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In this study, energy performance of a new flat plate solar air collector
(SAHSs) with different obstacles at fin shape and rectangle Type | and Type Il
was investigated. The measured parameters were the inlet and outlet
temperatures, the absorbing plate temperatures, the ambient temperature, and
the solar radiation. Further, the measurements were performed at different
values of mass flow rate of air (0.0074, 0.0052, 0.0016 kg/s). The thermal
efficiency was calculated based on the measurements The results obtained
were trained and tested with the support vector machine (SVM) which is one
of the regression analyse methods. 10-fold cross-validation method was
used to evaluate the regression performance. The best regression analysis
result was obtained using cubic SVM method in which R? was 0.88 in the Type
Il air collector. Comparison between predicted and experimental results
indicates that the proposed SVM model can be used for estimating the
efficiency of SAHs with reasonable accuracy.

Keywords: Solar Air Collector, Thermal Efficiency, SVM

1. Introduction

The energy transferred to the Earth in a year from the Sun, which is accepted as an endless source
of energy for the world, is more than 150 times the energy of the coal reserves available in the World
[1]. In recent years, the idea of benefiting from this clean and everlasting source of energy as much as
possible has attracted the attention all over the world, especially in the countries that are located between
450 north and south latitudes and called as the Sunbelt in which our country is also included. Although
our country is located in a region that is rich in solar energy and called as the sunbelt, solar energy cannot
be benefited sufficiently. It has been determined that the average annual total sunshine duration of our
country is 2640 hours (a total of 7.2 hours per day) and the average total radiation intensity is 1311
kWh/m2-year (a total of 3.6 kWh/m? per day) [2].

The use of air-heating method, which is another form of benefiting from of solar energy, has also
begun to gain importance. The SACs are generally used for space heating and the drying of agricultural
products. Nowadays, intensive studies are carried out to make many changes and improvements on
traditional systems with the aim of increasing the low efficiency of plane collectors that are commonly
used in air heating, which is the major disadvantage of them in air heating. The use of selective surface

186



Vol 7, Number 2, 2017 V

European Journal of Technic

EIT INESEG

is one of them. An attempt to increase the amount of absorbed solar radiation is made with the use of
selective surfaces having high absorption coefficient and low emissivity coefficient [3-5]. Another
method applied to increase the efficiency of air heaters is to increase the number of passages of air
through the absorber plate. Thus, the duration of the air in the collector is increased, so more heat
absorption is ensured [6,7]. Another improvement applied to increase the efficiency is to increase the
surface on which the solar radiation is absorbed by giving a rough appearance to the absorber plate and
to ensure the further contact of the air that passes through with this surface [8,9]. The placement of the
fin on the absorber surface to increase the heat transfer is another improvement method that is attempted
to increase the collector's efficiency. It has been ensured that the total heat transferred and thus the
efficiency have been increased by increasing the heat transfer area of the air with these fins that are
frequently placed in the flow channel [10].

In the literature, many arrangements have been proposed to improve the heat convection
coefficient between the absorber plate and the air. The replacement of the absorber plate form is also
one of the performance improvement methods. Aldabbah et al. used the wire mesh structure as the
fluidized bed in single and double pass solar air collectors and experimentally tested its performance.
They observed that the thermal efficiency was significantly increased with the wire mesh structure
compared to the flat absorber plate solar collectors with conventional structure [11]. Yeh et al. carried
out a study on the collector efficiency of air heaters on and under the absorber layer during air flow [12].
Karim and Hawlader experimentally and theoretically investigated flat-layer, finned and v-curled air
heaters to improve the performance of conventional air heaters to improve the performance of
conventional air heaters [13]. Hachemi experimentally examined the thermal performance by placing
offset fins on the absorber plate [14]. Esen performed the energy and exergy analysis by placing the
barriers in different shapes on both sides of the absorber plate in the solar air collector. In his study, he
stated that the thermal performance according to the shape of the barriers was improved compared to
the flat absorber plate condition [15]. Esen et al. experimentally examined the thermal efficiency of a
solar-powered air collector and created the support vector machine model of the system [16].

