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CROSS-SECTIONAL VIEW OF COPELAMETIC MOTOR-COMPRESSOR
Figure 1.3

CROSS-SECTIONAL VIEW OF COPELAMETIC® MOTOR-COMPRESSOR
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COMPRESSORS

The compressor has two functions in the compression
refrigeration cycle. First it removes the refrigerant vapor from the
evaporator and reduces the pressure in the evaporator to a
point where the desired evaporating temperature can be
maintained. Second, the compressor raises the pressure of the
refrigerant vapor to a level high enough so that the saturation
temperature is higher than the temperature of the cooling
medium available for condensing the refrigerant vapor.
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Vapor-Compression Refrigeration
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The purpose of the compressor in a refrigeration system is to raise the pressure
of the refrigerant vapor from evaporator pressure to condensing pressure. It
delivers the refrigerant vapor to the condenser at a pressure and temperature at
which the condensing process can be readily accomplished, at the temperature
of the air or other fluid used for condensing.

A review of the refrigeration cycle, using the pressure-enthalpy chart, will help
to illustrate this point.
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Refrigeration Cycle
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The pressure-enthalpy (P-h) chart plots the properties of a refrigerant:
refrigerant pressure (vertical axis) versus enthalpy, or heat content (horizontal
axis). A diagram of the basic vapor-compression refrigeration cycle can be
superimposed on a pressure-enthalpy chart to demonstrate the function of
each component in the system.

Refrigerant enters the evaporator in the form of a cool, low-pressure mixture of
liquid and vapor (A). Heat is transferred from the relatively warm air or water to
be cooled to the refrigerant, causing the liquid refrigerant to boil and in some
cases superheat (B). The resulting vapor (B) is then pumped from the
evaporator by the compressor, which increases the pressure and temperature
of the refrigerant vapor. Notice that during the compression process (B to C),
the heat content (enthalpy) of the vapor is increased. The mechanical energy
used by the compressor to increase the pressure of the refrigerant vapor is
converted to heat energy, called the heat of compression. This causes the
temperature of the refrigerant to also rise as the pressure is increased.

The resulting hot, high-pressure refrigerant vapor (C) enters the condenser
where heat is transferred to ambient air or water at a lower temperature. Inside
the condenser, the refrigerant desuperheats (C to D), condenses into a liquid (D
to E), and, in some cases, subcools (E to F). The refrigerant pressure inside the
condenser is determined by the temperature of the air or water that is available
as the condensing media.

This liquid refrigerant (F) then flows from the condenser to the expansion
device. The expansion device creates a pressure drop that reduces the pressure
of the refrigerant to that of the evaporator. At this low pressure, a small portion
of the refrigerant boils (or flashes), cooling the remaining liquid refrigerant to
the desired evaporator temperature (A). The cool mixture of liquid and vapor
refrigerant travels to the evaporator to repeat the cycle.
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Corﬁﬁréééor Types

Refrigeration Compressors

period one
Compressor Types

This period is devoted to the discussion of the different types of compressors.

4¥  scroll

helical-rotary centrifugal

There are primarily four types of compressors used in the air-conditioning industry: reciprocating, scroll, helical-rotary (or
screw), and centrifugal.

The traditional reciprocating compressor has been used in the industry for decades. It contains cylinders, pistons, rods, a




crankshaft, and valves, similar to an automobile engine. Refrigerant is drawn into the cylinders on the downstroke of the
piston and compressed on the upstroke.

Scroll and helical-rotary (or screw) compressors have become more common, replacing the reciprocating compressor in most
applications due to their improved reliability and efficiency.

These three types of compressors (reciprocating, scroll, and helical-rotary) all work on the principle of trapping the refrigerant
vapor and compressing it by gradually shrinking the volume of the refrigerant. Thus, they are called positive-displacement
COMpressors.
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Compressor Types

gradually shrinking the wvolume of the refrigerant. Thus, they are called
positive-displacement compressors.

In contrast, centrifugal compressors use the principle of dynamic
compression, which involves converting energy from one form to another in
order to increase the pressure and temperature of the refrigerant. The
centrifugal compressor uses centrifugal force, generated by a rotating
impeller, to compress the refrigerant vapor.

