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Refrigeration
useful for a number of industrial processes

treatment and preservation of foods and pharmaceuticals, 
large-scale production of protein drugs, lubricating oil 
purification, separation of volatile components

OBJECTIVES
to examine common types of refrigeration processes in use
to describe these processes thermodynamically

Refrigeration
Process

evaporation of a liquid at steady-state

vapor returned to liquid state for re-evaporation

measure of process effectiveness
coefficient of performance, C.O.P.

COP =
heat absorbed at lower T

net work
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Carnot Cycle
represents an ideal case 
operate in reverse of heating cycle

COP =
Tc

TH − TC

Rankine Refrigeration Cycle
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Choice of Refrigerant
criteria

nontoxic,nonflammable, nonexplosive
compatible with other materials
proper thermodynamic and physical properties

»high latent heat
» low specific vapor volume
» low viscosity
» reasonably low vapor pressure for TC conditions
»easily detected if leaking
» low heat capacity of liquid
»high heat capacity of vapor

limited choices
»ammonia, HFC, propane

Refrigerant R134a Properties
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Refrigerant R134a Properties

Example
Refrigerant R134a is used in an ideal refrigeration cycle, that 
operates between a cold reservoir at 0ºC and a hot reservoir at 
25ºC.  Saturated vapor enters the compressor at 0ºC and saturated 
liquid leaves the condenser at 25ºC.  The mass flowrate of 
refrigerant is 0.08 kg/s.  Determine the compressor power, the 
refrigeration capacity, the coefficient of performance and compare 
this coefficient of performance to that of a Carnot cycle.
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Example
The same refrigeration cycle as in the last example is used, but 
now the compressor has an efficiency of 80%.  Calculate the 
compressor power, the refrigeration capacity, and the coefficient of 
performance.

Cascade Designs
2 or more refrigeration cycles employing different refrigerants


