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ABSTRACT 
A salinity gradient solar pond (SGSP), tenned in this work "solar pond", is 
a simple and effective way of capturing and storing solar energy. This 
paper: presents the results of temperatJ,Ire developed in the inner zones of a 
salinity gradient solar pond model (SGSPM) under Egyptian solar 
radiation climate conditions during 2010 and 2012 seasons. An insulated 
solar pond model with a suiface area of 1.5 m x 1.5 m and a depth of 1.44 
m was constructed in Faculty of Agriculture, Zagazig University, Sharkia 
Governorate, Egypt (Latitude 3rf 3S N, Longitude 3r 3l E). SGSPMfilled 
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 
of0.1, 0.6 and 0.74 m, respectively). The salinity difference between UCZ 
and LCZwas 6 %for 181 experiment, 10 %for ziti experimentand 15 %for 
3rrl experiment. Twelve temperature sensors (thennocouples·type "T') were 
distributed vertically at different locations along the centered inner zones of 
the porld to measure temperature variations during day times. Temperature 
difference was an important indicator for forced heat transfer. The highest 
stored temperature was obtained from r experiment tiS 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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INIRODUCI'ION 

A ccording to the dictioruuy. definition, 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 

I 

cooling, water desalination, refrigeration, drying and to generate electricity. 
It Js 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 
8olar pond consists of three layers of water with a different saline gradient: 
the Upper Convective Zone (UCZ), the Non-Convective Zone (NCZ) and 
the Lower Convective Zone (LCZ). The LCZ acts as a collection 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 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 
intelface between the LCZ and the NCZ. As a result, the storage process is 
adversely affected. Kart et aL (2000), Jaefarzadeh (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 salt 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. Angell and Leonardi (2004) observed during the .winter 
period, when typical solar radiation of about 140 W/m2 (at 39° N) is 
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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 its maximum obtainable value, which should correspond 
to a NCZ thickness of about 4 m). Akbarzadeh et ai. (2005) mentioned 
that, the temperature difference created between the top and the bottom of 
the solar ponds can be as high as So-60 °C. Dah et 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 ISO 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 of29 
days of experimentation. The temperature profile was established in the 
small model pond after S 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 l.S m. The salt-water solution is prepared by dissolving the NaCI 
reagent into fresh water. The thicknesses of the UCZ, NCZ and HSZ are 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 kglm3 in the UCZ, and 1045-1170 kglm3 

in the NCZ, 1170-1200 kglm3 in LCZ. Karakilcik and Dincer (2008) 
observed the temperature of the UCZ is to be a maximum of 35.0 oC in 
August, a minimum of 10.4 oC in Janwuy, and 27.9 oC in May. Similarly, 
the temperature of the NCZ is observed to be a maximum of 44.8 _oC in 
August, a minimum of 13.9 oC in Janwuy, and 37.9 oC in May, while the 
temperature of the LCZ is observed to be a maximum of SS.2 oC in August, 
a minimum of 16.9 oC in Janwuy, and 41.1 oC in May. Velmurugan and 
Srithar (2008) determined that, by a blackened bottom in the pond, in LCZ, 
up to 40 % of the total received solar energy 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) 
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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 insulating 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 4o-60 
°C is available between the lower convective zone (LCZ) and the upper 
convective zone (UCZ). 
The main aim of this work is 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: 
• Study the temperature variations of the sol~ pond zones under Egyptian 

climate conditions. 
• Study the density profiles for the solar pond. 
• 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 and 2012 at Faculty of Agriculture, Zagazig University, Sharkia 
G~vemorate, Egypt. 
1. MATERIALS 
1.1. Experimental solar pond model: An insulated salinity-gradient solar 
pond model with a surface area of 1.5 m x 1.5 m and a depth of 1.44 m, as 
shown in Fig. 1, was constructed in Faculty of Agriculture, Zagazig 
University, Sharkia Governorate, Egypt (Latitude 30° 351 N, Longitude 31° 
311 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 mm thickness, 
and in between with a glass- wool of 10 em thickness as the insulating layer. 
lnner and outer sides of the pond were painted with anti-corrosion paint then 

The 19•. Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 360 -



I 
, I 

I 

' ! 