Reciprocating Compressor
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stroke
discharge —
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suction
_} wvalve
refrigerant piston

wapor

cylindear

Reciprocating Compressor

The first type of compressor to be discussed is the reciprocating
compressor. | he principles of operation for all reciprocating compressors are
fundamentally the same. The refrigerant vapor is compressed by a piston that
is located inside a cylinder, similar to the engine in an automobile. A fine layer
of oil prevents the refrigerant vapor from escaping through the mating
surfaces. The piston is connected to the crankshaft by a rod. As the crankshaft
rotates, it causes the piston to travel back and forth inside the cylinder. This
motion is used to draw refrigerant vapor into the cylinder, compress it, and
discharge it from the cylinder. A pair of valves, the suction valwve and the
discharge valwve, are used to trap the refrigerant vapor within the cylinder
during this process. In the example reciprocating compressor shown, the
spring-actuated valves are O-shaped, allowing them to cowver the valwve
openings around the outside of the cylinder while the piston travels through the
miiddle.

During the intake stroke of the compressor, the piston travels away from the
discharge valve and creates a vacuum effect, reducing the pressure within the
cylinder to below suction pressure. Since the pressure within the cylinder is
less than the pressure of the refrigerant at the suction side of the compressor,
the suction valwve is forced open and the refrigerant vapor is drawn into the
cylinder.
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Reciprocating Compressor

compression
stroke

dischange ——
wahee

suction
wahea

During the compression stroke, the piston reverses its direction and trawvels
toward the discharge valve, compressing the refrigerant vapor and increasing
the pressure within the cylinder. When the pressure inside the cylinder exceeds
the suction pressure, the suction valve is forced closed, trapping the refrigerant
vapor inside the cylinder.

As the piston continues to travel toward the discharge valve, the refrigerant
vapor is compressed, increasing the pressure inside the cylinder.

Reciprocating Compressor

headspace

When the pressure within the cylinder exceeds the discharge (or head)
pressure, the discharge valwve is forced open, allowing the compressed
refrigerant vapor to leave the cylinder. The compressed refrigerant travels
through the headspace and leaves the compressor through the discharge
apening.
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Reciprocating Compressor

In the reciprocating compressor shown, the refrigerant vapor from the suction
line enters the compressor through the suction opening. It then passes around
and through the motor, cooling the motor, before it enters the cylinder to be
compressed. The compressed refrigerant leaves the cylinder, travels through
the headspace, and leaves the compressor through the discharge opening.

Most reciprocating compressors have multiple piston-cylinder pairs attached to
a single crankshaft.

In the air-conditioning industry, reciprocating compressors were widely used in
all types of refrigeration equipment. As mentioned earlier, however, scroll and
helical-rotary compressors have become more common, replacing the
reciprocating compressor in most of these applications because of their
improved reliability and efficiency.
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ACCESSIBLE-HERMETIC _MOTOR-COMPRESSOR
Figure 11

06E Semi-Hermetic Compressor
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Figure 3.3 A typical hermetic reciprocating compressor. Courtesy of Tecumseh Products Co.
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Scroll Compressor

Scroll Compressor

Similar to the reciprocating compressor, the scroll compressor works on the
principle of trapping the refrigerant vapor and compressing it by gradually
shrinking the volume of the refrigerant. The scroll compressor uses two scroll
configurations, mated face-to-face, to perform this compression process. The
tips of the scrolls are fitted with seals that, along with a fine layer of oil, prevent
the compressed refrigerant vapor from escaping through the mating surfaces.

The upper scroll, called the stationary scroll, contains a discharge port. The
lower scroll, called the driven scroll, is connected to a motor by a shaft and
bearing assembly. The refrigerant vapor enters through the outer edge of the
scroll assembly and discharges through the port at the center of the stationary
scroll.
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Scroll Compressor

The center of the scroll journal bearing and the center of the motor shaft are
offset. This offset imparts an orbiting motion to the driven scroll. Rotation of the
motor shaft causes the scroll to orbit—not rotate—about the shaft center.

Scroll Compressor

This orbiting motion causes the mated scrolls to form pockets of refrigerant
vapor. As the orbiting motion continues, the relative movement between the
orbiting scroll and the stationary scroll causes the pockets to move toward the
discharge port at the center of the assembly, gradually decreasing the
refrigerant volume and increasing the pressure.