Superior generalization performance is obtained from SVM regression and more importantly, the
performance does not depend on the dimensionality of the input data. The SVM is derived from the
statistical learning theory [17], and is a two-layer network with the inputs transformed by the kernels
corresponding to a subset of the input data. The output of the SVM is a linear function of the weights
and the kernels. The weights and the structure of the SVM are obtained simultaneously by constrained
minimization for a given precision level of the modelling error. In the constrained minimization, kernels
corresponding to data points that are within the error bounds are removed. The support vector regression
(SVR) is formed by the retained kernels [18], and the data points associated with the retained kernels
are referred to as the support vectors (SVs). Since the kernels of the SVR are similar to the basis
functions of the radial basis function (RBF) network with scatter partitioning, it is shown here that the
SVR can be reformulated as a RBF network with basis functions normalized such that they form a
partition of unity [19].

In this study, a new absorber plate to ensure increase in thermal efficiency was designed. The
thermal efficiency of the designed collector was found and compared both experimentally and with the
SVM model.
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2. Material and Method

In this study in which the energy analysis of a newly developed planar type air solar collector was
performed, the upper part of the absorber plate containing fin arranged at 2 different types, positions and
angles and barriers in the form of a rectangular block was painted black and covered with copper sheet
(Figure 1). A constant-speed fan (0.0833 m®, 0.25 kW, 220 V, 50 Hz, 1380 min*) was used to blow
the air used in the system. The airflow of the fan can be adjusted by means of the valve in the fan inlet.
The experiments were performed in Elazig province in July and August of 2007 (the period between
July 05, 2016 - August 10, 2007).

Figure 1. Schematic representation of the experimental set [1]

1) Radial Fan, 2) Connecting pipe, 3) Planar type air solar collector, 4) Pyranometer, 5) Solar
integrator, 6) Anemometer, 7) Digital thermometer and channel selector, 8) Thermocouples

Figure 2. Side view of the experimental set [1]
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As it is seen in Figure 2, air collectors are 120x70x12 cm in size, and 16x5x7 cm channels that
provide the inlet and outlet of the air to the solar collector were longitudinally opened on both sides
(12cm section). The absorber surface that absorbs the solar radiation, which is the most important
element of the collector, was made of blacked galvanized steel. The fins in different geometric shapes
and arrangement and the barriers in the form of a rectangular block were placed to ensure the circulation
of air on the absorber surface for a long time and thus to increase the heat transfer surface. These barriers
were used to increase the heat transfer surface and path, as it is also seen in the following figures. In this
study, the absorber surface on which there were barriers in the form of a rectangular fin was defined as
the Type 1, and the absorber surface on which there were barriers in the form of leaf fin was defined as
the Type 2. In addition to the fin-shaped barriers on Type 1 and Type 2 absorber surfaces, 10 cm high,
50 cm long and 2 cm thick barriers in the form of a rectangular block were also placed for the air
circulating inside to follow a wave motion path and therefore to remain in the collector for longer.

The photograph of the absorber surfaces defined as Type 1 and Type 2 is presented in Figure 3 (a, b).

(@ (b)

Figure 3. Photographs of the absorber plate surfaces a) Rectangular fin-type absorber (Type 1) b)
Leaf-fin type absorber (Tip 2)

The experiments were performed between the period of July 05, 2016 - August 10, 2016. The
experiments were started at 9:00 a.m and ended at 17:00 p.m. In the experiments, the flow rate was
adjusted by the valve at the outlet of the fan so that the mass flow of the air would be 0.0074 kg/s, 0.0052
kg/s and 0.0016 kg/s. During the experiments, the inlet temperature of the air to the collector, its outlet
temperature from the collector, the temperature of the absorber surface, outside ambient air temperature,
the wind speed and the solar radiation values were measured at 10 minute intervals.

