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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 1s maintained in the ﬁond which suppresses the
convective current of the heated brine and thereby a thermal
insulation is provided. Brine soclution was poured, in a
previously constructed solar ponds, in 1ay¢red sections.
Temperatures at different layers of the pond have been recorded
from time to time.to describé the time dependent behaviour of the
layers. Also salinity and temperature profilgs as a function of
time have been determined in this investigation. After observing
a diffusion of salt from lower denser region to the upper lighter
region. The experiment suggests a method of maintaining the sélt

gradient in the non-convecting region.
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INTRODUCTTION:

Salt gradient solar ponds have been studied for several
decades as a means of generating low temperalure thermal enerygy
at a relatively low cost, depending on the availability of land
and salt. While several important broblems 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 the typical three-layer structure
consisting of upper and lower convecting zones 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 thermal convection. The
gradient =zone acts to insulate the lower later from the wupper
mixed layer which is. in direct thermal contact with the
atmosphere. The effectiveness of the gradient zone may be
lessenei as either of the cbnvecting zones encroaches into the
gradient region and also by the development of internal
convecting zones, Bolh of these processcs have been observed in
operating ponds and tend to increase the upward flux of heat and
salt, thus decreasing the pond's thermal efficiency., Internal
convecting zones result from instabilities associated with the
strong temperature gradientslestablished, while encroachment At
the gradient zone boundaries is caused by entrainment driven by

the convective motions in the upper and lower layers.
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Solar ponds are simply constructed using relatively

inexpensive materials. A salt gradient is maintained. to suppress.,

the convective currents of heated water and thusa providing =a
thermal insulation, seolar cnergy is collect«d and stored.

&

The Non-convecting scolar pond is a horizontal surfaced solar

colleclor using the absorption of solar encrgy as heal at Lhe

bottom it. Typically a solar pond is a shallow body of water

&

=

about 1 meter deep contuaining dissolved salts .o gennfntv n
stable density gradient. Where solar energy enters a pond, Lhe
infrared components is absorbed within a few centimeters near Lhes
surface since water is opaque to longwave radiation. The visible

and uttravielet ray can penetrate cloar water to a depth of

2.

several meters. These radiation component can be absorbed at the

bottom of the pond by dark coloured surface. The lowest layer of
water 1s then the hottest and would tend to rise because of its

lower density if measures are not taken to prevent it.

In Non-convecting solar pond the water at the bottom 1is
madeheavier than that at the top by dissolving sult in the water.

The concentration of salt is decreased from bottom to top so that

ey
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the naLpral tendencg of the pond water. To mix by creation of .
convective currents is effectively eliminated if density grudient
is adequate. Normallyva concept of 3 zones (i) a rclatively thin
homogeneous ans convecltive surface Jnyer (i1} i Noqconvective
gradient zone in which there are gradicnts in salinity and
temperature {iii) a homogeneous conveclive boltom sone for hcuL
storage is adopted in solar pond fuﬂrifnLiuu. The  Noon-convoeuelidve
grudicnt zone Lruusfcrs heat by conduction oﬁ]y, water rhning
opaque to thermal radiation at the Ltemperalure ol operation. it
acts us a partially transparent window of low thermal
conductivity that allows'some.of the solar rndiuﬂion to penetrate
N .
inteo the bottom zone and heat it. The gradient 2zone remains
gravitationally stable and Non-cunvective despite the heating of
the bottoem because fhe saiinity gradient is sufficient to
maintain & stabilizing density gradient and thus it is possible
for the lowest layer of a_wgii—dcsigned.solar pond te boil. It
must be avoided as it destroys the ' slable dehsity
gradiént.Therefore, the design of solar pond for heat generation

must involve a mechanism for useful heat removal in suflicient

gquantity to avoid boiling.
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LITERATURE REVIEW:

There are a number of research work on wolar pond,
Researchers all over the world have studied the solatr  ponds

elaborately and in some instances= on a particular side.

Bloch { year of Publication 1971 } sugdested the study ol
solar lakes with a view towered practical utilivntion, Ureds o
controlled conditions, it was to be cxpuéLed t.hat higher
tempé&aturQS and useful collection efficiencies cou!& be achieved
in. artificial ponds. Subsequently in experiments with small ponds
temperatures 'greater- than 1030C were measurced and collecticon
éfficieggies greagér than 15% for heat extraction at 70 to SOOC

achievoed.