Three revolutions of the motor shaft are required to complete the compression
process.
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Scroll Compressor
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During the first full revolution of the shaft, or the intake phase, the edges of
the scrolls separate, allowing the refrigerant vapor to enter the space between
the two scrolls. By the completion of first revolution, the edges of the scrolls
meet again, forming two closed pockets of refrigerant.

During the second full revolution, or the compression phase, the volume of
each pocket is progressively reduced, increasing the pressure of the trapped
refrigerant vapor. Completion of the second revolution produces near-
mMaximum compression.

During the third full revolution, or the discharge phase, the interior edges of
the scrolls separate, releasing the compressed refrigerant through the
discharge port. At the completion of the revolution, the volume of each pocket
is reduced to zero, forcing the remaining refrigerant vapor out of the scrolls.

Loaking at the complete cycle, notice that these three phases—intake,
compression, and discharge—ocecur simultaneously in an ongoing sequence.
While one pair of these pockets is being formed, another pair is being
compressed and a third pair is being discharged.
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Scroll Compressor

discharge
opening

suction
opening

In this example scroll compressor, refrigerant vapor enters through the suction
opening. The refrigerant then passes through a gap in the motor, cooling the
motor, before entering the compressor housing. The refrigerant vapor is drawn
into the scroll assembly where it is compressed, discharged into the dome, and
finally discharged out of the compressor through the discharge opening.

In the air-conditioning industry, scroll compressors are widely used in heat
pumps, rooftop units, split systems, self-contained units, and even small water
chillers.
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Helical-Rotary (Screw) Compressor

Helical-Rotary (Screw) Compressor

Similar to the scroll compressor, the helical-rotary compressor traps the
refrigerant vapor and compresses it by gradually shrinking the volume of the
refrigerant. This particular helical-rotary compressor design uses two mating
screw-like rotors to perform the compression process.
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Helical-Rotary Compressor

female rotor

The rotors are meshed and fit, with very close tolerances, within the

compressor housing. The gap between the two rotors is sealed with oil,
preventing the compressed refrigerant vapor from escaping through the mating
surfaces.

Only the male rotor is driven by the compressor motor. The lobes of the male
rotor engage and drive the female rotor, causing the two parts to counter-
rotate.
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Helical-Rotary Compressor

— packet of refrigerant vapor

Refrigerant vapor enters the compressor housing through the intake port and
fills the pockets formed by the lobes of the rotors. As the rotors turn, they push
these pockets of refrigerant toward the discharge end of the compressor.

After the pockets of refrigerant travel past the intake port area, the vapor, still at
suction pressure, is confined within the pockets by the compressor housing.
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Helical-Rotary Compressor

meshing point ot

Viewing the compressor from the opposite side shows that continued rotation
of the meshed rotor lobes drives the trapped refrigerant vapor (to the right),
toward the discharge end of the compressor, ahead of the meshing point. This
action progressively reduces the volume of the pockets, compressing the
refrigerant.

Finally, when the pockets of refrigerant reach the discharge port, the
compressed vapor is released and the rotors force the remaining refrigerant
from the pockets.
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Helical-Rotary Compressor

molor

discharge
tpenig

In this example helical-rotary compressor, refrigerant vapor is drawn into the
compressor through the suction opening and passes through the motor,
cooling it. The refrigerant vapor is drawn into the compressor rotors where it is
compressed and discharged out of the compressor,

A%




ol Ol g el gy iy

suction =
opening |

motor

rotors J

discﬁarge
opening

o ppe B0 iyl oy g s o € s 5
C)UJy,}C))x&}:j‘}o&o)ﬂ)yﬁfL}Zﬁ)ﬂ)&ﬂu‘f&ib)j” b
.));60

P 5l y 85 o bk s Sl s Sl 3151 bypun o
(1500 k200K g b 5450670 g

e




Mechanical System

Compressor J

@ Suction cut-off valve
@ Solenoid valve

@ Discharge cut-off valve

Shell of Oil separator

@ Oil separator filter net
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Centrifugal Compressor

Centrifugal Compressor

The centrifugal compressor uses the principle of dynamic compression,
which involves converting energy from one form to another, to increase the
pressure and temperature of the refrigerant. It converts kinetic energy (velocity)
to static energy (pressure).

