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ABSTRACT: The sun is one of the major sources of energy, the distance, position and rotation of the sun and the
earth are obtained for proper collector design. The declination angles, zenith angles, solar azimuth angles and the
incident angles of Benin City, Edo State where obtained considering the ambient conditions, longitude and
latitudes of site under consideration. This was achieved through experimental investigation using a prototype
designed flat plate solar collector system. Average declination angle of 14.6675, average zenith Angles of the sun
of 22.1850, average incidence angle of 21.7650, average solar Azimuth angle of 77.0625 and average ratio of
beam radiation of 1.0875 were obtained respectively. As a result of this, the average radiation on a tilted surface
were obtained to be 1025.3258w/m? for enhanced flat plate solar collector design.

Keywords: Flat Plate Solar Collector, Tilt Angle, Declination Angle, Zenith Angles of The Sun, Solar Azimuth
Angle, Incidence Angle, Ratio of Beam Radiation

1. INTRODUCTION

The annual amount of solar radiation received by the earth varies due to the changeable distance
between the earth and the sun. The Earth- Sun distance has a minimum value of 1.471x10*m
which is called, perihelion, on December 21 and a maximum value of 1.512x10m which is
called, aphelion, on June 21 [1]. The average distance between the earth and the sun that is
called astronomical unit (AU) is 1.419x10''m. The earth revolves around itself within an axis
that has tilted angle of 23.45° with respect to its orbital plane axis [2]. This angle is the cause
of the changeable solar radiation throughout the year.

Solar energy is a form of renewable energy that can be used in one form or another. This
research work shows that a lot depends on the position and distance between the sun and the
rotation of the earth.

Nielsen [3] gave an expression for determination of the global horizontal solar radiation
intensity in nth hours of the day. Bena and Fuller [4], Sharma, Chen and Nguyen [5] and Iloeje
[6] indicated that solar energy trapped by solar dryers is now commonly used globally in drying
and preservation of agricultural products. The uses of helio-electrical devices, which trap solar
radiation on horizontal plane, are increasing world-wide.

The total energy output of the sun is about 3.8 x102° MW which is equal to 63 MW/m? of the
sun’s surface. Although the energy radiates in all directions relative to its location, only a small
fraction of about 1.7 Kw of the total radiation emitted is intercepted by the earth [7]. Hanif et
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al. [8] analyzed the energy, exergy and efficiency of a flat plate solar air heater based on five
different air mass flow rates of 0.5 (Natural), 1.31, 2.11, 2.72 and 3.03 kgs™ under three
different tilt angles of 25, 35 and 50°. From the results obtained, the solar collector performance
better at air mass flow rate of 3.03 kgs™? under tilt of 35°. At maximum air mass flow rate of
3.03 kgs-1and optimum tilt angle of 35°, the maximum energetic efficiency of 51%, minimum
exergetic efficiency of 24% as well as maximum overall efficiency of 71% were obtained.

Dare et al. [9] investigated the efficiency and insolation of flat plate solar collectors considering
selected locations in the six geopolitical zones of Nigeria at different tilts. Performance of a flat
plate collector in relation to heat transfer fluid in the absorber was examined using Standard
Equation known as the Hottel -Whillier- Bliss Equation. The results obtained indicated that, as
the incidence angle approaches 0° insolation become maximum and as incidence angle
approaches 90°, insolation becomes minimum.

To establish the dependence of first law efficiency, second law efficiency, orientation of flat
plate collector, average temperature rise on the mass flow rate of water as well as the greenhouse
effect, Swain et al. [10] experimentally investigated a solar water heater in technical
collaboration with Welson Energy Systems which uses variable water flow rate ranging from
0.001-0.02 kgs™. The results revealed that the instantaneous efficiency increases with increase
in mass flow rate while the second law efficiency decreased with increase in mass flow rate.
The instantaneous efficiency and second law efficiency were observed to be more significant
with greenhouse effect than it is without the greenhouse effect. Exergy loss was found to be
more significant without greenhouse effect than it is with greenhouse effect. Skeiker [11] in an
investigation of the optimum tilt angle for Syrian regions reported that the adjustment of solar
collector tilt angle has the potential to increase the solar energy collection by 10%.

An empirical correlation of Erbs to determine the optimal tilt angle for Abu Dhabi was
employed by Jafarkazemi and Saadabadi [12]. It was suggested that the tilt angle be adjusted
for at least semi-annually. The difference between annual average optimum tilt angle and the
latitude was obtained as 2-3° and azimuth was suggested close to the due south. This correlates
with the findings of Soulayman and Hammoud [13], where the general correlation for mid
latitudes was derived to determine the optimum tilt angle of solar collectors. Optimum tilt angle
was observed to not exactly depend on the latitude and should be adjusted for the collector at
least semi-annually. Also in a study conducted by Khorasanizadeh et al. [14] using several
diffused radiation models and long term solar radiation data availed to determine the optimum
tilt angle for a site located in Iran, semi-annual adjustment of surface tilt was suggested.

Ucar et al. [15] employed five different geometries in solar air collector to improve the
performance of the heater using passive heat transfer enhancement techniques. Among the solar
collectors tested, collector with absorber surface at 2° angle was found to be optimum. On the
other hand, Jamil et al. [16] suggested at least a seasonal or monthly adjustment of tilt angle for
optimum output based on their findings obtained from optimum tilt for solar collectors at two
sites in India using measured solar radiation data. The tilt angle for several cities in Saudi Arabia
was optimized by Kaddoura et al. [17] using MATLAB model. Adjustment of tilt angle of the
solar collector was suggested as six times annually. For optimum tilt angle, frequent
adjustments was suggested in the months near equinox, due to rapid change in the direction of
the sun compared to solstices. Bhowmik and Amin [18] developed a novel technology to
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improve the performance of the solar thermal collectors. To maximize the intensity of incident
radiation, the reflector was allowed to change its angle with daytime. The radiations coming
from the sun’s energy were converted into heat which was transferred to a prototyped solar
water heating system. Collector efficiency of around 10% was obtained using the reflector. A
flat plate surface solar collector of dimension 0.5 m?, hinged on a horizontal support at
inclination from 0-90° was fabricated in Zaria, Kaduna State, Nigeria by Akachukwu [19]. Solar
radiation and varying degrees of inclination were taken for each month of the year. The result
showed that optimum angle of inclination of a flat plate for maximum collection of solar
radiation intensities were 26.5, 24.5, 10.0, 19.5, 26.0, 30.0, 24.0, 21.0, 11.5, 19.5, 27.0 and
30.0° in the months of January to December. An average annual increment of 4.23 % solar
radiation intensity was achieved for flat surface located at the predicted optimum angle of
inclination for each month when compared to the yearly average solar radiation intensity
obtained from the same flat plate collector on horizontal position, and under the same condition.

The aim of this research is to effectively predict optimum angles of inclination and amount of
solar energy gained, using Benin City, Edo State, Nigeria as the location of study.

2. MATERIALS AND METHOD

To carry out the experimentation using the designed flat plate solar collector, the amount of
solar radiation, day, declination angle, zenith angle of the sun, azimuth angle and the angle of
incidence on the inclined surface was determined. A particular day in each month was chosen
(mid-month), this day has approximately the total solar radiation which is equal to the monthly
mean value for that particular month [20]. To design a solar flat plate collector, the area was
determined considering the temperature of fluid (water) expected and the expected solar
radiation of the location. The heat requirement is a function of the mass flow rate and the time
of heating. Figure 1 shows an isometric view of the flat plate solar collector experimental set-
up tilted at 10° and has a water supply tank and a water discharge tank. The materials used in
the flat plate solar collector setup are as follows: Wood used for casing, fibre (Polyurethane)
used for insulation, aluminium painted black used for absorber plate, copper used for flow tube,
transparent glass used for glazing cover, plastic used for water supply and discharged tank,
plastic hose used for connecting the water tanks. The following initial conditions were
considered for the flat plate solar collector system.

I Steady state system.

ii. 26.1°C daily average water inlet temperature (Relates to ambient temperature obtained
from the National Centre for Energy and Environment (NCEE), University of Benin,
Edo State, Nigeria.

iii. Active heating time of the water is estimated to be about 6 hours, within which the sun
is actively present. Though daily peak temperature may vary with time.

iv. 100°C absorber plate temperature.

V. Average daily solar radiation I = 1017.695W/m? from NCEE, University of Benin.

Vi. Specific heating capacity of water Cp = 4190//kgK.

vii.  Tilt angle of 10°

viii. 300 litres capacity water tank was used to supply water to the solar collector. The tank
was placed at 0.5m height from the collector inlet, thus creating the required pressure
head for circulation of water in the system.
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The surface azimuth angle is 0° (the collector is facing the south).
The solar parameters are calculated with the sun one hour after noon i.e. 15°.

Flat plate solar collector

\
| *_'____,__._——Water supply tank

Wooden

Water discharge tank frame/support

Plastic hose

Figure 1. Flat plate solar collector setup.

2.1. Declination Angle

To effectively estimate the solar radiation of a tilted surface, there is need to know the angular

position of the sun at solar noon, hence the determination of the declination angle considering

§ = 23.45sin (360

the number of days. Declination angle varies and is calculated using the following relation:

284+n)
365

where is the no of days. For n, the mean day in each month was used.

For January n=17, from Table 1.

Table 1. Recommended average days of various months and values of n by months [21].

Months Days of the month Mid-month N
January | 17 17
February 31 +i 16 47
March 59 +i 16 75
April 90 +i 15 105
May 120 + i 15 135
June 151 +i 11 162
July 181 +i 17 198
August 212 +i 16 228
September 243 +i 15 258
October 273 +1i 15 288
November 304 + i 14 318
December 334 +i 10 344
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2.2. Zenith Angles of The Sun

The Zenith angle was estimated considering the angle between the vertical and the line to the
sun, that is, the angle of incidence of beam radiation on a horizontal surface has to be known in
order to effectively estimate the amount of solar radiation on a solar collector.

The zenith angle is given by

cos 0, = cos ¢ cos § cos w + sin ¢ sin § 2
Where, ® = 6.5438° (lattitude of Benin City, Edo State, Nigeria)

6 = declination angle.

w = Hour angle. (15° was used because 1pm was considered as the time, during the system
analysis)

2.3. Solar Azimuth Angle (ys)

The solar azimuth angle is estimated using the following relations:

Yo = sign((o) |COS_1 (cos 0, sin ¢p—sin 8)| (3)

sin 8, cos ¢
Where, Sign function is used to determine w.
0, = Zenith angle.
¢ = lattitude of site.
6 = Declination angle.

2.4. Incidence Angle

The angle of incidence on the inclined surface is given by
cos® = cos 0z cosP + sinBzsinBcos(ys— y) (Duffie and Beckman, [21] 4)
Where, 6 = incidence angle.
[ = tilted angle
y = 0, because it is facing south.
0z = Zenith angle.

ys = Solar azimuth angle.
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2.5. Radiation on Tilted Surface

The data collected from the National Centre for Energy and Environment [22] are related to the
horizontal surface, for purposes of solar process design and performance calculations, it is often
necessary to calculate the radiation on a tilted surface of a collector from measurements or
estimates of solar radiation on a horizontal surface. The geometric factor Ry, is the ratio of beam
radiation on the tilted surface to that on a horizontal surface and this can be estimated using the
following relations.

Rb Cos6 % (5)

= Cose, G
Where, 8 = angle of incidence.
6, = zenith angle respectively.
Gp = radiation on tilted surface.
Gy, = radiation on horizonal surface.

To utilize R, the radiation on the horizontal surface was gotten from National Centre for Energy
and Environment (NCEE), University of Benin, Edo State, Nigeria [22].

To determine the available energy in the solar collector, it is important to consider the equation
for energy gained by the working fluid. This is given by Equation 6 [23],

Quse = manAT (6)

Equation for heat losses from the collector as the fluid flows from the solar collector to the
atmosphere is expressed as [27]:

Quse = AapsQr [Si -U; (AT)] (7)

The energy leaked from the solar collector is given by Equation 8 [24].

Ey = {U1Aaps Taps = T) (1-72)} ®)

Taps

where S; is the optical absorbed solar flux and U, is the heat lost by emittance, reflection and
optical efficiency of glazing given by Equation 9 [25].

Qr = g5 [1 = exp {Fortatm] ()

T Uy Agps macCp

The energy destroyed by the solar collector is given by Equation 10 [26].

Eq = —mCpTy 2L By = —mCpT, {1n (Tt — (TouTin)} (10)

in in Taps
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where Eq is the heat lost energy due to absorber plate temperature difference with the fluids. It
is the latent heat absorbed by the fluids in phase change. The exergy of the solar collector is
given by Equation 11[27].

Eour = [{(maCP (Tout —TaTaln M) - %) + mwCp (Tw - Ta)}] (11)

Tq
The discharge flow rate of water expressed in m®/sec is given by Equation 12
Q= %dzv (12)

where d is the diameter of the collector pipe and v is the average velocity of fluid. In this case,
the angle of incidence is given by Equation 13 [28].

CosB = Sin® (Sind CosB + Cosd Cosy Cosw Sinf) + Cos® (Cosd Cosw CosP —
Sind Cosy Sinf) + Cosé Siny Sinw Sinf (13)

where 9 is the Declination angle, n is no of day in the yea, [ is the slope angle @ is the latitude
of the location vy is the surface azimuth angle and o is the hour angle. Tilt factor for beam
radiation is given by Equation 14.

T, = Cos® (14)

- Cosf,

CosO, = (Sin® * Sind) + (Cosd * Coss * Cosw) (15)

Radiation shape factor for the diffused radiation is given by Equation 16 while the tilt factor for
reflected radiation is given by Equation 17.

__ (1+Cosp)

Ry =% (16)
j, = £O=Cosp) (17)
Instantaneous efficiency is given by Equation 18 while exergy (e) is given by Equation 19

=TT (18)
e= (h—hy) ~T,(S—S)+>+gz K/kg (19)

3. RESULTS AND DISCUSSION
3.1. Angular Relations of Solar Radiation

The thermodynamic analysis was carried out considering some conditions, these conditions are
ambient conditions, materials, the location of study and the mid-month in each month. The mid-
months are recommended average days of various months and values of n by months. A
particular day in each month was chosen (mid-month), this day has approximately the total
solar radiation which is equal to the monthly mean value for that particular month.
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3.1.1. Declination angle

Declination angle was estimated for a year considering the mid-month. Using Equation 1, the
declination angle from January to December were gotten as follows.

Table 2. Declination angle from January to December for Benin City, Edo State.

Mid-Month Latitude (¢) | No of Days(n) | Declination (d)
17 January 2018 17 -20.91696257
16 February 2018 47 -12.95460809
16 March 2018 75 -2.417734805
15 April 2018 105 9.414893347
15 May 2018 135 18.79191752
11 June 2018 162 23.085911
6.5438

17 July 2018 198 21.18369356
16 August 2018 228 13.45495968
15 September 2018 258 2.216886783
15 October 2018 288 -9.599397234
14 November 2018 318 -18.91195474
10 December 2018 344 -23.04962764

Table 2 shows the analysis of the declination angle from January to December for Benin City,
Edo State, the mid-month, latitude and number of days were considered during the analysis.
This analysis was carried out because the angle of declination is necessary to estimate for the
angle of incidence which enables the radiation on a tiled surface to be known.

3.1.2. Zenith angle

The zenith angle was estimated for a period of one year and it was done using Equation 2 as
follows.

Table 3. Zenith angle from January to December in Benin City, Edo State.

Mid-Month Lattitude (0) | No of Days(n) | Zenith Angle (92)
17 January 2018 6.5438 17 31.16223057
16 February 2018 6.5438 47 24.54156547
16 March 2018 6.5438 75 17.45151134
15 April 2018 6.5438 105 15.12726132
15 May 2018 6.5438 135 19.05767107
11 June 2018 6.5438 1602 21.95626908
17 July 2018 6.5438 198 20.61477906
16 August 2018 6.5438 228 16.29885949
15 September 2018 6.5438 258 15.56579039
15 October 2018 6.5438 288 21.99881101
14 November 2018 6.5438 318 29.43745646
10 December 2018 6.5438 344 33.02824726

Table 3 shows the analysis of the Zenith angle from January to December for Benin City, Edo
State, the mid-month, latitude, number of days and the hour angle were considered during the
analysis. This analysis enables us to known the angle between the vertical and the line to the
sun, that is, the angle of incidence of beam radiation on a horizontal surface.
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3.1.3. Solar azimuth angle

The solar azimuth angle was estimated using Equations 3 and this was done for a period of one
year. It is shown on Table 4.

Table 4. Solar Azimuth angle from January to December in Benin City, Edo State.

Mid-Month Latitude () | No of Days(n) | Declination (d) | Selar Azimuth Angle(ys)
17 January 2018 6.5438 17 -20.91696257 -27.81909576
16 February 2018 6.5438 47 -12.95460809 -37.39236626
16 March 2018 6.5438 75 -2.417734805 -59.57057582
15 April 2018 6.5438 105 9.414893347 101.9242569
15 May 2018 6.5438 135 18.79191752 131.374367
11 June 2018 6.5438 162 23.085911 140.4476725
17 July 2018 6.5438 198 21.18369356 136.7302372
16 August 2018 6.5438 228 13.45495968 116.2453433
15 September 2018 6.5438 258 2.216886783 74.53216113
15 October 2018 6.5438 288 -9.599397234 -42.94294037
14 November 2018 6.5438 318 -18.91195474 -29.88037461
10 December 2018 6.5438 344 -23.04962764 -25.9089543

Table 4 shows the analysis of the solar Azimuth angle from January to December for Benin
City, Edo State, the mid-month, latitude, number of days, hour angle and declination were
considered during the analysis. This analysis helps to show the angular displacement from south
of the projection of beam radiation on the horizontal plane.

3.1.4. Incidence angle

The angle of incidence on an inclined surface was determined using Equation 4 as shown in
Table 5.

Table 5. Incident angles from January to December of Benin City, Edo State.

Mid-Month Lattitude (0) | No of Days(n) | Angle of Incidence
17 January 2018 6.5438 17 22.75053397
16 February 2018 6.5438 47 17.60890387
16 March 2018 6.5438 75 15.01592951
15 April 2018 6.5438 105 19.72562973
15 May 2018 6.5438 135 26.70224584
11 June 2018 6.5438 162 30.30883487
17 July 2018 6.5438 198 28.68973778
16 August 2018 6.5438 228 22.53011347
15 September 2018 6.5438 258 16.03038807
15 October 2018 6.5438 288 16.11188848
14 November 2018 6.5438 318 21.30486345
10 December 2018 6.5438 344 24.38399044

Table 5 shows the analysis of the incident angle from January to December for Benin City, Edo
State, the mid-month, latitude and the number of days were considered during the analysis.
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3.1.5. Ratio of beam radiation

The ratio of beam radiation is a geometric factor that deals with the ratio of beam radiation on
the tilted surface to that on a horizontal surface. For the purposes of solar process design and
performance calculations, it is often necessary to calculate the radiation on a tilted surface of a
collector from measurements or estimates of solar radiation on a horizontal surface. The values
on Table 6 were gotten using Equation 5.

Table 6. Ratio of beam radiation from January to December of Benin City, Edo State.
Rb | G, (W/m?) | Gy (W/m?)
1.08 | 1017.695 1099.11
1.05 | 1017.695 1068.58
1.01 | 1017.695 1027.87
0.98 | 1017.695 997.34
0.95 | 1017.695 966.81
0.93 | 1017.695 946.46
0.94 | 1017.695 956.63
0.96 | 1017.695 976.98
0.99 | 1017.695 1007.52
1.04 | 1017.695 1058.40
1.07 | 1017.695 1088.93
1.09 | 1017.695 1109.28

Table 6 shows the analysis of the ratio of beam radiation from January to December for Benin
City, Edo State, the Zenith angle and the angle of incidence were considered during the analysis.
Gb:t (W/m?) was gotten by multiplying R, by the horizontal solar radiation which was gotten
from National Centre for Energy and Environment (NCEE), University of Benin, Edo State
Nigeria).

