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     Moist Air Properties                         

 In 1911 Willis H. Carrier made a significant contribution to the air-conditioning filed 
when he published relations for moist air properties together with psychrometric chart. These 
formulas became fundamental to the industry. 

 In about 1945 Goff and Gratch published thermodynamic properties for moist air that 
were for many year the most accurate available. New formulations have recently been 
developed at the National Bureau of Standards. The properties based on these formulations 
are the basis for the thermodynamic properties of moist air given in the ASHRAE Handbook, 
Fundamentals. 

Moist Air and The Standard Atmosphere     

     Atmospheric air is a mixture of many gases plus water vapor and countless pollutants. A 
side from the pollutants, which may vary considerably from place to place, the composition 
of the dry air alone, is relatively constant, varying slightly with time, location, and altitude. 
The ASHRAE Handbook, Fundamentals gives the following approximate composition of 
dry air by volume  

Nitrogen 0.78084 
Oxygen 0.20948 
Argon 0.00934 
Carbon dioxide 0.00031 
Neon, helium, sulfur dioxide, hydrogen, and other minor gases 0.00003 
 

 Based on the composition of air in Table 2.1, the molecular weight (Ma) of dry air is: 

  Ma = Mo2 x Fo2 + MN x FN + MA x FA + MCo x FCo ………….(2.1) 

         = 32 x 0.209 + 28.016 x 0.7809 + 39.94 x 0.0093 + 44.014 x 0.0003 

         = 28.965 

Table 2.1  

      Constituent      Molecular Weight      Volume Fraction 
     Oxygen            32.000          0.2095 
      Nitrogen            28.016          0.7809 
      Argon            39.944          0.0093 
      Carbon dioxide            44.014          0.0003 
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And the gas constant of the air (Ra) can be calculate from equation (2.2) 

 𝑅𝑎 =
R

𝑀𝑎  
 = 

8314

28.965
 = 287 J/kg.K ………………… (2.2) 

Where: 

           R: Universal gas constant 

 Ra: gas (air) constant 

The molecular weight of water is 18.015 and the gas constant for water vapor is: 

 𝑅𝑣 =
8314

18.015
  = 461 J/kg.K 

The universal gas low ( perfect gas ) is: 

 𝑃𝑉 = 𝑚 𝑅 𝑇  ………………………………….. (2.3) 

  𝑃 =  𝜌 𝑅 𝑇 

Standard sea level density compute using Eq. (2.3) with the standard temperature and 
pressure is 1.225 kg/m3 of dry air. 

Atmospheric pressure may be computed as a function of elevation by the following 
relation: 

P = a + b H ………………………………………….(2.4)  

Where the constant a and b are: 

a = 101.325  , b = - 0.01153  when  H ≤ 1220 m 

a = 29.42  , b = - 0.0009  when  H > 1200 m 

H : elevation above sea level in meter. 
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                                      Fundamental Parameters 

      The Gibbs Dalton law for a mixture of perfect gases states that the mixture pressure is 
equal to the sum of the partial pressure of the constituents 

                        P = p1 + p2 + p3+ …………………………. (2.5) 

          For moist air 

                         P = pN2 + pO2 + pCo2 + pA + pv ………………. (2.6)   

    Because the various constituents of the dry air may be considered to be one gas, 

                            PB = pa + pv ………………………………… (2.7) 

         Where:  

                       PB :  Barometric pressure (Atmospheric pressure) 

                       Pa : dry air pressure 

                        Pv : water vapor pressure 

Example: 

                Saturated air at 26oC and atmospheric pressure 101325 N/m2 . Find the partial 
pressure for each of the dry air and the water vapor? 

Solution:   

                From table A-2 at temperature 26oC, the saturated pressure of the water vapor is 

                 Pv = 3363 Pa  (N/m2)  , and from Eqn. (2.7) 

                 PB = pa + pv    or   pa = PB - pv 

                                                   = 101325 – 3363 = 97962 Pa = 97.962 kPa 

      Vapor partial pressure in unsaturated air 

           These cases are the most common in nature, the vapor pressure can be calculated from 
empirical formula: 

            Pv = Pwss – PB A ( td – tw ) ……………………….. (2.8) 

      Where: 

 Pv: partial pressure of water vapor 


