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EFFECTIVENESS OF TWO DIFFERENT 

EVAPORATIVE COOLING SYSTEMS  

IN A SYNTHETIC WARMED AIR SPACE 

El-said M. Khalifa1, Said E. AbouZaher2 and Hanaa A. Elmoghazy3 

ABSTRACT 

Heat stress inside farm structures such as animals and poultry farms in 

addition to greenhouses is one of the major problems facing the 

producers in this field. Such problem is virtually occurred at the time of 

hot waves during which just ventilation process could not the 

appropriate action and the need for an immediate step in is urgent. 

Evaporative cooling systems serve as a one solution to alleviate heat 

stress and contribute in controlling the environment inside the structure. 

Therefore the present study has aimed to stand on the effectiveness of two 

different evaporative cooling systems namely pad–fan and misting 

systems in a synthetic warmed air space. An artificial ventilation system 

was tested simultaneously to emphasize the necessity of cooling the 

ventilation air. Experimental setup of three similar greenhouse models 

representing the synthetic warmed air space each was equipped with a 

one system and instruments were installed on a roof of a dwelling at 

Ariamoon village near Kafr elsheikh city, Kafr elsheikh Governorate, 

Egypt (31.18°N, 30.91 °E). Pad-fan system was investigated at 10 and 5 

cm pad thickness of a manually constructed pad material made of a 

balanced (1:1) mixture of rice straw and palm leaf fibers (kerina). 

Misting system was investigated at 207 and 103 kPa (30 and 15 psi) 

nozzle pressure. Different airflow rate (Q) levels ranged from 0.042 to 

0.155 m3/s were applied. Air temperature (T) and relative humidity (RH) 

were detected on hourly basis for three days as repetitions for each 

treatment. To stand on the effectiveness and cooling potential of both 

evaporative cooling systems, temperature reduction (∆T), saturation 
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efficiency (SE), Specific temperature reduction (∆T/Q), unit evaporative 

cooler performance (Unit ECP) and water consumption were calculated 

and showed. The results revealed a ∆T ranged from 0.4 to 2.12oC and 

from 0.38 to 3.49°C for pad-fan and misting systems respectively. RH of 

the cooled air ranged from 90.8 to 98.6% and from 88.9 to 97.97% for 

pad-fan and misting systems respectively. SE, ∆T/Q and Unit ECP 

beyond 78%, 41°C.s/ m³ and 10 kW/°C respectively were reached with 

the most higher values belong to misting system. The artificial ventilation 

system caused a temperature rise and failed at least to keep the 

temperature as it is outside. Accordingly and under the current 

experimental conditions the misting system revealed to have the merit in 

cooling effectiveness. In addition, the attractive advantage of saving 

water and its appropriateness in playing a considerable role in irrigation 

technology under the protected agriculture. 

Key words: Evaporative cooling, pad and fan, misting, saturation 

efficiency, greenhouses. 

INTRODUCTION 

vaporative cooling is wide spreading in controlling the 

environment inside agricultural structures. Its systems include fan-

pad, misting and fogging systems. Each is affected by numerous 

factors such as pad material, density, configuration, dimensions and 

airflow rate regarding pad-fan system, nozzles pressure, discharge and air 

velocity for misting and fogging systems.  

Misra and Ghosh (2018) represented a comprehensive review of 

evaporative cooling technologies for greenhouses. Their review revealed 

that, the selection of an appropriate evaporative cooling system depends 

on greenhouse design and construction. The evaporative cooling was very 

much effective to achieve better cooling performance inside greenhouses. 

They recommended some innovative cooling ideas for greenhouse 

applications such as evaporative cooling system with solar chimney 

assisted ventilation.  Darwesh et al. (2007) studied the effect of pad 

material, thickness and pad face air velocity on the performance of the 

evaporative cooling system. Rice straw and palm leaf fibers (Kerina) were 

used as different pad materials.  3, 6, 10, 15 cm pad thicknesses and 0.3, 

0.5, 1.05 m/s air velocities were studied. Their results showed an increase 

E 
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in temperature reduction by increasing pad thickness. They concluded 

that rice straw pad was better than palm leaf fibers pad in reducing air 

temperature. It achieved the highest average value of unit evaporative 

cooler performance more than 75 kW/°C at 15 cm pad thickness and 1.05 

m/s pad face air velocity. Abdallah and Basiouny (2008) showed a 

diurnal trend of the temperature reduction. There experiments revealed a 

temperature reduction ranged from near 3 to more than 7 °C for the 

vertical pad. While Tayal et al. (2010) studied three pad materials made 

of flax plant residues, Luffa plant residues, and a combination of both. 