4. CONCLUSION

The estimation of the various angles which are declination angles, zenith angles, solar azimuth
angles and the incident angles was geared towards obtaining the radiation on a tilted surface. It
IS necessary to obtain the radiation on a tiled surface because the flat plate collector is tilted at
some angle to get optimum solar energy. The available solar radiation of the locations shows a
positive availability of renewable energy in the form of solar energy and the angular solar
relations were estimated for the months of more solar radiation and the positions in which the
solar thermal system (experimental setup) can be placed for more solar energy absorption.
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ABSTRACT: This study provide details on the characteristics of horizontal axis wind turbine airfoil under
subsonic flow regime at distinct angle of attacks (AoA) using XFOIL. Using a fixed Mach number (Ma) of
1000,000 and Renolds number (Re), the XFOIL modelled cambered airfoil was simulated at various AoA
including -10°, -5°, 0.0°, 5°, 10°, 15°, 22° and 25° to observe the variations in lift, drag, lift and drag coefficient and
their effects on the overall wind turbine performance. It was observed that constant increase in AoA can prevent
separation in airflow while continuous reduction in AoA can make airflow separation more pronounce, thereby,
causing decrese in the rate at which the lift coefficient increases. A negative pitching moment coefficient was
observed, indicating a nose-down moment which would reduce the angle of attack on the rotor blade. It was also
found that the drag coefficient Cp varied proportionately with the AoA, and lower Cp values indicate less drag
foces on the on the airfoil. The results indicated that the lift to drag ratio initially increase as the AoA increases
upto a maximum point of 108.64, but as the AoA is increased further, the L/D ratio decreases until the stalling
angle is reached. In summary, the rotor blade undergoes minimum drag at fairly low AoA while the lifting ability
of the rotor is quite low at low AoA.

Keywords: Wind Turbine, Blade Foil, Drag Force, Aerodynamics, Lift Force, Renolds Number

1. INTRODUCTION

To achieve full range of optimal operating condition in a wind turbine blade, robust numerical
and computational approach is required in addition to the design calculations. The outcome can
be validated by comparing with experimental data for accuracy of results [1]. According to
Bertagnolio et al. [2], experimental measurement and/or flow field simulation of airfoils are
used as the basis for evaluating the aerodynamic behaviour of wind turbine blades. Alrobaian
et al. [3] designed and fabricated a low cost open typed subsonic compressible flow wind tunnel
and the flow field measured as wall pressure reading indicated a stable flow at Mach number
of 0.6, 0.7, 0.8 and 0.9 respectively. Moreover, with approximately 80% area, the exit velocity
was found to be constant. Winslow et al. [4] examined NACA 0009 and NACA 0012 airfoils
for drag and lift performance as well as surface pressure and flow field characteristics. The
result revealed that below Re of 10°, lift and drag characteristics were difficult to be assumed
optimum or better but below Re of 10° the cambered airfoils had better lift and drag
characteristics. Arun and Surya [5] designed a horizontal axis wind turbine with two different
airfoil sections including the straight and swept back pattern using QBlade. The straight blade
design produced 250KW of power at peak wind speed of 36m/s while the swept back bade
produced 310 KW of power at peak wind speed of 40m/s, indicating that the swept back blade
design outperformed the straight blade pattern. Mohokar and Kale [6] employed QBlade in the
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optimization of a wind turbine chord length. This was experimented on ten different blade
designs by changing their chord lengths between the range of 30 and 120 mm at a fixed wind
velocity of 11.5 m/s, and the result revealed that at 90 mm chord length, maximum power
coefficient was obtained. Gantasala et al. [7] Numerically Investigated the Aeroelastic
behaviour of a wind turbine with iced blades using FAST software. The outer third of the blade
produced over 50% of the turbine’s total power and severe icing in this part of the blade reduced
the power output and aeroelastic damping of the blade’s flapwise vibration modes. Increase in
the blade mass due to ice lead to reduction in its natural frequencies. Symmetrical icing of the
blades reduced the loads acting on the turbine components while asymmetrical icing of the
blades induced loads and vibrations in the tower, hub, and nacelle assembly at a frequency
synchronous to rotational speed of the turbine. Etuk et al. [8] examined the normal, radial, axial
and tangential loading cycles undergone by wind turbine rotor blades and their effects on the
displacement of the blade structure using QBlade finite element sub module. Geometry of the
deformed blades were characterized by twisting and bending configuration at maximum strain
deformation at frequencies up to 200 Hz. From the deflection values obtained, it was found that
normal loading cycle would cause the highest level of structural damage on the rotor blade
followed by radial, axial and tangential loading. The aim of this study is to provide an open
source turbine calculation that is seamlessly integrated into XFOIL, an airfoil design and
analysis tool/software. The motivation for this is to create a one solution for the design and
aerodynamic computation of wind turbine blades. The integration in XFOIL enables the user to
rapidly design custom airfoils and compute their polars, extrapolate the polar data to a range of
360°, and directly integrate them into a wind turbine simulation. By so doing, the procedures of
exporting and importing foil and geometry data between different programs is avoided as well
as the troubles involved. At the same time, the integration of the BEM and DMS code into
XFOIL’s sophisticated GUI will make this software accessible to a huge number of wind related
applications without the usual command line interface software tools.

2. METHODS

The software XFOIL is programed to analyse and compute the flow around subsonic isolated
airfoils. It is a software used for the calculation of profile polars. The polars were generated
starting from alpha = -10 in first a negative direction up to 25 in a positive direction. For the
design a NACA 4610 foil was used. An efficient wind rotor blade has many airfoil profiles
blended at an angle of twist terminating at a circular flange. The airfoil parameters are presented
in Table 1.

Table 1. NACA 4610 airfoil Design parameters.

Parameter Value (%) At (%)
Thickness 10 29
Camber 4 59.5
Points 99

TE#ap (Deg) 0.00

TEx (Deg) 0.00

TEy (Deg) 0.00
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Figure 1. Diagram of the Blade Foil.

As shown in Figure 2, a circular foil with a drag coefficient of 1.2 was used for the root of the
blade to enhance the blade structural strength. The parameters of the root foil are presented in
Table 2. This part of the blade has low relative wind velocity as a result of its relatively small
rotor radius but however carries the highest load [9]. The low wind velocity results in reduced
aerodynamic lift, leading to large chord lengths. With this, the blade profile becomes
excessively large at the rotor hub to enable it support the weight of the blade as well as the loads
encountered during rotation.
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Figure 2. Airfoil for root of Blade.

Table 2. NACA 4610 root foil Design parameters.

Parameter Value (%) At (%)
Thickness 100 50
Camber -0.00 99.90
Points 101

TE#ap (Deg) 0.00

TEx (Deg) 0.00

TEy(Deg) 0.00

The forces acting along the length of the blade s; are obtained by (pi-po)si. The lift (L) force and
the drag (D) force per unit with of the blade alongside all the forces acting on the drag and lift
direction can be obtained by integrating as follows:

L =X (p1-po)si * sin(6; + a) (1)
D = X(p1-Po)sy * cos(6; + @) (2

Were p1 and po are the pressure points on the airfoil, 8 is the angle of inclination against the
blade chord and a is the angle of attack.

The lift and drag coefficient is given by Equation 3:
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Where L is the lift force, D is the drag force, c is the chord length, p is the air density and U is
the mainstream velocity. Pitching moment coefficient plays a vital role in understanding the
principles of aerodynamic centre of an airfoil, and it is given by Equation 5:

Cn = — (5)

The Reynolds number is given by Equation 6;

cU
Re = 7 (6)
Where M is the pitching moment, q is the dynamic pressure, S is the wing area, c is the chord
length of the airfoil and v is the kinematic viscosity of air. The local pressure coefficient which
is the difference between local static pressure and free-stream static pressure is given by
Equation 7.

Cp = ——2 (7)

1 2
7P Uss

The total or stagnation upstream pressure which is the sum of the static and dynamic pressure
at that point according to Bernoulli’s equation is given by Equation 8;

Pr=P+3puU3 ®)

In terms of differential pressures, C, can be written in the expression in Equation 9. In this case,
Cy at the airfoil stagnation point is equal to unity [10].

P—Pqy
= ®)

2.1. Xfoil Design Module

The software is adequate for teaching, as it provides a ’hands on’ feeling for HAWT and VAWT
rotor design and shows all the fundamental relationships and concepts between twist, chord,
foils, turbine control and the power curve in an easy and intuitive way. The GUI serves as a
post processor to conducted rotor simulations as well and gives deep insight into all relevant
blade and rotor variables for verification, to compare different rotor configurations, or even to
study the numerical algorithm and the dependencies among the aerodynamic variables. In
addition to that, the software at hand is flexible and user-friendly for wind turbine blade design.
Hence, it can also act as a modular system for future implementations that can exploit the
possibilities that a combination of manual and parametric airfoil design and analysis coupled
with a blade design and simulation tool offers. The functionality of the BEM software includes
the following features:
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I. extrapolation of XFOIL generated or imported polar data to 360° AoA
ii. advanced blade design and optimization, including 3D visualization, using XFOIL
generated or imported profiles

iii.  computation of wind turbine performance over wind speed range

iv. manual selection of BEM and DMS correction algorithms

V. manual selection of all relevant simulation parameters

Vi. data browsing and visualization as post processing
Vii. export functionality for all created simulation data

3. RESULTS AND DISCUSSION

During revolution which occurs at an angle of 360° a wind turbine blade experiences much
higher angles of attack than the wing of an airplane. For stall-regulated wind turbines, the flow
phenomenon is even used as a means to limit the power produced. As stall is generally avoided
in aerodynamics, the coefficients corresponding to high AoA are not of interest and therefore
not available. Additionally, AoA in the post stall range may occur temporarily during the airfoil
iteration procedures.

The lift and drag coefficients consequently have to be extrapolated for the whole 360° range of
the AoA. In general, experimental pre-stall data («=15) is available for common air foils and
XFOIL is suitable to generate such data as well. For post stall data on the other hand, some
further considerations are needed. With increasing AoA, the frontal area facing the airflow
increases, too. As stall occurs, the foil dramatically stops producing lift, and the drag coefficient
increases. Around 180, the trailing edge of the streamlined air foil faces the flow resulting in
decreasing drag and higher lift again. Hence, the flow characteristics evolve from those of a
thin, streamlined air foil to those of a blunt body and back during a 180 revolution of the blade.
Polar that are either imported or as a result of an XFOIL analysis, can be extrapolated to the
full 360° AoA range in the 360° polar extrapolation sub module.

Wind turbines are usually denoted by the wind speed across the rotor blade section relative to
the speed of sound. This is therefore the air speed ratio to the speed of sound commonly known
as Mark number. For Subsonic flow, Mark no. < 0.8, transonic flow, Mark no. > 0.8 but <1.2,
supersonic flow, Mark no. >1.2 but <5.0 and for hypersonic flow, Mark no. > 5.0. The Mark
number designated by QBlade sofware for the purpose of the simulation carried out in this study
was 0.020 which falls within the specified range of values for subsonic flow. The difference in
Mark number is due to the relative importance of compressible effects which can be neglected
in subsonic flows but plays a vital role in the aforementioned flows. For subsonic flows, the air
density is almost constant but decreasing the cross sectional area can result in increase in the
flow velocity and decrease in pressure. Likewise increasing the area can result can result in
decrease in the flow velocity and increase in pressure. However for higher speeds above
subsonic range, some of the energy of the turbine rotors compresses the air and locally changes
the air density. The compressibility effect alters the amount of resulting force on the rotors and
becomes more pronounced as the speed increases near and beyond the speed of sound (330 m/s
or 760 mph). As a result, small disturbances in the flow are transmitted to other parts of the
wind turbine isentropically or with constant entropy but a sharp disturbance can generate shock
waves that affects the aerodynamics (lift and drag) of the rotor blade.

Figures 3-10 represent results obtained from the polar simulation of the horizontal axis wind

turbine blade at various degrees of Alpha. As shown in Figures 3-10, the simulated blade
profiles were done using QBlade software which evaluated the blade profile and graphically
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assigned a generated scale depending on the value representing the Alpha for each blade profile.
In other words, the value representing Alpha (a) at each blade simulation phase is the angle of
attack that determines the minimum, optimum and maximum drag or lift force. Table 3 shows
summary of the polar simulation results extracted from the blade simulation profiles at different

angles of attack.
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Table 3. Summary of the Polar Simulation Results.
Alpha (deg) Cl Cm Cd L/d
-10 -0.533 -0.139 0.02 -26.061
-5 0.018 -0.147 0.008 2.152
0.588 -0.15 0.005 108.649
1.068 -0.133 0.01 108.32
10 1.455 -0.104 0.021 70.981
15 1.563 -0.06 0.054 29.154
22 1.16 -0.175 0.299 3.88
25 1.24 -0.204 0.35 3.548
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Angle of attack (AoA) increases with increasing lift coefficient up to a certain maximum point,
after which, the lift coefficient decreases and varies with increasing angle of attack. This can
be observed in Figure 11, where the lift coefficient increases from -0.5 to a maximum point of
1.5 at AoA of 15° before reduction begins to occur. There was no separation of airflow in this
case as the angle of attack increased continuously through the simulation. However, reduction
in angle of attack indicates that separation of airflow from the upper surface of the blade
becomes more pronounce, resulting in decrease in the rate at which the lift coefficient increases.
The AoA which produces the highest lift coefficient is referred to as the critical angle of attack
also known as the stall angle of attack. In operating conditions below the critical angle of attack,
as the angle of attack decreases, the lift coefficient also decrease. Similarly above the critical
angle of attack, as the angle of attack increases, the smoothness of airflow over the surface of
the airfoil begins to lessen and the air begins to separate from the airfoil surface. Generally on
most airfoil geometries, as the angle of attack increases, the flow separation point on the upper
surface of the airfoil shifts from the trailing edge towards the leading edge. Hoverer, at critical
angle of attack, separation in the upper surface flow is more pronounced and the airfoil produces
its maximum lift coefficient, and further increase in the AoA can cause the upper surface flow
to become fully separated with further reduction in the lift confident.
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Figure 11. Graph of Lift Coefficient against Alpha.

Figure 12 represents a graph of pitching moment coefficient (Cm) against angle of attack. As
graphically demonstrated in Figure 12, a negative pitching moment coefficient indicates a nose-
down moment which reduces the angle of attack of the rotor blade in the absence of a control
input. Such occurrence is of great advantage in the sense that the wind turbine may resort to a
condition in the linear lift region (stable) rather than the stall or post stall region (unstable). In
aerodynamics, the pitching moment on an airfoil is the moment or torque produced by the
aerodynamic force acting on the airfoil when the aerodynamic force is considered to be acting
on the aerodynamic centre of the airfoil rather than on the centre of pressure. By convection,
the pitching moment is considered to be positive when it is found pitching the airfoil in the
nose-up direction. However, conventional cambered airfoils supported at the aerodynamic
centre pitch nose-down, causing the pitch moment coefficient of the airfoils to be negative like
in the case presented in Figure 12. Camber represents the asymmetry between the two surfaces
of an airfoil, with the upper surface of the airfoil usually being more convex (positive camber).
It is commonly designed into an airfoil to minimize its lift coefficient which in turn minimizes
the stalling speed of the wind turbine. Aerodynamic centre is the point on a chord line of the
airfoil at which the pitching moment coefficient does not vary with AoA.
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Figure 12. Graph of Pitching Moment coefficient (Cm) against Alpha.

Figure 13 represents a plot of drag coefficient against the angle of attack. Drag coefficient is a
number that is used in modelling of complex dependencies of drag on shape, inclination as well
as some conditions. It can be observed that at AoA of -10°, drag coefficient of 0.02 is produced,
and this further shows a gradual decrease such that, at AoA of 0° zero drag coefficient is
observed. However, at AoA of 15° and 25°, drag coefficient of 0.054 and 0.35 are observed,
indicating that the drag coefficient vary with the angle of attack. In similar study carried out by
Tang et al. [11], drag coefficient of 0.058 and 0.059 were obtained for corrugated airfoil and
NACA2408 airfoil at AoA of 2°. In the context of fluid dynamics, drag is referred to as the
forces acting on a solid object in the direction of relative flow, usually in opposite direction to
the flow. From aerodynamic point of view, drag forces acting on a body are due to the
differences in pressure and viscous sharing stresses, and are therefore classified into two (2)
components namely: frictional drag (viscous drag) and pressure drag (form drag). In other
words, the airfoil is considered as a streamline body (like in the case of the rotor blade
understudied in this research) if friction drag (viscous drag) dominates pressure drag but when
pressure drag (form drag) dominates friction drag, such a body is known as blunt body.
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Figure 13. Graph of Drag Coefficient against Alpha.

Figure 14 represents a graph of lift to drag ratio (L/D) against angle of attack. L/D ratio in
practical sense is a measure of how efficient an aerodynamic surface is generating lift force at
the expense of drag force. It can be observed that at AoA of -10° L/D ratio of -26.061 is
produced, and this further shows a sharp increase such that, at AoA of -5° and 0°, L/D ratio of
2.152 and 108.64 is observed. This is followed by gradual decrease such that at progressive
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angle of attacks at 5°, 10° 15° and 25°, L/D ratios of 108.32, 70.98, 29.15 and 3.54 are produced
in decreasing order. The sharp increase on the negative side of the plot and the gradual decline
observed in the positive side of the plot indicates that the L/D ratio varies with a given angle of
attack. This implies that for a normally cambered airfoil, as the AoA increases, the L/D
increases rapidly to the maximum value which can be observed at 108.64, but as the AoA is
increased further, the L/D ratio decreases until the stalling angle is reached and even decreases
further beyond that angle. For each AoA, the L/D ratio can be calculated by dividing CL by CD
(or lift by drag). By so doing, a graph representing the variation of L/D ratio as a function of
AO0A can be plotted.

140

120
E [ ] [ ]
) 100 /]
=
5 80 - it
2
ki 60 -
& 40 |
()] )
o 20
IS
& Y n ) °
-:\ T \%J T T T T 1 1
15 -10 5 0 T 5 10 15 20 25 30
[
40

Alpha (Deg)

Figure 14. Graph of L/d against Alpha.

Drag polar represents the relationship between the lift and drag for wind turbine airfoils or
objects exposed to fluid flow, expressed as a function of the drag coefficient dependent on the
lift coefficient. Both coefficients are dependent on three (3) dimensionless variables namely:
angle of attack, Reynolds number (Re) and Mach number (Ma). It may be described using
mathematical equation or represented in a diagram (plotted in Figure 15) known as polar plot.
While the lift coefficient increases from -0.533 to 0.588, the drag coefficient is observed to
decrease from 0.02 to 0.005 as shown in Figure 15. Further increase in the C. from 0.588, 1.068,
1.455 and 1.563 is characterized by corresponding increase in the Cp from 0.005, 0.01 and
0.021, 0.054 respectively. The C. and Cp values represented in this plot has a specific Re and
Ma (1,000,000 and 0.020) as could be seen on the rotor blade simulation profiles in Figure 3-
10, but the plot itself is obtained by varying AoA (from -10 deg to 25 deg) for each simulation
phase and computing the C. and Cp. The major reason why Cy is plotted against Cp is that for
a wide range of AoA variation, there is trade-off between both coefficients such that, higher CL
requirement may lead to higher or lower CD depending on the AoA. In scenarios where higher
CL is required, understanding how these variables are connected to each other is based on the
drag polar diagram.
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4. CONCLUSIONS

In this study, Polar Simulation of Subsonic Flow around NACA 4610 Airfoil was successfully
carried out using AIFOIL software. The cambered airfoil geometry had a specific Re and Ma
(1,000,000 and 0.020) which were computed with different AoA. The simulation which
considered angles of attack in the order of -10, -5, 0.0, 5, 10, 15, 22 and 25 degree indicated an
increase or decrease in the lift, drag and lift to drag ratio of the rotor blade which in turn
influences the aerodynamic performance in a negative or positive manner as well as the overall
performance of the wind turbine. Moreover, the study also revealed that the rotor blade
experiences minimum drag at fairly low AoA while its lifting capacity is also very low at low
A0A. However, for selection of optimum operating data and in-depth understanding of the lift
and drag characteristics at various AoA, wind turbine operators may try to simulate cambered
airfoils at lower and higher Re and Ma to observe the airfoil behavior as well as the wind turbine
performance.
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ABSTRACT: In this paper, we apply homotopy perturbation method for the numerical solution of three
dimensional second-order partial differential equation which occurred in a plate vibration behavious. The MAPLE
18 Mathematical software was used to develop a four steps algorithm based on homotopy perturbation method
(HPM). Three test cases are considered to verify the reliability and efficiency of the method. The suggested
algorithm is quite efficient and practically well suited for use in these problems. The approximated solutions are
in good agreement with analytical solutions for the tested problems Moreover, the approximate solutions obtained
proved that the proposed method is easy, efficient, and accurate.

