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PERFORMANCE EVALUATION OF A SALINITY-GRADIENT SOLAR POND
MODEL UNDER EGYPTIAN SOLAR RADIATION CONDITIONS
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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° 351N, Longitude 31° 3l/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 of0.1, 0.6 and 0.74 In, respectively). The salinity difference between UCZ and LCZ was 6%
for 1,t experiment, 10% for 2nd 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 ofwater 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 industria1 or agricultural
processes, building heating and cooling, water
desa1ination, refiigeration, 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 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
collector and storage area, the UCZ ears all the
environmental influences while the NCZ called the
gradient zone acts as an insu1atur 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 ofthe NCZ is great enough,
no convective motion will occur in this region.
The energy absorbed in the bottom of the pond






























