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ABSTRACT

A salinity gradient solar pond {SGSP), termed in this work "solar pond", is a simple and effective
way of capturing and storing solar energy. This paper presents the results of temperature developed in
the inner zones of a salinity gradient solar pond model (SGSPM) under Egyptian solar radiation
climate conditions during 2010. An insulated solar pond model with a surface area of 1.5 m x 1.5 m
and a depth of 1.44 m was constructed at Faculty of Agriculture, Zagazig University, Sharkia
Governorate, Egypt (Latitude 30° 35/N, Longitude 31° 31/E). SGSPM filled with prepared different
concentrations of sodium chloride salt in water of densities to form salty water zones (upper
convective zone, UCZ, the non-convective zone, NCZ, and the lower convective zone, LCZ, with
thickness of 0.1, 0.6 and 0.74 m, respectively). The salinity difference between UCZ and LCZ was 6%
for 1% experiment, 10% for 2™ experiment and 15 % for 3™ experiment. Twelve temperature sensors
(thermocouples type "T") were distributed vertically at different locations along the centered inner
zones of the pond to measure temperature variations during day times. Temperature difference was an
important indicator for forced heat transfer. The highest stored temperature was obtained from 3™
experiment as follow: 38.3, 49.9 and 53.5°C for UCZ, NCZ and LCZ, respectively in April; 39.1, 52.6
and 58.8°C in June; 24.7, 31.8 and 37.9°C in December. A mathematical analysis was conducted to
calculate the efficiency of the solar pond in collecting solar energy. It is noticed that, the collection
efficiency of the solar pond was about 29.2% by SGSPM with a depth of 1.44 m under Egyptian
climate conditions. '
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INTRODUCTION

Solar pond is simply a pool of water which
collects and stores solar energy, or it is a body of
water containing brackish ¢highly saline) water
that forms layers of differing salinity (stratifies)
that absorb and trap solar energy. It can be used to
provide heat for industrial or agricultural
processes, building heating and cooling, water
desalination, refrigeration, drying and to generate
electricity.

It is a captor of solar energy, able to store and
keep heat accumulated for extended periods,
whose concentration increases with depth, going
from a rather low value on the surface to a value
close to saturation in depth. A solar pond consists
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of threc layers of water with a different saline
gradient: the Upper Convective Zone (UCZ), the
Non-Convective Zone (NCZ) and the Lower
Convective Zene (LCZ). The LCZ acts as a
collector and storage area, the UCZ ears all the
environmental influences while the NCZ called the
gradient zone acts as an insulator to limit double-
diffusion of heat and salt from the LCZ to the
UCZ. When a ray of solar radiation is incident at
the air-water interface of a solar pond, part of the
ray is reflected back into air while the remaining
part is transmitted into the pond. This latter part
must pass through one or more meters of water
and reach the LCZ to provide useful heat. If the
concentration gradient of the NCZ is great enough,
no convective motion will occur in this region.
The energy absorbed in the bottom of the pond
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will be stored in the LCZ. When the temperature
of the LCZ reaches a critical value, a convective
motion appears. This motion increases in time and
leads to the destruction of the interface between
the LCZ and the NCZ. As a result, the storage
process is adversely affected. Kurt et al. (2000),
Jacfarzadeh (2004) and Karakilcik et al. (2006)
mentioned that, the efficiency of a solar pond in
collecting energy depends on the stability of the
gradient zone. Maintaining the state of the sait
gradient zone (boundaries, level and salt gradient
of NCZ) as her initial design is essential to the
successful operation of a salinity gradient solar
pond. Both of the upper and lower zones cause
erosion of the boundaries of the salt gradient zone.
The progress of erosion leads to the reduction of
thickness of the NCZ; thus the pond gets
destroyed, whether care is not taken. Angeli and
Leonardi (2004) observed during the winter
period, when typical solar radiation of about 140
W/t (at 39 °N) is available, and UCZ and LCZ
temperatures are about 10 and 70°C, respectively.
In this case, if a solar pond is constructed to
maximize the solar energy capture during the
summer (when the LCZ temperature can easily
reach about 90°C and therefore, the NCZ thickness
is of about 2.5 m), in winter a heat storage
efficiency of about 26 % should be attained, which
is about 4 % less than it’s maximum obtainable
value, which should comrespond to a NCZ
thickness of about 4 m). Akbarzadeh et al. (2005)
mentioned that, the temperature difference created
between the top and the bottom of the solar ponds
can be as high as 50-60°C. Dah er al (2005)
studied experimentally the evolution of the
temperature and salinity profiles in a salinity
gradient solar pond using a small model pond with
1 m height, 0.9 m diameter. The tank was
insulated by 150 mm of polyurethane. Solar
radiation was simulated by a 2000 W light
projector that presents a spectrum similar to the
solar one. The measurements were taken during a
period of 29 days of experimentation. The
temperature profile was established in the small
model pond after 5 days of heating. The maximum
temperature attained in the storage zone was 45 °C
carrying out a difference in temperature between
the bottom and the surface of the pond of 23 °C
when the projector is put off and 17 °C when it is
put on. Karakilcik et al. (2006) investigated a solar
pond with surface area dimensions of 2x2 m, and a

