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ABSTRACT 

This research aims to study the effect of using the cooling and ventilation 

system on the production and quality of lettuce and mint crops in autumn 

and winter season. Two poly-greenhouse models were constructed at the 

Agricultural Engineering Research Institute (AEnRI), Al-Giza 

Governorate, Egypt (Latitude of 30.02˚ and longitude of 31.13˚  ( . One of 

them was equipped with photovoltaic (PV) system to feed electrical load 

of greenhouse as cooling and ventilation control system (treatment) to 

control, the maximum and minimum temperature to control the interior 

climate and the other was a traditional greenhouse (control). The plants 

were planted in a greenhouse under a hydroponic system. Results of the 

experimental work shows that the specific approach of cooling and 

mechanical ventilation for lettuce and mint crop production enhances the 

rate of growth and increasing the fresh lettuce and mint yield by 52.88% 

and 49.91%, respectively comparing with control greenhouse. 

Key words: Greenhouse, Evaporative cooling, Fan and pad cooling, 

Ventilation, Relative humidity, PV system, NFT system, 

crops lettuce and mint. 

INTRODUCTION 

he greenhouse techniques are considered among the most 

important elements of agriculture intensification. Due to the 

dramatic increase of Egypt population and its limited agricultural 

area, vertical- expansion of agricultural production is necessary. The main 

purpose of a greenhouse is to improve the environmental conditions in 

which plants are grown. Greenhouses are usually equipped with some 

environmental modification devices such as cooling, ventilation and 

heating systems. Ventilation can remove excess heat, increase air mixing, 

and reduce temperature stratification in the greenhouse (Kumar, et al 2009).  
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During autumn, in Egypt, ventilation alone is not enough to maintain 

optimum interior temperature. Therefore, water evaporative cooling 

systems and fans are usually used to reduce the interior air temperature to 

an acceptable level. The cooling of these systems is commonly 

accomplished by using an electrically driven fan, pad (Marcel., et al 

2006). The function of the fan and pad is to prevent greenhouse 

overheating and cool the plants during hot weather. Whereas, the function 

of the shading technique is to reduce the amount of solar thermal 

radiation and penetrates only the sunlight that is necessary for growing of 

plants. Therefore, to electrify the previously mentioned cooling 

equipment's that are used in remote area greenhouses it is necessary to use 

a well-designed stand-alone photovoltaic (PV) system.  

Generally, Climate control is of great importance for greenhouse 

production in order to achieve high yield and good quality crops that meet 

the demands of consumers, as well as for economical production. 

Temperature and relative humidity (RH) are two basic climatic 

parameters usually controlled by heating and ventilation equipment. It is 

more difficult to control RH than temperature because relative humidity 

not only relies on air exchange from the infiltration and ventilation, but 

also related to evaporation from growing media and transpiration of the 

plants. (Gao 2012). 

A greenhouse is a framed structure covered with a transparent material in 

which the environment can be artificially regulated to optimize the growth 

of plants. Temperature and humidity are the pre-dominant factors that 

govern the microclimate inside a greenhouse (Santosh et al., 2017). In 

the subtropical and tropical countries, the climate remains hot and humid 

for major part of a year. High temperature is detrimental for the 

cultivation of high value target crops like lettuce (Lactuca Sativa) which 

thrive at a temperature between 17 and24 °C with the maximum viable 

temperature being 28 °C (Abu-Hamdeh and Almitani, 2016). This can 

be one of the primary reasons that most of the leading lettuce producing 

regions (major part of United States of America, Spain, Italy and parts of 

China) are not located in the hot and humid subtropical and tropical parts 

of the world (FAOSTAT, 2014). 

Therefore, the main objective of this paper is to introduce a proposed 

greenhouse cooling system, which uses a stand-alone PV system to feed 



AGRICULTURAL CONSTRUCTIONS  

Misr J. Ag. Eng., April 2020                                                                                         - 215 - 

the electrical load of the greenhouse. At the same time, it introduces the 

complete sizing procedure of the greenhouse PV system. This will enable 

Egypt to face the increase in foods, in addition to increase the yield 

product per unit area of land. The present research is aimed to develop, 

construct, and test an experimental greenhouse that will be equipped with 

cooling and ventilation control system to maintain optimum growing 

environment for Lettuce and mint  growth during autumn season through 

the following specific objective:- 

1- Connecting the greenhouse to an adequate cooling system. 