I 
• I 

I 

I J 

BIOWGICAL ENGINEERING 

black paint. The solar pond was constructed on a steel base to 0.4 m above 
the ground and insulated with 10 em thick glass wool. 

~~--------------~ 

Fig.l. A photo of the experimental model of a solar pond. 
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;Fig.2.- A schematic view of the experimental apparatus for the solar 
pond model. 
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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. 
1.2. Tap water: with density about of 1001 kglm3 at ambient temperature 
(Na=0.041 %, Cl=0.032 %) was considered zero concentration as initial 

I . 

conditions "control concentration". 
1.3. Salt (NaCl): was the second main material for constructing and filling 
solar pond. Sodium chloride was used in this purpose due to its properties 
and most widely available, cheap, easy solubility, good brine transparency, 
and easy maintenance without problems like algae growth. 2.1.4. 
Polystyrene: "thermoplastic substance", was used with 3.5 em thickness 
and density of 6.886 k'Dm3 to obtain the concentration gradient initially by 
filling up the pond with several layers of salt solution, one on top of the 
other. 
2.METHODS 
The solar pond model was studied under the following parameters: 
2.1. Different climate conditions: The performance of the solar pond was 
studied under different climate conditions. Three experiments were carried 
out with three concentrations categories (fable 1) during April, June and 
December months. ., 

2.2. Different ranges of salinity gradient: The three experiments were 
carried out under various weather conditions with 10 em thickness ofUCZ, 
60 em thickness ofNCZ and 74 em thickness ofLCZ. These experiments 
were studied as shown in Table 1. 
Table 1: The distributions of salini!l in the J!Ond zones. 

Pond Pond zone thickness Salinl!,I {%} 

Zone (em) Control 11t Exp. 2..aExp. 3tll Exp. 

ucz 10 0 0 0 0 
15 0 2 2 2 

NCZ 60 
15 0 3 4 5. 

15 0 4 6 8 
15 0 5 8 12 

LCZ 74 0 6 10 15 
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2.3. Filling the solar pond and establishing salt gradient 
The top layer ofUCZ had 0% concentration (fresh water from tap) and 
vertical convection takes place due to effects of wind evaporation. The NCZ 
was 60 em and it was split into four layers 15 em 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 (LCZ) has 74 em 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: 

where: 

Re = pVD= VD= QD 
J1 u uA 

D: The hydraulic ·diameter of the pipe (m). 
Q: The volumetric flow rate (m3/s). 
A. : The pipe cross-sectional area (m2). 

V: The mean velocity of the solution passes in pipe (m/s). 
p: The dynamic viscosity of the solution (Pa.s or N.s/m2 or kg/m.s). 
v: The kinematic viscosity of the solution ( v= Jl I p) (m2/s). 
p- The density of the solution (kg/m3}. 

3. MEASUREMENTS 
3.1. Meteorological conditions (weather conditions) 

(1) 

Ambient temperature ("C) and solar radiation intensity (in W /m2
) 

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/m2 of the output reading for solar radiation intensity 
and accuracy of ±0. 7 °C, and ranging between -30 to 100 oc of the output 
reading for temperature. 
3.2. 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 
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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 em from 
the surface to the bottom of solar pond 
3.3. 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 ofv against 1- was plotted and the ~scosity of 

sample (p.) was determined from: 
J1 = 2gr2 (p-a) (2) 

9v 

Where: pis the density ofball, a is the density of sample (g= 9.81 m/s
2
). 

3~. Temperature 
Within the whole experiments, temperatures through the inner zones of 

the pond model were 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, 142 em 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 woming to 

16:00 at the afternoon. 
3.5. 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

2
) as it penetrates 

through the horizontal solar pond was investigated, as the following 
expressions (Duffie and Beckman, 1991): 
1- Calculation of solar declination angle(o): 

a= 23.45xsin((284+n) X 
360

), n: number of days in year (3) 
365 

2- Calculation of solar time (t): 
360 

B=(n-1)-
365 

(4) 
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E= 229.2x(0.000075+0.001868cosB -0.03277 sinB 

