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3.0 Air conditioning System 

• Air conditioning is a application of Refrigeration Cycle in a large scale 
• Further there are certain requirements to fulfill 

i. Should maintain the temperature  
ii. Should maintain the Relative Humidity 
iii. Maintain the air purity level 
iv. Maintain the required level of air circulation 

 
 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

So, the air-conditioning applications vary from span of few cubic meters to 
higher amount 

 
 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

Air-conditioning systems can be categorized as follows  
i. Single or direct air conditioning 
ii. Central Air conditioning : Chill water cooling systems 

 
 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

i. Single or direct air conditioning 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 

There are three circulation systems 
in this 
i. Refrigeration circuit (cycle) 
ii. Evaporator water circuit 
iii. Condenser water circuit 

 



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 

Refrigeration cycle is in the chiller 
plant 

• Refrigerant cycle provide the 
cooling effect 

• Absorb heat from evaporator 
chill water 

• Then deliver condenser 
cooling water at condenser 



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 

Evaporator water circuit 
• Use water circuit over the 

evaporator heat exchanger.  
• Heat absorbed from the space is 

delivered to refrigerant at the 
evaporator by chilled water  



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 

Condenser water circuit 
• Use water circuit over the 

condenser heat exchanger.  
• Heat carried in the refrigerant is 

delivered to the condenser water 
• Condenser water remove this heat 

to the atmosphere at a cooling 
tower or radiator 



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 

Condenser water circuit -Cooling tower or radiator 



3.0 Air conditioning System 

Cooling Towers 
 

• Natural draft cooling towers 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

Cooling Towers 
 

• Induced draft cooling towers 

https://www.youtube.com/watch?v=jrWHi77oAWI 



3.0 Air conditioning System 

ii  Central Air conditioning 
 chill water system 

https://www.youtube.com/watch?v=jrWHi77oAWI 

Condenser water circuit -Cooling tower or radiator 



3.0 Air conditioning System 

ii  Central Air conditioning 
  chill water system  

https://www.youtube.com/watch?v=jrWHi77oAWI 

• Chilled water is directly sent to the cooling space OR 
• Air will be chilled at AHU and then chilled air will be circulated to the rooms 

or the space need to cool 
• There need terminal units to allow proper delivery or cool air flow 



Air conditioning load 
 

• The air conditioning load is handled by the refrigeration cycle 
• Based on the load the capacity of the refrigeration system should be 

selected 
• Air-conditioning load has two part  

• Sensible heat load : energy added at unit time to increase dry bulb 
temperature 

• Latent Heat load : energy added at unit time due to enthalpy of 
moisture and evaporation energy 

https://www.youtube.com/watch?v=jrWHi77oAWI 

So it is necessary to analyze the theory behind air-conditioning 



Understanding theory for air-conditioning 

https://www.youtube.com/watch?v=jrWHi77oAWI 

Composition of atmospheric air 
 

• Typical unsaturated space is having air(dry) 
and vapor 

• This vapor is called super heated vapor 
• Both of these components contribute to the 

total pressure 
P = Pa + Ps  

 
There is amount of vapor (Vapor pressure) that 
can have in a certain unit space 

• It depends on the temperature (T)  
• It depends on the pressure (P) 

 

Air particle 

Vapor particle



Understanding theory for air-conditioning 

Composition of atmospheric air 
 

 
If the limit of vapor content is reached  (or 
pressure reached) then that space cannot hold 
any more vapor 

• That means water will not evaporated any 
more 

• Liquid form will remain 

Air particle 

Vapor particle



Adding water to a space 
 
• Consider a unsaturated space as in the figure 
• It has air and vapor 
• We add more water, it will get evaporated and 

increase partial pressure vapor (ps) 
• So, liquid water will not visible 
• This will continue until the maximum amount of 

vapor that volume can hold. 
• Other words, unit the saturation maximum pressure 

reach 

6.8  

Understanding theory 



Adding water to a space 
 
• If further water is added, it will remain as water and 

will not evaporate. 
• Now vapor is in contact with liquid water 
• So, if 1kg water is introduced; 

• x kg of dry saturated vapor and 1-x kg of 
water 

• Or else, can say 1kg of wet steam with x 
dryness fraction.  

 

6.8  

Understanding theory 



Psychrometric Mixtures 

Condensation  
• Consider atmospheric air at 1.013bar and 15 

degree C 
• The saturation pressure of water vapor at this 

condition is 0.017bar ~0.01 bar 
• The saturation temperature for 0.01bar is 7 

degree C 
•  Now the degree of superheat is 15-7 degree C 

 
 

 
 



2.0 Psychrometric Mixtures 

15.1 

Eg : Mist appear on windscreen on cold days 
 



3.0 Specific Humidity, Relative Humidity and Percentage Saturation 

as 

௦

௦
 

Here,  
ms is mass of superheated vapor 
ma  is mass of dry air 
 
 

௦ is partial pressure of super heated 
vapor 

 is total pressure 
 

OR 

 



3.0 Specific Humidity, Relative Humidity and Percentage Saturation 

௦

௚
 

OR 

Here,  
ms is actual mass of water vapor 
(ms)sat    is mass to saturate same space at the same 
temperature 
 
 

௦ is partial pressure of super heated vapor 

௚ is saturation pressure at the same pressure 
 

 



3.0 Specific Humidity, Relative Humidity and Percentage Saturation 

 
• Relative humidity can be expressed as percentage 

saturation  
• Percentage saturation is ratio of specific humidity to 

specific humidity when saturated 
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5.0 Air-conditioning on psychometric chart 

Air-conditioning 
 

Air-conditioning load has two parts  
i. Sensible heat load : energy added to change dry bulb temp 
ii. Latent heat load : energy added due to enthalpy of moisture + heat       

      required to evaporated moisture 

1 : moist air coming to 
the room 

2 : moist air leaving 
the room 



5.0 Air-conditioning on psychometric chart 

Air-conditioning process in chart 
 
Above process 1 to 2 can be marked on a psychometric chart as follows 

1 : moist 
air 
coming 
to the 
room 

2 : moist 
air 
leaving 
the room 

Specific 
Humidity 



5.0 Air-conditioning on psychometric chart 

Air-conditioning process in chart 
 
Point X is selected such that 𝟏 𝒙 and 𝟐 𝒙 
  

Sensible heat load = ௔ ௫ ଵ ௔ ௣௔ ௣௦ ௫ ଵ  



5.0 Air-conditioning on psychometric chart 

Air-conditioning process in chart 
 
Point X is selected such that 𝟏 𝒙 and 𝟐 𝒙 

  

Latent heat load = ௔ ଶ ௫ ௔ ଶ ଵ ௚ ଶ  

  

Total heat load  = Sensible heat + Latent heat 
     = ௔ ଶ ଵ  