Tabor {(year of publication 1971) studied the solar pond
experimentally and analytically and outlined the general concept
und major problems of the pond. He carricd out theorcticu}
investigations of the underlying physics of the solar pond and

made laboratory and field tesls. The salt concentration gradient



required for stability, the filling procedure of the poud, The
maintenance . of the salt -concentration gradient, the repoarr of a
disturbed halocline, the-absorption of radiation, the temperature
of heat extraction, the efficicney, 'Lhe diurnal temperature
variation and maximal temperature gradient in Lhe pond, heat
storage in the pond and many others pros and cons of the solar

pond have been analysed and noted in his paper.

Weinberger (year of publication 1941Y carried oul studies of
the heatl extraction based upon his Ltheoreticai mode!l of Lhe solar
pond. After the initial wars up periced, he linds that for a
given-extraction temperature there is a particular value ol the
pond depth at which the rate of heal extraction iz A meXinam. It
transpires that this optimum rate of -eneryy withdrawal is equnl
to Ehc radiation reachinyg the pond bottom, and thus 1n thin  case

the pond 1is heated only by the radiation absorbed through its

depth.. Weinberger . has calculated the ol imum extraction
o \ . o . . .
temperature and collection efficiency as {funclions of the pond

depth.



M., Rothmeyer (yeur of publication 1971} hinve  dinvesbLidatod
soret eflfect (The diffusion of salt can  be driven by &
temperature dradieﬁt)‘ in salt gradient solar peonds. He argued
that the diffusion of salt from a denser laver to a lighter laver
depends not only on the concentration Qrudiﬁnt, but alsv oen  the

temperature gradient in the pond.

Shah. Ted. and Pecter (year of pulilication !971f made
computer model of a salt gradient. Sclar pond used as an annual
cycle solar encrgy collection and sloruge syslen and  Lesled  fL
with the conclusions thal [(a} by ‘inc:wnxsing." Lhe collection
efficiency of the pond froem 20 to 30% dnringl collection wmode,
44% more energy éan be stored at a 25.500 higher temperature {(b)
changes in shape and size of the pond could improve !Ju* overall
performance of the pond. A trapezoidal pond collects and stores
more energy as compared to rectangular pond deeper storage zond

at lower temperaturce results in lower hent ™ losses and

conseguently higher amount of stored energy.

K.A. Meyer (year of publication in 1971} has developed a

by

fx ' . )
numerical model of a salt gradient solar pond Lo describe  tho
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time dependent behavior of the interfaces between the convecling
and non-convecting regions. The model inclindes tLhe determination
of salirity and témperature profiles as a function of
time.Emperical correlations from the oceanographic litoeraturc
that describes the heat and salt {luxes across the interfaces
have been utilized by the model. The model also roprvuruﬁs 2
treatment of entrainment caused by wind gencrated turbulence. He
also hns determined tha pond pt:'rll'urmnn(:u mpder variads  opocal ing

conditions.

ﬂamal, Nellson and Hull, Lias. Shab (year OF publication  in
1971) tried to determine the dependence of ground heat loss  upon
solar pond size and perimoeter insulalion. Ground Lol Josses [rom
solar  ponds have been calculated numerically for various
per%mcter insulation strategies and several solar pond sizes. The
numerical simulations are stc;dy state cﬁlculaLiOns of heat. loss
from a circular or square pond Lo a heat sink  al the  outer
boundaries of an earth volume that surrounds the pond perimeter-

on the bottem and sides. Simulation roesal s Todjcute that,

insulation on top of the ground around the pond perimeter is

&



rather ineffective in reducing heatl loss, and tLhen . uninsulatod
slopingﬁ side walls are slightly more effective than insulated

vertical side walls, except tor very small ponds.

Akbarzadeh, Hucdoﬁald and Wanyg (year of publication in 1971}
have investigated the phenomenon of mix&ng in the top redion of
solar pbnds. The factors causing this problem and the elfects  of
wind in creating the top luyer éOHVUCLiVU cone are discussod in
their papersl They derived necessary formulas for determinalion
of amplitude and. frequency of the wﬁve generated by the winds  in

"

terms of wind veloucity and fetch length. Also the problem of . wind
driven currents in solar ponds has been discussod, They  have
currently introduced the idea of small circular floating rings as
wave suppressors and degceribed thelir effecbiveness g doci casing
the thickness of the top canvgctivu zone. They have uiso proved

that the {loating ring wave supprés..cs coan successtully Jdecrease

the depth of the top mixing layer in the pond.

