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NTRODUCTION.

“The slar pond has the potential to become the most
economical method for the collecton of solar ¢n-
ergy i large scal. The use of the solar pond for
seneration ofcectric power has been demonstrated
recently[1]. Solar ponds have also been used for
process heaing and chemical recovery(2). Since 4
solar pond is exposed to the clemens is perform.
ance can deteriorate with time. The two major fac-
tors reduce the amount of solar radiation absorbed
at the bottom of the pond. The transmissivity of the
pond can decrease dramaically on account of algac.
Srowth. This problem has been successfully solved
by the use of copper sulphate or chiorine[3]. The
absorpton of solar radiation at the bottom of the
‘pond can be reduced by the accumulation o dirt or
presence of undissalved salt. There is no simple
method for the removal of the dirt rom the bottom
of the pond. Hence it s essenial to predict how
the performance of the solar pond i afected by the
reducion of solar absorpivity at the bottom of the
pond. Kooi(4] was the first 1o study the effect of
diffuse refection at the bottom of the pond. His
analysisindicated that the eficiency of  sola pond
decreases lincarly with the relectivity of the bot-
tom of the pond. His analysis did not, however,
account for mutipe reflctions

Hawaldar and Brinkworth5) have considercd
the effec of bottom reflecivity on the thermal cf-
ficiency of a solar pond. They assumed, however,
that the reflection at the bottom is specular. This
assumption is not realisti since the dirt or undis-
solved sltat the bottom ofthe pond has rough tex-
ture. Hence the reflcction will be diffused rather
than specular. Katt and Bansal(6] considered mul-
iple reflectons but Guhal7) has shown that their

alysis contains many concepual errors. HullE]
S el
bottom surface of the pond and the water-air in-

the top. Hull was able In;x:rcn the mod-
 absorptivity product defined by Kooil4] in
Wmm functions. Guha(7) h:

however, found that the numerical values of these
functions given by Hull were ot correct. (Hull{14]
has recently provided, the correct values of these
functions.) The variation of absorptivity-transmis-
sivity product with reflectivity is shown in Fig. |
We see that results obtained by Guhal7) using
Hull's method are higher than those presented by
Hull{]. Cengel and Osizick(9) have also considered
the effect of multiple reflections in the solar pond, =
Their basic formulation seems to be different from
that of Hull(8). But the two approaches can be
shown to be equivalent. Cengel and Osizick(9] have
also accounted for the presence of diffuse solar ra-
diation. They have shown that the diffuse solar ra-
diation can be considered o be equal to direct solar
radiation with a zenith angle of 60 degrees. Both
Kooi(4] and Hull(8]-concluded that the thermal ef-
ficiency of the solar pond decreases linearly as the.
reflectivity of the bottom of the pond increases.
Cengel and Osizick(9] have, however, concluded
that the energy absorbed in the storage zone of the
pond increases as the reflectivity of the pond in-
creases. They have therefore suggested the use of
a partally reflecting bottom surface to increase the
thermal efficiency of the pond. They came 10 this
erroncous conclusion because they assumed that
any solar energy absorbed at the bottom of the pond.
would be lost by conduction to the ground. Most
of the work done so far has been limited to the study
of the steady-state performance of the pond. In
practical applications, it is desirable to know the
effect of increase in botiom reflectivity on the sea-
sonal performance of the solar pond.

PRESENT MODEL

To study the effect of botiom reflectivity on
the seasonal performance of a solar pond, we con-
sider a simple three layer model of the solar pond.
‘The temperatures of the bottom and top convective
2ones are assumed 1o be uniform but allowed ©
vary with time. The temperature profile in the gra-
dient zone is assumed 0 be a quadratic. We did not
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assume the temperature profile i the gradient zone
10 be linear because this would resul in the over-
estimate of heat loss from the lower canvective
20ne. We can write three equations representing the
energy balance in the three zones (sce Fig. 2):

ar,

ey

Z |z
= Qu + SIHHO) - HAZ)),

any
pCuD = 292

(0]

where p = density, C, = specific heat, K = ther-
mal conductivity, T, = surfuce temperature, and
7, = bottom temperature.

