
CHAPTER-2: GAS–VAPOR MIXTURES 
Introduction  

 At temperatures below the critical temperature, the gas phase of a substance 
is frequently referred to as a vapor. 

 The term  vapor implies a gaseous state that is close to the saturation region 
of the substance, raising the possibility of condensation during a process. 

 In Chapter 1, we discussed mixtures of gases that are usually above their 
critical temperatures. 

 Therefore, we were not concerned about any of the gases condensing during 
a process. 

 That means, Not having to deal with two phases greatly simplified the 
analysis. 

 When we are dealing with a gas–vapor mixture, however, the vapor may 
condense out of the mixture during a process, forming a two-phase mixture 

 This may complicate the analysis considerably. 

 Therefore, a gas–vapor mixture needs to be treated differently from an 
ordinary gas mixture. 

 Several gas–vapor mixtures are encountered in engineering.  

 In this chapter, we consider the air–water-vapor mixture, which is the 
most commonly encountered gas–vapor mixture in practice. 
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2.1: Dry and atmospheric air 
• Air is a mixture of  

– nitrogen,  

– oxygen, and  

– small amounts of some other gases. 

• Air in the atmosphere normally contains some water vapor (or moisture) and is 
referred to as atmospheric air. 

• In contrast, air that contains no water vapor is called dry air. 

• It is often convenient to treat air as a mixture of water vapor and dry air  

– Here we note that, the composition of dry air remains relatively constant, but 
the amount of water vapor changes as a result of  

condensation and  

evaporation from oceans, lakes, rivers, showers, and even the human body. 

• Although the amount of water vapor in the air is small, it plays a major role in 
human comfort.  

– Therefore, it is an important consideration in air-conditioning applications. 
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Cont… 
• The temperature of air in air-conditioning applications ranges from about -10 to 

about 50°C.  

• In this range, dry air can be treated as an ideal gas with a constant  cp value of 

1.005 kJ/kg · K [0.240 Btu/lbm · R] with negligible error (under 0.2 percent), as 

illustrated in Fig. 2.1. 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.1: The cp of air can be assumed to be constant at 1.005 kJ/kg · °C in the temperature 

range  -10 to 50°C with an error under 0.2 percent. 
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Cont… 
• Taking 0°C as the reference temperature, the enthalpy and enthalpy change of dry 

air can be determined from 

 

 

 

 

 

where  

– T is the air temperature in °C and   

– ∆T is the change in temperature. 

• In air-conditioning processes we are concerned with the  changes in enthalpy ∆h, 
which is independent of the reference point selected. 

• It certainly would be very convenient to also treat the water vapor in the air as an 
ideal gas and you would probably be willing to sacrifice some accuracy for such 
convenience. Well, it turns out that we can have the convenience without much 
sacrifice. 

• At 50°C, the saturation pressure of water is 12.3 kPa, (see table A4), i.e. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and 

………………..(2.1b) 

…………………..(2. 1a) 
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Cont… 
  At pressures below this value (i.e. 12.3Kpa) , water vapor can be treated as an 

ideal gas with negligible error (under 0.2 percent), even when it is a saturated 

vapor.  

   i.e.  hfg ≈ hg 

 Therefore, water vapor in air behaves as if it existed alone and obeys the 
ideal-gas relation  Pv = RT. 

 Then the atmospheric air can be treated as an ideal-gas mixture whose 
pressure is the sum of the partial pressure of dry air (Pa) and that of water 
vapor (Pv): 

 

 

Where P - is the total pressure 

                - Throughout this chapter, the subscript a denotes dry air and the subscript v denotes 
water vapor. 

• Here the partial pressure of water vapor Pv is usually referred to as the vapor 
pressure. 

– It is the pressure water vapor would exert if it existed alone at the temperature 
and volume of atmospheric air. 

 

 

 

 

 

 

 

 

 

 

 

…………………..(2. 2) 
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Cont… 
• Since water vapor is an ideal gas, the enthalpy of water vapor is a function of 

temperature only, that is, h = h(T ). 

