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A Research On Determining The Efficiency Of
Some Greenhouse Cooling Systems'

Atilla COLAK?
Ozet

Baz1 Sera Sogutma Sistemlerinin Etkinliginin Belirlenmesi
Uzerine Bir Arastirma

Aragtirma, 3 farkli sogutma sisteminin etkinliginin belirlenmesi amaciyla
yapilmistir. Bu amagla, 4 adet PE ortiili sera kullanilmistir. Biri kontrol amaglt bu
seralarin {izeri, tiimiini kaplayacak sekilde % 30 gdlgeleme yapilmistir. Arastirmada
en diistik sera i¢i sicakligi fan-ped sogutma sisteminde, en diisiik bagil nem ise soguk
hava {iflemeli sogutma sisteminde elde edilmistir. Tim seralarda elde edilen
sicakliklarla ¢evre sicakligi arasindaki iliski 6nemli bulunmustur.

Anahtar kelimeler: Sera, sogutma, fan-ped, sisleme sistemi.

Introduction

To meet the heat and light requirements of plants at the lowest
cost, the greenhouses were covered with a transparent material that
allowed sunlight to pass through it. Although this method has very
important benefits during winter months when the ambient temperature
and solar radiation levels are low, it causes an excessive increase in heat
after the month of April. A healthy environment for plant production is
only possible if this excess heat is prevented (5).

There are two methods by which excessive heat in the greenhouses
may be prevented. The first one is by shading, which lessens both the
amount of heat energy coming from the sun and its effect on the plants.
The second one is by ventilation or cooling, which prevents excessive air
and high plant temperatures by allowing for the release of a certain amount
of heat (7). Good ventilation should provide an internal temperature as
close as possible to the ambient temperature, especially during the cooler
months (9).
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In order to be able to provide an internal temperature that is lower
than the ambient temperature, it is necessary to release excess heat. This is
done by cooling: evaporative cooling methods are the most economical.

The evaporative cooling system is more effective under conditions
of high temperature and low relative humidity and, if used in conjunction
with shading, sufficient cooling can be provided (8). In Montero et al.’s
study (10), in an experimental greenhouse where evaporative cooling and
fogging evaporative cooling were applied, 3 °C average and 5 °C lower
maximum temperatures were obtained than in the control greenhouse. In
principle, evaporative cooling under hot weather conditions is an operation
in which latent heat is converted into sensible heat (6).

In the greenhouses, two systems of evaporative cooling were tried,
fan-pad cooling and fogging (3).

Under desert climate conditions, the fogging system provided
more uniform greenhouse internal temperatures and a better relative
humidity than the fan-pad cooling system (8,1).

Material And Methods

For this research, four greenhouses were used, with identical
equipment, apart from cooling systems (Table 1). Three different cooling
systems were used in the greenhouses and the cooling was controlled by
an automatic control system. A data measurement / recording system was
also used. It was used an air blowing cooling system in greenhouse 1 and a
spray-cooling system in greenhouse 2 and a fan-pad cooling system in
greenhouse 4. Greenhouse 3 was the control.

Table 1. Technical Specifications of an Experimental Greenhouse.

Greenhouse’s Explanations

-Width / length/Gutter height/ Direction | 6/ 12 /2.25 meters/ North — South
-Construction Tunnel roof — galvanised twist steel
-Covering material UV added, 0.3 mm transparent PE
-Shading 30 % green coloured, knitting PE
-Irrigation system Drip irrigation system

-Ventilation system Continuous side ventilation

In the research, all four greenhouses were shaded in an equal ratio.
The system of greenhouse 1 is installed outside the greenhouse and
consists of an evaporative surface and room, fogging hoods and fan; the
internal system consists of an air distribution tunnel (Fig. 1).

When the fan of Greenhouse 1 shown in figure 1 started to blow
the air in room B into an air tunnel, a negative pressure was formed in the
evaporation room. This negative pressure allowed external air to enter the
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evaporation room through evaporation surfaces and air inlets shown in A.
During this operation, a negative pressure formed in the evaporation room
and on internal parts of the evaporation surface. This accelerated the inlet
of water through the air inlet tunnels, which transformed the water from a
fine spray into a vapour in the evaporation room. At the same time, the
influence of the sun’s rays on the evaporation surface caused a very fast
evaporation and carried a part of the energy from inside the unit to outside.
The energy transportation and the fast evaporation in the evaporation room
together decreased the air heat from outside. The cooled air was
distributed into the greenhouse homogeneously by air tunnels.