-0.014615 cos2B-0.04089sin2B) 
(5) 

solartime(t)=standard time-4(L.-L~oc:)+ E (6) 

Where, L.t is the standard meridian for the local time zone, 30° for 
Egypt, L1oc 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 (co): 

co= 15(t-12) (7) 

4- Calculation oflatitude angle (9'): 

for present work, qJ=30° 35'= 30.58° 

5- Calculation of ~gle of incidence (e. ) for beam and diffuse radiation: 

For beam radiation, em =cos-1(cosqJcos6cosco+sinqJsin6) (8) 

For diffuse radiation, em =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(Ow) for beam and diffuse 
radiation: 

F b di . e . -tr sinezb) (9) or eam ra ation, wb = sm 
1.33 

Fordiffuseradiation, Owc~=sin-1 sin 60°)=40.63° (10) 
1.33 

7- Calculation of reflectivity (r): 

(11) 

For diffuse radiation, 
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r = .!x(sin
2

(40.63-60) + tan
2 

(40.63-60))=0.0S
9 

(l
2

) 
d 2 sin

2
(40.63+60) tan 2 (40.63+60) 

8- Calculation of transmissivity based on reflectance ('tr) : 

For beam radiation, 'tr =1-rb 

For diffuse radiation, 'td =1-rd 

9-·Calculation of transmissivity based on absorption ('t.) : 

(13) 

(14) 

For beam radiation, 'tab= 0.36-0.0Sln( z ) (IS) 
cosewb 

For diffuse radiation, 't_. = 0.36-0.0Sln( z ) (16) 
cos 40.63° 

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

10- Calculation of extraterrestrial radiation on the horizontal SGSP {1
0 

) : 

The solar radiation outside the atmosphere, that is, the hourly 
extraterrestrial radiation incident on horizontal plane for a period 
between hour angles m1 and m2 which define an hour (wherem

2 
is the 

greater) can be written by the following way: 

Io = 12x3600 IIC(l+0.033cos 360n) 

7t 365 _, (17) 

x(cos9cos8(sinco2 -sinco1)+ x(co2 - co.) sin9sin8) 
180 

Where: ( IIC) is the solar constant, the mean radiation flux density outside 
of earth's atmosphere, is 1367 W/m2 (with ± 1% ), with most of the 
radiation in a wavelength range of 0.3 to 3 J.lm. 

11- Calculation of terrestrial solar radiation for beam (lb) and diffuse 
··· radiation (ld ) : 

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

0.95 , 
2 0.9698 + 0.4353 kT-3.4499 kT 

+2.1888kT3 

0.26 

for kT S0.175 

,for 0.175SkT S0.775 
(18) 

for kT >0.775 

(Ib) is the total solar radiation on a horizontal surface from available 
pyranometer measurements (measured by WatchDog weather 
station, W/m2

). 

While: 
(kT) is the hourly clearness index, where: 

k _ Totalsolarradiation on a horizontal surface ~=Clearness index 
T - Extraterrestrial solar radiation on that surface 1

0 

12- The beam radi~tion can be calculated by: 

(19) 

13- Calculation ofthe flux reflected from water surface(I.) and the flux 
entering water (I_) : 

The flux reflected from surface of the solar pond can be expr~sed as: 

I.=Ihrb+l4r4 , W/m2 (20) 

Therefore, flux entering water can be expressed as: 

1-=Ih- I.a, W/m 2 (21) 

14- Calculation of the solar flux as it penetrates through different depths 
ofpond(Iz) : 

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

(22) 

3.6. Thermal efficiency of the solar pond: 

'I -T 
Thermal efficiency of the solar pond= I&Z • x100 (23) 

TI&Z 

Where: 
T I&Z : temperature stored in LCZ, °C. T. : ambient temperature, °C. 
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3.7. Collection efficiency of the solar energy: 