Keywords: Second-Order Partial Differential Equation, Homotopy Perturbation Method, MAPLE 18
Mathematical Software, Algorithm, Analytical Solutions.

1. INTRODUCTION

Modal analysis of plate vibration is important engineering analysis that relates to the safe design
of this type of structures because many such structures are expected to survive cyclic load
applications. Such situation is vulnerable to structural failures in resonant vibration should the
frequency of the applied cyclic loads coincides with any natural frequencies of the plate found
in the modal analysis. Solutions for these natural frequencies of plates of given geometry and
material properties requires the solution of the shape of the deformed plates at various modes,
and it will also provide engineers with possible shapes of the plate under each of these modes
of vibration. Solids of plane geometry, such as thin plates are common appearance in machines
and structures. Thin plates can be as small as printed electric circuit boards with micrometers
in size or as large as floors in building structures. Like flexible cables, thin flexible plates are
normally flexible and be vulnerable to transverse vibration. In some cases, these plates may
rupture due to resonant vibrations, resulting in significant loss of property, and even human
lives.
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Figure 1. A free-body diagram of forces in an element of vibrating membrane

This section will derive appropriate partial differential equations (PDESs) that allow engineers
to assess the amplitudes in free vibration of thin plates that are flexible enough to be simulated
to thin membranes Ran [1]
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Figure 2. Plan view of a flexible thin plate undergoing a transverse vibration

The magnitudes of a transverse vibrating thin plate such as a computer mouse pad, induced by
a slight instantaneous disturbance in the z-direction in Figure 2. We will have the following
PDE and the given appropriate initial condition for the solution of the magnitudes of the
vibrating plate at given time t, i.e. z(x, y, t) as second order partial differential equations which
describe rate of change in three coordinate directions of function z(x, y, t) of the form:

9%z(x,y,t) _ 2 9%z(x,y,t)  9%z(x,y,t)

= 1
at? dx? dy? M
subject to initial conditions
2(x,y,)¢=0 = f(x,¥)
0z(x,y,t) (2)
Q5 . — 9y
t=0

Where 1 = \/P;g in which P = tension in the cable and m = mass per unit length which needs

to be computed with given conditions. The mass per unit length of the cable ism = % where
M = total mass of the cable with M = pV with V being the volume of the cable. Function f(x, y)
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describes the cable at the initial position before the vibration take place while g(x, y) describes
the velocity of the plate across the plane of the plate at the inception of the vibration.

Many researchers published some works in solving this type of classical differential equation,
Irvine [2] describes the in-plane and out-of-plane small amplitude free vibration of a suspended
elastic cable with small sag, Leonard [3] present the finite element method has also been used
for forced vibration response analysis, Rega [4] parametric analysis of large amplitude free
vibrations of a suspended cable was considered, Ni et all. [5] developed a hybrid pseudo-
force/Laplace transform method for transient response of suspended cables. Homotopy
Perturbation Method (HPM) has been a promising numerical technique in solving partial
differential equations which describe different fields of science, physical phenomena,
engineering, mechanics and soon. homotopy perturbation method was proposed by He [6] for
solving linear and nonlinear differential equations and integral equations. Many researchers
used HPM to approximate the solutions of partial differential equations and integral equations.
Vahidi et all. [7] solved nonlinear DEs, which yields the Maclaurin series of the exact solution,
Chang and Liou [8] developed a third-order explicit approximation to find the roots of the
dispersion relation for water waves that propagate over dissipative media, Zhou and Wu [9]
solved the nonlinear PB equation describing spherical and planar colloidal particles immersed
in an arbitrary valence and mixed electrolyte solution, Ozi and Ake1 [10] obtained periodic
solutions for certain non-smooth oscillators using iterated homotopy perturbation method
combined with modified Lindstedt Poincaré technique, Yazdi [11] solved nonlinear vibration
analysis of functionally graded plate. Al-Saif and Abood [12] used homotopy perturbation
method for solving K (2, 2) equations, Aswhad and Jaddoa [13] obtained the approximate
solutions of Newell whitehead segel and fisher equations using the Adomian decomposition
Method, Babolian et all. [14] solved advection problem, vibrating beam equation linear and
nonlinear PDEs and the system of nonlinear PDEs and Adil et all.[15] studied general second-
order partial differential equations using homotopy perturbation method. However, the fact that
the HPM solves many applied mathematical problems without any transformation,
discretization or restrictive assumptions can be considered as a clear advantage of this technique
over the some numerical methods was estaiblished by Mohyud and Noor [16]. Moreover,
several techniques including the method of characteristic, Riemann invariants, combination of
waveform relaxation and multi-grid, periodic multi-grid wave form, variational iteration e.t.c
encounter the inbuilt deficiencies and involve huge computational work. Thus, the homotopy
perturbation algorithm was formulated to address the computational shortcoming while
efficiency and accuracy are still mentained He [17].

In this work, we examimed the feasibility of employing the HPM to formulate four steps
algorithm for the numerical solution of three dimentional second-order PDE that occurred in a
plate vibration and to investigate the behavious of functions f(x,y) which describe the cable
at the initial position couple with g(x, y) that describes the velocity of the plate across the plane
of the plate at the inception of the vibration.

2. HOMOTOPY PERTURBATION METHOD (HPM)

In this section, we present a brief description of the HPM, to illustrate the basic ideas of the
homotopy perturbation method, this method is a coupling between the traditional perturbation
method and homotopy, which is a highly interesting and useful concept in topology, and
deforms continuously to a simple problem which is easily solved. We consider the following
differential equation employed in Chun and Sakthivel [18].
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AW -f(y) =0 vyeq (3)

with boundary conditions:

B (u 6_u> =0 yeEQ 4
) a')/

where A is general differential operator, B is a boundary operator, f(y) a known analytic
function and du is the boundary of the domain €. The operator A can be generally divided into
two parts of L and N where L is linear part, while N is the nonlinear part in the DE, Therefore
Eq.(3) can be rewritten as follows:

L@ +Nw) - f(y) = (5)
By using homotopy technique, one can construct a homotopy
Z(y,m):QX[01] » R (6)

which satisfies

H(z,m) = (1 —m)[L(z) — L(ug)] + m[L(2) + N(z) — f()] =0 (7
or
H(z,m) = L(z) — L(up) + mL(ug + m[N(2) — f(y)D =0 (8)

where m € [0, 1], T € Q and m is called homotopy parameter and u is an initial approximation
for the solution of Eq.(3) which satisfies the boundary conditions obviously, using Eq.(7) or
Eq.(8), we have the following equation:

H(z,0) = L(z) — L(u) =0 )
H(z,1) =L(2) +N(2) - f(y) =0 (10)

Assume that the solution of (7) or (8) can be expressed as a series in m as follows:

Z=Zo+mz1+m222+m3z3+---=2mizi (11)
i=0

set m — 1 results in the approximate solution of (3).

Consequently,

uly) = lin112=z0+z1+z2+z3+--- = E z; (12
m-
i=0

It is worth to note that the major advantage of He’s homotopy perturbation method is that the
perturbation equation can be freely constructed in many ways and approximation can also be
freely selected

It is well known that series (12) is convergent for most of the cases and also the rate of
convergence is dependent on L(z). The comparisons of equal powers of m give solutions of
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various orders. In sum, according to Liu [19], He’s HPM considers the solution u(x) of the
homotopy equation in a series of m as

z(x) = 2 miz; = zo + mz, + m?z, + m3z3 + - (13)
i=0

and the method considers the nonlinear N(z) as
N(u) = ZmiHl- = Hy + mH; + m?H, + m3H; + --- (14)
i=0

Where H,, are the so-called He’s polynomials [17] which can be calculated by using the formula

1 0"
H, (29,21 ... 2,) = iy (Zm Zl> (15)

m=0

where n=0,1,2,3, ...

2.1. Homotopy Perturbation Algorithm (HPA)

In this section, we consider Eq. (1) and Eq. (2) couple with Eq. (15). We formulate a four steps
algorithm using MAPLE 18 Mathematical software command to solve Eq. (1) as follows:

restart:

Step 1: z(x,y,0) = f(x,y);
z:(x,,0) == g(x,y);

zy = z(x,y,0) + t * z.(x,y,0);
N = R%;

A=
Step 2: forifromOto0Odo
A = (lef(ZO' [t' t]) + A * (lef(ZO' [X,X]) + Diff(ZO' [y,YD)),

e

B = —Int(4,t,t); (16)
Zip1 = value(B);
end do

Step 3: forifrom1toN do

A= (1 (Dif f(z, [x,x]) + Dif f(z, [y,¥]) )
B := —Int(A4,t,t);

Z;., = value(B);

end do

Step 4: Z == sum(z,j = 0,1,..N + 1);
z(x,y) == eval(Z,t = 0);

z(x,t) =eval(Z,y = 0);

z(t,y) = eval(Z,x = 0);

output: see tables (1,2,3)

where N is the computational length.
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3. NUMERICAL EXPERIMENT

In order to assess the accuracy of the formulated algorithm (16) for the numerical solution of
the three dimentional second-order PDE that occurred in a plate vibration, we have introduced
three test cases to investigate the nature of function f(x,y) and subject to initial condition in
[1] when vibration of the pad induced by a slight instantaneous disturbance lateral to the pad
from a static equilibrium condition (i.e.,zero velocity) in which g(x,y) = 0 and compare the
approximate solutions with the analytical solutions.

0%z(x,y,t 0%z(x,y,t) 9%z(x,y,t
( y)=/12 Z(xy)+ z(x,y,t) a”n
ot? 0x? dy?

subject to initial conditions

Z(x'y' t)tZO = f(x'y)

0z(x,y,t) B (18)
Tt o 9g(x,y)

when the pad has fixed edges with initial sagging that can be described by functions

(10 —=x*)(5 - ¥?)
f(x,y) =1{10sin(x) + 5 cos(y) (19)
e(10x+5y)

vibration of the pad induced by a slight instantaneous disturbance lateral to the pad from a static
equilibrium condition (i.e., zero velocity)

gx,y) =0 (20)
and
» ©0516)(25) /12 .
i= 2= %w;)( 2%) = 353.05 in/s (21)
in2

Compute the above parameters into algorithm (16), we have the following numerical results
tables:

Table 1. f(x,y) = (10— x*)(5—-y?), g(x,y)=0, 2=353.05 N =3 Case 1
z(x, y). When t =0 z(x, t). When y =0 z(t,y). When x =0
X y Analytical HPA X t Exact HPA Solution t y Exact HPA
Solution Solution Solution Solution Solution

0 0 50.00000 50.00000 0 0 50.000000 50.000000 0 0 50.000000 50.000000
0.1 0.1 49.85010 49.85010 01 | 01 107.02700 107.02700 01 | 01 106.97780 106.97780
0.2 0.2 49.40160 49.40160 02 | 02 327.54200 327.54210 02 | 02 327.34200 327.34200
0.3 0.3 48.65810 48.65810 03 | 03 859.84750 859.84740 03 | 03 859.39741 859.39741
0.4 0.4 47.62560 47.62560 04 | 04 1951.1134 1951.1133 04 | 04 1950.3130 1950.3130
0.5 0.5 46.31250 46.31250 05 | 05 947.37817 947.37812 05 | 05 3946.1281 3946.1283
0.6 0.6 44.72960 44.72960 06 | 0.6 7293.5485 7293.5486 06 | 0.6 7291.7485 7291.7486
0.7 0.7 42.89010 42.89010 07 | 07 12533.399 12533.399 07 | 07 12530.949 12530.949
0.8 0.8 40.80960 40.80960 08 | 0.8 20309.573 20309.573 08 | 0.8 20306.372 20306.372
0.9 0.9 38.50610 38.50610 09 | 09 31363.580 31363.580 09 | 09 31359.530 31359.530
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| 1.0 | 1.0 | 36.00000 36.00000 | 1.0 | 1.0 | 46535.800 46535.800 | 1.0 | 1.0 | 46530.800 46530.800
Table 2. f(x,y) = 10sin(x) + 5cos(y), g(x,y) =0 and 1 =353.05 N =10 Case?
z(x, y). When t =0 z(x, t). When y =0 z(t,y). When x =0
X vy Analytical HPA X t Exact HPA t y Exact HPA Solution
Solution Solution Solution Solution Solution
0 0 5.0000000 5.0000000 0 0 5.0000000 5.000000 0 0 5.000000 5.000000
0.1 0.1 5.9733549 5.9733549 0.1 0.1 20.092790 20.09279 0.1 0.1 16.66497 16.66497
0.2 0.2 6.8870261 6.8870262 0.2 0.2 49.804244 49.80424 0.2 0.2 105.0698 105.0698
0.3 0.3 7.7318845 7.7318845 0.3 0.3 1116.0813 1116.081 0.3 0.3 670.1484 670.1484
0.4 0.4 8.4994883 8.4994883 0.4 0.4 8168.9733 8168.973 0.4 0.4 4229.799 4229.798
0.5 0.5 9.1821681 9.1821681 0.5 0.5 58887.972 58887.97 0.5 0.5 26382.33 26382.33
0.6 0.6 9.7731028 9.7731029 0.6 0.6 4.191-E05 4.182-E05 0.6 0.6 1.62-E05 1.63-E05
0.7 0.7 10.266387 10.266388 0.7 0.7 2.931-E06 2.931-E06 0.7 0.7 9.79-E05 9.78-E05
0.8 0.8 10.657094 10.657095 0.8 0.8 2.002-E07 2.002-E07 0.8 0.8 5.72-E06 5.72-E06
0.9 0.9 10.941318 10.941319 0.9 0.9 1.313-E08 1.313-E08 0.9 0.9 3.18-E07 3.18-E07
1.0 1.0 11.116222 11.116223 1.0 1.0 8.117-E08 8.117-E08 1.0 1.0 1.63-E08 1.63-E08
Table 3. fx,y) = e0¥+5Y) g(x,y) =0 and A = 353.05 =15 Case 3
z(x,y). When t =0 z(x, t). When y =0 z(t,y). When x =0
X vy Analytical HPA X t Exact HPA t y Exact HPA Solution
Solution Solution Solution Solution Solution

0 0 1.000000 1.000000 0 0 1.000000 1.000000 0 0 1.000000 1.000000
0.1 0.1 4.481689 4.481689 0.1 0.1 6.182-E08 6.182-E08 0.1 0.1 3.75 -EQ06 3.76 EO6
0.2 0.2 20.08553 20.08554 0.2 0.2 1.571-E17 1.571-E17 0.2 0.2 5.77-E16 5.78-E16
0.3 0.3 90.01713 90.01714 0.3 0.3 2.331-E23 2.331-E23 0.3 0.3 5.20-E22 5.20-E22
0.4 0.4 403.4288 403.4289 0.4 0.4 6.933-E27 6.933-E27 0.4 0.4 9.38-E26 9.39-E26
0.5 0.5 1808.042 1808.042 0.5 0.5 2.492-E31 2.492-E31 0.5 0.5 2.04-E30 2.05-E30
0.6 0.6 8103.084 8103.084 0.6 0.6 2.376-E34 2.377-E34 0.6 0.6 1.18-E33 1.19-E33
0.7 0.7 36315.50 36315.51 0.7 0.7 9.107-E36 9.108-E36 0.7 0.7 2.75-E35 2.76-E35
0.8 0.8 1.628-E05 1.628-E05 0.8 0.8 1.794-E39 1.795-E39 0.8 0.8 3.29-E37 3.28-E37
0.9 0.9 7.294-E05 7.294-E05 0.9 0.9 2.129-E41 2.128-E41 0.9 0.9 2.36-E39 2.35-E39
1.0 1.0 3.269-E06 3.269-E06 1.0 1.0 1.694-E43 1.695-E43 1.0 1.0 1.14-E41 1.14-E41
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4. GRAPHS REPRESENTATION

Graph 1. Numerical solution at z(x,y) ~ Graph 2. Numerical solution at z(x,t)  Graph 3. Numerical solution at z(¢, y).
for f(x,y) = (10 — x*)(5 — y?). for f(x,y) = (10 —x*)(5 — ¥?). for f(x,y) = (10 —x*)(5 —y?).

Graph 4. Numerical solution at z(x,y). Graph 5. Numerical solution at z(x,t). Graph 6. Numerical solution
at z(t,y).for f(x,y) = 10sin(x) + 5cos(y). for f(x,y) = 10sin(x) + 5cos(y) for f(x,y) =
10 sin(x) + 5cos(y)
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Graph 7. Numerical solution at z(x,y). Graph 8. Numerical solution at z(x,t). Graph 9. Numerical solution at z(t, y).
for £ (x,y) = e(10x+5y) for f(x,y) = e(10x+5y) for f(x,y) = e(10x+5y)

5. DISCUSSION AND CONCLUSIONS
5.1. Discussion

Modal shapes of thin plates require numerical solutions of Z(x,y, t) which is a very tedious
job. It will also be a great deal of laborious efforts to obtain numerical solution to graphical
representations of these shapes. Consequently, the objective of this study is to formulate
fast,easy, and accuraty algorithm to simulate the task ahead.Thus, the objective was
accomplished through the formulated algorithm using MAPLE 18 matheamtical software
inwhich the plots are shown in graphs 1 to 9 for the geometric behaviours of thin plates
vibration when functions f(x,y) (algebric, trigonometric and exponential) at a static
equilibrium condition g(x,y) =0 which was examined. The corresponding numerical
solutions for the three test cases are presented in Tablesl to 3. Moreover, the graphs modal
shapes also indicate where the peak amplitudes of vibration of the flexible plate or the nature
of frequency of the wave would occur, from which the design engineers should take precaution
for not placing delicate attachments at these locations to avoid possible damages due to
excessive deformation of the plate structure.

5.2. Conclusion

In this paper, we formulate a four steps algorithm using homotopy perturbation method for the
numerical solution of three dimentional second-order PDE which occured in a plate vibration.
The method is applied in a direct way without any transformation, discretization or restrictive
assumptions. Also, we have tested the HPA on three different implementations which are shown
the efficiency and accuracy of the proposed method. The approximate solutions are in good
agree with analytical solutions (see tables 1 to 3). It may be concluded that the HPA is powerful
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and efficient in finding the numeric-analytic solutions for a wide class of problems in applied
sciences and engineering.

REFERENCES

[1] Ran Hsu Tai (2018) “Applied Engineering Analysis”, published by John Wiley & Sons, (ISBN
9781119071204) Applied Engineering Analysis pp:71-78.

[2] Irvine M, (1981) “Cable Structures”, The MIT Press, Cambridge, New York pp: 23-45.

[3] Leonard J.W, (1988) “Tension Structures”, McGraw-Hill Book Company, New York.

[4] Rega .G, Vestroni F and Benedettini F, (1984) “Parametric analysis of large amplitude free vibrations of a
suspended cable”,International Journal of Solids and Structures20(2), pp:95-105.

[5] Ni.Y.Q, Lou.W.J and Ko,J.M, (2000) “A hybrid pseudo force/Laplace transform method for non-linear
transient response of a suspended cable”, Journal of Sound and Vibration238(2), pp:189-214.

[6] He, J.-H. (1999), “Homotopy perturbation technique”, Computer methods in applied mechanics and
engineering, 178, 257

[7] Vahidi, A., Babolian, E., & Azimzadeh, Z. (2011), “An improvement to the homotopy perturbation method
for solving nonlinear Duffing’s equations”, Bulletin of the Malaysian Mathematical Sciences Society pp: 23-
34

[8] Chang, H.-K., and Liou, J.-C. (2006), “Solving wave dispersion equation for dissipative media using homotopy
perturbation technique”, Journal of waterway, port, coastal, and ocean engineering, 132.

[9] Zhou, S., and Wu, H. (2012) “Analytical solutions of nonlinear Poisson—-Boltzmann equation for colloidal
particles immersed in a general electrolyte solution by homotopy perturbation technique”, Colloid and
Polymer Science, 290, 1165.

[10] Ozi,s, T., and Ak, C. (2011) “Periodic solutions for certain non-smooth oscillators by iterated homotopy
perturbation method combined with modified Lindstedt Poincaré technique”, Meccanica, 46, 341.

[11] Yazdi, A. A. (2013) “Homotopy perturbation method for nonlinear vibration analysis of functionally graded
plate”, Journal of Vibration and Acoustics, 135, 021012.

[12] Al-Saif, A. and Abood, D. A. (2011) “The Homotopy Perturbation Method for Solving K (2, 2) Equation”, J,
Basrah Researches (Sciences).

