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PERFORMANCE TEST OF A SOLAR POND

ABSTRACT:

Unlike other solar energy utilization devices a solar pond

can collect as well as store the solar energy for future use. A

salt gradient zone is maintained in the pond which suppresses the

convective current of the heated brine and thereby a ~hermal

insulation is provided. Brine soluLion was poured, in a
previously constructed solar ponds, in layered sections.

Temperatures at different layers of the pond have been recorded

from time to time to describe the time dependent behaviour of the
layers. Also salinity and tenlperature l)rofiles a,'., a function of

time }18ve been determined in this irlvestigatiull. After observirlg
a diffusion of salt from lower denser region to the upper lighter

region. The experiment suggests a method of maintaining the salt

gradient in tIle non-convecting I"egion.
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INTIWDUGTTON:

I

Sal t gradient solar ponds have uecn sLudled for se,:el'ul

decades as a means of geJler~Li.flg low Lempl'l'uLure thermul energy

al: a relatively'low cost, depending on the availability of .land
and salt. While several important problems remain to be solved,
solar ponds are slowly' becoming recognized as one of the more
ppromising solar technologies. The basic vertical stratification
in a solar pond is composed of ti,e typical three-layer structure
consi.sting of upper and lower cOl1vecting ~Ofles seperated by a

gradient zone. The ability of a pond to collect and store heat in
the lower layer depends on the establishment of a stabilizing
salinity gradient to supress natural ther,"al convection. The
gradient zone acts to insulate ti,e lower la,er from the upper
m{xed layer which is, in direct thermal contact with the
atmosphere, The effectiveness of the gradient zone lOa;'be
lessened as e-i ther of the convecting zones encroaches into the,
gradient region and also by the development of internal
convecting zones. Roth of tht~se P%'OC(:~t-;;H('k have beell observed in

operating ponds and tend to increase the up\<ard flux of heat and
salt, thus decreasing the pond's thef"lual efficiency. Inter",il
convec ting zones resul t fr.om instabi 1ities associated \<ith the
strong temperature gradients established, while encroachment at
the gradient zone boundaries is caused by entrainment driven by
the convec ti ve Illotions in the upper and lOh'er layers.



Solar ponds arc si.mply conllLl'lIct.cd lI11ing I't!lllt.il't!l)'

inexpensive materials. A salt gradient is maintained. to Sup[Jress

the convective currents of heated water and Lhuli providing a

thermal insulation I solar energy is "cfJllec:t.t'd nnd stored.

'"

Tile NOn-CO?lVccting solar pond is n tlOI"izofltal s\lr"fuccd solRr

collecLoi. ugin~ tIle ubsorption of solllr energy us IlellL ilL 1.11"

bol.Lom it. Typically u solUI" VOla..! i,s H shHllo\~' "lH)dy of \\'H Lf~I'

about 1 Uletcl~ decp cOflLHjnillJ~ di,ssolved salLs to ~ennrHt.c.' 1\

sLuble dCJlsi ty gradient. Where solar cnci'gy enlel'S U pOlld, Lhe

infrared components is absorbed within H f0.v..' (;(~'rtt.illlct.e['s !leur Lhe"

surface since water is opaque to long ave radiatioJl. The visible

and uttruviolet ray can penetrat.e c.l (:lIr" water to depLh of

several meters. These radiation component can be absorbed at ttle

botLo," of the pond by dark coloured surface. The lowest. l,.yer of

...,rater is then the hotl.est al,d ':'ould tend l.o rise because of its

lower dellsit:y if nlcasurcs arc not tal<c(l to preVt~nt. it.

In Non~convecting solal' pond the water at the bottom is

madeheavier than l.h"L Ill.t.he Lop by dissolving sult in the I,uter.

The concentration of salt is decreased from bottom La top so l.1.ut



the lllltural tendencg 0 f the pond I'll Ler, To mix by (:"(,,,L.i'01' of

convective currents is effectivel,' eliminated if density gl'"dient

is adequate, Normally a concept of 3 zones (i) a rC'l11tively thin

homogeneous ans convective surface layer (ii) NOllconvective

grudicIIt zone in which there are gradient.s i II salinity and

temperature (iii) a homogeneous convecLiv., boLl-olIIt.one fOl' henl

storuge is adopLed in Holur lJond ful'I'i(,Ht.i("lll. TIJ(~ r..:L)II-(;~)II\'t!\: I..' \'t~

gl'H(ricnl zone L ["HilS fc rs heu. t. by cOllduc t ion only, ••.•".lLr~l. 'h~i nloC

opaque to thermal rndiulion al the t.Cl1lpel'(I'!.llC'e ur olJel'uLian. I l.