• This can also be observed from the T-s diagram of water given in Fig. A–9 (shown in 

appendix) and Fig. 2.2 where the constant enthalpy lines coincide with constant 

temperature lines at temperatures below 50°C.  

 

 

 

 

 

 

 

 

 
FIGURE 2. 2: At temperatures below 50°C, the h = constant lines coincide with the T = constant 

lines in the superheated vapor region of water. 6 



Cont… 
• Therefore, the enthalpy of water vapor hv, (in this case which is equivalent to hfg) in 

air can be taken to be equal to the enthalpy of saturated vapor at the same 

temperature. That is, 

 

 

• The enthalpy of water vapor at 0°C is 2500.9 kJ/kg, (see from table A4 –appendix). 

• The average cp value of water vapor in the temperature range -10 to 50°C can be 
taken to be 1.82 kJ/kg · °C.  How????, 

– Answer,  Just calculate cp from the relation h = cp*T and take the average value, 
since h = hg at the given temperature 

• Then the enthalpy of water vapor can be determined approximately from 

 

 

 

 

 

 

…………………..(2. 3) 

or 

…………………..(2. 4) 

…………………..(2. 5) 

7 



Cont… 
• In the temperature range -10 to 50°C (or 15 to 120°F), the enthalpy of water vapor 

is shown in fig. 2.3 with negligible error. 

 

 

 

 

 

 

 

 

 

FIGURE 2.3: In the temperature range 10 to 50°C, the hg of water can be determined from Eq. 
2.5 with negligible error 
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2.2: Specific and relative humidity of air 
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Cont… 
• Consider 1 kg of dry air.  

– By definition, dry air contains no water vapor, and thus its specific humidity is 
zero.  

– Now let us add some water vapor to this dry air. The specific humidity will 
increase. As more vapor or moisture is added, the specific humidity will keep 
increasing until the air can hold no more moisture. At this point, the air is said 
to be saturated with moisture, and it is called saturated air. Any moisture 
introduced into saturated air will condense.  

– The amount of water vapor in saturated air at a specified temperature and 
pressure can be determined from Eq. 2.8 by replacing Pv by Pg, the saturation 
pressure of water at that temperature (Fig. 2.4).  

 

 

 

 

 

 

 

 

 

FIGURE 2.4: For saturated air, the vapor 
pressure is equal to the saturation pressure of 
water. 
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Cont… 
• The amount of moisture in the air has a definite effect on how comfortable we feel 

in an environment.  

• However, the comfort level depends more on the amount of moisture the air holds 
(mv) relative to the maximum amount of moisture the air can hold at the same 
temperature (mg). The ratio of these two quantities is called the relative humidity 
designated by ɸ (Fig. 2.5) 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.5: Specific humidity is the actual amount of 
water vapor in 1 kg of dry air, whereas relative 
humidity is the ratio of the actual amount of moisture 
in the air at a given temperature to the maximum 
amount of moisture air can hold at the same 
temperature. 

………..(2. 9) 

where 
………..(2. 10) 
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Cont... 
• Combining Eqs. 2.8 and 2.9, we can also express the relative humidity as: 

 

 

 

• The relative humidity ranges from 0 for dry air to 1 for saturated air.  

Note that: the amount of moisture air can hold depends on its temperature. 

Therefore, the relative humidity of air changes with temperature even when its 

specific humidity remains constant. 

 

 

 

………..(2. 11a, b) 
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Cont… 
• We know that atmospheric air is a mixture of  

– dry air and  

– water vapor, and thus the enthalpy of air/atmospheric air is expressed in terms 

of the enthalpies of  

• the dry air and  

• the water vapor.  

• In most practical applications,  

– the amount of dry air in the air–water-vapor mixture remains constant, but  

– the amount of water vapor changes.  

