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The mechanics of refrigeration.

Jenny Jobling

This is the second in a series of articles
looking at the postharvest temperature
management of fresh produce. The first
part looked at how and why temperature
effects the quality of fresh fruit, vegetables
and flowers. The second part describes the
mechanics of refrigeration and how it cools
plants.

Temperature is the most important influence on
the rate of deterioration in the quality of
produce. High temperatures accelerate ripening
and the speed at which rots develop. A 10 oC
increase in temperature will cause fruit and
vegetables to deteriorate twice as fast, as well
as encouraging disease organisms to grow
twice as fast as well.  This is why it is
important to remove field heat from the
produce as quickly as possible after harvest.

If the temperature of the harvested product is
very high then cooling requires a lot of extra
energy and money. This means that it is often
more efficient to pick produce in the cooler
parts of the day to try and minimise the
accumulation of heat.

The underlying principle of refrigeration is the
transfer of heat energy from a warmer surface
to a colder one.  The intensity of heat energy in
a product is what causes its temperature.  This
is usually measured in degrees centigrade.
Mechanical refrigeration removes heat energy
from a refrigerated room by the principle called
the latent heat of vaporisation.  In simple terms
it involves a substance used as a refrigerant
that changes from a liquid to a gas and

consequently absorbs heat. 

A refrigeration unit consists of a refrigerant
which passes through two stages.

The first stage is when the air in the coolroom
is cooled.  This stage involves the top half of
the diagram (points 1,2 and 8 - 11, Figure 1).
During this stage liquid refrigerant is pumped
into the refrigeration coils. The liquid expands
through a valve (point 11).  The valve is
important as it regulates the quantity of
refrigerant entering the evaporator coils.  When
the liquid moves into the evaporator coils the
liquid changes into a gas because it absorbs
heat energy from the surrounding air (latent
heat of vaporisation). As a result the air in the
coolroom is cooled.
 
During the second stage  the refrigerant
changes from a gas back to a liquid. This is the
recycling stage, shown in the bottom half of the
diagram ( points 3 to 7, Figure 1). The main
feature of this stage is the compressor that
compresses the refrigerant gas so it condenses
into a liquid. This allows the refrigerant to be
continually recycled within the system.

To improve the efficiency of cooling and
increase the cooling capacity the evaporator
containing the refrigerant is coiled into a
package, fins are attached and fans force air
past the evaporator coils (points 1 and 2).  The
fins provide a greater surface area for heat
exchange to occur as the heat is conducted
along the fins to the refrigerant. The fans
ensure that all the air in the coolroom passes
through the coil and is therefore uniformly
cooled.
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A thermostat is placed in the coolroom (point
10). As soon as the thermostat measures that
the temperature has risen above the set point
the compressor is turned on and the warm
gaseous refrigerant is removed from the
cooling coils and more liquid is allowed in so
that it can boil and remove the heat from the
surrounding air.

Figure 1: Diagram of a refrigerated cool room 
( Thompson, 1996).
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Relative humidity in refrigerated spaces.

In order to cool air, the evaporator coils are
cooler than the return air.  The air passing over
the coils contains some moisture. This moisture
is present as vapour or gas. When the water
vapour touches the cold cooling coils it
condenses into a liquid and if the cooling coils
are cold enough will turn into ice.  This means
that water is being continually removed from
the air and so the relative humidity inside a
coolroom is actually fairly dry.

Older coolrooms had a small coil area with the
coils much colder than the room, this resulted
in low relative humidities inside the rooms.
Well designed modern coolrooms have larger
coil area and run only a little bit colder that the
room and consequently the relative humidities
are much higher.

Ice build up can be a problem in rooms set to
low temperatures. The ice builds up on the
refrigeration coils then insulates them from the
surrounding air and this makes the coiling unit
much less efficient. To overcome this problem
of ice building up, a refrigeration system often
has a defrost cycle. During the defrost cycle the
compressor is switched off and the evaporator
coils heated sufficiently to melt the ice.

Photo of a refrigerated cool room. These
rooms do not have the capacity to remove field
heat of harvested produce.

High humidity cool stores.

For leafy produce and other produce affected
by water loss, a high humidity coolroom can be
useful. A high humidity is created by having a
curtain of water which is recirculated over the
evaporator coils and the room air is passed
through it. Any water which is lost to the
cooling coils is replaced as the air moves
through the curtain of water and back around
the produce. This means that the relative
humidity in the coolroom is kept high, often
more than 95%. This method can be combined
with forced air cooling which is used for the
rapid removal of field heat.

The disadvantages of this system is that it is
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expensive, can encourage the growth of disease
organisms and can cause fibreboard cartons to
absorb water and lose their strength. Special
cartons and packaging needs to be used with
these rooms.

Plastic liners inside cartons can be another way
of minimising water loss in coolrooms. The
plastic barrier allows the produce to cool
without losing water to the surrounding air.
One disadvantage is that plastic liners do slow
down the cooling process slightly by
preventing air movement inside the carton and
they cannot be used with forced air cooling.

Good air circulation is important in
coolrooms.
When the product is initially placed in a
coolroom it is warmer than the coolroom air.
The produce must be stacked in such a way
that the cool air can circulate freely. If there are
barriers to the circulation then some produce
will not have cool air passing over it and ‘hot’
spots will develop.  Good air circulation is also
essential when packing refrigerated trucks and
shipping containers.

It is also important to consider that the
produce itself is producing heat.  The heat is
the result of the product breathing and
producing energy.  The refrigeration system
can absorb this heat if the air circulation is
good. If not the heat of respiration will build up
inside packages of produce and the result will
be a more rapid loss of quality. This can
happen especially in situations such as iced
broccoli in polystyrene boxes, once the ice
melts heat cannot leave the box quickly enough
and so the broccoli rapidly heats up even in a
cool room.

Cooling methods.
There are many cooling methods available. 
These include room cooling, forced-air
cooling, hydrocooling, vacuum cooling and top

icing. All these cooling systems use the same
principle of moving heat from a warm to a
cooler surface and most use the principle of
latent heat of vaporisation. These cooling
methods are the key tool available to producers
of fresh produce for maintaining quality. The
uses of these different cooling methods in the
postharvest handling of fresh produce will be
discussed in the next part in this series.
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