Bauthy, (year of publication in 1971} carvied un experiments
to determine by computer simulation, the optimum thickness of thg

noen-convecting  zone 1In the salt gradient soiar pond.. They found
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that the pon—convecting gradient zone (NCZ) of a  salt grndjent
solar pond tendsrto more effectively  Lransmit  incident  solar
energy to the storage brine below as its thickness is reduced and
that same gradient zone Lends to more effectltively reduce heat

loss {rom the warm brines as its thickness is incréascd.

Therefore, there exists an optimum gradient zone thichness
for which the net rate of energy collected and retained is  a
maximum. They argued that significant improvement  in pevned
effiéiency may be obtained it the thickness of Lhe ¥radient  zaone
%s adjusted monthly, scasonally or even it is mainlaoincd al the
annual average oﬁtimum thickness as compared with operating the
pond with other than an optimum gradient =zone thickness,

ol

Their expérimenL resulted thal  maximum  ecnergy  can be
extracted from thé pond by‘mqintaining oplin.g  NCr thckness;
which would very seasonally or monthly. In the summer when the
amblent temperature and solar insolation rates are bolh relabively
high the optimum Non-convective gradicentl zone Livickness would
likely be less than during the winter when ambient LumperuLnr;

and solar insolation are relativelsy low.



again raised to .3048m. Thus the pond is now, 1.3048m deep. To
prevent possible leakage of the brine with Lhe pon! walls and the
bottom are made with 10" brick walls having a cement, liner. It is
. .
done so0 that the wute{ cannot bLe mudds willy (he dirt  washed in
from the walls either by motion of the waler in Lhe pond  or by
rain. The ponds long sides are made with casl west direction. The
south wall is made some what inclined with vertical so that  the
pond interfaces cunnot be shaded at Lhe optimum Lcriod ol sodar

i . . . . .
radiation. On the north side of the pond threr is o platiorm Lo

maintain the thermocouple with the lond sorew.

The walls of the pond are painted with write  conmercial
paint in order £o reflect the sun rays into the pond hoLan. The
bottom is painted with blaok paint in order Lo have the
absorption co-efficient of & p}ackbudy. Both paints are used wilh
conformity that these are not washed off with hot salt water. The
insulation is provided to the height of 1m from the bLottow. S0,
0.3048m at the top is not insulated. This is dune Lo study Lhe

pond  only with Im depth. Since the insulalion is 1.5" thick, it

reduces considerable volume of the pond.



CHAPTER - 3
THE SOLAR POND

3.1 Description:

The solar pond under study is rectangular in shpae with its
south wall inclined at 209 with vertical. It is 1 m deep having
an area of 3m X 1.87m at the top and 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 now, 1.3048m deep. To
prevent possible leakage of the brine with the pond wnlls and the
bottom are made with 10" brick walls héying a cement liner. It is
done so that the water cannot be muddy with the dirt washed in
from the walls either by motion of the water in the pond or by
rain. The ponds long sides are made with east-west directioﬂ. The
south wall is made some what inclined with vertical so that the
pond interfaces cannot. be shaded at Lhe optimum“period of solar
radiation. On the north side of the pond threr is a platform to
maintain the thermocouple with the lead sorew.

=

The walls of the pond are painted with write commercial
paint in order to reflect the sun rays 1into Lhe pond Lottom. The
bottom is painted with blaok paint 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 tLhe bottom. So,

0.3048m at the top is not insulated. This is done to study the
pond only with lm depth. Since the insulation is 1.5" thick, it

reduces considerable volume of the pond.
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Cork is used here because of its numerious advantages.
Firstly, it 1is comparatively cheap and available. Its thermal
conductivity is very low. Again it is unaflected by salt and it
cannot be wetted & decomposed with water, It is easier to fix

with 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. Fer this end in view the 2" grooves are made on the
walls and in each ¢roove a 5" bolt is prassed with concrete. The
insulation is made attached to the walls with” 3" X 3/4" wooden

lears.

o
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The Bangladesh Council [for Scicentific and Indnétriul
Reseurcﬂ {BCSIR) conducted an expeciment on Lhe principle of
solar pond. In that experiment a cylindrical Jur of dia. 1 inch
and height 10 ft. was taken and filled Qith bresh water and Nacl
salt was. sprinkled which settled at the pohtom. Alter a sn\L
gradient has been established, the temperature at the surface and
bottom were measured, It w&s found that when tLhe surche
Ltemperature  was 250C, then the bolLtom tLemperaturce was roaiscad .o

Q

530 C. 'In conclusion it was mentioned thats for low Lemperabure

heating purpose, solar pond would work in Bangladesh.