The core component of a centrifugal compressor is the rotating impeller.
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Centrifugal Compressor

volute

radial
impeller
passages

blades impeller

The center, or eye, of the impeller is fitted with blades that draw refrigerant
vapor into radial passages that are internal to the impeller body. The rotation
of the impeller causes the refrigerant vapor to accelerate within these passages,
increasing its velocity and kinetic energy.

The accelerated refrigerant vapor leaves the impeller and enters the diffuser
passages. These passages start out small and become larger as the refrigerant
travels through them. As the size of the diffuser passage increases, the velocity,
and therefore the kinetic energy, of the refrigerant decreases. The first law of
thermodynamics states that energy is not destroyed—only converted from one
form to another. Thus, the refrigerant’s kinetic energy (velocity) is converted to
static energy (or static pressure).

Refrigerant, now at a higher pressure, collects in a larger space around the
perimeter of the compressor called the volute. The volute also becomes larger
as the refrigerant travels through it. Again, as the size of the volute increases,
the kinetic energy is converted to static pressure.
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Centrifugal Compressor

welocity

static pressure

refrigerant
r enters
diffuser
- e
enters impeller

path through compressor

This chart plots the conversion of energy that takes place as the refrigerant
passes through the centrifugal compressor. In the radial passages of the
rotating impeller, the refrigerant vapor accelerates, increasing its velocity and
kinetic energy. As the area increases in the diffuser passages, the velocity, and
therefore the kinetic energy, of the refrigerant decreases. This reduction in
kinetic energy (velocity) is offset by an increase in the refrigerant's static energy
or static pressure. Finally, the high-pressure refrigerant collects in the volute
around the perimeter of the compressor, where further energy conversion takes

place.
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Centrifugal Compressor

Inlet /
Vanes [

t f
suction :

Impeller

In this example centrifugal compressor, refrigerant vapor is drawn into the
compressor and enters the center of impeller. This particular centrifugal
compressor uses multiple impellers to perform the compression process in
stages. The impellers rotate on a common shaft that is connected to the motor.
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Open Compressor

housing

In addition to the different methods of compression, compressors can be
classified as open, hermetic, and semihermetic. A reciprocating compressor
will be used to explain these terms.

An open compressor is driven by an external power source, such as an
electric motor, an engine, or a turbine. The motor is coupled to the compressor
crankshaft by a flexible coupling. Since the shaft protrudes through the
compressor housing, a seal is used to prevent refrigerant from leaking out of
the compressor housing.

This motor is cooled by air that is drawn in from the surrounding space. The
heat removed from the motor must still be rejected from the space, either by
mechanical ventilation or, if the space is conditioned, by the building’s cooling

system.
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Hermetic Compressor

compressor
piston

A hermetic compressor, on the other hand, seals the motor within the
compressor housing. This motor is cooled by the refrigerant, either by
refrigerant vapor that is being drawn into the compressor from the suction line
or by liquid refrigerant that is being drawn from the liquid line. The heat from
the motor is then rejected by the condenser.

Hermetic compressors eliminate the need for the shaft couplings and external
shaft seals that are associated with open motors. The coupling needs precise
alignment, and these seals are a prime source of oil and refrigerant leaks. On
the other hand, if a motor burns out, a system with a hermetic compressor will
require thorough cleaning, while a system with an open compressor will not.

89




compressor
piston

S g e G Mgy o g oo 8 S 3y g )

@Juhwu)yl.\fby)y};)la.uc:‘5b;>yu»ow‘}>|:eu,§.«bwb)|6>y
Qw.blat‘aMLM‘.\Jb}brhbw)}.«fa{})};}ﬂgu\a)‘.bé)b&m)6h)r}m§ »f
L RN g T I TR A . g
Wb 3jgu b ggeeS g5 Ay Wype S Gl g3 el o 25 ] O VS g |y g 5
eJl>)>.a}biﬂio;}.}o:}ﬂl)hﬂﬂyy)'!J.;l»:lyl]:brl;.;lﬁ_“}f);‘g!ob‘gﬁw

YIS Iy £9 5 T PR T

6S




Semihermetic Compressor

Similarly, the motor for a semihermetic compressor is also contained within
the compressor housing and is cooled by the refrigerant. The term
“semihermetic” means that the sealed housing is designed to be opened to
repair or overhaul the compressor or motor.
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