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 Adiabatic saturation and thermodynamic wet bulb temperature 

             As shown in Fig.2.1  

                  ……………………………. (2.21) 

 

          ……………………………. (2.22) 
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                            Fig.2.1 The process of adiabatic saturation of air 

 

Example:  

                 Moist air at 26oC dry bulb and 16oC wet bulb enters to adiabatic device. The air 
leaving the device completely saturated at standard atmospheric pressure (Patm=101.325 kPa) 

Water flow at 16oC, Calculate:  

a) moisture content at the entry and exit    W1 & W2 

b) degree of saturation at the entry  μ1 

c) specific volume at the entry and exit  υ1 & υ2 

d) enthalpy at the entry and exit   h1 & h2 
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Solution: 

a)              From Table A-2   at  tw= 16oC,  Pwss= 1.818 kPa        

                 Pv=  1.818 – 101.325 x6.66 x10-4(26 – 16) = 1.1432 kPa 

               W1= 0.622(1.1432)/(101.325 – 1.1432) = 0.00709 kg/kg dry air 

               W2= Wsw = 0.622(1.818)/(101.325 – 1.818) = 0.01136 kg/kg dry air 

b)             μ =[ W/Wss1]t, p 

             where (Wss) is the moisture content for saturated air at entry state 

              From Table A-2   at  t= 26oC,  Pss= 3.360 kPa  

             Wss1= 0.622(3.360)/(101.325 – 3.360) = 0.0213 kg/kg dry air 

  Then;  μ = (0.00709)/(0.0213) = 0.333 = 33.3% 

c)          Pa1 = PB – P1 = 101.325 – 1.1432 = 100.182 kPa 

             Pa2 = PB – P2 = 101.325 – 1.818 = 99.507 kPa 

              υa1 = Ra Ta1/ Pa1 = 0.287 (273+26)/(100.183) = 0.857 m3/kg dry air 

             υa2 = Ra Ta2/ Pa2 = 0.287(273 +16)/(99.507) = 0.833 m3/kg dry air 

d)            h = (1.007 td – 0.026) + W(2501 + 1.84 td) 

              h1 = (1.007 x 26 – 0.026) + 0.00709( 2501 + 1.84 x 26) = 44.23 kJ/kg dry air 

              h2 = (1.007 x 16 – 0.026) + 0.01136( 2501 + 1.84 x 16) = 44.83 kJ/kg dry air 

Also, can be calculate (h2) from Eqn.(2.21) 

              h2 = h1 + (W2 – W1) hf  

            From Table A-2   at  t = 16oC   hf = 67.19 kJ/kg 

             h2 = 44.23 + (0.01136 – 0.00709) x 67.19 = 44.517 kJ/kg dry air 

• Note here the enthalpy of the dry air decreases about 10 kJ/kg (from 26.208 to 
16.138) while the enthalpy of water vapor is increases within the same amount 10 
kJ/kg (from 18.071 to 28.745). This is an important fact in adiabatic saturation 
process.  

 



Chapter Two 

Air Conditioning Engineering          Prepared by/  Dr.Obaid T. Fadhil  

 

Exercises 

1. The atmospheric condition of air are 25oC dry bulb temperature and moisture content of 
0.01 kg/kg dry air. Find: 

(a) partial pressure of vapor   (b) relative humidity    (c ) dew point temperature. 

[Ans. 0.016 bar, 50.6%, 14.1oC] 

2. A sling psychrometer reads 40oC dry bulb temperature and 28oC wet bulb temperature. 
Calculate the following: 

(a) moisture content     (b) relative humidity     (c ) vapor density in air 

(d) dew point temperature     (e ) enthalpy of mixture per kg of dry air. 

 [Ans. 0.019 kg/kg of dry air, 40.7%, 0.0208 kg/m3, 24oC, 88.38 kJ/kg dry air] 

3. A sample of moist air has a dry bulb temperature of 25oC and a relative humidity of 50%. 
The barometric pressure is 740 mm of Hg. Calculate: 

(a) partial pressure of water vapor and dry air  (b) dew point temperature 

(c ) specific humidity (moisture content)           (d) enthalpy of air 

[Ans. 0.01583 bar, 14oC, 0.0101 kg/kg dry air, 50.81 kJ/kg dry air] 

4. The moist air exists at a total pressure of 1.01325 bar and 25oC dry bulb temperature. If 
the degree of saturation is 50%, determine the following using steam tables: 

(a) moisture content     (b) dew point temperature    (c ) specific volume of moist air. 

[Ans. 10.03 g/kg dry air, 14oC, 0.857 m3/kg] 

5. The atmospheric conditions of air are 35oC dry bulb temperature, 60% relative humidity 
and 1.01325 bar pressure. If 0.005 kg of moisture per kg of dry air is removed, the 
temperature becomes 25oC. Determine the final relative humidity and dew point temperature. 

[Ans. 88.6%, 23oC] 

6. An atmospheric air enters the adiabatic saturator at 33oC dry bulb temperature and23oC 
wet bulb temperature. The barometric pressure is 740 mm Hg. Determine the moisture 
content and vapor pressure at 33oC. 

[Ans. 0.012 kg/kg dry air, 13 mm Hg] 
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7. Air at 40oC DBT and 15% RH is passed through the adiabatic humidifier at the rate of  
200 m3/min. The outlet conditions of air are 25oC DBT and 20oC WBT. Find: 

(a) dew point temperature    (b) relative humidity of exit air 

(c ) amount of water vapor added to the air per minute.  

[Ans. 17.8oC, 65%, 1.26 kg/min] 

8. The atmospheric air has 35oC DBT and 50% RH and standard atmospheric pressure. Find:  

 (a) wet bulb temperature    (b) moisture content    (c ) dew point temperature  (d) enthalpy 

[Ans. 26.20oC, 0.0178 kg/kgd.a , 23oC, 81 kJ/kg] 

9. An atmospheric air at 15oC DBT and 80% RH is supplied to the heating chamber at the 
rate of 100 m3/min.. The leaving air has a temperature of 22oC without change in its moisture 
content. Determine the heat added to the air per min. and final relative humidity of the air. 

[Ans. 865.3 kJ/min, 53%] 

10. Moist air at 20oC DBT and the barometric pressure is 82.5 kPa. Calculate the enthalpy 
and the degree of saturation, if the air was: 

(a) saturated      (b) at a relative humidity of 50% 

[Ans. 66.124 kJ/kg, 1.0 and 42.792 kJ/kg,  0.493] 
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          The Psychrometry of Air Conditioning Processes   

3.1  The Psychrometric Chart 
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