acts as a partially transparent of l. h (' 1'1111.11

conducti vi ty that allows' some of the so'lul' rlld.i.uL.i.oll to pen(~Lr<l Lc~

into the bottom zone and heat it. The gradient zone remains

gravitationally "s.table anJ t,on-cultvective des pi Lc t.he heating of

the bottom because the salini t;.' gradient is sufficient to

maintain a stabilizing density. gradient and tlru,;j t. is possible

> fOl' the lowest layer of a ij~ll-dcsi~ned solar pond to boi 1. It

must be avoided as it destroys the ~;I.nhle density

gradient-Therefore, the design of solar pond for heat generation

mu~t involve a Illectlunisn\ for useful heat rellloVal in surricjp./IL

qUUlltity to avoid boilil,g.



LITERATURE REVIEW:

There are number of resenrch on ',solnr pond.

HesenrC}lers all over the world have Htudipd So.111I' ponds

elaborately and in .some instOlJCl:S 011 H particular' side.

Bloch year of PuulicaLiol1 IV71 ~ Lud,:.'

solar lukes pruc; t. i (;11 J lit iIi ZIlI. lUI"

controlled conditions, it \oo.'EJ.S to be (:xpt,~C Led Lhn 1. hi~1Jel"

telHpe;~raturcs and useful co.llcc:l.ion efficiencje~-; could be achieved

in artificial ponds. Subsequently in experilnenLs witl, SIIIS11 POElds

t.e!llpera~ures greater than were measured and collection

efficiencies
'7

achieved.

greater than 15% for tlcnt extractiofl nt. 70 to

Tabor (year of publication 1971) studied the solar pond

experimentally and analytically al.d outlined ti,e gellera1 concept

u.nd major problems of the pall'!. II" CU 1,",1'; cd l)ll L Lheol'cLic:a.l

investigations of the underlying physics of the solar pond and

made laborutory and field Lesl.,.,1'10" :-illt c'HlCellLl'aLion gradient



required fqr s tllui 1 i t~', the f i Ili ng pr'oceelll rc ()r th" POlld, The

maintenance of the salt .conccntl~atioll ~l'[i.djl"'t., the repUle of a

disturbed halocline, the absorption of radiation, the temperalul'c

of hent extraction, the effi(;jcl]('~., di \J ['tlU.l

variation find maximal temperature gl'udient in tile pOlld, heat

storage in the pond und roan) others pros and cons of the solar'

pond have been aIlal~'sed und noted in his pl.q)f~r.

\"/einbcrger (yelir of publicuL.illli l~J'/l) c(lrl'i~~d out. sl.lltlics 01"

the heal extraction bused upon his lhcoretit;ui Illudel of LlIL' SU1HI'

panel. ,\f te r the i nil j 111 \\'U 1")1, 1IP per i 0 d, her i II d}; L! "' I. l' ()I'

given-extraction temperatul'C t.here is n pUl'LicuiuI' \'Hlu(~ of l.i1e

pond depth aL h'hich the ruLe of hetd. (::xLf'Il': i011 i~..;, 1\ IIlI.1Xl/l111111. It.

Lrurlspires that this optillllll!l rilLe of .ener~y \.;i thdl"llh'hl is ~qunl

"to the radiat.ion reaching: the pond boltom, Hild t.hus III t.11'i~: Cflse

the pond is heated only by the radiatioll I..lbsocbed throu!!h its

depth .. Weinberger ,ha~ culculutcd the OI,Lill\UJ1l exLruction

-,
t.empe ~'a tu re

elepLh,

and collection efficiCIl(;)' as funcl.i.ollt' of LlJe pond.



fl . 110thmeyel' (yeHI' of, publ icuL.ioli 1!J71) Illl\'~~

soreL effect' (The diffusioll of salt Cfl.l\ driven b~' 1\

temperature dradient) ins al t g r II d j v n t S (l 1 II r po IId.5 . lie ncg:ued

that the diffusion of salt from u dCnSCl" layer to a lighter layer

depends not only on the <..:onccntrutiull grlldi"llt, hIll ulsu on the

tempera Lure gradient in t.he pond.

