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Abstract

A performance study of using solar ponds for collecting and storing solar energy in a form of
thermal energy was carried out. It displays various calculations for the required solar pond surface
area for collecting the solar radiation, heat exchange pipe length and pipes surface area for
extracting the heat from the pond and many other important design factors. These give an
indication to estimate how big it must be the required pond and what output liquid temperature
can be reached to achieve basic requirements for a certain project rely on heat supply. By doing
such a project will save the environment and a lot of energy cost in addition of reduces the
production of CO, to save the life on the earth. And in the same time it can be concluded
thatreducing the required output liquid temperature from 70°C down to 60°C would save nearly
third of the pipes needed in the same time third of the pond surface area. And this will confirm
that the solar pond technology is working well with moderate output liquid temperature
applications.
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INTRODUCTION

After many conferences and meetings of various levels of scientists and political bodies, it
becomes essential and a must that looking for alternative sources of energy to the conventional and
fossil fuels e.g. nuclear energy, coal, gas and oil... etc. These sources of energy have a high
potential of hazards on the environment and the human life on the earth and its atmosphere. So,
making use of clean, free, lasting and renewable sources of energy, e.g. solar, wind and tidal
energy, will mitigate the problem. In addition to consider these energy sources are environmentally
friendly, they are cost competitive under a wider range of conditions as oil prices rise continuously
[1].

Hence, solar energy is one of the promising sources of energy and available in abundance on this
planet to avoid accumulation of CO, into atmosphere. It attracts the attention of a lot of researchers
and scientists during the last a few decades [1-11].

Solar ponds represent a niche technology that makes economic sense. Specifically solar ponds
provide low cost energy if all of the below points exist [2]:

- low-grade heat energy (i.e. < 100 °C temperatures) is required for an industrial process,
- salt to form the storage zone is readily available at low or no cost,
- low cost land is available, and
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- the pond site is located in a high solar energy region.

Useful demonstrations of solar ponds include the production of industrial and agricultural
process heat, pre-heating for higher temperature industrial processes, electrical generation and
desalination [3].

Solar pond as a fairly new technology to collect and store solar energy is considered as a subject
of this research. It seeks sustainable and environmentally benign methods to supply thermal energy
for various applications. The first time the solar pond was discovered in the Middle East by Dave
Grant in 1980 while he was working in an aquaculture project [4]. The incident solar energy is
mainly transmitted through the water layers and absorbed by the lined darkened bottom and
probably the sides of the pond. The accumulated heat will increase the water temperature in the
lowest layer of the pond, which could reach 80-90°C. Water in such temperature can be used for
many purposes e.g. salty water desalination [5-8], aquaculture [4,9] and electricity generation [10].
An experimental and theoretical performance investigation was carried out on a small model of a
research solar pond from which it was concluded that the temperature difference is a key driving
force in heat transfer [11]. A solution mining facility at the Eddy Potash Mine, New Mexico, (USA)
has been proposed that will utilize salinity gradient solar pond (SGSP) technology to supply
industrial process thermal energy and to provide a safe, more economical secondary mining
process. The project was intended to be the first of its kind in the USA to merge two innovative,
cost-effective technologies that promise to improve industry productivity and economic
competitiveness [2]. In the present paper author wanted to evaluate the essential requirements to
estimate the required pond size and heat needed to run any project and associated pipe line length
and their diameters in addition to the other technical factors, which form the fundamental aspects of
the project’s plan.

THERMAL TECHNOLOGY OF THE SOLAR POND

The solar ponds are unlike the conventional pond, where the energy is absorbed during the
sunny hours that raise the water temperature and after the sun set it reduces gradually due to the
convection currents and continuous water evaporation. Solar ponds are designed to be consisted of
three layers of water with different salt concentration. The upper layer has the lowest salt
concentration and that increases gradually toward the bottom of the pond. As a result, the water
density is increased and hence preventing the convection currents [3-5].