3.%. INSULATION. OF_ THE POND:

The heat loss frowm the perimeber of this poemnd to the side
walls and the ground is not at all negligible., Tn cuse of n large

pond, this heat loss may be very small compared Lo  Lhe overall

heat absorhed by the pond.

a

So effective insulation have been provided o ordev  to
&

reduce heat loss along the walls,
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and salt. While several important problems remain to be solved,

solar ponds are slowly becoming recognized as one of the mory
ppromising- solar technologies., The basic vertical st?atificution
in a solar pond is composed of the typical thrue-layer structure
consisting of upper and lower convecling zones seperated by a
gradient zone. The abllity of a pond to collect and store heat in
the lower layer depends on the establishment of A stabilizing
salinity gradient to supress natural  thermal convectioﬁ. The

gradient zone acts to insulate the lower layer from the upper
mixed layer which 1is in direct therma) conlacl  wilh Lhe
atmosphere. The effectiveness of the gradient zone may be
lessened as either of the convecling zones encroaches iﬁto the
gradient region and also by the development of internal
convecting zones. Both of Lhese processes have been observed in

operating ponds and tend to increase the upward flux of heat and

salt, thus decreasing the pondfé'thermu] efficiency. Internal

‘convecting zones result from instabilities sssocinted with ULhe

strong tempecrature gradients established, while encronchment at
the gradient zone boundaries is caused by entrainment driven by

By

the convective motions in the upper and lower layers.

4
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Since the insulation is white in coleour, the walls serve Lhe

purpose of reflecting the sun rays into the bottaom. The  hottom

insulation 1s  painted with black paint to absorlb  the

Ty
radiation. The nuts and wooden lears used on the boltom are
provided with black paint and those on  the side walls

provided with white paint.

FILLING PROCEDURE OF THE POND;

The pond has been filled in lavered sectious with
saline differences between édjucenL lavers. For conveniencce,
depth of the pond is fractioned into 10 Jayors and there has
maintained & uniform saline differénce bhetween the lavers,
Lottom most layer contains a brine of  apecific grnvily
having'& salt salubility of 21lygm/100cce of water and tLhal the
layer from the top has a specific gravity of 1.032 wi
solubility of 4gm/100ce of waterh First two lavers oarce [

‘

with fresh water. The bottom most laver is filled first

solar

also

nrae

small

Lhe

- heen

Tha

.14

Ird

t.h H

iiled

and

successively Jidhter layers are floated upon the lower dienser

layers.

For large pond the [itlling procedure is dilferent {rom

for a small pond. Generally for large pond, fresh water is T

thia

illed
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té the appropriate depth and salt dissolved to make concentrated
brine 1in ‘the bottom portioh of the pond. The st Inyer of
slightly lower salinity -is produced bylpumping a wtream of  brine
oul,  from the holton Lhrough o mixing valve, wWhere 1L s diluted
with the desirvoed pruport%on of lresh wanter and Lhen deposited on
the ggnd surface. The process 1s rppcuted with succussively

. = N . . e . .
incrdhsed proportions of fresh water to give lavers of decreasing

salinity until the desired total pond deplh is reached,

ilere  tor this pond the brine mixtures have been prepaged
priocr to pouring with required sulinity and  placed upon  the
previous layer. To prevent excessive stirring during pouring, the
leading pipe is directed towards a small box placed on u 3 8 3¢
wooden platform which floats on. the pond. $So that Lhe water {luws
over the rim of the box to the periphery of Lhe platform  and

thence to the pond,

For preparation of brine, a drum of size S0cm diameter  and
86cm  height Thas bheen Lused. Since the volume of each layver 1s

greater than that of the drum. So for pouring a layer Lrine

mixvture of the same salirity had to be prepared for two or more

/6
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times.For rapid and well mixing, a typical stirrer was used. The
brine has been led to the pond by & hose pipe of Jdin ] 1/2inch

through a gate valve.

Scon after the step wise fiiling process, Lhe pond  ygradient
smooths itself cffected by diffusion. The smoothing  of  the
density profile 1is necessary because othuerwise Lhe tndividual
lavers themselves are unstable and convective cells can cslabl)ish
LhGESulvcs in the individual layers. There 1s partiatl mixing of
the adjacent lavers caused by the kinetic cnergy of  Lhe liquid
flow injected into the pend during filling ﬁ}ucess.Purt of  this
kinetic energy is converted inte gravitational potential energy
by partially mfxing yhe adjacent layers., The rest of Lhe kinetic
eneﬁgy is dissipated in  viscous flow at Lhe walle of  the
pend.From energy consideration, the flow inte the pond has  beoen

kept limited to appreximateéelsy . 12m/s.