‘The first two equations represent the energy bal-
ance on the upper and lower convective zone, re-
spectively. 0, is the heat loss from the top surface.
by evaporation, convection and radiation. Qi is the
rate of heat removal from the lower convection
2one and Q s the rate of heat loss (0 the ground.
8 i the solar insolation and Hr(Z) is the fraction
of solar radiation which reaches level Z directly or
after multiple reflections. The third equation rep-
resents the energy balance in the gradient zone.
‘This equation can be converted to an ordinary dif-
ferential equation by assuming a quadratic temper-
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Wwhere T (which is a function of time only) repre.
Sents the deviation from linear profile in the gra-
dient zone. Using the quadratic profile in eqns (1),
(2, 3) and integrating eqn (3) from Z, (0 Z, we get
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Where & = KIpC, = thermal diffusiviy.

We now have three coupled ordinary differential
equations. These can be integrated in time i we.
provide the daily solar radiation, ambien temper-
ature, relative humidity and wind data. I the above
quations the heat loss from the surface of the pond
(Qu) was calculated in a manner suggested by Ki-
shore and Joshi10]. The ground heat loss was cal-
culated according (o the’correlation provided by
Hul et al (1], This corelation takes into account
the perimeter heat losses in a small olar pond. The
fraction of solar radiation reaching a given level in
the pond (Hy) was calculated according (o proce:
dure outlined by Hull8). We have, however, cor-
rected the errors in numerical calculation of f(8)
(defined by Hull(8]) and used a four band model for
speatral varitions. The use of a very sophisticated
spectral band model is not necessary because the
transmissivity of a solar pond varies a lot on -
count of suspended matter and algae. The reflec-
tivity of dirt and salt was measured with a speciro-
photometer (see the Appendix for details). The
above ordinary differental equations were intc-
grated numerically using a forward difference.
scheme with a time step of 8640 seconds.

RESULTS

‘The methods outlined in the previous sections
were used to predict the performance of a 240 m’
solar pond at the Indian Insttute of Science, Ban-
galore (latitude 13°). The daily solar radiation, tem-





[image: image3.jpg]| The efect o refectiviy of o ol pond. )

4 i Surtace haot toss
(DU e svaporation
Fadiuion ang camection)

1 T
A
ok Duvition e
e vearas | gsrasn zone
; e Sumperturs eas | f
Ee A rurineee

1

Ground heations
Fig. 2. Coordinat system.

o
‘perature, wind and humidity were interpolated from  Zone thickness

monthly data for Bangalore. These values are  Storage Im
shown in Fig. 3. The equations were integratcd for  Gradient im

one year so that the inital ransients are removed.  Surface. 03sm
The performance of the pond in second and sub-  Ground thermal 1.5 Wim K.

sequent years was found 1o be essentially same. _conductivity
The results presented in this paper are for the sec-  Water table depth 10 m
ond (and subsequen) year's operation of a solar
‘pond with the following characteritics: ‘We first examined the seasonal variation of sor-
age zone temperature with no heat extraction. In
Pondlocation  Bangalore, India (ititude ~ Fig. 4 the variation of storage zone temperature for

139) s is shown. We find the.
Pondsizeand  240m’ @m x 30m) presence of dirt (relectivity = 0.1) does not reduce

“configuration the storage zone temperature substantialy. On the

1y, (parcent) =)

My, Aug Sep Oct Nov Dec

A
T






[image: image4.jpg]o 2. Snavasasand A. Guna

ther hand, the presence of undissolved or precip- solar pond . Hull13) has indicated,

however,that the salt pif necd not caver the whole
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50 that the storage zone temperatures are ms
tained at the values shown in figure. We find that
the yearly heat extraction efiiency decreases lin-
early with reflctiviy of the bottom of the pond.
“This result i smila (0 that obtained by the steady-
state analysis of Kooil4] and Hll). This implies
that seady-state analyss is adequate for the eval.
uation of yearly heat extraction effciency of solar
ponds. In many process heating applications the
heatloads are seasonal. In such cases it is necessary.
10 perform an unsteady-state analysis (0 obtai in-
formation on the performance of the pond n agiven
season. The effectof different heat extraction rates
on the storage zone temperature (for bottom re-
Dectivity of 0.4 s shown in Fig. 7. For example,
ifa certain process needs hot water at 0°C in winter
then we cannot have heat extraction rates greater
than 10 Win.

concuusions

We have shown that the presence of dit a the
bottom of  solar pond does not affect it perfor
ance substantially. The presence of ndissolved salt
results in a large decrease in storage zone temper-
ature or heat extraction efficiency. Hence the use
of undissolved salt for passive stabiization of gra-
dient zone must be looked at affesh since it results
in & large reduction in storage zone temperatures
o heat extraction efficiencies.
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APPENDIX: REFLECTIVITY MEASURENENT
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