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Abstract: In this research, the efficiencies of two different wind machines which were set up for the frost protection in orchard have been
investigated. Wind machines are located in 150 da lemon orchard in the south of Turkey. The land is belong to Yuregir district of Adana
province. Citrus production is one of the widely-held agricultural activities, and it has economic importance for this region. Frost damages
occur from time to time on fruit trees due to the climatic conditions. It is a serious problem for fruit growers, and causes economic losses.
Wind machines are used in the region for reducing this risk. Power capacities of the wind machines used in the lemon orchard were 130 and
172 hp. Temperature and wind speed were measured at the different distances and heights in orchard for the determination of wind machine
efficiency. As a result, it was determined that the moving air layer had prevented the trees from frost, and air temperature of the orchard

increased between 0.83°C - 2.11°C.
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1. Introduction

The possibility of frost always exists at many regions where
deciduous seasonal plants are grown. For instance, the economical
loss due to frost is more than the economical loss arising due to all
other climatic reasons in USA. Low cost measures shall be taken
in order to decrease this loss. The cost of measures is closely related
with the frequency of frost, production method and value of product
(Snyder, 2001). Keeping the cost of protection as low as possible is
very important in respect of profit margin of the producer.

Various methods are being employed in order protect the
agricultural products against frost. The damages of loss may be
prevented by implementing various methods in combination when
required as well as employing a single method. The important thing
is the selection of correct and the most effective method, and
implementing it in a correct manner. Generally there are two
methods on this issue: Passive protection and active protection.
Passive protection is taking the measures, prior to the night when
frost will be observed, that will assist the protection of product
against frost. And active protection is to prevent the natural energy
loss at the night when frost is observed through energy intense
measures (heaters, water spray, wind machines etc). In this study,
wind machines being one of the active protection measures have
been addressed.

As operation principle, wind machines perform heat transfer
with forced convection. This operation is realized by the rotation of
wind machine's rotor in horizontal axis and thus transmission of air
mass to a specific distance. Wind machines, due to being able to
rotate also in vertical axis, circulate the air as to scan an area of 360
degrees and enable the wind movement.

Wind machines also enable the perceivable heat flow density to
increase downwards.  The protection amount to be applied against
frost at the place of machine is proportional to the density of hot air
layer. Wind machines, used for protection against frost, shall be
operated when the temperature is over the critical frost temperature.
However, the operation of wind machines is suggested in cases
when the difference of temperature in between heights of 1.5m and
10m are high (Snyder, 2001). There exists the automatic start-up
option according to ambient temperature on majority of the wind
machines. As an alternative to this, the machines may be operated
manually by warning of the operators via their mobile phones when
the temperature reaches critical levels. Some operators prefer
manual start-up due to the non-operation of temperature sensor or
high level of ambient wind. At plants where wind speed sensor
exists, it is suggested for the wind machines not to be operated
when the wind speed reaches 20km/h (Fraser et al., 2008).
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Researches have been made at different countries in the world
on the usage of wind machines. These researches attract attention to
the effect of usage of wind machines on the orchards and vegetable
gardens. Some examples regarding these studies have been
provided below.

Observations have been performed at an orange orchard in
Uruguay with wind machines having an engine power of 11kW.
When it had been compared with an orange orchard, which is close
to the orchard where the wind machine had been installed and
which did not have a protection against frost, positive temperature
effects and lower fruit damage had been determined (Guarga et al.,
2000). It had also been determined that a wind machine with an
engine power of 55kW had a positive effect on the temperature
level at an almond orchard in Iran (YYazdanpanah and Stigter, 2010).
Wind machines used at pear orchard at North Oregon had been
operated during the whole autumn, and it had been observed that
they had a useful effect against frost (Bates and Lombard, 1978).

There exist different methods for protecting the fruits against
frost. It is possible to heat up by the use of technologies operating
with fuel oil in order to provide protection against frost by
increasing the ambient temperature of orchards. But wind
machines show a good performance under conditions of frost.
Besides, it minimizes the requirement for labor and is more
economic than the heaters consuming fuel oil (Ballard, 1975). There
had been increase in the interest for wind machines due to their
energy saving feature and usability in all the seasons when
compared with other methods of protection against frost (Evans,
1999). Moreover, it causes smoke or air pollution at a lower level
compared to other technologies.

The purpose of this study is to reveal the effects of wind
machines used to provide solution against the danger of frost which
is one of the significant climatic problems of fruit producers. Thus,
it is being intended to enlighten the producers regarding the benefits
of wind machines and to prevent product losses.

