
Humidification Operations 

Humidification and dehumidification are operations in which a pure liquid is in contact with an in 
gas phase which is insoluble in the liquid. In humidification, the liquid vaporises and the vapours an transferred to the gas phase, whereas in dehumidification, the vapours are condensed and transfem from the gas phase to the liquid phase. In majority of these operations, the liquid phase is pure water and the gas is air. Since the liquid phase is pure, there are no concentration gradients and no resistange to mass transfer exists in the liquid phase; the mass transfer in these operations is confined to the gas 
phase. In this respect, the process is simpler than the gas absorption and the distillation, which ae 

operations in which mass transfer occurs in both liquid and gas phases. However, the analysis of the 
process is complex because it is not the mass transfer alone that controls the rate; it is the simultaneo05 

transfer of mass and heat that governs the rate of humidification and dehumidification operations. It is true that in almost all separation operations involving mass transfer, the transfer of mass s accompanied by the transfer of heat as well. Heat transfer is of minor significance as a rate limiing 
mechanism in operations such as distillation, gas absorption involving dilute solutions, extracnon. 
leaching, etc. In contrast, humidification and dehumidification are operations in which heat ransie 
significantly influences the rate of mass transfer. 

et 

Applications 
1. Liquid cooling: Liquid can be cooled by bringing the hot liquid into direct contact with ne s 

phase. Cooling occurs by the transfer of sensible heat and by evaporation. Cooling towc 
used for cooling the water recycled from various processing units and power generau 
in the process plant. Cooling towers operate with the atmospheric air as the coolant 1o P 
water and the operation is a typical humidification operation. 

2. Gas cooling: Gas can be cooled by direct contact with cold liquid. If the presence or 
in the gas is not objectionable, the gas cooling by humidification offers substantial say
cost of equipment and maintenance. The gas cooling by humidification is free from 

problems associated with the gas cooling using heat exchangers. 

Statons 

proes 

and temperature. For example, in drying of certain solids, humidified air 

Controlled 

will 

humd

a 

3. Adiabatic humidification: There are certain processes that require gas of conuo necessary 

Teasedby 

control the rate of drying and to avoid case hardening. The gas humidity can be 

adiabatic humidification.
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Humidification Operations 449 ion: Adiabatic dehumidification of the gas is achieved by the direct contact with 

midification:. 

lification is also achieved under non-adiabatic condition by passing the 

Dehumidification is als 
xture in contact with refngerated pipes. The application of dehumidification include 

ocovery: The recovery of the solvent vapours from the gas is achieved by dehumidi-covery of carbon tetrachloride, trichloroethylene, benzene, methanol, etc. 

4 a cold liquid. 

gas- 

vapour 
mixture i 

a) Solvent recovery: 

fication, e.g. reco 

are achieved by dehumidification. 

drving: Moisture present in the gases can be removed by dehumidification. Presence 
(b) Gas. 

of moisture in the o chlorine gas leads to severe corrosion of the steel equipment as. The gas is dried by removing the chlorine by dehumidification. Moisture present in the 

handling the 
as admitted to the suipnuric actd converters can be removed by a dehumidification operation. Onditioning: Apart from houses and buildings, the air in certain plant areas in process dustries have to be maintained at the desired temperature and humidity. Air conditioning i the process of maintaining the water content in the air at some desired level. Dehumidi-fication is an important operation in the air conditioning systems. 5. Evaporative coolin aporative cooling: This is essentially a non-adiabatic operation in which the gas or the liquid he cooled is passed through the heat exchanger tubes and water is allowed to flow as a thin Eln around the tubes. The film of water is cooled by vaporisation and transfer of sensible heat to the air passed in contact with the liquid. 

Water desalination: The humidification-dehumidification processes offer a technique for 
desalination of water. The process claims several advantages such as the flexibility in capacity. moderate costs, etc. over the conventional methods of desalination such as evaporation, distillation 

and reverse osmosis. 

61 VAPOUR-LIQUID EQUILIBRIUM FOR PURE SUBSTANCES 

Humidification operations involve gas-liquid interactions, more frequently, air-water interactions. Since 
apure liquid is in contact with a gas phase and vaporisation or condensation occurs till equilibrium is 
ablished between the gas and the liquid, it is necessary to know the vapour-liquid equilibrium 

characteristics of pure substances. Consider a liquid A (say, water) in contact with a non-condensable
gas B say, air) in a closed container at a constant temperature and pressure. Initially the air is dry so 
nat the partial pressure of water vapour in the air is zero. When the dry air comes in contact with water, 

oTSaton occurs and the air picks up moisture from the liquid. As a result, the partial pressure ot 
din the gas increases. This continues till equilibrium is established between the liquid and the gas 

ulibrium between the liquid and the gas is finally established, the partial pressure of water 

if h e gas stream attains a value that remains constant unless the equilibrium is disturbed. Even 

e nd gas are allowed to be in contact for an infinitely long period, the equilibrium partial 

Cd by the vapour in the gas will not change as long as the temperature is not altered. At DIeSSure e 
the an gas is said to be saturated with the vapours of the liquid. The partial pressure exerted by 

Saturation is equal to the vapour pressure of the liquid at the prevailing temperature. 

this state 

gas is unsaturate 
Mqud at that temperature. Atmoderate arial pressure 

iea, the partial pressure of the vapour will be less than the vapour pressure of the 

Poata 

dentical to the vapour 
O Substance A in the gas phase is, therefore, a unique function of temperature andis 

apour pressure curve of substance A as shown in Fig. 6. I. Figure shows the vapour 

as a function of temperature, At a given temperature, water exerts a definite vapour 

Pressure increases with increase in temperature. If the water at this temperature is 

"a insoluble gas such as air, the partial pressure exerted by the water vapour in the 

a to the vapour pressure. For example, at 340 K, the vapour pressure of water is 

ESsures, the vapour pressure of a substance is independent of pressure. The equilibrium 

Pressure of water as Wessure, the vapour y h eauilibrium 
Bas phase will be 
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100T 

2134 kPa. If the air is in contact with liquid water 

at 340 K, the partial pressure 
exerted by the water 

in the air under equilibrium will be 27.34 kPa. When 

moist air with a partial pressure of water less than 

27.34 kPa is contacted with water at 340 K, water 

vaporises and the air gets humidified. 