Shah. Ted, and Peter (yeal" of l'uhlicuLion Inl)

computer lIlodel of a salt gradient. Solar pond used as urL Hnnllal-

cycle solar energy collecLiull ulld ~Lul'ugl: ~.;ysLt'II' 1,lld i L

h'i th the cOllclusiollS thaL (a) inCl"eHSIIlJ5 Lhe CullcctiOI)

efficiency of the pond from cullection lllUth~ I

14% IllOl'e encr"gy carl be stored at a o
25. G C higll(:I' Lcntl)t',~l'uLuI'(: (b)

changes in shape and size of t.he pOlld cPu.lel i'IIIPI'l)\'{~ Lhl~ ()\'t.'("Hl1

performance of the pond. A tI'opezoidfl! pond col ](>cts find

more energy us compared t.o re'c'tllngulal" pond 11,'e\.l(~I'~Lorl.\~\:"

at lower temperature results in 1Oh"(: r' los~es Hlld

cons~quently highe:r amount of staeed energ:\'.

K.A.
e~-

numerical

l'leyer

model

(year of publicatioll in 1971) has

of a salt gradient saInz" l)Olld t.()

developed

describe

a

the"



time dependent behavior of the inLerfaces bol.I"".''' l.he Cl>IlVCC L i f1~

find non-convect.ing regions. The nlud/'l incilides t.he determinaLion

of and temperature PI'O f i l.os as a function of

tilllc.Emperical correllltion~ from tiJe 0(; t'~1.UIO~ I'll pll i <.: l.i 1.(:J <I t.1I ['l~

that describes the !leat 811d salt fJ,uxes across the interfacc~

have bee!! lltil i zcJ by tile mod,d, Tile model .'\Isu j"'C'PI't';.' "II t.~ Il

treatment of entrainment. caused by h'ind gencrut.ed tUI'bu1.eIlC(~. He

Hl~l) IIIlS det.{~rlllilled l.h.(~ pC.lud P(:['fU['lllttIlCI~ '111,jl~t. vlt,-in'l:"

conditions.

()I'f~I'/11 i n~

Kamal, Neilson and 111.111, Lin. Shuh (yeur '~jf' IlllhJ jc, .•• l.iun 11\

]971) Lried to determine the dependence of grollild llt"nt toss upon

solar pond siz(~' and per'illll~t.ef" inslIlHl.ioll. (;r'Pllrlll 1"':lt l\J~~Hl's CI'OIH

solac ponds have been calculated nUllle"ica I l~' \'HI'ious

perimeter insulation straLegies and scveeul solar pond :--j Z(~:-;. Thv

numerical simulations £11'e steady staLe ca ..lculaLions of 11(:iIL

fro/ll a Cil'cular 1.11 (.uter

bourlda r i cs of an eurth volume thaL sUI'rounds Ult~ p<Jnd j>(:l'illlcLCl'

oJ) tile boLtom and sides. Sinll,llaLi.on tlla t

in~ulatioli on tOI) of t.he gr'Qund Hl'Olll){j" the 1_!11nd ih~l' i IIII':Lc I' is



raLher ineffective III rc.ducing heal. loss, Hrld thc:n tllliIlSU.1Ht.l~d

sloping~F side walls arc slightly more efrecLive than illSlllated

vcrLicul side walls, excepL for very small ponds.

Akbarzadeh, ~lllcdonald and Wan~ (,'ear of publie'.,t.ion in 1971)

hnve invcsti~ated the phenomenon of lIlixirlg' ill l.h{~ Lop r'(~l~i()n of

solar ponds. The factors cau~ing this pl'ob1(~1ll rtl}(.1 LlJ{~ erfel:I.: .• u{'

....,ind
1.11 creaL"ing the Lop luyer cOCivecLiv{~ zone H["(': disCllSSl~d 1 n

papers. They derived nece8~ury fOl'llllllas COt' de l.e!"ll! i /lit t ion

of D.JJlpli tude and. frequency of the wave generrJtcd by the \.,'iflds In

terms of .•..,illd V(~]l)cit.y ltlld felch l(:ngLil. Al:-{u l.lt,~ pr'(".ili('w ~)r.\~'illd

driven currents in solar porlJs hus been

Cllrl~ently introduced the idea. of small cir'culnr' f]()ltting rings HS

\...•ave suppressors Hrld d~scr'.ilH~d Lheir cffecLivl:/ICS~; III

the thickness of the top cOflvectivt: zone. Thf:~' II;l'"l:,' ul~..;o proved

thE: depth of the top lJlixill~ layer in the pond.

