distion
loss frw the absorber plate considarably suitable for
galvonis.d irca shecsts will be developade by the use of
this sicctive conating the eifici=ncy of th. flat-plats
collscor will bs dincreased =nd will asks we flat-plose
s0llecwr sui.=abtle for = muwbsr of »spplications liks, water
Azating, =ir haeting, =ir conditioning =tco )

Mfter sudying *he long terw sfiect of =11 the
ciiwAavis,; Oesign =20d ov:irotional parsusters o -tho distilled
vator outout of =olar stills »n woathewatic wdéoel will be
devalored for opviwizing the size of doacstic solar stillse

Yow.-doi- s .dic solar stills. will bz inst~llsd in sude
of the rillog.e o f Western Rajasthan wher. thesre is » probleu
of getting sw. :* waler, Actual Uus.-rs data will also be
eollectcd frouw thess stillse
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A muab.r of prromsters effecring the psrforustice of
r~di=tion wypu 0L sol-~r cabinct dryer will oo 2XPpourii atally
staiaed =08 the cryer will bs guitably wéifiode A muber of
Gryiang trisle with v-rious vegetabl.s, fruits sic, will bs
conducted with thig c2binat dryer.

Solsr =ir heatzrs suitables for drying lorges
M atities of agricultur=l drwoducts way bs crops liks
p2Gdy or coru :lce for s fs storoge Miroowss/bs davilopsd  [willd
ard porforasence d9in will be collsected, Actinl foreod
connzeiion type of sol-r dryer will be devalop-8 =snd tested
in v=rious paris of the country for verisue CropPse
Eavirona-iitel ~na solar dryer porforuasicce d=2*a will be
ayinlyczd for asking recowucndaricons for drying of niffeorent
croos in veriousg regicns of India, . -

4 few soro lypss o f solor covkers will be cevslopdd
cand ilested alongwith s exdisting covkers at C, A.L.R.I.,
Jodhour, ALl ‘e cockers will be testsd and their
teciitoecnnioaic fuagibility will be stuigi in grest 63tail.
Arinabar of such Cuokers will bs installed in villages
for colleciing +he uecrs viswse =

A sul oblz 2nd efficiznt ol=r cncontrator will
be davslopsx which con bs use® for gaonerating stosa and
fin=lly for “he pProductiun of electricity usiung turbikese

Verious solar puaps available in the wrld will be
gsudied ad o suitsbls, slupls and soao.desl sol>r puap
which cofi b2 within the reech of a foarusr will also bs
dusvslops’ A% Cs AeZeReley Jochmur,

The suitability of silicoige soler csll or cadaiun
g1lvohicde sol-r ccll lighoing kit will bs swmdied =204 acmsl
fi~=ln tri=ls will be comucetad, .
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Proc. of Conference on Refrigeration and Airconditioning,
College of Military Engg., Poona, October, 1974.

HePoGarg, 'Effect of climatic paramcters on the
vserformances of single slope solar still™ Proc. of the
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