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Summary. In this paper, a new formulation based on Arti…cial Neural Network
(ANN) was presented for estimating solar pond temperature. Temperature of
solar pond which is constructed experimentally was estimated depending on
time, pond depth, solar radiation and air temperature. In order to train the
network, experimental measurements were used as training and test data. The
temperatures in di¤erent depths of solar pond have been calculated theoretically
with equations derived from ANN model and compared with the experimental
results. The ability of ANN is to learn complex non-linear relationships. A new
formulation using ANN was presented here.
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1. Introduction
Solar ponds provide inexpensive means for collecting and storing solar energy
at temperatures below 90o C [1]. A salt gradient solar pond consists of three
distinct zones as shown Figure 1. The …rst zone, called the upper convecting
zone (UCZ) and situated on the top of the pond, is a zone of absorption and
transmission. The second zone, called non-convecting zone (NCZ), is situated
below the UCZ. The third zone, called the lower convecting zone (LCZ), is
situated at the bottom of the pond [2,3].
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Figure 1. A model solar pond
Some theoretical studies on solar ponds were also done. Some of the most important of these are the Weinberger [4],Rabl and Nielsen [5],Hull [6],Brinkworth
and Hawladers [7] analytical studies on establishing temperature distribution in
solar ponds.
The …rst scienti…c study on solar ponds in our country was done in 1978
by Kayal¬[8] with a small, uninsulated solar ponds whose dimensions were 4.5
m x 4.5m x 1.5 m. In this study Kayal¬ [8] did the physics, modelling and
economical analysis; it was noticed that the output for this uninsulated pond
was about 16%, and the cost of solar ponds were 2.5 times cheaper than ‡atplate collectors that produce hot water from solar energy. This study also proved
that maintenance and reparation were quite easy [8].
In this study, temperatures of a salt gradient and insulated solar pond which is
constructed experimentally were estimated with equations derived from ANN.
2. Experimental study
An experimental pond having an area of 12.25 m2 and a depth of 2 m was
constructed at Isparta Yalvaç High School Campus area. In order to ensure
isolation, bottom and sides of solar pond were insulated very well [3]. The pond
was …lled with salty water in the di¤erent densities. Densities at various depths
of pond for September are shown in Figure 2.
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Figure 2. Densities at various depths of pond
In order to do temperature measurement, LM35 diodes are used as detector
and the top of these diodes are covered with silicon in order not to be a¤ected
from salty water. To be used in temperature measurement diodes calibrations
are done. Ten of the diodes, whose calibrations are done, are placed from below
to above in the pond, two of them into the bottom concrete. The analogue data
that comes from these detector diodes is registered in a computer, transforming
digital temperature data by means of an AD/DA transformer and the diagrams
that give the temperature distribution versus time are obtained by the Excel
programme [3].

3. Arti…cial Neural Networks
The best example of a neural network is probably the human brain. In fact, the
human brain is the most complex and powerful structure known today. Arti…cial
neural networks are composed of simple elements operating in parallel. These
elements are inspired by biological nervous systems. The ANN modeling is
carried out in two steps; the …rst step is to train the network whereas the second
is to test the network with data, which were not used for training. The unit
element of an ANN is the neuron (node). As in nature, the network function
is determined largely by the connections between the elements [9-11]. Figure
35

3 illustrates how information is processed through a single node. The node
receives weighted activation from other nodes through its coming connections.
First, these are added (summation function). The result is then passed through
an activation function, the outcome being the activation of the node. For each
of the outgoing connections, this activation value is multiplied with the speci…c
weight and transferred to the next node.

Figure 3. Information processing in an arti…cial neural network unit.
A training set is a group of matched input and output patterns. This is used
for the training of the network, usually by suitable adaptation of the synaptic
weights. The outputs are the dependent variables that the network produces for
the corresponding input. It is important that all the information the network
needs to learn is supplied to the network as a data set. When each pattern
is read, the network uses the input data to produce an output, which is then
compared to the training pattern, i.e. the correct or desired output. If there is a
di¤erence, the connection weights (usually but not always) are altered in such a
direction that the error is decreased. After the network has run through all the
input patterns, if the error is still greater than the maximum desired tolerance,
the ANN runs through all the input patterns repeatedly until all the errors are
within the required tolerance. When the training reaches a satisfactory level,
the network holds the weights constant and the trained network can be used to
make decisions, identify patterns, or de…ne associations in new input data sets
not used to train it [12-17].
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4. Case study
Temperatures of solar pond which is constructed experimentally were estimated
depending on time, pond depth, solar radiation and air temperature. In the
experiments, the temperature in 10, 30, 50, 70, 90, 110, 130, 150 and 190 cm
depth were measured with censors. In this study, data sets included 117 data.
These data sets are obtained from experimental measurements [3]. For training
step, 92 data were selected, and for testing 25 data were selected.
Log-sigmoid transfer function was used as the activation function for hidden
layers and output layers. The values of the training and test data were normalized to within the range from 0 to 1. Levenberg-Marquardt Back-propagation
Training was repeatedly applied until the evaluation standard was reached.
As was proven by Bezir et. al., most optimal topology was determined as the
con…guration 4-3-1 [18]. The con…guration is shown in Figure 4. Time, pond
depth, solar radiation and air temperature were chosen as input. For output
layer, pond temperature was chosen.