The three layers are called: an upper convection zone, the stable gradient zone, and the bottom
thermal zone (also referred to as the storage zone). In the gradient zone, salt content increases with
depth. Water in the gradient zone cannot rise because the salt content of the water above is less and
is therefore lighter, and the water below has a higher salt content and is heavier. Thus, the stable
gradient zone suppresses convection and acts as a transparent insulator, permitting sunlight to be
trapped in the hot bottom layer producing temperatures that can exceed 90°C. Convection between
layers is prevented by controlling density differences, thereby minimizing heat loses and
maintaining pond. The most important zone of the solar pond is the Stable Gradient Zone (also
called the Non-Convection Zone, NCZ or Middle Zone). That is because it allows most of solar
radiation to penetrate into the storage zone but prevents the propagation of infrared solar radiation
from escaping, as the water is opaque to infrared radiation[8,9]. So, heat will be accumulated at the
storage zone. Hence, pumping brine from the storage layer through a heat exchanger or an
evaporator removes the heat for industrial applications or any other application as shown in Figure

).
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Figure (1):  Schematic diagram demonstrates an electric power station connected
to a solar pond.

THEORY

One of the important factors of using a solar pond is to know how much heat is required to be
transferred from the bond to the suggested applicable project i.e. boiler of a turbine, desalination
plant or dairy site...etc. This relies on several factors e.g. the expected maximum temperature of the
salty water at the heat storage zone could be reached at the average daily incident energy, the
surface area of the pond, the type of liquid needed to be used to transfer the required heat [12]. The
liquid should have a relatively high specific heat capacity to extract the maximum heat through a
closed pipe circuit. Hence, the required heat could be expressed as:

Qrr—in X €L X (Tp—Ti)
Qur = —e00 (1)

Where:

Qrrin: Is the liquid flow rate inside the heat exchange pipes.

Cv.: The liquid specific heat capacity.

To: The liquid outlet temperature.

Ti: The liquid inlet temperature.

Also, the pipes surface area (Api) and their length (L) can be calculated from the
Following expressions:

1000 X Qyg
Api = U3 MTD ()

Where:
U : is the over all heat transfer coefficient.
MTD : is the mean temperature difference which can be expressed as:

_ To—T;
MTD = In((Ts—T; )/ (Ts—To)) (3)
And the pipes line expression is:
7000 X Ay
Pl 11/(0D+ID) (4)

Where the pipes inner and outer diameters are ID and OD respectively. These pipes are carrying the
circulated liquid which transfers the heat from the pond to the place where it is needed. Thus, the
pond surface area can be determined from the following expression:

A, =L, /PD 5)
Where PD is the pipes density distribution inside the pond [12].
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RESULTS AND DISCUSSION

To predict some results from the above equations, the heat transfer circulated liquid considered
as water with its known specific heat capacity of 4186.8 Jkg™ K. After employ a special program in
Excel Language as shown in Figure (2) to solve the above equations, from The Centre for Osmosis
Research & Applications University of Surrey, UK, the following tables and figures were obtained.

From tables (1,2) and figures (4,5) it can be seen that the more heat transferred required the more
temperature difference between the input and output circulated liquid should occur. And as
consequences for that are the more solar pond surface area and longer pipe line to circulate the
liquid and to extract the heat from the heat storage zone of the salty water in the solar pond.

For any practical application to make use of the heat produced from a solar pond it can be seen
that for the high temperature required of e.g. 70°C the pipes length of 7138 m required if the
returned circulated liquid with an input temperature of 25°C. In the same time this would required
52.3 kW power to be transferred which give a good indication for one of the main costly system of
a solar pond initial capital cost. Table (1) shows how big is the surface area of a solar pond is
required according to the output liquid temperature. These technical results can have alternatives by
changing the used materials of different properties, e.g. pipes material and diameters, circulated
liquid...etc. Hence as a conclusion that reducing the required output liquid temperature from 70°C
down to 60°C would save nearly third of the pipes needed in the same time third of the pond surface
area.

NOMENCLATURE

Api Pipes total heat transfer area (m?).
Asp i Solar pond surface area (m?).

