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ABSTRACT

In the present studv, the performance of a small saitless solar pond augmented by
planar reflector is presented. Experiments are carried out in the Facuity of
Engineering, Mansoura University, Egypt (31° N). The experimental pond hes a
surface of 1.23 mx 1.23 m and .85 m water depth. A glags mirror with 1.6 m height
and 2.5 m width is supported in a cornmon edge with the pond surface. The glass
refiector 1s south facing and vertical in positioh. Plashc lilms are used as a top covers
for the pond surface. Measurements of solar radiation, ambient lemperature and water
temperawres at different heights in the pond are carried oul. Measured auginented
solar radiauon is compared with that predicted by the radiation enhancement model.
The compariscn has shown a good agreement berween the measured and the predicted
data. The temperature gradient through the storage zone of the pond ranges around 5
*C. and the upper laver of water is highly dependent on the ambient conditions.
Temperatures of the plastie fayers are presented during the day time, and also during
the build-up period. Water temperature on the pond surface of more than 60 °C could
oe altained in Oclober. with a pond afficiency ranges from about 50 % up to 66 %.

INTRODUCTION

Solar ponds are simply constructed using relatively inexpensive malterials. For some
applieations, They will provide as much or more heat per unit collector areaas
conventional systemns and thus they are eeonomically attractive. Also. solar ponds
provide inexpensive meaus for ccllecting and storing sclar energy al lemperatnres
below 100 *C [1}. The salt-gradient solar pond usually suffers from some major
drawbacks: (i) energy harvesting must be done in a well-conlroiled, svmetimes
complicated manner, in order to preserve the sait gradient; (i) a large salt - base solar
nond mav endanger the gquahty of the ground water basin; and (ii1) large amount of
salt are required (2], However. several concepts of saltless solar ponds have been
pronased in order 1o alleviate these drawbacks [3-6]. Membrane-stratified pond [4]
dna Cnereoinb-stranfied pond |5] are =xamoles of (hese coneepts. Also. a saltless
e pond vith o semi-fransparent mualtilaver surface insulation system has been

peoposed [7-10].
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A [ew advanlages of saltless solar ponds are given by [11] as : (i) since no salt is used
in these ponds. they can be made maintenance free and low cost: (ii) there 15 no
environmental or geological hazard with saitless ponds and (iii) a large depth of lower
convective zone can be maintained in a saltless pond resulting in seasonal storage, less
diurnal temperature variation, and higher collection efficiency. Although soiar pond
has the polential lo become the most economical method for the collection of solar
energy in large scale applications, specially designed ponds. however, can be instailed
on the roots of faclories. eommercial buildings or houses. ln winter months the solar
pond could provide farge supplies of water, substantially above ambient temperatures
to heat pumps. Also. another promising applications of solar pond tmight be to snpply
hot water for absorpticn chillers, which are used in summer air conditioning systems,
or to generate process sieam with the use of the absorption heat transformer by
temperature boosting of heat from solar pond [11].

As the free snrface of water in the pond must be horizontal. the beam radiation
coilected by lhe pond is usuallv limited. However. absorbed solar radiaticn by the
pond can be enhanced with the help of a planar reflector. which must be oriented ina
certdin position to maximize the collected radiation either in all year-round operation
or for a certain period (zeaspnal operation). Analysis of radiation enhaneement niodel
was presented in [12].

In the present work. the validity of the previous radiation enhancement model given
by [12] for smalil saliless solar pond with a planar reflector and muitilayer upper

insufaling system s invesuealed. Also, the operation of this pond under the Egyptian
climate eonditions is experimentally tested.

EXPERIMENTAL SETUP

Figure | shows a sectional elevation of the experimental pond. The apparatus is
fabricaled from a steel shest of 2 mm thickness to form. by welding, a tank nf square
cross section (1.23 m x 1.23 m) and 0.83 m height. The oond sides and baek. which
are painted with blackboard painl from their inlernal sides, are insulated with 10 ¢m
glass wool layer {rom the outside. The upper surface of the pond is covered with a
transparent cover which consists of six polvethvlene lavers. The transparent lavers.
which have (he same dimensions as the pond surface, are supported in a wooden
frame such thai. the space between two adjacent lavers 15 kepLal 0.01 m as shown in
Fig. 2. The south faced retlecior, which is mounted by two side supports allowing a
chauge of the degree of inclinanon ot'the reflector with respeet to Lhe pond surface is
.6 m height and 2.5 m width. The reflector is vertically supported in commnon edge
with the pond surface and its reflectivity i5 0.75,

In order 0 measure the temperature gradient through the pond. nine Copper -
Constantan thermocouples are vertically installed along the pond center. Also. Lhe
lemperalures of the cover lavers are recorded by six thermocouples. Solar radiation
intensity, with and without enhancement. on lhe pond surface and the ambient
temperature are also recorded during the experimental work. The experimental setup
is prepared and locaied on the roof of the Combustion Laboratory, Faculty of
Engineering, El-Mansoura University at 31° N latitude, Temperatures and radiation
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data are recorded each hour during the day lime, and the medn pond temperature is
caiculated by using the following equation [13 ] :

