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HUMIDIFICATION
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• Humidity H is the mass of vapour carried by a unit mass of vapour
free gas. 

• 𝐻 =
𝑀𝐴𝑝𝐴

𝑀𝐵 𝑃−𝑝𝐴

• pA =partial pressure of the vapour , MA= molecular weight of vapour
• MB= molecular weight of vas

•

• Relationship between mole fraction and humidity

• 𝑦 =
Τ𝐻 𝑀𝐴

Τ1 𝑀𝐵+ Τ𝐻 𝑀𝐴

• Saturated gas is gas in which the vapour is in equilibrium with the 
liquid at the gas temperature. 

• 𝐻𝑆 =
𝑀𝐴𝑃𝐴

′

𝑀𝐵 𝑃−𝑃𝐴
′

• 𝑃𝐴
′ = 𝑣𝑎𝑝𝑜𝑢𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑞𝑢𝑖𝑑
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• Relative Humidity, HR, is defined as the ratio of the partial pressure 

of the vaour to the vapour pressure of the liquid at the gas temperature. 
It is usually expressed as a percentage basis, 100% meaning saturated 
gas and 0% means vapour free gas. 

𝐻𝑅 = 100
𝑝𝐴
𝑃𝐴
′

• Percentage humidity, HA, is the ratio of the actual humidity H to 
the saturation humidity HS, gas temperature:

𝐻𝐴 = 100
𝐻

𝐻𝑠
= 100

Τ𝑝𝐴 𝑃 − 𝑝𝐴
Τ𝑃𝐴
′ 𝑃 − 𝑃𝐴

′ = 𝐻𝑅
𝑃 − 𝑃𝐴

′

𝑃 − 𝑝𝐴
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• Humid Heatcs is the heat energy necessary to increase the 

temperature of 1 g of gas plus whatever vapour it may contain 
by 1oC.

𝑐𝑆 = 𝑐𝑝𝐵 + 𝑐𝑝𝐴𝐻

• Humid volumevH is the total volume of a unit mass of 

vapour free gas plus the accompanying vapour at 1 atm and 
gas temperature. 

𝑣𝐻 =
0.0224𝑇

273

1

𝑀𝐵
+

𝐻

𝑀𝐴

• vH is in cubic meters per gram and T is in oK

• Dew point is the temperature to which a vapour gas mixture 
must  be cooled at constant humidity to become saturated. 
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• Total enthalpy is the enthalpy of a unit mass 

of gas plus accompanying vapour.

• 𝐻𝑦 = 𝑐𝑝𝐵 𝑇 − 𝑇0 + 𝐻𝜆0 + 𝑐𝑝𝐴𝐻 𝑇 − 𝑇0

• 𝐻𝑦 = 𝑐𝑆 𝑇 − 𝑇0 + 𝐻𝜆0
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• The temperature and dew point of the air entering a 
certain dryer are 65.6 and 15.6oC respectively.

• [vapour pressure = 25.1 kPa, atmospheric pressure = 
101.35kPa]

• Determine:
1. Humidity
2. Mole fraction of moisture in air
3. Partial pressure of moisture in air
4. Relative humidity and % saturation
5. Adiabatic saturation temperature/wet bulb temperature
6. Humid heat
7. Saturated volume and humid volume
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ADIABATIC SATURATION

• If air is sprayed into aa stream of gas in an insulated 
pipe or spray chamber, it is cooled and humidified. If 
not all the water evaporates and there is sufficient time 
for the gas to come to equilibrium with water the exit 
temperature [also that of the remaining water] is called 
the adiabatic saturation temperature Ts
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Adiatic saturation temperature, 𝑇𝑠

• 𝑐𝑝𝐵 𝑇 − 𝑇𝑠 + 𝑐𝑝𝐴𝐻 𝑇 − 𝑇𝑠 = 𝐻𝑠 −𝐻 λ𝑠
𝐻𝑠 − 𝐻

𝑇 − 𝑇𝑠
=
𝑐𝑠
λ𝑠

=
𝑐𝑝𝐵 + 𝑐𝑝𝐴𝐻

λ𝑠
• 𝑇𝑠 = 𝐴𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

• Ts can be determined by trial and error only as  
Hs and λs are function of Ts

• Adiabatic cooling curve is drawn from a 
particular, Ts, when these parameters can be 
fixed.
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Wet bulb temperature 
• Wet bulb temperature is 

the steady state , non-
equilibrium temperature 
reached by a small mass of 
liquid exposed under 
adiabatic conditions to a 
continuous stream of gas

MEASUREMENT

• Wick must be completely 
wet

• Velocity  of air at least 5m/s 

• Make up liquid is supplied
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WET BULB TEMPERATURE
• At steady state

• Heat transfer from gas to liquid = rate of vaprization x 
sum of latent heat of vaporization and sensible heat of 
vapour