Greenhouse side wall

/
Fan Evaporation surface A Air

o

Air tunnel O

Q O

Air outlets

Mist
sprayers

Figure 1. Air blowing cooling system.

In this research, in order to control the performance conditions of
the cooling system, a room type thermostat measuring the greenhouses’
internal temperatures were used, and it directed the current according to
this temperature. The switches were controlled by time relays and
contactors, which were regulated by the thermostat.

Two valves were installed to the outlets of the pressure tank. One
valve gave pressured water to Greenhouse 1 and the second one to
Greenhouse 2. When the air temperature measured in Greenhouse 1
exceeded 30 °C, the related fan started to work. When the greenhouse’s
internal temperature dropped below 28 °C, thermostat stopped the fan.
When in use, Greenhouse 1’s fan performed continuously and the valve
stayed open for 5 seconds every 60 seconds.

In Greenhouse 4 when the air temperature exceeded 30 °C, the
motor pump giving water to the pads of the fan-pad cooling system started
to work and then stopped when the temperature dropped below 28 °C.

To reveal the efficiency of the cooling systems, features such as air
temperature, relative humidity and solar radiation intensity values were
stored on to a hard disk.

After installing shading and cooling systems for the greenhouses,
the land was cultivated as necessary, and cucumbers were planted in the
greenhouse on 2 ™ July 2000. These were laid in double row spaces of
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0.5/1.0 m and in each row at 0.5 m. When the plants had 4 or 5 leaves, two
tension meters were established into 0-30 cm and 30-60 cm depth in each
greenhouse to program the irrigation. At the same time,
temperature/relative  humidity/solar radiation intensity sensors were
installed to 150 cm height outside and in the middle of the greenhouses.
The performance of the cooling system and data measurement/ recording
system was controlled for 20 days. Later, sensors were installed and
programmed to measure and record the temperature, relative humidity and
solar radiation intensity every 15 minutes starting 2 ™ August 2000.

Data measurement and recording continued up to 26 th August
2000. To determine the activity of the cooling systems and to benefit from
the values of solar radiation intensity and temperature measured outside,
any values measured and recorded below 30 °C during the day and night
were left out of the evaluation. The data was evaluated by variance
analysis, regression analysis and LSD test statistics methods (11).

Results And Discussion

August 2000 was an extreme year because of its high temperatures
when the research data were taken. During this period, when data were
measured in the shade, the outside temperature changed from 29.9 °C to
42.5°C, with an average temperature during daylight hours of 35.2 °C.

Except for shading, Greenhouse 2 was fogged at intervals, and the
average temperature obtained was 31.4 °C; the maximum temperature was
44.9 °C. With this cooling system, while obtaining a lower air temperature
than that outside, the maximum inside air temperature was higher. The
fogging cooling system couldn’t provide effective cooling when the
relative humidity was high.

The cooling system in Greenhouse 1 blew the cooled air in the ext.
unit into the greenhouse and gave lower temperatures than those outside
from both an average temperature (32.8 °C) and a maximum (40.0 °C).

The lowest temperatures were obtained from the fan-pad cooling
system in Greenhouse 4. In this greenhouse, the average temperature was
30.0 °C and the maximum was 39.3 °C. For the air-proof greenhouses, the
most beneficial cooling was with the fan-pad cooling system.

During the period that the research data were collected, graphs
from the daily average temperatures recorded inside and outside the
greenhouses are given in fig. 2.

While the air temperature values of Greenhouse 3, the control,
shaded-only greenhouse, were parallel to ambient temperature values, the
air temperature values measured in Greenhouse 1 and 4 were similar and
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showed less dependence on ambient temperature values (fig. 2).
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Figure 2. Daily average temperature measured inside and outside of the
greenhouses.

A variation analysis was made by examining the difference of
temperatures inside and outside the greenhouses (Tabl. 2).

Table 2. Variation Analysis Table of the Greenhouses’ Internal and External

Temperatures.
Variance source D.F. S.T. S.A. F
Total 3134 55531.19
Between groups 4 134923 3373.075 251.1**
Error 3130 42038.89 13.43

The probability of a difference arising between the internal and
external greenhouses’ temperature coincidentally is less then 1 % (Table
2). To examine the source of this difference, the results of the LSD test
revealed that heat values measured in other greenhouses were different
from the heat values measured outside of the greenhouses, except those
values measured in the control Greenhouse 3. The cooling systems applied
in Greenhouses 1, 2 and 4 provided lower internal air temperature than
ambient temperature. Again, according to LSD results, all of the
temperatures measured in the four greenhouses were different from one
another. Whereas each of the cooling systems provided lower temperature
than the control greenhouse, and also different greenhouses had different
internal temperature values, the lowest temperature was provided by fan-
pad cooling system.