depth of 1.5 m. The salt-water solution is prepared
by dissolving the NaCl reagent into fresh water.
The thicknesses of the UCZ, NCZ and HSZ were
0.1, 0.6 and 0.8 m, respectively. The range of salt
gradient in the inner zones is such that the density
is 1000-1045 kg/m’ in the UCZ, 1045-1170 kg/m’
in the NCZ, and 1170-1200 kg/m’ in LCZ.
Karakilcik and Dincer (2008) observed the
temperature of the UCZ was a maximum of
35.0°C on August, a minimum of 10.4-C on
Janwary, and 27.9°C on May. Similarly, the
ternperature  of the NCZ was observed as
maxinum as 44.8-C on August, a minimum of
13.9-C on January, and 37.9 «C on May, while the
temperature of the LCZ is observed as maximum
as 55.2°C on August, a minimum of 16.9°C on
January, and 41.1°C on May. Velmurugan and
Srithar (2008) determined that, by a blackened
bottom in the pond, in LCZ, up to 40% of the total
received solar enmergy can be absorbed. The
temperature of this zone varies between 80 and
90°C. At the bottom of the pond, proper insulation
is made to minimize losses. Suarez et al. (2010)
presented a fully coupled two-dimensional,
numerical model that evaluates the effects of
double diffusive convection in the thermal
performance and stability of a salt-gradient solar
pond. The inclusion of circulation in the upper and
lower convective zone clearly shows that erosion
of the non-convective zone occurs. Model results
showed that in a two-week period, the temperature
in the bottom of the solar pond increased from
20°C to approximately 52°C and, even though the
msulating layer is being eroded by double-
diffusive convection, the solar pond remained
stable. Singh et al. {2011) showed that, salinity-
gradient solar ponds can collect and store solar
heat at temperatures up to 80 °C, temperature
difference in the range of 40-60 °C is available
between the lower convective zone (LCZ) and the
upper convective zone (UCZ).

The main aim of this work was to study the
availability of construction of salinity gradient
solar ponds (SGSPs) in Egypt, so can be used in
thermal applications in agriculture and food
processing.

The objectives of this research were as following:

e Study the temperature variations of the solar
pond zones under Egyptian climate conditions.

¢ Study the density profiles for the solar pond.
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¢ Evaluate the pond performance in collecting and
storing solar energy.

MATERIALS AND METHODS

The experimental study was carried out during
April, June and December 2010 at Faculty of

Agriculture, Zagazig University, Sharkia
Governorate, Egypt.
Materials

Experimental solar pond model

An insulated salinity-gradient solar pond model
with a surface area of 1.5 m % 1.5 m and a depth of
1.44 m, as shown in Fig. 1, was constructed in
Faculty of Agriculture, Zagazig Umvers;ty,
Sharkia Governorate Egypt (Latitude 30° 35’ N,
Longitude 31° 31’ E). It was used to characterize
the daily temperature variations and maximum
temperature stored in UCZ, NCZ and LCZ. The
bottom and the side-walls of the pond were plated
with the iron-sheets in 2.5 mum thickness, and in
between with a glass- wool of 10 cm thickness as
the insulating layer. Inner and outer sides of the
pond were painted with anti-corrosion paint then
black paint. The solar pond was constructed on a
steel base to 0.4 m above the ground and insulated
with 10 cm thick glass wool.