[13] Aswhad, A. A., & Jaddoa, A. F. (2016) “The Approximate Solution of Newell Whitehead Segel and Fisher
Equations Using The Adomian Decomposition Method”, arXiv preprint arXiv: 1602.04084.

[14] Babolian, E., Azizi, A., & Saeidian, J. (2009) “Some notes on using the homotopy perturbation method for
solving time-dependent differential equations”, Mathematical and Computer Modelling, 50, 213.

[15] Adil M. Al-Rammahi, and Ghassan A. Al-Juaifri (2017) “A Study of General Second-Order Partial
Differential Equations Using Homotopy Perturbation Method”, Global Journal of Pure and Applied
Mathematics. ISSN 0973-1768 Volume 13, Number 6, pp. 2471-2492

[16] Mohyud-Din S.T and Noor M.A (2009) “The HPM for Solving Partial Differential Equations” Downloaded
from PubFactory at 09/06/2016 12:45:36 AM via ReadCube/Labtiva.

[17] He,J.H, (2004) “Comparison of homotopy perturbation method and homotopy analysis method”, Applied
Mathematics and Computation 156, pp527-539.

[18] Chun, C. and Sakthivel, R. (2010) “Homotopy perturbation technique for solving twopoint boundary value
problems. Comparison with other methods”, Computer Physics Communications, 181, 1021.

[19] Liu H.-K, (2011) “Application of homotopy perturbation methods for solving systems of linear equations,”
Applied Mathematics and Computation, vol.217, no.12, pp.5259-5264.

101



International Journal of Engineering and Innovative Research 2:2 (2020) 102-120

International
Journal of Engineering

hnwaliu: Research

i d 0“&‘?

International Journal of Engineering and Innovative
Research

http://dergipark.gov.tr/ijeir

TURKIYE’NIN AKDENiZ BOLGESINE AIT RUZGAR EKSERJISININ
COK KATMANLI YAPAY SINIiR AGI ILE MODELLENMESI

Durmus Fatih Mengit"®, Sedat Metlek 2

1U§:ak Universitesi, Makine Miihendisligi Boliimii, Usak, Tiirkiye.
2 Mehmet Akif Ersoy Universitesi, Teknik Bilimler Meslek Yiiksekokulu, Mekatronik Programi, Burdur,
Tirkiye.

*Sorumlu Yazar: drfatihmengi@gmail.com
(Received: 30.04.2020; Revised: 15.05.2020; Accepted: 30.06.2019)

OZET: Bu galismada Tiirkiye’nin Akdeniz Bélgesi igerisinde yer alan, enlem ve boylam gizgilerinin kesistigi 21
noktanin riizgar ekserji analizi yapay sinir ag1 ve klasik hesaplama yontemleri ile kiyaslanmistir. Bu amag
dogrultusunda NASA’dan elde edilen, 1981 ile 2018 yillar1 arasindaki aylik ortalama yiizey sicaklig, yiizey
basinci ve riizgar hizi degerleri kullanilmistir. NASA’dan alinan veriler 15181inda 6rnek bir riizgar tlirbini modeli
olusturulmus, tiretebilecegi maksimum enerji ve ekserji degerleri klasik hesaplama yontemleri ile hesaplanmistir.
Calismanin sonucunda yapay sinir agi ile elde edilen degerler ve klasik hesaplama yontemleri ile elde edilen
degerler kiyaslanmis, %0,00024 ortalama karesel hata orani ile basarili sonuglar elde edilmistir. Bdylece
ozellikle riizgar enerji santrali yatirimi yapacak yatirimcilarin ve diger karar alicilarin ilk etapta ihtiya¢ duydugu,
ekserji analiz sonuglari ¢ok az veri ile hizli bir sekilde hesaplanmasi saglanmistir.

Anahtar Kelimeler: Ruzgar Enerjisi, Ekserji Analizi, Enerji Potansiyeli, Yapay Sinir Aglart.

MODELING BELONGS TO TURKEY'S MEDITERRANEAN COAST
WIND OF EXERGY MULTILAYER NEURAL NETWORK

ABSTRACT: In this study, 21 points where latitude and longitude intersect from in Turkey's Mediterranean
Coast, wind Exergy analysis and artificial neural network were compared with conventional methods of
calculation. For this purpose, monthly average surface temperature, surface pressure and wind speed values
obtained from NASA between 1981 and 2018 were used. An exemplary wind turbine model has been created
with the data received from NASA, and the maximum energy and exergy values it can produce have been
calculated by classical calculation methods. At the end of the study, the values obtained by artificial neural
network and the values obtained by classical calculation methods were compared, and accurate results were
obtained with an average square error rate of 0.00024%. In this way, the exergy analysis results needed by
investors and other decision makers who will invest in wind power plants in the first place have been quickly
calculated with very little data.

Keywords: Wind Energy, Exergy Analysis, Energy Potential, Artificial Neural Network.
1. GIRIS

Teknolojinin her gegen giin kendini yenilemesi ve gelismesine bagli olarak artan enerji
ihtiyact diinyanin ve insanoglunun en biiylik problemlerinden birisidir. Bu sorunu ¢6zmek i¢in
enerji konusunda caligmalar yapilsa da enerji agigini karsilamak i¢in yeterli seviyede degildir.
Yogun olarak kullanilan fosil enerji kaynaklarmin sebep oldugu sera gazlarmin, giin gectikge
diinya iklimine ve atmosfere verdigi zararlardan Otiirli, insanoglu temiz, saglikl,
stirdiiriilebilir enerji kaynaklar1 olarak nitelendirilen yenilenebilir enerji kaynaklarina (YEK)
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dogru yonelmistir. Yenilenebilir enerji kaynaklarindan olan rlizgar enerjisi, giiniimiizde en
hizli gelisime sahip olan ve en fazla yatirim yapilan, enerji kaynaklarindan birisi olmustur [1].

Kaynag giines olan riizgar enerjisi; dogal, yenilenebilir, temiz ve sonsuz bir giictiir. Giinesin
diinyaya gonderdigi 1smlar yer kiireyi 1sitarak bir enerji olusturmaktadir. Giiniimiizde bu
enerjinin yaklasik %2’sinin riizgar enerjisine doniistiigii tespit edilmistir [2].

Bir¢ok iilke, siirdiiriilebilir enerji sistemine gecis konusunda drnekler sunmustur. Bunlardan
biriside Danimarka’dir. Danimarka, 1980’lerin sonlarinda riizgar ve giines enerjisi
sisteminden elde ettigi enerjiyi lilke sebekesine aktaran ilk iilkelerden birisidir. Avrupa
iilkelerinden biri olan Ispanya’da ise kurulu giiciin yaklasik %25’ini yenilenebilir enerji
kaynaklar1 olusturmaktadir. Bir baska Avrupa iilkesi olan Almanya ise Diinya genelinde
standartlar1 belirleyen oncii bir iilke olmustur. 2017 yili itibari belli bash iilkelerin riizgar
enerjisinden yararlanma oranlar1 Sekil 1°de gosterilmistir [3].

b TN al
vunyanin gen kalani,

Tan
==

Japonya, 3,2 e
Meksika, 4,0 'r:/

Danimarka, 5.5 ' y

Fransa, 13

Sekil 1. Diinyada ve baz1 iilkelerdeki toplam riizgar enerjisi kurulu giiciiniin genel dagilimi [3].

Diinya’da bircok iilke ile birlikte Tiirkiye de yenilenebilir enerji kaynaklarma yapilan
yatirimlar her gegen giin katlanarak artmaktadir. IEA (Renewables 2019) raporuna gore
yenilenebilir enerji kapasitesinin artiginda Turkiye, Diinyada 12. sirada yer almaktadir [4].

Literatirde rlzgar enerjisi sistemlerinin  gelistirilmesine  yonelik birgok ¢aligma
bulunmaktadir. Ik yapilan galismalarda, meteoroloji 61¢iim istasyonlarindan alman veriler ile
rlizgar giiciiniin enerji potansiyeli belirlenmis ve kurulan 6rnek riizgar santralleri ile elektrik
iretimi saglanmistir [5].

Daha sonraki yillarda yapilan c¢aligmalarda ise bilgi teknolojinin gelismesine bagli olarak
riizgar enerji santralleri ile ilgili calismalar cok farkli boyutlara tasimmistir. Ozellikle enerjinin
kullanilabilirligi kavraminm bilimsel bir yorumu olan ekserji ile ilgili baz1 ¢aligmalar dikkat
cekmektedir. Birgok YEK’de oldugu gibi riizgar enerjisinde de ekserji analizleri yapilmis ve
ekserji verimleri incelenmistir [6].

Bilgi teknolojilerinin de popiiler konularindan olan yapay zeka kavrami, enerji sektorunce de
ilgi gérmiis ve bircok uygulamada kullanilmustir. Ozellikle riizgar enerjisi konusunda riizgar
hiz1 ve riizgar enerjisi potansiyelinin tahmin edilmesinde kullanilan bir yontem olmustur [7].
Bunun ile birlikte yakin geg¢miste bazi yapay zekd modelleri, ekserji analizinde de
kullanilmaya baslanmistir.

Diindar [5], Tiirkiye geneli ortalama riizgar hizlar1 ve enerji potansiyellerinin dagilimini
incelemis ve Tiirkiye de rizgar giiciinden yararlanabilecek alanlar1 Bandirma, Bodrum,
Bozcaada ve Cesme olarak belirlemistir. Belirlenen alanlarda WASP programi yardimi ile
riizgar atlasi istatistiklerini ¢ikarmigtir. Toklu [8], Elaz1g i¢in aldigi meteorolojik veriler ile bir
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riizgar enerjisi santrali tasarlamistir. Koroneos vd. [9], giines enerjisi, riizgar enerjisi ve
jeotermal enerjinin ekserji analizini yapmigslardir. Caligmalarinda mevcut enerjiden gercek
enerji kullanimini incelemektedirler. Bunun ile birlikte verimlilik bazinda, yenilenebilir enerji
kaynaklar1 ile yenilenemeyen enerji kaynaklarmin karsilastirmasint yapmislardir. Hepbaglt ve
Ozgener [10], yaptiklar1 calismada Ekim 2003 sonu itibariyle Tiirkiye’deki riizgar enerjisinin
gelisimini gozden gegirmisler ve Tirkiye i¢in bazi Oneriler sunmuslardir. Sahin vd. [11],
rlizgar enerjisinin enerji ve ekserji Ozellikleri {izerinde durmustur. Calismalarinda riizgar
tirbini girisindeki riizgar hizi, hava sicakligi ve basincin, riizgarin sicakligi lizerindeki
etkilerini incelemislerdir. Ayrica Kanada'nin Ontario eyaletindeki 21 6l¢lim istasyonundan
aldiklar1 veriler ile 100 kW' lik bir riizgar iiretim sistemi modelleyerek enerji ve ekserji
verimlerini hesaplamiglardir. Hesaplamalar sonucunda yiln 4 ay1 (Ocak, Nisan, Temmuz,
Ekim) icin enerji ve ekserji verimliligi haritalarini ¢ikarmislardir. Hepbash [12], yenilenebilir
enerji kaynaklarinin ekserjetik agidan analizini ve performans degerlendirmesini yapmak i¢in
bazi termodinamik parametreleri kullanmistir. Xydis vd. [13], Yunanistan’mm Orta Mora
Yarimadasinda secilen {i¢ ayr1 bolgede yapilan dlctimlerden elde ettikleri verileri kiyaslayarak
bir model olusturmuslardir. Ayn1 zamanda modelledikleri riizgar ciftliginde ekserji analizi
yaparak bu bdlgenin riizgar haritasini ¢ikarmiglardir. Mengi [6], ¢alismasinda Tiirkiye’nin
icinde bulundugu enlem ve boylam derecelerine gére 50 metre yilikseklikteki aylik ortalama
riizgar hizi, yiizey sicakligi ve ylizey basing degerlerini alarak Tiirkiye i¢in riizgdr enerjisi
potansiyelini belirlemistir. Ayrica 6rnek bir rizgar tirbini icin veriler kullanarak, her bir
enlem ve boylam derecesi igin enerji ve ekserji analizini yapmistir. Elde ettigi hesaplama
degerlerini Tirkiye haritasindaki enlem ve boylam kesisim noktalarina yerlestirerek riizgar
hizi, enerji verimi ve ekserji verimi haritast ¢ikarmistir. Basgkut [14], c¢alismasinda,
Tiirkiye’nin ilk riizgar santrali olan Cesme- Germiyan rizgar santralinin 2007-2008 ¢alisma
donemine ait enerji ve ekserji verimini, enerji ve ekserji analizi metodunu kullanarak
hesaplamistir. Ayrica, sicaklik, nem ve basmg¢ gibi meteorolojik parametrelerin verim
tizerindeki etkisini incelenmistir. Saravanan vd. [15], iz parametrelerinin (wake effect) tek
dizi riizgar ciftliginin ekserji analizi lizerindeki etkisini incelenmiglerdir. Tek dizi riizgar
ciftliginin ekserji verimliligini tahmin etmek ic¢in gug, iz (wake) ve ekserji modeli olmak
tizere ti¢ farkli modeli kullanilmiglardir. Ehyaei vd. [16], Tahran (orta rizgar potansiyeli) ile
Manjil (yiiksek riizgar potansiyeli) olmak iizere iki sehirde nominal giicii 10 kW olan bir
Bergey Excel-S riizgar tiirbininin, enerji, ekserji, ekonomik, gelismis ekserji ve genisletilmis
ekserji analizlerini yapmislardir. Ekonomou vd. [17], bir riizgar ¢iftliginde iiretilen toplam
gliclin ve en uygun riizgar tiirbini sayisin1 kullandiklar1 YSA modeli ile tahmin etmislerdir.
Gelistirdikleri modeli daha 6nce aymi Ornek icin farkli yontemlerle yapilan U¢ calisma ile
kiyasladiklarinda kabul edilebilir bagar1 oranina sahip oldugunu tespit etmislerdir. Ata [18],
rlizgar tlirbinlerinin farkli yiiksekliklerdeki yillik enerji liretimlerini tahmin etmek i¢in YSA
algoritmasini1 kullanmistir. Elde ettikleri tahmin sonuglarmi Kirkaga¢’ta bulunan otonom
rlizgar tiirbini ile kiyaslamig ve basar1 oraninin kabul edilebilir diizeyde oldugunu belirtmistir.
Lee ve Baldick [19], yaptiklar1 ¢galismada 52 sinir ag1 modeli ve 5 gauss islem fonksiyonu
kullanarak bir model gelistirmistir. Rizgér glcu verileri ve kullandiklart YSA modeli ile
gelecek 48 saat icin rizgar gucunin tahmin etmislerdir. Mortazavi vd. [20], Pareto optimum
¢coziim kiimesi elde etmek i¢cin ¢ok amacgl genetik algoritma kullanmiglardir. Kullandiklar1
algoritma ile 10m uzunlugundaki yatay eksenli tiirbinlerin, kanat profilleri i¢in geometrik
karakteristikleri belirlemislerdir. Caligmalarinin sonucunda Pareto optimaldik konseptiyle
ikinci yasa yaklagiminm birlikte kullanilmasinin gerekliligini vurgulamislardir. Lydia vd.
[21], yaptiklar1 ¢calismada, Yeni Zelanda'da ki bes farkli bolgenin giinliik riizgar hizi verilerini
kullanmiglardir. Gelistirdikleri modelde riizgar hiz1 tahmini i¢in riizgar tiirbininin gii¢ egrisini
kullanmiglardir. Pelletier vd. [22], riizgar tiirbininin gili¢ ¢ikismni etkileyen parametrelerin, bir
biri ile dogrusal olmayan bir iligskisi oldugunu belirtmektedir. Bu nedenle de riizgar tiirbini
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giic egrisi modelini yapay sinir ag1 kullanarak modellemislerdir. Manobel vd. [23], rizgér
tlrbini gili¢ egrisinin tahmini ve her bir tiirbinin performansinin uygun bir YSA modeli ile
yiksek dogrulukta yapilabilecegini tespit etmislerdir. Altinsoy ve Bal [24], yaptiklari
calismada Ankara’nin bazi ilgeleri icin YSA modeli kullanarak riizgar hizi tahmini
yapilmiglardir. Sonug olarak Cubuk i¢in %9,48, Kegiodren i¢in %7,77, Polatlh i¢in %7,88, Bala
icin %6,83, Sereflikochisar i¢in %8,02 ve Haymana icin %5,41 ortalama karesel hata orani ile
riizgar hizin1 tahmin etmislerdir. Lawan vd. [7], Sarawak-Sibu'daki riizgar hizini, YSA
kullanarak tahmin etmislerdir. Bu tahmin degerine gore de toplam enerji potansiyelini
hesaplamigladir. Zafirakis vd. [25], yaptiklar1 ¢alismada Yunanistan’da g¢alisan bir riizgar
santralinden aldiklar1 riizgar hiz1 ve riizgar enerjisi tiretim 6lglim degerlerini, hem YSA hem
de Destek Vektor Regresyonu (SVR) modellerini, kullanarak modellemislerdir. Nielson vd.
[26], ABD'nin Kirkwood kentinde bulunan 2,5 MW gucundeki riizgar tdrbininden elde
ettikleri verileri, ileri beslemeli geri yayilim algoritmasmi egitmek i¢in kullanmiglardir.
Calisma sonucunda yiiksek dogrulukta basar1 orani elde etmislerdir.

Literatiirde de goriildligii lizere riizgar giiclinlin hizi, enerji potansiyeli ve veriminin tahmini
ile ilgili yapay zeka konularint da iceren birgok calismanin yapildigi goriilmektedir. Fakat
yapilan c¢aligmalarda rilizgar enerjisinin ekserji analizinin, ¢ok katmanli yapay sinir agi
(CKYSA) ile modelleyebilen smirli sayida ¢alisma oldugu tespit edilmistir. Ozellikle Akdeniz
Bolgesi i¢in yapay sinir ag1 ile rlizgar enerjisi ekserji tahmini galismasi yapilmamistir.

Riizgar enerjisinin ekserji analizinin yapilabilmesi i¢in bircok veriye gereksinim
duyulmaktadir. Ozellikle herhangi bir noktaya riizgar enerji santrali kurulmasi planlandiginda,
santralin kurulacag1 yer ile ilgili en az 5 yillik 6l¢lim verilerine gereksinim duyulmaktadir. Bu
verilerin elde edilmesi hem zaman hem de maddi agidan maliyetlidir. Bu nedenle NASA’dan
Tiirkiye’nin Akdeniz Bolgesi ile ilgili alinan basing, sicaklik ve riizgar hiz bilgileri ile bir
yapay sinir ag1 modeli olusturulmustur. Olusturun model ile 6rnek bir riizgar tiirbinine ait gii¢
egrisi lizerinden ekserji hesaplamasi yapilmig ve sonuglari CKYSA ile kiyaslanarak ¢aligmada
sunulmustur.

2. MATERYAL

Riizgar enerjisine dayali ¢alismalar1 gergeklestirmek i¢in birgok veriye ihtiya¢ duyulmaktadir.
Yapilan caligmada Tiirkiye’nin Akdeniz Bolgesi igerisinde yer alan koordinat noktalarindaki,
meteorolojik veriler kullanilmistir. Bu koordinat noktalarina ait veriler; koordinat noktasinin
yiizey basinci, ylizey sicakligt ve bu noktanin 50 metre yiiksekligindeki riizgar hizi
degerleridir. Caligmada kullanilan veriler NASA’nin sunmus oldugu tablolardan elde
edilmistir.

Gergeklestirilen ¢alismada, Mengi’nin daha 6nce yapmis oldugu bir ¢calismada kullandig: giic
egrisi kullanilmistir [6]. Tercih edilen gii¢ egrisi ile NASA’nin sunmus oldugu veriler birlikte
kullanilarak, Akdeniz Bolgesindeki 21 noktanin ekserji analizi gergeklestirilmistir. Calismada
kullanilan gili¢ egrisinin farkli hizlardaki {iretmis oldugu enerji miktar1 Sekil 2’de
gosterilmektedir. Sekil 2’de kullanilan egrinin formiilii ise Denklem 1°de, katsayilar1 da Tablo
1’de detayl olarak gosterilmektedir.

Epotansiyer = V'O + bV + cV8 +dV7 +eVé + fV> + gV* + hV3 + iVZ +jV + k 1)
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Sekil 2. Giig egrisi (Mars Enerji, 250 kW’lik riizgér tiirbini kullanilarak elde edilen, kapasite-riizgar hiz1 giig
egrisi grafigi)[6].