During the period that the data were taken, while the other
greenhouses’ external relative humidity was 31 %, in Greenhouse 2, where
the fogging system was used, this level was 69 %.
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Of those greenhouses with a cooling system, the lowest average
and the maximum relative humidity were measured in Greenhouse 1. A
continuous opening of the ventilation in Greenhouse 1 prevented an excess
increase in humidity. This was a conducive atmosphere for the fungus
growth. The cooling system in Greenhouse 1 could provide the lowest
temperature but, if the temperature was considered with the relative
humidity, its activity was better than the other cooling systems.

The graph showing the daily average of the relative humidity
values measured inside and outside the greenhouses was given in figure 3.
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Figure 3. Daily average relative humidity measured inside and outside the
greenhouses.

As seen in figure 3, the relative humidity values in all of the green-
houses were higher than outside. But the relative humidity in Greenhouse
2 where a fogging cooling system was applied was near to complete
saturation. The relative humidity values measured in Greenhouse 1 were at
lower levels than the others, except the control one.

To examine if there was any statistical difference between the
relative humidity values recorded both inside and outside the greenhouses,
a variation analysis was performed and the results were given in table 3.

Table 3. Variation Analysis Table of Relative Humidity Values.

Variance source D.F. S.T. S.A. F
Total 3134 1663631

Between groups 4 501942 125485 338%*
Error 3130 1.161.689 371

As seen on table 3 the probability of a difference arising between the
internal and external relative humidity values of the greenhouses coinciden-
tally is less than 1 %. To examine the source of this difference, the results of
the LSD test revealed that the average relative humidity values measured
both inside and outside the greenhouses were different from one another.
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In the research, to determine the relation between temperature and
relative humidity values, a regression analysis was performed. Between
the temperature values measured in Greenhouse 1 (t;) and ambient exter-
nal temperature (t,) values,the following regression equation was obtained.

t, =2.083+0.877-t,, r’ =0.876

r* of the regression equation revealed that the external one on a
large scale fixed the internal temperature in Greenhouse 1. A variance
analysis results of the regression showed that the probability of this
relation arising coincidentally was less than 1 %.

In the research, a spray-cooling system was applied in Greenhouse
2. The regression analysis resulted in a regression equation fixing the heat
in Greenhouse 2 (t;) dependent on ambient temperature as follows.

t, =1.666+0.842 1, r’=0.61

As seen in the equation, 1° expressing the regression relation was
lower than in Greenhouse 1. This reveals that the temperature in
Greenhouse 2 was more independent from ambient temperature than
Greenhouse 1. A variance analysis results of the regression showed that
the probability of this relation arising coincidentally was less than 1 %.

In Greenhouse 4, a fan-pad cooling system, the most commonly
used in our time, was used. The regression equation giving the relation
between the temperatures values in Greenhouse 4 (t4) and ambient
temperature values as follows.

t, =8.26+0.63-t,, r’=0.72

A variance analysis results of the regression showed that the
probability of this relation arising coincidentally was less than 1 %.

Conclusion
According to variation analysis results;
1-The temperature values measured in all greenhouses were different from
the ambient temperature values. The most effective cooling was ob-
tained in Greenhouse 4 where the fan-pad cooling system was applied
2-Relative humidity values measured in all greenhouses were different
from the ambient relative humidity values. The lowest relative
humidity was obtained in the control greenhouse.
3-When the temperature and relative humidity were evaluated together,
the cool air blowing system was most effective as it caused no
excessive relative humidity increase. Its application is also easy as air-
proofing is not essential.
4-The results obtained from the research showed that the cooling system
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used in Greenhouse 1 can be applied most easily to greenhouses in Tur-
key. In the system where the air is cooled outside the greenhouse, and
delivered into it by distribution tunnels, the excess greenhouse internal
relative humidity problem was not considered. Studies on increasing
the vaporisation room activity in the system will provide great
contributions to greenhouse growing abilities.

Summary

The aim of this research was to determine the efficiency of three different
cooling systems. In order to accomplish this, four greenhouses were built, with 30 %
of the buildings in the shade, and then covered with PE. One of the greenhouses
served as a control. In the research, the lowest temperature was obtained using a fan-
pad, and the lowest relative humidity was obtained using a cool air ventilation system.
The regression relation between the temperatures obtained in all four greenhouses and
the ambient temperature was also an important factor.
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