2.1. Thermal Efficiency Analysis

Thermal efficiencies of solar power planar collectors are dependent on the optical and thermal
efficiencies of the absorber surface and external climate characteristics (temperature and wind speed),
the angle of incidence of solar radiation, the solar radiation to the collector plane, the inclination of the
collector and the mass flow of the working fluid.

The instantaneous thermal efficiency of solar powered planar collectors is defined as the ratio of
useful radiation from the working fluid to the solar energy coming to the collector surface.
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Here; n: thermal efficiency, QC: useful heat, A: collector area (m?) and I total solar radiation intensity
coming to the unit area of the collector plane (W/m?). The useful heat (Qc) is expressed by the following
equation.

Q.= mC,(T,-Ty) 2
Here; m : mass flow of the working fluid (kg/s), Cp: specific heat of the working fluid (J/kg°C), T, and
T, are the outlet temperature of the working fluid from the collector and the inlet temperature to the
collector, respectively (°C). The incoming solar energy, the useful heat, and the heat losses to the
environment are determined using the measurement values taken for the thermal efficiency experiments

of the planar solar collector. The thermal efficiency of a planar collector operating in steady-state
conditions is defined in average fluid temperature as the following;

ﬂ:Fm(Ta)_FmU(Tf _Te)/I (3)

Here; Fr: is defined as the ratio of the useful heat that is actually obtained from the collector to the useful
heat that can be obtained if the entire collector surface is at the fluid average temperature and is called
as the collector thermal efficiency factor, U: total heat loss coefficient (W/m?°C), T.. ambient
temperature (°C), 1: glass cover permeability coefficient and a: absorption coefficient of the absorber
surface.

The average temperature of the working fluid (T) is taken as the average of the fluid inlet and
outlet temperatures.

Te= (Te+Ty)/2 4)

It is assumed that the total heat loss coefficient is constant in the formation of collector thermal
efficiency curves by using a linear approach. However, the total heat loss coefficient in the thermal
efficiency equations described above is not constant, and the absorber surface, the temperatures of the
environment and sky, wind speed and the inclination of the collector are dependent on the properties of
the absorber surface. The effect of these variables on the collector heat loss coefficient and therefore on
the collector thermal efficiency has not been examined in detail. In the relevant standards that are
currently in force in Turkey, there is not any efficiency evaluation experiment except for the limit values
such as the fact that the wind speed is below 5.5 m/s and the ambient temperature is between 5-32°C.
The collector thermal efficiency equation is given by the second-degree equation based on the average
fluid temperature (4) equation by taking into account the change of the total heat loss coefficient in the
new Turkish standards in Turkey prepared in compliance with the European standards.

n=F,(ta)-a,(T, =T, 1-a,|[(T, T, (5)

Here; oa: the first-degree heat loss coefficient, a.: the second-degree heat loss coefficient. The o> value
should not be negative to be able to express the thermal efficiency with the second degree equation. In
addition, the radiation value should be 800 W/m?. If the new approach and the currently used evaluation
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method are compared, there may be differences according to the results to be obtained from the
linearized thermal efficiency curve of the equilibrium temperature and optical efficiency values [20].

2.2.Support Vector Machine (SVM)

SVM is one of the machine learning algorithm methods used to separate one or more classes from
each other [21]. The purpose in SVM is to find the hyperplane that will most appropriately separate the
classes in the data from each other. Let the plane to separate the data in the training set is wx+b. Here,
the normal of the hyperplane is w and b is the bias, in other words, the constant value.
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Figure 4. The best hyperplane that is capable of separating the data

As it is seen in Figure 1, many different planes can be used to separate the classes in the data set. It is
the purpose of the SVM to be able to separate the classes from among these planes and to find the planes
that make the distance between them greatest. For this, all the data in the dataset should ensure the
following equation.

