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A LABORATORY VACUUM COOLER 

Abstract: A laboratory apparatus for vacuum cooling up to 1 kg of horticultural produce at a tin1e 
is described. The system consists of a vacuum pump and gauge, a water trap, and a cooling chamber 
fitted with thermocouples. Vacuum cooling tests on strawberries, mushrooms and lettuce showed that 
the apparatus.\vorked satisfactorily and cooling rates were similar to those obtained with commercial 
cooling systems. 

Introduction 
Field heat can cause rapid deterioration of some horticultural food crops and it is 

desirable, therefore, to remove this heat as quickly as possible after harvesting. This 
can be done rapidly and conveniently by vacuum cooling (!, 2, 3). Vacuum cooling 
equipment is expensive and for most tests a small nnit, rather than a commercial size 
unit, would suffice. For this reason a unit capable of cooling up to I kg of produce 
at a time was designed. 

Apparatus 
The system can be divided into four parts (Fig. I): 

i) Vacuum unit, comprising an Edwards Speedivac ES75 vacuum pump, an Edwards 
vacuum gauge CG3, reading in the range 0-20 mm Hg, and an adjustable air bleed to 
control the vacuum. 
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ii) Condensing unit consisting of two glass cold fingers (filled with solid C02 and 
acetone) each 70 mm in external diameter and 170 mm in height. The cold finger 
nearest the vacuum chamber has a smaller volume (100 ml) than the second one 
(180 ml) in order to leave more room for ice deposition between the cold finger and 
the outside glass wall, thereby avoiding blockage. The cold fingers are joined together 
by a U tube fitted with a tap which enables the trapped ice to be run-off as water at the 
end of the day's experiments. The condensing unit is attached to the rest of the sy;tem 
with B 24/29 ground glass joints. The condensing unit is enclosed in a wooden box 
packed with cotton wool for insulation. 
iii) A cooling chamber comprising a desiccator (10 l capacity) fitted with two Honey
well copper constantan thermocouples (type 9 Bin 4 item 149/901334). The thermo
couples were cemented into a glass adaptor {fitted to the top of the desiccator, B 34/35 
joint) with Araldite epoxy resin which gave an air-tight seal even at 4 mm Hg. It is 
important to ensure that there is plenty of slack thermocouple wire in the desiccator, 
before cementing, in order to facilitate the placement of the thermocouples in the test 
material. At ambient temperatures > 20°C it was found necessary to place the cooling 
chamber in a card-board box containing 400 to 500 g of solid C02• This was done 
because the system would not work adequately if the differential between the cooled 
product's final temperature (usually I 0 C) and the ambient temperature was > 20°C. A 
'box' temperature of about I 6°C was found to be ideal. 
iv) A Honeywell temperature recorder which prints out the product temperature as 
sensed by the thermocouples. 
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Fig. I: Laboratory vacuum cooling system 
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Operation and performance 
The product to be cooled is placed in the cooling chamber and the two thermo

couples are inserted into the product to determine the rate of cooling. The cold fingers 
are filled with acetone and solid C02• The operating pressure of 4 mm Hg is reached 
1.5 min after starting the vacuum pump. This pres;ure is maintained throughout the 
operation by adjusting the bleed valve. When cooling is complete the vacuum is 
released by opening the bleed valve fully. The water which is removed from the 
product during cooling, and condensed as ice on the cold fingers, can be run-off 
through the tap at the bottom after the system warms up. 

The results (Table l) show that the rate of cooling and extent of dehydration from 
large and small strawberries, lettuce and mushrooms was satisfactory and compared 
favourably with that which would be obtained in commercial vacuum cooling sys
tems (4). As already stressed, it is important to maintain a temperature of 16° to !8°C 
outside the cooling chamber with this system, for an effective cooling rate. This is 
shown clearly in the last line of Table 1 where the temperature of strawberries could 
not be reduced below 7°C(even after 40 rnin) when the temperature outside the cooling 
chamber was 26°C. Obviously an equilibrium state is reached where the rate of heat 
removal is balanced by heat penetration from the outside atmosphere. This problem 
cannot be overcome by using a vacuum pump of larger capacity since the pump used 
in this system bad no difficulty in reaching the operating pressure of 4 mm Hg. 

The temperature of lettuce could not be reduced below 3°C (Table !). However, 
the thermocouple was only taped to the leaf fa this instance and was not embedded 
in it. 

TABLE I: Temperature and water loss for vacuum cooled produce 

Produce 0 

Small strawberries (16°C)• 20 
Large strawberries (16°C) 20 
Mushrooms (l8°C) 20 
Lettuce' (l 8°C) 23 
Large strawberries (26°C) 25 

: Refers to the air temperature outside cooling chamber 
Thermocouple taped to leaf exterior 
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