ID: Heat Exchange (HE) pipe inside diameter (m).
Lpi : HE pipes total length (m).

MTD: Mean Temperature Difference (°C).
OD: HE pipes outside diameter (m).

PD:  HE pipes density (m/m>).

dp: Pressure drop in pipes (bar).

Qur:  Heat Required (KW).

Qrin:  Liquid flow rate input (m*/h).
Qfout.  Liquid flow rate output (m/h).

Tsp: Solar pond temperature (°C).

Ti: Input liquid temperature (°C).

To: Output liquid temperature (°C).

U: Over all heat transfer coefficient (W/m?.°C).

Acknowledgements
The author would like to express his thank to Dr. Mohammed Alkaabi for his support.

342



Journal of kerbala university , vol. 10 no.3 scientific . 2012

REFERENCES

1. Mahdi, J.T. Ph.D. Thesis “An Experimental and Theoretical Investigation of a Wick-Type Solar
Still for Water Desalination”, Department of Mechanical Engineering, Brunel University,
Uxbridge, U.K., (1992).

2. Aimone-Martin, C.T. and Martell, M., from Sanicbez, F. Vergara and S. H. Castro, Eds.)
University of Concepcion, USA (2000).

3. http://www.jewishvirtuallibrary.org/jsource/Environment/Solar.html.

4. Grant, D. 1980

http://ux.brookdalecc.edu/staff/sandyhook/dgrant/field/solar.htm.

5. Szacsvay,T, Patrick Hofer-Noser, Mario Posnansky, Technical and economic aspects of small-
scale solar-pond-powered seawater desalination systems, Desalination 122 (1999) pp.185.

6. Lu, H., Walton J.C. and Swift A.H.P, Desalination coupled with salinity-gradient solar ponds,

Desalination, 136, (2001), pp. 13.

Voropoulos, K., E. Mathioulakis, E. and Belessiotis V., Experimental investigation of the

behaviour of a solar still coupled with hot water storage tank, Desalination, 156, (2003), pp.

315.

8. Garman, M.A. and Muntasser, M.A., Sizing and thermal study of salinity gradient solar ponds
connecting with the MED desalination unit, Desalination, 222 (2008), pp.689.

9. Lamoureux, J., Tiersch, T.R. and Hall, S.G., Pond heat and temperature regulation (PHATR):
Modeling temperature and energy balances in earthen outdoor aquaculture ponds, Aquacultural
and Engineering 34, (2006), pp.103.

10. http://www.soilwater.com.au/solarponds/.

11. Karakilcik, M, Dincer,l, and Rosen, M.A., Applied Thermal Engineering , 26, (2006), pp.
727.

12. Duffie, J.A. and Beckman, W.A., Solar Engineering of Thermal Processes, (1991).

~

343



Journal of kerbala university , vol. 10 no.3 scientific . 2012

Table (L):

Shows the direct relation between the required solar pond area and output

liquid temperature for various input liquid temperature.

Tout(OC)
Ti(°C)

60 70 80 90

As

Ap(m) | Ap(m®) | Ag(m?) | (m)
15 587 811 1667
20 540 764 1620
25 490 714 1569
30 436 660 1516
35 378 602 1458
40 316 540 1396

Table (2): Shows the predicted pipes line required to reach certain output water temperature

at known input water temperature, when the other parameters are fixed.

Tout (OC)
T (°C) 60 70 80 90

Loi(m) | Lei(m) | Lpi(m) | Lyi (M)
15 5872 8113 16672
20 5400 7641 16200
25 4897 7138 15697
30 4360 6601 15159
35 3782 6023 14582
40 3159 5400 13959
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Figure (2): shows the program steps of results calculations.
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Figure (3):  Shows the variation of monthly averaged solar radiation intensity with daily
hours over the city of Karbala during the year 2010 [Weather station, Geographic
Department, College of Education, Karbala University].
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Figure (4):  Shows the relation between input liquid temperatures with pipe surface
area at various output liquid temperatures.
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Figure (5):  Shows the relation between the heat required and the input and output liquid
temperatures.
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