Fig. 2 shows the experimental apparatus, which
consists of a salt gradient small model pond that
was made from iron-sheet, plastic water pipes, a
thermocouple group T-type, control panel and
weather station then plugged to computer.

Tap water

With density about of 1001 kg/m® at ambient
temperature (Na = 0.041%, Cl = 0.032%) was
considered zero concentration as initial conditions
"control concentration".

Salt (NaCl)

Was the second main material for constructing
and filling solar pond. Sodium chloride was used
in this purpose due to it’s properties and most
widely available, cheap, easy solubility, good brine
transparency, and easy maintenance without
problems like algae growth.

Polystyrene

Thermoplastic substance, was used with 3.5 cm
thickness and density of 6.886 kg/m’ to obtain the
concentration gradient initially by filling up the

pond with several layers of salt solution, one on
top of the other.

Methods

The solar pond model was studied under the
following parameters:

Different climate conditions

The performance of the solar pond was studied
under different climate conditions. Three
experiments were carried out with three
concentrations categories (Table 1) during April,
June and December months

Different ranges of salinity gradient

The three experiments were carried out under
various weather conditions with 10 c¢m thickness
of UCZ, 60 cm thickness of NCZ and 74 cm
thickness of LCZ. These experiments were studied
as shown in Table 1.

Filling the solar pond and establishing salt
gradient

The top layer of UCZ had 0 % concentration
(fresh water from tap) and vertical convection
takes place due to effects of wind evaporation. The
NCZ was 60 cm and it was split into four layers 15
cm thickness each. Salt gradient in NCZ was
established by siphoning technique by using
plastic water pipe with diameter of 1/2 inch and
tank including the required concentration for each
layer. The bottom layer (1.CZ} has 74 cm thickness
with uniform concentration of 6% in the first
experiment, 10% in the second experiment, and
15% in the third experiment, as mentioned in
Table 1.

For flow in the water pipe which used, the
Reynolds number is generally defined as:

pVD_ VD QD
11 v vA

Re = 6y

where:

D : The hydraulic diameter of the pipe (m).
Q: The volumetric flow rate (m*/s).

A': The pipe cross-sectional area (m?).

V' : The mean velocity of the solution passes in
pipe (n/s).

: The d)mamlc viscosity of the solution (Pa.s
or N.s/m” or kg/m s).

v: The kinematic viscosity of the solution
(v=p/p)@7s).
p - The density of the solution (kg/m?).
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Fig.2. A schematic view of the experimental apparatus for the solar pond model
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Table 1. The distributions of salinity in the pond zones
Pond . Salinity (%)
Zone Pond zone thickness (cm) Contral T Fap. > Exp. 3 Eap.
UCcz 10 0 0 0 0
15 0 2 2 2
15 0 3 4 5
NCZ 60 15 0 4 6 8
15 0 5 8 12
LCZ 74 0 6 10 15
Measurements Temperature
Meteorological conditions (weather Within the whole experiments, temperatures
conditions) through the inner zones of the pond model were

Ambient temperature (°C) and solar radiation
intensity (in W/m®) incident on the horizontal
surface was measured by using a WatchDog
weather station model of 900-ET with an
accuracy of +5%, ranging between 1-1250 W/m’
of the output reading for solar radiation intensity
and accuracy of + 0.7°C, and ranging between -
30 to 100°C of the output reading for
temperature.

Density

Densities through the inner zones of the pond
model in different pond layers were measured
by using the method of weighing a certain
volume for samples taken from different depths
of the different layers of the pond. Samples of
the saline water was extracted from different
depths of the pond using simple gravity assisted
siphoning technique by plastic water pipes and
taps distributed on the side wall of solar pond
model spaced at 5, 17.5, 32.5, 47.5, 62.5, 77.5,
92.5, 107.5, 122.5, 137 cm from the surface to
the bottom of solar pond.