2. Material and Method

Wind machines, being addressed in the study, consist of seven
main parts as being tower, staircase, bottom gear box, top gear box,
wind rotor, thermic engine used for machine drive and locating
platform. Wind machines comprises single wind rotor with two
blades connected to each other on the same axis. The blades are
connected with an incline of 1°C on vertical axis to the shaft of top
gear box from the middle section. The wind machines with a power
of 130 and 172HP, addressed within the scope of research, have
been indicated in Figure 1.
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Fig.1: Wind machines with thermic engine of
130HP and 172HP

A thermostat has been connected at 6m distance to the location
of the wind machines on which temperature can be adjusted. When
the ambient temperature decreases to the temperature set, the engine
of thermostat is automatically operating. Thus, monitoring of frost
can be realized automatically by the thermostat. Engines operating
with LPG and diesel are being used in the operation of wind
machines addressed within the scope of study (Figure 2).

Figure 2: Engines operating with LPG and diesel

The electric energy required for the thermostat order, which
enables automatic operation, is being provided by an accumulator
being charged by a solar cell (Figure 3).

Figure 3: Solar cell provides electric energy

Technical specifications of wind machines being addressed in
the research have been indicated in Table 1, Table 2 and Table 3.

Table 1: Technical specifications of tower

130 HP 172 HP
Construction type Cylindrical Cylindrical
Diameter 508 508
Height 10400 10400
Thickness of material 8 8
Reduction ratio 2/1 2/1
Revs per minute 5 5

Table 2: Technical specifications of rotor

130 HP 172 HP

Blade Material Rigid Rigid
fiberglass fiberglass

Number of blades 2 2
Rotor diameter (mm) 5900 6100
Width (mm) 245 245
Revs per minute (min™) 500 500

19

Table 3: Technical specifications of thermic engines

130 HP 172 HP
Fuel type LPG Diesel
Power (HP) 130 172
Engine speed (min™) 2270 2270

Implementation tests of wind machines had been performed on
a lemon orchard of 150da at province of Adana and county of
Yuregir. The over the row and between the row distance of trees
was 7m. Awverage tree height was 6m, and average crown width
was 6.9m. The land had a triangular structure.

Wind speed and temperature measurements had been performed
at distances of 5m, 25m, 50m, 75m, 100m, 125 m on a straight line
from the center of wind machines. These measurements had been
performed at heights of Om, 1m, 2m, 3m, 4m, 5m above the ground.
Wind speed measurements had been determined by digital display
propeller driven anemometer, temperature measurements had been
determined by digital display thermometer, the altitude of the region
had been determined by altitude meter and ambient pressure had
been determined by barometer. The tests had been performed at arid
and very cloudy weather when the wind speed was 0m/h.

3. Results

Wind machine’s rotor had been designed in a manner as to have
an incline of 1o0. When the rotor of wind machine rotates for once
around its own axis, it provides wind movement by composing
vacuum for once and pressure for once to each direction. By the
generated wind, the hot air at upper layer is being lowered to lower
layers. This wind movement at plant level prevents the freezing of
the plant.

At the orchard where the research was held, the altitude had
been measured as 19m and air pressure as 1006.4 hPa. The
generated air rate at optimum cycle number of the blade (500 min™)
was 26.376 m®/min with wind machine having 130HP, and 30.240
m*/min with wind machine having 172HP. The measured
temperature and wind speed values have been provided in Figure 4-
7. The data had been obtained at the position in which the machine
had generated wind for three times.
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When the results of research are examined, it is being observed
that the wind speed decreases as getting far from both wind
machines of 130HP and 172HP, and thus the effectiveness of wind
machine decreases. It is being observed that as the height from the
ground increases the value of wind speed also increases directly
proportionally.  The reason of this is the structure of trees. But, it
had been observed that the wind machine generates an air flow even
on the ground. This air flow on the ground had been determined as
0.20m/h by measurements made at a distance of 125m for both of
the wind machines (Figure 4-5).

No significant change had been observed in temperature
changes as getting far from the wind machine. Especially, the
difference of temperature in between the ground and 5m height is
more distinct. This difference is being preserved as getting far from
the wind machines. While for the wind machine of 130HP the
average of temperature difference depending on distance for
measurements made at ground and heights of 1m, 2m, 3m, 4m, 5m
had been determined as 0.82 °C, 0.87 °C, 1.13 °C, 1.37 °C, 1.58 °C,
1.81 °C respectively, these values had been determined as 0.88 °C,
0.93 °C, 1.03 °C, 1.25 °C, 1.73 °C, 2.11 °C for the wind machine of
172HP.
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4. Conculusion

As the result of use of wind machines, being among the
methods of protection against frost, the product losses may be
prevented. Within this scope, the use of wind machines especially
during growing products with high economical value is suggested.
As the result of tests made at the lemon orchard, addressed within
the scope of this study, it had been determined that the wind
machines show high performance against the danger of frost.
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