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Cooling and humidification 

What is Humidification Process? 

The process in which the moisture or water vapor or humidity is added to the air 

without changing its dry bulb (DB) temperature is called as humidification process. 

This process is represented by a straight vertical line on the psychrometric chart 

starting from the initial value of relative humidity, extending upwards and ending 

at the final value of the relative humidity. In actual practice the pure humidification 

process is not possible, since the humidification is always accompanied by cooling 

or heating of the air. Humidification process along with cooling or heating is used 

in number of air conditioning applications. Let us see how these processes are 

obtained and how they are represented on the psychrometric chart. 

Cooling and Humidification Process 

Cooling and humidification process is one of the most commonly used air 

conditioning application for the cooling purposes. In this process the moisture is 

added to the air by passing it over the stream or spray of water which is at 

temperature lower than the dry bulb temperature of the air. When the ordinary air 

passes over the stream of water, the particles of water present within the stream tend 

to get evaporated by giving up the heat to the stream. The evaporated water is 

absorbed by the air so its moisture content, thus the humidity increases. At the same 

time, since the temperature of the absorbed moisture is less than the DB bulb 

temperature of the air, there is reduction in the overall temperature of the air. Since 

the heat is released in the stream or spray of water, its temperature increases. 
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One of the most popular applications of cooling and humidification is the 

evaporative cooler, also called as the desert cooler. The evaporative cooler is the 

sort of big box inside which is a small water tank, small water pump and the fan. 

The water from the tank is circulated by the pump and is also sprayed inside the 

box. The fan blows strong currents of air over the water sprays, thus cooling the air 

and humidifying it simultaneously. The evaporative cooler is highly effective 

cooling devise having very low initial and running cost compared to the unitary air 

conditioners. For cooling purposes, the cooling and humidification process can be 

used only in dry and hot climates like desert areas, countries like India, China, 

Africa etc. This cooling process cannot be used in hot and high humidity climates. 

The cooling and humidification process is also used in various industries like textile, 

where certain level of temperature and moisture content has to be maintained. In 

such cases large quantity of water is sprayed, and large blowers are used to blow 

the air over the spray of water. 

During the cooling and humidification process the dry bulb of the air reduces, its 

wet bulb and the dew point temperature increases, while its moisture content and 

thus the relative humidity also increases. Also, the sensible heat of the air reduces, 
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while the latent heat of the air increases resulting in the overall increase in the 

enthalpy of the air. 

Cooling and humidification process is represented by an angular line on the 

psychrometric chart starting from the given value of the dry bulb temperature and 

the relative humidity and extending upwards toward left. 
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Represent cooling and humidification on psychrometric chart 
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Cooling and Dehumidifying 

 

Objectives Examine the staining processes in practice for air cooling 

with dehumidification 

 

Introduction 

Cooling and dehumidifying is the process of lowering both the dry-bulb 

temperature and the humidity ratio of the moist air. If moist air comes 

in contact with a surface that is below the dew-point temperature of the 

air, moisture will condense on the surface and the air will be 

dehumidified i.e. becomes saturated (RH-100%). This process is used 

in air-conditioning systems operating in hot, humid climates. It is 

accomplished by using a cooling coil with a surface temperature below 

the dew-point temperature of water vapor in air. Typical cooling coils 

in air conditioning systems operate at approximately 40° - 50°F, below 

the dew-point temperature of typical indoor air conditions. The 

calculations are identical to those for heating and humidifying the only 

difference being that the initial state (state 1) is the warmer more humid 

state. As before, the total heat change (Q or q) in going from the initial 

to the final condition can be broken into a sensible and latent heat 

portion. 

On psychrometric chart, this process is represented as line sloping 

downward and to the left. This process is assumed to occur as simple 

cooling first and then condensation. While the moisture is condensing 

the air is assumed to remain saturated. 



    

 

Class: 4th Stage 

Subject: air conditioning systems lab 

Asst.Lecturer: Asmaa khudhair yakoop 

E-mail: asmaa.khudhair@mustaqbal-college.edu.iq 
  

The combined process of cooling and dehumidification is one of the 

most common methods of dehumidification used in the science of air 

conditioning. The reason is that this is by far the easiest or simplest way 

to remove moisture from the air. 

 

 

 

Governing Equation for Heating and Humidification 

If the condition of the air is changing from state 1 to state 2, consider 

that the intersection of a horizontal line through state 1 and a vertical 

line through state 2 occurs at state 0. Then the change in heat can be 

expressed as: 
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𝑄𝑠 = 𝑚𝑎 × (ℎ𝑜 − ℎ1)  𝑂𝑅 𝑞𝑠 = (ℎ𝑜 −

ℎ1)  ………………………….(1) 

𝑄𝑙 = 𝑚𝑎 × (ℎ2 − ℎ𝑜)  𝑂𝑅 𝑞𝑠 = (ℎ2 −

ℎ𝑜)  …………………………..(2) 

𝑄𝑇 = 𝑚𝑎 × (ℎ2 − ℎ1)  𝑂𝑅 𝑄𝑇 = (𝑄𝑠 +

𝑄𝐿) …………………………..(3) 

Where: 

• Qs = sensible heat added. 

• QL= latent heat added. 

• QT= Total heat added. 

• ma = Mass of dry air, [= (volume of air)/(specific volume of moist air] 

• h = Enthalpy of dry air. 

The rate of moisture addition to the air, Mw, is determined by a water 

vapor mass balance: 

𝑀𝑤 = 𝑚𝑎 × (𝑊1 − 𝑊2)    ………………………………………..(4) 

 

Where: 

• W2 = humidity ratio of the moist air upstream of the humidifier. 

• W0 = humidity ratio of the moist air downstream of the humidifier. 

 

Example 
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Observable characteristics of a cooling and dehumidifying process 

are: 

1. Dry bulb temperature decreases 

2. humidity ratio decreases 

3. vapor pressure decreases 

4. dew point temperature decreases 

5. wet bulb temperature decreases 

6. enthalpy decreases (there is a decrease in the energy level and with 

the loss of energy, condensation occurs) 

7. relative humidity increases 

This process is used in air-conditioning systems operating in hot, humid 

climates. Typical cooling and dehumidifying process include chilled 

water and refrigerant cooling coils which condition re-circulated room 

air or mixtures of re-circulated air and outdoor air which is introduced 

for ventilation. The cooling coil shall have a surface temperature below 

the dewpoint temperature of water vapor in air for effective 

condensation. 

 


