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Abstract 
 

In this work a new design for evaporative coolers has been proposed. Preliminary 

results show that a 30-40% increase in the relative humidity was achieved and the outlet 

air stream was 5-6 oC colder than the conventional evaporative coolers. 
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Introduction 

 

Evaporative air coolers are extensively used as cooling system in hot and dry climates. 

It is an energy efficient technique for producing a comfortable indoor environment. The 

cost of such coolers is very cheaper than the compressing cooling systems. In evaporative 

air coolers when the hot and dry air blows over the wet chaff, a portion of the water 

evaporates. The evaporation heat is supplied from the internal energy of the air. As a 

result, the humidity increases and the air temperature drops. The temperature reduces until 

the air becomes saturated i.e. 100% humidity. The ultimate temperature is called “the 

adiabatic saturated temperature” [1]. In fact, the adiabatic saturated temperature is the 

lowest temperature that can be reached by the evaporative coolers. This temperature is 

calculated using Eq. 1 

(Ca  + CV  γ RH 2  ) (Tadia  − T1 ) = (RH 2  − RH1 ) ∆HV (1) 

 

where Ca and Cv are the specific heat capacity for air and water vapor. RH1 and RH2 are 

the initial and final relative humidity of air. Tadia and T1 are the adiabatic and initial 

temperature and ∆HV is the enthalpy for vaporization of water. γ is defined as; 
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where Mw and Ma are the molecular weight of water and air, respectively and  P 
sat  

is the 

saturated vapor pressure of water at Tadia. A simple calculation shows that if the air at 

32°C with 15% relative humidity enters the cooler, the final temperature should be as 

P 
γ × 
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cold as 16°C. However, the existing evaporative air coolers never achieve such 

temperature. The major reason is the short contact time between the dry air and the water. 

This prevents full saturation of air. The purpose of this research is to enhance the yield of 

evaporative cooling system by increasing the evaporation efficiency. 

 

 

Experimental 
 

A commercial evaporative cooler (ABSAL) was used to evaluate the efficiency of the 

existing coolers. The temperature and humidity of the surrounding and the output air was 

measured by a digital temperature and humidity meter (TES-1364, Taiwan). 

 

 

Results 
 

Evaluating the existing coolers 

 

In order to evaluate the efficiency of the existing coolers, the temperature and humidity 

was measured for the ambient air in the vicinity of the cooler as well as the cooler vent. 

The measurement was performed after about an hour to ensure establishing the steady 

state condition. The ambient temperature was in the range of 30-40°C with a relative 

humidity of 6-20%. The measurement was repeated at various conditions. The results are 

presented in Table 1. 

Table 1. Temperature and humidity of the ambient air and the vent for a commercial cooler. RH is the relative 

humidity at temperature T. 

Ambient air Vent  

RH1(%) T1(ºC) RH2(%) T2(ºC) Tadia(ºC) T2-Tadia 

6.1 33.5 52.8 20.7 15.2 5.5 

17 24.6 59.1 18.6 12.6 6 

14 36 68.7 25.2 19.4 5.8 

 
These data show that the temperature drops by about 12oC by the conventional coolers. 

However, the final temperature and the relative humidity have not reached their ultimate 

values; i.e. Tadia and 100%, respectively. Theoretically, the temperature can be further 

decreased by about 5-6oC. The cooling yield for this type of coolers is calculated to be 

about 70%. 
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The New Design 

 

In the new design, water is sprayed to enhance the evaporization yield. The high 

pressure water was admitted into a nozzle, from where it emerges as a bell-shaped hollow 

cone disintegrating into polydisperse droplets. The droplets quickly evaporate due to their 

small size. This is based on the Laplace Equation [2] for the vapor pressure of the droplets 

which states that the smaller the size of the droplets, the more vapor pressure. The 

schematic diagram of the new design is shown in Fig 1. 
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A nearly 100% humidity was achieved by this design and the temperature drop was as 

high as 20oC which means about 30% increase in the cooling yield. The out put 

temperature is very close to the adiabatic temperature. The work is being carried on to 

complete the design in such a form acceptable in the market. 

 

 
Conclusion 

 

A new method was proposed to substitute the evaporation scheme in the evaporative 

coolers. The preliminary results are promising and show a considerable increase in the 

cooling efficiency. The impact of this work on reducing the energy consumption would 

be significant. 
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