Viscosity

Viscosity coefficients for all concentrations
in the inner zones of the pond model in different
layers were determined by falling ball method
and Stokes' law. A graph of v against ¥ was

plotted and the viscosity of sample () was
determined from:

2gr*(p—o
u=g(")

Oy 2

Where: p is the density of ball, & is the density
of sample (g= 9.81 m/s?).

measured by using 12 temperature sensors
(copper-constantan thermocouples type "T")
were taken at different locations along the
centered inner of the pond, as indicated in Fig.
2, by using T-type. thermocouples. These
thermocouples were spaced at 2, 6, 10, 25, 40,
55, 70, 85, 100, 115, 130, and 142 cm interval
from the surface of the pond to the bottom. The
temperature distributions at these regions were
recorded at 1 hour time interval during day
times from 9:00 at the morning to 16:00 at the
afternoon.

Performance analysis of the solar pond

By knowing latitude of location and hourly
global radiation measured horizontally using
WatchDog weather station, a mathematical
model to calculate the variation of the solar
radiation flux (W/m?) as it penetrates through
the horizontal solar pond was investigated, as
the following expressions (Duffie and Beckman,
1991):

1. Calculation of solar declination angle{(&) :

é= 23.45xsin((284+n) x%‘%} , m: number of
3

2. Calculation of solar time (t):

360
B=(a-1)>, @
365
E=229.2x(0.000075+0.001868cc« B —0.03277 sinB
—0.014615 cos2B—0.04089sin 2B} 5)

solar time (t) =standard time —4(L, ~L, ) +E (6)

days in year
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Where, L, is the standard meridian for the local
time zone, 30° for Egypt, L, is longitude of the
location in equation in degrees west, 31.52° for
the present work and B, E are constants.

3- Calculation of solar hour angle (®):
@=15(-12) )]

4- Calculation of latitude angle (g):

for present work, @=30° 35'=30.58°

5- Calculation of angle of incidence (&,) for
beam and diffuse radiation:

For beam radiation,
8, =cos ' (cospcosScosw+sin@sind) (8)

For diffuse radiation, 0,=60° , when
diffuse radiation is incident on it presents some
difficulty because the radiation comes from
many directions. The usual practice is to assume
that the diffuse radiation is equivalent to beam
radiation coming at an angle of incidence of 60°
due to reflection is small and ranges from 2% to
6%.

6- Calculation of angle of refraction in
water (€, ) for beam and diffuse radiation:

For beam radiation, ¢, - sin“[ sin, ] )]
133

For diffuse radiation, , _ sin"( silngg" ]= 2063 (10)

7- Calculation of reflectivity (r):

For beam radiation,
_ 1 [sin’(8,,-90,) tan’(0,,-0,) (11)
rb—-i-x T3 1 5
sin®(0,, +9,) tan 0,,+9,)

For diffuse radiation,

_1,(sin®(40.63-60) tan’ (4063 -60}) . o0 12)
= 2| Sin®(@0.63+60) tan’(4063+60))

8- Calculation of transmissivity based on
reflectance (t, ) :

For beam radiation, T, =1-r, (13)

For diffuse radiation, T,=1-r, (14)

9- Calculation of transmissivity based on
absorption (1, ) :

For beam radiation, = 0.365-0.08 m( z J (15)
cosB,,
For diffuse radiation, = (16)
T,,=0.36-0.08 m(—-—m s J

Where: z = the depth of water inside the pond,
in meters.

10- Calculation of extraterrestrial radiation on
the horizontal SGSP (1, )

The solar radiation outside the atmosphere,
that is, the hourly extraterrestrial radiation
incident on horizontal plane for a period

between hour angles @, and @, which define

an hour (wherew, is the greater) can be written
by the following way:

_12x3600 | ( 360nJ
T .

I 1+0.033cos
365

a

(a7

x[cosqaoosﬁ(sin w, —sin®, )+im12§;l‘)sin¢asin 6)

Where: (I_) is the solar constant, the mean
radiation flux density outside of earth's
atmosphere, is 1367 W/m® (with + 1%), with
most of the radiation in a wavelength range of
0.3t03 pm..

11- Calculation of terrestrial solar radiation for
beam (I, ) and diffuse radiation (I, ) :

The correlation between hourly diffuse and
global radiation showed by (Muneer and Sahili,
1984) can be expressed by the following ways:

0.95 for k, <0.175 18)
1, |0.9698+04353k,~34499k," ,for 0.175<k, <0.775
L [+21888k.}
0.26 for ky >0.775
Where:
(I) is the total solar radiation on a horizontal
surface from available pyranometer

measurements (measured by WatchDog
weather station, W/m®).