Each pad material was tested under three thicknesses 4, 8 ,12 cm and 

three pad face air velocities, 0.45, 0.65 and 0.90 m/s. They mentioned 

that, the highest mean cooling efficiency was for flax followed by Luffa 

followed by the combination. They concluded that increasing pad 

thickness and decreasing air velocity lead to increase cooling efficiency. 

Dayioglu and Silleli (2015) conducted a performance analysis of a pad-

fan cooling system within a greenhouse. They found that the hourly 

average cooling effect and cooling efficiency were 6.96ºC and 76.8% 

respectively. Shah (2015) investigated the performance of different pad 

materials ( rigid cellulose, PVC, grass and fabric material ), air and water 

flow rate on saturation efficiency and cooling capacity. He found that the 

cellulose material gives the highest saturation efficiency of about 93% 

while fabric material gives the lowest one of about 44%. The cooling 

capacity increases with airflow rate and ranged from 1 to 5 kW for 

different materials. Misra and Ghosh (2017) studied performance of a 

greenhouse system surrounded by shallow water ponds and floating 

wetted surfaces under dual ventilation mode. They predicted the 

greenhouse temperatures using thermal models with or without 

evaporative cooling under natural ventilation as well as fan-induced 

ventilation. They observed that greenhouse temperature could be reduced 

by 3 - 6 ºC lower than that of the ambient temperature when saturation 

efficiency and shading were 70% and 75% respectively. Shen and Chen 

(2012) evaluated cooling efficiencies of misting system with mechanical 

fans in an Oncidium greenhouse. They tested cooling ability in different 

interval times. Their results showed that when the misting time was too 

short or the misting inactive period was too long, the efficiency was 
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decreased. The misting intervals of 3 min on to 3 min off or 5 min on to 5 

min off had the higher efficiency.  

Their cooling technique can keep the interior air temperature lower than 

that of outside one. Heidarinejad et al. (2019) studied the effect of a 

water mist system on a chiller COP under various orientations of the 

spray nozzle. Their simulation study pointed to an increase in COP due to 

the cooling effect of the used misting system. Lopez et al. (2013) 

evaluated the microclimate and airflow inside a Mediterranean 

greenhouse under roof natural ventilation and artificial ventilation by 

means of sonic anemometry. Their experiments were carried out under a 

moderate low wind speed of about 1.8 m/s and 4.0 m/s respectively. 

Artificial ventilation for the greenhouse was supplemented by two 

horizontal airflow fans. They found a temperature rise in both ventilation 

systems. They mentioned that this result means that there was a difficulty 

of heat to leave the greenhouse. Accordingly evaporative cooling system 

represents a promising technique in diminishing heat stress through 

temperature reduction. Therefore the main objective of the present study 

was to stand on the effectiveness of two different evaporative cooling 

systems in a synthetic warmed air space. Many parameters were 

introduced to judge the effectiveness of studied evaporative cooling 

systems under different investigated technical specifications. 

3 .MATERIALS AND METHIODS 

Materials and setup: 

 Main experiments of the present study were conducted during august and 

September 2014 in Ariamoon village near Kafr elsheikh city, Kafr 

elsheikh Governorate, Egypt (31.18°N, 30.91 °E). Three gable roof 

greenhouse models were fabricated and oriented East-West and used to 

represent the warmed air space. Each model has 3m and 2m total length 

and total width respectively. The height was 2m and 2.5m at side walls 

(eave) at the center (ridge) respectively as shown in Figure 1. The 

greenhouse structural frame was formed of welded steel angles (30 x 30 

mm) having a door area of about 2×0.7 m located in the east side of each 

model. Each greenhouse was covered with a single polyethylene sheet 50 

μm . Two different cooling systems namely pad-fan system and misting 

ones along with an artificial ventilation system each was installed in one 
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of the greenhouse models. Regarding pad- fan system two different pad 