2- Supplying the designed system with environmental instruments to 

control the interior climate for plant growth under environmentally 

controlled high-yield conditions as well as offering an opportunity to 

reduce the electrical energy consumption. 

3- Investigating the effect of adequate mechanical ventilation to adjust 

the relative humidity of air inside the constructed greenhouse. 

4- Comparing the productivity of the designed system with a traditional 

greenhouse that has the same shape, dimensions, cover, and 

orientation with natural ventilation. 

5- Evaluate the costs of the cooling system by using full PV electricity 

production. 

MATERAIL AND METHODS 

1. Description of the greenhouses: 

Two identical gable-even-span greenhouses were designed, constructed 

and installed on at the Agricultural Engineering Research Institute 

(AEnRI) , Al-Giza Governorate, Egypt (Latitude of 30.02˚ and longitude 

of 31.13˚(as shown in Fig.(1) . The experiments were carried out during 

the autumn months from September to October (2018/2019). Each 

greenhouse was 4.0 m long and 2.0 m wide and 2.8 heights, with a net 

floor surface area of 8 m2. The structural frame of the greenhouse is made 

of the water – galvanized pipes 0.5 inch diameter. The rafter length of the 

gable of greenhouse is 1.25m the gable height is 0.8m, and height of each 

side wall is 2m. The rafters are tilted at 30°, to minimize the side effects 

of wind load on the roof of greenhouse and to reduce the intensity of solar 

radiation during summer months. At the same time it may maximize the 

solar radiation flux incident on the inclined roof of the greenhouse during 

winter months. The greenhouse frame was covered using 0.2 mm 
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thickness polyethylene sheet. To increase and maintain the durability of 

structural frame and polyethylene cover, twenty-five tensile galvanized 

wires (0.16cm diameter) were tied and fixed throughout the rafters, 

curvatures, and vertical pipes in each side of the greenhouse frame. The 

experimental greenhouses were orientated to North-South direction. This 

direction of orientation was found to be the best direction for maximizing 

solar energy available inside the greenhouse (Arbel et al., 2003). 

The first greenhouse was used to study and test the effect of cooling the 

interior climate and mechanical ventilation on the growth and production 

of Lettuce and mint crop. This system is responsible for reducing the air 

temperature inside the greenhouse that affects the greenhouse 

environment and consequently the growing of cultivated plants. The 

proposed cooling system consists mainly, of four components. These 

components are aluminum pad, cool air fan, pump and sump. The pad-fan 

system requires sufficient makeup water to replenish the water evaporated 

from the pad into the incoming air. When large quantities of air are pulled 

through the evaporative cooling pads that are saturated with water, a 

substantial cooling effect is realized due to the evaporation of that water. 

This makeup water is supplied by a reliable pump, which pumps the water 

from sump and delivers it to the pad. Therefore, the pad can be kept wetly 

during the cooling system operation.  

This cooling technique can insure a reduction of greenhouse interior 

temperature to about 10-25oC. Evaporative cooling pad was installed in 

one end of the greenhouse with 2 m length; fully covered excluding side 

door, 0.5m height and 0.12m thickness. Pump and sump Power 55 W, 

Source of power 3000L/h. A 40 cm diameter fan with window (50 X 50 

cm). It plant by using NFT system it pushed by 75 Watt submersible 

pump. The seedling plant in plastic cups 7 cm diameters, it full by perlite 

and peat moos. Used deep water culture and its dimension 1.5m 

*1m*0.5m. 1m2 contained 24 plants. The roots of plants Submersible in 

water tank. 