INSTRUMENTATION OF THI SOLAR POND:

In order Lo monitor the stability, cvollection efficiency and

clarity of the solapr pond, neasurencnls ol Lemperatare, saliniby
and insulsation within the pond, and measuremenls of  temperasture,
numidity, insulation and wind velocity oubtside the pond arve

regquired.,
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Temperatures at various | ayers of  Lhe  pond  are eastly
recorded by installing thermocouples. A thermocoupl¢ probe  has
been  designed _x'w'ith thoe mechanisnm Lo shift the Lhermecoup e at
different lavers to record Lhe btemperatures of  Lhe convechive
zones as well as the LG'IIE})(:KUl.HI'l—:. grad:cat in the yradient zone.,

j(,\ e Y _.':"_{:)' - /\* 5!_1,("‘.!"!_‘ '.7‘,{':‘ B

Freve wronstan ban Lhermocouples have hoon vaodd s Lhse b
Lairesny Leedd Lo Lhe millivoltmete Ly shsulaled oy e wia e
thermocouple wires arce passed Lhrough L/BY din » sluninless Sleel
Lubes.  Fach  tube is 1.2 wotoer in tendth nnd thoey e el N

Yrame 0.75meter apart. The frame b= owelded Lo oa modl which caor be

screwed  upward and downwe rd by rotaling a lead  screw, Four rods

dulde Lhe gut in ils Way

There s diffusion of salt in Llre vipward  Jdirecbion rom
the bottom to the top. This diffusion causes instab] Lity of the
saltl gradient. So maintoenunce of the winl L dradient s very

Tmportant.

Por o this  reason QL is reguleed  to o check  osalinitys g

dirFferent lLevel and take Necessary M et e, Salinity
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measurements are made by extracting brine from chosen levels in
the pond., This extraclion may be with the help of a small pump
and piece of tubing. For this reason small-diameter sanpling
tubes are installed permanently at different levels of the pond.
On temporary basis, large syringe with plastic tubing has bccﬁ

. : i
used to extract liquid. The extracted liquid is poured inte a

cylinder and s hydrometer is used Lo measure salinity.

Insulation within the. pond is measured by using encapsulated
silicon detectors.To control dirt which is mixed with commercial
salts, a filter should be used. Here a clolh wraped around the

wooden platform has been used to serve Lhis purpose., It would he

better to use filterbox packed with charcoals, sands and rocks.



CHAPTER V

RESULTS AND DISCUSSION

Ten Sets of Temperatﬁre readings have been taken starting
from 8 A.M. to 5 P.M. each day. In each set there are eleven
readingsabf different layers starting from top surface of the
pond to the bottom. Obviously these readings have been taken at

dayhighttime with a certain interval.

Fig. 5.1 & 5.2 are plots of temperature vs. day time for
variocus depths for 1lst day & 2nd day of running respectively. It
is evident from thése graphs that as time goes on from moring
temperature 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 with increase of depth. On the second day of
running temperature at a particular time is fdund to be higher
than that of 1st day of running. This indicate stofﬁge of solar

energy in the pond.

Fig. 5.3 & 5.4 are plots of temperature vs. depth at day
times fdr 1st & 2nd day of runniﬁg 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



the density gf 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
laver is lighter than that of the lower layer. That 1i1s in each
layer, the upper boundary region 1is 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'gbes 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 1t is seen that the temperatures of the
different layers increasélgradually. From this phenomenon it can
be Concluded that the smobthing effect of the deiisity 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 1if 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 acticn is adeopted, the
existing dirt particles will absorb and reflect the sun radiaticen
on its way to the pond bottom. Lower temperature at the bottom

layers may also be due to this. In this investigation, a c¢loth

ef



covered afound 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.

Dens%ty gradient are plotted in Fig. 4.5, It is evident from
the figure that as the thickness of the layers are smaller, the
smecothing 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. Most 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.

“a
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CHAPTER -5

CONCLUSTONS

The following conclusions can be made from this study:

As time goes on temperature is found to increase & it is the
maximum at 2.30 P.M. to 3,00 P.M. After 3.00 P.M.

temperature begines to decrease.
Temperature is found to be maximum at a depth of .7m to .8m.

During the second day of running temperature at a particular
day time & at a particular layer is found to be higher than

that of 1lst day of running.



Suggestions for Future Work:

The following suggestions are made future work.,
1. Heat removal : A heat Exchanger should be designed for

this aspect.