thicknesses of 10 , 5 cm were investigated. Two nozzles pressure namely 

207 kPa (30 psi) and 103 kPa (15 psi) belong to misting system were 

investigated as well. Three similar suction fans (26 In- 35Exit ±5 ) W rated 

power , 30 cm diameter, and Q= (720In- 975Exit) m³/h each was fixed on 

the east wall of a greenhouse model. However, the fan was conducted to a 

purchased ceiling fan regulator and calibrated to get the capability of 

changing airflow rate within each system. For each system six different 

air velocities as indicated in Table 1 were studied.  

       

 

Figure 1:  A photography and schematic diagram of the greenhouse model 
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These tabulated air velocity vales were obtained from a direct calibration 

procedure to the used fan under each treatment. However the fixation of 

the air velocity levels to all treatments was an awkward process.  The 

three systems were operated simultaneously throughout a period of 11 

hours daily from 8 am to 7 pm and repeated for three days of each 

treatment.   

Table 1:  Different ranges of air velocity and corresponding airflow rate 

for each system: 

Pad system Misting system 
Artificial 

ventilation system 

Pad 

thickness 

(cm) 

Air 

velocity 

(m/s) 

Airflow 

rate 

(m³/s) 

Nozzle 

pressure 

(kPa) 

Air 

velocity 

(m/s) 

Airflow 

rate 

(m³/s) 

Air 

velocity 

(m/s) 

Airflow 

rate 

(m³/s) 

10  

2.2 0.155 

207 

2.1 0.148 1.9 0.13414 

1.6 0.113 1.5 0.106 1.4 0.09884 

1.0 0.071 0.9 0.064 0.8 0.05648 

5  

1.7 0.120 

103 

1.6 0.122 1.4 0.09884 

1.2 0.085 1.1 0.078 0.9 0.06354 

0.7 0.049 0.6 0.043 0.5 0.03530 

Investigated Systems: 

Pad and fan system: 

Pad system consisted of a wood frame (0.3 cm thickness) having the 

dimensions of 2m ×1m to contain the pad material. Water tray was fixed 

above the pad through its longitudinal axis with holes along the tray in 3 

lines and the distance between each hole and the other 1 cm. To guarantee 

a uniformly water flow rate all over the pad in the transverse direction a 

thin pad strip having 3 cm thickness, 2m long and 5 or 10 cm width to fit 

the studied pad thickness was used . It was located horizontally along the 

main pad to help in distribution water at the same rate along the pad 

surface. A drainage tray was also provided in the bottom of the pad. The 

pad material were selected to be a balanced (1:1) mixture of rice straw 

(RS) and palm leaf fibers (PLF)  and having a density of 32 kg/m³ . The 

rice straw had cut within a range of 10 – 30 cm  length and mixed with 

palm leaf fibers to form the pad material by the aid of wire net as a frame 

to be filled with the pad material uniformly distribution manner. The 
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frame was adjusted to contain the investigated pad thickness, namely 5 

and 10 cm. A water tank and a small pump (0.5 kW, Q =10 to 40 m³/h) 

attached to the tank were used for the purpose of pumping water to the 

pad. The water pump lifted water to the distribution system from where it 

trickled down by gravity to the pad. The excess water, which was not 

vaporized, was collected from the bottom tray under the pad and returned 

back manually to the water tank in such a manner by which the water 

consumption could be determined. One of the similar fans was fixed on 

the east wall as mentioned before to complete the pad- fan system. Figure 

2 (A) illustrates a schematic of pad fan system. 

 

Figure 2: Schematic diagram of (A) pad – fan system, (B) misting system 

and a photo of the used nozzle  

Misting system: 

Misting system was accomplished by using two nozzles as indicted in 

Figure 2 (B).  Nozzles were fixed in the greenhouse model at 0.75 and 

2.25m from the door at 2 m height. West wall of the greenhouse model 

was equipped with an opened window (1 ×0.5 m) at 1.25 m height from 

the floor surface as an air entrance.  A similar fan was fixed on the east 

wall to represent the artificial ventilation. Water was pressured to the 

nozzles by a pump (0.33 kW, Q = 0.38 m³/h). A manual valve was used to 

control the water flow rate and in turn water stream pressure flowing to 

the nozzles. Two pressure levels of 207 kPa and 103 kPa was 

investigated. 
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Artificial ventilation system: 

The artificial ventilation system consisted of a similar greenhouse model 

equipped only with a similar fan in the east side. In addition an opened 

window(1 ×0.5 m) at 1.25 m height from the floor surface in the west 

wall to allow the ambition air to get in. 