PV system consists of three modules 265Weach with Charge Controller 

12/24 V, 16 A Load, 30 A Charge Current and the Battery (12 volts, 170 

Amp.h) and inverter (12/24 V DC – 1500 V AC).  
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Fig. (1):Schematic diagram showing the basic dimensions and component 

of the constructed greenhouse. 
1) solar cells modules 

3) Battery 

5) Cooling Pad 

7) Hydroponic exchange Unit 

9) Deep water culture 

2) Charge Controller 

4) Inverter 

6) Hydroponic feeding unit 

8) Cool air fan 

10) Gable-even-span greenhouse 

11) Polyethylene sheet  to cover greenhouse 

 

2. Instrumentation 

a. Thermocouples (K-type) and a data logger  (consort t851, - 200 °C to 

1370 °C range,16 input channels) were used to measure the following 

temperatures: the inlet and outlet temperatures of the greenhouse , air 

in and outside the greenhouse. 

b. Electrical thermostats (0-40 °C range) as shown figure (16) was used 

to control the water pump operation and Ventilation fans. When the 

inside temperature of the greenhouse air is upper than 20 °C, the 

thermostat operates the pump until the air temperature reaches the 

desired plant temperature. 

c. Air Velocity and relative humidity were measured with an analog cup 

anaometer model 37000-00,cole pormer instrument company, 
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Vernon Hill, Illinois 60061-1844, made in USA was used to measure 

the inlet air velocity in the greenhouse with an accuracy of 0.01 m/s. 

d. Analog PH Meter and Conductivity Meter: 

e. Voltage and Current emitted by the three photovoltaic panels was 

measured with the digital multi meter. 

3. Calculations 

3.1. Cooling efficiency(η, %) 

) x   100 , % aowT - ao÷ T padT - aoη = ( T 

Where, Tao, is the outdoor air temperature in ºC, Tpad, is the cooled air just 

leaving the cooling pads in ºC, and, Taow, is the wet-bulb air temperature 

of the outdoor in ºC. 

3.2. Heat losses from the greenhouse  

a. Heat flow through the polyethylene  

Heat flow through the greenhouse covering materials (walls and roof) 

during the heating season is represented the greatest losses with respect to 

the other energy losses from the greenhouse. It is generally related the 

temperature difference between the inside and outside temperature by the 

overall heat transfer coefficient as following  

        (Ibrahim, 2000 and Abdel-Lattif, 

1993) 

Where  

Qc : Heat flow, J/s;(w) 

U : Overall heat transfer coefficient ,W/(m2.°C) ; 

A : Area of greenhouse wall and roof, m2; 

Ti : Interior ambient air temperature, °C; 

To : Exterior ambient air temperature, °C. 

b. Energy loss via ventilation   

Heat loss via ventilation (Qv) is approximated as follows (Ibrahim, 2000)  

Qv= Qsv + Qlv 

Where 

Qsv is the sensible heat losses via ventilation; 

Qlv is latent heat losses via ventilation; 

Qsv  =  J/s (Abdel-Lattif, 1993). 
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Where 

 Transmittance of greenhouse covering (assumed 88%);  

I Total solar radiation outside the greenhouse on 

horizontal surface        (W/m2), it was obtained from the 

weather station of the arid land and agricultural 

research and services center Faculty of Agriculture,Ain 

Shams University. ; 

 Floor area of the greenhouse,     (m2) ; 

 Mass flow rate of air kg/s = V x ρ/3600,      (Abdel-

Lattif, 1993) ; 

Where  

V= greenhouse volume x air exchange rate per hour ,(m3/ h) ; 

ρ = air density(= 1.2 kg/m3) ; 

Cp= Air specific heat    1007 J/kg. °C; 

E  = Floor use factor—ratio of ground covered by plants to 

total ground area, (assumed  0.4  ) ; 

F  = Evapotranspiration to internal solar radiation . 

c. Total losses  

Qloss= Qc + Qv 

3-3- Mechanical ventilation                                                                                              

a. Determining ventilation volume rate  

The ventilation volume rate may be calculated by the following equation  

Air volume flow rate (m3/h) = Vgh x AR 

Where 

Vgr       : Greenhouse volume, m3; 

AR        : Air exchange rate per hour 1/min 

In Summer AR = 2     1/min                    (Buffington et al., 2002). 

b. Size of the intake vent 

The following equation is used to determine the area of the air inlet   

Size of the intake vent= 
Air volumetric flow rate (m3/h) 

Maximum air speed allowed (m/h) 

Since air speed influences many factors that affect plant growth, such as 

transpiration, evaporation, leaf temperature, and carbon dioxide 
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availability, the maximum air speed allowed through the vent was used to 

be 1.27 m/s (Abdel-Lattif, 1993). 

c. Natural ventilation  

Natural ventilation depends upon the ventilation opening area’s and 

positions, to achieve the optimum air exchange in the greenhouse, the 

lateral wall opening and roof holes in the range (15- 30)% of the floor 

area of the greenhouse (Ibrahim, 2000).  