2. Perimeter heat 1loss: For a small pond, most of the
absorbed and stored heat are lost through the pesrimeter.
For large pond, this loss is negligible. So by providing
good insulation, the pond should be studied.

3. Maintenance of salinity gradient: It requires surface

washing and =salt replerishment.

4. Gradient zone thickness: An optimum  gradient zone

thickness should be found out for maximum heat removal.

5. Zone boundary control: There is a tendency to  increase
» the thickness of the upper convective layer and
simul taneously 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.

.217[



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 miximg lighter

upper layer brine with denser

dissipated by viscosity.

The
increased
the pond
observed
ampl tudes

surface.

thickness of the surface convective zone 1is greatly
by a wind storm. New interval convective layers deep in

near the lower boundary of the gradient zong have been

following service wind. It is suggeited that wave

can be controlled by floating wave barriss on the pond

7. Fasibility of the pond in Bahgladesh. Where there are

freguent cyclone, heavy rainfall and other natural

Vol
=alamities may cause an adverse effect on a solar pond.

lower layer brine and partly

Ty
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densurement off Cemperature by Yhermocounln (}

Tab sell of ramdinge (nfler 1 day of running the ond)

Almbient tenp. = 5‘103, nt .00 AM

Bepuh (em) “Thermocounle no.

T (uav) ¢ {mv) L (wmv)

sAverngee (mv)

o 0.0 0.0 0.0 0.0
10 0.2 0.22 0.18 0.2
=0 0.0 0.0 0.0 0.0
0 0.0 . 3.0 0.0 0.0
40 0.0n 0.0% 0.0% 0.

%

05
50 ' C.0 0.0 0.0 0.0
i:0 0.06 0.065 0.4 0.05
20 0. 24 0,25 U. 2o .25
e SIRIT ) SRV, .
40 0.8 .20 G J. 2
100 3,05 0.0 0. On Q. 0"

A e e ".o
entt_gebt at 11,00 Al dmbient camnp. A07C

o . _ G.a5 (J.u7 0.4 0,05
0 0.49 SN SR O die
A D.ik . an SIS, Sy
Y0 0. 545 0. 44 VIR /AY PREA
40 0.%7 0, 3% 0. 534 BT
0 Q.45 0.0 O, ht C.onv,
~0 .49 0.5%C 0.51 0,50
0 0.56 0.5%5 ' G.50 . 0. 5%
e 0.5 0.5  ¢.an 0. 50
0] 0,40 Q. Hh C.65 - Oua%

100 G.no Q. 44 0.0 RPRTN
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Dcpthy(cm)

[

“"nermocounle no.

10
20
50
no
; . 50
60
70
&0
90
100

PR Y

10
20

450
50
o0
70

L}O
i 1C0

1 (av) 2 (nmv) 3 (mv)
0.7 0.8&1 0.8
0.7 0.68 .72
0.649 0.67 0.65
0.61 0.6 0. 54
0.5 0.5% 0.5
C.u 0.79 0.6
G.a5 Q.0 Gl
0.5 -5 0.62
0. 5 0.6 0.61
0.5 0.5 0.5
0.y 0.7¢& 0.62

fverage (mv)

> of reading (nfter 1 day of ranning the Pond)

27
%1

Aambient Temp, 89¢, ne 12,50 1

Ath set at 2,00 PMJ Ambient Venn.
05 .05 .05
<% A5 .7
.05 . O¢ .On
.0 .0 .0
.05 .05 05
.On .06 .05
LGS L T
.5 .81 .49
Lus WP a3
.65 Be .65

.65 .65 .6

9]

(o]

<

o O

ol o)

-



rets et e i

B e mrwa = o A

Sth set of reading (ufter 1 day of

gepth (co)

A

ao
100

%

yh nu

running the Pond)

°c at %.20

ambient Teap. = 37°C

__‘'hermocounle no.

1 () 2y 2wy
C.15 Q.1 0.6
0.29 0.30 0.7%1
0.76 0.15% Q.10
0.1 0.09 c.11
0.0 G.0 0.0
G.% ¢.e" 0. 3
0.48 C.u7 0.46
0.4 o.un 0.3%9
O.n7 006 O, 4
0.5 Gl 0. 59
L5 ¢ o.7

po Blh DO P Aorbrent oD, %4 °C

0.0 c.0 0.0
0.1 .09 0.1
S.1% 0.6 0.1
C.1 0.1 0.1
0.0 0.0 0.0
0.1 Gg.1 0.1
G.6 0.0 0.5
0. 25 0.2 0.ab
.0 0.3 0.4
0.5 0.5 0.5
G- 0. %2 0. nb