Measurements and parameters calculation: 

Air temperatures and relative humidity: 

Two ordinary thermometers (dry and wet) used for measuring the outside 

ambient dry and wet-bulb temperatures. For each system model four 

LM35 temperature sensors were employed and disturbed two at a height 

of 0.5 m from the floor (lower level) and the remainder two at a height of 

1.5 m from the floor (Upper level) to measure dry-bulb temperature inside 

the tested model. Six LM35 temperature sensors were devoted to measure 

dry bulb temperature of the air just exits from the pad. Another wet-bulb 

thermometer was used to detect the wet-bulb temperature inside the 

misting system model as shown in Figure 2 (B). The data was taken 

every 60 minutes. A digital psychometric chart was used to determine the 

required psychometric properties such as relative humidity (RH) and 

specific volume. (https://hvac-library.blogspot.com/p/digital-psychrometric-chart.html) 

Performance parameters: 

 Hourly performance parameter namely temperature reduction (∆T), 

saturation efficiency (SE), specific temperature reduction (∆T/Q), 

evaporative cooler performance unit (Unit ECP) and water consumption 

for pad-fan system and misting system were calculated. Regarding the 

artificial ventilation system only hourly temperature and relative humidity 

were introduce to judge the system.  

Temperature reduction (∆T): 

 Temperature reduction (ΔT) was calculated for each experimental 

treatment by using the following equation: 

ΔT = Tdb – TC ……................................….. (1) 

Where ΔT is the temperature reduction (°C) ,Tdb is the dry-bulb 

temperature of the ambient air (°C )and Tc is the dry-bulb temperature of 

the cooled air inside greenhouse  (°C) . 
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Saturation Efficiency (SE): 

To judge the evaporative cooling system effectiveness the saturation 

efficiency was determined for each treatment throughout the operating 

day time period. It can be calculated as follows Darwesh et al. (2007), 

Shen and Chen. (2012) : 

SE= (Tdb - TC) / (Tdb –Twb)………………........…. (2) 

Where SE is the saturation efficiency (dimensionless), Twb is the wet-bulb 

temperature of the cooled air inside greenhouse (°C) and (Tdb –Twb) is the 

wet bulb depression (°C) 

Specific temperature reduction (∆T/Q): 

 To evaluate the evaporative cooling system in reducing dry bulb 

temperature under different airflow rates in the greenhouse models due to 

the variation in airflow rate applied in each treatment, it was considered to 

determine the temperature reduction per a unit of airflow rate.  

This suggested parameter was decided to cope with the variation in 

airflow rate among all treatments and it was calculated using the 

following formulae: 

ΔT/Q= (Tdb - TC)/ Q ………....…….   (3) 

Q= υ*A  ............................................................ (4) 

Where Q is the airflow rate (m ³/s) , υ  is the air velocity (m/s) and A is 

the fan opening cross section area (m²) 

Evaporative Cooler Performance Unit (Unit ECP): 

To explore the absolute performance under different conditions, a 

measuring unit namely evaporative cooler performance unit (Unit ECP) 

that expresses the cooling effect in terms of energy per a unit time and per 

a unit wet bulb depression. It can be calculated as follows (Darwesh  et 

al. (2007)): 

Unit ECP = (Q/Vs) * SE * Cp air …........………. (5) 

Where Unit ECP is the unit evaporative cooler performance (kW/°C) ,Vs  

is the specific volume of air (m³/kg) and Cpair is the specific heat of air 

(1.005 kJ/kg.°C). 