Buthy, "(year of puolicatioll in 1971) CUJ',"i,::d ;'J; c.\pcI:illlt.:/ILs

to determine by computer silllulatioll, the opLilflUlil thicklless of the

non-convectln~

"

zone In the salt H"l'udient solill' j)otld. They

.-



that. the non-convect.ing gradient 7.one (NCZ) 0(' " $a J t.

solar pond. lends to lJ10re cffecl.ivcly tJ""llsmi L inc:idcnl. solar

energy to the storage brine bela",,' as its thi.ckness is reduced und

t.1lD. t same gradient zone Lends to ItlOl'e effect.ively

loss from tile .•.•'arm brines as its Ltd ckness i s i!lCr{~Hsed.

Therefore, there exisls un opt.imulll g:l~Hd.il~nL :I,Olie 1.11 j ck ness

f 0,. ,,'hich the net rale of energy collect(~d f"lIHj retained is

/I1flX i mum. They ar'gucd tha l significant. i lllprO\'(~IIJell L '" pr'lld

efficiency mil)-' 1'0 obtained it UH~ thicklless ul' LIII: ~1'Hdit~llt ~;,niH'

is adjusted lIIonthlJ', seasonall)' or even it. is m;-r'illl,lin(.d HI Llll~

annual average optimum thickness HS compared \<w'ith operat.ing t.he

pond with other than an optimulil grudienL Z()'H~ thickrH:ss.

Their experimenL ""suited that rt1aX i fJllllJ) I'llt~ r ~:-' ca'l be

extracled from the pond by mqintaining Opt-ill, .. ;]' .'\C/ t.~ljCklless;

.....hich Yo'ould very seasonally or monLhly. Til thl";' Sllllllllt..'I' •••.,il C /I che

11mbient temperature Hnd solar insolation rHLeH ;ll'l.~ iH)LII 1'1.'1:.lL\vl,l,'

high the optimum N-OJl-colivec t i ve g J'liU i en t Wl)u.ld

likely the h'inLer

and solar' insolation are relati\'eJ.~' lo~.



again raised to .304801. Thus the pond is no'" I. 3fH8rn To

prevent pos~ible leakl..q£e of the brine .•...'it.h Lhp POI' wul.ls 1.lnd the

bottom are mude \~'ith 10" brick ","'alls hH\'i.ti~ H C(~lUf"llt, 1 illl"r. It is

done ~o t.haL the \-"'Ht.er cannot lH~ lIludd.' •.•.'j I.lI I Ill: dirt In

f 1'0 rn the \~'1j,lls e i the r by !II0 t i on () f Lhe .....'n Le rill l.ilt.'" pOlld or

ra.in. The ponds long sides are made h'jl.!l l~H~;l h'I.'St. djl'(;~cLioli. The

south

pond

wall is made some ",'hat inclined \o,'it.h vcr'Llcnl so tllHL

interracl,;~S cUllnot be shuLi(~d ul. L11('~ optillllliU {.I(~r.i,od lit'

<'~.
ruuialioll. On the north side uf lll(= pond Lhl'cr is II p.laLl"<JI'lIl to

mnintnin the therlllUCOltple: wi til the j i~ad S()t~(;~h'.

The """,11 s of the pond a.'e painted wi tll camille t'e i a 1

'paint in order to reflect the sun I'UYS into the pora'd bot.tom. Th(~

bottom is painted with blaok paint in a I'de I' to have the

absorption co-efficient of 11 b.1ackhody, Hoth paiflt..s HI'(~ \I~,;(~dv,,'il.h

conformity that these Ul'e not'\~'ashed off .•..'iLh hot :-:ii1]t \o,'I\Lel', The

insulation is provided to t.ht~ hei~ht of 1111f"Olll t.hl' I.nd.t.Olll. So,

O,3048m at the top is not insulated, This is dlJllC' to st.ud;y the

pond only v..'ith 1m depLh. Since t.he trlstll{ILjol; J.o..: 1.;'" thick, i L

reduces considerable volume of the pOf1('i,

..,
i'

l



CHAPTER - 3
THE SOLAR POND

3.1 Description:

The solar pond under study is rectangular in shpae with its
south wall inclined at 200 with vertical It is 1 m deep having
an area of 3m X 1.87m at the top arId 3m X 1.5m at the bottom. To
prevent the rain water and other contaminants, the pond wall is
again raised to .3048m. Thus the pond is no,",,', 1.304810 deep. To

prevent possible leakage of the brine wi. til Lht: pOlld WillI H Hod the

bottom are made with 10" brick walls having a cement liner. It is
done so that the water cannot be muddy wi th the dirt washed in
from the walls either by motion of tIle water in the pond o~ by
rain. The ponds long sides are made with east-west direction. The
south wall is made some what inclirled with vertical so that the
pond interfaces cannot be shaded at the optimum period of solar...
radiation. On the north side of the pond threr is a platform to
maintain the thermocouple with the lead sorew.