Figure 4. ANN model used in application
The decrease of the mean square error (MSE) during the training process is
shown in Figure 5. Regression between experimental and simulating data was
determined. Regression value obtained is 0.98, which is very satisfactory [18].
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Figure 5. Training results based on the 4-3-1 con…guration
5. Formulations from the case study
Mathematical formulations can be derived using result weights and used activation functions from ANN because regression values of training and test results
are highly good. Ei (summation function of neuron i) and Fi (activation function of neuron i) values were obtained so that weight values are substituted
in summations and activation functions in each neuron belong to hidden layer
because developed model in the Case study is in con…guration of model 4-3-1.
Activation function was chosen log-sigmoid as shown from Fi function. In the
output neuron, only one summation function is used as only one output parameter exists which corresponds to solar pond temperature. In the model, the
inputs of the network are time (t), depth (h), solar radiation (R), air temperature (T0 ) and the output is solar pond temperature. To estimate the solar pond
temperature using Case Study, the following formulations can be used:
(1)

t1 = t=20

(2)

h1 = h=200

(3)

R1 = R=67
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(4)
(5)

(6)

T01 = T0 =25
E1 = t1 (0:26506) + h1 (12:8213) + R1 (0:29569) + T01 ( 1:1324)

F1 =

1
1+e

E1

(7) E2 = t1 (0:18296) + h1 (11:9886) + R1 (0:25671) + T01 ( 0:88443)

(8)

(9)

(10)

F2 =

1
1+e

6:1131

6:2341

E2

E3 = t1 (19:0997) + h1 ( 4:0679) + R1 (4:7587) + T01 (20:2677) + 0:41133

F3 =

1
1+e

E3

In the above equations for Ei the …rst two values are the multiplication of the
input parameters with their weights at location i and the last constant value
represent the bias term. Thus the terms E1 to E3 and F1 to F3 represent summation and activation functions of each neuron of the hidden layer, respectively.
Equations (1-4) are used to convert the actual input data of time, depth, solar
radiation and ambient temperature to normalized values in the range [0-1]. Finally, the temperature of solar pond depending on time, depth, solar radiation
and air temperature can be computed from:

(11)

(12)

E4 = F1 (13:9789) + F2 ( 16:3191) + F3 ( 11:1573) + 12:9099

Solar pond temperature =

1
1+e

E4

:56

The coe¢ cient shown in (12) is used to convert the normalized output to
actual output (solar pond temperature).
In Table 1 a comparison is presented between the experimental measurement
temperature and temperature estimated with the equations derived from ANN
of solar pond. As can be seen the error is very small.
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A ctual
S o la r
T im e

R a d ia tio n
(h)

(cm)

E stim a te d

A ir

D epth

pond

pond

tem p eratu re

tem p eratu re

oC

oC

Tem p era tu re

cal=cm2

oC

E rror

7

30

4 ,2

12

4 6 ,9 9

4 7 ,7 2

-0 ,7 3

8

30

21

16

4 7 ,0 1

4 7 ,7 0

-0 ,6 9

9

30

3 4 ,8

1 7 ,5

4 7 ,1 9

4 7 ,7 0

-0 ,5 1

10

30

4 7 ,4

20

4 7 ,3 5

4 7 ,6 9

-0 ,3 4

11

70

5 8 ,2

21

4 8 ,9 9

4 8 ,6 6

0 ,3 3

12

30

6 0 ,6

2 2 ,1

4 7 ,6 5

4 7 ,6 8

-0 ,0 3

13

30

66

2 3 ,2

4 7 ,9

4 7 ,6 9

0 ,2 1

14

50

6 4 ,8

2 4 ,4

5 0 ,0 5

4 7 ,7 9

2 ,2 6

15

70

5 7 ,6

2 4 ,6

5 0 ,1 2

4 8 ,4 6

1 ,6 6

16

190

4 0 ,8

2 3 ,4

2 1 ,8 4

2 1 ,2 4

0 ,6 0

17

30

1 1 ,4

2 1 ,8

4 8 ,3 6

4 7 ,6 9

0 ,6 7

18

10

7 ,2

2 0 ,1

4 6 ,6 5

4 7 ,7 0

-1 ,0 5

19

90

0 ,4

1 8 ,8

4 7 ,2 9

5 0 ,7 0

-3 ,4 1

Table 1. Comparison between the experimental measurement temperature
and temperature estimated with the equations derived from ANN of solar
pond.

6. Conclusion
ANN is especially appropriate for investigating complex problem. Many nonlinear engineering problems can be formulised using this methodology.
In this paper, The ANN is successfully applied to estimate of solar pond temperature. The regression value (R2 –value) is about 0.98, which can be considered
as very satisfactory. In order to estimate of solar pond temperature, mathematical formulations were derived from the ANN model. Formulations of the model
have been obtained from formulations of selected functions (i.e. summation and
activation) used in the ANN model and weights of neurons. The results obtained from the study show that the ANN model could be used successfully on
estimating the temperature in di¤erent depths in a solar pond.
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