Water Consumption: 

Water consumption was determined by measuring the change in water 

volume within a known water tank. This was done through the 11 



BIOLOGICAL ENGINEERING 

Misr J. Ag. Eng., October 2018                                                             - 1482 - 

operating hours. Hourly rate of water consumption was calculated as an 

hourly average  

RESULTS AND DISCUSSION 

Hourly air Temperature (T) and Relative Humidity (RH): 

Hourly air temperature and relative humidity outside and inside the three 

investigated systems at different treatments throughout the daily operating 

period are illustrated in Figure 3. Both pad-fan and misting evaporative 

cooling systems were capable to achieve a reasonable air cooling having 

the common diurnal trend. The artificial ventilation system caused a 

temperature rise and failed at least to keep the temperature as it is outside. 

This was due to the predominant effect of the greenhouse solar energy 

gain in relation to air exchange rate which was the lower one compared 

with both evaporative cooling systems. Therefore this system was not 

discussed in the next sections in which cooling parameters were explored. 

The average values of maximum and minimum air temperatures outside 

and inside the three investigated systems at different treatments are listed 

in Table 2. Whereas the outside air temperature ranged from 26.0 to 40ºC 

the average cooled air temperature ranged from 25.18 to 38.66 ºC and 

from 25.29 to 36.70 ºC for pad-fan system and misting system 

respectively. Regarding the artificial ventilation system, the inside air 

temperature ranged from 30.37 to 43.77 ºC. The average values of 

maximum and minimum relative humidity outside and inside the three 

investigated systems at different treatments are shown in Table 3. Outside 

relative humidity ranged from 81.61 to 95.10%. The average inside air 

relative humidity ranged from 90.80 to 98.60%, from 88.90 to 97.97% 

and from 45.57 to 82.10% for pad-fan system, misting system and the 

artificial ventilation system respectively. As it is well known the 

evaporative cooling process increases relative humidity as the case in 

both cooling systems. The impact of both pad-fan and misting evaporative 

cooling systems on the relative humidity level was almost the same. They 

caused an increase in relative humidity as it was expected by the range of 

about 2.02 to 12.5% and 0.2 to 13.49% for both systems respectively. On 

the other hand for the artificial ventilation system caused a reduction in 

relative humidity since the inside air was sensibly heated through the 

greenhouse effect. A decrease ranged from 12.69 to 42.78 % was 
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occurred in the artificial ventilation system. However, the pad-fan system 

contributes in raising relative humidity more than the misting system. 

 
Figure 3: Hourly air temperature and relative humidity outside and inside 

the three investigated systems at different treatments 

throughout the daily operating period. 
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Table 2: The average values of maximum and minimum air temperatures 

outside and inside the three investigated systems at different 

treatments. 

 
Table 3: The average values of maximum and minimum relative 

humidity outside and inside the three investigated systems at 

different treatments. 

 
Temperature reduction and Saturation efficiency: 

Hourly cooling potential in terms of temperature reduction and saturation 

efficiency for the pad-fan and misting systems at different treatments is 

illustrated in Figures 4 and 5. A slight diurnal trend for the temperature 

reduction and saturation efficiency were found with a high cooling effect 

for the 207 kPa nozzles pressure in misting system compared to other 

treatments. Almost the same cooling effect was found for the 5cm pad 

thickness and 103 kPa nozzles pressure and at different air velocities. 

However the variation in the outside weather conditions in addition to the 
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non-fixed air velocity - in turn the airflow rate - result in an unclear 

general trend for the temperature reduction and saturation efficiency. 

Average values of maximum and minimum cooling potential in terms of 

temperature reduction and saturation efficiency for the pad-fan and 

misting systems at different treatments are shown in Table 4.  

 
Figure 4: Hourly cooling potential in terms of temperature reduction for 

the pad-fan and misting systems at different treatments. 

 

 
Figure 5: Hourly saturation efficiency for the pad-fan and misting 

systems at different treatments. 

Generally a maximum temperature reduction beyond 2 and 3 °C for pad-

fan and misting systems respectively was achieved. The high level of the 

outside air relative humidity (81 – 95%) was an effective factor in this 

lower achieved cooling potential. Saturation efficiency ranged from 85 to 
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35% and from 78 to 38% for the pad-fan and misting system respectively. 

The lower levels of saturation efficiency refer basically to the high level 

of the outside air relative humidity as well. 

Table 4: Average values of maximum and minimum cooling potential in 

terms of temperature reduction and saturation efficiency for the 

pad-fan and misting systems at different treatments. 