I;!

The walls of the pond are painted with write commercial
paint in order to reflect the sun rays into the pond uottom. The
bottom is painted with blaok paillt in order to have the
absorption co-efficient of a blackbody. Both paints are used with
conformity that these are not washed off with hot salt water. The
insulation is. provided to the height of 1m from the bottom. So,
0.3048m at the top is not insulated. This is done to study the
pond only with 1m depth. Since the insulation is 1.5" thick, it
reduces considerable volume of the pond.



Cork is tised here because of its numerious advantages.

Firstly, it is comparatively cheap and available. Its thermal

conductivity is very low. Again it is utlaffected by snIt and it

cannot be wetted & decomposed with water, It is easier to fix

wi th the brick walls of the pond. Pertex can not be used in

water, other insulating materials are either costly or-

unavailable. However, for insulation in water, cork serves

better.

Walls and bottom are provided with 1.5" .thick cork

insulation. For tlds end in vie\<,' the 2" gl'oo\'es Hrf~ mnde on the

walls and in each groove a 5" bolt is PI'(~ssed \.•...ilh concrc~t(":. The

insulation is made attached to the walls wi th.'. 3" X 3/4" wooden

lears.

'i
l

/



Th" Ilangladesh Council rOt, Sci C' n Li fie Ilrld IIIc!lIsLl"i"l

Hesearch (BCSIH) conducted :Ill l~xr'c:.'il1lent Oil pt.j Ilci pIc of

solar pond. In L1l1lL experiment a cylindric"l Ju,' of dia .. 1 inch

and height 10 ft. was t"ken and filled with bresil ,,'ate,' and

salt \o,'as sprinkled wl,ich seLLled IlL tIle bot.LOII', ,\ f L c,' n XII 1 1.

gradient has been establi shed I the temperature aL the surface and

baLtom were measured. I L .•..'us that \-.'he rI the SU I' fllce

Lernperl..1ture ()

was 25 C I then the boLLolll t.e[lIp(~rl1tul''''~ WH~ 1'':,1 i ~ed 1.0

- ()~O C. In conclusion it ....'l.l.S mentioned t.IH.1Ls fnc LellllJe I"U Lu t'l~

healing pur'pose, solaz." pond .....'ould ....'ork ill nf.lllg1i.1d~:sh.

3.)~ INSULt\TlON OF TIfE POND:

The heuL loss [l"Om the IH:J'j Illf..: \. t.:" l' 1)1' this !'(lnd til Lh I_~ side

h'alls and the ground is not 1.lt all neg-ligibJt!, Til CUSt: of 11 large

pond, this heat loss' lIlay be vel'Y snlu.ll COlllpl.tc'ed Lo the overall

I,eat absorbed by tile pund.

So effective i,nsulation hHVC becll pro\'idpd J " tl f'l..!" t" to
i'T

reduce' heat. loss along the ,,'alls.



and

(, ' ,~'.'

'"salt. WI,ile several important problems remain to be solved,

solar ponds are slowly becolning recognized as one of

stratificationppromising solar techno16gies. Tile basic vertical

in a solar pond is composed of the typical thl,.,c-ln)'cl' structure

consisting of upper and ,lower convecting zones sepcl.'uted by a

gradie"t >,one, The ability of u po"L! to colle'..:tlHld IItor" hent in

the lo"er layer depends on the establishment of II sLubiliziJll:{
salinity gradient to supre~~"; f111 tu '"ill thermal. convection. The

gradient zone acts to insulate the lower layer frol" the lJ ppe r

" mixed layer which 18" 111 direct CUll Llie L wiLh Lhe

atmosphere. The effecLiveness of Lhe gt'IJ.di.ent., ZOlle may be
lessened as either of ti"lC convcct.irlg zones eflcrouches in to the

gradient region and also by the development of internal

convecting zones. Bolh of thl'se processes have bncn obHel'vcd in
operating ponds and tend to increase the upward flux of heat and

salt, thus decreasing the pon.d,'s ther"",1 efficiency. Internal

convecting zones result from instabilitic~ nH~uciuL(;d wi til t.he

stl'ong telllpcruture gradicnt~ e$Lublj~:hf.d, 'v,'hile encroachmont at

the gradient 2.one boundaries is caused by entroinlllent driven

the convective motions in the upper and lower layers.