Tp=[f_‘ (T,+T1-,,|)AL5];’2L,- (1

Ll

Where, L, isthe pond depth and
A L; is the distance between two adjacent thermocouples located in lhe
central part of the pond,

RESULTS AND DISCUSSION

The short term experiments with lhe small saltless solar pond in no load condition and
enhanced solar radiation colleetion took piaee during October 1996. The performanee
resulls are deseribed here. Figure 3.a,3.bshow typieal solar radiation data, obtained
over two different days with moderate solar radiation intensity. Resulls of diffused.
horizontal, and enhaneed solar radiation (ealculated and measured) are presenled in
the two figures. A reasonable agreement between the calcuiated values of Lhe
enhanced radiation {12] and that measured can be observed. It is clear that radiation of
about 600 W/m® can be enhaneed to a value of about 1100 W/m® { Fig. 3 ). As
expected. the reflector position and the Lilt angle allows the maximum values of
enhanced radiation to oeeur during the period of higher solar radiation (10 - 13 hours)
as shown in figures. The good agreement between theory and experiment proves that
the previous radiation enhaneement model can be applied at different locations and
different seasonal operation of the system.

Experimental time traee of nine temperatures, that reeorded by thermocoupies
vertically instailed in the pond. are given in Fig. 7, for one day of system operation.
As the pond funetions as a collection and storage systein, the temperature of different
layers inereases continuously during the day lime. However, the rate of lemperature
rise of the upper water iayer is seen 0 be highly affected by the solar radiation
intensity. Therefore, its has the highest temperature of the pond. In the same figure,
the calculated values of mean pond iemperalure is given. Figures 5.a. 5 bshow the
temperature-time curves of the six layers of the upper insulation svstem of the pond
for twe different days of operation. Also, the amnbient temperature and the water
surface temperature are presented in these figures. 1t can be observed that. cover
layers experience apeak occurs in temperature at noon. The. temperature drop
that follows each peak occurs with a rale following the solar radiation as expected.
The upper layer of the water in the pond has a temperature eurve whieh may have a
peak value at noon tme, as shown in Fig. , beyond this peak lhe temperature is

reduced. Apparently, the slorage capacity of this layer is lower than that of the other
layers inside the pond.

Daily temperature variation of the pand layers and the mean pond temperature during
the butld-up period (1/10-24/10/96) are piven in Fig. . The temperatures shown in the
tfigure e ihose corresponding to the values imeasured at 12 noun every day. it canr be
cugerved thal the lemperawure difference between the bottom layer and that adjacent
to the upper layer is nearly the same for all days of the build-up period. However, the
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difference in lemperature between e upper layer and the adjacent one is seen to be
higher than that berween any other two layers. This may emphasize that, the
upper layer is highly affected by the ambient conditions (sotar radiation and ambient
tcmperature). On the other hand. the inside layers are more stable and can be apptied
as the storage zone of the pond. The vertieai lemperature gradient along this zone is
about 4-6°C. Figure 7 shows the recorded iemperalures at |2 nocn each day of the
build-up period for the six cover layers with the ambient temperature and pond
surface temperature. It can be noliced that, the temperature of the pond surface and the
cover system [ollow that of the ambient which changes during this period. From
Figure 6, it can be observed -that, the pond lemperalure reaches a maximum
value. at the end of the build-up period. The mean value of this maximum temperature
is higher (han the mean ambient lemperature by more than 30°C.

The hourly efficiency of the solar pond is given by { 1 }as:
n=c,p L AT/H (2)

Where c, is the heat capacity, p is the density ol water, L is 2 water depth, AT
is the warter temperature rise during one hour of operation and H is the incident total
solar radiation in this hour.

The pond houriy effieieney is calculated over Lwo days of operation and preseuted
here in Fig. & . As expected, the pond efficiency at lower lemperatures is high and
gradually decreases as the pond temperature inereases. This indicates the increase in
losses to the surrounding with the increase in pond water 'emperature. However, if
heal is extracted during the day time, as in flat plate solar collector, the average pond
temperature, and therefore thermal losses. will be reduced. Thus, a higher vaives of
average pond efficiency is expecled when the pond is working in load condilion, and a
large fractiou of the total availabie solar energy can be utilized.

CONCLUSION

A small, freshwater solar pond augmented by a planar rellector is eoustructed and
experimentally tested outdoor. Results are presented for the pond warm-up with no
load condition. Measurements have shown that the mean pond temperawre. in
October, s 30 °C higher than thar of ambient temperature. Also, the hourly efficiency
of the pond Is calculated and found te be highly depeudent on the pond temperature.
The agreement between Lhe calculated and measured values of enhaneed solar
radiation is reasonable, and thus, the theoretical inodel of the previous work [ 12 ] can
be applied for olher locations aud seasons. The fabricatiou of small pond is simple and
cheap when it operates as a cofleetion aud storage uuit in the same time. Finally, it
should be recognized that further experimental work is required for long lerm
performance of the pond Lo evaluale the seasonal variation of its performance.

NOMENCLATURE

C beat capacaity
H pond height. mcident solar radiation
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L pond depth

T temperature

A difference

n efficiency

s} density

Subscripts

i thermocouple number

P pond
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