 
Specific temperature reduction (∆T/Q): 

Because of the non-fixed applied air velocity or in other words airflow 

rate levels a parameter relates the temperature reduction per a unit 

volumetric airflow rate namely specific temperature reduction (∆T/Q) 

was suggested. The maximum and minimum values of specific 

temperature reduction (ΔT/Q) for both evaporative cooling systems at 

different treatments are illustrated in Table 5. Generally the misting 

system had a superior effectiveness in terms of specific temperature 

reduction. However one should not deny the mathematical role for the 

lower values of airflow rates (the denominator) belong to this system. Pad 

thickness and airflow rate - as a function of - air velocity have an 

interaction effect on cooling effectiveness. Increasing pad thickness may 

need to increase air velocity in turn its kinetic energy to overcome airflow 

resistance due to pad material thickness. Simultaneously a sufficient 

contact time should be existed during which the air stream would be able 

to evaporate and carry water vapor particles.  

However, more comprehensive investigation should be fulfilled on the 

present used pad material (mixture of rice straw and palm leaf fibers) to 

stand on its specific performance criteria. Regarding misting system, 

maximum and minimum specific temperature reduction decreased by 
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increasing airflow rate in terms of increasing air velocity. In addition, the 

higher the nozzle pressure is the higher the specific temperature 

reduction. In general the specific temperature reduction ranged from 3.0 

to 26.3 °C.s/ m³ and from 1.5 to 41.5 °C.s/ m³ for pad-fan system and 

misting system respectively.  

Table 5: Maximum and minimum values of specific temperature 

reduction (ΔT/Q) for both evaporative cooling systems at 

different treatments. 

Pad system Misting system 

Pad 

thickness 

(cm) 

Air 

velocity 

(m/s) 

Airflow 

rate(Q) 

 (m³/s) 

(ΔT/Q) 

(°C.s/ m³) 
Nozzle 

pressure 

(kPa) 

Air 

velocity 

(m/s) 

Airflow 

rate (Q) 

(m³/s) 

(ΔT/Q) 

(°C.s/ m³) 

Max Min Max Min 

10 

2.2 0.155 8.6 3.0 

207 

2.1 0.148 23.6 8.1 

1.6 0.113 18.7 3.9 1.5 0.106 23.9 11.6 

1.0 0.071 14.0 5.8 0.9 0.064 41.5 22.0 

5 

1.7 0.120 17.5 5.8 

103 

1.6 0.113 12.5 1.5 

1.2 0.085 15.3 4.7 1.1 0.078 21.4 4.9 

0.7 0.049 26.3 8.1 0.6 0.042 35.4 10.9 

Figure 6 illustrates daily average of specific temperature reduction as 

affected by air velocity for both pad-fan and misting systems at various 

treatments. A damping effect of increasing air velocity is clear due to the 

predominant impact of the airflow rate. 
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Figure 6: Daily average of specific temperature reduction as affected by 

air velocity for both pad-fan and misting systems at various 

treatments. 
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Lower pad thickness (5 cm) needs low air velocity and the higher one (10 

cm) may need a moderate air velocity. For misting system a virtual and 

stronger effect of air velocity on the specific temperature reduction was 

occurred. This may refers to increasing the capability of air stream to 

prevent the accumulation of water droplets by increasing air velocity. 

Such an action enhances more water evaporation and in turn increases 

cooling effectiveness in terms of temperature reduction. On the other 

hand as it was expected the high level of nozzle pressure contributes in 

forming smaller water droplets which enhances the evaporation as well. 

