MASTERCLASS

REFRIGERATION CYCLES

THE PRIMARY refrigerant used in air conditioning
for decades is R22 (HCFC22). Whilst its ozone
depletion potential (0.05) is much less than other
less friendly earlier refrigerants (ODP 1.0), it is still
necessary to phase this refrigerant out.
Accordingly, the majority of new air conditioning
systems now use R410a. However, there are still
many systems operating on R22 and this will be
the case for some years to come.

When we originally wrote this article, almost 10
years ago, R22 was a popular and widely used
refrigerant. However, we considered revising the
content of the article below, basing this on
refrigerant R410A. However, in order to be
accurate we would then need to consider the fact
that this refrigerant has a glide characteristic due
to its mixed composition. We have therefore
decided to use R22 in our work below since its
single component and non-glide characteristics
are more suited to the fundamentals that we are
about to explain. The glide characteristics of
refrigerant such as R407C, R410A and R404A will
be covered in due course.

Fig 1 provides a clear visual understanding of
the behaviour of water at a pressure of 1.01325
bar when heat energy is added or removed.

It is important to remember the key values for
water shown in Fig 1 as these can be used in
many calculations for air conditioning and
refrigeration design and commissioning work.

Steam tables

Changes in pressure above any liquid or vapour
affect the temperatures at which a change of
state occurs and the amount of heat energy
involved. Steam tables list these different values
over a wide range of pressures. Table 1 (page 22)
lists the values for water at a few selected
pressures.

Note the substantial changes that occur in a
specific volume and the rate of change of
pressure in relation to saturation temperature.
Observe the substantial amount of latent heat
energy transfer involved in the change of state
from Safurated Liquidto Saturated Vapour (or
from Saturated Vapourto Saturated Liquid) and
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how this changes considerably with pressure. This
is far greater than the small amount of sensible
heat energy associated with a change in
temperature alone. Clearly, a cooling system for
air conditioning or refrigeration using a circulating
fluid would be most effective if the latent heat
energy fransfer can be hamessed through a
change of state.

The Vapour Compression Cycle and Absorption
Cyele use this characteristic very effectively. The
Double Effect Absorption Cycle actually uses

p-24»

Fig 1: Enthalpy (heat energy) values for water at 1.0325 bar
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water as the refrigerant. The Single Effect

A refrigerant can be defined as a circulating fluid
transferring heat energy from one part of the
system to another. The vapour compression cycle
uses a wide range of refrigerants according to
application requirements including operating
temperatures, pressures, ambient temperatures
and efficiency. Compare the characteristics of R22
(dichloroflouromethane in Table 2 with those of
water in Table 1.

Pressure-enthalpy diagram
The figures in Table 2 have been taken from
Tables of Refrigerant Properties which fully define
all the thermodynamic characteristics of R22.
These figures can also be obtained from software
packages or from the pressure-enthalpy diagram
shown in Fig 2.

The detailed operating characteristics of a
working vapour compression system can bhe
plotted on this diagram.

Absorption Cycle uses ammonia as the refrigerant.

The vapour compression cycle
The primary purpose of an air conditioning or
refrigeration system is to remove heat energy at a
low temperature from a conditioned space or
body and transfer (reject) this heat energy into
another medium at a higher temperature. Heat
energy may be rejected into air, water or soil.
This process is very often continuous since
heat energy will always continue to flow from
higher temperature surroundings into the
conditioned space being maintained at lower
temperature. Insulation plays a major part in
minimising this heat energy flow in low
temperature applications.

Air conditioning and refrigeration heat load
Heat energy flows from higher temperature
surroundings through the fabric of the conditionad
space are termed Transmission or Conducted
gains. There are many other sources of heat gain
to the conditioned space and these include heat
energy from:

* Solar radiation energy striking the surfaces of
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Fig 2: Pressure-enthalpy diagram coniaining all thermodynamic properiies of R22

the building or cold store (sensible)

e Warm, moist air entering the conditioned space
through infiltration or ventilation (sensible and
latent)

e Products or processes (sensible and latent)
 Lighting, motors, machinery and computers
(sensible) i

e Occupants (sensible and latent)

These are carefully calculated and the total is
popularly known as the Heat Load or Cooling
Load. The heat load normally comprises Sensible
Heat and Latent Heat and the air conditioning or
refrigeration system must be capable of removing
these continuously. The sum of sensible and latent
heat energy is know as Tofal Heat or Total
Enthalpy. Air conditioning and refrigeration loads
will be discussed later in the series.

