
Advance applications on psychrometric chart

1-Summer air conditioning system

Schematic diagrams of summer air conditioning systems are showed in figures(1-4). The essential

air processing components consisting of a filter, a cooling and dehumidifying coil and a fan are

arranged in series. These are connected using metal ducts through which air flows. For ventilation

purposes, a portion of the air withdrawn from the conditioned space (see figures(2, 3 and 4)) and

mixed with the fresh air before inlet to coil.

Fig.1: A summer air conditioning system with 100% re-cerculated air

Fig.2: A summer air conditioning system with outdoor air for ventilation without by-pass factors

Fig.3: A summer air conditioning system with outdoor air for ventilation with by-pass factors

Fig.4: A summer air conditioning system with both reheat coil and by-pass factor for high latent cooling load

applications
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2-Winter air conditioning system 

. In winter, outside conditions are cold and dry. As a result, there will be a continuous transfer 

of sensible heat as well as moisture latent heat from the conditioned space to outside. Hence, 

in order to maintain comfort conditions (24 C and 60% RH.), air supplied to the conditioned 

space should be heated and humidification.  

. heated and humidification of air can be achieved by different schemes: 

a) By using a preheat coil, humidifier and a reheat coil. 

b) By using an air washer and a reheat coil. 

 

What is the advantage of preheated in  of the winter type of A/C system? 

The preheating of air is advantageous as it ensures that the water in the humidifier/ or air washer 

does not freeze. In addition, by controlling the heat supplied in the preheater, one can control the 

moisture content in the conditioned space.  

3- Year-round air conditioning system 

. In many countries, the summer as well as winter both are very uncomfortable, under such adverse 

conditions a complete air conditioning system can be used for providing air conditioning throughout 

the year.  The system consists of a filter, a heating coil, a cooling and dehumidifying  coil, a 

reheating coil, a humidifier and a blower. In addition to these, actual system consist of dampers for 

controlling flow rates of recirculated and outdoor air. 

. Filter is introduced for purifying the air 

. A blower is introduced for circulating air into the conditioned space. 

 . In winter, the cooling coil is made inoperative and heating coil and humidifier operate to heat and 

humidity air whereas in summer, we need cool and dry air for that we require cooling and 

dehumidification coil. 

 

 

F: Filter  

H:Heating coil 

CC: Cooling and dehumidifying coil 

RH: Re-heating coil 

HU: Humidifier 

B: Blower 



 

Example 1: An air conditioning plant is required to supply 60 m
3
/min at a DBT of 21 C and 

55% RH. The outside air is at DBT of 28 C and 60%RH. Determine the mass of water 

drained and capacity of the cooling coil. Assume the air conditioning plant first to 

dehumidify and then to cool the air. 

 

 
 

Mass of water drained = 𝑚𝑤 = 𝑚𝑎(𝑊1 − 𝑊2)  

𝑚𝑎 =
𝑉

𝑣𝑠2
 

Capacity of cooling coil = 𝐶. 𝐶 = 𝑚𝑎 ℎ1 − ℎ2  

 

From psychrometric chart. 

Specific humidity of air at point 1= W1=0.0142 kg/kg of dry air 

 

Specific humidity of air at point 2= W2=0.0084 kg/kg of dry air 

 

Specific volume of air at point 2= 𝑣𝑠2=0.845 m
3
/kg of dry air 

 

Mass of air circulated = 𝑚𝑎 =
𝑉

𝑣𝑠2
 = 71 kg/min 

 

Mass of water drained = 𝑚𝑤 = 𝑚𝑎(𝑊1 − 𝑊2)= 71 (0.0142 – 0.0084) = 0.412 kg/min 

                                       = 0.412× 60= 24.72 kg/h 

 

Enthalpy of air at point 1= h1 =64.8 kJ/kg of dry air 

 

Enthalpy of air at point 2= h2 =42.4 kJ/kg of dry air 

 

Capacity of cooling coil = 𝐶. 𝐶 = 𝑚𝑎 ℎ1 − ℎ2 =  71 (64.8-42.4)= 1590.4 kJ/ min         

                                       =1590.4/210 = 7.57 TR 

 

like



 

 

Example 2: Following data refers to an air conditioning system to be designed for an 

industrial process for hot and wet climate: Outside conditions = 30C DBT and 75% RH, 

required inside conditions = 20 C DBT and 60% RH. The required condition is to be 

achieved first by cooling and dehumidifying and then by heating. If 20 m
3
 of air absorbed 

by the plant every minute, find  

1-capacity of the cooling coil in tones of refrigeration 

2-capacity of the heating coil in kW. 

