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Abstract: Solar energy is a renewable and sustainable source of energy, and it has been used in 

addition of specified technologies, such as solar cooling. The demand for cooling continues to in-

crease in line with environmental changes and a greater desire for human comfort. This study pri-

marily aimed to analyze the performance of an evaporative cooling system powered by solar energy 

and assess the economic and environmental impact of this system. In this system, hot, dry incoming 

air is used to evaporate water, thus transforming part of its sensitive heat into latent heat without 

any variation in enthalpy or total heat. The outputted air then has a lower temperature and a greater 

humidity, thus providing a more comfortable, healthier environment for its users. To achieve this 

study’s objectives, numerical code was developed and implemented in MATLAB. The obtained re-

sults reveal that the efficiency of the evaporative cooler exceeds 90%, with maximum efficiency be-

ing reached at a high wet-bulb depression, while minimum efficiency was observed when the dry 

air has a high relative humidity and a low dry-bulb temperature. 
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List of symbols 

  

T1 Dry bulb temperature (°C) 

T2 Wet bulb temperature (°C) 

Tw Water temperature (°C) 

Tdp Dew point temperature (°C) 

WBD Wet bulb Depression (WBD = T1 −  T2 ) (°C)  

mȧ  Air flow rate (kg/s) 

mẇ Watre flow rate (kg/s) 

m𝑎 Mass of air (g/kg.da) 

mw Mass of added water (g/kg.da) 

w Specific humidity (kg/kg.da) 

 wsat Specific humidity at saturation (kg/kg.da) 

 φ Relative humidity (%) 

 Patm Atmosperic pressure (Patm = 101300 Pa) 

 Psat Saturation pressure (Pa) 

 Pv Water vapor partial pressure (Pa) 

 E Efficiency (%) 

Cpa Specific heat of air (Cpa = 1.006 kj/kg°C )  

Cpw Specific heat of water (Cpw = 4.18  kj/kg°C)  

Cpv Specific heat of water (Cpv = 1.86 kj/kg°C) 

Lv  Latent heat of vaporization (Lv = 2500 kj/kg)   
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Subscripts 

i Input 

o Output 

sat Saturation values 

da Dry air 

1. Introduction 

Electricity shortages are currently a very common problem for many countries, especially in hot 

or cold seasons when air conditioning (AC) or heating is needed [1]. Regular power outages harm an 

economy and cause major social problems. One reason for a spike in electricity consumption is the 

widespread use of AC systems during summer, which has been exacerbated by rises in ambient tem-

perature in recent years as a direct consequence of climate change. With electricity shortages, how-

ever, people have to limit their use of AC systems, which leads to inconvenience in daily life and 

increases the risk of damaging these systems, so Solar-AC could be a very promising solution to this 

problem. As the name suggest, Solar-AC uses solar energy rather than mains electricity to condition 

the air and ensure a comfortable ambient temperature. What is more, solar energy is considered an 

extremely clean and renewable source of energy for mitigating electricity shortages [2]. Indeed, if we 

couple Solar-AC systems with thermal energy storage systems, users can reduce their electricity costs 

by capitalizing on their distributed power. The most eco-friendly options that can provide more sus-

tainable solutions to store energy are thermal and pumped-hydro storage systems. A combination of 

thermal and electrical storage systems could provide a more economical solution compared to the 

utilization of only electrical storage systems [3, 4, 5]. Moreover, Energy storage on microgrids and 

nano grids could be a potential solution for providing a better electrical service for both insufficiently 

supplied and rural areas. These include small renewable energy collectors and Energy storage units 

typically installed in different buildings [6].  

 

Several studies have investigated the combination of solar energy with AC systems: In 2008, 

Hwang et al. discussed implementing solar collector technology together with various refrigeration 

technologies to maximize overall system efficiency. The researchers revealed that the adsorption cy-

cle is more efficient than other technologies because it requires a lower heat source temperature. Fur-

thermore, vacuum tube solar collectors have a greater efficiency compared to other types of solar 

collectors [7]. In 2011, Albers et al. re-viewed developments on sorption cooling systems, which when 

using closed cycle or ceilings can facilitate solar-assisted cooling. The heat is discharged using a heat 

rejection coil or an open cycle [8]. In 2015, Abdul Ghafoor and Munir analyzed different installed 

solar thermal-cooling technologies, both experimentally and numerically. They showed that the co-

efficient of performance (COP) increases when the hot water inlet temperature of the chiller is in-

creased [9]. Next, Abo Elmaaref demonstrated that the thermoelectric efficiency of a whole system 

could be increased with optimum design considerations and configuration, ultimately showing that 

thermoelectric-based cooling systems are a clean form of technology [10]. For their part, Ayman and 