3.4. Water consumption. 

The water consumption average for each plant during ten days ( liter/day) 

for each scale. The water consumption was calculated by the shortage 

difference in nutrient solution volume between the two tanks. Also, the 

Water-Use Efficiency (WUE) was calculated for each plant, as mentioned 

by (Awady et al.,2007). 

a. Water use efficiency (WUE) 

Knowledge of water-use efficiency (WUE) is essential in crops 

management mainly in arid and semiarid regions where water resources 

are scarce for irrigation. Bar-Yosef, 2008).The water use efficiency 

calculated according to Jensen (1983) as follows: 

WUE= Y/ W  

Where;  

 WUE: water use efficiency, kg/m3 water. 

 Y: total fresh mass, kg.  

 W: total applied irrigation water, m3. 

3.5. Methodology used in the determination of the power and 

efficiency of the system: 

Measurements were performed in order to evaluate the performance of 

Photovoltaic solar system and PV efficiency under conditions of different 

parameters affecting the performance. In order to study the power 

conversion from solar radiation, the following equations were used 

Hamza and Taha, (1995). 

a. The Input Power: 

The incident solar radiation to the PV array gives the input power (Pi) to 

the system: 

Pi = G x A    (W) 

Where: G = solar radiation (W/m 2) and A = effective module cell area (m2). 
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b. PV Array Output: 

The d.c. output power (Po) from the PV array is given by: 

Po = V x I    (W) 

Where V = d.c. operating voltage (V); I = d.c. operating current (A). 

c. Array efficiency: 

Array efficiency (Ea) is the measure of how efficient the PV array is in 

converting sunlight to electricity: 

Ea = Po/Pi x 100% 

3.6. Cost analysis 

The hourly cost was included fixed costs and operating costs. The 

parameters which are considered while cost evaluation are presented  

Fixed costs: 

1-Depreciation, (L.E/year) =
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙𝑐𝑜𝑠𝑡−𝑆𝑎𝑙𝑣𝑎𝑔𝑒𝑣𝑎𝑙𝑢𝑒

𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙𝑙𝑖𝑓𝑒
 

Salvage value is 10% of original cost 

2- Interest, (L.E/year) = Interest rate × 
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙𝑐𝑜𝑠𝑡+𝑆𝑎𝑙𝑣𝑎𝑔𝑒𝑣𝑎𝑙𝑢𝑒

2
 

Interest rate is 12% 

3- Shelter, taxes and insurance, (L.E/year)   = 4.5% × 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙𝑐𝑜𝑠𝑡 

Total fixed cost, (L.E/h) = 
𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛+𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡+𝑆ℎ𝑒𝑙𝑡𝑒𝑟,𝑡𝑎𝑥𝑒𝑠𝑎𝑛𝑑𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒

ℎ𝑜𝑢𝑟𝑜𝑓𝑢𝑠𝑒𝑝𝑒𝑟𝑦𝑒𝑎𝑟
… … … … … … 

Operating costs:  

1- Repair and maintenance, (L.E/h) = 
 100% 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑠𝑡

ℎ𝑜𝑢𝑟𝑜𝑓𝑢𝑠𝑒𝑝𝑒𝑟𝑦𝑒𝑎𝑟
 

2- Labour, (L.E/h). 

3- Electricity, (L.E/h). 

Total operating cost, (L.E/h) = Repair and maintenance +Labour + 

Electricity  

Total costs, (L.E/h) = Fixed costs + Operating costs  

(Total costs per productivity, (L.E/Kg) =
𝑇𝑜𝑡𝑎𝑙𝑐𝑜𝑠𝑡𝑠,(𝐿.𝐸/ℎ)

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦,(𝐾𝑔/ℎ)
) 

RESULTS AND DISCUSSION 

1. Hourly variation of temperatures 

Figs. (2) Illustrates the average hourly temperature variation of the 

ambient, inside the treatment and control greenhouses. The results show 

that during autumn season the temperatures of the air gradually increased 

with the time, until 2:00 pm, then it reduced towards the evening. The 
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control greenhouse temperature was higher than the ambient one 

Because of the polyethylene cover that raises the temperature inside the 

greenhouse from outside; during day of course the treatment greenhouse 

temperature was lowest due to using cooling system.  