Evaporative Cooler Performance Unit (Unit ECP): 

To judge the effectiveness of the evaporative cooling systems from the 

remove cooling load point of view the unit evaporative cooling 

performance (Unit ECP) was determined. The maximum and minimum 

values of Unit ECP for both evaporative cooling systems at different 

treatments are indicated in Table 6. Generally for the present study it was 

revealed an almost similar Unit ECP for both pad-fan and misting systems 

.In addition increasing pad thickness increases the maximum and 

minimum values of Unit ECP for fan-pad system and the same trend was 

found regarding nozzle pressure for misting system. Increasing air 

velocity or in other words airflow rate leads to an increase in the 

maximum and minimum values of Unit ECP for both systems. Daily 

average of Unit ECP as affected by air velocity for both pad-fan and 

misting systems at various treatments was shown in Figure 7. The direct 

positive relationship between air velocity and Unit ECP for both systems 

is very clear. However the variation in psychometric properties of the 

outside air at corresponding to both systems at different treatments may 

have some effect. Despite of the higher value of Saturation efficiency for 

pad system apparent when using 10 cm pad thickness and 1.6 m/s pad 

face air velocity, this value corresponding to the lowest Unit ECP 

increased by increasing thickness from ECP at the same specifications. 

This is due to the lowest airflow rate which was 0.113 m³/s for the 

mentioned treatment. It was strongly resulted misting system is the 

preferred system depending on the value of Unit ECP 10.7 kW/°C at 2.1 

m/s air velocity was with the nozzles pressure 207 kPa if compared with 

the high value of Unit ECP in pad system.  
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Table 6: The average unit evaporative cooler performance (Unit ECP) for 

both pad system and misting system at various pad thicknesses and 

nozzles pressure under different air velocities 

Inside conditions 

Pad- fan system Misting system 

Pad 

thickness 

(cm) 

Air 

velocity 

(m/s) 

Unit ECP 

(kW/°C) 

Nozzles 

pressure 

(kPa) 

Air 

velocity 

(m/s) 

Unit ECP 

(kW/°C) 

Max Min Max Min 

10 

2.2 7.88 4.91 

207 

2.1 10.70 6.30 

1.6 8.93 4.48 1.5 7.20 5.40 

1.0 4.52 2.67 0.9 4.20 3.16 

5 

1.7 7.59 5.59 

103 

1.6 6.26 3.79 

1.2 4.85 3.14 1.1 4.52 2.91 

0.7 2.65 1.86 0.6 2.43 1.77 
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Figure 7:  Daily averages of unit evaporative cooler performance (Unit 

ECP) for both pad system and misting system at various pad 

thicknesses and nozzles pressure under different air velocities 

Water consumption:  

 Hourly rate of water consumption as affected by air velocity for both 

evaporative cooling system is indicated in Figure 8. The indicated values 

were calculated as a hourly average throughout operating periods.  Water 

consumption increases with the increase of air velocity. The higher the 

pad thickness and nozzles pressure the higher is water consumption. This 

is due to, increasing surface area of water evaporation because of 

increasing pad thickness and regarding pad- fan system and decreasing 

water droplets diameter, in turn surface area regarding the missing 

system.  For misting system the least water consumption was 4.4 L/h at 
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air velocity 1.1 m/s with nozzles pressure 103 kPa. On the other hand, the 

pad system had higher water consumption 44.4 L/h at air velocity 2.2 m/s. 
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  Figure 8: Hourly rate of water consumption as affected by air velocity 

for both evaporative cooling system at different ranges air 

velocities. 

CONCLUSION 

The study had been concentrated on two different evaporative cooling 

systems (pad-fan cooling, misting cooling) and compared with artificial 

ventilation system at different ranges air velocities. Based on the present 

study, it is observed that the misting system have been continuously 

achieved better cooling performance at pressure 207 kPa and air velocity 

2.1m/s . This is based on their results as it gave 78%, 88.90%, 3.49 °C 

and 10.7 kW/°C as saturation efficiency, relative humidity, temperature 

reduction and Unit ECP if compared with pad system values. Also it 

achieved 41.5° C.s/ m³ as the highest specific temperature reduction at air 

velocity 0.9 m/s and the least water consumption 4.4 L/h at air velocity 

1.1 m/s with nozzles pressure 103 kPa.  On other hand pad-fan system 

achieved the lower cooled air temperature 25.18 ºC at pad thickness of 

5cm and 1.6 m/s and the highest saturation efficiency 85% at 1.6m/s and 

pad thickness 10 cm but it as evaporative cooling system also increased 

relative humidity to the high value 98.6% and high water consumption 

44.4 L//h at air velocity 2.2 m/s.  
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 الملخص العربي

 هوائي دافئ مصطنع علية نظامين تبريد تبخيري في حيزفا

                 ٣ حمد المغازىٲهناء  و ٢سيد أبو زاهرسعيد ال ,  ١د خليفةالسعيد محم

مثل مزارع الإنتاج الحيواني و الداجنى بالإضافة  الزراعية المنشاتّ داخل جهاد الحرارييعد الإ