Esmail compared different solar cooling technologies and analyzed their advantages and disad-

vantages, finding that many modern commercial systems are based on absorption cycles [11]. In 2017, 

Muhammad et al. calculated the overall performance of cooling technologies, ultimately recommend-

ing that adsorption cooling should be improved in the future [12]. Swapnil and Tejaswini, meanwhile, 

found that hybrid desiccant/vapor-compression AC could be a better option due to its 30–80% in-

crease in energy saving [13]. In 2018, Ajib and Alahmer analyzed several available solar cooling tech-

nologies based on different attributes in order to establish their advantages and disadvantages. They 

found that the capacity of a chiller is affected by variations in the temperature range, while the cold 

water temperature depends on the COP value and the refrigeration capacity [14]. Rishi et al. analyzed 

various factors that should be considered when choosing the right solar cooling technology for an 

implemen-tation. They found that active cooling has a greater efficiency than passive cooling, which 

is generally limited by natural ventilation. However, active cooling is more expensive than passive 
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cooling due to the high electricity consumption of equipment [15]. Naskar et al. designed and con-

structed an AC system supplied with direct current (DC) from photo-voltaic (PV) panels. The ob-

tained results were analyzed and the technical effectiveness and economic competitiveness were 

found to be improved [16]. Velasco et al., meanwhile, designed and built an alternative evaporative 

cooler pad using cotton fabric. They showed that saturation efficiency was strongly affected by hu-

midity at the air inlet, with larger air flows leading to lower efficiency. They also revealed that air 

humidification increases re-markably with the inlet air’s dry bulb temperature, with it slightly affect-

ing specific humidity [17]. Next, Rasuli and Torii studied the feasibility of using solar-powered AC 

technology in real weather conditions, finding that this technology is sustainable, cost-effective, and 

environmentally friendly [18]. In 2021, Aiman et al. examined a PV–AC coupled system and a solar 

cooling system where thermal energy was provided by solar collectors. They showed that solar cool-

ing systems were a cost-effective and environmentally friendly alternative to traditional air condi-

tioning systems that use electricity generated from fossil fuels. However, the PV-AC technology sys-

tems were found to be more promising, and their development could significantly affect the pro-

spects of solar cooling systems [19]. Lai et al. studied performance-enhancement strategies for inte-

grating indirect evaporative technology with a solid desiccant, showing that this technology could 

enhance direct evaporative cooling applications under different climate conditions [20]. Table 1 sum-

maries the optimized performance parameters of the evaporative cooling systems.  

The main objective of this study was to develop an experimental-like numerical predictive 

model for an evaporative cooling system with the aim of predicting the effects that the characteristics 

of the input air and water have on system efficiency.  A steady-state numerical model, based on 

energy and mass transfer processes was built in the evaporative cooler. The model used is a ‘funda-

mental’ model based on the equations of mass and energy balance and on the direction and quantities 

of transfer of matter and heat from one phase to another. We consider that the air is dispersed in the 

water, in a homogeneous way, we also assume that the flows of water and air are stable and that their 

variations are negligible. Let us assume that heat and matter transfers are in a steady state. The ther-

modynamic data provided in the form of value tables are approximated and put into equations. This 

program makes it possible to determine the relative humidity, at the exit of the cooler, according to 

the input parameters. It gives us the opportunity to predict that humidification will take place. It 

allows us to choose the optimal conditions for a fixed input rate, air. 
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Table 1. Researches done on evaporative cooling systems. 

 

References Research 

[21] 

studied theoretically and ex-

perimentally the effect of in-

creasing the water evapora-

tion efficiency of the pad 

  

 [22, 23] 

proposed a system that used 

the evaporative cooling effect 

of water 

 

[24] 

measured dry bulb temp 

drops of 6-8°C with a 30% in-

crease in the relative humid-

ity of the inlet air 

 

 

 [25] 

they developed model for 

predicting the thermal per-

formance for cooling build-

ing in hot and cold climate 

 

[26] 

studied the effects of air ve-

locity on the performance of 

pad evaporative cooling sys-

tems 

 

 [27] 

study the performance of an 

on-farm evaporative cooler 

with the effect of different 

filling materials  

[28] 

 

studied the solar powered 

winter air conditioning sys-

tem using evaporative cooler 

 

 

 

[29] 

 

 

 

 

 

Showed that the effectiveness 

of direct evaporative cooling 

system is between 85 and 

93%. 