Since the insulation is white in colour, tllt.~ \<"'H.ll.s ~e('ve the

purpose of ,.'eflccting t.he sun rays illLo thf': lJotLolll, hol.l,Ol1l

i'ISl1] 1.11. j lIn,. is pain t(~d with black pllint to the so 1a l'

radiaLion. The nuts anu "'ooden leurs u~ed on t.he boLLolll art:' also

provided with black hlH! those on the sid n ."",II 11s

provide,1 witl. white paint.

FILLING P[UlCEDlJI1E OF TIm POND:

The pond lias been filled in layered secLi OIlS !':illlall

saline differences beL .....ceo adjuct~nL layer's, For' convenie/lce, the

depth of the pond is fractioned int'o 10 J aj"CI'~"" illl.} \)1CI'C' ha~" been

maintained U lIni form salIne di fference bet.hrt:'(~ll Lilt: In ye I'~ , The

bottom most cunLu.illS a brj IH~ of :. PC'C i fie Hrl\vity 1 • 1 4

havin>; a saIL salubility of 21glll/100c(; of wate,' lind U,"1- the 3"d

layer from the t.op has 11 speci fic I.5I'uvi ty of I , 032 wit.h a

solubility of 4gm/100cc of "'at.er, Fil'st L....'o lHyeI":--; r i 11 ed

with fresh \.:ater ," The bottom 1Il0s,t layer is fi.lled fi. ,'s t and

successively

layers,

Ji~hter layers are floated upon 1.1", J nh'~r d.'flser

F01~ laC'ge pond the fi lling IJI"ocedure 15 d:i rfel.l~nL 1''''0/11 t.hu I.

for a small pond, Generally for laq;e pond, Cresh ""tc,' is fi 11 ed



to ti,e appropriate depth and salt dissolved to make
concentrated

L,',

brill~ in. the bottom partial' of tile porld. Th,,' lllyt~l~ of
.

slightly lower salinity .is produced b}' 1",ml,iIl1o(" ,,\.rellm ul' lll'illC

() IJ L
d i 11I\."d

wit.h t.he Jesil'l~d pr'opor"l.iorl or l'rcsh ""'11Lt'l' IIlld t.hl'lI t1t'I)u~.it.f"l (Ill

the pond surface. Tile process is J'e pea t(~d succeSS i \'t~ I Y

salinit,' ulltil the desired total poml d'"pLh is t'l:llciJed.

11 c: I'C

prior t.o pouring h'i l h '" e qu L r' e d s u 1. ) niL y a 11 d V .111 C(.~d Ilpon Lhe

prev.ious layer. To prcvl...~nt. excess-ive stirri"nC{ dur'irl!-{ pUllrilll~1 Ihf~

leading pipe is directed Lo.•...'ards a smull box pJaceu on u JI.\ 3'

"v,'oodcn plfltfor,lTl which floats on th(:, pond. So t.hul L1lt~ ••...'ul(.r fluh's

over rim of t.he bvx to Lhe pel"ipllel"Y uf Llll-~ plncfol'ul HII,i

chene" to tht:- pond.

For preparation of brine, a drlull of size ;)(lClll diullletcl' and

8Gcm height h:.I:"; been 'I:-icd. Since the volulll(::= of
is

gre.::. tel' than t.hll t of the urul1l. So for pourill~ luyer 1J1' i ne

mi.:.:t\lre
of the same s.ulirilY had to be pl'epril'cd fat' t\<,:o or more



times. v'or rapid and \.o,'cli mixing I a typical stirr'er was u~ed. The

brine has been led to the pond by H. hose pipe of din 1/2inch

throllgh u gate valve.

Soon after the ~tl~P wise fi llinlj PI'()t;e:)~, t.llt' \h)rld ~I'lld.i<:nt

smooths itself eff""t.cd by diffusion. '1'1", Sl\liJ()t.hin~ of t.h <....•

den::;lly profile is llecessary b(:CUllSl~ oLhl~I'\"'l:-;l" irldividuul

layers themselves are unsLable HlId COJivecti \'t..' Cl~J ls CUll 1';"l.llhl i :.•1,

the/lise l.ves In the .lrtd-ividIH1I l11yel~s. There IS pHr'l.ial Illixirl~ of

the adjacent l.3.~'ers caused by the kine!". i c (~ll(~J'J~:" of' the liyuid

flO1; injected into the pond during fiJlilig process. Part ()f this

kinetic energy is c()nvcr-ted into gravi tatiollCi] potentihl energy

by purLiully mixin.!5 t.he adjacent 1u)'(;1's. Tht..: l'c,sL uf Lh~~ I\.i Ilel.i c

energy is dissipated in vi::-iCOllS fioh' ut. of the

pond. From energy consideration, t.he f'lo\oJ illLo t.hv POlld hus

kept lilItiLed Lo apPI'oxlmat~l~' .12111/8.