Tablo 1. Giig egrisinin katsayilar1 [6]
Katsay1 Deger
a —8.47015071 x 10-11
2.093134223 x 10-8
—2.201091719 x 10-6
1.287287668 x 10-4
—4.577408717 x 10-3
0.1011975583
—1.356495025
10.12932888
—34.79795152
50.64102792
—4.511939453 x 10-2

RNe— — 5 Q -~ D® Qo O T

Calismada kullanilan riizgar tiirbini, Mars Enerji firmasmin 250 kW(kiloWatt)’ lik tiirbinidir.
Bu tiirbine ait bazi teknik bilgiler Tablo 2’de verilmistir.

Tablo 2. Mars enerji 250kw riizgar tiirbini teknik bilgileri[6].

Turbin Kanat Cap1 Kanat Sayis1 Optimum Calisma Devreye Devreden Cikma
Yiiksekligi Hiz: Girme Hiz1 Hiz1
50m 26m 3 14m/s 4m/s 25ml/s
3. METOD

3.1. Ruzgar Enerjisi Sisteminin Termodinamik Analizi

Sabit bir hiz (V) ile hareket eden bir kiitle (m) hareketi siiresince kinetik enerji tiretir. Bu
sistemlerin belirli bir referans noktasina gore sahip oldugu enerjide, kinetik enerji (KE) olarak
ifade edilmektedir. Kinetik enerji Denklem 2 ile gosterilmektedir [27].

KE = ~my? )
Hareket halindeki hava kitlesinin turbin kanatlarina ilk carptigi andaki hizi (Vi), tlrbin
kanadinin ¢ikisinda ise hizi (Vo) ise riizgar enerjisi icin genel kinetik enerji denklemi,
Denklem 3 ile ifade edilmektedir [28].
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E= %m(vf - V2) ©)
Burada, E riizgar giicli, m hareket halindeki hava molekdillerinin kiitlesel debisidir.

Hava yogunlugu (p), Denklem 4 ile gosterilmektedir [27].

p=" (4)

P atmosfer basicini (kPa), R ideal gaz sabitini (kJ/kgK), T ise havanimn sicakligini (K) ifade
etmektedir.

Rotor siipiirme alan1 (A) tiirbininin gii¢ ¢iktist ile dogru orantilidir. Yatay eksenli tiirbin igin
rotor siipiirme alani, Denklem 5 ile gosterilmektedir [29].

A =nr? ©)

Riizgar tiirbini tarafindan tiretilecek giig, riizgarin tiirbine giris hiz1 (V1) ve riizgarm trbinden
¢ikis hizi (Vo) arasindaki fark ile ilgilidir [30]. Bu hiz degisimi sirasindaki ortalama hiz
Denklem 6 ile ifade edilir [28,30].

_ Wi+l

Vore =22 ®

Bu durumda tiirbin kanatlar1 tizerinden akan havanin kiitlesel debisi; Denklem 7 ile
gosterilmektedir [27].

m = pA Vo‘rt (7)

Denklem 3’deki genel kinetik enerji denkleminde 6 ve 7 numarali denklemler yazilinca
Denklem 8 elde edilir. Denklem 8’ de gerekli matematiksel islemler yapilarak Denklem 9 elde
edilir. Betz yasasi olarak bilinen C, degeri yerine yazildiginda, kanatlar tarafindan saglanan
gucun, girdi riizgar hizina bagli gi¢ denklemi, Denklem 11 ile ifade edilir [28-30].

. 1 Vi+V,
Eo =2[pa™2| (v - v3) (8)

1+20)1-(32
— ©)

¢, = —l ol (10)

Ey = pAVEC, (11)

Betz yasas1 olarak bilinen C,, incelendiginde, C,= 0.59 olarak bulunur ve rizgar turbininin

iretebilecegi maksimum giigtiir [30]. Bir riizgér tlrbininin genel enerji dengesi Denklem 12
ile gosterilmektedir [30-31].
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Zin(h + ke + pe)in Mip — Zout(h + ke + pe)out Moyt + Zr Qr -W=0 (12)
Denklem 12’de m,,, tUrbine giren kiitlesel hava debisini (kg/sn), 7, tiirbinden ¢ikan kiitlesel
hava debisini (kg/sn), h birim kiitlenin sahip oldugu entalpiyi (Kj/kg), W sistemden ¢ikan isi
(KW), Q, r yiizeyinden transferi gergeklesen 1s1 enerjisini (kW) ifade etmektedir.

3.2. Ruzgar Enerji Sistemlerinde Ekserji Analizi

Madde akigindan dolay1 olugan genel ekserji formiilii Denklem 13 ile ifade edilir.
Ex = Exk + Exp + E‘xakls + Exkimyasal (13)

Burada; Exy, Kinetik ekserji, Ex,, potansiyel ekserji, Exay, akis ekserjisi ve EXyimyasal,
kimyasal ekserjidir [32].

Sistemin tirettigi elektrik kinetik enerji farkindan kaynaklandig: i¢in iiretilen enerji Denklem
(14a) ve (14b)’ deki gibi elde edilmektedir [31-32].

Exk:Eiiretilen (143)
Exie = KE = pA(V; — V2)*Cp (14b)
Akis ekserjisi de Denklem 15 ile ifade edilmektedir [32].

ExXgjus = m(Ah — TyAs) (15)
Denklem 15’de m, havanin kiitlesel debisini, Ah entalpi degisimini ve As ise entropi
degisimini (kj/kgK) ifade etmektedir. Entalpi’ deki degisim ise Denklem 16’da verilmistir
[28,32].

Ah = Cp,h(TZ - Tl) (16)
Denklem 16” deki; C, 1, havanm sipesifik 1s1s1, Ty tiirbin girisindeki hava sicaklhig1 ve T, ise
tirbin ¢ikisindaki hava sicaklhigidir. Tiirbin ¢ikisindaki hava sicakligi Denklem 17 ile
hesaplanmaktadir [32].

T, = 35.74 + 0.6215T 34, — 35.75(V18) + 0.4274T 4 (V16) (17)
Denklem 17°de, T, tiirbin ¢ikisindaki sicakligt (°F), T,y atmosfer sicakligir (°F) ve V; ise
tiirbin girisindeki riizgar hizin1 (mph) ifade eder. Birim doniigiimii yapilirsa, riizgar hizinin
birimi(m/sn) ve atmosfer sicakliginin birimi de (°C) olarak dizenlenir ise Denklem 18 elde
edilir [32].

T, = 13,126 + 0.6215T,;,, — 13,948(V216) + 0,48615T 4, (V216) (18)

Sistemdeki entropi uretimi ise Denklem (19a) ve (19b) ile ifade edilir [11,31].
AS = AS‘sistem + Asgevre (19a)
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A8 = 1Taem (G, In () = Rin (£2) — L) (19b)

1 Py Tarm

T1 giris sicakligl, T2 ¢ikis sicakligidir. R ise hava icin belirlenmis olan ideal gaz sabitini ifade
etmektedir. Ruzgér, tirbin girisinde Pi, tiirbin ¢ikisinda ise P2 basmcmi uygular. Tlrbin
¢ikisindaki basing Denklem 20 ile hesaplanir [11,31,32].

Py =P £V} (20)

Hava molekdlleri rlzgar tirbinine belirli bir giris hizi ile ¢arparken belirli bir ¢ikis hiz ile
tirbini terk eder. Giristeki hiz bilinmektedir fakat ¢ikis hizi ise Denklem 21 ile
hesaplanmaktadir [11,31,32].

VZ — 3 Z(Epotansiyel_Eiiretilen) (21)
PACy

Yukaridaki denklemde Epqransiyel degeri, rlizgar tiirbinin olusturacagi maksimum gii¢ olarak
kabul edilir. Eporansiyel degeri secilen Grnek riizgar tiirbininin katalogundaki, kapasite-riizgar

hiz1 egrisinden hesaplanir [6]. Tiirbinde meydana gelebilecek 1s1 kayiplar1 ihmal edilebilir
diizeyde olmasina ragmen istenilirse Denklem 22 ile hesaplanabilmektedir [31-32].

. . T1+T:
Qkaylp = me (Tatm - 1; 2) (22)

Toplam ekserji ise Denklem 23 ile hesaplanmaktadir [31-32].

Ex = Eiiretilen + me(TZ - Tl) + mTatm (Cp In (;_2) —Rlin (P_Z) - M) (23)

1 Py Tarm

Ruzgar turbininin (RT) enerji ve ekserji verimleri ise sirasiyla Denklem 24 ve 25°de
sunulmustur [6].

Eo
MRT = % , (24)
Potalsiyel
Ex
Yrr = E , (25)
Potalsiyel

3.3. Yapay Sinir Aglan

Yapay Sinir Aglar1 (YSA), yapay zekanin popiiler alt konularinin birisidir. Multidisipliner
olmasi nedeniyle birgok uygulamada da kullanilmaktadir [34-36]. Bu kadar c¢ok tercih
edilmesinin sonucunda da surekli yeni YSA modelleri gelistirilmektedir. YSA’ lar genel
mantik olarak insanlarin algilama ve karar verme gibi diisiinsel siireclerini taklit eden bir
yapiya sahiptir. Biyolojik sinir hiicrelerinden esinlenerek gelistirilen YSA’ lar, birbirine bagl
hiicrelerden olugmaktadir. Bu hiicreler kendilerine gelen bilgiyi ¢oztimleyebilen ve kendinden
sonrasina aktarabilen bir yapiya sahiptir. YSA’ ya herhangi bir konu ile ilgili yeterli sayida
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girig ve ¢ikis bilgileri verildiginde, YSA kendi i¢ yapisinda giris ile ¢ikis arasinda bir bagint1
kurabilir. Aga bu sekilde giris ve c¢ikis bilgilerinin verilmesi islemine agin egitilmesi
denilmektedir. Agin egitilmesinden sonra, egitildigi konu ile ilgili daha 6nce gérmedigi bir
ornek verilirse, ag bazi ¢ikarimlarda bulunabilir. YSA’ lar bu ¢ikarim yetenegi sayesinde
bircok alanda kullanilmaktadir [36-38]. Yazilimsal olarak gelistirilen yapay sinir agmnm, tek
bir hiicresi Sekil 3’de gosterilmektedir. Bu yapida giris katmani, algilayicilardan ya da veri
tabanindan gelen bilgilerin dogrudan aga sunuldugu katmandir.

Aktivasyon
Fonksiyonu
Agirhklar

]
L
¥'_/ \ /

(Girisler) Toplam Fonksiyonu (Cikiglar)
Giris Katmani Cikis Katmani
Sekil 3. YSA’ nin iizerinde bulunan tek bir hiicrenin yapist.

Cikig

Giris katmanmdan gelen bilgiler, belirlenen agirliklar ile carpilarak toplam fonksiyonuna
aktarilmaktadir. Toplam fonksiyonundan elde edilen deger, belirlenen aktivasyon fonksiyonu
ile tekrar hesaplanarak, hucrenin ¢ikis degeri elde edilmektedir. Denklem 26°da yaygin olarak
kullanilan toplam fonksiyonu gosterilmektedir.

i=j
Net = 2 Xin' (26)
i=1

Denklem 26°daki X;, girdi katmanindaki her bir girisi, W; ise bu girise ait agirhig ifade
etmektedir. Bir yapay sinir agi genellikle bircok sinir hicresinden olusmaktadir. Bu sinir
hicrelerinin birbirinden bagimsiz olarak farkl tipte toplama fonksiyonu olabilecegi gibi tiim
hiicrelerde ayni tip toplama fonksiyonuna sahip olabilir. Toplama fonksiyonundan elde edilen
degerler belli araliklara indirgemek i¢in aktivasyon fonksiyonuna aktarilmaktadir. Yaygin
olarak kullanilan aktivasyon fonksiyonlar1 ve bunlarin indirgendigi araliklar Tablo 3’de
gOsterilmektedir. Tasarlanan YSA’ nin yapisinda Sekil 4’de gosterildigi gibi birden fazla sinir
hiicresi bulunuyorsa, aktivasyon fonksiyonundan ¢ikan degerler bir diger hiicreye giris olarak
aktarilmaktadir. En son ¢ikis katmaninda bulunan hiicrelerin, aktivasyon fonksiyonundan
¢ikan degerler, YSA’ nin ¢ikigini vermektedir.

SN

73

2.V, \‘O .4
= -

o

RS

GIRISLER
ANt AR

Girig Katmani Ara Katman

Sekil 4. YSA Yapusi.
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Tablo 3.Aktivasyon Fonksiyonlari.

Fonksiyon

Ads Fonksiyon Icerigi Grafik
1
Sigmoid Y =11 eNet (27)
0
5 0 5
1 ﬁ
Tanjant . eNet _ pNet 5 0 5
Hiperbolik eNet 4 eNet (28)
1
1
Adim 1 Net =0
| - | .
Fonksiyonu 0 Net<0 . (29)
5 0 5
1
Net
Relu y= max(O, Net) (30)
0
5 0 5

YSA’ nin iiretmis oldugu deger ¢ikis katmanindan elde edildikten sonra, olmas1 gereken deger
ile karsilastirilir. Bu karsilagtirmada genellikle Denklem 31°deki gosterilen Ortalama Karesel
Hata Fonksiyonu kullanilmaktadir.

1 n
Ortalama Karesel Hata = EZ (g —yi)? 31
i=1

Denklem 31°de; g; i. deger i¢in gercek ¢ikti degerini, y; i.deger igin agin iiretmis oldugu ¢ikt1
degerini, n agm egitilmesi i¢in aga verilen 6rnek sayisini ifade etmektedir.

Literatiirde yapay sinir aglarinin, ileri beslemeli, geri beslemeli, adaline/madaline gibi lineer
ve lineer olmayan sistemler icin gelistirilmis birgcok modeli bulunmaktadir. Calismada
dogrusal olmayan olaylardan elde edilen veriler kullanildig1 i¢in ¢ok katmanli geri beslemeli
yapay sinir ag1 modeli kullanilmistir.

3.3.1. Cok katmanlh ileri beslemeli yapay sinir ag1 (Feedforward Neural Networks)

Cok katmanl ileri beslemeli yapay sinir agi, dogrusal ¢oziimii bulunmayan sistemler i¢in
gelistirilmis bir yapay sinir ag1 modelidir. Yapisi itibari ile giris katmani, ara katman ve ¢ikis
katmanindan olusmaktadir. Giris katmanindan giren bilgi sadece ara katmandan gecerek ¢ikis
katmanma dogru hareket etmektedir. Bu yapida tiim katmanlar birbirine tam baghdir ve ara
katman sayisi birden ¢ok olabilir. Sekil 5’°de ¢ok katmanli ileri beslemeli ag yapisi
gosterilmektedir. Sekil 5’de gosterilen baglant1 agirliklar1 egitim esnasinda degistirilebilir
fakat ¢ikistan girise dogru baglant1 agirliklar1 degistirilmez. Sadece ag ileri dogru giderken
agirhiklar glincellenir.
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Giris Ara Katman Cikis
Katmani (iki Katman) Katmani

@ <]
4 Giris ~'N >O——> 1 Cikis
LK K
Yoy
’ Adirliklar 1 ’ Adirliklar 2 (% Adirliklar 3
Bias 1 Bias 2

Sekil 5. Cok katmanli ileri beslemeli yapay sinir ag1 modeli.

3.3.2. Cok katmanh geri beslemeli yapay sinir agi(Back forward Neural Networks)

Bu model, agin tiim ¢ikisindan elde edilen hatanin, ¢ikig katmanindan giris katmanina dogru
agirhiklarinin  gilincellenmesi prensibine dayanmaktadir. Geri beslemeli YSA modelleri
genellikle dogrusal olmayan smiflama, egri uydurma ve tahmin problemlerinde yiiksek
basarim oranina sahiptir. Bu nedenle bircok uygulamada tercih sebebidir. Sekil 6’da iki ara
katmanli geri beslemeli bir YSA modeli gosterilmektedir. Bu yapida ¢ikistan elde edilen
hatanin, agirliklara yansitilmasi i¢in bir geri yayilim algoritmasi kullanilmaktadir.

Cikis Hesaplama Yonii

)

N

4 Giris 7@—» 1 Gikis

/ /
l Agirhk 1 ‘ lAg“/rllk 2 l(%l Agdirlk 3 ‘

Esik 1 Esik 2 Esik 3
Bulunan Hatayi Geri Yayma Yonii

-

Sekil 6. Geri beslemeli yapay sinir ag1 modeli.

Geri Yayilim Algoritmast

Cok katmanli geri beslemeli YSA modelinde, giris katmanindan gelen degerler ara
katlananlardan gegerek c¢ikis katmanina gider ve ag bir ¢ikis degeri iretir. Bu deger
uretildikten sonra Denklem 32’ye gore bir hata degeri hesaplanir.

E(m)=B(m)—-C(m); m=1,..,m (32)

Denklem 32’de B(m) beklenen ¢ikis degerini, C(m) agin ¢ikis degerini, E(m) agm hata
degerini, m ise ¢ikt1 katmanindaki m. Proses elamanini ifade etmektedir. Cikt1 katmanindaki
tiim proses elemanlarindan elde edilecek toplam hata, Denklem 33 ile elde edilmektedir.
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TH = %EmE(m)z (33)

Denklem 33’deki TH toplam hatayi, E(m) ise agm hata degerini ifade etmektedir. Toplam
hata degeri hesaplandiktan sonra TH degeri iki asamada, ¢ikis katmanindan giris katmanina
dogru agirliklara yansitilmaktadir.

Bu agamada ilk olarak ¢ikig katmani ile ara katman arasindaki agirliklar giincellenmektedir.
Ikinci asamada ise ara katman ile giris katmani arasinda agirliklar giincellenmektedir.

1. Asama: Cikig katmani ile ara katman arasindaki agirliklarin giincellenmesi.

Sekil 7°de gosterildigi gibi, herhangi bir t zamaninda (t. iterasyonda) ara katmanindaki j.
proses elemanini ¢ikt1 katmanindaki m. proses elemanina baglayan baglantimin agirhigidaki
degisim miktarina AA? ve m.¢ikt1 {initesinin hatasina &, denilirse, ilk olarak &,, degerini
Denklem 34 ile hesaplamak gerekmektedir [35].

8m = f'(NET).Ep, (34)

Denklem 34’deki f'(NET) aktivasyon fonksiyonun tirevini ifade etmektedir

Ara Katman Cikis Katmani

®-
O =
&

Adgirliklar Ajm Esik

Sekil 7. Ara katman ile ¢ikis katman arast.

AAG, () =nénCl + adAf, (t—1) (35)

Agrirhiktaki degisim miktar1 olan AA? ise Denklem 35’e gore hesaplanmaktadir. Denklem
35’de ki, n Ogrenme katsayisini, o momentum katsayisini ifade etmektedir. Agirliklarin
degisim miktar1 Denklem 35’e gore hesaplandiktan sonra t. iterasyonda ki yeni agirlik
degerleri Denklem 36 ile hesaplanmaktadir.

A7, () = A7, (6 — 1) + 447, (D) (36)
Sekil 7°de gosterilen esik deger {initesinin de giincellenmesi gerekmektedir. Cikt1 katmanida

bulunan proses elemanlarmm esik degeri (¢ ile gosterilirse, buradaki degisim miktar
Denklem 37’ye gore hesaplanmaktadir.

BBS,(©) = 18m + @l — 1) (37)
Esik degerinin t. iterasyonda ki agirliginin yeni degeri Denklem 38’e gore hesaplanmaktadir.
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B (®) = B, (t — 1) + 4B, (1) (38)

2. Asama: Girig katmani ile ara katman arasindaki veya ara katmanlar arasindaki agirliklar
guncellemesi.

Cikt1 katmani ile ara katman arasindaki agirliklarin gilincellenmesinde, her agirlik i¢in ¢ikti
katmanindaki sadece bir proses elemaninin hatasi isleme alinmistir. Cikt1 katmanindaki bu
hatalarin olugsmasinda, Sekil 8.(a)’da gosterildigi gibi girdi katman1 ve ara katman arasindaki
agirliklarin etkisinin oldugu gibi eger Sekil 8.(b)’de gosterildigi gibi birden ¢ok ara katman
varsa onlarinda arasindaki agirliklarin etkisi de bulunmaktadir.

