CHEMICAL PLANT UTILITIES

REFRIGERATION

Refrigeration is defined as the process of extracting heat from a lower-temperature
heat source, substance, or cooling medium and transferring it to a higher-temperature heat
sink. Refrigeration maintains the temperature of the heat source below that of its
surroundings while transferring the extracted heat, and any required energy input, to a
heat sink, atmospheric air, or surface water.

The vapor compression refrigeration cycle is a common method for transferring heat from
a low temperature to a high temperature.
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The above figure shows the objectives of refrigerators and heat pumps. The purpose of a
refrigerator is the removal of heat, called the cooling load, from a low temperature
medium. The purpose of a heat pump is the transfer of heat to a high temperature
medium, called the heating load. When we are interested in the heat energy removed from
a low temperature space, the device is called a refrigerator. When we are interested in the
heat energy supplied to the high temperature space, the device is called a heat pump. In
general, the term “heat pump” is used to describe the cycle as heat energy is removed
from the low temperature space and rejected to the high temperature space.

The performance of refrigerators and heat pumps is expressed in terms of coefficient of
performance (COP), defined as
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Both COPr and COPyp can be larger than 1. Under the same operating conditions, the
COPs are related by

COP,, = COP, +1

Refrigeration systems are also rated in terms of TONS of refrigeration. One ton of
refrigeration is equivalent to 12,000 Btu/hr or 211 kJ/min.

REVERSED CARNOT REFRIGERATOR AND HEAT PUMP

Shown below are the cyclic refrigeration device operating between two constant
temperature reservoirs and the T-s diagram for the working fluid when the reversed
Carnot cycle is used. Recall that in the Carnot cycle heat transfers take place at constant
temperature. If our interest is the cooling load, the cycle is called the Carnot refrigerator.
If our interest is the heat load, the cycle is called the Carnot heat pump.
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The standard of comparison for refrigeration cycles is the reversed Carnot cycle. A
refrigerator or heat pump that operates on the reversed Carnot cycle is called a Carnot
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refrigerator or a Carnot heat pump, and their COPs are
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Notice that a turbine is used for the expansion process between the high and low
temperatures. While the work interactions for the cycle are not indicated on the figure,
the work produced by the turbine helps supply some of the work required by the
compressor from external sources.

THE VAPOR COMPRESSION REFRIGERATION CYCLE

The vapor compression refrigeration cycle has four components: evaporator, compressor,
condenser, and expansion (or throttle) valve. The most widely used refrigeration cycle is
the vapor-compression refrigeration cycle. In an ideal vapor-compression refrigeration
cycle, the refrigerant enters the compressor as a saturated vapor and is cooled to the
saturated liquid state in the condenser. It is then throttled to the evaporator pressure and
vaporizes as it absorbs heat from the refrigerated space.

The 1deal vapor compression cycle consists of four processes.

Ideal Vapor-Compression Refrigeration Cycle

Process Description

1-2 Isentropic compression

2-3 Constant pressure heat rejection in the condenser
3-4 Throttling in an expansion valve

4-1 Constant pressure heat addition in the evaporator
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The P-h diagram is another convenient diagram often used to illustrate the refrigeration
cycle.

h

The ordinary household refrigerator is a good example of the application of this cycle.
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Results of First and Second Law Analysis for Steady-Flow

Component Process First Law Result
Compressor s = Const. W, =m(h, —h)
Condenser P = Const. QH =mi(h, —h;)
Throttle Valve As >0 h, = h,
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ACTUAL VAPOR-COMPRESSION REFRIGERATION CYCLE
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CASCADE REFRIGERATION SYSTEMS

Very low temperatures can be achieved by operating two or more vapor-compression
Systems in series, called cascading. The COP of a refrigeration system also increases as a
result of cascading.
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74
Expansion X High-pressure
valve compressor
6
Flash
chamber
3
7
Expansion Low-pressure
valve X compressor
8
1
————| Evaporator
L s

CcoLD
refrigerated space

pg. 6



CHEMICAL PLANT UTILITIES

GAS REFRIGERATION SYSTEMS

The power cycles can be used as refrigeration cycles by simply reversing them. Of these,
the reversed Brayton cycle, which is also known as the gas refrigeration cycle, is used to
cool aircraft and to obtain very low (cryogenic) temperatures after it is modified with
regeneration. The work output of the turbine can be used to reduce the work input
requirements to the compressor. Thus the COP of a gas refrigeration cycle is
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ABSORPTION REFRIGERATION SYSTEMS

Another form of refrigeration that becomes economically attractive when there is a source
of inexpensive heat energy at a temperature of 100 to 200°C is absorption refrigeration,
where the refrigerant is absorbed by a transport medium and compressed in liquid form.
The most widely used absorption refrigeration system is the ammonia-water system,
where ammonia serves as the refrigerant and water as the transport medium. The work
input to the pump is usually very small, and the COP of absorption refrigeration systems
is defined as
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