 

  

Figs. (2): The average air temperatures outside and inside the treatment 

and control greenhouses vs. time during autumn season. 

Figs. (3) Show that the temperature inside greenhouses approximately 

equals’ with some small difference but it was notes that the temperature 

beside the pad cooling continuously was lower than the center and exist. 

As a result of the presence of cooling pads saturated with water, which 

makes the degree of heat at the pads less and the further away from these 

pads the higher the temperature air. 

 
 

Figs. (3): Average air temperatures between beside pad, at center and at 

exist treatment greenhouses vs. time. 
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2. Relative humidity 

Figs; (4) discuss the relationship between the hourly relative humidity 

variations of the greenhouse during autumn season. It is clear that the 

relative humidity inside the greenhouses gradually decreased with time of 

the day at 6:00 am hour it reached to the minimum all measurements at 

4:00 pm then increased gradually at 6:00 pm. These results could be 

attributed to the fact that the level of the inside relative humidity is 

accompanied by the level of temperatures inside the greenhouses. The 

results have also show that the relative humidity of the treatment 

greenhouse is higher than the ambient air humidity and there is slight 

increase in the relative humidity of the control. 

  

Figs. (4): Average air relative humidity outside and inside the treatment 

and control greenhouses vs. time. 

Figs. (5) show that the relative humidity inside greenhouses 

approximately equals with some small different but notes that the relative 

humidity beside the pad cooling continuously was lower than the center 

and existent control greenhouses vs. time . 

3. Cooling efficiency 

The hourly cooling efficiency of pad cooling is illustrated in fig. (6).The 

recorded results indicated that the cooling efficiency was lowest in the 

morning (starting the system), because the system is not yet stabilized and 

the greenhouse effect (thermal effect) takes place. Also, the cooling 

efficiency values were lowest in the morning when relative humidity 

levels were high. Since the wet bulb depression was the highest at 12:00 

to 14:00 pm in the afternoon, when the dry-bulb temperature was 

normally at his peak, the highest efficiency of the evaporative cooling 
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was achieved. Notes the highest efficiency of cooling system at noon but 

it lowest at the morning and night, 

 

  

Figs. (5): Average air relative humidity between beside pad, at center and 

at exist treatment greenhouses vs. time. 

 
Fig. (6): Relationship between day time and cooling efficiency. 

 

4. Heat losses through the greenhouse  

 Fig. (7) are show that the results of the mean components (Qv, Qc) and 

Qtotal of the greenhouse energy loses (treatment greenhouse) during the 

day time .It can be noticed that, energy lost via ventilation increasing 

gradually from 6am to 1 pm and decreasing after 1 pm to 6 pm but the 

heat flow through the polyethylene was approximately stabile from 7 am 

to 10 am and began to increase gradually after 10 am to 1 pm, then 

decreasing after 1 pm to 6 pm. Also, it be noticed that the greatest total 

losses of the energy from the greenhouses were at about 1.0 pm the 
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reason of that is the air temperature difference between outside and inside 

greenhouse were huge. 

 

Fig. (7): Heat loss through the greenhouse during autumn season. 

5. Effect of cooling and ventilation on plant growth of lettuce and mint.  

Figs. (8), (9), (10),(11)and (12) show the effect of cooling and mechanical 

ventilation on the height of plant, length of  total root, Nutrient solution 

consumption and lettuce and mint production per plant during summer 

season of 2018. The obtained data show significant increase in all the 

above parameters in case of the treatment greenhouse as compared with 

the control greenhouse. Such increases were 15.12%, 19.21%, 5.16% and 

52.88 %, respectively for lettuce, but mint increases were 

17.34%,22.85%,3.16%,49.91% respectively, at the end of the growth 

season, but water consumption use inside the treatment greenhouse was 

lowest because it ad jested at the optimum temperature by using cooling 

system. 