[30] 

studied the meteorological 

and system parameters on the 

cost-effectiveness and energy 

efficiency of evaporative cool-

ing systems 
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2. Materials and methods 

The model for our system is illustrated in Figure 1. It comprises a water reservoir (5), a fan (3), 

and a pump to recirculate water (6). The fan and the pump are supplied with solar energy, which is 

delivered to a solar battery by the PV panel. The housing is louvered on three sides, with each side 

being fitted with a thick excelsior pad. A water distribution system with a PVC tube keeps these pads 

saturated with water when the cooler is operating. The system can be roof- or window-mounted. The 

adiabatic effi-ciency of this system is affected by the nature of the wetted pad, and a water spray 

system is used to humidify the dry air sucked in by the fan. 

The evaporative cooling process occurs as follows: 

By passing dry air at dry-bulb temperature Tdb over a water surface at temperature TWb (< Tdb), a 

heat transfer occurs through convection between the air and the water. This heat transfer in turn 

causes a certain quantity of water to evaporate, as shown in Figure 2. The water’s temperature does 

not vary, but its volume decreases over time, so it becomes necessary to replace the evaporated water. 

Air-cooling therefore occurs due to the convective heat transfer between the incoming air and the 

injected water, which absorbs energy in the form of latent heat until it evaporates. 

 

Figure 1. Description of the evaporative cooler (1: grid; 2: frame; 3: Fan; 4: base; 5: water reservoir; 6: 

pump; 7: water pipes; 8: filter; 9: water diffuser; 10: box walls; l: 11: PV panel; 12: electrical wires; 13: 

solar battery). 

                                       

Figure 2. Evaporative cooling process. 
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3. Mathematical modeling  

The evaporative cooling process of the PV–AC system is based on the mass and heat transfer 

that occurs between the hot air and the cold water. For this model, we will talk about how this system 

functions. Consider an air conditioning process: State 1 is the inputted dry air with dry-bulb temper-

ature T1, specific humidity w1, enthalpy ha1, and mass flow rate ma1̇ . State 2 is the outputted moist 

air with wet-bulb temperature T2, specific humidity w2, enthalpy ha2, and a mass flow rate ma2̇ . The 

water spray system is shown in Figure 3. 

    

 

    

Figure 3. Wetted-pad evaporative cooler. 

3.1. Mass balance 

The amount of air that comes in (state 1) is the same as the air that goes out [31]. 
ma1̇ =  ma2̇ = mȧ                                                         

(1) 

Water vapor comes in along with the air, and combined with the water that is being added, this 

equals the amount of water that leaves the system [31]: 

ṁaw1 + ṁw = ṁaw2 

ṁw = ṁa(w2 − w1)                                                  (2) 

 Where the specific humidity (w) is given by the following equation [31]: 

w =
0.622.φ.Psat

Patm− φ.Psat
                                                     (3) 

and φ is the relative humidity, given as follows [31]: 

φ =  
Pv

Psat
                                                             (4) 

Psat is the saturating vapor pressure, which depends only on the air temperature, to be calculated 

through the Cadiergues correlation. For a temperature variation of 1°C ≤ T ≤ 100°C, the saturating 

vapor pressure is obtained through the Cadiergues correlation as follows [31]: 

Psat (T) =  10
(A+ 

B.T

C+T
)                                              (5) 

(A ≈ 2.7877 ; B ≈ 7.625; C = 241 [°C]) 

Input 

Dry air:  

ma1 ,T1 , w1      

Water outflow 

Wet air: T2 ;   

w2=wsat     

 

Output   

 

Wetted pad 
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3.2. Energy balance 

We assume that the system does not exchange heat or mechanical work with the external envi-

ronment, so the energy conservation is reduced to enthalpy  conservation. Thus, the enthalpy at the 

inlet is the sum of the enthalpy of the incoming air and that of the liquid water, while at the outlet, it 

is simply the enthalpy of the outgoing air [31]: 
ma1̇ . ha1 +  mẇ. hw −  ma2̇ . ha2 = 0                                           

(6) 

Where: 

ha1 =  Cpa. T1 +  w1. hv1                                                (7) 

 

hv1 =  Lv +  Cpav. T1                                                  (8) 

 

ha2 =  Cpa. T2 +  w1. hv2                                                (9) 