Iy

averaga (mv)

O,

.QO

—
W

S S B
N
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16t et of

Depth (cnm)

-

0g

7%
reading (2nd dny of running the Pond) %
Ambient ‘Tamp. » 12°C ne 1,00 AN

“hermocounle

Io.

average (ov)

1 (av) 2 (mv) 3 (mvy
0 0.0 0.0 0.0
10 0.0 0.0 0.0
20 0.0 0.0 0.0
30 0.08 0.0 0.07
40 9.15 0.2 0.19
S0 0. 18 0. 18 0.19
60 o 0.n2 0.4% Q.u9
70 0.3%3 0. 34 0.%2
80 0.29 0.23 0.27
a0 0.22 .25, 0.22
100 0.23% 0.2 0.22
2nd sct at 11.00 AM, Ambient Temp. 34°C
0 0.0 0.0 0.0
10 0.05% 0.04 0.06
20 0.25 0.25 0.2u
30 0.2 0.2 0.2
no 0.3 0.29 0.31
50 0.25 0.26 0.25%
6O 0.2 0.2.° 0.2
70 0.3 0.3 0.3
80 0.3 0.29 0.3
40 0.2% 0.25 C. 26
100 0. 35 0. 36 0. 3u

<

OOOCOOD.O.C"0.0

o o o O

OO0.0

o G O

.18
L85

L5
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Trd sef of rawling (2nd dey of runninyg the bond)
' Anbient lenp. = _‘}‘)OC at 1.00G
] :
Depth (em) "hormocounle na. o averaee (ov)
/ 1 (uv) 2 (mv) 3 (mv)
‘ 0 0.0 0.0 0.0 2.0
10 LR C0.0% 0.0 L0
L 20 0.0 V.0 C. G w0
: 30 .15 s 0.0 .Yy
P 40 0. 2% 0. 26 UL it U.eh
; 50 ' 0.2 NI, S Q.F o 0.2
~ _ 0 a.2y 0. 24 0. Lo PRE
: 70 0.23 0. 29 0.22 .23
£.0 . 0.2 J.2 - 0.7 i,
.3 90 0.19 0.21 0.2 SOt
100 & 0.3 6,32 (i, .29 Oua
;
" Lth set ot 2.00 b, Ambient ‘fomp. 3803
: 0 ] 0.2 0.: 0.2 0.2
10 0.%5 0.37 (EAG) WG
2 L8 0.8 A .0
30 0.5 [0 0.5 .S
ure; .35 . 5% U WL
"30& G. et Y :’i 9] ]
=0 0 3 0,9¢ 0. O
70 ' . 0.0 0.1 S0
20 ' (6.2 RSP 0.9 O,
ap G329 .42 Q.24 U.h
100 o.s 0. 0.5 Ot
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Conversion of thermocounle reading (mv) to teopneratura

P e

A3t ot ol roadinge (10t duy S raneimt the 'an )

wrbient lemp, 3190 ut S.00

“epth (cm) O 10 20 40 w0 S0 A 70 80
Swe. () 0 0.2 0 0 .05 0 05 0 LR5

‘errec.{(nv) 1.8 2 1.6 1.8 1.85 1.8 1,85 2.65 2.1

i

wap. OC 31 32.5 31 -3 319 31 305 33 3L

2nd set at 11.00 AM, Ambient Temn, 3u°C

septh (em) 0 10 - 20 30 600 50 GO 70 20 -

vz (av) 45 .a8  .u8  I%% 0 .35 .85 .5 .55 LD
3

sorrec. (ov) 2.25 2.28 2.28 2.15 2.15 2.2% 2.3 2.3% 2.

0

nmn. OC 37 7.5 37.5 S 3 37 38 39 30

Ird get st 12.30 PN, fimbilent ‘lamp. 38°C

“vepth (em) O s 20 30 40 50 80 70 EO

L

!