These increases may be due to control the interior climate (cool and RH) 

for plant growth under environmentally appropriate conditions, which 

help for (a) increasing the rate of nutrient absorption due to maintaining 

the optimum growth temperature; (b) forming a large number of leaves, 

which are necessary for photosynthesis process; and (c) increasing 

diameter and height of stem and consequently increasing the lettuce and 

mint production. 
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Figs. (8): Development plants through growth stage for lettuce and Mint 

during autumn season. 

  

Figs. (9): Length of total root through growth stage for lettuce and mint 

during autumn season. 

  

Figs. (10): Nutrient solution consumptive use for mint through growth 

stage during autumn season. 
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Fig. (11): The average production per plant of the treatment and control 

greenhouses at the end of growing during autumn season for 

lettuce and mint. 

 

  

Figs. (12): Water consumptive use for lettuce through growth stage 

during autumn season. 

 

6. Solar radiation and electric power 

a. Solar radiation 

Fig. (13) Shows that the hourly solar radiation flux values inside and 

outside the greenhouse at all the experiment. The values of solar radiation 

varied from hour to hour due to climate conditions, variation in solar 

altitude angle from early morning to late afternoon and solar incident 

angle.  It shows that the solar radiations were race from 8:00 am until at 

the maximum point at 12:00 pm then it reduces to the optimum at 6:00 

pm. 
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Fig. (13): Average solar radiation of daily hourly between inside and 

outside greenhouse during autumn season. 

b. Input power  

Fig. (14) Show that average input power obtained during the experiment 

period during autumn season. Show that the high-test input power for the 

autumn and winter season almost at 12:00 pm but the low input power 

always in the morning and night. 

 

Fig. (14): Average input power to the system (W/day). 

c. PV array  output  

a. Generated electric power 

Output power of the PV array was measured every hour during the 

experiment period. The short circuit current and short circuit voltage of 

the PV array have been measured directly from the PV panels using two 
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multi-meters; the first millimeter was used for measuring the current 

where the second was used to measure the voltage. 

Fig. (15) Show hourly average output power obtained during the 

experiment period with the incident hourly average solar radiation.  

 

Fig. (15): Average PVarray output power (W) of daily hourly during 

autumn season. 

Fig. (16) Show that the relationship between the solar radiation and PV 

output power for autumn and winter seasons. Seriously relationship the 

results show that output power increasing gradually with increase solar 

radiation intensity, and notes that the maximum solar radiation at the 

maximum PV output power. 

 

Fig. (16): Daily measured output power as a function of average solar 

radiation intensity during autumn season. 
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inverter, nutrient solution, seedlings, cup of seedlings, tanks, timer, 

pipe of Gr and frame). 

2. The total cost for one m2 of greenhouse treatment was about 274.15 

L.E/m2. Product 150kg/year fresh green lettuce in the area of 1 m2. 

The kilogram of fresh lettuce water worth 10 L.E, so the net profit 

was 1225.85 L.E/year. 

3. 56kg/year of fresh green mint selected in an area of 1m2. The 

kilogram of fresh mint water worth of 8 L.E, so the net profit was 

173.85 L.E/year. 

4. The total cost for one m2 of greenhouse control was about 134.27 

L.E/m2. 

CONCLUSION 

According to the experimental results, 

1. During summer season the temperatures of the air gradually 

increased with the time, then it reduced towards the evening. The 

control greenhouse temperature was higher than the ambient one; 

during day night of course the treatment greenhouse temperature was 

lowest because using cooling system.  

2. The relative humidity of the treatment greenhouse is higher than the 

ambient air humidity and there is slight increase in the relative 

humidity of the control .Also, during winter season as the same as 

during the summer season. 

3. The cooling efficiency was low in the morning is about 64.5% but at 

none is about 79.37% then it reduced gradually to 62.2% at night. 

4. The greatest total losses of the energy from the greenhouses were at 

about 1:00 pm the reason of that is the air temperature difference 

between outside and inside greenhouse was maximum. 