80 
08 

60 
0 

40 
04 

he vapour pressure 
versus temperature plot 

serves as the phase equilibrium 
curve for the 

humidification and the dehumidification operations. 

The equilibrium can also be represented in the 

conventional way by plotting the concentrations 

expressed as mole fractions. The mole fraction in 

the gas phase y is calculated using Dalton's law: 

20 
0 

0- 
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Fig. 6.1: Vapour pressure of pure water 
temperature and equilibria for the system i 
101.3 kPa 

..6. y-- P 

The liquid phase being pure A, mole fraction of the liquid cannot be used to represent the ecusi 

temperature of the liquid is plotted as the *coordinate of the equilibrium curve in the nla 

fraction . The y versus 7 curve for the air-water vapour system is also shown in Fig, 6.1. 

Example 6.1: The vapour pressure of acetone at 300 K is 33.26 kPa. For a mixture of nitrod 

saturated with the vapours of acetone at 300 K and 101.3 kPa, calculate: 

(a) The mole percent of acetone in the mixture 

(b) The percent composition by weight 

(c) The kg of vapour per m' of the mixture 

Solution: Since the nitrogen gas is saturated with acetone vapours, the partial pressure of acetone in the 

gas at 300 K, PA = PA = the vapour pressure of acetone at 300 K = 33.26 kPa. 

P 

i mole 

Partial pressurePAA-33.26 _0.3283 
(a) The mole fraction of acetoneTotal pressure 101.3 

(Answer) 
Mole percent = mole fraction x 100 = 32.839% 

(b) Molecular weight of acetone = 58, molecular weight of nitrogen = 28.0 

One kmol of the gas mixture contains 0.3283 kmol acetone, 0.6717 kmol of nitrogen. That is, ne 

kmol of the gas mixture contains 0.3283 x 58 = 19.04 kg acetone and 0.6717 x 28 =18.81 kg nirogeu 

Therefore, the composition in weight percent is: 

19.04 
Acetone= -x100 = 50.30% 

(19.04+18.81) 
18.81 

(19.04+18.81) 
x 100 =49.70% Nitrogen 

(Answer 

(c) Volume of one kmol gas at 300 K and 101.3 kPa = 

Vxx=22.4x 101.3 300 
P To 101.3 273.1524.60 m 

Kilograms of vapour present in one kmol of gas = 19.04 kg 
19.04 

Concentration of the vapour = 
(Answer 

=0.7740 kg/m3 
24.60 
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fication Oper ons 457 
kg dry gas and the accompanying vapour is known as the humid volume of theB 

Humid Volume 

The 

voume of one 

as mixture. ASsuming the ideal gas law to be applicable, 
1apour gas 

To 

anying vapour at the standard temperature and pressure. 

M 

(6.16) humid volume and Vo 1s the volume occupied by one kg of the dry gas and the 

V is the humid 
where 

x 22.414 
MB 

..6.17) TmFor the gas at the dry-bulb temperature T, pressure P (kPa) and having humidity Y, 
where Vo is in m'. 

the 
humid volu is calculat using Eqs. (6.16) and (6.17) as 

VMM2. 01.325 T 

273.15 (6.18) P 
.is the humid volume in m/kg dry air. MA and Mg are the molecular weights of the vapour and e dry gas, respectively. For the air-water vapour system, Eq. (6.18) gives 

V=8.314 
9 ..(6.19) 

uhere P is in kPa and VH is in m°/kg dry air. Given the humidity of the air, the humid volume at any temperature can be calculated using this eaquation. 

Humid Heat 

Humid heat (C) is the amount of heat required to raise the temperature of one kg of dry gas and the 
accompanying vapour by one degree. Thus it represents the heat capacity of the gas-vapour systemn at 
coIstant pressure. If the specific heat of the vapour is Ca (kJ/kg K) and that of the dry gas is Cp (kJ/kg K). ten the humid heat is 

CsCg +Yc ..(6.20) 
" 

r-water vapour system, Ca = 1.884 kJkg K and Ca= 1.005 kJ/kg K. 
Aowing the humid heat of the air-water system, the heat requirement in the operations such as 

uyng and humidification can be easily calculated as 

G,C,AT (6.21) 

s the quantity of sensible heat required for heating without phase change Gs kg of dry air and where 
Ue accompanying vapour by (AT) K. 

Example 6.6: Air at 1 
Vapour. a T pour pressure of water at 328 K is 15.7 kPa. Determine: 

saturated with water 101.3 kPa and 328 K has a volume of 100 m' and is 10% 

Solutione 
The amount of heat to be supplied to heat the given quantity of air to 370 K. 

Ice the vapour pressure of water at 328 K is 15.7 kPa, the saturation humidity of the air is 

a) The humid volume of the sample b) The humid heat (e) 
Solutic 

Since the air is 10% saturated, the humidity 

Y 29 18 15.7 x=0.1138 kg water/kg dry air 
101.3-15.7 29 

0.1x Y = 0.10 x0.1138 = 0.0114 kg water/kg dry air 

)1S used to calculate the humid volume. a) Eq. (6.19) is 
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