¥ (Wij +b) = 1Vex; (6)

For the specified hyperplane to be maximum

the expression%||w|| should be the smallest [21,22]. Lagrange multipliers are used to solve this

guadratic problem.

|Iwl]?

L =
2

= il xi+ )~ 1] ™
j=1

As a result, the decision function that will be used to separate the two classes

f(x) =sign Zyjaj (x.xj) +b (8)
j=1
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The SVM uses various kernel functions (linear, rbf (radial basis function), polynomial) to linearly

separate the data set. These kernel functions are shown below [21-24].

Lineer: K(x,y) = (x.y) 9
RBE: K ) — o 1E =

:K(x,y) = exp(— T) (10)
Polynomial: K(x,y) = (x.y + 1)¢ (11)

Here, o, d are the parameters belonging to kernel functions.

In the regression analysis, the Root Mean Square Error (RMSE) is calculated. The fact that this value is
as small as possible indicates that the regression analysis has given a good result. One of the important
statistical values in regression analysis is the R2 value. The R2 value takes values between 0 and 1. The
fact that the R2 value is found to be O or close to 0 shows that the prediction result obtained in the
regression analysis is bad, and the fact that it is found to be 1 or close to 1 shows that the regression
analysis has given a good result. The mathematical expression of RMSE and R2 is seen in equations 7

and 8 [25-27].

n
1
RMSE = |- (v = ))? (12)
i=1
Rz g Zim0i— yi)?
- n yz
=171 (13)

n: is expressed as the number of samples in the independent variable dataset
yi: i. is expressed as the measured output value of the data
yi: i. is expressed as the estimated output value of the data [25-27].

2.3. Cross Validation

Cross validation is one of the statistical methods that evaluate the data set in two parts, the training
and the test set. One of the cross validation methods is the k-part cross validation method. In this method,
the data set is divided into k pieces. While the k-1 piece is used as the training data, the other piece is
used as the test data. The same operation is applied for all pieces. Thus, the whole data set is used for
both training and testing. The average of the accuracy rates of the obtained test data is taken [28-30].

3. Results and Conclusions

The data obtained from the Type | air collector were evaluated with SVM, which is one of the
regression learning methods. As it is seen in Figure 5., it was observed that the Linear SVM, in which
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the samples of the Type I air collector were distributed close to the linear line that is considered to be
the best estimate, gave a good result. The Good Gaussian and Intensive Gaussian SVM, in which the
samples seen in Figure 5.d and Figure 5.f were distributed distantly to the linear line, gave a bad result.
In the evaluation of the regression analysis, the situation where the Root Mean Square Error (RMSE)
value is closest to zero and the statistical value R? is closest to 1 is the situation where the best estimation
is performed. When the data of the Type I collector in Table 1 were examined, it was seen that the Linear
SVM, in which the RMSE value was closest to zero by 0.04 and the R? value was closest to 1 by 0.74,
gave a good result. In addition to this, the Good Gaussian and Intensive Gaussian SVM, in which the
RMSE was found to be 0.06 and the R? value was found to be 0.37, gave the worst result for Type |
collector. When Figure 6.c including the samples of the Type Il air collector was examined, the Cubic
SVM, in which the samples were distributed close to the linear line, gave a good result. When the
samples in Figure 6.d were examined, it was seen that the Good Gaussian SVM, in which the samples
were distributed distantly to the linear line, gave a bad regression result. When the RMSE and R? values
of the Type Il collector in Table 2 were considered, the Cubic SVM, in which the RMSE was found to
be 0.03 and the R? value was found to be 0.88, gave a good result. The Good Gaussian SVM, in which
the RMSE and the R? value of the Type Il collector in Table 1 were found to be 0.07 and 0.48
respectively, gave a bad result. When the data of both types of collectors in Table 1 were evaluated, the
Cubic SVM method, in which it was attempted to estimate the collector type using the data of the Type
Il collector type, gave the best regression analysis result.
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