3-amount of water removed per hour 

4- by-pass factor of the heating coil, if its surface temp. is 35C. 

 

 

 

 

like



Example 3: Air at 10 °C DBT and 90% RH is to be brought to 35 °C DBT and 22.5 °C 

WBT with the help of winter air conditioner. If the humidified air comes out of the 

humidifier at 90% RH, draw the various processes involved on a psychrometrics chart 

and find:  

1-The temperature to which the air should be preheated,  

2-The efficiency of the air-washer. 

 

Solution/ the processes involved preheating of entering air in heating coil and humidification 

of air in humidifier, and reheating of humidified air in a reheater.   
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Example 4: An air handling unit in an conditioning plant supplies a total of 4500 m
3
/min 

of dry air which comprises by mass 20% of fresh air at 40 C DBT and 27 C WBT and 

80% recirculated air at 25 C DBT and 50% RH. The air leaves the cooling coil at 13 C 

saturated. Calculate the total cooling load and room heat gain. The following data can be 

used:  

 
 

 

 

 

 

Or 𝑹𝒐𝒐𝒎 𝒉𝒆𝒂𝒕 𝒈𝒂𝒊𝒏 = 𝒎𝒂𝟑 (𝒉𝟐 − 𝐡𝟒) = 𝟓𝟏𝟕𝟖 × (𝟓𝟏 − 𝟑𝟔. 𝟖) = 𝟕𝟑𝟓𝟐𝟖
𝒌𝑱

𝒎𝒊𝒏
= 𝟑𝟒𝟗. 𝟖𝑻𝑹 

 



Example 5: A conference room of 60 seating capacity is to be air conditioned for comfort 

conditions of 22 °C dry bulb temperature and 55% relative humidity. The outdoor 

conditions are 32 °C dry bulb temperature and 22 °C wet bulb temperature. The quantity 

of air supplied is 0.5 m
3
/min/person. The comfort conditions are achieved first by chemical 

dehumidification and by  cooling coil. Determine: 

1-Dry bulb temp. of air at exit of dehumidifier, 

2-Capacity of dehumidifier, 

3-Capacity and surface temp. of cooling coil, if the by-pass factor is 0.3 
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Example 6: An air conditioning plant is to be designed for a small office for winter conditions 

with following data:  Outdoor  conditions                 = 10 °C DBT and 8 C WBT 

                                     Required indoor conditions    = 20 °C DBT and 60% RH 

                                     Amount of air circulation       = 0.3 m
3
/min/person 

                                     Seating capacity of the office  = 50 persons 

The required condition is achieved first by heating and then by adiabatic humidifying. Find: 

1-Heating capacity of the coil in kW and the surface temperature, if the by-pass factor of the 

coil is 0.32 and 

2-Capacity of the humidifier. 

 

 

 

 
 

 

like



 

Example 7: The amount of air supplied to an air conditioned hall is 300 m
3
/min. the 

atmospheric conditions are 35 °C DBT and 55%RH. The required conditions are 20 °C DBT 

and 60% RH. Find out the sensible heat and latent heat removed from the air per minute. 

Also, find sensible heat factor for the system. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



Room Sensible Heat Factor: 

It is defined as the ratio of the room sensible heat to the room total heat. The room 

sensible heat factor, 

                                                    𝑅𝑆𝐻𝐹 =
𝑅𝑆𝐻

𝑅𝑆𝐻+𝑅𝐿𝑇
=

𝑅𝑆𝐻

𝑅𝑇𝐻
 

Where: 

                                                     𝑅𝑆𝐻 = 𝑅𝑜𝑜𝑚 𝑠𝑒𝑛𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 

                                                            𝑅𝐿𝐻 = 𝑅𝑜𝑜𝑚 𝑙𝑎𝑡𝑒𝑛𝑡 ℎ𝑒𝑎𝑡  

                                                            𝑅𝑇𝐻 = 𝑅𝑜𝑜𝑚 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 = Room load 
 

 
 

              

 

 

 
 

 

 



Grand Sensible Heat Factor: 

It is defined as the ratio of the total sensible heat to the grand total heat which the cooling 

coil or the conditioning apparatus is required to handle, the grand sensible heat factors: 

 

                   
 

 

 

=   Air conditioning Equipment  load 

v1  

m2  

1 

2  

m1  

v1  

v2  

mS, vS 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

=   Ventilation load 



Effective Room Sensible Heat Factor 

It is defined as the ratio of the effective room sensible heat to the effective room total 

heat, the effective room sensible heat. 