• Therefore, the enthalpy of atmospheric air is expressed  

– per unit mass of dry air instead of per unit mass of the air–water vapor mixture.  
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Cont… 
• The total enthalpy H (an extensive property) of atmospheric air is thus the sum of  

– the enthalpies of dry air, and  

– the water vapor 

 

 

 

 

 

 

 

 

 

• Note that the ordinary temperature of atmospheric air is frequently referred to as 

– the dry-bulb temperature to differentiate it from other forms of temperatures  

EXAMPLE 1 

 

Dividing by ma gives 

That is 

or 

since hv  ≈ hg 

………..(2. 12) 
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Cont… 
Example 1: A 5m *  5m * 3m room shown in Fig. 2.6 below contains air at 25°C and 
100kPa at a relative humidity of 75 percent. Determine  

(a) the partial pressure of dry air,  

(b)  the specific humidity,  

(c) the enthalpy per unit mass of the dry air, and  

(d)  the masses of the dry air and water vapor in the room. 

Solution 

Assumptions The dry air and the water vapor in the room are ideal gases. 

Properties The constant-pressure specific heat of air at room temperature is  

cp =1.005 kJ/kg · K (Table A–2a).  

For water at 25°C, we have Tsat = 3.1698 kPa and  

   hg  = 2546.5 kJ/kg (Table A–4). 

(a) The partial pressure of dry air can be determined as: 

From equation 2.2:  Pa = P – Pv 
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Cont… 
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Cont.. 
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2.3: Dew-point temperature 
• If you live in a humid area, you are probably used to waking up most summer 

mornings and finding the grass wet.  

– You know it did not rain the night before. So what happened?  

• This is because the excess moisture in the air simply condensed on the cool 

surfaces, forming what we call dew. 

• In summer, a considerable amount of water vaporizes during the day. As the 
temperature falls during the night, so does the “moisture capacity” of air, which is 
the maximum amount of moisture air can hold. 

• The dew-point temperature Tdp is defined as: 

– the temperature at which condensation begins when the air is cooled at 
constant pressure. In other words,  

– Tdp is the saturation temperature of water corresponding to the vapor pressure 

 

 

This is also illustrated in Fig. 2.6 below. 

 

 

 

 

 

 

………..(2. 13) 
That is  
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Cont… 
 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.6: Constant-presssure cooling of moist air 
and the dew-point temperature on the T-s diagram of 
water. 
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Cont… 
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Tdp = Tsat @ Pv = 28.6oC 

Pg = Psat @ T = 35
o
C = 5.628 (from table) 

Example 

Consider 100m3 of an air water vapor mixture at 0.1Mpa, 35oC and 70% relative 

humidity. Calculate the humidity ratio , Dew point temperature, mass of air and mass of 

vapor? 

Solution 



Cont… 
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ADIABATIC SATURATION PROCESS 

Relative humidity and specific humidity are frequently used in engineering and 

atmospheric sciences, and it is desirable to relate them to easily measurable 

quantities such as temperature and pressure.  

 One way of determining the relative humidity is to determine the dew-point 

temperature of air, as discussed in the last section. Knowing the dew-point 

temperature, we can determine the vapor pressure Pv and thus the relative 

humidity. This approach is simple, but not quite practical. 

Another way of determining the absolute or relative humidity is related to an 

adiabatic saturation process, shown schematically in Fig. below. 
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Figure: The adiabatic saturation process. 
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• The system consists of a long insulated channel that contains a pool of water. A steady 

stream of unsaturated air that has a specific humidity of 1 (unknown) and a temperature of 

T1 is passed through this channel. As the air flows over the water, some water evaporates and 

mixes with the airstream. The moisture content of air increases during this process, and its 

temperature decreases, since part of the latent heat of vaporization of the water that evaporates 

comes from the air. If the channel is long enough, the airstream exits as saturated air ( = 100 

percent) at temperature T2, which is called the adiabatic saturation temperature. 

