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Lec. Hassan Rijabo

In the summer time when cooling is
required by the air conditioning plant it
will be necessary to operate the cooling
coil, reheater and possibly other plant
as well.

In winter time
the preheater and reheater will
probably be on to provide warm air to
overcome heat losses.

Other plant may be switched on as
well.
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Cooling Coil Contact Factor

Some of the air going through a cooling coil does not come into contact with the 

tubes or fins of the cooling coil and is therefore not cooled to the ADP (Apparatus 

Dew Point)  temperature.

A mixing process therefore takes place as two air streams mix downstream of the 

cooling coil as shown below.
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The photographs below show some plant items
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This may be looked upon as an
inefficiency of the coil and is usually
given as the cooling coil contact
factor.

The process is shown on the
psychrometric chart.
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One air stream is cooled down to the
ADP and the other air stream by-
passes the coil surfaces to give an
off-coil air temperature (mixed air
stream) a little higher than the ADP.
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The contact factor of a cooling coil may 
be found from;

Another expression for contact 
factor is;

By-pass Factor (B.P.F) = 
         

        

Contact Factor (C.F) = 
     

     

C.F + B.P.F = 1
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Typical Air Conditioning Processes

The psychrometric diagram below shows a typical summer cycle.
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Typical Air Conditioning Processes

The schematic diagram below shows a typical plant system for summer air 
conditioning.
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Typical Air Conditioning Processes

The psychrometric diagram below shows a typical winter cycle.
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Typical Air Conditioning Processes

The schematic diagram below shows a typical plant system 
for winter air conditioning.
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Room Sensible Heat Ratio

• The total heat gain (summer) or loss (winter) will be determined by adding 
the Latent and Sensible heat in a room or rooms, i.e.

(SUMMER) Total heat gain = Sensible heat gain + Latent heat gain

(WINTER) Total heat = Sensible heat loss + Latent heat gain

• The room ratio is used on a psychrometric chart to determine the supply 
air state point.

• A room ratio line is superimposed from the protractor on the 
psychrometric chart onto the main body of the chart by a line passing 
through the room state point R.
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This is the ratio of sensible to total heat in the room for summer or winter.
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Room Sensible Heat Ratio (RSHR)
• An example calculation is as follows:

• Sensible heat gain = 9.0 kW

• Latent heat gain = 2.25 kW

• Total heat gain = 9.0 kW + 2.25 kW = 11.25 kW.

• Room Sensible Heat Ratio (RSHR) = Sensible / Total heat

• Room Sensible Heat Ratio (RSHR) = 9 / 11.25 = 0.8

• The supply air state point must also be somewhere on this room ratio 
line to meet the room heat gain requirements i.e. the room ratio line always 
passes through points R and S.
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Room Sensible Heat Ratio (RSHR)
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Examples of Psychrometric Calculations for Summer and Winter
Example 1. Summer Cycle

A room is to be maintained at 22oC dry-bulb temperature, 50% saturation, when the 
sensible heat gain is 10.8 kW in summer.

The latent heat gain is 7.2 kW

Determine the cooling coil and reheater outputs required by using a psychrometric chart if 
the plant schematic is as shown below.

DATA:
Outdoor condition is 28oC, 80% saturation.
The outdoor air and recirculated air ratio is 20%/80%.
The Apparatus Dew Point ADP is 8oC
Neglect the cooling coil contact factor.
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5. Find the mixed point M
(0.2 mM x ho) + (0.8mM x hR) = mM x hM

ho = 77 kJ/kg dry air , hR = 43 kJ/kg dry air from 
psychrometric chart
( 0.2 x 77 ) + ( 0.8 x 43 ) = (1 x hM )
hM = 50 kJ/kg dry air
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Note:

The cooling coil output of 38.2 kW is a much higher value than the sensible heat gain 
of 10.8 kW.

It should be remembered that the difference is these two values is mostly from the fresh 
air cooling load.

It takes quite a lot of energy in summer to cool fresh air coming into air handling units.

This can be minimized by bringing in minimum fresh air but not too little otherwise the 
building will suffer from lack of oxygen and feel stuffy.

Sometimes mistakes are made when sizing cooling apparatus.

If a cooling coil or indoor cooling unit is sized on the sensible heat gain only without 
allowing for fresh air load then it will be grossly undersized.

That is why psychrometric charts are required to calculate cooling coil output including 
fresh air loads.

So, don’t size cooling coil and indoor cooling units on sensible heat gain only if there 
is fresh air coming into the plant.

Size these items of plant using a psychrometric chart.
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Example 2. Winter Cycle

A room has a 18.0 kW sensible heat loss in winter and a 4.5 kW latent heat gain from the 
occupants.

Determine the supply air temperature and heater load using the following information.

DATA:
Indoor condition: 21oC dry-bulb temperature, 50% saturation.
Outdoor condition: -2oC d.b., 80% saturation.
The outdoor air and recirculated air ratio is 20%/80%.
No preheating or humidification takes place in this simplified example.
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Procedure (Winter Cycle)

1. Draw schematic diagram of air-conditioning plant (see above)

2. Plot room condition R on psychrometric chart.

3. Plot outside condition O on psychrometric chart.

4. No Preheater condition P

5. Join points O and R
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6. Find the mixed point M
ho = 4.4 kJ/kg dry air , hR = 40.8 kJ/kg dry air from psychrometric chart

(0.2 mM x ho) + (0.8mM x hR) = mM x hM

( 0.2 x 4.4 ) + ( 0.8 x 40.8 ) = (1 x hM )
hM = 34 kJ/kg dry air
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7. Find the room sensible ratio line

      
         

                  

      
   

        

     1.33
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8. Find the supply air dry bulb temperature by calculation.

9. Plot the supply air condition S on the room ratio line.

This is on a horizontal line from point M to the right hand side of the chart, and 
intersects with the RRL.

The supply air Temperature is found to be 32.5oC.
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Heater Output

The heater output is as follows:

Q reheater = ma ( hS - hM)

where:
Q reheater = Reheater output (kW)
ma = mass flow rate of air (kg/s)
hS = specific enthalpy at condition S (kJ/kg)
hM = specific enthalpy at condition M (kJ/kg)

The specific enthalpies at points S and M

are shown on the psychrometric chart.

                      Q

Qheater         (  50 – 34 )

Qheater =     kW

Therefore the heater load is     kW 
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