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A B S T R A C T 

Increased energy costs initiated an investigation into ref ri gerat ion 

heat recovery as one conservation alte r nat i ve a vailab le for reducing 

water heating cos t s on fa rm da iries. A theoretical energy balance was 

conduc ted, f rom which the potentia l of recover i ng refrige ra tion 

condenser heat was estimated at up to 60% of the water heating energy 

requirements. 

ii 

Preli mina ry tests with heat exchangers lead to the use of a tube -i n-t ube, 

counte r f low , heat exchanger with fins on the refrigerant side , a nd cores 

on .the wa ter side, to i~lrove the heat transfer characteristics . The 

exchanger, designed to provide 300 litres of 6o0 c wate r from a 2 . 25 kW 

ref ri geration system cooling 2000 lit res of milk per day, had an area 

of 0.84 m2 , a nd an overa ll thermal conductance of 100 W. m- 2.oc - 1. 

This heat exchange r was i nserted between the compressor and condenser 

of the refrigerati on p lant a nd tested with two condenser systems (air 

and water), four condenser pressures (6.5 bar, 7.5 bar, 10 bar and 

12 bar), two mi l k inlet te mperatures(23°c and JG0 c) , and two mi lk 

final t emperat ures (4°c and 7°C) . In addition, tests on receiver 

p ressu re and suc ti on superheat were performed to determine ove ra ll 

system pe rformance. 

Increasing condenser pressure increased cooling times from 2 hours 

32 minutes to 3 hours 17 minutes , after the completion of t he 

1200 litre morning mi !ki ng (th us failing to comply with the 3 hour 

cooling regu lation at high condenser pressures.) Also , C.O.P. decreased 

from 3.05 to 2.35 for the wate r cooled condenser system (2 . 70 to 2.00 

for the air cooled condenser system due to fan powe r consumpt i on) . 

Gross heat recovery rose from 4.2 kWh.day-I .m-3 to 8.1 kWh.day -I .m- 3 

for the water coo l ed system, giving water outlet tempe ratures of 45°c 

to 64°c as condenser p ress ure rose. The corresponding ran ges for a ir 

cooled condensers we re 3.8 kWh.day-I . m-3 to 6.6 kWh.day-I .m- 3 , and 

38°c to 55° c. Chan ging mil k inlet and final temperatures gave a 

proportional change i n cooling times and total heat recovery, but had 

no effect on C.O.P . or heat recove ry rates. Suction superheating 

increased total heat recovery by 15%, and water out let tempe ratures by 

9%. 



iii 

Increases in gross heat recovery with increasing condenser pressure 

were partially offset by additional compressor power, and yielded nett 

heat recoveries of 4.0 kWh.day-I .m- 3 to 6.0 kWh.day-I .m- 3 for water 
-1 -3 -1 -3 cooled, and 3.6 kWh.day .m to 4.3 kWh.day .m for air cooled, 

condenser systems. 

The maximum gross and nett heat recoveries (at 12 bar condenser pressure) 

were applied to the energy requirements of a monitored 220 cow town 

supply dairy. This analysis showed that the gross heat recovery was 

51 % of the water heating requirements, but the nett heat recovery 

dropped to 17% of the total heating and refrigeration demand. Based on 

current electricity and equipment prices, it is estimated that the 

payback period for this level of recovery would be 16-17 years. 

Changing the electricity pricing structure, to reflect up to a 1:3 

differential in favour of water heating power costs, results in the 

6.5 bar condenser pressure giving optimum results, but the nett returns 

are significantly lower than those reported. 

The potential for improved savings is greater from larger capacity 

systems as the capital investment is not proportionally increased with 

an increase in scale. 
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