Giris Ara

Katmani Katman Ara Katmanlar

| P
- N
fi \ /

=led | @ @ | @
§—»®7\p Veya

12 efTe /@
ay oy

Esik Esik
(a) (b)
Sekil 8.(a) Giris ile ara katman (b) iki ara katman.

Cikis katmanina gelen biitiin bilgiler, girdi katmani ve onceki ara katmanlardan gelmektedir.
Bu nedenle ¢ikt1 katmanindaki proses elemanlarin hepsinden elde edilen hata, Sekil 8(a) ve
(b)’de gosterilen ara katman ile girdi katmani arasindaki (veya ara katmanlar arasindaki)
agirliklara dagitilmaktadir.

[k olarak Denklem 39°da & ile gosterilen hata hesaplanmaktadir.
8f = f'(NET). 2 Sm A (39)

Sonrasinda AA};]- ile gosterilen agirliklarda ki degisim miktart ise Denklem 40 ile
bulunmaktadir.

DA (0) = 06/ Ch + adAj;(t— 1) (40)
Agirliklarin yeni degerleri ise Denklem 41 ile hesaplanmaktadir
Ay (€) = Aj(t = 1) + A} (D) (41)

Sekil 8.(a) ve (b)’de gosterilen esik degerleri B2 ile ifade edilirse, esik degerindeki degisim
miktar1 Denklem 42 ile gosterilmektedir.

ABY(t) = nB + adBf(t — 1) (42)

t. iterasyonda ki yeni esik degeri ise Denklem 43 ile hesaplanmaktadir.
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B (&) = Bi*(t — 1) + 4B} (D) (43)

Bu islemler sonucunda ileri dogru ¢alisgan YSA, geriye dogru da ¢alistirilarak tiim agirliklarin
giincellenmesi saglanacaktir. Tasarlanan geri beslemeli YSA istenilen hata degerine
ulagincaya kadar ya da tasarimcinmn belirlemis oldugu iterasyon sayisina kadar bu islemler
tekrarlanacaktir. Bu tekrarlama iglemlerinin en sonunda da ag egitilmis olacaktir. Bundan
sonraki adimda, egitilen aga daha once gormedigi veriler gonderilerek, agin test edilmesi
saglanacaktir.

4. BULGULAR

Calismada Nasa’dan alinan Akdeniz Bolgesindeki, enlem ve boylamlarin kesistigi 21 noktaya
ait, 1981 ile 2018 yillar1 arasindaki sicaklik, hiz ve basing bilgileri kullanilmistir [33]. Tablo
3’de sadece bu 37 yillik veriler kullanilarak elde edilen, ekserji, maksimum enerji, Uretilen
enerji, enerji verimi ve ekserji verimlerinin ortalama degerleri gosterilmektedir.

Tablo 3. 1981 ile 2018 yillar1 arasindaki Akdeniz bolgesine ait koordinatlarin, sicaklik, hiz ve basing degerleri
almarak hesaplanan enerji, ekserji ve verim degerlerinin ortalamalar.

Koordinat Ekserji (W) Maksimum Uretilen Enerji  Enerji Verimi  Ekserji Verimi
Enerji (W) (W)
36-29 10,311 40,277 15,018 0,352 0,239
36-30 6,761 32,016 10,158 0,296 0,194
36-31 14,244 48,462 20,218 0,380 0,262
36-32 6,146 30,943 9,304 0,274 0,177
36-33 8,799 37,025 12,990 0,335 0,225
36-34 12,826 46,114 18,400 0,369 0,253
36-35 15,294 51,872 21,746 0,397 0,276
36-36 11,223 42,580 16,283 0,369 0,252
37-29 5,862 30,898 8,972 0,272 0,175
37-30 5,018 29,212 7,788 0,247 0,156
37-31 7,543 35,787 11,211 0,284 0,188
37-32 10,358 43,547 15,291 0,332 0,222
37-33 11,047 45,393 16,251 0,341 0,230
37-34 7,102 34,792 10,748 0,290 0,189
37-35 5,849 29,828 8,911 0,285 0,185
37-36 6,453 31,156 9,747 0,299 0,196
37-37 13,141 50,230 19,115 0,373 0,256
38-30 10,304 42,647 15,180 0,342 0,230
38-31 10,866 44,703 15,986 0,340 0,228
38-36 10,626 45,545 15,757 0,333 0,223
38-37 10,162 44,144 15,103 0,329 0,219

Tablo 3’de verilen maksimum enerji, rlizgar tiirbininin teorik olarak iiretebilecegi en yiiksek
enerjidir. Bu deger riizgar tiirbininin gii¢ egrisinden turetilen 10. dereceden bir polinom olan
Epotansiyer fonksiyonudur. Tablo 3’deki Uretilen enerji terimi ise tiirbine ilk giris hizinm
kinetik enerjisi sonucu meydana gelen enerjidir.

Tablodaki ekserji ve enerji verimleri incelendiginde ise ekserji veriminin, enerji verimine
oranla daha az oldugu goriilmektedir. Bunun sebebi ise iiretilen enerjinin bir kismimin
strtinmelerden, bir kisminin da mekaniksel kayiplardan kaynaklanmasidir. Bu kayiplar
sonucunda elde kalan enerji kullanilabilir enerji olarak tanimlanan ekserji verimi terimini
ifade etmektedir.
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Tablo 3’deki ekserji sonuglar1 incelendiginde, Akdeniz Bolgesindeki kullanilabilir enerjinin
en yiiksek oldugu yerin kiy1 seridi boyunca uzanan 36. enlem de oldugu goértlmektedir.

Akdenizin i¢ kisimlarindaki koordinat noktalarinda ekserji degerleri diismekte fakat ylksek
kesimlerdeki koordinat noktalarinda ekserji degerlerinin fazla oldugu goriilmektedir. Bu
bilgiler 1518inda Akdeniz Bolgesinin kiy1 ve yiiksek kesimlerinin riizgar enerjisi agisindan
kullanilabilirligi ytiksektir.

Sekil 9°da gosterilen enlem ve boylamlarin kesistigi her bir noktaya ait 456 adet veri
bulunmaktadir. Calismada 21 adet kesisim noktasi kullanildigi i¢in toplam 9576 adet veri
kullanilmastir.
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Sekil 9. Akdeniz bolgesinde bulunan noktalar.

Elde edilen sicaklik, hiz ve basing verileri ile ekserji hesaplamasi yapilmistir. Sonraki
asamada cok katmali geri beslemeli bir yapay sinir ag1 modeli olusturulmustur. Olusturulan
modelinin yapist Sekil 10’de gosterilmektedir. Bu modelde ekserji hesaplamasinda kullanilan
sicaklik, basing ve hizdan olusan ii¢ adet veri, giris olarak kullanilmistir. Bu nedenle veri
stitunlarinin her biri, giris katmanidaki bir ndrona dogrudan aktarilmaktadir.

Giris Ara Katman -1 Ara Katman -2 Cilas Katmam

Sekil 10. Hazirlanan YSA yapist.

Tasarlanan modelde giris katmanmndan sonra iki adet ara katman bulunmaktadir. Ik ara
katmanda 4 néron, ikinci ara katmanda ise 2 néron bulunmaktadir. ilk ara katman ve ikinci
ara katmanda tanjant hiperbolik aktivasyon fonksiyonu kullanilmistir. Sistemin ¢ikiginda ise
sadece ekserji degeri olacagi igin tek bir ¢ikis bulunmaktadir. Eldeki verilerin %80 egitim,
%10’u test ve %10’u da dogrulama verisi olarak kullanilmistir. Bu veriler kullanilarak sistem
test edildiginde Sekil 11°de gosterilen regresyon sonuglari elde edilmistir. Sekil 11
incelendiginde biitiin noktalarin regresyon dogrusunun iizerine yerlestigi goriilmektedir.
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Sekil 11. Regresyon analiz sonuglar.

Sistemin basarisini 6lgmek icin ortalama karesel hata formiilii kullanilmig olup sistemin genel
hata orani Sekil 12°de gosterilmektedir. Buradan da anlasilacag iizere Ekserji hesaplamasinin
sonucunda elde edilen degerler ile kullanilan modelinin iiretmis oldugu degerler
kiyaslandiginda, aradaki hatanin 0,00024’e¢ kadar diistiigi goriilmektedir. Bu durumda
kullanilan modelinin ¢ok yliksek oranda basari elde ettigini ispatlamaktadir.

1000 Tekrarda En Iyi Dogrulama Performans: 0,00024473

—— Egitim
= Dogrulama
Te=t

En ivi

Ortalama Karesel Hata (WSE)

100 200 %0 40 50 60 700 80 900 1000
1000 Telkrar
Sekil 12. Hata degeri grafigi.

Calisma farkli aktivasyon fonksiyonlar: ve farkli ara katman yapilar1 ile test edildiginde bu
degerden biraz daha yiiksek hata orani elde edilmistir.
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5. TARTISMA VE SONUC

Bir ruzgar enerji santrallerinin kurulacagi bdlgede daha once bir santral kurulmadiysa ve
Ozellikle ilk kez o bdlgede kurulacaksa, o bolge icin enerji ve ekserji analizi yapmak ¢ok
onemlidir. Bu nedenle ilk olarak santral kurulacak yerin, enerji ve ekserji agisindan verimli
olup olmadigmi tespit etmek igin uzun zaman harcanan, alan Olglimleri yapilmaktadir.
Sonrasinda da bu 6l¢iim verilerine dayanan bir¢ok hesaplama yapilmaktadir. Bu hesaplamalar
icerisinde bazi varsayimlarda da bulunmak gerekebilmektedir. Yapilan hesaplama sonucuna
gore de olumlu ya da olumsuz karar verilmektedir.

Yukarida da anlatildigi gibi karar verme sirecince birgok ara islem ve hesaplamanin
yapilmasi zorunludur. Bu islemlerde oluk¢a zaman alan ve ¢ok bilinmeyenli denklemlerden
olusan karmasik bir islemdir. Bu iglemler icerisinde de yine bazi varsayimlarda bulunmak
gerekmektedir. Fakat ozellikle yatirimcilar ve karar alicilar igin, zamani optimum sekilde
kullanarak hizli ve dogru karar verebilmek son derece onemlidir. Bu nedenle yukarida
anlatilan iglem kalabaligindan ve bir¢cok 6l¢lim verisi i¢in zaman harcamaktansa, daha az veri
ile yiiksek dogrulukta bilgi sahibi olmak karar alicilar i¢in ¢ok daha dnemli olabilmektedir.

Bu sebeple gerceklestirilen calismada sadece sicaklik, hiz ve basing verileri kullanarak geri
beslemeli bir yapay sinir ag1 modeli gelistirilmistir. Gelistirilen modelin egitilmesinde 1981
ile 2018 wyillar1 arasinda, Akdeniz Bolgesinde bulunan 21 noktadan alman veriler
kullanilmistir. Gelistirilen YSA modelinin sonuglari ile klasik ekserji analizinden elde edilen
sonuglar kiyaslanmis olup, %99,9’un iizerinde basar1 orani ile ekserji degerleri tahmin
edilmistir.

Boylece Akdeniz Bolgesindeki koordinat noktalar1 verilen yerler icin saniyeler igerisinde
yuksek basar1 orani ile dogru sonuclar Gretilebilmektedir. Calismanin sonucunda Akdeniz
Bolgesi icin yatirimcilarin ve karar alicilarin ilk etapta ihtiya¢ duyduklar1 ekserji sonuglaria
cok az veri ile ulasabilmeleri miimkiin hale getirilmistir. Bundan sonraki g¢alismada,
uygulamada kullanilan gii¢ egrisinin  katsayillarmm YSA ile de hesaplanmasi
hedeflenmektedir. Bunun disinda bir diger hedefte ¢aligmanin tiim Tiirkiye uygulanmasidir.
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ABSTRACT: One of the promising source of renewable energy is solar energy. Water heating by solar energy
for domestic use is one of the most successful and feasible applications of solar energy. Other areas of application
of solar energy include solar drying, electricity generation using photovoltaic cells, solar cooling and refrigeration,
solar still (or solar distillation) and solar cooking. In this study flat plate solar collector was simulated, a
temperature of 58°C and an efficiency of 51% was achieved respectively. Solar radiation being abundantly present
in Nigeria is one area of focus among the renewable energy resources and this can be harnessed for heating water
for both domestic and industrial purposes.

Keywords: Simulation, Solid works, Solar Collector, Flow Simulator, Ambient Condition.

1. INTRODUCTION

Solar flat plate collector is a type of solar thermal systems, it provides environmental friendly
heat for industrial water heating, commercial building, space heating, hospital water, household
water and the heating of swimming pools. Such systems collect the suns energy to heat a fluid.
The heated water is then stored in a tank similar to a convectional gas or electric water tank and
some systems use an electric pump to circulate the fluid through the collectors [1].

The analysis of thermal collectors is able to be done experimentally and by simulating the heat
transfer phenomena within the system. Sopian et al. [2] conducted an experimental study on the
thermal performance of a solar flat plate collector having a wooden case, no glass cover
(unglazed) and a solar water heater integrated with a storage system.

Several studies which compare experimentally results with Computational Fluid Dynamics
(CFDs) results are shown by [3, 4].

Farahat et al [5] and Chamoli [6] used MATLAB to optimize a flat plate collector considering
its exergy analysis in order to improve the efficiency of the collectors by decreasing the losses.
Garg and Rani [7] calculated the overall heat loss coefficient and the collector efficiency under
different conditions such as the absence of cover, with single and double glazing under different
ambient conditions, tilt angles, wind speeds, emissivity of both glass cover and absorber plate.

Pillai and Agarwal [8] discussed the influence of various parameters on the efficiency of solar
collectors and concluded that at low solar insolation in the range of 200-600 W/m? with double
glazed collectors are superior to single glazed collectors. Anderson et al [9] examined the
performance by changing the colors of solar collector. Based on the transmittance-absorptance
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result of various colored collectors the hypothetical performances of these collectors were
calculated using the Hottel-Whillier-Bliss 1-D steady-state model given by Duffie and
Beckmann [10].

This research helps to analyze and simulate the flat plate solar collector, in this study the
computational tool is SolidWorks which gives many design opportunities. The design of the
collector and the thermal simulation were made in the same environment by adding flow
simulation tab.

2. MATERIALS AND METHOD

This simulation was done using Solidworks as a simulation tool. The initial conditions,
boundary conditions and the control condition are shown in Tables 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12 and were selected based on the thermodynamic analysis done.

Flow Simulator software was the subprogram attached to Solidworks for the simulation of the
flat plate solar collector. The initial/ambient conditions were selected based on the design
consideration and parameters gotten from the thermodynamic analysis of the collector system.

Table 2, 3 and 4 are the ambient condition selected on the Flow Simulator bearing in mind the
design and thermodynamic parameters gotten. Table 5, 6, 7, 8, 9, 10 are the control platforms
on the Flow Simulator after the ambient conditions have been meet.

Table 1. Initial conditions selected for the ambient state.
Ambient conditions generated from Solidworks
Thermodynamic parameters | Static Pressure: 101325.00 Pa
Temperature: 299.1 K

Velocity parameters Velocity vector

Velocity in X direction: 0.500 m/s
Velocity in Y direction: 0.020 m/s
Velocity in Z direction: 0.020 m/s
Solid parameters Default material: Copper

Initial solid temperature: 303.00 K
Radiation Transparency: Opaque
Turbulence parameters Turbulence intensity and length
Intensity: 2.00 %

Length: 0.007 m

Table 2 Initial conditions selected for inlet mass flow rate.
Inlet Mass Flow 1

Type Inlet Mass Flow

Faces Face<2> at Plate and tubes-1
Coordinate system Face Coordinate System
Reference axis X

Flow vectors direction: Normal to face
Mass flow rate: 0.014 kg/s

Fully developed flow: No

Inlet profile: 0

Thermodynamic parameters | Temperature: 299.1K

Turbulence intensity and length
Turbulence parameters Intensity: 2.00 %

Length: 0.007 m

Boundary layer parameters Boundary layer type: Turbulent

Flow parameters
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Table 3. Initial conditions selected for static pressure conditions.
Static Pressure 1

Type Static Pressure

Faces Face<6> at Plate and tubes-1
Coordinate system Face Coordinate System
Reference axis X

Thermodynamic parameters | Static pressure: 101325.00 Pa
Temperature: 299.1 K
Turbulence parameters Turbulence intensity and length
Intensity: 2.00 %

Length: 0.007 m

Boundary layer parameters Boundary layer type: Turbulent

Table 4. Control conditions for temperature (1).
GG Av Temperature (Fluid) 1

Type Global Goal

Goal type Temperature (Fluid)
Calculate Average value
Coordinate system Global coordinate system
Use in convergence On

Table 5. Control conditions for temperature (2).
GG Av Temperature (Fluid) 2

Type Global Goal
Goal type Temperature (Fluid)
Calculate Average value

Coordinate system | Global coordinate system
Use in convergence | On

Table 6. Control conditions for temperature (3).
GG Av Temperature (Fluid) 3

Type Global Goal

Goal type Temperature (Fluid)
Calculate Average value
Coordinate system Global coordinate system
Use in convergence On

Table 7. Control conditions for mass flow rate.
GG Mass Flow Rate 1

Type Global Goal

Goal type Mass Flow Rate

Coordinate system | Global coordinate system

Use in convergence | On

Table 8. Control conditions for net radiant flux (solar).
GG Av Net Radiant Flux (solar) 1

Type Global Goal
Goal type Net Radiant Flux (solar)
Calculate Average value

Coordinate system | Global coordinate system
Use in convergence | On
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Table 9. Control conditions for the temperature (solid).
GG Av Temperature (Solid) 1

Type Global Goal

Goal type Temperature (Solid)
Calculate Average value
Coordinate system Global coordinate system
Use in convergence On

Table 9 presents the selected flat plate solar collector size on the design interface on Solidworks
using the Flow Simulator program.

Table 10. Size of computational domain.
X min -0.483 m
X max 1.265m
Y min -0.275m
Y max 1.082m
Z min -1.282m
Z max 0.398 m

The basic mesh dimensions applicable to the X, Y and Z coordinates of the flat plate solar
collector was presented in Table 10. This was necessary in the simulation of the collector
system, coarse mesh with large elements require less computation time which may result to
inaccurate results. Mesh convergence obtained on X, Y and Z coordinates were 17, 12 and 17.
The process was followed by mesh refinement which resolved the model with finer mesh sizes
for accurate results.

Table 11. Basic Mesh Dimensions.
Number of cellsin X | 17
Number of cellsinY | 12
Number of cellsinZ | 17

The mesh properties employed in modelling of the flat plate solar collector are presented in
Table 11. This shows the values of the total cell count, fluid cells, solids cells, etc as shown in
Table 12. This mesh analysis was gotten after using the mesh dimensions and the sizes of the
computational domain.

Table 12. Analysis of Mesh.

Total cell count 79740
Fluid cells 20139
Solid cells 13480
Partial cells 46121
Trimmed cells 0
Heat transfer analysis Heat conduction in solids
Flow type Laminar and turbulent
Time- dependent analysis Off
Gravity On
Radiation On
Humidity 50.0%
Default Wall Roughness 1.0 micrometer
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3. RESULTS AND DISCUSSION

The collector system where simulated using Flow Simulator on Solidworks interface, the input
parameters were estimated from system design and thermodynamic analysis and some of the
input parameters are designed conditions set by the Flow Simulator considering ambient and
boundary conditions.

Table 13. Input/output parameters.

Name Input Output
Pressure [Pa] 101291.63 107615.07
Temperature [K] 299.08 331
Density (Fluid) [kg/m”3] 1.15 995.74
Velocity [m/s] 0 6.790
Velocity (X) [m/s] -4.487 5.470
Velocity (Y) [m/s] -5.760 2.214
Velocity (Z) [m/s] -4.716 3.292
Mass Fraction of Steam [ ] 0 0.0041
Mass Fraction of Air [] 0 0.9959
Mass Fraction of Water [ ] 0 1.0000
Volume Fraction of Water [ ] 0 1.0000
Temperature (Fluid) [K] 299.08 315.56
Temperature (Solid) [K] 299.13 327.88
Mass Fraction of Condensate [ ] 0 0
Mass Fraction of Vapour [ ] 0 0
Volume Fraction of Vapour [ ] 0 0
Density (Solid) [kg/m”3] 2600.00 8960.00
Mach Number [ ] 0 0.02
Vorticity [1/s] 0.031 1037.197
Shear Stress [Pa] 0 1.80
Relative Pressure [Pa] -33.37 6290.07
Prandtl Number [ ] 0.6956699 5.8635293
Efficiency [%] 0 0.51
Relative Humidity [%] 0 20.02
Heat Transfer Coefficient 0.001 6620.796
[W/m"2/K]
Surface Heat Flux [W/m"2] -520.709 18453.624
Heat Flux [W/m~2] 0.032 1450886.891
Overheat above Melting -1053.927 -765.702
Temperature [K]

Table 13 shows the input parameters and the output parameters used during the simulation of
the flat plate solar collector on the Solidworks interface. The output parameters are then
compared with results gotten from the collector thermodynamic analysis results, which is then
validated using the developed model with the experimental results.
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Figure 1. Glass Temperature after Simulation.