• Rate of heat transfer to liquid,

𝑞 = 𝑀𝐴𝑁𝐴 λ𝑤 + 𝑐𝑝𝐴 𝑇 − 𝑇𝑤 = ℎ𝑦 𝑇 − 𝑇𝑖 𝐴

• NA = molal rate of vaporization,  moles/time

• λw=latent heat of liquid at wet bulb temperature Tw, 

• ℎ𝑦= heat transfer coefficient between gas and surface 
of liquid, 

• Ti= temperature at interface = Tw, A= surface area of 
liquid

12



• 𝑁𝐴 =
𝑘𝑦

1−𝑦 𝑙𝑚
𝑦𝑖 − 𝑦 𝐴 =

𝑘𝑦

1−𝑦 𝑙𝑚

Τ𝐻𝑤 𝑀𝐴

Τ1 𝑀𝐵+ Τ𝐻𝑤 𝑀𝐴

−
Τ𝐻 𝑀𝐴

Τ1 𝑀𝐵+ Τ𝐻 𝑀𝐴

𝐴

• Where, 𝑦𝑖 = 𝑚𝑜𝑙𝑒 𝑓𝑟𝑎𝑐𝑖𝑡𝑜𝑛 𝑜𝑓 𝑣𝑎𝑝. 𝑎𝑡 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒, y=mole fraction 
of vapin air stream, 𝑘𝑦=MTC, 1 − 𝑦 𝑙𝑚= one way diffusion factor

𝑀𝐴𝑁𝐴 λ𝑤 + 𝑐𝑝𝐴 𝑇 − 𝑇𝑤 = ℎ𝑦 𝑇 − 𝑇𝑖 𝐴

ℎ𝑦 𝑇 − 𝑇𝑤 A=
𝑘𝑦

1−𝑦 𝑙𝑚
𝐴

𝐻𝑤

Τ1 𝑀𝐵+ Τ𝐻𝑤 𝑀𝐴
−

𝐻

Τ1 𝑀𝐵+ Τ𝐻 𝑀𝐴
λ𝑤 + 𝑐𝑝𝐴 𝑇 − 𝑇𝑤

• Assumptions:
1. 1 − 𝑦 𝑙𝑚 ≅ 1
2. Neglecting Sensible heat, 𝑐𝑝𝐴 𝑇 − 𝑇𝑤
3. Neglecting Τ𝐻𝑤 𝑀𝐴and Τ𝐻 𝑀𝐴 in comparison to Τ1 𝑀𝐵

ℎ𝑦 𝑇 − 𝑇𝑤 =𝑘𝑦 𝐻𝑤𝑀𝐵 −𝐻𝑀𝐵 λ𝑤
EQUATION OF PSYCROMETRIC LINE

ℎ𝑦 𝑇 − 𝑇𝑤 = 𝑀𝐵𝑘𝑦λ𝑤 𝐻𝑤 −𝐻
𝑯−𝑯𝒘

𝑻 − 𝑻𝒘
= −

𝒉𝒚

𝑴𝑩𝒌𝒚𝝀𝒘
13



Psychrometric line and Lewis equation
𝑯−𝑯𝒘

𝑻 − 𝑻𝒘
= −

𝒉𝒚

𝑴𝑩𝒌𝒚𝝀𝒘
• Psychrometric line intersects 100% line at Tw, and has a 

slope of

−
𝒉𝒚

𝑴𝑩𝒌𝒚𝝀𝒘

• For water – air system:  
𝐻𝑠−𝐻

𝑇−𝑇𝑠
=

𝑐𝑠

λ𝑠
ℎ𝑦

𝑀𝐵𝑘𝑦
≅ 𝑐𝑠 - Lewis relation

• Comparing Psychrometric line and Adiabatic cooling line

𝐻−𝐻𝑤

𝑇−𝑇𝑤
= −

ℎ𝑦

𝑀𝐵𝑘𝑦λ𝑤
and  

𝐻𝑠−𝐻

𝑇−𝑇𝑠
=

𝑐𝑠

λ𝑠

• Hence adiabatic line and psychrometric lines are identical 
for air- water vapour system. 
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MEASUREMENT OF HUMIDITY

1. Dew point method- Polished  gold disc cooled by peltier
effect

2. Psychrometric method 
Wet Bulb Dry bulb thermometer

3. Direct chemical method – absorption by phosphorous 
pentoxide, sulphuric acid
4. Hair Hygrometer- Measurement of length of hair/fibre
5. Measurement of heat of absorption on to a surface
6. Piezoelectric hygrometers- quartz crystal coated with 

hygroscopic material
7. Capacitance meters – electrical capacitance
8. Observation of colour change –cobaltous chloride
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AIR CONDITIONING
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COOLING TOWERS
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INDUCED DRAFT COOLING TOWER
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Evaporative water cooler
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Tube arrangement in evaporative 
coolers
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