While:

(kr) is the hourly clearness index, where:
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Total solarradiation on a hotizontal surface I R
=-%=Cleamess ind
Exiraterrestrial solar radiation on that surface I, x

12- The beam radiation can be calculated by:
I,=I,-1, (19)

k=

13- Calculation of the flux reflected from water
surface(I,; ) and the flux entering

water(I, .. ):

The flux reflected from surface of the solar pond
can be expressed as:
I,=Lr+Lr,, Wm’ (20)
Therefore, flux entering water can be expressed
as: I =, -1.,, Wm?® @n
14- Calculation of the solar flux as it penetrates
through different depths of pond(l, ) :

Solar flux (I) at a depth of (z) from the pond
surface can be expressed as:

L=l 1, (t,), + [, 1,(ty),, Wm* (22)
3.6. Thermal efficiency of the solar pond:

Thermal efficiency of the solar pond= —T-—“_l?_—T‘xl()O (23)

wz

Where:
Ty, : temperature stored in LCZ, °C.

T, : ambient temperature, °C.

Collection efficiency of the solar energy

The energy collection efficiency of the solar
pond was calculated as the following equation:

Collection efficiency of the solar pond= %—xlOO 29

h

Where:

I, : the flux at specified depth in the pond (z),
W/m?.

I,: the measured beam radiation on the
horizontal pond surface, W/m®.

RESULTS AND DISCUSSION

The discussion will cover the obtained results
under the following heads:

Effect of Concentration on Viscosity and
Reynolds Number

Because the temperature of fiuid maintained
at the ambient temperature (25°C) under
atmosphere pressure within all tests, the only
cause of a change in total mass is a change in
fluid density due to increasing of concentration.
As shown in Fig. 3, the viscosity coefficients
were considered as an increasing function of the
solute concentration but Reynolds number was
considered as a decreasing function of the solute
concentration. It was shown that, when the
solute concentration increased from 0 to 12 %,
the viscosity coefficient increased from 0.0452
to 0.1883 Pass, on the other side, Reynolds
number decreased from 156 to 41. This means
that, filling of the solar pond was under laminar
flow within whole experiments, this proved that,
there was no mixing of the pond layers with
each other during the filling process.

The Density Profile of the Solar Pond

Density values were obtained as shown in
Fig. 4, generally it has been found that, the
density profiles initially looks like stair steps,
then it starts to turn to a shape like the SGSP
density profile (The transient behavior of the
salinity gradient solar pond) after the five days.
The range of density of salt gradient in the inner
zones for initial conditions was 998-1014 kg/m®
in the UCZ, and 1012-1050 kg/m® in the NCZ,
and 1036-1051 kg/m® in LCZ for 1* exp., 1000-
1018 kg/m’® in the UCZ, and 1012-1075 kg/m’ in
the NCZ, 1066-1086 kg/m® in LCZ for 2™ exp.
and 1000-1032 kg/m® in the UCZ, and 1012-
1106 kg/m® in the NCZ, 1100-1125 kg/m’® in
LCZ for 3™ exp.

The Temperature Variations for the Solar
Pond Zones

Fig. 5 shows the temperature development of
the pond zones for the three experiments with
ambient temperature in array shape. In general,
with an overview, it was found that, in a column
and at the same weather conditions, the
temperature stored in the layers of the pond
increased gradually from the first experiment
until the third, the highest in the concentration of
salinity. While in a row temperatures stored in
the layers of the pond increased in summer more
than during spring than during winter, all over
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daytimes

the daylight hours from 9:00 am to 16:00 pm.
For 1% exp., the maximum values of temperature
stored in LCZ were 35.8, 40.6 and 54.7°C
during December, April and June, respectively.
For 2™ exp, the maximum values of
temperature stored in LCZ were 40.2, 58.1 and
63.9°C during December, April and JIune,
respectively. For 3m exp., the maximum values
of temperature stored in LCZ were 42,3, 55.5
and 62.6°C during December, April and June,

respectively.  Variations in the stored
temperatures were due to the salinity
differences.