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

Collection efficiency ofthe solar pond= ~x100 (24) 
Ih 

Where: 
lz: the flux at specified depth in the pond (z), W/m2

• 

Ih: the measured beam radiation on the horizontal pond surface, W/m2• 

RESULTS AND DISCUSSION 
The discussion will cover the obtained results under the following heads: 
1. Effect of concentration on viscosity and Reynolds number 
Because the temperature of fluid 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 are 
considered as an increasing function of the solute concentration but 
Reynolds number is considered as a decreasing function of the solute 
concentration. It was shown that, when the solute concentration increases 
from 0 to 12 %, the viscosity coefficient increases from 0.0452 to 0.1883 
Pa.s, 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 prove that, there is no mixing of the pond layers with 
each other during the filling process. 
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Fig.3. Viscosity coefficients and Reynolds number at the various 
concentrations. 
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2. 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 tum to a shape like the SGSP density profile (The transient behavior of 
the salinity gradient solar pond) after the five days. The range of salt 
gradient in the inner zones for initial conditions is such that the density is 
998-1014 kg/m3 in the UCZ, and 1012-1050 kg/m3 in the NCZ, 1036-
1051 kg/m3 in LCZ for 1st exp., 1000-1018 kglm3 in the UCZ, and 1012-
1075 kg/m3 in the NCZ,1066-1086 kg/m3 in LCZ for 21111 exp. and 1000-
1032 kg/m3 in the UCZ, and 1012-1106 kglm3 in the NCZ, 1100-1125 
kg/m3 in LCZ for 3rd exp. 
3. 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 the daylight hours from 9:00 am to 16:00 pm. For 1st 
exp., the maximum values of temperature stored in LCZ were 35.S:; 40.6 
and 54.7 °C during December, April and June, respectively. For 2nd exp., 
the maximum values of temperature stored in LCZ were 40.2, 58.1 and 
63.9 °C during December, April and June, respectively. For 3rd 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. 
4. 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 (its averaged value is estimated to be only 
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230 W/m2 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 1st, 2Dd and 3ni experiments, respectively, while the 
averaged ambient air temperature is 18.5, 18.8 and 16.9 °C for 1st, 2nd and 
3ni experiments, respectively. 

1 

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 /m2

• 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 1st, 2nd and 
3ni experiments, respectively, while the averaged ambient air temperature 
is 26.1, 25.9 and 25.4 °C for 1st, 2Dd and 3ni experiments, respectively. 
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 estimated to be nearly 740 W/m2

• 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 1st, 2Dd and 3ni experiments, respectively, while the 
averaged ambient air temperature is 30.6, 31.5 and 33.8 °C for 1st, 2nd and 
3ni experiments, respectively. 
Fig. 7 shows the thermal gain of the solar pond during December, April 
~~ 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 
re~atively high temperature range, condition that can be advantageous for 
some thermal applications. 
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Fig.4. Density pro flies of the solar pond for each experiment. 
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Fig.7. The thermal efficiency of solar the pond. 

5. 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 
ofsalinity 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 1.40.14, 0.8584 
and 1.6307 for December, April and June respectively. 

• Dec. • April • June 
--Unear {Dec.} -- Unear {AprU} ----- Unear {June} p-65 y = L6307x+3.7841 _.-- Y•o.a584x+3~ 0.97~,· ! 55 R••O.B877 

~ 
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E 35 
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{! 
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Fig.S. Thermal gradient in LCZ as a function ofT -ambient above the 

pond for 3nl Exp. 
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6. 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 
is 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 tem erature and lobal radiation. 
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Fi~. 9. Collection efficiency of the solar pond. 

CONCLUSION 
In December, The temperature stored in LCZ reaches approximately 32.9 
°C for the first experiment, 36.5 °C, for the second experiment and 37.9 
°C, for the third experiment, where the averaged ambient air temperature 
is approximately only 18.1 °C for the entire season and the averaged 
value of solar radiation. intensity about 230 W/m2

• In .April, both solar 
radiation level and ambient air temperature have clearly increased, the 
respective averaged values are 680 W/m2 and 25.8 °C. For the first 
experiment, the temperature stored in LCZ reaches approximately 38.9 
°C, 55.3 °C, for the second experiment and 53.5 °C, for the third 
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experiment. The development ofLCZ 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/m2

• For the first 

experiment, the temperature stored in LCZ reaches 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 3rd 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 overall heat losses. The results show, 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 is 
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. 
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