5. The total root length inside the treatment greenhouse was the highest 

than the control greenhouse because it adjusted at the optimum 

temperature by using cooling control system. The water consumption 

use inside the treatment greenhouse was lowest because it adjusted at 

the optimum temperature by using cooling system. The Nutrient 

solution consumption inside the treatment greenhouse was the 

highest because it adjusted at the optimum temperature by using 

cooling system. 
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6. The high input power for the summer season almost at 12:00 pm but 

the low input power always in the morning and night. the output 

power increase gradualy from 8:00 am in the morning to arrive at the 

maximum amount at 12:00 pm is about 611.102 W then if reduce 

gradualy until arrive to the minimum at 6:00 pm summer seasones. 
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 المراجع العربية

كلية  - هندسة بيئة الصوب الزراعية.قسم الهندسة الزراعية .2000-إبراهيم محمد حلمي

 الإسكندرية. جامعة – الزراعية

 - قسم الهندسة الزراعية . تصميم وتشغيل أنظمة الزراعة المحمية.1993-اللطيفصلاح عبد 

 .جامعة الملك فيصل - كلية العلوم الزراعية والاغذية

 الملخص العربى

 إستخدام الطاقة الشمسية

 لتشغيل نظام تبريد للزراعة المائية فى الصوب الزراعية

 2، مبارك محمد مصطفى1قاسممحمد أحمد ، 2عبدالسلام، مصطفى فهيم 1أمينه أحمد سليمان

تعتبر تقنيات الصوب الزراعيه من بين أهم الحلول للتغلب على مشكلة عدم توافر الخضر فى 

الاسواق لتلبيه احتياجات الاستهلاك المحلى والتصدير فى غير أوقات إنتاج الخضر بالطريقة 

التقليدية وكذالك لتكثيف الزراعة. لتواجة الزيادة  الهائلة في عدد سكان مصر مع محدودية 

ا الزراعية, ومن الضروري التوسع الرأسي في الإنتاج الزراعي, وحيث أن الغرض مساحته

الرئيسي من الصوب الزراعيه هو تحسين الظروف البيئية التي تزرع فيها النباتات وعادة ما 

تكون الصوب مزودة ببعض اجهزه التحكم البيئي مثل أنظمة التبريد والتهوية والتدفئة حيث يمكن 

من الحرارة الزائدة وتجديد الهواء وتقليل درجة حرارة الطبقات في الصوب  للتهوية التخلص

خلال فصل الصيف في مصروحيث أنه التهوية وحدها لا تكفي للحفاظ على درجة الحرارة 

الداخلية المثلى. لذلك  عادة ما تستخدم أنظمة التبريد لخفض درجة حرارة الهواء الداخلي إلى 

خدام المراوح والوسائد المائية فى تبريد الصوب وتتمثل وظيفة مستوى مناسب و الشلئع است

المروحة والوسادة في منع ارتفاع درجة حرارة الصوب وتبريد الهواء المحيط  بالنباتات أثناء 

 .الطقس 

 
 مصر. -جيزة -معهد بحوث الهندسة الزراعية، مركز البحوث الزراعية، الدقى1
 مصر. -القاهرة -عة، جامعة عين شمسقسم الهندسة الزراعية، كلية الزرا 2



AGRICULTURAL CONSTRUCTIONS  

Misr J. Ag. Eng., April 2020                                                                                         - 233 - 

الصوب لتحقيق أعلى  ان التحكم البيئى فى الظروف المناخيه له أهمية كبيرة لإنتاج  الخضرداخل

انتاجيه بأقل تكلفة وبأفضل جودة والتي يحتاجها السوق والمستهلك طوال العام ولذلك تعد درجة 

الحرارة وكذلك الرطوبة من العوامل المناخية الأساسية التي يجب التحكم فيها من خلال توافر 

 نظامي التبريد و التهوية.   

ال نظام مقترح لتبريد الصوب والذي يستخدم نظام الهدف الرئيسي من هذه الدراسه  هو إدخ .1

خلايا الشمسية قائم بذاته فى عميلة التبريد الملائمة لتغذية الاحمال الكهربائية للصوب. 

وسيمكن ذلك مصر من مواجهة نقص المعروض من المحصول والزيادة في أسعار الأغذية 

ن وحدة المساحة داخل من خلال زيادة الناتج المحصولي وزيادة الكمية المنتجة م

الصوبةوبالتالى يهدف البحث إلى إنشاء وتطوير واختبارصوبة تجريبية مزودة بنظام للتحكم 

في التبريد والتهوية للحفاظ على بيئة نمو مثالية لنباتي الخس والنعناع خلال موسم الخريف 

صوبة بنظام عمل صوبة صغيرة مزودة بانظمة تحكم داخلية لإمداد ال -1والشتاء من خلال: 

 تبريد مناسب يعمل بالخلايا الشمسية .