Figure 1 indicates that the glass did not lose much heat to the atmosphere, it acts as a thermal
cover to protect the flat plate solar collector against heat loss. The blue colour around the mid
area indicates that there was no heat loss around that region, as it moves towards the edge of
the collector it shows a mixture of colour showing little heat loss at the edge.

307.56
30662
305.69
30475
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Surface Plot 1: contours
Surface Plot 2: contours

Figure 2. Plate Temperature after Simulation.

Figure 2 indicates that the plate temperature after simulation shows a mixture of colours and
also show red which is the colour code form the maximum temperature achieved at the inlet
temperature of 299.13°C, it acts as a thermal cover to protect the flat plate solar collector
against heat loss. This means the absorber plate efficiently passed the heat to the heat pipe.
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Table 14. Temperatures gotten from simulation without preheat.

Day Inlet 10am 1lam 12:00NOO 1:00PM 2:00PM 3:00PM
temp (K) Outlet Outlet N outlet outlet outlet outlet

Temp (K) | Temp (k) | temp (K) temp (K) | temp (K) | temp (K)
17th Jan 295 305 313 321 324 326 328
16th Feb 295 303 310 318 320 322 325
16th Mar 295 303 310 316 319 322 324
15th Apr 295 300 304 310 305 304 304
15th May 295 300 303 302 305 302 302
11th Jun 295 297 302 299 297 300 299
17th Jul 295 297 301 300 299 297 301
16th Aug 295 299 302 306 308 310 310
15th Sep 295 302 302 305 310 312 315
15th Oct 295 304 308 318 320 322 322
14th Nov 295 304 310 318 318 324 326
10th Dec 295 305 310 319 322 325 330

Table 14 shows the temperature that was gotten from the simulation, the inlet water was allowed
to flow into the system from 10am to 3pm. At an interval of one hour, it was also observed that
the temperature was highest for January, December and lowest for June, July respectively.

Table 15. Temperatures gotten from simulation with preheat.

Day Inlet 12:00NOON outlet 1:00PM 2:00PM 3:00PM
temp (K) temp (K) outlet temp outlet temp outlet temp

(K) (K) (K)
17th Jan 295 343 343 344 348
16th Feb 295 338 338 339 341
16th Mar 295 333 332 333 333
15th Apr 295 327 325 326 323
15th May 295 322 322 320 318
11th Jun 295 320 319 317 314
17th Jul 295 321 320 319 316
16th Aug 295 325 324 324 322
15th Sep 295 330 330 330 330
15th Oct 295 336 336 337 338
14th Nov 295 341 342 343 346
10th Dec 295 344 344 346 350

Table 15 shows the temperature that was gotten after preheating the flat plate solar collector
from 9am to 12noon. It shows an increase in temperature when compared to the temperatures
gotten without preheating.
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Figure 3. A graph of temperature against days in the month.

The graph shown in figure 3 indicates that the outlet temperatures increases in the beginning of
the year with the first few months (dry season) and it goes down towards the middle of the year
(raining season) and rises again towards the last few months of the year (dry season).

4. CONCLUSION

The flat plate solar collector was simulated using SolidWorks, an output temperature of
58°C and an efficiency of 51% was achieved respectively. The obtained temperature can be
used for domestic and some industrial applications. The analysis was done for both preheat and
without preheat, preheat occurs when the flat plate collector system is place outside under open
sky for direct contact with the sun for some hours before passing water through the system. The
condition for without preheat involves passing water from the supply tank into the collector
without allowing the flat plate solar collected to be heated before opening the water supply tank.
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ABSTRACT: This study deals with the investigation of the effects of cross-sections and ceramic materials on the
free vibration behavior of beams. Fundamental frequency analyses were performed using finite element software
ANSYS based on Taguchi’s L8 orthogonal array with two control factors. Ceramic material types were used as
the first control factor consisting of four levels such as Zirconia (ZrOy), Silicon nitride (SizN4), Alumina (Al;O3),
and Silicon carbide (SiC) while cross-sections of beams were considered as the second control factor including
two levels such as triangle and hexagon. To optimize the ceramic materials and the cross-sections, analysis of
signal-to-noise (S/N) ratio was used. Important control factors and their percent contributions on numerical
fundamental free vibration response were performed using analysis of variance (ANOVA). According to ANOVA
results, the percent contribution ratios of the control factors on fundamental frequency of the beams are found as
67.45 for ceramic material and 31.50 for the cross-section of beams.

Keywords: Modal analysis, Cross-section, Ceramic, Finite element approach.

1. INTRODUCTION

Beam structures with various cross-sections can be broadly utilized in different engineering
applications, such as different types of bridges, columns, and frames, amongst many others. In
general, beams have been made using metal and ceramic materials. The ceramic materials have
superb characteristics for heat resistance whereas the metal materials have superb strength and
toughness [1]. Especially, three-dimensional free vibration characteristic of beams has attracted
several engineering designers and researchers because of their widespread applications. In
literature, various studies including free vibration analyses can be seen. Balhaddad and Onipede
[2] presented a study about modal analysis of pre-twisted beams using three-dimensional
approach. Evran [3] presented the modal analysis of the functionally graded tapered beams
which having three layers using finite element software ANSYS and Taguchi method. Giunta
et al. [4] reported modal analysis of sandwich beams with three-dimensions. Fang et al. [5]
presented modal analysis of rotating functionally graded beams under cantilever boundary
conditions in three dimensions. Evran [6] investigated the free vibration characteristic of
layered functionally graded beams in three dimensions using numerical and statistical methods.
In modal analysis, ANSY'S software was used for finite element approach. Evran and Yilmaz
[7] evaluated the impacts of ceramic and metal materials on the modal analysis of layered beams
using finite element and Taguchi methods. Alshorbagy et al. [8] presented a study including
modal analysis of a beam designed from functionally graded materials using the finite element
approach. Yilmaz and Evran [9] investigated the first mode frequency characteristic of beams
made from functionally graded materials in axial direction using experimental and numerical
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methods. As can be seen from above literature, there are many studies regarding free vibration.
In this study, fundamental frequency analysis of the beams with triangular and hexagonal cross-
sections were performed using different ceramic materials.

2. MATERIALS AND METHODS

In numerical analysis, beams with different cross sections were used, and each beam was made
of different ceramic materials such as Zirconia (Zr0O.), Silicon nitride (SizN4), Alumina (Al>O3),
and Silicon carbide (SiC). Poisson's ratio for each material was taken to be constant and it was
used as 0.3. Young module and density data for ceramic materials were given in Table 1.

Table 1. Ceramic Materials Properties [10].

. Properties
Material Type 3
E (GPa) p (kg/m°)
Zirconia (ZrOy) 151.00 3000
Silicon nitride (SisNs) 322.27 2370
Alumina (AlO5) 380.00 3800

Silicon carbide (SiC) 427.00 3210

The statistical analysis was performed using Minitab software. Numerical frequency analyses
for the first mode were conducted under L8 orthogonal array which has two control factors,
based on Taguchi method. The first control factor includes four levels while the second control
factor consists of two levels. The first control factor was accepted as ceramic materials while
the second control factor was taken as cross-sections of the beams and they were determined as
triangle and hexagonal. The control factors and their levels were listed in Table 2.

Table 2. Control factors and levels.

Levels
Control Factors Symbol

Level 1 Level2 Level3 Level4d
Ceramic Material A ZrO; SizNg Al,O;  SiC
Cross-Section of Beam B Triangle Hexagon

In order to find the optimum levels of ceramic materials and the cross-sections of the beams for
the maximum free vibration behavior, “the larger is better” quality characteristic was used based
on Taguchi method. This quality characteristic was identified in Equation 1 [11].

(%)HB = —10.log (n‘li(yf)_1> 1)

in here, n shows the number of numerical free vibration analysis in a trial and yi symbolizes it"
data evaluated, for this study.

3. FINITE ELEMENT SOLUTION

3-D finite element solutions for free vibration analysis of the beams with triangular and
hexagonal cross-sections were performed using finite element software ANSYS. Numerical
analyses were carried out as modal analysis for the first mode. In the analysis, 3-D model
element type called as SOLID186 was used. The element type is 3-D 20-Node Structural Solid
and it demonstrates quadratic displacement performance and is defined by twenty nodes which
have three degrees of freedom every nodes: translations for the nodal x, y, and z directions [12].
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UX, UY, and UZ were used as degrees of freedom. Therefore, UX = UY = UZ was used as 0
for clamped boundary conditions. Length and diameter of cantilever beams were used as 100
in mm and 10 in mm. The cross-sections of beams were demonstrated in Figure 1.

a) b)
Figure 1. The cross-sections a) triangle and b) hexagon.

The beams were modelled under free and clamped boundary conditions. Sweep mesh type was
employed for mesh operation. Cantilever beam and homogenous structural solid geometry for
SOLID186 element were shown in Figure 2.

MN.OPUNVWX

E

?e:rahedraé Option
MM O PUNWX

a) b)
Figure 2. a) Cantilever beam and b) SOLID186 homogenous structural solid geometry [12].

4. RESULTS AND DISCUSSIONS

In order to optimize the levels of ceramic materials and the cross-sections of beams on free
vibration, modal analyses were conducted using L8 orthogonal array based on Taguchi method.
S/N ratio data were calculated for the finite element results using the statistical method. Results
obtained for finite element and S/N ratio were tabulated in Table 3.

Table 3. Frequency and S/N ratio results for L8 orthogonal array.
Control Factors Results
Frequency S/N ratio

Run  Designation Ceramic Type Cross-Section

(Hz) (dB)

1 Ai1B1 Zr0; Triangle 1395.30 62.8934
2 Ai1B: Zr0; Hexagon 1793.21 65.0726
3 A2B1 SizNg4 Triangle 2293.38 67.2095
4 A2B; SizNg4 Hexagon 2947.40 69.3888
5 AsB1 AlO; Triangle 1966.71 65.8748
6 AsB: AlO; Hexagon 2527.57 68.0541
7 A4B; SiC Triangle 2268.31 67.1140
8 A4B; SiC Hexagon 2915.18 69.2933
Overall Mean (T,) 2263.38
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Finite element approach was carried out for the fundamental frequency of each beam using
ANSYS software. Results obtained for eight analyses were given in Figure 3 as visually.

AN AN
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Figure 3. Fundamental frequency analysis for finite element approach.

132



Evran, International Journal of Engineering and Innovative Research 2:2 (2020) 129-136

4.1. Examination of Optimal Levels

In order to examine the optimal levels of control factors such as ceramic material types and
cross-sections of the beams, average finite element data and their S/N ratio data for each level
of all control factors based on numerical fundamental frequency and S/N ratio data were
calculated using Minitab statistical software. Results found were presented in Table 4.

Table 4. Response table for S/N ratio and frequency.
S/N ratioindB Meanin Hz

Level

A B A B
1 63.98 65.77 1594 1981
2 68.30 67.95 2620 2546
3 66.96 2247
4 68.20 2592
Delta 4.32 2.18 1026 565
Rank 1 2 1 2

As can be seen from Table 4, optimum levels of ceramic material types and cross-section of the
beams are found as second levels. Therefore, the maximum numerical fundamental frequency
result was obtained hexagonal beam made of Silicon nitride. In order to see the impacts of every
levels of control factors on the numerical fundamental free vibration analysis, average S/N ratio
data for each level of control factors were plotted and were presented in Figure 4.

Control Factors

Ceramic Type Cross-Section

68.5
68.0
67.5
67.0

66.5 -
66.0
65.5 1

Mean of S/N ratios in dB

65.0 1
64.5
64.0

Levels
Signal-to-noise: Larger is better

Figure 4. Impacts of ceramic materials and cross sections at different levels.

It can be seen from Figure 4 that free vibration of beams increases from the first level to the
second level whereas decrease from the second level to third level. However, free vibration of
beams increases from the third level to the fourth level. For the cross-sections of beams, free
vibration increases from level 1 to level 2.
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4.2. Analysis of VVariance

Analysis of variance (ANOVA) was employed to see impact ratios of control factors on
fundamental frequency results and to obtain significant control factors at 95 % confidence level
using Minitab statistical software. Result solved for R-Sq = 98.95% and R-Sq (adj) = 97.55%
were illustrated in Table 5.

Table 5. ANOVA for fundamental free vibration.

Source DF SeqSS AdjMS F P % Effect
A 3 1366543 455514 64.210 0.003 67.45

B 1 638258 638258 89.970 0.002 31.50
Error 3 21282 7094 1.05
Total 7 2026083

Table 5 indicates that the control factors have powerful impacts on free vibration of the beams
owing to P < 0.05 data. Also, the percent contribution ratios of control factors on fundamental
frequency of the beams are found as 67.45 for ceramic material and 31.50 for the cross-section
of beams.

4.3. Estimation of Optimum Fundamental Frequency

Prediction of optimal fundamental frequency was carried out using the significant control
factors including the optimal levels for the maximum response. According to analyses of signal-
to-noise and variance, the optimal result for the free vibration characteristic at the maximum
level was found using control factors called A and B at the second levels. The predicted mean
of free vibration characteristic for the first mode can be computed using Equation 2 [11].

l’la:A_2+B_2_T(x (2)

For Equation 2, A, and B, were calculated to be 2620 Hz and 2546 Hz, respectively following
analysis of signal-to-noise. These data for means were presented in Table 4. Also, T, is the
overall mean for Taguchi L8 orthogonal array with two control factors and this data was given
as 2263.38 Hz in Table 3. Substituting numerical data of different terms in Equation 2, p, is
computed to be 2902.62 Hz. Confirmation analysis and the population at the 95 % confidence
intervals were computed following Equation 3 and Equation 4 [11], respectively.

1 1p*®
Clca = (F(x;l;nzverror [l’l_ff + E]) ©)
e
F . . V 0.5
Clpop — ( a,l,:lz fferror) (4)
e
N
(5)

Neff = ————
¢ (1 + Tpor)

where, o = 0.05 describes the risk and n = 3 points to the error value for degree of freedom in
ANOVA in Table 5. Fy o5.1.3 is taken to be 10.13 [11] and this data was given in F ratio table
associated with 95 % confidence interval. Veror = 7094 implies the error value for variance
according to ANOVA data. R was utilized the sample size of confirmation numerical analysis
of free vibration for the first mode and this value is operated as 1. Tpor Symbolizes the total
number of degrees of freedom for the powerful control factors in ANOVA and this value was
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employed to be 4. N implies the total number of finite element analysis and it was determined
to be 8 for Taguchi’s L8 orthogonal array as shown in Table 3. Thus, n.r was found to be 1.6.

Clcaand Clpop were analyzed as 341.72 + and + 211.93, respectively. The expected confidence
interval for confirmation numerical analysis [11] is:

Mean p, — Clga < pg < Clga + Mean p,
The population connected to the 95 % confidence interval [11] is:
Mean p, — Clpgp < py < Clpgp + Mean

The fundamental frequency for the first mode and predictive results for the optimum level using
predicted confidence intervals were listed in Table 6.

Table 6. Optimum response.
. . Numerical Predictive Predicted Confidence Intervals
Designation .
Result Result for 95% Confidence Level
2560.9 < p,< 3244.34 for Clca

2690.69 <p, < 3114.55 for Clpop

AzB 2947.40 Hz 2902.62 Hz

5. CONCLUSIONS

Impacts of the cross-sections and ceramic materials on the fundamental free vibration behavior

of beams were analyzed using 3-D finite element model based on ANSYS software. The

numerical analyses were performed using Taguchi’s L8 orthogonal array which has two control

factors. The levels of the first control factor were assumed as triangular and hexagonal cross-

sections while the levels of the second control factor were considered as ceramic materials such

as Zirconia (Zr0O.), Silicon nitride (SizN4), Alumina (Al>Os), and Silicon carbide (SiC). The

significant levels and percent contribution rate of the cross-sections and ceramic materials on

fundamental frequency analysis were carried out using ANOV A while the effects of the control

factors were performed using S/N ratio analysis. The following conclusions are noted from this

study:

e The maximum fundamental frequency result was obtained using hexagonal cross-section of
beam designed from silicon nitride.

e The percent contribution ratios of control factors on numerical fundamental free vibration
of the beams were found as 67.45 for ceramic material and 31.50 for cross-section of beams.

e Ceramic materials and the cross-sections were carried out to be the significant control
factors owing to P < 0.05.

e The maximum impact was occurred in free end of beams while the minimum impact was
determined in clamped end.

e The free vibration behavior of the beams with triangular cross-sections are smaller
compared to the beams which have hexagonal cross-sections.

e Estimated optimum fundamental frequency at 95 % confidence intervals was obtained to be
2560.9 < p,< 3244.34 for Clca and 2690.69 <p,< 3114.55 for Clpop.
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ABSTRACT: It is extremely important for candidate engineers of today to be raised as equipped engineers who
have grasped the importance of technology throughout their education life and who use it effectively and
efficiently, are aware of the responsibilities brought by their profession, can generate practical and analytical
solutions when faced with problems, constantly follow the developments in their professional field, are aware of
lifelong learning, can apply their knowledge acquired during their academic life to life, and briefly who can fulfill
the requirements of the age of technology. In a sense, candidate engineers need to have the knowledge, skills and
self-confidence to effectively use technology during the education process so that they will be able to fulfill all the
aforementioned requirements. In this context, in terms of professional development, it is important for candidate
engineers to have an insight about computer software related to their professional fields and improve themselves
continuously in this regard. By the courtesy of computer software packages, which have developed rapidly in
recent years, design and analysis of an engineering system can be done by software packages based on theoretical
principles on the basis of standards and regulations. In this context, the fact that the engineer candidates can use
the package programs related to their professional fields is an important factor in terms of employment. The aim
of this study was to gain insight into the knowledge and awareness of Civil Engineering students about the package
programs related to their professional fields, which programs will also contribute to their employment after
graduation, and to learn their interest in using these programs. In accordance with this aim, the idea to conduct
this descriptive study emerged in order to determine the attitudes and skills of the students from the Department
of Civil Engineering, Faculty of Technology, Isparta University of Applied Sciences to using the package programs
related to their professional field and knowing programming languages. In this study, a survey was conducted on
a total of 311 students studying at the Department of Civil Engineering, Faculty of Technology, Isparta University
of Applied Sciences during the academic year 2018-2019 to measure their knowledge and usage of package
programs. The analyses were performed by SPSS statistical package program, and tests such as frequency analysis,
variance analysis, t-test and reliability analysis were used to analyze data. In the light of the data obtained, it was
investigated whether the attitudes of the students to using package programs showed any significant differences
by variables, including class level, gender, purpose of using computer and using package programs.

Keywords: Civil Engineering, Technology, Computer, Professional Software, Package Program, Program
Languages.

1. INTRODUCTION

Technological advances force companies to hire employees well-trained in the field of
computer. University education is one of the most important opportunities to have an education
and gain knowledge in this field before stepping into the business life [27]. When today's
conditions are examined and based on estimations regarding scientific and technological
advances that can be seen in the near future, it is clear that the new generation Civil Engineers
should be trained as engineers who can think, produce solutions to problems, are open to
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innovations and interpret such innovations [14]. Use and dissemination of information
technologies in areas such as engineering education that use, produce and, in short, reform
technology is inevitable [2].

Computer programs, developed in recent times that analyze and design are among the most
important factors that led to the analysis phase [1]. The possibilities offered by the computer
package programs have shown their effect especially in the field of engineering. Computer
technology and special technical software are so developed that engineers and computers have
become an inseparable duo [11]. Today, software designed for construction companies, capable
of managing all field activities, project management, financial and operational activities, has
started to be used in the construction sector [22].