Thermal Efficiency of the Solar Pond

Fig. 6 shows the overall average temperature
variations during winter, spring and summer
seasons. During winter season (December). in
the pond bottom, it can be noticed a good solar
heating effect. In the central gradient region,
although the thermal behaviors of the pond
during the winter can be attributed to cold
ambient air temperatures as well as to a
relatively low level of the incident solar
radiation, in a comparison with spring and

summer seasons (it’s averaged wvalue is
estimated to be only 230 W/m® throughout this
season). The temperature stored in LCZ reaches
approximately 32.9°C (about 43.7% of thermal
efficiency), 36.5°C (about 48.5% thermal
efficiency), and 37.9°C (about 55.5% thermal
efficiency), for 1%, 2° and 3™ experiments,
respectively, while the averaged ambient air
temperature was 18.5, 18.8 and 16.9°C for 1%,
2" and 3™ experiments, respectively.

For the spring season i.e. during the month of
April, both solar radiation level and ambient air
temperature clearly increased. The average of
recorded value of solar radiation was about 680
W/m®. Such an increase of the solar radiation
has, of course, a direct effect on the temperature
profile. The temperature stored in LCZ reaches
approximately 38.9°C (about 32.9% of thermal
efficiency), 55.3°C (about 53.3 % thermal
efficiency), and 53.5°C (about 52.6% thermal
efficiency), for 1%, 2™ and 3™ experiments,
respectively, while the averaged ambient air
temperature was 26.1, 25.9 and 25.4°C for 1%,
2™ and 3™ experiments, respectively.
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For the summer season i.e. during the month
of June, both solar radiation level and ambient
air temperature clearly increased. The averaged
incident solar radiation was cstimated to be
nearly 740 W/m?. Also, it should be noted that
during this season, extreme values of these
weather variables have been observed. The
corresponding increase of saline temperature
appears very important.The temperature stored
in LCZ reaches approximately 51.7°C (about
40.7% of thermal efficiency), 58.6°C (about
46.3 % thermal efficiency), and 58.6°C (about
42.6% thermal efficiency), for 1%, 2* and 3™
experiments, respectively, while the averaged
ambient air temperature was 30.6, 31.5 and
33.8°C for 1%, 2™ and 3 experiments,
respectively.

Fig. 7 shows the thermal gain of the solar
pond during December, April and June months.
In general, it was observed in the third
experiment, that the thermal gain of the solar
pond reach a maximum in winter, as Egypt
enjoys clear sky and warm atmosphere and the
sun bright in the winter, although under solar
radiation in winter lower than it in spring and
summer. Such behavior shows, however, that a
SGSP may operate under relatively high
temperature range, condition that can be
advantageous for some thermal applications.

Relationship between Temperature of LCZ
and Ambient Temperature

Solar ponds are affected by the atmospheric
conditions above the pond, so LCZ temperatures
plotted versus the ambient temperatures under
Egyptian seasonal solar radiation for the
experiment (3) with difference of salinity is 15%
of NaCl between the surface and the bottom of the
pond as shown in Fig. 8. As external temperature
is increased, the model shows a drastic response
within the LCZ temperature. The results are linear
within the range of expected values with a slope of
1.4014, 0.8584 and 1.6307 for December, April
and June respectively.

Collection Efficiency of Solar Energy in the
Solar Pond

The main results of calculation reflection and
absorption of solar radiation in the solar pond
obtained from the mathematical analysis for
simulation of estimating the variation of solar
flux as it penetrates through the solar pond. The

results show that, about 94.3% of the incident
energy on surface of the pond entering the water
and 5.7% of the incident energy was reflected to
the surroundings. The results shown in Fig. 9
(for a location in Zagazig), show the mean
collection efficiency for the investigated solar
pond. It was noted that, the collection efficiency
was 49.3 % for UCZ layer, 34.6% for NCZ layer
and 29.2% for LCZ layer. Fig. 8 can be also,
used for approximately estimating solar pond
efficiency for solar energy collection in
locations having similar annual values of
ambient temperature and global radiation.