 

 hv2 =  Lv +  Cpav. T2                                                (10) 

hw =  
ha2− ha1

w2− w1

= (wsat −  w1)̇ Cpliq. T1                                   (11) 

The mass of water vapor added to the input dry air, as expressed in kg per kg of dry air, is given by 

the following equation: 

mw =  w1 − w2                                                     (12) 

Given the previous equations, we then get: 

T2 =  T1 +  
(wsat− w1).[(Cpliq− Cpv)T1−Lv]

(Cpa1+ wsat.Cpv)
                                   (13) 

The term (Cpliq − Cpv)T1 can be removed from before the term Lv to then obtain: 

T2  ≈  T1 − 
Lv.(wsat− w1)

(Cpa1+ wsat.Cpv)
                                            (14) 

The dew point temperature Tdp is given by the following equation [32]: 

 

Tdp = 100. (
Pv2

288.68
)

1

8.02  − 109.8                                          (15) 

The efficiency of the evaporative cooler is defined by the following equation [32]: 

E =  
T1− T2

T1− Tdp
                                                         (16) 

4. Numerical simulation  

Numerical code was developed and implemented in MATLAB to predict the performance of the 

modeled evaporative cooler. The input parameters, such as the dry-bulb temperature and relative 

humidity, were varied to simulate genuine climatic conditions, while the output conditions were set 

to ensure the desired level of human comfort.  

 We initially fixed one of the two output parameters (i.e., the preferred temperature or relative 

humidity for the wet air). We then analyzed the effect of the input parameters on the output param-

eters, the output and input enthalpies, the enthalpy of the added water, the mass of the added water, 

and the efficiency of the evaporative cooler. The flowchart presented in Figure 4 depicts the multistep 

procedure that was adopted to solve the heat and mass transfer equations. 
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Figure 4. Calculation flowchart. 

 

Initialization:  

Patm, A, B, C, Cpv, Cpa, Lv, Tw   

Varying input 

parameters 

Fixed one of the input parameters (T1 or 

φ1) and fixed one of the desired output 

parameters (T2 or φ2) 

Calculation of Psat1  and Psat2 (Eq 5) 

Calculation of w1 and w2  (Eqs 3) 

Calculation of Pv1  and Pv2 (Eq 4) 

 

 

Calculation of ha1 (Eq 7) and hv1 (Eq 8) 

Calculation of ha2 (Eq 9)  and hv2 (Eq 10) 

 

Calculation of T2  if φ2 constant or 

calculation of φ2 if T2 constant (Eq14) 

Calculation of  hw (Eq 11) 

Calculation of mw  (Eq 12) 

Efficiency of the system E =  T1− T2

T1− Tdp
 

Calculation of Tdp  (Eq15) 
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5. Results and discussion 

5.1. Effect of dry-bulb temperature on the wet air’s relative humidity  

 Figure 5 shows the variation in relative humidity φ2 of the wet air when varying the dry air’s 

temperature T1. The simulations obtained various results for different constant values for the dry air’s 

relative humidity φ1 and a constant wet-bulb temperature T2. These results revealed that: 

i. The output air’s relative humidity depends mainly on the input air’s relative humidity when vary-

ing the dry bulb-temperature but keeping the wet-bulb temperature constant. 

ii. In cases (a) and (b), the wet-bulb temperature was kept constant while the dry air’s relative hu-

midity was doubled. The wet air’s relative humidity increased when increasing the dry-bulb temper-

ature until it achieved a maximum value of about 28% in case (a) and 37.5% in case (b). When dou-

bling the value of the dry air’s relative humidity, the maximum value for the wet air’s relative hu-

midity rose by about 40%. 

iii. In cases (a) and (c), the dry air’s relative humidity was kept constant while the wet-bulb tempera-

ture increased by about 20%. Thus, the wet air’s relative humidity increased along with increasing 

dry-bulb temperature until it achieved a maximum value of about 28% in case (a) and 24% in case (c). 

A rise in the wet-bulb temperature by approximately 20% leads to a roughly 14% decrease in the 

maximum value of the wet air’s relative humidity. 
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Figure 5. Effect of dry bulb temperature on the wet air humidity. 

 5.2. Effect of dry-bulb temperature on the enthalpies of the air and water  

Figure 6 shows the variation in the dry and wet airs’ enthalpies (ha1 and ha2) when varying the 

dry-bulb temperature. These results were obtained with a constant relative humidity φ1 of 10% for 

the input air and a desired wet-bulb temperature T2 of 20°C. It was found that for dry-bulb tempera-

tures from 22°C to 42°C, which corresponds to a rise of about 47.6%, the values for the dry and wet 

airs’ enthalpies are close, with them varying from about 26 kj/kg to 55 kj/kg (a rise of about 52.7%). 