Since computer package programs make it possible to design, plan, analyze and report
processes in a fast and practical way, designers of software offer training and enhancement
support, programs are able to constantly upgrade themselves according to new developments,
and have visual features, the use of package programs has become widespread. Now, many
engineering problems can be solved with advanced computer package programs. Therefore, it
would be useful to look at students' knowledge, skills and attitudes for use of these programs in
order to enable them to use the computer package programs related to their professional fields
in an appropriate and effective manner throughout and after their engineering education.

When the literature is examined, it is seen that the researchers are working on engineering
education and these studies are increasing day by day. Studies conducted on this subject matter
include, among others, engineering education [6], civil engineering education [38], [4], [5],
[37], [26], [7], three-phase laboratory teaching and learning methodology in the engineering
education [10], efficacy of e-learning and traditional learning in the construction safety
education [16], use of computer in engineering and architecture education [30], [28], [18]
importance of the computer-assisted education in professional development [15], efficacy of
health and safety training in the construction industry using traditional tools and computer-
assisted technologies (H&S) [13], computer software and communication technologies in the
construction industry [39] and [22], Building Information Model in the construction industry
(BIM) [12] and [29], use of the PpcProject software in the Software Project Management for
educational purposes [32], use of three-dimensional (3D) and Virtual reality (VR) models in
the civil engineering education [33], examination of advantages offered by Autodesk Developer
Network (ADN) and Academic Partnership (AP) programs in terms of university education
[35].

In this study conducted by [3], a questionnaire was applied to the fourth grade students studying
in Civil Engineering departments of Cukurova University, Erciyes University and Gazi
University in order to determine the deficiencies of civil engineering education, and as a result
of questions posed in order to ascertain competence of students terms of "Level of Use in
Package Programs and Software", it was concluded that the students were competent in using
MS Office and AutoCAD software but they found themselves incompetent in the use of
structure analysis package programs. In the study conducted by [21], a questionnaire was
applied to the senior students of the Civil Engineering Department of Gazi University Faculty
of Engineering in order to determine factors involved in selection of the graduation project and
the project process and it was found out that very few students used programming language in
their projects and majority of students did not want to use software programs. According to
[26], it has been suggested that classes for teaching package programs becoming increasingly
widespread at universities may lead to an extremely wrong and dangerous thought in students
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that theoretical knowledge and classes are unnecessary and may, in turn, help engineers with a
poorly developed theoretical foundation who are good at inputting data into package programs
graduate from universities, causing a decrease in the quality of engineering services. In this
study, it is emphasized that the necessary limit should be set for use of package programs in
education programs, importance should be attached to the selection of package programs taught
and the fact that these programs cannot replace the thought of engineering and an awareness
should be raised in students. Improving students' ability to write programs in at least one
computer language would be more beneficial in terms of improving the quality of engineering
services.

This study emerged from the understanding that it would be beneficial for the employment of
students to explore their interest and desire to learn package programs and to show the extent
to which they benefited from computer technology. In this context, a questionnaire study was
conducted in order to measure attitudes and skills of the students from the Department of Civil
Engineering, Faculty of Technology, Isparta University of Applied Sciences for using the
package programs related to their professional field.

The study, answers to the following questions were sought:
Among students of Civil Engineering:

1. What is their level of learning the computer software related to their field of profession?
2. What is their level of knowledge and skills about learning package programs?
3. What do they think about the inclusion of package programs in teaching?

2. STUDY GROUP

The study group of the research consists of 709 students studying in Civil Engineering
Department, Faculty of Technology of Isparta University of Applied Sciences in the fall
semester of 2018-2019 academic year. In this study, no sample selection was made and students
in all classes were included in the research. However, only those who volunteer were included
in the research for participation and no measurement tool was applied to those not wishing to
take part. Demographic data of 311 students who participated in the study is given in Table 1.

Table 1. Demographic information of the students that participating in the research.

Variables | Categories f %
Gender Male 244 78.5
Female 67 21.5
17-21 128 41.2
22-26 169 54.3

Age 27-31 8 2.6
32-36 6 1.9

1. Education 179 57.6

Education =51 cation | 132 | 42.4
1. Class 55 17.7
2. Class 44 14.1
3. Class 97 31.2
Class

4. Class 115 37.0
TOTAL 311 | 100.0
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3. METHOD

In this study, the answer for the question "What are knowledge and skills of Civil Engineering
Department students for using a package program in their field of profession and their attitudes
towards learning?" was sought. Therefore, as a method, it was decided to use numerical data in
order to reach large sample groups and to enable statistical evaluation in a short period of time.
The study was limited to students studying at the Civil Engineering Department, Faculty of
Technology of Isparta University of Applied Sciences.

Also, it was assumed that, during the study;

1. The students who answered the questionnaire would give sincere and objective answers to
guestions.
2. The sample would represent the population.

Permission was obtained from the Dean's Office of the Faculty of Technology of Isparta
University of Applied Sciences for the application of the questionnaire. During the study, a
questionnaire study focused on the students' learning and using competencies of the package
program was planned and, at the stage of determining the questions of the questionnaire, related
literature was screened and questionnaires conducted by [19], [20], [36], [8], [25], [9], [31],
[23], [24] were reviewed and used for the purpose of preparing questions.

The questions were presented to the opinions of 2 experts from the Departments of Computer
and Civil Engineering in order to assess the scope validity, robustness and safety of the
questions, and questions found to be unnecessary in terms of scope, language and expression
were removed following an examination based on feedbacks received from the experts and the
questionnaire was given its final shape.

Questionnaire study is composed of 3 parts and 42 items with the first part being aimed at
determining the personal details of participants (class, education, age, gender), the second part
being aimed at measuring competence in terms of computer program use and learning level of
computer programs, the third part being aimed at their perspectives about learning the use of
the package program in the field of profession, their expectations of the software they want to
learn, their suggestions on effective use of package programs in education and their attitudes
for use of programs. Path three of the study consists of five point likert scale type options such
as (1) I certainly agree, (5) | do not agree at all, which have a neutral central point and are
considered to be the most practical method of measurement. The answers given to each item of
the questionnaire were classified in the IBM SPSS Statistics 23.0 software program and
represented by numerical values.

Frequency and percentage values were calculated to interpret the demographic part of the
questionnaire. Since the part relating to questions “What are your wishes you would like to
achieve when learning the package program? and “What is your opinion about use of package
programs in your field of profession and teaching of it as a lesson?” is of the five-point Likert
type, assessment range of their arithmetic mean was found to be 0.80. Accordingly, for the
purpose of analysis of data: ranges such as 4.21-5.00 “I certainly agree”, 4.20-3.41 “I agree”,
3.40-2.61 “I neither agree nor disagree”, 2.60-1.81 “I don't agree”, 1.80-1.00 “I don't agree at
all” were taken into account. Students' average scores of attitudes towards learning and using
the package program were evaluated for each item based on these ranges. Findings about
whether or not students' attitudes towards the use of package program showed a significant

140



Cakiroglu, International Journal of Engineering and Innovative Research 2:2 (2020) 137-147

difference according to gender were determined by t test. Findings about whether or not
students' attitudes towards the use of package program in education showed a significant
difference depending on the level of class were determined by ANOVA test.

The Cronbach Alpha internal consistency coefficient calculated for the reliability of the parts
of the questionnaire regarding expectations from package program, usage and teaching
perspective regarding the package program were calculated as 0.881 and 0.883, respectively.
Accordingly, there is internal consistency between all items of the scale. According to the
findings, factor analysis was conducted to determine the construct validity of the questionnaire
and the factor loads ranged from 0.89 to 0.91, and the total variance under one factor was found
to be 55.48. Factor loads of items included in the factor vary between 0,318 and 0,831. The
factor loads of items in the questionnaire were found to be higher than 0,300. It can be said that
it is sufficient in terms of construct validity. Kaiser-Meyer-Olkin (KMO) and Barllett's Test
was found to be 0,915. It was ascertained that data are suitable for factor analysis.

4. RESEARCH FINDINGS

In this part, the findings obtained from the statistical analysis of the responses given to the
questionnaires prepared for the use of package program by Civil Engineering Department
students are given in tables. Table 2 shows students' general opinions about the items related to
their expectations from package program education. Table 3 shows the general views of
students regarding items concerning their standpoints about use of package programs related to
their field of profession and teaching of such programs as a lesson.

Table 2. Views on the question “What are your wishes you want to be met while learning package program?”.

(5]
(]
e
(=]
©
)
©
5 =
What are your wishes you want to be met while learning Q < ©
2 — o @
package program? S 3 ° i
(=) (&) (3]
> I — e
< = | ®
'S @ 2 = | &
£ e = c c
[<5} > (5] o o
o © e © ©
f|218 | 82 11 - -

1. Provision of practical solutions by it % 70 10126401 350 - -

f |13.80] 93 56 13 | 11
% | 44.40]29.90| 18.00 | 4.20 | 3.50
f | 166 | 100 30 13 2
% |53.40]32.20| 9.60 | 4.20 | 6.00
f| 183 | 96 25 5 2
% | 58.80|30.90| 8.00 | 1.60 | 0.60
f| 186 | 97 23 3 2
% |59.80|31.20| 7.40 | 1.00 | 0.60
f| 19 | 91 21 3 -
% |63.00|29.30| 6.80 | 1.00
f| 196 | 85 28 1 1
% |63.00|27.30| 9.00 | 0.30 | 0.30
f| 185 | 90 32 3 1
% |59.50|28.90| 10.30 | 1.00 | 0.30
f| 214 | 62 27 8 -
% 168.80|19.90| 8.70 | 260 | -

2. Turkish is its language

3. It's easy to install

4. It is easy to learn and comprehensible

5. It's compatible with the computer hardware

6. It accelerates the project and design process

7. Availability of the technical support service

8. Regular updates

9. It is affordable
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96.50% (300 students) stated that they wanted it to offer practical solutions while learning
package program, whereas 3.50% (11 students) stated that they were undecided. 92.30% (287
students) expressed a positive opinion that it would accelerate the student project and design
process and 1.00% (3 students) stated that this expression was not effective in learning the
program.

Table 3. Views on the question "What is your opinion about use of package programs in your field of profession
and teaching of it as a lesson?”.

— —

@ 2 E

o g @

What is your opinion about use of package programs in your field & > § §
of profession and teaching of it as a lesson? %‘ N ® 2 2
s g |28 = | £

ju = 2o c c

8| ® &8 8| 8

— — - O — —

1. It is useful to use package programs in vocational lessons f | 198 | 87 24 L L
' ' % |63.70(28.00| 7.70 | 0.30 | 0.30
2. Theoretical and practical information can be used together | f | 164 | 109 36 1 1
with the package program. % |52.7035.00| 11.60 | 0.30 | 0.30
3. Package programs contribute to the learning process while| f | 174 | 99 33 4 1
practicing. % |55.90(31.80| 10.60 | 1.30 | 0.30

f | 144 | 83 69 13 2
% |46.30(26.70 | 22.20 | 4.20 | 0.60
f| 76 95 85 44 | 11
% |24.40|30.50 | 27.30 | 14.10| 3.50
f | 147 | 102 | 49 10 3
% | 47,3 | 328 | 158 | 3.2 1
f| 94 | 120 | 66 23 8
% |30.20(38.60 | 21.20 | 7.40 | 2.60
8. I have gained basic knowledge about package programs for the | f | 116 | 98 53 29 15
first time at the university. % |37.30(31.50| 17.00 | 9.30 | 4.80
f| 119 | 117 | 58 12 5
% |38.30(37.60| 18.60 | 3.90 | 1.60
10. Even though | take package program lessons, | am unableto| f | 80 93 72 46 20
draw projects. % | 25.7029.90 | 23.20 | 14.80 | 6.40
11. | think that | am sufficient in terms of entering the project| f | 81 | 101 90 29 10
data into the program, analyzing and interpreting the results. % |26.00|32.50| 28.90 | 9.30 | 3.20
f| 125 | 121 | 48 13 4
% [40.20(38.90| 15.40 | 4.20 | 1.30
13. A certain level of foreign language proficiency is required to| f | 147 | 115 45 3 1

4. Package program courses must be compulsory course.

5. I have enough knowledge about package programs.

6. I am in need of education on package programs.

7. | keep abreast of package programs related to my field.

9. I can learn to use a package program at the university.

12. 1 am more interested in classes related to package programs.

learn the program. % |47.30(37.00| 14.50 | 1.00 | 0.30
14. I have to have a good command of the program to advancein | f | 172 | 90 41 8 -
the professional field. % |55.30(28.90| 13.20 | 2.60 | -

f| 135 | 105 | 55 11 5
% [43.40(33.80| 17.70 | 3.50 | 1.60
16. | can also learn the package program by myself without | f | 99 94 90 24 4

15. I can improve myself on package programs after graduation.

education % |31.80(30.20| 28.90 | 7.70 | 1.30
17. | think that one is required to be knowledgeable about the | f | 181 | 90 32 6 2
package program for a job. % |58.2028.90| 10.30 | 1.90 | 0.60

91.70% (285 students) agreed that “It is useful to use package programs in vocational courses”,
7.70% (24 students) stated that they were undecided and 0.60% (2 students) stated that they did
not agree. 87.70% (273 students) expressed positive opinion for the phrase “Package programs
contribute to the learning process while practicing”, 10.60% (33 students) neither agreed nor
disagreed and 1.60% (5 students) stated that it would not make a contribution. 73.00% (227
students) of the students agreed that “Package program courses should be compulsory course”,
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while 4.80% (15 students) stated that they did not agree and 22.20% (69 students) stated that
they were undecided. 80.10% (249 students) stated that they needed education on package
programs, whereas 4.20% (13 students) stated that they did not need education on package
programs. 15.80% (49 students) stated that they were undecided. 75.90% (236 students) agreed
with the phrase “I can learn to use a package program in the university” while 5.50% (17
students) stated that they did not. 18.60% (58 students) stated that they were undecided. 79.10%
(246 students) stated that they were interested in the courses related to the package programs,
while 5.50% (17 students) stated that they did not agree. 15.40% (48 students) stated that they
were undecided. 62.00% (193 students) stated that they agreed with the item "I can learn the
package program by myself without education.” while 9% (28 students) stated that they did not
agree with the idea that they could learn it by themselves. 28.90% (90 students) stated that they
were undecided.

Table 4 shows Independent Sample t-test for the gender factor in order to measure their
willingness to learn the package program according to independent variables and their skills
and knowledge in using the program, whereas Table 5 shows one-way variance (ANOVA)
analysis comparisons for comparison of their perspectives about learning to use the package
program according to their class levels. Level of significance was taken as p<0.05.

Table 4. Distribution of students' views about their willingness to learn package program and teaching of it as a
lesson according to gender variable and results of t test.

Items Gender n X S t p

Wou_ld you like to learn a packgge program| Male 244 1.71 1.115 1,607 0.109
relating to your field of profession? Female 67 1.48 0.841 ' '
What are your wishes you want to be met| Male 244 1.58 0.579 5114 0.033
while learning package program? Female 67 1.42 0.409
What is your opinion about use of package| Male 244 1.91 0.560

rograms in your field of profession and -0.248 0.804
'?eat?hing of it gs a lesson? P Female 67 1.92 0.527

When the table was examined, there were no significant differences according to gender in the
opinions of students about the items in parts of "Would you like to learn a package program
related to your field of profession? (P> 0.05) and "What is your opinion about use of package
programs in your field of profession and teaching of it as a lesson?". A significant difference
was found in items relating to the group "What are your wishes you want to be met while
learning package program?”. Male students' willingness to learn package programs is higher
than female students.(X = 1.71)(X = 1.48) Female students' attitudes towards using package
programs and teaching of it as a lesson were better than male students with a little
difference.(X = 1.92)(X = 1.91)

Table 5. Results of the one-way variance (ANOVA) analysis comparisons for comparison of their perspective
differences about learning to use the package program according to their class levels.

Items Class n X S f p
How did you learn to use computer L. Class 55 1843 | 0.1012
software related to your field of g g:gzz g;’ i;?g 8(1)338 1.813 | 0.145
o . . .
profession 4.Class | 115 | 1.801 | 0.1399
. 1.Cl 55 1.730 1.1130
Would you like to learn a package 5 Clgzz 24 1390 07540
program relating to your field of 3' Class 97 1.580 0.9880 2.003 | 0.114
A . . .
profession 4.Class | 115 | 1.810 | 1.1840
What are your wishes you want to be met| 1. Class 55 1.477 0.4629 0950 | 0417
while learning package program? 2. Class 44 1.472 0.4923 ' '
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Items Class n X S f p
3. Class 97 1.549 0.5576
4. Class 115 1.602 0.6011

Opini bout f K 1. Class 55 1.972 0.5371
pinion about use of package programs —-=p. ) 1035 1 05183

in your field of profession and teaching of 3 Class 97 1949 05544 1.680 | 0.171
it as a lesson

4. Class 115 1.821 0.5650

Tukey HSD test was conducted to determine the group in favor of which the difference was
(Table 6-8). As seen in the tables, there was no significant difference between the opinions in
the items according to the class variable (p> 0.05).

Table 6. Results of Tukey HSD test according to students' willingness for learning the package program and the
class variable.

Class _Mean p
Difference
2. Class 0.341 0.386
1. Class 3. Class 0.150 0.836
4. Class -0.081 0.966
1. Class -0.341 0.386
2. Class 3. Class -0.191 0.754
4. Class -0.422 0.113
1. Class -0.150 0.836
3. Class 2. Class 0.191 0.754
4. Class -0.231 0.389
1. Class 0.081 0.966
4. Class 2. Class 0.422 0.113
3. Class 0.231 0.389
Table 7. Results of Tukey HSD test according to wishes of students they want to be met and the class variable.
Mean
Class Difference P
2. Class 0.005 1.000
1.Class 3. Class -0.072 0.866
4. Class -0.125 0.509
1. Class -0.005 1.000
2. Class 3. Class -0.076 0.870
4. Class -0.130 0.545
1. Class 0.072 0.866
3. Class 2. Class 0.076 0.870
4. Class -0.053 0.896
1. Class 0.125 0.509
4, Class 2. Class 0.130 0.545
3. Class 0.053 0.896
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Table 8. Results of Tukey HSD test according to students' point of view regarding field of profession and use of

package program as well as teaching of it as a lesson and the class variable.
Mean
Class Difference P
2.Class | -0.013 0.999
1. Class 3. Class 0.024 0.994
4. Class 0.152 0.335
1. Class 0.013 0.999
2.Class 3. Class 0.037 0.983
4. Class 0.165 0.331
1.Class | -0.024 0.994
3.Class 2.Class| -0.037 0.983
4. Class 0.128 0.333
1.Class | -0.152 0.335
4.Class 2.Class| -0.165 0.331
3.Class | -0.128 0.333

4. CONCLUSION

Today, analysis and design of building systems can be carried out with computer programs
including advanced analysis techniques in accordance with international and earthquake
regulations. It can be said that keeping abreast of programs related to the field of profession and
having a good command of such programs would give the civil engineer an important advantage
in terms of employment since the technological developments are so fast that the programs in
this field will increase continuously and improve themselves.

Therefore, first of all, students' knowledge, skills and attitudes should be considered in order to
enable civil engineering students to use computer package programs related to their professional
fields in a beneficial and effective manner throughout and after their engineering education. In
this study, it is aimed to investigate the interest and willingness of students of the civil
engineering department in learning package programs.

Based on the data obtained from the study, it was determined that the students did not have
enough information about the use of package programs. 80.10% (249 students) stated that they
needed education on package programs whereas 4.20% (13 students) stated that needed no
education. 15.80% (49 students) stated that they were undecided. 75.90% (236 students) stated
that they agreed with the phrase "I can learn to use package program in university" and 5.50%
(17 students) stated that they did not agree with this phrase. It was observed that students had
positive attitudes towards the use and learning of vocational package program applications.
91.70% (285 students) of the students stated that it would be beneficial to use package programs
in vocational classes. 87.70% (273 students) found positive the statement "Package programs
contributed to the learning process while practicing” and 1.60% (5 students) stated that they did
not think that it would make any contribution. 79.10% (246 students) stated that they were
interested in classes related to the package programs, while 5.50% (17 students) stated that they
did not agree with this. 15.40% (48 students) stated that they were undecided.

In this context, in order to increase students' interests and attitudes, it is thought that it would
be useful if educational institutions improved their technological infrastructure to a possible
extent throughout the education and taught basic principles of software as well as basic lessons
in vocational classes. However, it should be emphasized that the student needs to examine,
interpret and control the results obtained from the program at all times during the education.
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