Conclusion

On December, The temperature stored in LCZ
reaches approximately 32.9°C for the first
experiment, 36.5°C, for the second experiment and
379°C, for the third experiment, where the
averaged ambient air temperature was
approximately only 18.1°C for the entire season
and the averaged value of solar radiation intensity
about 230 W/m’. On April, both solar radiation
level and ambient air temperature have clearly
mcreased, the respective averaged values were 680
W/ and 25.8°C. For the first experiment, the
temperature stored in LCZ reached approximately
38.9°C, 55.3°C, for the second experiment and
53.5°C, for the third experiment. The development
of LCZ temperature for the summer season during
which, the averaged ambient air temperature and
incident solar radiation were estimated to be 32°C
and nearly 740 W/m’. For the first experiment, the
temperature stored in LCZ reached approximately
51.7°C, 58.6°C, for the second experiment and
58.8°C for the third experiment.

Based on the obtained results, it is
recommended to use the concentrations of salt as
in the 3™ experiment to get high stored temperature
in the bottom of the solar pond. The temperature of
each layer of the inner zones depends on the
incident radiation, zone thicknesses and overail
heat losses. The results showed, about 94.3% of
the incident energy on surface of the pond entering
the water and 5.7% of the incident energy was
reflected to the surroundings. The mean collection
efficiency of solar radiation for the investigated
solar pond was about 49.3% for UCZ layer, 34.6%
for NCZ layer and 29.2% for LCZ layer. This
means that, solar ponds can be applied in Egypt to
get a good thermal performance, and used in many
thermal applications in the field of agriculture,
water heating, water desalination and food

processes.



1218 Abd Allah, ef al.

——— p— et b re— —
[rr——

—o— December —a— April —i&— june

60

/

~

40 A

20 T T
Exp. 1 Exp. 2 Exp. 3

Thermal efficiency of the pond %

Fig.7. The thermal efficiency of solar the pond

¢ Dec ® April B June
—— Linear (Dec.) ——— Linear (April) ---—-—- Linear (.hme}
y=16307x+3.7841 ]|

y=0.8584x+31.731 =0, 375? "'
R*=0.8877

a &

£
n

LCZ Temperature (°C})

5 &
|

10 15 20 25 30 35
Ambient Temperature {°C)

Fig.8. Thermal gradient in LCZ as a function of T-ambient above the pond for 3™ Exp.

Pond Surface

00 7o e R e greomeoeens :
] Lo : ; : ; :
02 s

0.4 e e

E : : i : i 5 5 i
06 - R SRSt LT PRRREESY A S AGeiGhl-RELALLELEEEE B R :
i : : : ; : ; :
i - T e e i S i St S S
il : : : : ; : : :
© T s STELIE LR R e nans  nennts SUCRRESPTEY fomannnes i
B 1.0 ; ; : : : ; : :

P — fovennnrieeed S—— oo S— § :
R e/ e s Rt S

Collection efficiency, (%)

Fig. 9. Collection efficiency of the solar pond



Zagazig J. Agric. Res., Vol. 39 No, (6) 2012 1219

REFERENCES

Akbarzadeh, A., J. Andrews and P. Golding
(2005). Solar pond technologies: a review and
future directions. Advances in Solar Energy,
EARTHSCAN (Chapter 7).

Angeli, C. and E. Leonardi (2004). A one-
dimensional numerical study of the salt
diffusion in a salinity-gradient solar pond.
International Journal of Heat and Mass
Transfer, 47: 1-10.

Dah, MM.O., M. Ouni, A. Guizani and A.
Belghith (2005). Study of temperature and
salinity profiles development of solar pond in
laboratory. Desalination, 183: 179—185.

Duffie, JA. and W.A. Beckman (1991). Solar
Engineering of Thermal Processes, 2* ed. New
York "USA": A Wiley-Interscience. John
Wiley and Sons, Inc.

Jaefarzadeh, M.R. (2004). Thermal behavior of a
small salinity-gradient solar pond with wall
shading effect, Sol. Energy, 77: 281--290.

Karakilcik, M., I Dincer and M.A. Rosen (2006).
Performance investigation of a solar pond.
Applied Thermal Engineering, 26: 727-735.

Karakilcik, M. and L Dincer (2008). Exergetic
performance analysis of a solar pond.
International Journal of Thermal Sciences, 47:
93-102.

Kurt, H, F. Halici and A. Korhan Binark (2000).
Solar pond conception-experimental and
theoretical studies, Energy Convers. Manage,
41 (9): 939-951.