Il'lSJ..BJJH ENIATJ ON_.QJL ...J:lULSQ.!,AJL1'Q~JL
III ol'der to /11unltur tll~ ~l.lthilit). C l).1 1.t~ (:' 1. i I) II (~f fie i c rl C Y 11n d

clJII~.i Ly of the solnr' pond, llH:HS\l~'elil(;:It.~ iJI L('rllll\-~f'Mt"I'(:t sulirlil.y

and insulClLioIl .•..,ithitl Lhe pond, and llleUSlll'elllellLs of temperutul"e I

humidity,

reyllired.

insulation und pond ;J re



\'11 l" lOllS .IIlYt'rs of pUlld easily

l'ecord~J by :'!~.1.;lJl.in~ thenllocoupJ es. A thel"lllOCOIJPl.(~ probe has

beerl dt":si gncd .h'1 th the lllt~chati i Slfl 1".0 sll i, ft t.t\(~ t.!II,'['J/l't.Il;()IlI,J I' ;1 t. ,

diffct"eltt layers
COIl ••..t~C l, i \'e

z()nt~S liS ••••'(.'11 ii~ t.he t.e[llp(~r;.lL\lr'('~ '5J"'adl",

}. .. I.
_~('\.~t~.".r I .;,:',_\.. !.!, ._,..,"n- , '. '<....: ' . '\ .' ~.~ .

I.l('(~I! l t. ~ t.i 1,0 tilt.: IIIi J I i VI) J l.llll.,~t.t~ In' I IIS 11 J H L ( (~ •••• r 1/'.

therlllocouple
:,..;'-H,i III t.'S::; SLt't-:l

l.llbe.s . E" c h
I II t

fralll!.:: O.f:)llleter' apa..rt. The fr'uJIlc' i:.; \<"(-'ld(~,J to d fl';;: ',~'Jll111 (:;tl,' hp

IIp ••••':tl"d anu d()\<"n~~'ar.d !>:'-' roLitt..in~ a lc'ud :"\,.1., .••••.•1•. 0111. rods

,f i 1',.(: L i t)11

the botLoril t() tile top. 'I'rljs dii"f'usio/l (:a\lSf~::; illstul)jj.it ..\' ()f

sa.it g"Z"<le!it:nt.. So lIJailll(:IJl.ttICl:.- o( tliP siLl t. is \' (: I' :'-"

j 11lporLari L.

t.his rea::-;u/: i I. 1 s 1.(; :",a I j n.l 1.\ .! r.

jift'CI.(~nt level ,I fld t;-I k e nlt','I,",I: !',--s. S H 'I i II i 1. Y



measupcment.s are made by extrucLjng brine from chosen levtds 1"

the pond. This extraction may be with the help of a "mall pump

and piece of tubing. For this r'C'I.1SOIl sIllHLl-dialllt~Ler SUllllJ.J illl~

tube" are in"talled permanently lit di fCe['enl. h,,'e1s of the pond,

On temporary basis, Iarge ",'ringe wil.h plastic l.llbing hilS "been

used to extract liquid. Tl,e extracl.ed liquid i" poured inl.o a

cylinder and 11 h~r'drollleter is used to measure saJ init.y.

Insulation within the, pond is measured by using encapsulated

silicon detector",To control dirt ,,1I1ch is ,,,ixed wilh co"""en:i ••'\

saIls,
,.'

a filter should be used. Here II cloth \,,'ap,~d ar'ound the

wooden platform has been used to "erve this [>U['I)()"<', J t "'o,d <I be

better to U"e fil terhox packed wi ti, Chat'coal s, sands and I'ock", '

. ,
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CHAPTERV

RESULTSANDDISCUSSION

Ten Sets of Temperature readings have been taken starting

from 8 A.H. to 5 P.M. each day. In each set there are eleven
[j.

readings of different layers starting from top surface of the

pond to the bottom. Obviously these readings have been taken at

dayhighttime with a certain interval.

Fi g. 5.1 & 5.2 are plots of. temperature vs. day time for

various depths for 1st day & 2nd day of running respectively. It

is evident from these graphs that as time goes on from moring

tempera ture increase at all depths. Temperature is found to be

maximum at around 2.30 P. M. to 3.00 P. M. everyday. Temperature

also increase wi th increase of depth. On the second day of

running temperature at a particular time is found to be higher

than that of 1st day of running. This indicate stor';'ge of solar

energy in the pond.