 

 

 

                 
 



 

Example 8: In air conditioning system, the inside and outside conditions are dry bulb 

temperature 25 C, relative humidity 50% and dry bulb temperature 40C, wet bulb 

temperature 27C respectively. The room sensible heat factor is 0.8. 50% of the room air is 

rejected to atmosphere and an equal quantity of fresh air added before air enters the air 

conditioning apparatus. If the fresh air added is 100 m
3
/min, determine: 

1-Room sensible and latent heat load 

2-Sensible and latent heat load due to fresh air 

3-Apparatus dew point 

4-Humidity ratio and dry bulb temp. of air entering air conditioning apparatus. 

 

 

                                       

          

 



 

 

 

 
 
 

Example 9: An air conditioned auditorium is maintained at 27 C DBT and 60% RH. The 

ambient conditions are 40 C DBT and 30 C WBT. The total sensible heat load is 100000 

kJ/h and the total latent heat load is 40000 kJ/h. 60% of return air is recirculated and 

mixed with 40% of make-up after the cooling coil. The condition of air leaving the cooling 

coil is at 18 C. Calculate:  

1-Room sensible heat factor 

2-The condition of air entering the auditorium 

3-The amount of make-up air 

4-Apparatus dew point. 

5- By-pass factor of the cooling coil.  

 



 

 

 

 
 

 

 

 

 

 

 

 



Example10: An air conditioned hall is to be maintained at 27 °C DBT and 21 °C WBT. It 

has a sensible heat load of 46.5 kW and latent heat load of 17.5 kW. The air supplied 

from outside atmosphere at 38 C DBT and 27 C WBT is 25 m
3
/min, directly into the 

room through ventilation and infiltration. Outside air to be conditioned is passed through 

the cooling coil whose apparatus dew point is 15 C. The quality of recirculated air from 

the hall is 60%. This quality is mixed with the conditioned air after the cooling coil. 

Determine 1- Condition of air after the coil and before the recirculated air mixes with it. 

2- Condition of air entering  the hall, i.e. after mixing with recirculated air, 3- Mass of 

fresh air entering the cooler, 4- By-pass factor of the cooling coil, 5-Refrigerating load on 

the cooling coil. 

 

 

 

 



 

 

 

 

 
 

 

 

 

 



Example 11: A retail shop located in a city at 30 N latitude has the following loads: Room 

sensible heat = 58.15 kW, Room latent heat =14.54 kW. The summer outside and inside 

design conditions are: 40 C DBT, 27C  WBT,  and 25C DBT, 50% RH, respectively. 70 

m
3
/min of ventilation air is used. Determine the following, if the by-pass factor of the 

cooling coil is 0.15.  

1- Ventilation load, 2- Grand total heat, 3- Effective room sensible heat factor, 4-Apparatus 

dew point, 5- Dehumidified  air quantity 6- Condition of air entering and leaving the 

apparatus. 

  

 

 

          

 

 



 

 

 

 
 

  𝒐𝒓 𝒕𝟑 =
𝒎𝟏

𝒎𝑻
𝒕𝟏 +

𝒎𝟐

𝒎𝑻
𝒕𝟐 =

𝟕𝟎

𝟐𝟓𝟑
× 𝟒𝟎 +

𝟏𝟖𝟑

𝟐𝟓𝟑
× 𝟐𝟓=29 

 
 

 
 

𝐵𝑃𝐹 =
𝑡𝐴𝐷𝑃 − 𝑡4

𝑡𝐴𝐷𝑃 − 𝑡3
 

Or  



Example 12: The following data refer to summer air conditioning of building:        

Outdoor  conditions                                = 43 °C DBT and 27 °C WBT 

Desired inside conditions                        = 25 °C DBT and 50% RH 

Room sensible heat gain                         = 84000 kJ/h 

Room latent heat gain                            = 21000 kJ/h 

By-pass factor of the cooling coil used = 0.2 

The return air from the room is mixed with the outside air before entry to cooling coil in 

the ratio of 4: 1 by mass. Determine: 

A-apparatus dew point of cooling coil, B- Entry and exit conditions of air for cooling coil, 

C- Fresh air mass flow rate, and D- Refrigeration load on the cooling coil 

 

 

 

 

 

 
 

 

 

 
 



 
 

 

 

 

𝐵𝑃𝐹 =
𝑡6 −𝑡4

𝑡6−𝑡3
 = 0.2 



 

 



 
 

 

 

 


