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QUESTION 1 [44]  

A terminal-reheat air conditioning plant serving an office building is located at 1700m above 

sea level. In the system 5m3/s of outside air is mixed with 17m3/s of return air. The dry bulb 

temperature of the outside air is 36ºC with a relative humidity of 50%. The design condition 

for the controlled zones is a dry bulb temperature of 22ºC and a relative humidity of 55%. The 

total sensible heat load in the controlled zones is 150kW and the latent heat load is 75kW.  

The apparatus dew point temperature of the cooling coil is 6ºC. The temperature of the air after 

passing through the cooling coil is 13ºC. The re-heaters are also fitted with humidifiers. 

 

1.1 Draw the process on a psychrometric chart. 

1.2 Determine all the mixture properties 

1.3 Calculate the cooling load of the cooling coil 

1.4 Calculate the load of the heaters 

1.5 Calculate the humidifier load 

1.6 Calculate the rate at which water must be removed from the cooling coil 

1.7 Determine the rate at which water is added to the system by the humidifiers 

QUESTION 2 [11]  

The temperature in a cold room is maintained at 1ºC, and the expected maximum temperature 

outside the room is 30ºC. The external dimensions of the room are 5m x 6m and the height is 

2.5m. Three of the walls are fabricated with layers of polymer, polystyrene and steel, while one 

of the 5m walls is comprised of a triple layer of glass with 13mm air spaces. Thermal properties 

of the materials used are given in the table.  

 

2.1 Calculate the overall heat transfer coefficient 

2.2 If it can be assumed that the heat transferred out of the cold room through the roof and 

floor can be neglected, calculate: 

a. The heat load due to heat transfer through the glass wall 

b. The heat load due to heat transfer through the other three walls. The construction 

of the door is similar to that of the walls. 

c. The total heat load 
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Material Thickness 

(mm) 

Thermal Conductivity 

K (W/mK) 

1/R 

(W/m2K) 

U 

(W/m2K) 

Internal Air Film   4  

Polymer 20 0.5   

Polystyrene 50 0.04   

Steel 3 12   

External Air Film   8  

Triple Glass panes (including air 

spaces and films) 

   1.8 

 

QUESTION 3 [25]  

 

Calculate the power requirement by the two compressors in a R-134a system which serves a 

200 kW evaporator at -15°C shown in Figure 1. The system uses two stage compression with 

intercooling and flash gas. The condensing temperature is 45°C and the compression is 

isentropic.   

 

Figure 1 

 

3.1 Draw the pressure-enthalpy diagram of the system       

3.2 Calculate the intermediate pressure of the intercooler for optimum economy, which can 

be calculated from equation :
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𝑃𝑖 = √𝑝𝑠𝑝𝑑 

ip   = intercooler pressure  

sp   = suction pressure of low stage compressor  

dp   =  discharge pressure of high stage compressor  

 

3.3 Determine all enthalpy values 1h  to 7h        

3.4 Determine the mass flow rate through the low stage compressor     

3.5 Calculate the flow rate through the high stage compressor by means of the heat and 

mass balance around the intercooler                    

3.6 Determine the power requirement of the low and high stage Compressor and the total 

power for the system     

3.7 Compare the power requirement to a single compressor system without inter-cooler 

 

QUESTION 4 [20]  

 

The following system temperatures apply to a LiBr water solution absorption refrigeration 

system:  

 

Temperature in generator    105 ºC  

Temperature in condenser    45 ºC  

Temperature in evaporator    3 ºC  

Temperature in absorber    30 ºC  

The refrigeration capacity    300 kW  

4.1 Calculate the flow rates of the system 

4.2 Calculate all the heat transfers and COP of the system 

4.3 If a heat exchanger is installed, calculate the outlet temperature from the heat 

exchanger of the flow of the flow to the generator from the heat exchanger if the COP 

is to be increased by 10% 
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