Muneer, TMM. and HK. Sahili (1984).
Correlation between hourly, diffuse and global
radiation for New Delhi. Energy Conservation
and Management, 24: 265-267.

Singh, R., S. Tundee and A. Akbarzadeh (2011).
Electric power generation from solar pond
using  combined  thermosyphon  and
thermoelectric modules. Solar Energy, 85: 371—
378.

Suarez, F., S.W. Tyler and A.E. Childress (2010).
A fully coupled, transient double-diffusive
convective model for salt-gradient solar ponds.
Inter. Journal of Heat and Mass Transfer,
53:1718-1730.

elmurugan, V. and K. Snithar (2008). Prospects
and scopes of solar pond: A detailed review.
Renewable and Sustainable Energy Reviews,
12: 2253-2263.



1220 Abd Allah, ef al
wuiwmﬂiehmﬂd 'Mh&“‘%ﬂnwkﬁciﬂﬁm&ﬁ

la gl 36 (g 3 daaa - D) 236 Maall 38 Yt gy
P | WP T VPO PRV PRV [V DRI
s - B3 Al - el 50 ALK - Do) ) 5l Auigh ad

Coiaze Lo o Caal 10 aay a3l (o Ll A8 0y 585 5 prand T 5 Ungusy Lol Apenaitll ol bl 5505
o3 Jid Gag il gall ge Gl a Uy ira o 1,66 Bum 3 "o(1,0%),0) Lala s Falinay da glalt n yiie Rpanad S 5
lad 6,20 7Y Jyladad) yeae- il Aiilae - (5 38 30 Aala - Aol 30 40K 84S 5l 0ha (ay jay L)
g pdal Cani Lgty 345 S a B3 e A g3 (gl ) g gl a2l A8yl oM (st gy (Yhad OV 4 /YO i o
b g0 gl 3 5 9IS el g iRl Ll (o dibiig o 3 5 Al AS 5 s 3 2 Yo Ve gle (DA & jead) Lalid)
a1 LSy (NCZ) Ashas gl JuaaSll Al y o) + LSy (UCZ) Apndandl Jaal) Ak 1 pa G ; cilipde 4200
(LCZ) Adiady Jaalh Lk g (paa? ©) ol 3y glusia 3 ppicn Sliaha dny Jf (o Ao g el il 58 55 dny Jf ) daia
AN Yy ¢ Y 4 il 907 Ly dnda ) Jaal ik (o Aa glall 3 5 30 S 5 s YV LgSanny
o ol e gradd i elaiY! (A4Sl dasay i 2e 90 (T) £ 03 Ga gm0 31 VY plaiiad o5 8NN &y il 700
Y T )lge 4@l 5 ) jall o py sy del y o jlgdll Cleln DA S yall Gl 5 cl jois ol afl S 45 5l el
paai a3 Ay ) o AR 5 ) go (o pinadl] AT 43 3405 9 pgand o Asnadl) RS 5l lof ppidd A€ 5 ks U5
rnualll A8, 5ol (ol AS 5l Gl (] (graastl) LY (380 g i) Sl Lpudaly i foraall g ¥ obmally gy 5 23
AN A il ALl Jaaatall i) ol i€ Dpanedll A pl A ARl 4 Ledy 30 5 Apusadll AL asans 8
o A yiall 5 ) yall il S il gl o 1 LS Lgin a3 a3l ol () 5 pall e s clay S (200
33l 3 ) yall Clla 0 CulS s s b a5 o il g o g adadl cligdall 4 (01,0 4 £9,4 ¢ TA,T)
¢ YE,V) 1 ph L a3l jall clla 3 S pranany et A Ly ciadall i die 3(OAA 5 0,6 T4,1) 8
B (o Apuaalll o] 5l oliats el A8 pani 86lS o i) i of UK Rl i CasT 3 (FV, 4 5 Y ,A
388 yuae o dpuadl o o Sy Gl Jang Lae (1Y 9,¥) lga juma b uaadll PladP Cig pla cunl (o), £ £)
gl L e oy M Jlana 33 ) jal il (e 53K i Lahaiiud SISy 3ia g ) g ol o J gaandl 5aa
o psiatl Cldee g 3358y Claiadl Cililee calal) Aglas colpall (pand et 0