We can therefore use the approximation that for a constant dry-bulb temperature, the process takes 

place with constant enthalpy, although this is still an approximation nevertheless. Indeed, in the psy-

chrometric chart, the lines of constant enthalpy are identical to the lines for constant wet-bulb tem-

peratures. Thus, if we surmise that enthalpy is constant during this process, the wet-bulb temperature 

also has to be constant.  

Figure 6 shows that when the dry-bulb temperature T1 varies from 22°C to 42°C, the enthalpy of 

the added water increases from 41 kj/kg to 78 kj/kg, which corresponds to a rise of about 47.4%. The 
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variation that occurs in this range of dry-bulb temperatures is due to the difference in specific hu-

midity (w1 – w2), which is very important in determining differences between air enthalpies (h1 – h2).  
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Figure 6. Effect of dry bulb temperature on dry air, wet air and added water enthalpies. 

5.3. Effect of the dry air’s temperature on the mass of the added water  

 Figure 7 shows the effect of the dry-bulb temperature on the mass of water that needs to be 

added to humidify the input dry air. These results were obtained for a constant relative humidity for 

the dry air φ1 of 10% combined with different values for the wet-bulb temperature T2. The results 

obtained show that by varying dry-bulb temperature and making the input air’s relative humidity 

constant, the mass of water needed to humidify the dry air increases linearly. It was also found that: 

i. The added water depends strongly on the input dry air’s temperature, although the flow rate for 

the water is much less than for the air. 

ii. For a constant dry-bulb temperature and relative humidity, a rise in the wet-bulb temperature 

leads to a decrease in the mass of water that needs to be added. 

iii. For φ1 = 10% and T2 = 20°C, the maximum value for the water to be added is about 9g/kg.da, and 

it is achieved at T1 = 42°C. For φ1 = 10% and T2 = 22°C, meanwhile, the maximum amount of added 

water is the same (9g/kg.da), but it is achieved for T1 = 44°C. 

iv. For φ1 = 10% and T2 = 24°C, the maximum value of the added water is about 11g/kg.da, and it is 

achieved for T1 = 50°C. 

v. It seems that every (T1, φ1) pair for the dry air corresponds to an optimal (T2, φ2) pair for the wet 

air.   

 Figure 8 reveals that the added mass at a constant wet-bulb temperature was less sensitive to 

variations in the dry air’s relative humidity. Indeed, for the two cases (T2 = 20°C, φ1 = 10%) and (T2 = 

20°C, φ1 = 20%) the difference between the values of the added mass water are less than 1%, the black 

and red curves coincide. 
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Figure 7. Effect of dry air temperature on the mass of the added water for constant dry air humidity. 
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Figure 8. Effect of dry air temperature on the mass of the added water for variable dry air humidity. 

5.4. Effect of the dry air’s relative humidity on the mass of the added water  

Figure 9 shows the effect of the dry air’s relative humidity φ1 on the mass of the added water at 

a constant wet-bulb temperature T2 with a variable dry-bulb temperature T1.  

 It was shown that: 

i. For a constant dry-bulb temperature T1 and constant wet-bulb temperature T2, the mass of the 

added water was less sensitive to increases in the dry air’s humidity φ1. 

ii. For a constant relative humidity for the wet air and a constant wet-bulb temperature, any rise in 

the dry-bulb temperature leads to an increase in the mass of the added water, because more water is 

needed to humidify the dry air.  
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Figure 9. Effect of the relative humidity of the dry air on the mass of the added water. 

5.5. Effect of the dry-bulb temperature on the evaporative cooler’s efficiency 

The dry- and wet-bulb temperatures place important limitations on the evaporative cooler’s per-

formance. In fact, evaporative cooling can only be successful in regions where the wet-bulb temper-

ature is reasonably low and coincides with a high dry-bulb temperature. As far as the dry-bulb tem-

perature is concerned, most people agree that cooling is desirable in any climate where the ambient 

temperature exceeds 32°C for several hours of the day over an extended period. Figure 10 presents 

the effect of changes in the input parameters (i.e., dry-bulb temperature T1 and relative humidity φ1) 

on the evaporative cooler’s efficiency. It was found that:  

i. For a desired wet-bulb temperature T2, an increase in the dry-bulb temperature leads to an increase 

in the evaporative cooler’s efficiency.  

ii. At a constant dry-bulb temperature and desired wet-bulb temperature, an increase in the dry air’s 

relative humidity leads to an increase in the evaporative cooler’s efficiency. 