Fig. 5.3 & 5.4 are plots of temperature vs. depth at day

times for 1st & 2nd day of running respectively. From these

figures, it is found that temperature is found to be maximum when

depth is .7m to .8m.As time goes on from monring temperature also

increases.

The water has been poured in layers in the pond. There are

ten layers and each layer has a thickness of 10 centimeters. So

there are ten uniform density regions. As the solar radiation is

absorbed by the brine, the layers get heated. While being heated

2-0



the density of the brine decreases, it becomes lighter and comes
up. So, in each layer, there is a convective current, taking the
hot brine to the upper boundary of each layer. This heat is
conducted to the lower boundary of the next upper layer. In this
transmission of heat convection cannot work as the brine of upper
.layer is lighter than that of the lower layer. That is in each
layer, the upper boundary region is hotter than the lower
boundary region. It is seen that highter temperature is obtained,
as one goes deeper, but at the extreme depth the temperature
again goes down. This is probably due to perimeter heat loss. At
the bottom of the ponds there is ground water flow, that takes
away heat from the pond bottom.

As the time goes it is seen that the temperatures of the
different layers increase gradually. From this phenomenon it can
be concluded that the smoothing effect of the deJisity gradient
goes on gradually and so there is no convective mixing and thus
heat is not transmitted to the pond surface from where it is
taken away by atmosphere. That is the heat storing capacity, in
this away, developes and if proper insulation is given a high
temperature, near about the boiling point can be obtained. Heat
collection capacity of a pond depends on the clarity of the pond.
There are many dirts in commercial salts and if before pouring
the brine into the pond, no filtering action is adopted, the
existing dirt particles will absorb and reflect the sun radiation
on its way to the pond bottom. Lower temperature at the bottom
layers may also be due to this. In this investigation, a cloth

2/



covered around the wooden platform was used as a filtering media.
This reduced the amount of pouring of brine into the pond so a
proper filter must be used.

Density gradient are plotted in Fig. 4.5. It is evident from
the figure that as the thickness of the layers are smaller, the
smoothing effect of density gradient is better and takes less
time to gain temperature. The temperatures of the intermediate
layers are seen to be higher than those of bottom layers. Which
is an abnormal phenomenon for a solar pond. This is not at all
expected. Because the higher temperature in this zone may upset
the stability of the density profile which acts as a thermal
insulation to the lower convective zone. ~lost probably. This is
due to much dirt accumulation in this zone. Which causes most of
the heat to be absorbed here not let go to the deeper.~ .



CHAPTER -5

CONCLUSIONS

The following conclusions can be made from this study:

1. As time goes on temperature is found to increase & it is the
maximum at 2.30 P.N. to 3.00 P.H. After 3.00 P.H.
temperature begines to decrease.

2. Temperature is found to be maximum at a depth of .7m to .8m.

3. Duiing the second day of running temperature at a particular
day time & at a particular layer is found to be higher than
that of 1st day of running.

. i
i



~estions for Future Work:

The following suggestions are made future work.

1. Heat removal
this aspect.

A heat Exchanger should be designed for

2. Perimeter heat loss: For a small pond, most
absorbed and stored heat are lost through the
For large pond, this loss is negligible. So by
good insulation, the pond should be studied.

",'

of the
perirnetet- .

providing

3. Maintenance of salinity gradient: It
washing and salt replerishment.

requires surface

4. Gradient zone thickness: An optimum gradient zone
thickness should be found out for maximum heat removal.

5. Zone boundary control: Th~re is a tendency to increase
~ the thickness of the upper convective layer and
simultaneously the upper boundary layer of the lower
convective zone tends to move upward and as a result the
gradient zone thickness decreases. So, the zone boundary
should be controlled.



6. Control of Wind effects: Wind generates waves and surface
drift. The kinetic energy of the waves and surface drifts
is partly converted into potential energy by mixing lighter
upper layer brine with denser lowel" layer brine and partly
dissipated by viscosity.

The thickness of the surface convective zone is greatly
increased by a wind storm. New interval convective layers deep in
the pond near the lower boundary of the gl"adient zone have been
observed following service wind. It is suggd~ted that wave
ampitudes can be controlled by floating wave barries on the pond
surface.

7. Fasibility of the pond in Bangladesh. Where there are
frequent cyclone, heavy rainfall and other natu,.-al

calamities may cause a~adverse effect on a solar pond.
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