The evaporator

Since the capacity of a refrigerant to absorb heat
energy is greatest when changing state from
liquid to vapour, the heater exchanger (Evaporator)
within the conditioned space is continuously
supplied with liquid refrigerant which vapourises
in order to absorb heat energy from the
conditioned space. Air is used to transport
sensible and latent heat energy from products,
lights, machinery and occupants to the
evaporator. In order for this to be effective and
efficient, an evaporator fan is used to pass return
air over the evaporator coil and to distribute
conditioned air throughout the space.

If liquid refrigerant R22 is allowed to vapourise
at a pressure of 1.01325 bar, the Safuration
Temperature (or Evaporating Temperature) will be
-48°C. As the refrigerant vaporises, heat energy is
absorbed and is termed Latent Heat of
Vaporisation. The latent heat of vaporisation
(approx 140kj/kg) required to vapourise the liquid
is taken from the conditioned space thus
providing cooling. The heat energy from the space
is transferred to the vapour.

However, in order to maintain the conditioned
space at a suitable temperature for comfort air
conditioning (22°C), it is not necessary for the
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mechanical damage and failure. However, as
superheating the vapour does not absorb much
heat energy from the conditioned space and also
makes poor use of the evaporator, it should be
maintained at a minimum level of 5-7K.

The process taking place is shown on the
pressure/enthalpy diagram in Fig 3. The amount
of energy absorbed by the refrigerant during
vaporisation is 167kJ/kg (latent heat of
vaporisation) and a further 3kJ/kg has been
absorbed during superheating of the vapour. The
total of these (170k)/kg is equal to the amount of
cooling performed in the evaporator (and the
space) and is termed the Net Refrigerating Effect.

The compressor

The superheated refrigerant vapour leaving the
evaporator must be recycled and returned to liquid
form for use at the evaporator. In order for the
refrigerant to be returned to a liquid state, it is
necessary to remove heat energy by bringing the
refrigerant into contact with a medium (sink) at a
lower temperature. If the system is to reject this
heat energy to outdoor air during peak summer
conditions where the air temperature may be as
high as 30°C, the saturation temperature of the
refrigerant must be raised from 5°C fo a higher

process follows the lines of Constant Entropy. The
refrigerant has taken up 23kJ/kg of energy during
this process and this is termed the Heat of
Compression. The resulting leaving temperature is
now much higher than the entering temperature
(70°C) and the condensing pressure has been
raised to 15bar.

The condenser

The condenser must remove heat energy from the
refrigerant and reject this to a lower temperature
medium (sink), usually outdoor (Ambieni) air.
Assuming an ambient temperature of 30°C and a
condensing temperature of 40°C, a temperature
difference of 10K exists. This is often known as
the Approach Temperature.

Total heat of rejection

The energy that must be rejected by the condenser
comprises the heat energy removed by each kg of
refrigerant passing through the evaporator
(170kJ/kg) and the heat energy added to each kg
of refrigerant passing through the compressor
(23kJ/kg). The total heat that must be rejected
therefore equals 193kJ/kg and is termed the Tofal
Heat of Rejection (THR). The Condenser Coilis
therefore normally larger than the evaporator coil.

The gas leaving the compressor and entering
the condenser is considerably superheated. The
condenser must therefore Desuperhieat the
refrigerant first by 30K until the saturation
temperature of 40°C is reached (70-40=30K).

When the refrigerant has reached the
saturation temperature, the condenser will then
remove substantial latent heat energy as the
refrigerant changes state from saturated vapour
to saturated liquid. This energy is known as the
Latent Heat of Condensation (417-250=167kJ/kg).

The condenser normally holds a small amount
of liquid refrigerant at the base of the coil. If the
system is fitted with a Liquid Receiver, the
condenser coil holds very little liquid refrigerant as
this is stored in the liquid receiver. This liquid, at a
starting temperature of 40°C, loses further heat
energy to the air passing over the coil at 30°C
(and whilst residing in a liquid receiver). This
causes the refrigerant to be Sub-cooled to a
temperature below the saturation temperature. Fig
5 shows a loss of 10kJ/kg due to sub-coaling in
the condenser coil and the liquid receiver (250
minus 240kJ/kg).

The process through the condenser and liquid
receiver on the pressure/enthalpy diagram is
illustrated in Fig 5.
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