تزويد الصوبة بنظام للتهوية بالمراوح تعمل بالخلايا الشمسية  لضبط الرطوبة النسبية داخل  .2

 الصوبة.

إمداد النظام المصمم بإجهزة قياس كلا من درجات الحرارة والرطوبة النسبية عن طريق  .3

 وف البيئية المناسبة للنبات داخل الصوبة. وضع ثرموستات وحساس للرطوبة لتوفير الظر

 مقارنة إنتاجية الصوبة المصممة بإنتاجية صوبة تقليدية لها نفس المواصفات والتوجيه. .4

 تقييم تكاليف عملية التبريد والتحكم البيئى داخل الصوبة. .5

 -ويمكن تلخيص النتائج فيما يلي:

المصممة مقارنة بدرجة الحرارة الخارجية إنخفاض درجة الحرارة الداخلية للصوبة  -

-7) ودرجة حراره الصوبة التقليدية حيث كانت نسبة الانخفاض عند وقت الظهيره من

 من بينما كانت نسبة الانخفاض خلال فصل الشتاء .( درجة خلال فصل الصيف 14

(10-20.) 

إنخفاضها أثناء زيادة الرطوبة النسبية للهواء الداخلى للصوبة المصممة خلال النهار و -

الليل مقارنة بالرطوبة النسبية للهواء خارج الصوبة المصممة والرطوبة النسبية داخل 

% خلال فصل  22,85 و 0,71الصوبة التقليدية وقد تراوحت نسب الزياده  بين 

 %12,87و  0,16 بينما كانت نسبة الزيادة خلال فصل الشتاء تتراوح بين. الصيف 

 .على التوالى

إنخفاض كل من كمية الحرارة المكتسبة من الاشعاع الشمسي , وكمية الحرارة المفقودة - -

,  34,84من هواء التهوية عند إستخدام نظام تبريد تبخيري وكانت نسبة الانخفاض 

 % على الترتيب 20,25

, طول الجذر,إستهلاك المحلول المغذى  , الإنتاجية , بالصوبة زيادة كلا من طول النبات -

 و  %5,16 , %19,21,  %15,12صممة عنها بالصوبه التقليدية بنسب الم

بينما نسبة الزيادة بالنسبة لنبات  .خلال الموسم الصيفي بالنسبة لنبات الخس  52,88%
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وكانت نسبة  . %49,91 و %3,16,  %22,85% ,  17,34النعاع تراوحت  بين 

 .الزيادة متقاربة خلال الموسم الشتوي 

%  24,06إنخفاض إستهلاك الماء فى الصوبة المصممة مقارنة بالصوبة التقليدية بنسبة  -

وكانت نسبة  . %29,85بالنسبة لنبات الخس بينما كانت نسبة الإنخفاض للنبات النعناع 

 الإنخفاض متقاربة خلال الموسم الشتوي 
مقارنة مع  2جنيه /م 15,274نشاء صوبه مبردة بإستخدام الطاقة الشمسية وكانت تكلفة ا -

 2جينة/ م 27,134بالصوبة التقليدية فكانت التكلفة 

 

بإنة على الرغم من إرتفاع تكلفة الصوبة المصممة المبردة  طبقا للنتائج السابقة يوصي البحث

بالبيوت المحمية شائعة الاستخدام إلا  بالخلايا الشمسية والمزروعة بنظام الزراعة المائية مقارنة

أنه يزيد من التحكم فى المناخ الداخلي للبيت المحمي بدرجة كبيرة  كما أنه أدى إلي زياده الكمية 

المنتج من وحدة المساحة للصوبة وبالتالى زيادة الناتج المحصولي من محصولى الخس والنعناع 

 .على التوالى %49,91و  %52,88بنسبة 

 

الصوب , تبريد تبخيري , مروحه ووساده , تهويه , رطوبه نسبيه , خلايا : الكلمات الدالة

 شمسيه,زراعه مائية.

 

 

 