4

1
|
|

Y o et T o

Lave, (V) o.a 0.7 0.67 Q.6. 0.5 0.4 0.65 0.6 0.6

rorrec.(mv) 2.6 2.5 2.47 2.4 2.3 5.2 2.25 2.4 2.4

Temp. 0C & A5 02 44.% 10 %8 35,5 37 no 39, 5

0.5
2.%
34
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fith set of reading (Yat dany of munning the Pond)

R : Ambient Tenp. 39°C at 2.00 1M

E ‘ .
inph (em) 0O 10 20 30 Ho 50 GO 70 £0 90 100

awve. (nmv) 0.05 0.15 0.0 © 0.05 0.05% Q.45 .5 N5 .65

orrec. (nv) 2.4 2.5 2.4 2.35 2.n 2.4 2.8 2.85 2.4 P )

—

aym.. O ) . .
TN, C 40 P 40 40 34, 5 a0 Ihe 47 h, 5 “(3 “()

IO oth set nt 3,30 DM, Ambicnt ‘femo. 37°C

§

ijcpth (em) 0 10 20 3G L0 0] %o 70 0 1) !

i . . ‘
a,-ll%u (v 15 ) .15 L O Q.4 LT L L7 .5 3
o | . . -
% |
h itorrac. (nv)  2.3%% 2.5 2.55 203 .2 A a7 el N A o
'? [ QA . - . .

g.enq>. C 29 | A9 b1 A7 | 44 A 134 BOLS g

!

§
f HEh ser ot 5.00 F, Am?jent'qup._}uoc
v i{,‘cpth (cnm) 0 10 20 A0 ag 50 A0 70 &0 90 10
Ko Gwe. (av) 0 0.1 0.1 0.1 .,0 0.7 0.5 .28 .u .5
/4 4
& itarrec.{mv) 2 2.1 2.15 2.1 2 2.1 2.15% 2.25 2.4 2.5 L5
E’ lep. °c A4 A5 45.5 he 44y A% 35,5 47 N0 0 '
i ;



Conversion of thermocouple reading (inv) to temocrature

15t set of reoding (2nd day of running the Iond)

Ambient Temp. 32°C ut 9,00 Al

? )
oth (cm) 0 10 20 30

g0 0 0

proec.(mv) 1,820 1.8 1,82 119 2.0 2,05 o.n A in w4
cran, 0C 32 32 32 52.5 3% s 54 55 40
; 2nd set at 11.00 N1, ambicnt Temn. 36°¢
;: jkpth (cm) O 10 4 50 4e) Lo 60 20 0
Y e, (av) 0 .05 .25 .2 .5 .05 L2 5 3
s ébrrcc.(mv) 2.0 2.05 2.2 <.z 2.3 2.25 2.28 2.% 2.5
b { ’
5 meap. % 3 3.5 37 36 37.5 36.5 %6 38 38
o
!
A 3vd set at 1.00 PH, imbisnt Tempn. 35°¢
S septh (em) 0 10 20 30 40 50 50 70 £0

I L

TRAT

k. ﬂwe. {mv) 0] .05 0O
¥ '

%% 1brrcc.(mv) 2.1 2.15 2.1
Cobap e 35 3ss s
e

% | i

i

_"3'4" i

.15 s P .25
2.35
37 34)

2.25 2.3 2.35 2.%% 2.3

38 39

24
U1

90 1CO

.33 .23
s-._()ﬁ ,-O:'
J,'J" 'j'l"

90 1oL

-A.?L,’ ._‘5“.

27 a0
90 10¢
2 .3
2.% Z.h
?uc.‘ LQ



fith set of reeading (2nd day of running
a

2.R5
43,5

Ambicnt Temp. 38°2

the Fond)
t 2.00 '

20 30 40 50 GO

& ] 3 % .3

2.7 2.8 2.6 2.6 2.0
44 45 43 03 )

2th set at 3.00 PM, Ambient Temp. 38°C

S
gt
t
.
) {
EO
s ! el
[ ’ L=
v oth (cm) 0
A
:‘.:' S (.'n'.') .2
g -
oosrrec.{av) 2.5
<
b o
b % azs
}
o
o ¥
g A
s ]
o
B ,j
!
o
=ipth (cn) 0
. (mv) .55

*Ebrrcc.(mv) 2.RS

43.5

ie Q-
anh., (W

10
L5
2.75
a4, 5

20 30 N0 50 B

.15

15 b 0.15

2.45 2.7

4L {4 42 41 aug

.00 PH, Aimbient Temp. 35°C

RN )

0

L5
2.45 2,45 '2_u3 2.45 2.5

0

(1v) .2

Tuarrec.(nv) 2.3

o

C 8.5

LLERD.

10
.25
2.3%

39

20 30

0.1%5 0.15 0.0% O.

4g. " 50
0.1

2.2 2.725 2.25 2.15 2.

3.5 37 57 36 36.

=0

1

2

v

41

2.

37

70

[$ %]

o

-5

80

)

ol

2.3
N
il
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