It is generally accepted that evaporative cooling is satisfactory only when dry-bulb temperatures in 

excess of 32°C coincide with wet-bulb temperatures below 24°C. 

iii. For a desired wet-bulb temperature, the evaporative cooler reaches its maximum efficiency (about 

94%) when the dry air’s relative humidity is low and the dry-bulb temperature is maximal, while it 

reaches its minimum efficiency (about 90%) when the dry air’s relative humidity is high and the dry-

bulb temperature is low.   

Figure 11 shows the effect that the dry-bulb temperature T1 and wet-bulb temperature T2 on the 

evaporative cooler’s efficiency when the dry air’s relative humidity is constant. It was found that: 

i. At constant relative humidity for the dry air, a rise in the dry-bulb temperature leads to an increase 

in the evaporative cooler’s efficiency. 

ii. With the dry-bulb temperature and the dry air’s relative humidity kept constant, a rise in the wet-

bulb temperature leads to a decrease in the evaporative cooler’s efficiency. 

iii. For a preferred wet-bulb temperature, the evaporative cooler reaches its maximum efficiency 

(about 98%) with a high wet-bulb depression (WBD), while it reaches its minimum efficiency (about 

96%) for a low wet-bulb depression (WBD). 

These results are consistent with those obtained by Ayad and Jasim [33] and Camargo et al [34]. 

The wet-bulb depression (WBD) gives a useful indication of the degree of heat stress prevention, 

something that is at its greatest during the summer. In this study’s case, the WBD is so large that it 

will affect the efficiency of the evaporative cooler. 
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Figure 10. Effect of dry bulb temperature on the evaporative cooler efficiency for different dry air 

relative humidity and constant wet bulb temperature. 

20 25 30 35 40 45 50

0

20

40

60

80

100

Ef
fic

ie
nc

y 
(%

)

Dry bulb temperature T1 (°C)

     f1=10% 

 T2=20°C

 T2=22°C

 T2=24°C

 

Figure 11. Effect of dry bulb temperature on the evaporative cooler efficiency for different wet bulb 

temperatures and constant dry air relative humidity. 

 5.6. Effect of the dry air’s relative humidity on the evaporative cooler’s efficiency 

Figure 12 shows the effect of the dry air’s humidity φ1 on the evaporative cooler’s efficiency for 

a constant wet-bulb temperature but varying dry-bulb temperature. It was found that: 

i. At a constant relative humidity for the dry air and desired wet-bulb temperature, the evaporative 

cooler’s efficiency increased along with an increasing dry-bulb temperature. This efficiency was max-

imized for a critical pair of input parameters (T1, φ1). 

ii. At a constant desired wet-bulb temperature and dry-bulb temperature, the variation in the evapo-

rative cooler’s efficiency according to the dry air’s relative humidity was not linear. Indeed, for the 

pair (T1 = 42°C; T2 = 20°C), a 10% rise in the dry air’s relative humidity φ1 leads to an increase in the 

evaporative cooler’s efficiency of about 25%. For the pair (T1 = 36°C; T2 = 20°C), however, a rise in the 

dry air’s relative humidity φ1 of about 20% leads to an increase in the evaporative cooler’s efficiency 

of about 40%. 
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Figure 12. Effect of dry air relative humidity on the evaporative cooler efficiency for different dry bulb 

temperatures and constant wet bulb temperatures. 

6. Conclusions 

An experimental-like numerical model was developed to investigate the performance of an 

evaporative cooling system under different climate conditions. Evaporative cooling systems are es-

sentially useful in environments where a high dry-bulb temperature (more than 32°C) simultane-

ously coincides with a low wet-bulb temperature (less than 24°C) for extended periods. Under dif-

ferent input dry-air conditions, the obtained results show that evaporative cooling systems can pro-

vide substantial relief from the high dry-bulb temperatures found in desert-type climates. This pre-

sent study found that the dry- and wet-bulb temperatures are determining factors for an evaporative 

cooler’s efficiency. For a desired wet-bulb temperature, the evaporative cooler reaches its maximum 

efficiency at a high wet-bulb depression (WBD = T1 – T2), and it achieves its minimum efficiency for 

a low wet-bulb depression. Further studies are being developed to experimentally investigate a pro-

totype evaporative cooler powered by solar energy. 
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