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QUESTION 1 

1.1 At a deep level mine a new project is being developed.  A computer simulation 

has confirmed that the calculated additional cooling load for this project to be 

30000 kW. This being a long life (15 years) and deep project (max depth = 

3600m), the decision has been taken to use ice to cater for the additional 

cooling load. 

The water will leave the underground ice discharge dam at 3.0°C, arrive at the 

air cooling installations at 5°C and return to the same dam at 19.0°C. 

Assuming that the water temperature leaving air cooling installations is the 

same as the water temperature returning to the melting dam (i.e. 19°C) and the 

IMF of ice is 80%, 

1.1.1  

a) Determine the chilled water flow rate (MFw) through the air 
cooling installations to achieve 30 000 kW cooling. 
 

(1) 

b) The heat energy (including line losses) transferred to the water 
circulated between the melting dam and the air cooling 
installations. 
 

(2) 

c) Determine the flow rate of the ice/water mixture transported 
from surface to the melting dam. 
 

(3) 

d) Determine the mass of solid ice being melted in the discharge 

dam 

 

(2) 

1.1.2  If the ‘melt’ water is pumped to surface from the lowest level and the overall 

pumping efficiency is assumed to be 68%, determine the power required to 

return the ‘melt’ water back to surface.  (2) 

1.1.3 If ice were not used and all cooling water was generated from and pumped 

back to the surface refrigeration systems, assuming the same pump head and 

efficiency, how much power would be required to pump the required cooling 

water out of the mine? 

 [Assume that the cooling water also reaches the air cooling installations 

exchanger at 5°C and that the required water flow is the same as that 

established in 1.1.1(a)] (2) 



1.1.4 Comment on the difference between your answers in 1.1.2 and 1.1.3 above in 

terms of infrastructure requirements (capital costs), operational costs and 

positional efficiencies. (3) 

1.2 List at least 5 advantages and disadvantages of using ice as a medium for 

providing underground cooling in a deep mine. (10) 

[25] 

 

QUESTION 2 

2.1 A quantity of 75m³/s of air enters a bulk cooler at 29.5/33.8°C. The barometric 

pressure is 112.5 kPa and the total heat energy transferred is 3 850 kW. The 

water flow rate through the bulk air cooler is 80 l/s and the temperature of the 

water entering the cooler is 9.5°C.  Calculate: 

 2.1.1 The temperature of the air leaving the bulk air cooler (state any 

assumptions)  (4) 

 2.1.2 The quantity of air leaving the bulk air cooler. (2) 

 2.1.3 The quantity of water, in litres per day, that has evaporated or 

condensed as the air flows through the bulk air cooler.  (3) 

 2.1.4 The temperature of the water leaving the cooler.  (1) 

2.2 Briefly describe the process of auto-compression which occurs when ventilating 

air descends into a mine. In your description, explain why auto-compression of 

air is of greater significance in deep mines than in shallow mines. (5) 

2.3 List 5 requirements of materials to be used for the insulation of chilled water 

piping.   (5) 

2.4 Give brief explanation of the following terms. 

 2.4.1 Partial pressure  (1) 

 2.4.2 Superheat  (1) 

 2.4.3 Wet-bulb globe index  (1) 

 2.4.4 Enthalpy  (1) 

 2.4.5 Isothermal process  (1) 

[25] 



QUESTION 3 

3.1 State typically thermal conductivity values of the following in the standard SI 

units 

 3.1.1 Copper 

 3.1.2 Steel 

 3.1.3 Plastic foam pipe insulation 

 3.1.4 Glass 

 3.1.5 Wood  

 3.1.6 UPVC 

 3.1.7 HDPE 

 3.1.8 Still water (8) 

3.2.1 If still air has a conductivity of 0.028 W/m°C, how does this value compare  to 

that of foam insulation? (2) 

3.2.2 Considering your answer in 3.2.1 (above), briefly describe how thermal 

insulation materials works.  (2) 

3.3.1 Briefly describe the following heat transfer processes and list the factors that 

affect these.  

 a) Conduction  (2) 

 b) Convection  (2) 

 c) Radiation   (2) 

3.4 It takes a natural gas burner 30 minutes to heat 10kg of ice to water at 50°C. If 

the calorific heat value of the natural gas is 38.302GJ/m³, assuming that all the 

heat produced by the gas burner is used to heat the ice / water mixture, 

calculate the volumetric flow rate, in cubic centimetres per minute (cm³/min), of 

natural gas consumed in the gas burner.  (5) 

3.5 Briefly describe an adiabatic process (2) 

    [25] 

 

 

 

 

 



 

QUESTION 4 

4. The following measurements were made on an R134a refrigeration plant 

operating under full load conditions.  

 

 Evaporator 

  Water flow rate   75.5 l/s 

  Inlet water temperature   17.7°C 

  Outlet water temperature    3.5 °C 

  Evaporating temperature    0.5 °C 

 Condenser 

  Water flow rate   128 l/s 

  Inlet water temperature   42.8 °C 

  Outlet water temperature   54.5 °C 

  Condenser temperature   58.5 °C 

 Compressor 

  Motor current   114.6 A 

  Motor voltage   6 600 V 

  Electrical supply phases   3 

  Supply power factor   0.92 

  Calculated compressor motor efficiency  83%  

 

 Condenser cooling tower 

  Water flow rate   131 l/s 

  Inlet water temperature   55.8 °C 

  Outlet water temperature   43.9 °C 

  Condenser water pump input power 300 kW 

 

 Bulk air cooler 

  Water flow rate   106.2 l/s 

  Water temperature in   5.2 °C 

  Water temperature out   16.3 °C 

  Chilled water pump input power  230 kW 

 



4.1 In a diagram, show the different energy transfer points in the 3 circuits 

described, clearly assigning the heat transfer values to each component 

derived from the data given above. (10) 

 

4.2 With reference to the enclosed saturation point data sheet for refrigerant 

R134a, perform a heat balance on the refrigerant side of the circuit given that 

the compressor discharge refrigerant enthalpy is 320 kJ/kg. (5) 

 [Hint: plot a rough (i.e. not to scale) p-H diagram of the cycle and enter the 

values obtained from the table below to help your analysis] 

 

 

 



 

4.3 What is the refrigerant mass flow rate at the inlet to the compressor? (5) 

4.4  What is the plant duty based on the refrigeration side calculations and what 

conclusions you draw regarding errors in the measurements obtained. (5) 

     [25] 

    TOTAL MARKS: 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