 ظهر تلكفي هذا المجال. ت منتجينلات الرئيسية التي تواجه الإلى الصوب الزراعية أحد المشك

ك مجرد عملية التهوية فقط من حل تل جواء الحارة التي لا تتمكن خلالهاياً أثناء الأالمشكلة فعل

 د الحراري والمساهمة في تهيئة. تعمل أنظمة التبريد التبخيري على التخفيف من الإجها المشكلة

الدراسة الحالية إلى دراسة فعالية نظامي تبريد تبخيري  . لذلك تهدفالمنشاتّ داخل تلكبيئة ال

مصطنع  هوائي دافئ  في حيز نظام الترذيذالاخر  المروحة وو هما نظام الوسادةاحدختلفين ، م

يبية متماثلة من الصوب ثلاثة نماذج تجر إنشاءصطناعية. تم مع نظام التهوية الا اومقارنتهم

 على الثلاثة وتم تثبيت النماذج وتم تجهيز كل منها بالمعدات اللازمةهوائي دافئً ، لتمثل حيز

  ٣۱،۱۸، مصر)الشيخ ، محافظة كفر الشيخ مسكن بقرية أريمون بالقرب من مدينة كفر  سطح

 ٥سم ،  ۱۰) سمكين مختلفين ام الوسادة و المروحة عندظن تم دراسة .. شرقا(   ٩۱,٣۰شمالا و

اف أوراق النخيل )كيرينا(. تم المصنعة يدوياً من خليط متوازن من قش الأرز وأليللوسادة  سم( 

م (. تبوصة مربعة  /رطل ۱٥و  ٣۰كيلو باسكال ) ۱۰٣و  ٢۰٧عند ضغط   ترذيذنظام ال اسةدر

مكعب /  متر ۱٥٥,۰إلى ۰٤٢,۰ من تراوحت مستويات مختلفة من معدل تدفق الهواء دراسة

لمدة ثلاثة أيام  كل ساعة (RH) والرطوبة النسبية (T) ثانية. تم قياس درجة حرارة الهواء

، تم  يللحكم على فعالية وإمكانية التبريد لكل من أنظمة التبريد التبخيرو .  كتكرار لكل معاملة

 في النوعيالانخفاض ،  (SE) ، وكفاءة التبريد (T∆) درجة الحرارة فيب الانخفاض حسا

 . واستهلاك المياه (Unit ECP أداء وحدة التبريد التبخيري ) ،( ∆T/Qدرجات الحرارة  )

درجة  ٤٩,٣إلى ٣۸,۰ درجة مئوية ومن ۱٢,٢إلى  ٤,۰ بين تراوحت T∆ أظهرت النتائج أن

للهواء المبرد   RH و المروحة ونظام الترذيذ على التوالي. تراوحت الوسادة مئوية بالنسبة لنظام

ذ لترذيا نظام٪ لنظام الوسادة و المروحة و ٩٧,٩٧  إلى  ٩,۸۸ ٪ ومن ٦,٩۸ إلى  ۸,٩۰ من

نخفاض لاا و تبريدالكفاءة  على لنظام الترذيذ حيث تجاوزت كلا منالقيم الأ و كانت على التوالي.

لكل متر ثانية درجة مئوية  ٤۱٪ و  ٧۸ القيمأداء وحدة التبريد  و الحرارة نوعي في درجاتال

في  ةتسبب نظام التهوية الاصطناعيدرجة مئوية على التوالي .  كيلو واط لكل ۱۰مكعب و 

. وفقاً ى درجة الحرارة كما هي في الخارج في الحفاظ علالأقل على  ارتفاع درجة الحرارة وفشل

حقق توفيرا في  كذلك ، التبريد في عملية فعالية حالية ، اثبت نظام الترذيذريبية الللظروف التج

كنولوجيا الري في الزراعة في ت ذو اهميةالنظام  هذاضافة الى ان هذا بالا و استهلاك المياه 

 المحمية.
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