• If makeup water is supplied to the channel at the rate of evaporation at temperature T2, the 

adiabatic saturation process described above can be analyzed as a steady-flow process. The 

process involves no heat or work interactions, and neglecting the kinetic and potential 

energy changes, the conservation of mass and conservation of energy relations for this two 

inlet, one-exit steady-flow system reduces to the following: 

Mass balance: 

𝑊𝑕𝑒𝑟𝑒,  𝑚 𝑤1𝑖𝑠 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 1, 𝑎𝑛𝑑  
 𝑚 𝑤2𝑖𝑠 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 2 

…………*** 
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𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 1, 1 =
𝑚𝑣1

𝑚𝑎1
=
𝑚𝑤1

𝑚𝑎1
,  

𝐹𝑟𝑜𝑚 𝑡𝑕𝑖𝑠 𝑤𝑒 𝑜𝑏𝑡𝑎𝑖𝑛           𝑚𝑤1    = 𝜔1𝑚𝑎1, 
𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑙𝑦 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 2,       𝑚𝑤2 = 𝜔2𝑚𝑎2,  
𝐻𝑜𝑤𝑒𝑣𝑒𝑟, 𝑠𝑖𝑛𝑐𝑒 𝑡𝑕𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑦 𝑎𝑖𝑟 𝑟𝑒𝑚𝑎𝑖𝑛𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝑖. 𝑒.  

𝑚𝑎1 = 𝑚𝑎2 = 𝑚𝑎   
𝑇𝑕𝑢𝑠 𝑚𝑤1 = 𝜔1𝑚𝑎 𝑎𝑛𝑑 𝑚𝑤2 = 𝜔2𝑚𝑎 

𝑇𝑕𝑢𝑠 𝑑𝑖𝑣𝑖𝑑𝑖𝑛𝑔 𝑏𝑜𝑡𝑕 𝑠𝑖𝑑𝑒 𝑏𝑦 𝑡𝑖𝑚𝑒 𝑤𝑒 𝑔𝑒𝑡 
𝑚 𝑤1 = 𝜔1𝑚 𝑎1 = 𝜔1𝑚 𝑎, 𝑎𝑛𝑑 

𝑚 𝑤2 = 𝜔2𝑚 𝑎2 = 𝜔2𝑚 𝑎 

Substituting this in to equation ……….*** 

We get                    𝑚 𝑎𝜔1+ 𝑚  𝑓 =  𝑚 𝑎𝜔2 

Since, we know that  



CONT… 
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CONT… 
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Thus, at state 2 or exit , since 2 = 100% 2 would be 

Recalling that  

Thus we conclude that the specific humidity (and relative humidity) of air can be determined 

from Eqs. (a) and (b) above by measuring the pressure and temperature of air at the inlet and 

the exit of an adiabatic saturator. 

 ………………………………………………… (b) 

• If the air entering the channel is already saturated, then the adiabatic saturation temperature 

T2 will be identical to the inlet temperature T1, in which case Eq. (a) yields 1 = 2. In 

general, the adiabatic saturation temperature is between the inlet and dew-point temperatures. 



Dry and wet-bulb temperature 
• The adiabatic saturation process discussed above provides a means of determining 

the absolute or relative humidity of air, but it requires a long channel or a spray 
mechanism to achieve saturation conditions at the exit. A more practical approach is 
to use a thermometer whose bulb is covered with a cotton wick saturated with water 
and to blow air over the wick, as shown in Fig. below. The temperature measured in 
this manner is called the wet-bulb temperature Twb, and it is commonly used in air-
conditioning applications. 

• The dry bulb thermometer is used simply to measure the temperature of the air 

• The wet bulb temperature is lower than the dry bulb temperature  

• Advances in electronics made it possible to measure humidity directly in a fast and 
reliable way. It appears that sling psychrometers and wet-wicked thermometers are 
about to become things of the past. Today, hand-held electronic humidity 
measurement devices based on the capacitance change in a thin polymer film as it 
absorbs water vapor are capable of sensing and digitally displaying the relative 
humidity within 1 percent accuracy in a matter of seconds. In general, the adiabatic 
saturation temperature and the wet-bulb temperature are not the same. However, for 
air–water vapor mixtures at atmospheric pressure, the wet-bulb temperature happens 
to be approximately equal to the adiabatic saturation temperature. Therefore, the 
wet-bulb temperature Twb can be used in Eq. (a) above in place of T2 to determine 
the specific humidity of air. 
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Cont… 
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EXAMPLE 

The dry- and the wet-bulb temperatures of atmospheric air at 1 
atm (101.325 kPa) pressure are measured with a sling 
psychrometer and determined to be 25 and 15 degre centigrade , 
respectively. Determine (a) the specific humidity, (b) the relative 
humidity, 

and (c) the enthalpy of the air. 

