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Gas liquid system: One condensable componentGas liquid system: One condensable component
 Systems containing several components, of which only one is capable of existing as a liquid 

at the process conditions.

 S ti th t i l h t i l d Separation processes that involve such systems include 

o Evaporation, drying, and humidification-all of which involve transfer of liquid into the 

gas phase-andgas phase and 

o Condensation and dehumidification, which involve transfer of the condensable species 

from the gas to the liquid phase.

 For liquid water – air system at T =75°C and P = 760 mm Hg,

o Initially the gas phase contains no water

o Water molecules begin to evaporate. in the gas phase increases

o The amount of water in the gas phase is such that the rate at which water molecules 

enter the gas phase approaches zero.  

No change occurs in the amount or composition of either phase
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 The gas phase is then said to be saturated with water-it contains all the water it can hold at 

the system temperature and pressure-and 

 h i h h i f d The water in the gas phase is referred to as a saturated vapor.

 In the system with two phases and two components,

 It follows that It follows that 

o Only two out of the three intensive variables T, P, and yH2O can be specified, and 

o Some relationship must exist that uniquely determines the value of the third variable onceo Some relationship must exist that uniquely determines the value of the third variable once 

the first two have been specified.

' Si C S iRaoult's Law, Single Condensable Species
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Gas liquid system: One condensable componentGas liquid system: One condensable component
 If a gas at temperature T and pressure P contains a saturated vapor whose mole fraction is yi 

(mol vapor/mol total gas), and if this vapor is the only species that would condense if the 
temperature were slightly lowered, then the partial pressure of the vapor in the gas equals the 
pure-component vapor pressure pi* (T) at the system temperature.

 I t i t f t t d d t t d li id i ilib i th In  a wet vapor consists of saturated vapor and saturated liquid in equilibrium, the mass 

fraction of vapor is known as the quality.
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 When any pure gas (or a gaseous mixture) comes in contact with a liquid

SummarySummary

 When any pure gas (or a gaseous mixture) comes in contact with a liquid, 

 The gas will acquire vapor from the liquid. 

 If contact is maintained for a considerable length of time vaporization continues until If contact is maintained for a considerable length of time, vaporization continues until 

equilibrium is attained, 

 At equilibrium, the partial pressure of the vapor in the gas will equal the vapor pressure of 
the liquid at the temperature of the system. 

 Regardless of the duration of contact between the liquid and gas, after equilibrium is reached 

li id ill i i h hno more net liquid will vaporize into the gas phase. 

 The gas is then said to be saturated with the particular vapor at the given temperature.
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SummarySummary

Change of partial and total pressures on vaporization of water into air at constant temperature
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ExampleExample

Example:Example:

Air and liquid water are contained at equilibrium in a closed chamber at 75°C and 760 mm Hg. 

Calculate the molar composition of the gas phase.

The gas and liquid are in equilibrium, the air must be saturated with water vapor
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 For gas-liquid systems
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 To achieve condensation in a system containing a superheated vapor:

o Increasing the pressure at constant temperature or by g p p y

o Decreasing the temperature at constant pressure.

 The difference between the actual temperature of the superheated vapor and the saturation 

temperature (dew point of a gas) for the same pressure, is called the degrees of superheat.

 For example, steam at 500°F and 100 psia (the saturation temperature for 100 psia is 327.8°F)  

(500 - 327.8) = 172.2°F is the degrees of superheat.
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Example:Example:

The dew point, i.e., the temperature at which the vapor becomes saturated
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Example Cont.Example Cont.

the air becomes saturated at 90oC.At 

further cooling must lead to condensation The products are liquid water in equilibrium withfurther cooling must lead to condensation. The products are liquid water in equilibrium with 

a gas phase, the water vapor in the gas must remain saturated.

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

13

Example Cont.Example Cont.

two independent material balances

the saturation condition, provided another equation
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Quiz

Saturation occurs when P is high enough for the inequality to become an equality,
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so that the products from the compression to 8500 mm Hg must include a liquid stream.
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(b) The condenser was not at steady state when the measurements were made
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 The mechanism of evaporation of a liquid depends on the relative values of the vapor pressure 

of the liquid and the total system pressure. 

o If evaporation takes place at a temperature such that p* < P, the process involves 

transfer of molecules from the surface of the liquid to the gas above the surface, 

f * b bbl f h h h i li id b d i l ho If p* = P, vapor bubbles form throughout the entire liquid, but predominantly at the 

heated container walls: that is, the liquid boils. 

o The temperature at which p* = P is the boiling point of the liquid at the giveno The temperature at which p   P is the boiling point of the liquid at the given 

pressure.

 Generally, to describe the state and composition of a gas containing a single condensable vaporGenerally, to describe the state and composition of a gas containing a single condensable vapor

o Saturation refers to any gas-vapor combination, while 

o Humidity refers specifically to an air-water system.
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 For a gas at temperature T and pressure P contains a vapor whose partial pressure is

partial pressure of water vapor equalsp p p q
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 Given any of these quantities for a gas at a given temperature and pressure the partial pressure Given any of these quantities for a gas at a given temperature and pressure, the partial pressure 

or mole fraction of the vapor in the gas can be calculated
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