• Solution Dry- and wet-bulb temperatures are given. 
The specific humidity, relative humidity, and enthalpy 
are to be determined. 

Properties The saturation pressure of water is 1.7057 kPa 
at 15 degree centigrade and 3.1698 kPa at 25 degree 
centigrade  (Table A-4). The constant-pressure 
specific heat of air at room temperature is cp 1.005 
kJ/kg .K (Table A-2a) 
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Cont. 
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The psychrometric chart 
• Properties of air-water-vapor mixtures are given in graphical form on psychrometric 

charts. These are available in a number of different forms, and only the main 

features are considered here. It should be recalled that three independent properties 

such as pressure, temperature and mixture composition will describe the state of this 

binary mixture.  

• Thus, the state of the atmospheric air for example at a specified pressure is 

completely specified by two independent intensive properties. 

• A psychrometric chart for a pressure of 1 atm (101.325 kPa or 14.696 psia) is 

given in Fig. A–31 in SI units and in Fig. A–31E in English units. 

• Psychrometric charts at other pressures (for use at considerably higher elevations 

than sea level) are also available. 

• A simplified version of the chart is shown in fig. below 
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CONT… 
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Figure : Schematic for a psychrometric chart. 
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34 
Figure : Schematic for a psychrometric chart. 



CONT… 
• The basic features of the psychrometric chart is a plot of humidity ratio,  on the vertical 

axis (ordinate) as a function of the dry bulb temperature, Tdb on the horizontal axis (i.e. 

abscissa), with relative humidity , wet bulb temperature Twb, and mixture enthalpy per 

mass of dry air as parameters. (Some charts also show the vapor pressure on the vertical 

axis since at a fixed total pressure P there is a one-to-one correspondence between the 

specific humidity  and the vapor pressure Pv)  

• As shown in fig. above, on the left end of the chart, there is a curve (called the 

saturation line) instead of a straight line. All the saturated air states are located on this 

curve. Therefore, it is also the curve of 100 percent relative humidity. Other constant 

relative-humidity curves have the same general shape. 

• Lines of constant wet-bulb temperature have a downhill appearance to the right. Lines 

of constant specific volume (in m3/kg dry air) look similar, except they are steeper. 

Lines of constant enthalpy (in kJ/kg dry air) lie very nearly parallel to the lines of 

constant wet-bulb temperature. Therefore, the constant wet-bulb-temperature lines are 

used as constant-enthalpy lines in some charts. 
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CONT… 
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For saturated air, the dry-bulb, wet-bulb, and dew-point temperatures are identical  as 

shown in fig. below.  

• Therefore, the dew-point temperature of 

atmospheric air at any point on the chart 

can be determined by drawing a 

horizontal line (a line of  constant or Pv  

constant) from the point to the saturated 

curve. The temperature value at the 

intersection point is the dew-point 

temperature, Tdp. 

Figure: For saturated air, the dry-bulb, wet-bulb, and dew-point temperatures are identical. 



CONT… 

EXAMPLE: The Use of the Psychrometric Chart to answer the following questions 

• Consider a room that contains air at 1 atm, 35°C, and 40 percent relative humidity. 

Using the psychrometric chart, determine (a) the specific humidity, (b) the enthalpy, 

(c) the wet-bulb temperature, (d ) the dew-point temperature, and (e) the specific 

volume of the air. 

Solutions 

Analysis: At a given total pressure, the state of atmospheric air is completely specified 

by two independent properties such as the dry-bulb temperature and the relative 

humidity. Other properties are determined by directly reading their values at the 

specified state. 
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CONT… 
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CONT… 

Conclusion: Values read from the psychrometric chart inevitably involve reading 

errors, and thus are of limited accuracy. 
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